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1 21 Oct 2014 Recordation of Patent Grant Mailed
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33 13 Aug 2012 Application Dispatched from OIPE
34 09 Jul 2012 371 Completion Date
35 18 Jul 2012 Sent to Classification Contractor
36 18 Jul 2012 Filing Receipt
37 18 Jul 2012 Notice of DO/EO Acceptance Mailed
38 09 Jul 2012 Additional Application Filing Fees
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USC 115, Oath of the Applic
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43 22 Mar 2012 Initial Exam Team nn
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   Patent Assignment Abstract of Title 
 

Total Assignments: 1 
Application #: 13497690 Filing Dt: 07/09/2012 Patent #: 8865921 Issue Dt: 10/21/2014 

PCT #: NONE Intl Reg #:  Publication #: US20120271060 Pub Dt: 25-OCT-12 

Inventors: Cesar Muñoz de Diego, Gerardus Johannes Maria Gruter, Matheus Adrianus Dam 

Title: 
METHOD FOR THE PREPARATION OF 2,5-FURANDICARBOXYLIC ACID AND FOR THE 
PREPARATION OF THE DIALKYL ESTER OF 2,5-FURANDICARBOXYLIC ACID 

 
 

Assignment: 1 

Reel/Frame: 
028514 / 
0284 Received: 07/09/2012 Recorded: 07/09/2012 Mailed: 07/10/2012 Pages: 2 

 
Conveyance: ASSIGNMENT OF ASSIGNORS INTEREST (SEE DOCUMENT FOR DETAILS).  

Assignors: MUNOZ DE DIEGO, CESAR  Exec Dt: 03/26/2012  
DAM, MATHEUS ADRIANUS  Exec Dt: 03/26/2012  
GRUTER, GERARDUS JOHANNES MARIA  Exec Dt: 03/26/2012   

Assignee: FURANIX TECHNOLOGIES B.V. 

29, ZEKERINGSTRAAT 

AMSTERDAM, NETHERLANDS 1014 BV   
Correspondent: HOFFMANN & BARON, LLP 

6900 JERICHO TURNPIKE 

SYOSSET, NY 11791   
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Status
Attorney

Docket No.
Small
EntitySurchargeAmountFee Description

NONE0.000.00Due at 3.5 years1

NONE0.000.00Due at 7.5 years2

NONE0.000.00Due at 11.5 years3
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PTO~139O (09-11)
Approved for use through 4/30/2013. OMB 0651-0021

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Papewvork Reduction Act of 1995. no persons are required to respond to a collection of information unless it displays a valid OMB control number.

TRANSMITTAL LETTER TO THE UNITED STATES é“3_:;?§gE7Y'l§?fi§/'f§g“”MBER
DESIGNATEDIELECTED OFFICE (DOIEOIUS) u s APPLICATION NO (if known see 37 CFR1 5)

CONCERNING A SUBMISSION UNDER 35 U.S.C. 371 ' ' ' ’ '
INTERNATIoNAL APPLICATION NO. INTERNATIONAL FILING DATE PRIORITY DATE CLAIMED

EMMMMRIIIIIEMMMIIIIInmmmg
K./TE|TEHO(§|I')N\|:/l(E)NR-'Tlr‘-‘IE PREPARATION OF 2,5-FURANDICARBOXYLIC ACID AND FOR THE PREPARATION OF THE
APPLlCANT(S) FOR D_o/Eo/us
Cesar Munoz de Diego; Matheus Adrianus Darn; Gerardus Johanes Maria Gruter

Applicant herewith submits to the United States Designated/Elected Office (DO/EO/US) the following items and other information:

This is a FIRST submission of items concerning a submission under 35 U.S.C. 371.

I: This is a SECOND or SUBSEQUENT submission of items concerning a submission under 35 U.S.C. 371.

This is an express request to begin national examination procedures (35 U.S.C. 371(f)). The submission must include items
(5), (6), (9) and (21) indicated below.

I: The US has been elected (Article 31).

A copy of the International Application as filed (35 U.S.C. 371(c)(2))

a. CI is attached hereto (required only if not communicated by the International Bureau).

b. has been communicated by the international Bureau.

0. CI is not required, as the application was filed in the United States Receiving Office (RO/US).

An English language translation of the International Application as filed (35 U.S.C. 371(c)(2)).

a. D is attached hereto.

b. El has been previously submitted under 35 U.S.C. 154(d)(4).

Amendments to the claims of the International Application under PCT Article 19 (35 U.S.C. 371(c)(3))

a. I: are attached hereto (required only if not communicated by the international Bureau).

b. I: have been communicated by the International Bureau.

c. I: have not been made; however, the time limit for making such amendments has NOT expired.

d. have not been made and will not be made.

An English language translation of the amendments to the claims under PCT Article 19 (35 U.S.C. 371(c)(3)).

An oath or declaration of the inventor(s) (35 U.S.C. 371(c)(4)).

An English language translation of the annexes of the international Preliminary Examination Report under PCT
Article 36 (35 U.S.C. 371(c)(5)).

Items 11 to 20 below concern document(s) or information included:
\ An Information Disclosure Statement under 37 CFR 1.97 and 1.98.

An assignment document for recording. A separate cover sheet in compliance with 37 CFR 3.28 and 3.31 is included.

A preliminary amendment.

An Application Data Sheet under 37 CFR 1.76.

A substitute specification.

A power of attorney and/or change of address letter.

A computer-readable form of the sequence listing in accordance with PCT Rule 13ter.3 and 37 CFR 1821- 1.825.

A second copy of the published International Application under 35 U.S.C. 154(d)(4).

DHDIIIIDI
A second copy of the English language translation of the international application under 35 U.S.C. 154(d)(4).

This collection of information is required by 37 CFR 1.414 and 1.491-1 .492. The information is required to obtain or retain a b enefit by the public, w hich is to file (and by the
USPTO to pro cess) an application . Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 15 minutes to complete.
including gathering information, preparing, and submitting the completed form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount
of time you require to complete this form and/or suggestions for reducing this burden. should be sent to the Chief Information Officer. U.S. Patent and Trademark Office. U.S.
Department of Commerce. P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEE 8 OR COMPLE TED FORMS TO THIS ADDRESS. SEND TO: Mail Stop PCT,
Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. Page 1 of 3
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PTO-1390 (09-11)
Approved for use through 4/30/2013. OMB 0651-0021

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

u.s. APPLICATION NO. (if known, see 37 CFR 1.5) INTERNATIONAL APPLICATION No. ATTORNEY’S DOCKET NUMBER
PCT/NL2010/050654 903-457 PCT/US

20. Other items or information:

IDS Certification; General Authorization for Extension of Time; PCT International Search Report; NL Search Report;
Copy of Priority Document; Statement for Submission of Priority Document; Statement for Submission of Substitute
Specfications

  
  

 

 

 
CALCULATIONS PTO USE ONLY

$ 380.00
 
  

The following fees have been submitted

21. Basic national fee (37 CFR 1.492(a)) ...................................................... .. $380

22.  
 

Examination fee (37 CFR 1.492(0))

$250.00
 

  
  
  
  
  
  

If the written opinion prepared by ISA/US or the international preliminary examination report prepared
by IPEA/US indicates all claims satisfy provisions of PCT Article 33(1)-(4) ........... .. $0

All other situations .............................................................................................. ..$250

 23. Search fee (37 CFR 1.492(0))
If the written opinion of the ISA/US or the International preliminary examination report prepared by

 

IPEAIUS indicates all claims satisfy provisions of PCT Article 33(1)—(4) ............... .. $0 490_O0
Search fee (37 CFR 1.445(a)(2)) has been paid on the international application to the USPTO as an $

International Searching Authority ................................................................. ..$120
International Search Report prepared by an ISA other than the US and provided to the Office or

previously communicated to the US by the IB .................................................. .. $490
All other situations.............................................................................................. ..$620

H20-00
E Additional fee for specification and drawings filed in paper over 100 sheets (excluding sequencelisting in compliance with 37 CFR 1.821(c) or (e) in an electronic medium or computer

program listing in an electronic medium) (37 CFR 1.492(j)).
The fee is $310 for each additional 50 sheets of paper or fraction thereof.

Total Sheets Extra Sheets Number of each additional 50 or fraction RATE

thereof (round up to a whole number)

Surcharge of $130.00 for furnishing any of the search fee, examination fee, or the oath or declaration
after the date of commencement of the national stage (37 CFR 1.492(h)).

 

x$310

CLAIMS NUMBER FILED NUMBER EXTRA RATE

  

Towaims 15 -2°=mm-
Independent claims 3 -3 =T X $250 Q

TOTAL OF ABOVE CALCULATIONS = $1 ,120.00 _
Applicant claims small entity status. See 37 CFR 1.27. Fees above are reduced by ‘/2.

susmm = $ 560.00 _
Processing fee of $130.00 for furnishing the English translation later than 30 months from the earliest
claimed priority date (37 CFR 1.492(i)). 1'

 
 

 

 $ 560.00TOTAL NATIONAL FEE =

Fee for recording the enclosed assignment (37 CFR 1.21 (h)). The assignment must be accompanied
by an appropriate cover sheet (37 CFR 3.28, 3.31). $40.00 per property +

TOTAL FEES ENCLOSED = $ 560.00
Amount to be
refunded:
Amount to be
char ed

 $560.00

Page 2 of 3
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PTO—139O (09-11)
Approved for use through 4/30/2013. OMB 0651-0021

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

_ El A check in the amount of $ to cover the above fees is enclosed.

. Please charge my DepositAccount No. 082461 in the amount of$ 560-00 to cover the above fees.

_ The Commissioner is hereby authorized to charge any additional fees which may be required, or credit any overpayment to DepositAccount No. ‘3'2461 .

. |:i Fees are to be charged to a credit card. WARNING: Information on this fon'n may become public. Credit card information should not
be included on this form. Provide credit card information and authorization on PTO-2038. The PTO-2038 should only be mailed or faxed
to the USPTO. However, when paying the basic national fee, the PTO-2038 may NOT be faxed to the USPTO.

ADVISORY: If filing by EFS—Web, do NOT attach the PTO-2038 form as a PDF along with your EFS-Web Submission. Please be
advised that this is not recommended and by doing so your credit card information may be displayed via PAIR. To protect your
information, it is recommended paying fees online by using the electronic payment method.

NOTE: Where an appropriate time limit under 37 CFR 1.495 has not been met, a petition to revive (37 CFR1.137(a) or (b)) must be filed
and granted to restore the International Application to pending status.

SEND ALL CORRESPONDENCE TO: /John S. SOPKO! Reg_#41321/
Salvatore J. Abbruzzese, Esq. s.GNATURE

Hoffmann & Baron, LLP John S_ Sopko
6900 Jericho Turnpike NAME

Syosset, New York 11791-4407 41321
REGISTRATION NUMBER

Phone: 973-331-1700

Page 3 of 3
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection
with your submission of the attached form related to a patent application or patent. Accordingly,
pursuant to the requirements of the Act, please be advised that: (1) the general authority for the
collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary;
and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark
Office is to process and/or examine your submission related to a patent application or patent. If you do
not furnish the requested information, the U.S. Patent and Trademark Office may not be able to
process and/or examine your submission, which may result in termination of proceedings or
abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

‘I. The information on this form will be treated confidentially to the extent allowed under the
Freedom of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from
this system of records may be disclosed to the Department of Justice to determine whether
disclosure of these records is required by the Freedom of Information Act.
A record from this system of records may be disclosed, as a routine use, in the course of
presenting evidence to a court, magistrate, or administrative tribunal, including disclosures to

opposing counsel in the course of settlement negotiations.
A record in this system of records may be disclosed, as a routine use, to a Member of
Congress submitting a request involving an individual, to whom the record pertains, when the
individual has requested assistance from the Member with respect to the subject matter of the
record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the
Agency having need for the information in order to perform a contract. Recipients of
information shall be required to comply with the requirements of the Privacy Act of 1974, as
amended, pursuant to 5 U.S.C. 552a(m).
A record related to an International Application filed under the Patent Cooperation Treaty in
this system of records may be disclosed, as a routine use, to the International Bureau of the
World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.
A record in this system of records may be disclosed, as a routine use, to another federal
agency for purposes of National Security review (35 U.S.C. 181) and for review pursuant to
the Atomic Energy Act (42 U.S.C. 218(c)).
A record from this system of records may be disclosed, as a routine use, to the Administrator,
General Services, or his/her designee, during an inspection of records conducted by GSA as
part of that agency’s responsibility to recommend improvements in records management
practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall
be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not
be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after
either publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent
pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, to the public if the record was filed in an application which
became abandoned or in which the proceedings were terminated and which application is

referenced by either a published application, an application open to public inspection or an
issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State,
or local law enforcement agency, if the USPTO becomes aware of a violation or potential
violation of law or regulation.
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PTOISBI14 (11-08)
Approved for use through 09/30/2010. OMB 0651-0032

U_S_ Patent and Trademark Office; U_S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

— — Attorney Docket Number
Application Data Sheet 37 CFR 1.76 _ _

Attttttcattott Number —

Title of invention METHOD FOR THE PREPARATION OF 2,5-FURANDICARBOXYLIC ACID AND FOR THE PREPARATION
OF THE DIALKYL ESTER OF 2,5-FURANDICARBOXYLIC ACID

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.
This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the
document may be printed and included in a paper filed application.

 
Secrecy Order 37 CFR 5.2

E] Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.)

A licant Information:

A |icant1
 

 

 

  

 
 

 
  

 
  

Applicant Authority @|nventor OLegal Representative under 35 U.S.C. 117 C)Party of Interest under 35 U.S.C. 118

Prefix Middle Name Family Name Suffix
Mufioz de Diego

Residence Information (Select One) 0 US Residency @ Non US Residency 0 Active US Military Service

Citizenship under 37 CFR1.41(b)i

Mailing Address of Applicant:

Address 1 do Furanix Technologies B.V.

Address 2 29, Zekeringstraat

City

Postal Code 1014 BV

A licant 2

Applicant Authority @|nventor OLegal Representative under 35 U.S.C. 117

Prefix Given Name Middle Name Family Name

Matheus Adrianus Dam

Residence Information (Select One) 0 US Residency @ Non US Residency 0 Active US Military Service

Citizenship under 37 CFR1.41(b)i

Mailing Address of Applicant:

 

 
 
 

 

State!Province

  

   

  

 

 
 
 

 

Address 1 do Furanix Technologies B.V.

Address 2 29, Zekeringstraat

City State!Province

Postal Code 1014 BV

A licant 3

Applicant Authority @|nventor OLegal Representative under 35 U.S.C. 117

  

   

  Prefix Given Name Middle Name Family Name Suffix

Gerardus Johannes Maria Gruter

Residence Information (Select One) 0 US Residency @ Non US Residency 0 Active US Military Service

°“V A'"S“*’”a’" °°“""V °fRP r§LExhibit 1011, Page 10 of 629
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Petitioners' Exhibit 1011, Page 11 of 629

PTOISBI14 (11-08)
Approved for use through 09/30/2010. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

. . 903457 PCT/Us
Application Data Sheet 37 CFR 1.76—Application Number 

METHOD FOR THE PREPARATION OF 2,5-FURANDICARBOXYLIC ACID AND FOR THE PREPARATION
OF THE DIALKYL ESTER OF 2,5-FURANDICARBOXYLIC ACID

Citizenship under 37 CFR 1.41(b) I NL

Mailing Address of Applicant:

Address 1 c/o Furanix Technologies B.V.

Address 2 29, Zekeringstraat

5*a*e’P'°V‘"°°
Postal code 1014 BV NL
All Inventors Must Be Listed - Additional Inventor Information blocks may be

generated within this form by selecting the Add button.

Title of Invention

  
   

   
Add

Correspondence Information:

Enter either Customer Number or complete the Correspondence Information section below.

For further information see 37 CFR 1.33(a).

|:| An Address is being provided for the correspondence Information of this application.

Customer Number 23869

Email Address JSOPKO@HB|PLAW.COM

Application Information:

METHOD FOR THE PREPARATION OF 2,5-FURANDICARBOXYLIC ACID AND FOR THE
PREPARATION OF THE DIALKYL ESTER OF 2,5-FURANDICARBOXYLIC ACID

903-457 PCTIUS I Small Entity Status Claimed

 

 

 
 

 

Title of the Invention

Attorney Docket Number

Nonprovisional

Utility

Application Type

Subject Matter

Suggested Class (if any) 
 
 
 
 

Suggested Technology Center (if any)

 

Sub Class (if any)

Total Number of Drawing Sheets (if any)-Suggested Figure for Publication (if any)
Publication Information:

|:| Request Early Publication (Fee required at time of Request 37 CFR 1.219)

 

Request NOt t0 Publish. I hereby request that the attached application not be published under 35 U.S.

E] C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the subject of
an application filed in another country, or under a multilateral international agreement, that requires publication at

eighteen months after filing.

Representative Information:

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32).

Enter either Customer Number or complete the Representative Name section below. If both sections
are completed the Customer Number will be used for the Representative Information during processing.

Please Select One: | © Customer Number Q Q0HiTiteP§§§qtWné}7@§11.9)
EFS Web 2.2.2
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PTOISBI14 (11-08)
Approved for use through 09/30/2010. OMB 0651-0032

U_S_ Patent and Trademark Office; U_S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

. .
Appllcatlon Data Sheet 37 CFR 1.76 APP'0=a0°" Number —

METHOD FOR THE PREPARATION OF 2,5-FURANDICARBOXYLIC ACID AND FOR THE PREPARATION
OF THE DIALKYL ESTER OF 2,5-FURANDICARBOXYLIC ACID

Customer Number 23869

Title of Invention

Domestic BenefitINational Stage Information:

This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, or 365(0) or indicate National Stage

entry from a PCT application. Providing this information in the application data sheet constitutes the specific reference required by
35 U.S.C. 119(e) or 120, and 37 CFR 1.78(a)(2) or CFR 1.‘/8(a)(4), and need not otherwise be made part of the specification.

Prior Application Status
Application Number Filing Date (YYYY-MM-DD)

2010-1000
Prior Application Status
Application Number Filing Date (YYYY-MM-DD)

PCT/NL2010/050654 2009-10-07
Additional Domestic Benefit/National Stage Data may be generated within this form

by selecting the Add button.
Add

Foreign Priority Information:

This section allows for the applicant to claim benefit of foreign priority and to identify any prior foreign application for which priority is
not claimed. Providing this information in the application data sheet constitutes the claim for priority as required by 35 U.S.C. 119(b)
and 37 CFR 1_55(a)_

-

Application Number Parent Filing Date (YYYY-MM-DD) Priority Claimed
0000000 0000-10-07 63 Yes 0 0'0
Additional Foreign Priority Data may be generated within this form by selecting the
Add button.

 
Add

Assignee Information:

Providing this information in the application data sheet does not substitute for compliance with any requirement of part 3 of Title 37
of the CFR to have an assignment recorded in the Office.

Assi nee 1

If the Assignee is an Organization check here.

Organization Name Furanix Technologies B_V_

Mailing Address Information:

Address 1 29, Zekeringstraat

Address 2

0000000000 —
Email Address

 

Additional Assignee Data may be generated within this form by selecting the Add

-_.“_ I A“. D I Q 

EFS Web 2.2.2
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PTOISBI14 (11-OB)
Approved for use through 09/30/2010. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

. .
Application Data Sheet 37 CFR 1.76 APP'i==a“°" Number —

METHOD FOR THE PREPARATION OF 2,5-FURANDICARBOXYLIC ACID AND FOR THE PREPARATION

We °f I”Ve”tI°” OF THE DIALKYL ESTER OF 2,5—FURAND|CARBOXYL|C ACID

Signature:

A signature of the applicant or representative is required in accordance with 37 CFR 1.33 and 10.18. Please see 37

CFR 1.4(d) for the form of the signature.

Signature /John S. SOPKO, Reg. # 41321! Date (YYYY-MM-DD) 2012-03-22 

First Name John Last Name Sopko Registration Number 41321

This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37' CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.0. Box 1450, Alexandria, VA 22313-1450.

Petitioners‘ Exhibit 1011, Page 13 of 629
EFS Web 2.2.2
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The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the attached form related to
a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection
of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is
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CFR 1.14, as a routine use, to the public if the record was filed in an application which became abandoned or in which the proceedings were
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection

with your submission of the attached form related to a patent application or patent. Accordingly,

pursuant to the requirements of the Act, please be advised that: (1) the general authority for the

collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary;

and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark

Office is to process and/or examine your submission related to a patent application or patent. If you do

not furnish the requested information, the U.S. Patent and Trademark Office may not be able to

process and/or examine your submission, which may result in termination of proceedings or

abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1 . The information on this form will be treated confidentially to the extent allowed under the

Freedom of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from

this system of records may be disclosed to the Department of Justice to determine whether

disclosure of these records is required by the Freedom of Information Act.

A record from this system of records may be disclosed, as a routine use, in the course of
presenting evidence to a court, magistrate, or administrative tribunal, including disclosures to

opposing counsel in the course of settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of

Congress submitting a request involving an individual, to whom the record pertains, when the

individual has requested assistance from the Member with respect to the subject matter of the
record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the

Agency having need for the information in order to perform a contract. Recipients of

information shall be required to comply with the requirements of the Privacy Act of 1974, as

amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in

this system of records may be disclosed, as a routine use, to the International Bureau of the

World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal

agency for purposes of National Security review (35 U.S.C. 181) and for review pursuant to

the Atomic Energy Act (42 U.S.C. 218(0)).

A record from this system of records may be disclosed, as a routine use, to the Administrator,

General Services, or his/her designee, during an inspection of records conducted by GSA as

part of that agency’s responsibility to recommend improvements in records management

practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall

be made in accordance with the GSA regulations governing inspection of records for this

purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not
be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after

either publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent

pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37

CFR 1.14, as a routine use, to the public if the record was filed in an application which
became abandoned or in which the proceedings were terminated and which application is

referenced by either a published application, an application open to public inspection or an
issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State,

or local law enforcement agency, if the USPTO becomes aware of a violation or potential
violation of law or regulation.
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Title: Method for the preparation of 2,5-furandicarboxylic acid and for the preparation of

the dialkyl ester of 2,5-furandicarboxylic acid

The present invention relates to a method for the preparation of 2,5-furandicarboxylic

acid (“FDCA”) from 5-hydroxymethylfurfural (“HMF”) and/or derivatives thereof. FDCA can be

produced in particular from esters of HMF, such as for example 5-acetoxymethylfurfural

(AMF) or a mixture of one or more of these compounds with HMF, such as for example from

a mixture of AMF and HMF. The invention further relates to a process for the preparation of

the dialkyl ester of 2,5-furandicarboxylic acid.

2,5-Furandicarboxylic acid, also known as dehydromucic acid is a furan derivative. This

organic compound was first obtained by Fittig and Heinzelmann in 1876. The first review, by

Henry Hill was published in 1901 (Am. Chem. Journ. 25, 439). FDCA was more than 125

years later identified by the US Department of Energy as one of 12 priority chemicals for

establishing the “green” chemistry industry of the future. However, to date, no commercial

process exists for its production. On laboratory scale it is often synthesized from 5-

hydroxymethylfurfural (HMF), which in turn can be obtained from carbohydrate containing

sources such as glucose, fructose, sucrose and starch. From fructose and glucose HMF is

obtained by acidic elimination of three moles of water.

The derivatives of HMF are identified as potential and versatile fuel components and

precursors for the production of plastics. The polyester from FDCA dimethyl diester and

ethylene glycol was first reported in 1946 (GB 621,971).

WO 01/72732 describes the oxidation of HMF to FDCA. The maximum FDCA yield

reported is 59%, obtained at 105 °C. The oxidation of HMF in an aqueous medium with

oxygen using a catalyst from the Pt-group is described in US 4977283. Taarning et al.

described the oxidation of HMF over gold based catalysts (ChemSusChem, 2008, 1, 1-4).

Partenheimer et al (Adv. Synth. Catal. 2001, 343, pp 102-11) describe the synthesis of

2,5-furandicarboxylic acid by catalytic air-oxidation of 5-hydroxymethylfurfural with

metal/bromide catalysts such as Co/Mn/Br in acetic acid at temperatures ranging from 50 to

125 °C. With the Co/Mn/Br catalyst the highest FDCA yield obtained is 35.2% (Table 3,

experiment 4). On page 103 of the same paper, under the header “products formed” it is

stated: “A side reaction is the esterification of the alcohols to form the more oxidatively stable

acetate As apparently 5-hydroxymethylfurfural reacts with acetic acid a loss of the

starting material takes place. Further, in the reaction scheme given in Figure 1 on page 103,

it is indicated that 5—(acetoxymethyl)furfura| is an end—point. There is no further reaction of

this compound indicated to FDCA (in contrast to the ester of the intermediate product 5-

Petitioners' Exhibit 1011, Page 19 of 629



Petitioners' Exhibit 1011, Page 20 of 629

‘I0

15

20

25

30

35

W0 201 1/043661 PCT/NL2010/050654
2

(acetoxymethyl)furan-2-carboxylic acid). In other words, the 5-(acetoxymethy|)furfura| (AMF)

formed through reaction of HMF with acetic acid solvent, is not oxidized to FDCA and its

formation leads therefore to yield loss.

This result was confirmed in US 2009/0156841. Although the intention of the process

according to US 2009/0156841 was to obtain FDCA, the product isolated and erroneously

characterized as being FDCA was in fact the starting material acetoxymethyl furfural (AMF).

Under the low temperature conditions deployed (100 °C), AMF is quite stable, as was already

reported by Partenheimer (see above).

In US 2009/0156841 a 1H NMR spectrum is shown in Figure 8 and suggested that it is

the spectrum of the product that was identified as FDCA. However, this is not the case. The

1H NMR spectrum of the product shown in Figure 8 is the same as that in Figure 6 and

represents the starting material AMF. The 1H NMR spectrum of FDCA shows a singlet at a

shift of about 7.26 ppm. Moreover, the product is described as a tan solid. In the experience

of the present inventors, AMF is a tan solid, while FDCA is a white solid. It would seem that

no FDCA was obtained in the experiments according to US 2009/0156841.

The experiments executed under the conditions of US 2009/0156841 were repeated.

These comparative experiments confirm the low reactivity of AMF under conditions given in

US 2009/0156841. Thus, a person skilled in the art would therefore have concluded that

FDCA cannot be obtained in interesting yields from AMF using the conditions that are

reported in US 2009/0156841, i.e., using a Co/Mn/Br catalyst in acetic acid at between 85

and 110 °C within a time frame of from 100 and 150 minutes. In Example 7 of

US 2009/0156841, slightly more than 50% of the starting material was the only product

isolated from the reaction.

The present inventors have now surprisingly found that when using an oxidation

catalyst, e.g., based on both cobalt and manganese and containing a bromide, at

temperatures higher than 140 °C, derivatives of HMF, and in particular esters of HMF

optionally in combination with HMF, such as for example 5-(acetoxymethy|)furfural (AMF) can

be oxidized to FDCA in high yields.

Thus, in a first aspect the invention provides a method for the preparation of 2,5-furan

dicarboxylic acid comprising the step of contacting a feed comprising a compound selected

from the group consisting of 5-hydroxymethylfurfural (“H MF”), an ester of 5-hydroxymethyl-

furfural, 5-methylfurfural, 5-(ch|oromethy|)furfura|, 5-methylfuroic acid, 5-(chloromethy|)furoic

acid, 2,5-dimethylfuran and a mixture of two or more of these compounds with an oxidant in

the presence of an oxidation catalyst at a temperature higher than 140 °C. The feed may

optionally comprise 5-hydroxymethylfurfural as a further compound.

The invention described hereinafter may use any of the compounds described above in

the feed. A preferred ester of HMF contains an ester moiety of an alkyl carboxylic acid
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wherein the alkyl group contains up to 6 carbon atoms, preferably from 1 to 5 carbon atoms,

i.e. methyl, ethyl, propyl, isopropyl, butyl, 2-butyl, tert-butyl, pentyl, 2-pentyl, neopentyl and 3-

pentyl. Particularly preferred are alkyl groups with 1 to 4 carbon atoms. There is a preference

for methyl, giving (5-acetoxymethy|)furfura|. Hence, 5-acetoxymethylfurfural is the preferred

feedstock, by itself or in combination with HMF.

In another aspect of the invention, we have also investigated the oxidation of other

furan-based substrates under the process conditions according to the current invention. We

have been able to convert 5—(ch|oromethy|)furfura|, 5—(ch|oromethy|)furoic acid, 5-

methylfurfural, 5-methylfuroic acid and 2,5-dimethylfuran all to FDCA in very interesting

yields.

In WO 2007/104515 and WO 2009/030512, the synthesis of esters of HMF such as 5-

acetoxymethylfurfural (AMF) from biomass sources is described. Given the higher stability of

the HMF esters than HMF and hence improved production pathways and given the fact that

upon oxidation in acetic acid the acetoxy functionality that was obtained from acetic acid is

now liberated as acetic acid and given the green reputation of these esters, they were

considered by the present inventors as interesting starting point in the preparation of furan-

based monomers that could be used for the production of furandicarboxylic acid-based

polyesters, for instance as an alternative for PET or FDCA-based polyamids (nylons). The

most important conventional, oi|—based, polyester monomer to produce PET is Purified

Terephthalic acid (PTA) and its dialkyl ester DiMethy| Terephthalate (DMT).

AMF can be obtained from biomass sources as described in WO 2007/104515 and

WO 2009/030512. Depending on the process conditions the product obtained in accordance

with the process of these references may also contain HMF.

FDCA, the product of the reaction can be used in the preparation of a polyester, by

reaction of FDCA or its dialkyl ester with a suitable diol. Such polyester preparations are

preferably performed by transesterification, whereby the di-methyl ester or di-ethyl ester of

FDCA is used and wherein the methyl or ethyl groups are exchanged in the form of a volatile

alcohol during the transesterification with the diol.

The oxidation catalyst can be selected from a variety of oxidation catalysts, but is

preferably a catalyst based on both cobalt and manganese and suitably containing a source

of bromine, preferably a bromide.

The bromine source can be any compound that produces bromide ions in the reaction

mixture. These compounds include hydrogen bromide, sodium bromide, elemental bromine,

benzyl bromide and tetrabromoethane. Also other bromine salts, such as an alkali or alkaline

earth metal bromide or another metal bromide such as ZnBr2 can be used. There is a

preference for hydrobromic acid or sodium bromide. The amount of bromine mentioned in

here relates to the amount measured as Br relative to cobalt.
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Suitable metal bromide catalysts employed in all of the processes of this invention

comprise a cobalt compound and a manganese compound and a bromine-containing

compound. Preferably these compounds are soluble in the reaction mixture.

Preferably, the catalyst comprises both Co and Mn. The metal and bromide catalyst

contains, in addition to bromide, Co and Mn and optionally may contain one or more

additional metals, in particular Zr and/or Ce. Alternative and suitable catalysts are described

in W. Partenheimer, Catalysis Today 23(2), 69-158 (1995) in particular on pages 89-99,

included herein by reference.

Each of the metal components can be provided in any of their known ionic forms.

Preferably the metal or metals are in a form that is soluble in the reaction solvent. Examples

of suitable counterions for cobalt and manganese include, but are not limited to, carbonate,

acetate, acetate tetrahydrate and halide, with bromide being the preferred halide.

As described in Partenheimer, ibid, pages 86-88, suitable solvents for use in the

processes of the present invention, described above, preferably have at least one

component that contains a monocarboxylic acid functional group. The solvent may also

function as one of the reagents. The processes may be run in a solvent or solvent mixture

that does not contain an acid group. In that case, preferably one of the reagents does

contain a monocarboxylic acid functional group. Suitable solvents can also be aromatic acids

such as benzoic acid and derivatives thereof. A preferred solvent is an aliphatic C2-C6

monocarboxylic acid, such as but not limited to acetic acid, propionic acid, n-butyric acid,

isobutyric acid, n-valeric acid, trimethylacetic acid, and caproic acid and mixtures thereof.

Said mixtures may also include benzene, acetonitrile, heptane, acetic anhydride,

chlorobenzene, o-dichlorobenzene, and water. The most preferred solvent is acetic acid

(“AcOH”).

The oxidant in the processes of the present invention is preferably an oxygen-

containing gas or gas mixture, such as, but not limited to air and oxygen-enriched air.

Oxygen by itself is also a preferred oxidant.

The processes of the instant invention described above can be conducted in a batch,

semi—continuous or continuous mode. Especially for the manufacture of FDCA, operation in

the batch mode with increasing temperature at specific times, increasing pressure at specific

times, variation of the catalyst concentration at the beginning of the reaction, and variation of

the catalyst composition during the reaction is desirable. For example, variation of the

catalyst composition during the reaction can be accomplished by addition of cobalt and/or

manganese and/or zirconium, and/or cerium, and/or bromide at specified times.

The pressure in a commercial oxidation process may vary within wide ranges. When a

diluent is present, and in particular with acetic acid as diluent, the temperature and the

pressure in such a process are not independent. The pressure is determined by the solvent
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(e.g., acetic acid) pressure at a certain temperature. The pressure of the reaction mixture is

preferably selected such that the solvent is mainly in the liquid phase. In practice this means

that pressures between 5 and 100 bar can be used with a preference for pressures between

10 and 80 bar. In case the oxidant is an oxygen-containing gas, such as air, the gas can be

continuously fed to and removed from the reactor, or the gas can be supplied all at the start

of the reaction. In the latter case, the pressure of the system will depend on the headspace

volume and the amount of gas required to convert the starting material. It is clear that in the

latter case, the pressure of the system may be significantly higher than the pressure in a

process wherein an oxygen containing gas is continuously fed and removed. In the case of

continuously feeding and removing the oxidant gas to and from the reactor, the oxygen

partial pressure will suitably be between 1 and 30 bar or more preferably between 1 and 10

bar.

The temperature of the reaction mixture is at least 140 °C, preferably from 140 and

200 °C, most preferably between 160 and 190 °C. Temperatures higher than 180 °C may

lead to decarboxylation and to other degradation products. Good results to FDCA have been

achieved at a temperature of about 180 °C.

Molar ratios of cobalt to manganese (Co/Mn) are typically 1/1000 - 100/1, preferably

1/100 - 10/1 and more preferably 1/10 - 4/1.

Molar ratios of bromine to metals (e.g. Br/(Co+Mn)) are typically 0.001—5.00, preferably

0.01 - 2.00 and more preferably 0.1 - 0.9.

Catalyst concentration (Co + Mn) is typically from 0.1 to 10 mol %, relative to the

substrate, with a preference for concentrations from 2 to 6 mol %. Good results were

obtained in general with catalyst concentrations of around 4 mol %.

The starting materials for the production of FDCA may originate from a carbohydrate

source as described above. Examples of such disclosures are WO 2007/104515 and

WO 2009/030512. Accordingly, the invention also provides a method for the preparation of

2,5-furandicarboxylic acid wherein a carbohydrate source is converted in the presence of an

alkyl carboxylic acid into products comprising an HMF ester and optionally 5-hydroxymethyl

furfural, from which is isolated a feed comprising the ester of HMF and optionally 5-

hydroxymethyl furfural, and which method further comprises the subsequent step of

contacting the feed with an oxidant in the presence of an oxidation catalyst, in particular a

cobalt and manganese and bromide-containing catalyst, under appropriate reaction

conditions, in particular at temperatures higher than 140 °C

In another aspect, the FDCA obtained according to the process of the present

invention can be transformed using common esterification reactions to a diester by

contacting the starting material under appropriate conditions with the relevant alcohol. Thus,

in one aspect, the invention also relates to the use of FDCA obtained according to the
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process of the current invention in the preparation of a dialkylester of 2,5-dicarboxylic acid by

reaction of the FDCA with a C1-C5 alkyl alcohol, preferably methanol to prepare the dimethyl

ester of FDCA.

Accordingly, the present invention also provides a process for the preparation of a

dialkyl ester of 2,5,-furan dicarboxylic acid, comprising the step of contacting a feed

comprising a compound selected from the group consisting of 5-hydroxymethylfurfural

(“HMF”), an ester of 5-hydroxymethyl-furfural, 5-methylfurfural, 5-(ch|oromethy|)furfura|, 5-

methylfuroic acid, 5—(ch|oromethy|)furoic acid, 2,5—dimethy|furan and a mixture of two or more

of these compounds with an oxidant in the presence of an oxidation catalyst at a

temperature higher than 140 °C, and esterifying the thus obtained product. Preferably, the

product is esterified with an alkyl alcohol, suitably having 1 to 5 carbon atoms.

The esterification of 2,5-furan dicarboxylic acid is known. As a specific example for the

manufacture of these esters, reference is made to US 2673860 wherein the diester is

obtained by transesterification of another dicarboxylic acid ester in the presence of sulphuric

acid. A more general description for the esterification of dicarboxylic acids is presented in

US 2628249.

In a further aspect of the invention, the di-methylester can be used in the preparation

of polyester polymers by reaction with a diol. Reacting the di-methylester with a diol will result

in the formation of methanol that quickly vaporises. In 1946 the polymerization of FDCA

dimethyl ester with ethylene glycol was described as a first example of such a polymerization

in GB 621,971.

Indeed, polyesters are generally made by a combined esterification/polycondenzation

reaction between monomer units of a diol (e.g., ethylene glycol (EG)) and a dicarboxylic acid.

Additives such as catalysts and stabilizers may be added to facilitate the process and

stabilize the polyester towards degradation.

Examples:

Experiments were carried out in parallel 8 ml magnetically stirred stainless steel batch

reactors. The reactors are grouped in blocks containing 12 batch reactors. The standard

procedure for all the reactions was as follows:

0.5 ml of starting material stock solution in acetic acid (0.78 mmol/ml) were added into

a reactor lined with a Teflon insert. To the reactor 1 ml of a catalyst stock solution in acetic

acid was subsequently added. In a typical experiment, a catalyst composition Co/Mn/Br with

a relative 1-x-y ratio, the concentration of Co(OAc)2*4H2O was varied. As a Mn source,

Mn(OAc)2*4H2O was used and as a bromine source NaBr was used. The reactors were

closed with a rubber septum, after which the reactors were sealed and pressurized to the

desired air pressure, ranging from 20-60 bars. After pressurization, the block with 12 reactors

was placed in the test unit which was preheated at the desired temperature, ranging from
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ranging from 100 to 220 °C. After the desired reaction time, ranging from 0.5 hr to 24 hrs, the

block is placed into an ice bath for 20 minutes. When the block had cooled down, it was

depressurized. After opening, HPLC samples were prepared. First 5 ml of a saccharine

solution in DMSO (11.04 mg/ml) was added to each reactor and the mixture was stirred for 5

minutes. Then 10 pl of this mixture was diluted to 1000 pl with water in a HPLC vial. The

samples were analyzed using HPLC.

Example 1

Example 1 shows the selectivity of FDCA in the oxidation of HMF, of a HMF/AMF 3/2

mixture, of a HMF/AMF 2/3 mixture and of AMF, respectively, with 2.7 mol% Co catalyst

(relative to substrate), and Co/Mn molar ratio of 1/1, so that the catalyst concentration (Co +

Mn) amounted to 5.4 mol%. The Br/(Co+Mn) molar ratio was 1.0; 0.7; 0.4 and 0.1 at 0.26 M

substrate concentration in acetic acid at 180 °C for 1 hr with 20 bar air. The amount of

oxygen was 2.69 mol oxygen per mol substrate. Under these conditions, higher Br amounts

give higher yields but when Br/(Co+Mn) > 1, corrosion will be a problem on commercial

scale. HMF gives slightly higher yields than AMF at one hour reaction time. The results of

these experiments are given in Table 1.

Example 2

Example 2 shows the selectivity to FDCA for the AMF oxidation of Example 1, together

with the comparative examples based on the experimental conditions described in

US 2009/0156841. In those comparative experiments (2a and 2b) 10 \Nt/wt% AMF in acetic

acid was oxidized with 1.75 and 2.65 mol % Co catalyst and a fixed Br/(Co + Mn) molar ratio

of 1.0 and a Co/Mn molar ratio of 1.0 at 100 °C and 30 bar for 2 hours. The amount of

oxygen was 2.88 mol oxygen per mol substrate. Under these conditions, the yield of FDCA

was lower than the result suggested in US 2009/0156841 and also lower than the results

obtained at higher temperature. The results of these experiments are given in Table 2.

Example 3

Example 3 shows the yield of FDCA in the oxidation of 5-methylfurfural (5MF) and 2,5-

dimethylfurfural (DMF) at 180 °C with 2.7 mol% Co catalyst (relative to substrate), and Co/Mn

ratio of 1/1, so that the catalyst concentration (Co + Mn) amounted to 5.4 mol%. The

Br/(Co+Mn) molar ratio was 1.0, 0.7, 0.4 and 0.1. The substrate concentration was 0.26 M in

acetic acid. The reaction temperature was at 180 °C and the reaction was conducted with 50

bars air. The amount of oxygen was 6.7 mol oxygen per mol substrate. Under these

conditions, higher Br amounts give higher yields but when Br/(Co+Mn) > 1, corrosion will be

a problem on commercial scale. Reactions with 5-MF give higher yields than reactions with

DMF. The results of these experiments are also given in Table 3.
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Claims

1. Method for the preparation of 2,5—furan dicarboxylic acid comprising the step of

contacting a feed comprising a compound selected from the group consisting of 5-

hydroxymethylfurfural (“HMF”), an ester of 5-hydroxymethylfurfural, 5-methylfurfural, 5-

(ch|oromethy|)furfura|, 5-methylfuroic acid, 5-(ch|oromethy|)furoic acid, 2,5-dimethylfuran and

a mixture of two or more of these compounds with an oxidant in the presence of an oxidation

catalyst at a temperature higher than 140 °C.

2. Method according to claim 1, wherein the feed comprises a compound selected from

the group consisting of 5-hydroxymethylfurfural (“HMF”), esters of HMF and a mixture

thereof.

3. Method according to claim 1 or 2, wherein the oxidation catalyst comprises at least one

metal selected from the group consisting of Co and Mn.

4. Method according to claim 1 or 2 or 3, wherein the oxidation catalyst comprises a

source of bromine.

5. Method according to claim 4, wherein the oxidation catalyst contains both Co and Mn.

6. Method according to claim 5, wherein the oxidation catalyst comprises at least one

additional metal.

7. Method according to claim 6, wherein the additional metal is Zr and/or Ce.

8. Method according to claims 1-6, wherein the oxidant is selected from oxygen, air or

other oxygen-containing gases.

9. Method according to any of the previous claims wherein the temperature is between

140 and 200 °C, most preferably between 160 and 190 °C.

10. Method according to any one of the previous claims, wherein a solvent or solvent

mixture is present, preferably comprising a solvent containing a monocarboxylic acid

functional group, more preferably acetic acid or acetic acid and water mixtures.

11. Method according to any of the previous claims, wherein the feed comprises an ester

of HMF containing an ester moiety of an alkyl carboxylic acid wherein the alkyl group

contains up to 6 carbon atoms, preferably from 1 to 5 carbon atoms.

12. Process for the preparation of a dialkyl ester of 2,5,—furan dicarboxylic acid, comprising

the step of contacting a feed comprising a compound selected from the group consisting of

5-hydroxymethylfurfural (“H MF”), an ester of 5-hydroxymethyl-furfural, 5-methylfurfural, 5-

(ch|oromethy|)furfura|, 5-methylfuroic acid, 5-(ch|oromethy|)furoic acid, 2,5-dimethylfuran and

a mixture of two or more of these compounds with an oxidant in the presence of an oxidation

catalyst at a temperature higher than 140 °C, and esterifying the thus obtained product.
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Process according to claim 12, wherein the product is esterified with a C1-C5 alkyl13.

alcohol.

14.

dialkyl ester is the dimethylester of 2,5—furan dicarboxylic acid.

15.

is converted in the presence of an alkyl carboxylic acid into products comprising an HMF

Process according to claim 13, wherein the C1-C5 alkyl alcohol is methanol and the

Method for the preparation of 2,5-furandicarboxylic acid wherein a carbohydrate source

ester and optionally 5-hydroxymethyl furfural, from which is isolated a feed comprising the

ester of HMF and optionally 5-hydroxymethyl furfural, and which method comprises further

the subsequent step of contacting the feed with an oxidant in the presence of an oxidation

catalyst, preferably a cobalt and manganese and bromide-containing catalyst, under

appropriate reaction conditions.
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Abstract

The application describes a method for the preparation of 2,5-furandicarboxylic acid

comprising the step of contacting a feed comprising 5-hydrouxymethylfurfural (HMF). one or

more derivatives of HMF or a mixture of HMF with one or more derivatives of HMF as

starting material. with an oxidant in the presence of an oxidation cataiyst at a temperature

higher than 140°C.
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Title: Method for the preparation of 2,5-furandicarboxylic acid from 5-

hydroxymethylfurfural and/or derivatives thereof, and the use thereof

The present invention relates to a method for the preparation of 2,5-furandicarboxylic

acid (“FDCA”) from 5-hydroxymethyifurfural (“HMF”) and/or derivatives thereof, in particular

from esters of HMF sum as for example 5-acetoxymethylfurfural {AMF), from 5-

(chIorom_ethyl)furfural, 5-(chloromethyl)furoic acid, 5-methylfurfural, 5-methylfuroic acid or

2,5-dimethylfuran. or from a mixture of two or more of these HMF derivatives or a mixture of

one or more of these derivatives with HMF, such as for example from a mixture of AMF +

HMF.

2,5-Furandicarboxylic acid, also known as dehydromucic acid is a furan derivative.

This organic compound was first obtained by Fittig and Heinzelmann in 1876. The first

review, by Henry Hill was published in 1901 (Am. Chem. Joum. 25, 439). FDCA was more

than 125 years later identified by the US Department of Energy as one of 12 priority

chemicals for establishing the “green" chemisty industry of the future. However, to date, no

commercial process exists for its production. On the laboratory scale it is often synthesized

from 5—hydroxymethylfurfural (HMF), which in turn can be obtained from carbohydrate

containing sources such as glucose, fructose, sucrose and starch. From fructose and

glucose HMF is obtained by acidic elimination of three mols of water.

The derivatives of HMF are identified as potential and versatile fuel components and

precursors for the production of plastics. The polyester from FDCA dimethyl diester and

ethylene glycol was first reported in 1946 (GB 621,971). I

W001’/2732 describes the oxidation of HMF to FDCA. The maximum FDCA yield

reported is 59%. obtained at 105 °C. The oxidation of HMF in an aqueous medium with

oxygen using a catalyst from the Pt-group is described in US4977283. Taarning et al.

described the oxidation of HMF over gold based catalysts (ChemSusChem, 2008, 1, 1-4).

Partenheimer et al describes the synthesis of furan-2,5-dicarboxylic acid by catalytic

air—oxidation of 5-hydroxymethylfurfural with metallbromide catalysts such as Co/MnlBr in

Adv. Synth. Catal. 2001, 343, pp 102-11. With the Co/Mn/Br catalyst the highest FDCA yield

obtained is 35.2% (Table 3, experiment 4)-On page 103 of the same paper, underlthe

header “products formed" it is stated: "A side reaction is the esterification of the alcohols

[HMF and 5—(hydroxymethy|)fu ran-2-carboxylic acid] to form the more oxidatively stable

acetate [respectively 5-(acetoxymethy|)furfuraI (from HMF) and 5-(acetoxymethyl)furan-2-

carboxylic acid from the intermediate 5-(hydroxymethyl)-2-furan carboxylic acid]." And further

Petitioners‘ Exhibit 1011, Page 39 of 629



Petitioners' Exhibit 1011, Page 40 of 629

10

15

20

25

30

35

-2-

on page 106 under the header “general considerations” it is stated: “Although acetoxylation

of the alcohols with the acetic acid solvent does occur, this side reaction results in only a 5-

8% yield loss". Also, in the reaction scheme given in Figure 1 on page 103. it is indicated

that 5-(acetoxymethyl)furfural is an end-point. There is no further reaction of this compound

indicated to FDCA (in contrast to the ester of the intermediate product 5

(acetoxymethyl)furan-2—carboxylic acid). in other words, the 5-(acetoxymethyl)furfural (AM F)

fonned through reaction of HMF with acetic acid solvent, is not oxidized to FDCA and its

fonnation leads therefore to yield toss-

Unknovvingly to the authors. this result was confirmed recently in US2009i015l6841

(ADM). On page 6, in paragraph [0060] it is stated: ‘

“A mixture of HMF ester such as . . .5-acetoxymethylfurfural (ACHMF), ...acetic acid,

along with cobalt acetate, manganese acetate and sodium bromide is placed in a reactor

and subjected to between about 400 to about 1000 psi oxygen .... . .at between about 85 "C

to about 1 10 °C, ....for between about 100 to about 150 minutes. The solution is filtered and

the solvent evaporated to obtain 2, 5—Furandicarboxylic acid (FDCA)_”

This general recipe is illustrated in Example 7 on page 10 of this reference:

I "A reaction mixture containing AcHMF (5.0 g), acetic acid (50 mL), cobalt acetate

(0.132 g), manganese acetate (0. 135 g}, and sodium bromide (0. 114 g) is placed in a 100

mL reactor and subjected to 500-800 psi oxygen at 100 °C for 2 hours. Upon filtration and

evaporation of the solvent, 2.53 g of tan solid is isolated. ’H NMR indicates substantially

pure FDCA The overall yield ofFDCA from AcHMF is 54%..”

Although the intention of the authors was to obtain FDCA, the product they isolated

and erroneously characterized as being FDCA was in fact the starting material AcHMF.

Under the low temperature conditions deployed (100 °C), AcHMF is quite stable, as was

already reported by Partenheimer (see above). FDCA has an extremely low solubility in

acetic acid, even at 100 °C. Taking into account that water is fonned during the oxidation we

can note the following two observations by Partenheimer in Adv. Synth. Catal. 2001, 343:

On page 105, right cotumn we can read that FDCA precipitates during the reaction,

even at 100-125 °C.

On page 110 (right column) it is stated: “The solubility of 2, 5-Furandicarboxylic acid is

6.6 x 10-4 g/g in 3% H20/HOAc at room temperature. Hence 99% of the 2, 5-

furandicarboxylic acid precipitates. ”

The authors wrote that the FDCA product was obtained from the solution after

filtration and evaporation. Thus, taking into account the Partenheimer statements, which

were independently confirmed by us, this isolated product cannot be FDCA.
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The authors showed an ‘H NMR spectrum of their product in Figure 8 and concluded

that it is FDCA. However, this is not the case. The ‘H NMR spectrum of the product shown in

Figure 8 is without doubt the starting material AcHMF. Finally, the authors refer to the

product as a tan solid. In our experience, AcHMF is a tan solid, while FDCA is a white solid.

We have repeated the results of experiments executed under the US2009/0156841

conditions. These comparative experiments confirm the low reactivity of AMF under

conditions given in US2009l0156841 (cf. the results reported in the experimental section).

Thus, a person skilled in the art would therefore have concluded that FDCA cannot be

obtained in interesting yields from AMF (AcHMF) using the conditions reported in

US2009/0156841 using a Col/Mn/Br catalyst in acetic acid at between 85 and 110 °C within

a time frame of from 100 and 150 minutes. In Example 7 of this prior art reference, 2.53 g or

slightly more than 50% of the starting material was the only product isolated from the

reaction.

The present inventors have now surprisingly found that when using a catalyst based

on both Cobalt and Manganese and containing a bromide, at temperatures higher than 140

°C the derivatives of HMF, and in particular esters of HMF optionally in combination with

HMF, such as for example 5-(acetoxymethyl)furfural (AMF) can be oxidized within 1 hourto

FDCA in high yields . ‘

Thus, in a first aspect the invention reiates to a method for the preparation of 2,5-

furandicarboxylic acid comprising the step of contacting a feed comprising 5-

hydroxymethylfurfural (H MF), one or more derivatives of HMF or a mixture of HMF with one

or more derivatives of HMF, e.g., 5-acetoxymethylfurfural (AMF) or 5-hydroxymethylfurfural

(HMF) or mixtures thereof (AMF+HMF) as starting material with an oxidant in the presence

of a catalyst based on both Cobalt and Manganese and containing a bromide at a

temperature higher than 140 °C.

The invention is described hereinafter with 5-acetoxymethylfurfural as the preferred

feedstock, by itself or in combination with HMF. 5-(Chloromethyl)furfural, or 5-

(ch|oromethyl)furoic acid, or 5-methylfurfural, or 5-methylfuroic acid, or 2,5-dimethylfuran, or

an ester of 5-(hydroxymethylrfurfural may be used instead, as well as combinations of two or

more of these HMF derivatives, or combinations of one or more of these HMF derivatives

together with 5-(hydroxymethyl)furfural.

ln WO2007104515 and WO2009030512, the synthesis of esters of HMF such as 5-

acetoxymethylfurfural (AMF) from biomass sources is described. Given the higher stability of

the HMF esters than HMF and hence improved production pathways and given the fact that

upon oxidation in acetic acid the acetoxy functionality that was obtained from acetic acid is

now liberated as acetic acid and given the green reputation of these esters, they were

considered by the present inventors as interesting starting point in the preparation of furan-
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based monomers that could be used for the production of furandicarboxylic acid -based

polyesters, for instance as an altemative for PET or FDCA-based poiyamids (nylons). The

most important conventional, oil—based, polyester monomer to produce PET is Purified

Terephthalic acid (PTA) and its dialkyl ester dimethyl Terephthalate (DMT)-

AMF can be obtained from biomass sources as described in WO2007104515 and

WO2009030512. Depending on the process conditions the product obtained in accordance

with the process of these references may also contain HMF.

The alkyl of the ester functionality of the HMF ester can be C1-C5 alkyl, i.e. methyl,

ethyl, propyl, isopropyl, butyl, 2—butyl, tert-butyl, pentyl, 2-pentyl, neopentyl and 3-pentyl.

There is a preference for methyl, giving (5-acetyImethyl)furfural

FDCA, the product of the reaction can be used in the preparation of a polyester, by

reaction of FDCA or its dialkyl ester with a suitable diol. Such polyester preparations are

preferably performed by transesterification, whereby the di-methyl ester or di-ethyl ester of

FDCA is used and wherein the methyl or ethyl groups are exchanged in the form of a volatile

alcohol during the transesterification with the diol.

The bromine source can be any compound that produces bromide ions in the reaction

mixture. These compounds include hydrogen bromide, sodium "bromide, elemental bromine,

benzyl bromide, tetrabromoethane. Also other bromine salts, such as an alkali or earth alkali

metal bromine or another metal bromide such as ZnBr2 can be used. There is a preference

for hydrobromic acid or sodium bromide. The amount of bromine mentioned in here relates

to the amount measured as Br relative to cobalt. ‘

Metal bromide catalysts employed in all of the processes of this invention comprise a

preferably soluble cobalt compound and a preferably soluble manganese compound and a

preferably soluble bromine-containing compound.

The metal and bromide catalyst contains next to bromide Co and Mn and optionally

can contain Zr andlor Ce or other metals- Alternative and suitable catalysts are described in

W. Partenheimer, Catalysis Today 23(2), 69-158 (1995) in particular on pages 89-99,

included herein by reference.

Each of the metal components can be provided in any of their known ionic forms.

Preferably the metal or metals are in a form that is soluble in the reaction solvent. Examples

of suitable counterions for cobalt and manganese include, but are not limited to, carbonate,

acetate, acetate tetrahydrate and halide with bromide being the preferred halide.

As described in Partenheimer, ibid, pages 86-88, suitable solvents for use in the

processes of the present invention, described above, preferably have at least one

component that contains a monocarboxylic acid functional group. The solvent may also

function as one of the reagents. The processes may be run in a solvent or solvent mixture

that does not contain an acid group. In that case, preferably one of the reagents does
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contain a monocarboxylic acid functional group. Suitable solvents can also be aromatic

acids such as benzoic acid and derivatives thereof. A preferred solvent is an aliphatic C2-C3

monocarboxylic acid, such as but not limited to acetic acid, propionic acid, n-butyrlc acid,

isobutyric acid, n-valeric acid, trimethylacetic acid, and caproic acid and mixtures thereof.

Components of said mixtures can include benzene, acetonitrile, heptane, acetic anhydride,

chlorobenzene, o~dichlorobenzene, and water. Most preferred as solvent is acetic acid

("AcOH”).

The oxidant in the processes of the present invention is preferably an oxygen-

containing gas or gas mixture. such as, but not limited to air. Oxygen by itself is also a

preferred oxidant-

The processes of the instant invention described above can be conducted in the

batch, semi-continuous or continuous mode. Especially for the manufacture of FDCA,

operation in the batch mode with increasing temperature at specific times, increasing

pressure at specific times, variation of the catalyst concentration at the beginning of the

reaction. and variation of the catalyst composition during the reaction is desirable. For

example, variation of the catalyst composition during reaction can be accomplished by

addition of cobalt and/or manganese and/or zirconium, andlor cerium, and/or bromide at

specified times.

The temperature and pressure in a commercial oxidation process with acetic acid as

diluent are not independent. The pressure is determined by the solvent (e.g., acetic acid)

pressure at a certain temperature. The pressure of the reaction mixture is preferably

selected such that the solvent is mainly in the liquid phase. In practice this means that

pressures between and 100 bar can be used with a preference for pressures between 10

and 80 bars. In case the oxidant is an oxygen containing gas. such as air, the gas can be

continuously fed to and removed from the reactor, or the gas can be supplied all at the start

of the reaction. In the latter case, the pressure of the system will depend on the headspace

volume and the amount of gas required to convert the starting material. It is clear that in the

latter case, the pressure of the system will be significantly higher than when continuously

feeding and removing an oxygen containing gas. In the case of continuously adding and

removing the oxidant gas to and from the reactor, the oxygen partial pressure will be

between 1 and 30 bars or more preferably between 1 and 10 bars.

The temperature of the reaction mixture is between 140 and 200 degrees Celsius,

most preferably between 160 and 190 degrees Celsius. Temperatures higher than 180

degrees Celcius tend to lead to decarboxylation and to other degradation products. Good

results to FDCA have been achieved at a temperature of about 180 °C.

Ratio’s of Cobalt to Manganese (ColMn) are typically 1/1000 - 100/1, preferably 1/100

- 10/1 and more preferably 1/10 — 4/1.
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Ratio’s of bromine to metals (e.g. Br/(Co+Mn)) are typically 0.001—5.00, preferably 0.01

- 2.00 and more preferably 0.1 - 0.9. '

Catalyst concentration (Co 4- Mn) is typically between 0.1 - 10 mol % relative to the

substrate, with a preference for loads between 2 and 6 mol %. Good results were obtained

in general with catalyst loads of around 4 mol %.

In another aspect of the invention, we have also investigated the oxidation of other

furan—based substrates under the process conditions according to the current invention. We

have been able to convert 5-(ch|oromethyl)furfura|, 5-(chloromethyl)furoic acid. 5-

methylfurfural, 5-methytfuroic acid and 2.5-dimethylfuran all to FDCA in very interesting

yields. 4

In another aspect, the FDCA obtained according to the process of the present

invention can be transformed using common esterification reactions to adiester by

contacting the starting material under appropriate conditions with the relevant alcohol. Thus,

in one aspect, the invention also relates to the use of FDCA obtained according to the

process of the current invention in the preparation of a dialkylester of 2,5-dicarboxylic acid

by reaction of the FDCA with a C1-C5 alkyl alcohol, preferably methanol to prepare the

dimethyl ester of FDCA.

In a further aspect of the invention, the di-methylester can be used in the preparation

of polyester polymers by reaction with a diol. Reacting the di-methylester with a diol will

result in the formation of methanol that quickly vaporises. In 1946 the polymerization of

FDCA dimethyl ester with ethylene glycol was described as a first example of such a

polymerization (GB 621,971).

Indeed, polyesters are generally made by a combined esterification/polycondenzation

reaction between monomer units of a diol (e.g., ethylene glycol (EG)) and a dicarboxylic

acid. Additives such as catalysts and stabilizers may be added to facilitate the process and

stabilize the polyester towards degradation.

Description of the figures: V

Figure 1 shows the yield of FDCA in the oxidation of HMF. of a HMFIAMF 3l2 mixture,

of a HMFIAMF 2/3 mixture and of AMF, respectively with 2.7 mol% Co catalyst (relative to

substrate), 0.26 M substrate concentration in acetic acid and Co/Mn ratio of 1/1 and

Br/(Co+Mn): 1.0; 0.7; 0.4 and 0.1 at 180 °C for 1 hr with 20 bar air. Under these conditions,

higher Br amounts give higher yields but when Brl(Co+Mn') > 1, corrosion will be a problem

on commercial scale. HMF gives slightly higher yields than AMF at one hour reaction time.

The data of these experiments is also given in Table 1.

Figure 2 shows the selectivity to FDCA for the AMF oxidation of Figure 1 together with

the comparative examples based on the experimental conditions described in
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US/20090156841; according to the text 10 wt/wt% AMF was oxidized with 1.75 and 2.65 mol

'% Co catalyst and a fixed Brl(CoIMn) of 1.0 and a Co/Mn of 1.0 at 100 °C and 30 bar for 2

hours Under these conditions, the yield of FDCA was lower than the result described in

US/20090156841 and than the results obtained at high temperature. The data of these

experiments is also given in Table 2.

Figure 3 shows the yield of FDCA in the oxidation of 5-methylfurfural (5MF) and 2,5-

dimethylfurfural (DMF)'at 180 °C with 2.7 mol% Co catalyst (relative to substrate), 0.26 M

substrate concentration in acetic acid and ColMn ratio of 1/1 and a BrI(Co+Mn) of 1.0, 0.7,

0.4 and 0.1 at 180 °C for 2 hrs with 50 bars air. Under these conditions, higher Br amounts

give higher yields but when Br/(Co+Mn) > 1, corrosion will be a problem on commercial

scale. Reactions with 5MF give higher yields than reactions with DMF. The data of these

experiments is also given in Table 3.

Examples:

Experiments were carried out in parailel 8 mL magnetically stirred stainless steel batch

reactors. The reactors are grouped in blocks containing 12 batch reactors. The standard

procedure for all the reactions was as follows:

0.5 ML of starting material stock solution in acetic acid (0.78 mmollml) were added into

a reactor lined with a Teflon insert. 1 ML of a catalyst stock solution in acetic acid was

subsequently added to the reactor. In a typical experiment. a catalyst composition CollVtnlBr

with a relative 1—x—y ratio. the concentration of Co(OAc)z*4H2O was varied. As a Mn source,

Mn(OAc)2'4H2O was used and as a bromine source NaBr was used. The reactors were

closed with a mbber septum, after which the reactors were sealed and pressurized to the

desired air pressure, ranging from 20-60 bars. After pressurization, the block with 12

reactors was placed in the test unit which was preheated at the desired temperature,

-ranging from 100 to 220 "C. After the desired reaction time, ranging from 0.5 hr to 24 hrs,

the block is placed into an ice bath for 20 minutes. When the block had cooled down, it was

depressurized. After opening, HPLC samples were prepared. First 5 ml of a saccharine

solution in DMSO (11.04 mg/mL) was added to the each reactor and the mixture was stirred

for 5 minutes. Then 10 pL of this mixture was diluted to T1000 pL with water in a HPLC viai.

The samples were analyzed using HPLC.

Illustrative but not limiting results are presented in the figures 1-3 and Tables 1-3.
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Claims

1. Method for the preparation of 2,5—furandicarboxylic acid comprising the step of

contacting a feed comprising 5-hydroxymethylfurfural (HMF), one or more derivatives of

HMF or a mixture of HMF with one or more derivatives of HMF as starting material, with an

oxidant in the presence of an oxidation catalyst at a temperature higher than 140°C.

2. Method according to claim 1 comprising the step of contacting an ester of 5-

(hydroxymethyl)furfural or 5-(hydroxyrnethyl)furfural or a mixture of these components with

an oxidant in the presence of an oxidation catalyst at a temperature higher than 140 °C.

3 Method according to claim 1 or 2, wherein the oxidation catalyst comprises at least one

metal selected from the group consisting of Co and Mn.

4 Method according to claim 1 or 2 or 3, wherein the oxidation catalyst comprises a

source of bromine.

5 Method according to claim 4, wherein the oxidation catalyst contains both Co and Mn.

6 Method according to claim 5, wherein the oxidation catalyst comprises at least one

additional metal.

7. Method according to claim 6, wherein the additional metal is Zr and or Ce.

8. Method according to claims 1-6, wherein the oxidant is selected from oxygen, air or

other oxygen-containing gases.

9. Method according to any of the previous claims wherein the temperature is between

140 and 200 degrees Celsius, most preferably between 160 and 190 degrees Celsius.

1 0.

mixture is present, preferably comprising a solvent containing a monocarboxylic acid

Method according to any one of the previous claims, wherein a solvent or solvent

functional group, more preferably acetic acid or acetic acid and water mixtures.

1 1.

the HMF ester is C1-C5 alkyl, preferably methyl.

1 2

preparation of a dnialkyiester of 2,5-furan dicarboxylic acid via an esterification reaction with a

C1-C5 alkyl alcohol.

13. Use according to claim 12 wherein the C1-C5 alkylalcohol is methanol and the diester is

Method according to any of the previous claims wherein the alkyl of the ester group of

Use of the reaction product obtained via the method of any of the claims 1-11 in the

the dimethylester of 2,5-furan dicarboxylic acid.

14.

source is converted in the presence of an alkyl carboxylic acid into products comprising an

Method for the preparation of 2,5-furandicarboxylic acid wherein a carbohydrate

HMF ester and optionally 5-hyd roxymethyl furfural, from which is isolated a feed comprising

the ester of HMF and optionally 5-hydroxymethyl furfural, comprising the subsequent step of

contacting the feed with an oxidant in the presence of a cobalt and manganese and bromide

containing catalyst under appropriate reaction conditions.
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Application number

WRITTEN OPINION NL2003605
 

 

Box No. I Basis of this opinion 

11 This opinion has been estabtlshed on the basis of the Eatest set of claims filed before the start of the search.

2 With regard to any nucleotide andfor amino acid sequence disclosed in the application and necessary to the
ciaimed invention, this opinion has been established on the basis of:

a. type of material:

D a sequence listing

Ei tabIe(s) related to the sequence listing

bl format of material:

IE on paper

Ci in electronic form

(3. time of filingffurnishing:

El contained in the application as filed.

El tiled together with the application in electronic form.

El furnished subsequently for the purposes of search

31 I3 In addition, in the case that more than one version or copy of a sequence listing and/br table relating thereto
has been filed or furnished, the required statements that the information in the subsequent or additional
copies is identical to that in the application as filed or does not go beyond the application as filed, as
appropriate, were furnished

4 Additional comments:

 

Box ll Priority 

This opinion has been established as if the claimed priority date were valid, unless indicated otherwise on the
separate sheet

N1-237BlJU|v2006) Petitioners‘ Exhibit 1011, Page 58 of 629
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 Application number

WRITTEN OPINION NL2003608

Box No.. V Reasoned statement with regard to novelty, inventive step or industriai applicability;
citations and explanations supporting such statement

. Statement

Novelty Yes: Claims 1-11, 14

No: Claims 12, 13

Inventive step Yes: Claims 1-11, 14

No: Claims 12, 13

Industrial applicability Yes: Claims 1-14
N0: Claims

I Citations and explanations

see separate sheet

Box No. VI Certain documents cited  
Certain published documents

see the Search Report

El Non-written disclosures

Box No. VIII Certain observations on the application

see separate sheet
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. ~. WRITTEN OPINION Application number

(SEPARATE SHEET) NL2003606

Re Item V

Fteasoned statement with regard to novelty, inventive step or‘ industrial

applicability; citations and explanations supporting such statement

Reference is made to the following documents:

D1 Wi.Ni. HAWORTH ET AL.: "11 The conversion of sucrose into furan

compounds. Part ll.. Some 2:5-disubstituted tetrahydrofurans and their

products of ring scission" J. CHEM. SOC.., 1945 , bladzijden 1-4,
XP8122626

D2 US 2009/156841 A1 (SANBORN ALEXANDRA J [US] ET AL) 18 juni

2009 (2009-06-18) in de aanvraag genoemd

D3 WALT PARTENHEIMER ET Al_..: "Synthesis of 2,5—diformylfur'an and

furan—2,5—dicarboxylic acid by catalytic air oxidation of 5-

hydroxymethylfurfural. Unexpectedly selective aerobic oxidation of benzyl

alcohoi to benzaldehyde with metalfbromide catalysts" ADV. SYNTH.

CATALH’ deal 343, nr. 1, 2001 , bladzijden 102-111, XP002584717 in de

aanvraag genoemd

1. Novelty

The present application does not meet the criteria of patentability, because the

subject-matter of claims 12,13 is not new).

Document D1 discloses the conversion of furan—2,5—dicarboxylic acid into the dimethyl

ester by reaction with methanol/itydrogen chloride at reflux for 6 hours. The fact that

furan-2,5-dicarboxylic acid was made in a new way, does not render the known use of

such a compound in the preparation of a known compound novel. Claims 12,13 are

therefore not considered novel over the prior art.

2. Inventive Step (Article 56 EPC)

The present application does not meet the criteria of patentability, because the

subject—matter' of claim 12,13 does not involve an inventive step.

Claims 12,13 which are not novel, cannot be considered inventive.

Fcrm NL237—3 {separate sheet} (July 2006) (sheet 1)
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1- "WRITTEN OPINION Appiication number

(SEPARATE SHEET) NLEOOS-606

The closest prior art for the subject—matter of claims 1-11,14 is found in documents D1

and D2.. In both documents furan-2,5—dicarboxy|ic acid is (allegedly) produced by

oxidation of 5—hydroxymethylfurfura| (D3) or by oxidation of 5—acetoxymethylfurfurial

(D2). in both cases an oxidation catalyst and an oxidant is used at a temperature

lower than 140 °C. The present application claims such a process at a temperature of

at least 140°C. Therefore is the subject-matter of claims 1-1 1,14 novel over the prior
art.

It was shown by the applicant that the conversion of 5—acetoxymethylfur'fural to

furan-2,5~dicarboxylic acid under the conditions as disclosed in D2 and at reaction

temperatures below 140°C cannot take place. The desired product couid not have

been produced This was also shown by the provided 1l-l—N|‘vlR, which shows the

starting material 5—acetoxymethy|furfural (figure 8). it was also shown in D3 that

oxidation of 5—hydroxymethy|furfural under similar conditions leads to the formation of

the desired furan—2,5—dicarboxyiic acid in a low yield.. This can be attributed to the fact

that acetic acid reacts with 5-hydroxymethylfurfural to form 5-acetoxymethylfurfural,

which is stable under 140 °C.

The problem to be solved by the application was to provide an improved process for

the preparation of furan-2,5—dicarboxylic acid. At the time of writing the application, a

skilled person would not increase the temperature and come to the solution of the

present application.. He would not have expected that by increasing the temperature,

higher yields of furan—2,5—dicarboxyiic acid were feasible There is no indication in the

prior art to expect this.

It is therefore considered that the subject—matter of claims 1-1 1,14 is novei and

inventive over the prior art.

Fle Item VIII

Clarity

Claim 1 is not clear. The wording "derivatives of HMF" is not a well defined term in the

art, rendering the scope of claim 1 unclear.

Form NL237‘-3 (separate sheet) (July 20-38) (sheet 2)
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A. CLASSIFICATION OF SUBJECT MATTER

INV. C07D307/68
ADD.

INTERNAHONALSEARCHREPORT
International application No

PCT/NL2010/050654

According to intemational Patent Classification (IPC) or to both national classification and lPC
B. FIELDS SEARCHED

Minimum documentation searched (classification system lollowed by classification symbols)
C07D

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO—Internal, NPI Data, BIOSIS, EMBASE, CHEM ABS Data

0. DOCUMENTS CONSIDERED TO BE RELEVANT

Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

 

WALT PARTENHEIMER ET AL.: "Synthesis of
2,5—diformy1furan and

furan—2,5—dicarboxylic acid by catalytic
air oxidation of 5—hydroxymethylfurfural.
Unexpectedly selective aerobic oxidation

of benzyl alcohol to benzaldehyde with
metal/bromide catalysts",
ADV. SYNTH. CATAL.,

vol. 343, no. 1, 2001, pages 102-111,
XP002584717,

cited in the application
the whole document

in particular figure 1, tables 1 and 3.

_/__

E Further documents are listed in the continuation of Box C. E See patent family annex.
' Special categories ol cited documents :

'A' document defining the general state of the an which is not
considered to be of particular relevance

‘E’ earlier document but published on or after the international
filing date

'L' document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

'0' document referring to an oral disclosure, use, exhibition orother means

'P" document published prior to the international filing date but
later than the priority date claimed

Date of the actual completion of the international search

21 December 2010

Name and mailing address of the ISA!
European Patent Office, P.B. 5818 Patentlaan 2
NL — 2280 HV Riiswijk

Tel. (+31—70) 340-2040,
Fax: (+31—70) 340-3016

Form PCT/IS/-V210 (second sheet) (April 2005)

'T' later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying theinvention

‘X’ document of particular relevance; the claimed inventioncannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

"Y" document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
ments, such combination being obvious to a person skilledin the art.

'&' document member of the same patent family

Date of mailing of the intemational search repon

05/01/2011

Authorized officer

Papathoma, Sofia
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Category‘ Citation of document, with indication, where appropriate. of the relevant passages Relevant to claim No.

US 2009/156841 A1 (SANBORN ALEXANDRA J
[US] ET AL) 18 June 2009 (2009-06-18)

cited in the application
the whole document

in particular paragraph 60, example 7 and
figure 8

JP 2009 242312 A (AIR NATER INC)

22 October 2009 (2009-10-22)
the whole document

in particular paragraphs 31 and 43-46.

HAWORTH W N ET AL: "The conversion of

sucrose into furan compounds. Part II.

Some 2 : 5—disubstituted tetrahydrofurans

and their products of ring scission",
JOURNAL OF THE CHEMICAL SOCIETY, CHEMICAL

SOCIETY, LETCHNORTH; GB,

no. 1, 1 January 1945 (1945-01-01), pages
1-4, XP008122626,

ISSN: 0368-1769, DOI:
DOI:10.1039/JR9450000001
the whole document

in particular 1st paragraph on page 1 and

last before paragraph on page 3.

N0 2006/063220 A2 (ARCHER DANIELS MIDLAND

CO [US]; SANBORN ALEXANDRA J [US])
15 June 2006 (2006-06-15)

claims 1-26; examples 1-24

TONG X ET AL: "Biomass into chemicals:

Conversion of sugars to furan derivatives

by catalytic processes",
APPLIED CATALYSIS A: GENERAL, ELSEVIER

SCIENCE, AMSTERDAM, NL,

vol. 385, no. 1-2,

15 September 2010 (2010-09-15), pages
1-13, XP027230510,
ISSN: 0926-860X

[retrieved on 2010-07-30]
the whole document

in particular pages 9-10.

Fonn PCTIISA/210 (continuation of second sheet) (April 2005)
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INTERNKUONALSEARCHREPORT

   
Intematlonal application No

PCT/NL2010/050654

Category‘ Citation of document, with indication, where appropriate. of the relevant passages Relevant to claim No.

BOISEN A ET AL: "Process integration for
the conversion of glucose to

2,5—furandicarboxylic acid",
CHEMICAL ENGINEERING RESEARCH AND DESIGN,

PART A, INSTITUTION OF CHEMICAL ENGINEERS,
XX,
vol. 87, no. 9,

1 September 2009 (2009-09-01), pages
1318-1327, XP026613647,

ISSN: 0263-8762, DOI:
DOI:10.1016/J.CHERD.2009.06.010

[retrieved on 2009-07-25]
the whole document

in particular paragraph 4.2.2

  
  

  
  
  
  

  
  
  
 

 
 

H0 01/72732 A2 (DU PONT [US]; GRUSHIN

VLADIMIR [US]; PARTENHEIMER HALTER [US];
MANZER) 4 October 2001 (2001-10-04)

page 7, line 2 — line 7; claims 11-21;
examples 16-40

 
 

 
  

  
  

HO 2008/054804 A2 (BATTELLE MEMORIAL

INSTITUTE [US]; LILGA MICHAEL A [US];

HALLEN RICHARD) 8 May 2008 (2008-05-08)
* abstract; claims 1-28

paragraphs [0049], [0050], [0058];
claims 5,10; figure 31; example 1

JP 2009 001519 A (CANON KK)

8 January 2009 (2009-01-08)
* abstract

paragraph [0025]

  
  
  
  

  
 
  
  

  
  

 
 

 
 SU 636 233 A1 (INST ORGANICHESKOGO SINTEZA

AK [SU]; INST KHIM FIZ AN SSSR [SU])
5 December 1978 (1978-12-05)
the whole document

in particular column 2, lines 9-10,

examples 1, 2 and 4 and claim 1

 
  
  

  
 

  HO 2010/132740 A2 (ARCHER DANIELS MIDLAND

CO [US]; SANBORN ALEXANDRA [US])
18 November 2010 (2010-11-18)

claims 1-18; examples 8,12

EP 0 356 703 A2 (HOECHST AG [DE])

7 March 1990 (1990-03-07)
the whole document
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 INTERNAHONALSEARCHREPORT   International application No

PCT/NL2010/050654
c(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
GRABONSKI G ET AL: "The electrochemical

oxidation of 5—hydroxymethylfurfural with
the nickel oxide/hydroxide electrode",
ELECTROCHIMICA ACTA, ELSEVIER SCIENCE

PUBLISHERS, BARKING, GB,
vol. 36, no. 13,

1 January 1991 (1991-01-01), page 1995,
XP026726025,
ISSN: 0013-4686, D01:
D01:10.1016/0013—4686(91)85084—K
[retrieved on 1991-01-01]
the whole document
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PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicants: Cesar Munoz de Diego et al. Examiner: Unassigned

Application No.: Unassigned Group Art Unit: Unassigned

Confirmation No: Unassigned Docket: 903-457 PCT/US

Filed: Herewith Dated: March 22, 2012

For: METHOD FOR THE PREPARATION OF 2,5-
FURANDICARBOXYLIC ACID AND FOR

THE PREPARATION OF THE DIALKYL

ESTER OF 2,5-FURANDICARBOXYLIC

ACID

Mail t P T  S _Op_ C I hereby certify that this correspondence is being transmitted
Commlssloner for Patents to the U.S. Patent and Trademark Office via the Office's

BOX electronic filing systemDated: March 22, 2012

Alexandria, Virginia 22313-1450
Signature: K.J. Goodhand /K.J. G00dhand/

STATEMENT UNDER 37 C.F.R. 1.125 b

Sir:

The substitute specifications, which do not include claim listings, filed concurrently

herewith include no new matter.

Respectfully submitted,

/John S. SOPKO, Reg. # 41321/

John S. Sopko

Registration No.: 41,321

Attorney for Applicants

HOFFMANN & BARON, LLP

6900 Jericho Turnpike

Syosset, New York 1 1791

(973) 331-1700
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Substitute Specification — Version Showing Changes

   
 METHOD FOR THE RPARTION O 25-

FURANDICARBOXYLIC ACID AND FOR THE PREPARATION OF THE DIALKYL ESTER OF

2 5-FURANDICARBOXYLIC ACID

 

 

CROSS-REFERENCE TO RELATED APPLICATIONS:

[0001] This application is the National Stage of International Application No.

PCT/NL2010/050654, filed October 6, 2010, which claims the benefit of Netherlands Application

No. 2003606, filed October 7, 2009, and U.S. Provisional Application No. 61/249,395, filed

October 7, 2009, the contents of all of which are incorporated by reference herein.

FIELD OF THE INVENTION:

[0002] The present invention relates to a method for the preparation of 2,5-

furandicarboxylic acid (“FDCA”) from 5-hydroxymethylfurfural (“HMF”) and/or derivatives thereof.

FDCA can be produced in particular from esters of HMF, such as for example 5-

acetoxymethylfurfural (AMF) or a mixture of one or more of these compounds with HMF, such

as for example from a mixture of AMF and HMF. The invention further relates to a process for

the preparation of the dialkyl ester of 2,5-furandicarboxylic acid.

BACKGROUND OF THE INVENTION:

[0003] 2,5-Furandicarboxylic acid, also known as dehydromucic acid is a furan

derivative. This organic compound was first obtained by Fittig and Heinzelmann in 1876. The

first review, by Henry Hill was published in 1901 (Am. Chem. Journ. 25, 439). FDCA was more

than 125 years later identified by the US Department of Energy as one of 12 priority chemicals

for establishing the “green” chemistry industry of the future. However, to date, no commercial

process exists for its production. On laboratory scale it is often synthesized from 5-

hydroxymethylfurfural (HMF), which in turn can be obtained from carbohydrate containing

sources such as glucose, fructose, sucrose and starch. From fructose and glucose HMF is

obtained by acidic elimination of three moles of water.

[0004] The derivatives of HMF are identified as potential and versatile fuel components

and precursors for the production of plastics. The polyester from FDCA dimethyl diester and

ethylene glycol was first reported in 1946 (GB 621,971).

1
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Substitute Specification — Version Showing Changes

[0005] WO 01/72732 describes the oxidation of HMF to FDCA. The maximum FDCA

yield reported is 59%, obtained at 105 °C. The oxidation of HMF in an aqueous medium with

oxygen using a catalyst from the Pt-group is described in US 4977283. Taarning et al.

described the oxidation of HMF over gold based catalysts (ChemSusChem, 2008, 1, 1-4).

[0006] Partenheimer et al (Adv. Synth. Catal. 2001, 343, pp 102-11) describe the

synthesis of 2,5-furandicarboxylic acid by catalytic air-oxidation of 5-hydroxymethylfurfural with

metal/bromide catalysts such as Co/Mn/Br in acetic acid at temperatures ranging from 50 to 125

°C. With the Co/Mn/Br catalyst the highest FDCA yield obtained is 35.2% (Table 3, experiment

4). On page 103 of the same paper, under the header “products formed” it is stated: “A side

reaction is the esterification of the alcohols to form the more oxidatively stable acetate As

apparently 5-hydroxymethylfurfural reacts with acetic acid a loss of the starting material takes

place. Further, in the reaction scheme given in Figure 1 on page 103, it is indicated that 5-

(acetoxymethy|)furfura| is an end-point. There is no further reaction of this compound indicated

to FDCA (in contrast to the ester of the intermediate product 5-(acetoxymethy|)furan-2-

carboxylic acid). In other words, the 5-(acetoxymethy|)furfura| (AMF) formed through reaction of

HMF with acetic acid solvent, is not oxidized to FDCA and its formation leads therefore to yield

loss.

[0007] This result was confirmed in US 2009/0156841. Although the intention of the

process according to US 2009/0156841 was to obtain FDCA, the product isolated and

erroneously characterized as being FDCA was in fact the starting material acetoxymethyl

furfural (AMF). Under the low temperature conditions deployed (100 °C), AMF is quite stable,

as was already reported by Partenheimer (see above).

[0008] In US 2009/0156841 a ‘H NMR spectrum is shown in Figure 8 and suggested

that it is the spectrum of the product that was identified as FDCA. However, this is not the case.

The ‘H NMR spectrum of the product shown in Figure 8 is the same as that in Figure 6 and

represents the starting material AMF. The 1H NMR spectrum of FDCA shows a singlet at a shift

of about 7.26 ppm. Moreover, the product is described as a tan solid. In the experience of the

present inventors, AMF is a tan solid, while FDCA is a white solid. It would seem that no FDCA

was obtained in the experiments according to US 2009/0156841.

[0009] The experiments executed under the conditions of US 2009/0156841 were

repeated. These comparative experiments confirm the low reactivity of AMF under conditions

2
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given in US 2009/0156841. Thus, a person skilled in the art would therefore have concluded

that FDCA cannot be obtained in interesting yields from AMF using the conditions that are

reported in US 2009/0156841, i.e., using a Co/Mn/Br catalyst in acetic acid at between 85 and

110 °C within a time frame of from 100 and 150 minutes. In Example 7 of US 2009/0156841,

slightly more than 50% of the starting material was the only product isolated from the reaction.

SUMMARY OF THE INVENTION:

[0010] The present inventors have now surprisingly found that when using an oxidation

catalyst, e.g., based on both cobalt and manganese and containing a bromide, at temperatures

higher than 140 °C, derivatives of HMF, and in particular esters of HMF optionally in

combination with HMF, such as for example 5-(acetoxymethy|)furfura| (AMF) can be oxidized to

FDCA in high yields.

DETAILED DESCRIPTION OF THE INVENTION:

[0011] Thus, in a first aspect the invention provides a method for the preparation of 2,5-

furan dicarboxylic acid comprising the step of contacting a feed comprising a compound

selected from the group consisting of 5-hydroxymethylfurfural (“HMF”), an ester of 5-

hydroxymethyl-furfural, 5-methylfurfural, 5-(ch|oromethy|)furfura|, 5-methylfuroic acid, 5-

(ch|oromethy|)furoic acid, 2,5-dimethylfuran and a mixture of two or more of these compounds

with an oxidant in the presence of an oxidation catalyst at a temperature higher than 140 °C.

The feed may optionally comprise 5-hydroxymethylfurfural as a further compound.

[0012] The invention described hereinafter may use any of the compounds described

above in the feed. A preferred ester of HMF contains an ester moiety of an alkyl carboxylic acid

wherein the alkyl group contains up to 6 carbon atoms, preferably from 1 to 5 carbon atoms, i.e.

methyl, ethyl, propyl, isopropyl, butyl, 2-butyl, tert-butyl, pentyl, 2-pentyl, neopentyl and 3-pentyl.

Particularly preferred are alkyl groups with 1 to 4 carbon atoms. There is a preference for

methyl, giving (5-acetoxymethy|)furfural. Hence, 5-acetoxymethylfurfural is the preferred

feedstock, by itself or in combination with HMF.

[0013] In another aspect of the invention, we have also investigated the oxidation of

other furan-based substrates under the process conditions according to the current invention.

We have been able to convert 5-(ch|oromethy|)furfura|, 5-(ch|oromethy|)furoic acid, 5-

methylfurfural, 5-methylfuroic acid and 2,5-dimethylfuran all to FDCA in very interesting yields.
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[0014] In WO 2007/104515 and WO 2009/030512, the synthesis of esters of HMF such

as 5-acetoxymethylfurfural (AMF) from biomass sources is described. Given the higher stability

of the HMF esters than HMF and hence improved production pathways and given the fact that

upon oxidation in acetic acid the acetoxy functionality that was obtained from acetic acid is now

liberated as acetic acid and given the green reputation of these esters, they were considered by

the present inventors as interesting starting point in the preparation of furan-based monomers

that could be used for the production of furandicarboxylic acid-based polyesters, for instance as

an alternative for PET or FDCA-based polyamids (nylons). The most important conventional, oil-

based, polyester monomer to produce PET is Purified Terephthalic acid (PTA) and its dialkyl

ester DiMethy| Terephthalate (DMT).

[0015] AMF can be obtained from biomass sources as described in WO 2007/104515

and WO 2009/030512. Depending on the process conditions the product obtained in

accordance with the process of these references may also contain HMF.

[0016] FDCA, the product of the reaction can be used in the preparation of a polyester,

by reaction of FDCA or its dialkyl ester with a suitable diol. Such polyester preparations are

preferably performed by transesterification, whereby the di-methyl ester or di-ethyl ester of

FDCA is used and wherein the methyl or ethyl groups are exchanged in the form of a volatile

alcohol during the transesterification with the diol.

[0017] The oxidation catalyst can be selected from a variety of oxidation catalysts, but is

preferably a catalyst based on both cobalt and manganese and suitably containing a source of

bromine, preferably a bromide.

[0018] The bromine source can be any compound that produces bromide ions in the

reaction mixture. These compounds include hydrogen bromide, sodium bromide, elemental

bromine, benzyl bromide and tetrabromoethane. Also other bromine salts, such as an alkali or

alkaline earth metal bromide or another metal bromide such as ZnBr2 can be used. There is a

preference for hydrobromic acid or sodium bromide. The amount of bromine mentioned in here

relates to the amount measured as Br relative to cobalt.

[0019] Suitable metal bromide catalysts employed in all of the processes of this

invention comprise a cobalt compound and a manganese compound and a bromine-containing

compound. Preferably these compounds are soluble in the reaction mixture.
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[0020] Preferably, the catalyst comprises both Co and Mn. The metal and bromide

catalyst contains, in addition to bromide, Co and Mn and optionally may contain one or more

additional metals, in particular Zr and/or Ce. Alternative and suitable catalysts are described in

W. Partenheimer, Catalysis Today 23(2), 69-158 (1995) in particular on pages 89-99, included

herein by reference.

[0021] Each of the metal components can be provided in any of their known ionic forms.

Preferably the metal or metals are in a form that is soluble in the reaction solvent. Examples of

suitable counterions for cobalt and manganese include, but are not limited to, carbonate,

acetate, acetate tetrahydrate and halide, with bromide being the preferred halide.

[0022] As described in Partenheimer, ibid, pages 86-88, suitable solvents for use in the

processes of the present invention, described above, preferably have at least one component

that contains a monocarboxylic acid functional group. The solvent may also function as one of

the reagents. The processes may be run in a solvent or solvent mixture that does not contain

an acid group. In that case, preferably one of the reagents does contain a monocarboxylic acid

functional group. Suitable solvents can also be aromatic acids such as benzoic acid and

derivatives thereof. A preferred solvent is an aliphatic C2-C5 monocarboxylic acid, such as but

not limited to acetic acid, propionic acid, n-butyric acid, isobutyric acid, n-valeric acid,

trimethylacetic acid, and caproic acid and mixtures thereof. Said mixtures may also include

benzene, acetonitrile, heptane, acetic anhydride, chlorobenzene, o-dichlorobenzene, and water.

The most preferred solvent is acetic acid (“AcOH”).

[0023] The oxidant in the processes of the present invention is preferably an oxygen-

containing gas or gas mixture, such as, but not limited to air and oxygen-enriched air. Oxygen

by itself is also a preferred oxidant.

[0024] The processes of the instant invention described above can be conducted in a

batch, semi-continuous or continuous mode. Especially for the manufacture of FDCA, operation

in the batch mode with increasing temperature at specific times, increasing pressure at specific

times, variation of the catalyst concentration at the beginning of the reaction, and variation of

the catalyst composition during the reaction is desirable. For example, variation of the catalyst

composition during the reaction can be accomplished by addition of cobalt and/or manganese

and/or zirconium, and/or cerium, and/or bromide at specified times.
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[0025] The pressure in a commercial oxidation process may vary within wide ranges.

When a diluent is present, and in particular with acetic acid as diluent, the temperature and the

pressure in such a process are not independent. The pressure is determined by the solvent

(e.g., acetic acid) pressure at a certain temperature. The pressure of the reaction mixture is

preferably selected such that the solvent is mainly in the liquid phase. In practice this means

that pressures between 5 and 100 bar can be used with a preference for pressures between 10

and 80 bar. In case the oxidant is an oxygen-containing gas, such as air, the gas can be

continuously fed to and removed from the reactor, or the gas can be supplied all at the start of

the reaction. In the latter case, the pressure of the system will depend on the headspace

volume and the amount of gas required to convert the starting material. It is clear that in the

latter case, the pressure of the system may be significantly higher than the pressure in a

process wherein an oxygen containing gas is continuously fed and removed. In the case of

continuously feeding and removing the oxidant gas to and from the reactor, the oxygen partial

pressure will suitably be between 1 and 30 bar or more preferably between 1 and 10 bar.

[0026] The temperature of the reaction mixture is at least 140 °C, preferably from 140

and 200 °C, most preferably between 160 and 190 °C. Temperatures higher than 180 °C may

lead to decarboxylation and to other degradation products. Good results to FDCA have been

achieved at a temperature of about 180 °C.

[0027] Molar ratios of cobalt to manganese (Co/Mn) are typically 1/1000 - 100/1,

preferably 1/100 - 10/1 and more preferably 1/10 - 4/1.

[0028] Molar ratios of bromine to metals (e.g. Br/(Co+Mn)) are typically 0.001-5.00,

preferably 0.01 - 2.00 and more preferably 0.1 - 0.9.

[0029] Catalyst concentration (Co + Mn) is typically from 0.1 to 10 mol %, relative to the

substrate, with a preference for concentrations from 2 to 6 mol %. Good results were obtained

in general with catalyst concentrations of around 4 mol %.

[0030] The starting materials for the production of FDCA may originate from a

carbohydrate source as described above. Examples of such disclosures are WO 2007/104515

and WO 2009/030512. Accordingly, the invention also provides a method for the preparation of

2,5-furandicarboxylic acid wherein a carbohydrate source is converted in the presence of an

alkyl carboxylic acid into products comprising an HMF ester and optionally 5-hydroxymethyl

furfural, from which is isolated a feed comprising the ester of HMF and optionally 5-
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hydroxymethyl furfural, and which method further comprises the subsequent step of contacting

the feed with an oxidant in the presence of an oxidation catalyst, in particular a cobalt and

manganese and bromide-containing catalyst, under appropriate reaction conditions, in particular

at temperatures higher than 140 °C

[0031] In another aspect, the FDCA obtained according to the process of the present

invention can be transformed using common esterification reactions to a diester by contacting

the starting material under appropriate conditions with the relevant alcohol. Thus, in one

aspect, the invention also relates to the use of FDCA obtained according to the process of the

current invention in the preparation of a dialkylester of 2,5-dicarboxylic acid by reaction of the

FDCA with a C1-C5 alkyl alcohol, preferably methanol to prepare the dimethyl ester of FDCA.

[0032] Accordingly, the present invention also provides a process for the preparation of

a dialkyl ester of 2,5,-furan dicarboxylic acid, comprising the step of contacting a feed

comprising a compound selected from the group consisting of 5-hydroxymethylfurfural (“HMF”),

an ester of 5-hydroxymethyl-furfural, 5-methylfurfural, 5-(ch|oromethy|)furfura|, 5-methylfuroic

acid, 5-(ch|oromethy|)furoic acid, 2,5-dimethylfuran and a mixture of two or more of these

compounds with an oxidant in the presence of an oxidation catalyst at a temperature higher

than 140 °C, and esterifying the thus obtained product. Preferably, the product is esterified with

an alkyl alcohol, suitably having 1 to 5 carbon atoms.

[0033] The esterification of 2,5-furan dicarboxylic acid is known. As a specific example

for the manufacture of these esters, reference is made to US 2673860 wherein the diester is

obtained by transesterification of another dicarboxylic acid ester in the presence of sulphuric

acid. A more general description for the esterification of dicarboxylic acids is presented in

US 2628249.

[0034] In a further aspect of the invention, the di-methylester can be used in the

preparation of polyester polymers by reaction with a diol. Reacting the di-methylester with a diol

will result in the formation of methanol that quickly vaporises. In 1946 the polymerization of

FDCA dimethyl ester with ethylene glycol was described as a first example of such a

polymerization in GB 621,971.

[0035] Indeed, polyesters are generally made by a combined

esterification/polycondenzation reaction between monomer units of a diol (e.g., ethylene glycol
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(EG)) and a dicarboxylic acid. Additives such as catalysts and stabilizers may be added to

facilitate the process and stabilize the polyester towards degradation.

[0036] Examples:

[0037] Experiments were carried out in parallel 8 ml magnetically stirred stainless steel

batch reactors. The reactors are grouped in blocks containing 12 batch reactors. The standard

procedure for all the reactions was as follows:

[0038] 0.5 ml of starting material stock solution in acetic acid (0.78 mmol/ml) were

added into a reactor lined with a Teflon insert. To the reactor 1 ml of a catalyst stock solution in

acetic acid was subsequently added. In a typical experiment, a catalyst composition Co/Mn/Br

with a relative 1-x-y ratio, the concentration of Co(OAc)2*4H2O was varied. As a Mn source,

Mn(OAc)2*4H2O was used and as a bromine source NaBr was used. The reactors were closed

with a rubber septum, after which the reactors were sealed and pressurized to the desired air

pressure, ranging from 20-60 bars. After pressurization, the block with 12 reactors was placed

in the test unit which was preheated at the desired temperature, ranging from 100 to 220 °C.

After the desired reaction time, ranging from 0.5 hr to 24 hrs, the block is placed into an ice bath

for 20 minutes. When the block had cooled down, it was depressurized. After opening, HPLC

samples were prepared. First 5 ml of a saccharine solution in DMSO (11.04 mg/ml) was added

to each reactor and the mixture was stirred for 5 minutes. Then 10 pl of this mixture was diluted

to 1000 pl with water in a HPLC vial. The samples were analyzed using HPLC.

[0039] Example 1

[0040] Example 1 shows the selectivity of FDCA in the oxidation of HMF, of a HMF/AMF

3/2 mixture, of a HMF/AMF 2/3 mixture and of AMF, respectively, with 2.7 mol% Co catalyst

(relative to substrate), and Co/Mn molar ratio of 1/1, so that the catalyst concentration (Co +

Mn) amounted to 5.4 mol%. The Br/(Co+Mn) molar ratio was 1.0; 0.7; 0.4 and 0.1 at 0.26 M

substrate concentration in acetic acid at 180 °C for 1 hr with 20 bar air. The amount of oxygen

was 2.69 mol oxygen per mol substrate. Under these conditions, higher Br amounts give higher

yields but when Br/(Co+Mn) > 1, corrosion will be a problem on commercial scale. HMF gives

slightly higher yields than AMF at one hour reaction time. The results of these experiments are

given in Table 1.

[0041] Example 2
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[0042] Example 2 shows the selectivity to FDCA for the AMF oxidation of Example 1,

together with the comparative examples based on the experimental conditions described in

US 2009/0156841. In those comparative experiments (2a and 2b) 10 wt/wt% AMF in acetic

acid was oxidized with 1.75 and 2.65 mol % Co catalyst and a fixed Br/(Co + Mn) molar ratio of

1.0 and a Co/Mn molar ratio of 1.0 at 100 °C and 30 bar for 2 hours. The amount of oxygen

was 2.88 mol oxygen per mol substrate. Under these conditions, the yield of FDCA was lower

than the result suggested in US 2009/0156841 and also lower than the results obtained at

higher temperature. The results of these experiments are given in Table 2.

[0043] Example 3

[0044] Example 3 shows the yield of FDCA in the oxidation of 5-methylfurfural (5MF)

and 2,5-dimethylfurfural (DMF) at 180 °C with 2.7 mol% Co catalyst (relative to substrate), and

Co/Mn ratio of 1/1, so that the catalyst concentration (Co + Mn) amounted to 5.4 mol%. The

Br/(Co+Mn) molar ratio was 1.0, 0.7, 0.4 and 0.1. The substrate concentration was 0.26 M in

acetic acid. The reaction temperature was at 180 °C and the reaction was conducted with 50

bars air. The amount of oxygen was 6.7 mol oxygen per mol substrate. Under these

conditions, higher Br amounts give higher yields but when Br/(Co+Mn) > 1, corrosion will be a

problem on commercial scale. Reactions with 5-MF give higher yields than reactions with DMF.

The results of these experiments are also given in Table 3.
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ABSTRACT

A method for the preparation of 2,5-furan dicarboxylic

acid includes eempr-ising the step of contacting a feed comprising a compound selected from

the group consisting of 5-hydroxymethylfurfural (“HMF”), an ester of 5-hydroxymethyl-

furfural, 5- methylfurfural, 5-(ch|oromethy|)furfura|, 5-methylfuroic acid, 5-(ch|oromethy|)furoic

acid, 25- dimethylfuran and a mixture of two or more of these compounds with an oxidant in

the presence of an oxidation catalyst at a temperature higher than 140 °C.
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METHOD FOR THE PREPARATION OF 2,5-FURANDICARBOXYLIC ACID AND

FOR THE PREPARATION OF THE DIALKYL ESTER OF 2,5-
FURANDICARBOXYLIC ACID

CROSS-REFERENCE TO RELATED APPLICATIONS:

[0001] This application is the National Stage of International Application No.

PCT/NL2010/050654, filed October 6, 2010, which claims the benefit of Netherlands Application

No. 2003606, filed October 7, 2009, and U.S. Provisional Application No. 61/249,395, filed

October 7, 2009, the contents of all of which are incorporated by reference herein.

FIELD OF THE INVENTION:

[0002] The present invention relates to a method for the preparation of 2,5-

furandicarboxylic acid (“FDCA”) from 5-hydroxymethylfurfural (“HMF”) and/or derivatives thereof.

FDCA can be produced in particular from esters of HMF, such as for example 5-

acetoxymethylfurfural (AMF) or a mixture of one or more of these compounds with HMF, such

as for example from a mixture of AMF and HMF. The invention further relates to a process for

the preparation of the dialkyl ester of 2,5-furandicarboxylic acid.

BACKGROUND OF THE INVENTION:

[0003] 2,5-Furandicarboxylic acid, also known as dehydromucic acid is a furan

derivative. This organic compound was first obtained by Fittig and Heinzelmann in 1876. The

first review, by Henry Hill was published in 1901 (Am. Chem. Journ. 25, 439). FDCA was more

than 125 years later identified by the US Department of Energy as one of 12 priority chemicals

for establishing the “green” chemistry industry of the future. However, to date, no commercial

process exists for its production. On laboratory scale it is often synthesized from 5-

hydroxymethylfurfural (HMF), which in turn can be obtained from carbohydrate containing

sources such as glucose, fructose, sucrose and starch. From fructose and glucose HMF is

obtained by acidic elimination of three moles of water.

[0004] The derivatives of HMF are identified as potential and versatile fuel components

and precursors for the production of plastics. The polyester from FDCA dimethyl diester and

ethylene glycol was first reported in 1946 (GB 621,971).

[0005] WO 01/72732 describes the oxidation of HMF to FDCA. The maximum FDCA

yield reported is 59%, obtained at 105 °C. The oxidation of HMF in an aqueous medium with

1
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oxygen using a catalyst from the Pt-group is described in US 4977283. Taarning et al.

described the oxidation of HMF over gold based catalysts (ChemSusChem, 2008, 1, 1-4).

[0006] Partenheimer et al (Adv. Synth. Catal. 2001, 343, pp 102-11) describe the

synthesis of 2,5-furandicarboxylic acid by catalytic air-oxidation of 5-hydroxymethylfurfural with

metal/bromide catalysts such as Co/Mn/Br in acetic acid at temperatures ranging from 50 to 125

°C. With the Co/Mn/Br catalyst the highest FDCA yield obtained is 35.2% (Table 3, experiment

4). On page 103 of the same paper, under the header “products formed” it is stated: “A side

reaction is the esterification of the alcohols to form the more oxidatively stable acetate As

apparently 5-hydroxymethylfurfural reacts with acetic acid a loss of the starting material takes

place. Further, in the reaction scheme given in Figure 1 on page 103, it is indicated that 5-

(acetoxymethy|)furfura| is an end-point. There is no further reaction of this compound indicated

to FDCA (in contrast to the ester of the intermediate product 5-(acetoxymethy|)furan-2-

carboxylic acid). In other words, the 5-(acetoxymethy|)furfura| (AMF) formed through reaction of

HMF with acetic acid solvent, is not oxidized to FDCA and its formation leads therefore to yield

loss.

[0007] This result was confirmed in US 2009/0156841. Although the intention of the

process according to US 2009/0156841 was to obtain FDCA, the product isolated and

erroneously characterized as being FDCA was in fact the starting material acetoxymethyl

furfural (AMF). Under the low temperature conditions deployed (100 °C), AMF is quite stable,

as was already reported by Partenheimer (see above).

[0008] In US 2009/0156841 a ‘H NMR spectrum is shown in Figure 8 and suggested

that it is the spectrum of the product that was identified as FDCA. However, this is not the case.

The ‘H NMR spectrum of the product shown in Figure 8 is the same as that in Figure 6 and

represents the starting material AMF. The 1H NMR spectrum of FDCA shows a singlet at a shift

of about 7.26 ppm. Moreover, the product is described as a tan solid. In the experience of the

present inventors, AMF is a tan solid, while FDCA is a white solid. It would seem that no FDCA

was obtained in the experiments according to US 2009/0156841.

[0009] The experiments executed under the conditions of US 2009/0156841 were

repeated. These comparative experiments confirm the low reactivity of AMF under conditions

given in US 2009/0156841. Thus, a person skilled in the art would therefore have concluded

that FDCA cannot be obtained in interesting yields from AMF using the conditions that are
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reported in US 2009/0156841, i.e., using a Co/Mn/Br catalyst in acetic acid at between 85 and

110 °C within a time frame of from 100 and 150 minutes. In Example 7 of US 2009/0156841,

slightly more than 50% of the starting material was the only product isolated from the reaction.

SUMMARY OF THE INVENTION:

[0010] The present inventors have now surprisingly found that when using an oxidation

catalyst, e.g., based on both cobalt and manganese and containing a bromide, at temperatures

higher than 140 °C, derivatives of HMF, and in particular esters of HMF optionally in

combination with HMF, such as for example 5-(acetoxymethy|)furfura| (AMF) can be oxidized to

FDCA in high yields.

DETAILED DESCRIPTION OF THE INVENTION:

[0011] Thus, in a first aspect the invention provides a method for the preparation of 2,5-

furan dicarboxylic acid comprising the step of contacting a feed comprising a compound

selected from the group consisting of 5-hydroxymethylfurfural (“HMF”), an ester of 5-

hydroxymethyl-furfural, 5-methylfurfural, 5-(ch|oromethy|)furfura|, 5-methylfuroic acid, 5-

(ch|oromethy|)furoic acid, 2,5-dimethylfuran and a mixture of two or more of these compounds

with an oxidant in the presence of an oxidation catalyst at a temperature higher than 140 °C.

The feed may optionally comprise 5-hydroxymethylfurfural as a further compound.

[0012] The invention described hereinafter may use any of the compounds described

above in the feed. A preferred ester of HMF contains an ester moiety of an alkyl carboxylic acid

wherein the alkyl group contains up to 6 carbon atoms, preferably from 1 to 5 carbon atoms, i.e.

methyl, ethyl, propyl, isopropyl, butyl, 2-butyl, tert-butyl, pentyl, 2-pentyl, neopentyl and 3-pentyl.

Particularly preferred are alkyl groups with 1 to 4 carbon atoms. There is a preference for

methyl, giving (5-acetoxymethy|)furfural. Hence, 5-acetoxymethylfurfural is the preferred

feedstock, by itself or in combination with HMF.

[0013] In another aspect of the invention, we have also investigated the oxidation of

other furan-based substrates under the process conditions according to the current invention.

We have been able to convert 5-(ch|oromethy|)furfura|, 5-(ch|oromethy|)furoic acid, 5-

methylfurfural, 5-methylfuroic acid and 2,5-dimethylfuran all to FDCA in very interesting yields.

[0014] In WO 2007/104515 and WO 2009/030512, the synthesis of esters of HMF such

as 5-acetoxymethylfurfural (AMF) from biomass sources is described. Given the higher stability

of the HMF esters than HMF and hence improved production pathways and given the fact that

3
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upon oxidation in acetic acid the acetoxy functionality that was obtained from acetic acid is now

liberated as acetic acid and given the green reputation of these esters, they were considered by

the present inventors as interesting starting point in the preparation of furan-based monomers

that could be used for the production of furandicarboxylic acid-based polyesters, for instance as

an alternative for PET or FDCA-based polyamids (nylons). The most important conventional, oil-

based, polyester monomer to produce PET is Purified Terephthalic acid (PTA) and its dialkyl

ester DiMethy| Terephthalate (DMT).

[0015] AMF can be obtained from biomass sources as described in WO 2007/104515

and WO 2009/030512. Depending on the process conditions the product obtained in

accordance with the process of these references may also contain HMF.

[0016] FDCA, the product of the reaction can be used in the preparation of a polyester,

by reaction of FDCA or its dialkyl ester with a suitable diol. Such polyester preparations are

preferably performed by transesterification, whereby the di-methyl ester or di-ethyl ester of

FDCA is used and wherein the methyl or ethyl groups are exchanged in the form of a volatile

alcohol during the transesterification with the diol.

[0017] The oxidation catalyst can be selected from a variety of oxidation catalysts, but is

preferably a catalyst based on both cobalt and manganese and suitably containing a source of

bromine, preferably a bromide.

[0018] The bromine source can be any compound that produces bromide ions in the

reaction mixture. These compounds include hydrogen bromide, sodium bromide, elemental

bromine, benzyl bromide and tetrabromoethane. Also other bromine salts, such as an alkali or

alkaline earth metal bromide or another metal bromide such as ZnBr2 can be used. There is a

preference for hydrobromic acid or sodium bromide. The amount of bromine mentioned in here

relates to the amount measured as Br relative to cobalt.

[0019] Suitable metal bromide catalysts employed in all of the processes of this

invention comprise a cobalt compound and a manganese compound and a bromine-containing

compound. Preferably these compounds are soluble in the reaction mixture.

[0020] Preferably, the catalyst comprises both Co and Mn. The metal and bromide

catalyst contains, in addition to bromide, Co and Mn and optionally may contain one or more

additional metals, in particular Zr and/or Ce. Alternative and suitable catalysts are described in

4
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W. Partenheimer, Catalysis Today 23(2), 69-158 (1995) in particular on pages 89-99, included

herein by reference.

[0021] Each of the metal components can be provided in any of their known ionic forms.

Preferably the metal or metals are in a form that is soluble in the reaction solvent. Examples of

suitable counterions for cobalt and manganese include, but are not limited to, carbonate,

acetate, acetate tetrahydrate and halide, with bromide being the preferred halide.

[0022] As described in Partenheimer, ibid, pages 86-88, suitable solvents for use in the

processes of the present invention, described above, preferably have at least one component

that contains a monocarboxylic acid functional group. The solvent may also function as one of

the reagents. The processes may be run in a solvent or solvent mixture that does not contain

an acid group. In that case, preferably one of the reagents does contain a monocarboxylic acid

functional group. Suitable solvents can also be aromatic acids such as benzoic acid and

derivatives thereof. A preferred solvent is an aliphatic C2-C5 monocarboxylic acid, such as but

not limited to acetic acid, propionic acid, n-butyric acid, isobutyric acid, n-valeric acid,

trimethylacetic acid, and caproic acid and mixtures thereof. Said mixtures may also include

benzene, acetonitrile, heptane, acetic anhydride, chlorobenzene, o-dichlorobenzene, and water.

The most preferred solvent is acetic acid (“AcOH”).

[0023] The oxidant in the processes of the present invention is preferably an oxygen-

containing gas or gas mixture, such as, but not limited to air and oxygen-enriched air. Oxygen

by itself is also a preferred oxidant.

[0024] The processes of the instant invention described above can be conducted in a

batch, semi-continuous or continuous mode. Especially for the manufacture of FDCA, operation

in the batch mode with increasing temperature at specific times, increasing pressure at specific

times, variation of the catalyst concentration at the beginning of the reaction, and variation of

the catalyst composition during the reaction is desirable. For example, variation of the catalyst

composition during the reaction can be accomplished by addition of cobalt and/or manganese

and/or zirconium, and/or cerium, and/or bromide at specified times.

[0025] The pressure in a commercial oxidation process may vary within wide ranges.

When a diluent is present, and in particular with acetic acid as diluent, the temperature and the

pressure in such a process are not independent. The pressure is determined by the solvent

(e.g., acetic acid) pressure at a certain temperature. The pressure of the reaction mixture is

5
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preferably selected such that the solvent is mainly in the liquid phase. In practice this means

that pressures between 5 and 100 bar can be used with a preference for pressures between 10

and 80 bar. In case the oxidant is an oxygen-containing gas, such as air, the gas can be

continuously fed to and removed from the reactor, or the gas can be supplied all at the start of

the reaction. In the latter case, the pressure of the system will depend on the headspace

volume and the amount of gas required to convert the starting material. It is clear that in the

latter case, the pressure of the system may be significantly higher than the pressure in a

process wherein an oxygen containing gas is continuously fed and removed. In the case of

continuously feeding and removing the oxidant gas to and from the reactor, the oxygen partial

pressure will suitably be between 1 and 30 bar or more preferably between 1 and 10 bar.

[0026] The temperature of the reaction mixture is at least 140 °C, preferably from 140

and 200 °C, most preferably between 160 and 190 °C. Temperatures higher than 180 °C may

lead to decarboxylation and to other degradation products. Good results to FDCA have been

achieved at a temperature of about 180 °C.

[0027] Molar ratios of cobalt to manganese (Co/Mn) are typically 1/1000 - 100/1,

preferably 1/100 - 10/1 and more preferably 1/10 - 4/1.

[0028] Molar ratios of bromine to metals (e.g. Br/(Co+Mn)) are typically 0.001-5.00,

preferably 0.01 - 2.00 and more preferably 0.1 - 0.9.

[0029] Catalyst concentration (Co + Mn) is typically from 0.1 to 10 mol %, relative to the

substrate, with a preference for concentrations from 2 to 6 mol %. Good results were obtained

in general with catalyst concentrations of around 4 mol %.

[0030] The starting materials for the production of FDCA may originate from a

carbohydrate source as described above. Examples of such disclosures are WO 2007/104515

and WO 2009/030512. Accordingly, the invention also provides a method for the preparation of

2,5-furandicarboxylic acid wherein a carbohydrate source is converted in the presence of an

alkyl carboxylic acid into products comprising an HMF ester and optionally 5-hydroxymethyl

furfural, from which is isolated a feed comprising the ester of HMF and optionally 5-

hydroxymethyl furfural, and which method further comprises the subsequent step of contacting

the feed with an oxidant in the presence of an oxidation catalyst, in particular a cobalt and

manganese and bromide-containing catalyst, under appropriate reaction conditions, in particular

at temperatures higher than 140 °C

6
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[0031] In another aspect, the FDCA obtained according to the process of the present

invention can be transformed using common esterification reactions to a diester by contacting

the starting material under appropriate conditions with the relevant alcohol. Thus, in one

aspect, the invention also relates to the use of FDCA obtained according to the process of the

current invention in the preparation of a dialkylester of 2,5-dicarboxylic acid by reaction of the

FDCA with a C1-C5 alkyl alcohol, preferably methanol to prepare the dimethyl ester of FDCA.

[0032] Accordingly, the present invention also provides a process for the preparation of

a dialkyl ester of 2,5,-furan dicarboxylic acid, comprising the step of contacting a feed

comprising a compound selected from the group consisting of 5-hydroxymethylfurfural (“HMF”),

an ester of 5-hydroxymethyl-furfural, 5-methylfurfural, 5-(ch|oromethy|)furfura|, 5-methylfuroic

acid, 5-(ch|oromethy|)furoic acid, 2,5-dimethylfuran and a mixture of two or more of these

compounds with an oxidant in the presence of an oxidation catalyst at a temperature higher

than 140 °C, and esterifying the thus obtained product. Preferably, the product is esterified with

an alkyl alcohol, suitably having 1 to 5 carbon atoms.

[0033] The esterification of 2,5-furan dicarboxylic acid is known. As a specific example

for the manufacture of these esters, reference is made to US 2673860 wherein the diester is

obtained by transesterification of another dicarboxylic acid ester in the presence of sulphuric

acid. A more general description for the esterification of dicarboxylic acids is presented in

US 2628249.

[0034] In a further aspect of the invention, the di-methylester can be used in the

preparation of polyester polymers by reaction with a diol. Reacting the di-methylester with a diol

will result in the formation of methanol that quickly vaporises. In 1946 the polymerization of

FDCA dimethyl ester with ethylene glycol was described as a first example of such a

polymerization in GB 621,971.

[0035] Indeed, polyesters are generally made by a combined

esterification/polycondenzation reaction between monomer units of a diol (e.g., ethylene glycol

(EG)) and a dicarboxylic acid. Additives such as catalysts and stabilizers may be added to

facilitate the process and stabilize the polyester towards degradation.

[0036] Examples:

7

Petitioners‘ Exhibit 1011, Page 86 of 629



Petitioners' Exhibit 1011, Page 87 of 629

Substitute Specification — Clean Version

[0037] Experiments were carried out in parallel 8 ml magnetically stirred stainless steel

batch reactors. The reactors are grouped in blocks containing 12 batch reactors. The standard

procedure for all the reactions was as follows:

[0038] 0.5 ml of starting material stock solution in acetic acid (0.78 mmol/ml) were

added into a reactor lined with a Teflon insert. To the reactor 1 ml of a catalyst stock solution in

acetic acid was subsequently added. In a typical experiment, a catalyst composition Co/Mn/Br

with a relative 1-x-y ratio, the concentration of Co(OAc)2*4H2O was varied. As a Mn source,

Mn(OAc)2*4H2O was used and as a bromine source NaBr was used. The reactors were closed

with a rubber septum, after which the reactors were sealed and pressurized to the desired air

pressure, ranging from 20-60 bars. After pressurization, the block with 12 reactors was placed

in the test unit which was preheated at the desired temperature, ranging from 100 to 220 °C.

After the desired reaction time, ranging from 0.5 hr to 24 hrs, the block is placed into an ice bath

for 20 minutes. When the block had cooled down, it was depressurized. After opening, HPLC

samples were prepared. First 5 ml of a saccharine solution in DMSO (11.04 mg/ml) was added

to each reactor and the mixture was stirred for 5 minutes. Then 10 pl of this mixture was diluted

to 1000 pl with water in a HPLC vial. The samples were analyzed using HPLC.

[0039] Example 1

[0040] Example 1 shows the selectivity of FDCA in the oxidation of HMF, of a HMF/AMF

3/2 mixture, of a HMF/AMF 2/3 mixture and of AMF, respectively, with 2.7 mol% Co catalyst

(relative to substrate), and Co/Mn molar ratio of 1/1, so that the catalyst concentration (Co +

Mn) amounted to 5.4 mol%. The Br/(Co+Mn) molar ratio was 1.0; 0.7; 0.4 and 0.1 at 0.26 M

substrate concentration in acetic acid at 180 °C for 1 hr with 20 bar air. The amount of oxygen

was 2.69 mol oxygen per mol substrate. Under these conditions, higher Br amounts give higher

yields but when Br/(Co+Mn) > 1, corrosion will be a problem on commercial scale. HMF gives

slightly higher yields than AMF at one hour reaction time. The results of these experiments are

given in Table 1.

[0041] Example 2

[0042] Example 2 shows the selectivity to FDCA for the AMF oxidation of Example 1,

together with the comparative examples based on the experimental conditions described in

US 2009/0156841. In those comparative experiments (2a and 2b) 10 wt/wt% AMF in acetic

acid was oxidized with 1.75 and 2.65 mol % Co catalyst and a fixed Br/(Co + Mn) molar ratio of

8
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1.0 and a Co/Mn molar ratio of 1.0 at 100 °C and 30 bar for 2 hours. The amount of oxygen

was 2.88 mol oxygen per mol substrate. Under these conditions, the yield of FDCA was lower

than the result suggested in US 2009/0156841 and also lower than the results obtained at

higher temperature. The results of these experiments are given in Table 2.

[0043] Example 3

[0044] Example 3 shows the yield of FDCA in the oxidation of 5-methylfurfural (5MF)

and 2,5-dimethylfurfural (DMF) at 180 °C with 2.7 mol% Co catalyst (relative to substrate), and

Co/Mn ratio of 1/1, so that the catalyst concentration (Co + Mn) amounted to 5.4 mol%. The

Br/(Co+Mn) molar ratio was 1.0, 0.7, 0.4 and 0.1. The substrate concentration was 0.26 M in

acetic acid. The reaction temperature was at 180 °C and the reaction was conducted with 50

bars air. The amount of oxygen was 6.7 mol oxygen per mol substrate. Under these

conditions, higher Br amounts give higher yields but when Br/(Co+Mn) > 1, corrosion will be a

problem on commercial scale. Reactions with 5-MF give higher yields than reactions with DMF.

The results of these experiments are also given in Table 3.

9
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ABSTRACT

A method for the preparation of 2,5-furan dicarboxylic acid includes the step of

contacting a feed comprising a compound selected from the group consisting of 5-

hydroxymethylfurfural (“HMF”), an ester of 5-hydroxymethyl-furfural, 5- methylfurfural, 5-

(ch|oromethy|)furfura|, 5-methylfuroic acid, 5-(ch|oromethy|)furoic acid, 25- dimethylfuran

and a mixture of two or more of these compounds with an oxidant in the presence of an

oxidation catalyst at a temperature higher than 140 °C.
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PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicants: Cesar Munoz de Diego et al Examiner: Unassigned

Application No.: Unassigned Group Art Unit: Unassigned

Confirmation No: Unassigned Docket: 903-457 PCT/US

Filed: Herewith Dated: March 22, 2012

For: METHOD FOR THE PREPARATION OF 2,5-
FURANDICARBOXYLIC ACID AND FOR THE

PREPARATION OF THE DIALKYL ESTER OF 2,5-
FURANDICARBOXYLIC ACID

' Certificate of EFS-Web Transmission

Mall I hereby certify that this correspondence is being transmitted
Commlssloner for Patents to the U.S. Patent and Trademark Office via the Office's

BOX electronic filing systemDated: March 22, 2012

Alexandria, Virginia 223 l 3-1450
Signature: K.J. Goodhand /K.J. G00dhand/

PRELIMINARY AMENDMENT ACCOMPANYING

NATIONAL PHASE FILING UNDER 35 U.S.C. §371

Sir:

Please amend the above-identified application as follows:

Amendments to the Specification begin on page 2 of this submission.

Amendments to the Abstract begin on page 4 of this submission.

Amendments to the Claims begin on page 5 of this submission.

Remarks begin on page 8 of this submission.
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Applicants: Cesar Munoz de Diego et al

Application No.: Unassigned

Filing Date: Herewith
Docket No.: 903-457 PCT/US

Page 2

A. Amendments to the Specification:

Please amend the title of the invention at the top of page 1, as follows:
 
 

METHOD FOR THE PREPARATION OF 2 5-

FURANDICARBOXYLIC ACID AND FOR THE PREPARATION OF THE DIALKYL

ESTER OF 2 5-FURANDICARBOXYLIC ACID

 

 

Please add the following immediately after the title of the invention:

CROSS-REFERENCE TO RELATED APPLICATIONS:

This application is the National Stage of International Application No.

PCT/NL20l0/050654, filed October 6, 2010, which claims the benefit of Netherlands

Application No. 2003606, filed October 7, 2009, and U.S. Provisional Application No.

61/249,395, filed October 7, 2009, the contents of all of which are incorporated by reference

herein.

Please add the following new paragraph immediately prior to the paragraph

beginning at page 1, line 1 and after the Cross Reference to Related Applications, as

follows:

FIELD OF THE INVENTION:

Please add the following new paragraph immediately prior to the paragraph

beginning at page 1, line 7, as follows:

BACKGROUND OF THE INVENTION:

Please add the following new paragraph immediately prior to the paragraph

beginning at page 2, line 24, as follows:

SUMMARY OF THE INVENTION:
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Docket No.: 903-457 PCT/US

Page 3

Please add the following new paragraph immediately prior to the paragraph

beginning at page 2, line 29, as follows:

DETAILED DESCRIPTION OF THE INVENTION:
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Please amend the Abstract, as follows:

A method for the preparation of 2,5-furan dicarboxylic acid

includes eemprising the step of contacting a feed comprising a compound selected from the

group consisting of 5-hydroxymethylfurfural (“HMF”), an ester of 5-hydroxymethyl-furfural, 5-

methylfurfural, 5-(chloromethyl)furfural, 5-methylfuroic acid, 5-(chloromethyl)furoic acid, 2,5-

dimethylfuran and a mixture of two or more of these compounds with an oxidant in the presence

of an oxidation catalyst at a temperature higher than l40 °C.
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B. Amendments to the Claims:

Please amend the claims as follows:

l. (Currently amended): Method A method for the preparation of 2,5-furan dicarboxylic

acid comprising the step of contacting a feed comprising a compound selected from the group

consisting of 5-hydroxymethylfurfural (“HMF”), an ester of 5-hydroxymethylfurfural, 5-

methylfurfural, 5-(chloromethyl)furfural, 5-methylfuroic acid, 5-(chloromethyl)furoic acid, 2,5-

dimethylfuran and a mixture of two or more of these compounds with an oxidant in the presence

of an oxidation catalyst at a temperature higher than l40 °C.

2. (Currently amended): Method The method according to claim l, wherein the feed

comprises a compound selected from the group consisting of 5-hydroxymethylfurfural (“HMF”),

esters of HMF and a mixture thereof.

3. (Currently amended): Method The method according to claim 1 ofil, wherein the

oxidation catalyst comprises at least one metal selected from the group consisting of Co and Mn.

4. (Currently amended): Method The method according to claim 1 or—L—or%, wherein the

oxidation catalyst comprises a source of bromine.

5. (Currently amended): Method The method according to claim 4, wherein the oxidation

catalyst contains both Co and Mn.

6. (Currently amended): Method The method according to claim 5, wherein the oxidation

catalyst comprises at least one additional metal.
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7. (Currently amended): Method The method according to claim 6, wherein the additional

metal is Zr and/or Ce.

8. (Currently amended): Method The method according to claim 1 ,wherein

the oxidant is selected from oxygen, air or other oxygen-containing gases.

9. (Currently amended): Method The method according to claim 1, an-y=of—the-previous

olairhs wherein the temperature is between 140 and 200 °C, most preferably between 160 and

190 °C.

l0. (Currently amended): Method The method according to claim l a-n-yeohe-o«f—the

 ,wherein a solvent or solvent mixture is present, preferably comprising a solvent

containing a monocarboxylic acid functional group, more preferably acetic acid or acetic acid

and water mixtures.

ll. (Currently amended): Method The method according to claim 1 wy 

ol-airhs, wherein the feed comprises an ester of HMF containing an ester moiety of an alkyl

carboxylic acid wherein the alkyl group contains up to 6 carbon atoms, preferably from l to 5

carbon atoms.

12. (Currently amended): Prooess A process for the preparation of a dialkyl ester of 2,5,-

furan dicarboxylic acid, comprising the step of contacting a feed comprising a compound

selected from the group consisting of 5-hydroxymethylfurfural (“HMF”), an ester of 5-

hydroxymethyl-furfural, 5-methylfurfural, 5-(chloromethyl)furfural, 5-methylfuroic acid, 5-

(chloromethyl)furoic acid, 2,5-dimethylfuran and a mixture of two or more of these compounds

with an oxidant in the presence of an oxidation catalyst at a temperature higher than l40 °C, and

esterifying the thus obtained product.
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13. (Currently amended): Preeess The process according to claim 12, wherein the

product is esterified with a C1-C5 alkyl alcohol.

14. (Currently amended): Preeess The process according to claim 13, wherein the C1-C5

alkyl alcohol is methanol and the dialkyl ester is the dimethylester of 2,5-furan dicarboxylic acid.

15. (Currently amended): Method A method for the preparation of 2,5-furandicarboxylic

acid wherein a carbohydrate source is converted in the presence of an alkyl carboxylic acid into

products comprising an HMF ester and optionally 5-hydroxymethyl furfural, from which is

isolated a feed comprising the ester of HMF and optionally 5-hydroxymethyl furfural, and which

method comprises further the subsequent step of contacting the feed with an oxidant in the

presence of an oxidation catalyst, preferably a cobalt and manganese and bromide-containing

catalyst, under appropriate reaction conditions.
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C. Remarks/Arguments:

The claims have been non-narrowingly amended to remove multiple dependencies and to

conform with standard U.S. practice. No new matter is introduced with the amendments to the

claim. Further, no new matter is introduced with the amendments to the Specification.

Moreover, pursuant 37 C.F.R. §l.l25(b), the Substitute Specifications filed herewith do not

include new matter.

This application is believed to be in condition for examination on the merits. Favorable

action thereon is therefore respectfully solicited.

Should the Examiner have any questions or comments concerning the above, the

Examiner is respectfully invited to contact the undersigned attorney at the telephone number

given below.

The Commissioner is hereby authorized to charge payment of any additional fees

associated with this communication, or credit any overpayment, to Deposit Account

No. 08-2461. Such authorization includes authorization to charge fees for extensions of time, if

any, under 37 C.F.R. § l.l7 and also should be treated as a constructive petition for an extension

of time in this reply or any future reply pursuant to 37 C.F.R. § l.l36.

Respectfully submitted,

/John S. SOPKO, Reg. # 4l32l/

John S. Sopko

Registration No.: 4 l ,32l

Attorney for Applicants

HOFFMANN & BARON, LLP

6900 Jericho Turnpike

Syosset, New York l 1791

(973)331-1700
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E] from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a

foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification

after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

E] any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)(2).

:] See attached certification statement.

:] The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

Z} A certification statement is not submitted herewith.
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public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR

1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed

application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you

require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.

Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 223134450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the

attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised

that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to

process and/or examine your submission related to a patent application or patent. If you do not furnish the requested

information, the U.S. Patent and Trademark Office may not be able to process andlor examine your submission, which may

result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act

(5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the

Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a

court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement

negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the

Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for

the information in order to perform a contract. Recipients of information shall be required to comply with the

requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records

may be disclosed, as a routine use, to the international Bureau of the World intellectual Property Organization, pursuant

to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of

National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or

hislher designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and

2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this

purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of

the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record

may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in

an application which became abandoned or in which the proceedings were terminated and which application is

referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law

enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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EUROPEAN PATENT OFFICE

Patent Abstracts of Japan

PUBLICATION NUMBER : 2009001519

PUBLICATION DATE : 08—01-O9

APPLICATION DATE : 21-06-07

APPLICATION NUMBER : 2007163711

APPLICANT : CANON INC;

INVENTOR : KONO TAKENOBU;

|NT..CL,. : CO7D 307/68 (2005.01), CO7B 51/00 (2006..O1)

TITLE : METHOD FOR PRODUCING 2,5-FURANDICARBOXYLIC ACID

ABSTRACT : PROBLEM TO BE SOLVED: To provide a method for easily producing

2,5—furandicarbOxyIic acid from 5-hydroxymethylfurfural in high efficiency and yield and to

provide a production method enabling the reuse of a catalyst to effectively utilize
resources,

SOLUTION: The method for producing 2,5-furandicarboxylic acid comprises the oxidation

of 5-hydroxymethylfurfural, (A) in the presence of a catalyst composed mainly of

ruthenium, cobalt and cerium, (B) under heating, (C) under pressure, (D) in an aqueous

solution, (E) with molecular oxygen.

COPYRIGHT: (C)2009,JPO&|NPlT
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EUROPEAN PATENT OFFICE

Patent Abstracts of Japan

PUBLICATION NUMBER : 2009242312

PUBLICATION DATE : 22-10-09

APPLICATION DATE : 31-03-08

APPLICATION NUMBER : 2008091762

APPLICANT : AIR WATER INC;

INvENToR : FUJIBAYASHI RYOICHI;

INT.CL. : C07D 307/68 (2006.01), CO7B 61/00 (2006.01)

TITLE : PROCESS FOR PRODUCING 2,5-FURANDICARBOXYLIC ACID

ABSTRACT : PROBLEM TO BE SOLVED: To provide a method for producing 2,5—furandicarboxylic acid

(FDCA) by oxidizing 5—hydroxymethy|furfural (SHMF) of a starting material in the presence

of a catalyst comprising Co, Mn, and Br with a molecular oxygen in an industrially

employable high yield and preferably in high purity.

SOLUTION: The atomic ratio of Co in terms of metal to Mn in terms of metal in the catalyst

is 2:1 to 4:1, and the oxygen concentration in an exhaust gas is measured while supplying

an oxidizing gas containing a molecular oxygen into a reaction fluid, and after determining

that the molecular oxygen has reached to a point of completing absorption in the reaction

fluid, the oxidizing gas is further supplied to continue the oxidation reaction. Suitably, the

obtained FDCA is dissolved in an aqueous solution of an alkali metal hydroxide, thereafter

treated with sodium hypochlorite and/or hydrogen peroxide, then subjected to acid
deposition, and is recovered.

COPYRIG HT: (C)201 0,JPO&| NP IT
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International application number: PCT/NL2010/050654

International filing date: 06 October 2010 (06.10.2010)

Document type: Certified copy of priority document

Document details: Country/Office: US

Number: 61/249,395

Filing date: 07 October 2009 (07.10.2009)

Date of receipt at the International Bureau: 26 November 2010 (26.11.2010)

Remark: Priority document submitted or transmitted to the International Bureau in

compliance with Rule 17.l(a),(b) or (b—bz's)
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U.S. PATENT AND TRADEMARK OFFICE

PROVISIONAL APPLICATION FOR PATENT COVER SHEET
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under 37 C.F.R. §1.53(b)(2)

Atty. Docket: MUNOZ=1

INVENTOR(S)/APPLICANT(S)

GIVEN NAME RESIDENCE (CITY AND EITHER STATE OR FOREIGN COUNTRY}

Amsterdam, Netherlands

LAST NAM E

MUNOZ DE DIEGO Cesar

I:l Additional inventors are being named on separately numbered sheets attached hereto

TITLE OF THE INVENTION (500 characters max)

METHOD FOR THE PREPARATION OF 2,5-FURANDICARBOXYLIC ACID FROM 5-HYDROEXYMETHYLFURFURAL AND/OR
DERIVATIVES THEREOF, AND THE USE THEREOF

CORRESPONDENCE ADDRESS

Direct all correspondence to the address associated with Customer Number 001444, which is presently:

BROWDY AND NEIMARK, P.L.L.C.
624 Ninth Street, N.W., Suite 300
Washington, D.C. 20001-5303

ENCLOSED APPLICATION PARTS (check all ‘that apply)

IZ Specification Numberof Pages 1_2 . |:I other

X Drawings Number of Pages §

FEES AND METHOD OF PAYMENT OF FILING FEES (check all that apply)
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computer program listing filed in an electronic medium). The fee is $260.00 for each additional 50 sheets of
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Total Sheets Extra Sheets # of each additional 50 (round up to a whole number)

SUB-TOTAL $220_00

I:I Alicant claims small enti status. See 37 CFR 1.27. <$>
.TOTAL FILING FEES $220.00

IX Credit Card Pa ment authorization submitted herewith to cover the total filin fees.

The Commissioner is hereby authorized to charge any underpayment of filing fees and credit any overpayments to Deposit Account
Number 02-4035.

The invention was made by an agency of the United States Government or under a contract with an agency of the United States
Government.

No

 

El Yes, the name of the U.S. Government agency and the Govemment contract number are:  

Respectfully submitted,
BROWDY AND NEI MARK, P.L.L.c.

 
Date: October 7,2009 By: /RonniS.Jillions/

Ronni Jillions

RSJ:klb Registration No.: 31,979
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Title: Method for the preparation of 2,5-furandicarboxylic acid from 5-

hydroxymethylfurfural and/or derivatives thereof, and the use thereof

The present invention relates to a method for the preparation of 2,5—fu randicarboxylic

acid (“FDCA”) from 5—hydroxymethylfurfural (“HMF”) and/or derivatives thereof, in particular

from esters of HMF such as for example 5-acetoxymethylfurfural (AMF), from 5-

(chloromethyl)furfural, 5—(chloromethy|)furoic acid, 5—methylfurfural, 5-methylfuroic acid or

2,5-dimethylfuran, or from a mixture of two or more of these HMF derivatives or a mixture of

one or more of these derivatives with HMF, such as for example from a mixture of AMF +

HMF.

2,5—Furandicarboxylic acid, also known as dehydromucic acid is a furan derivative. This

organic compound was first obtained by Fittig and Heinzelmann in 1876. The first review, by

Henry Hill was published in 1901 (Am. Chem. Journ. 25, 439). FDCA was more than 125

years later identified by the US Department of Energy as one of 12 priority chemicals for

establishing the “green” chemistry industry of the future. However, to date, no commercial

process exists for its production. On the laboratory scale it is often synthesized from 5-

hydroxymethylfurfural (HMF), which in tu m can be obtained from carbohydrate containing 1‘

sources such as glucose, fructose, sucrose and starch. From fructose and glucose HMF is

' obtained by acidic elimination of three mols of water.

The derivatives of HMF are identified as potential and versatile fuel components and

precursors for the production of plastics. The polyester from FDCA dimethyl diester and

ethylene glycol was first reported in 1946 (GB 621,971).

WO0172732 describes the oxidation of HMF to FDCA. The maximum FDCA yield

reported is 59%, obtained at 105 ‘—‘C. The oxidation of HMF in an aqueous medium with

oxygen using a catalyst from the Pt—group is described in US4977283. Taarning et al.

described the oxidation of HMF over gold based catalysts (ChemSusChem, 2008, 1 , 1-4).

Partenheimer et al describes the synthesis of furan-2,5-dicarboxylic acid by catalytic

air-oxidation of 5-hydroxymethylfurfural with metal/bromide catalysts such as Co/Mn/Br in

Adv. Synth. Catal. 2001, 343, pp 102-1 1. With the Co/Mn/Br catalyst the highest FDCA yield

obtained is 35.2% (Table 3, experiment 4).On page 103 of the same paper, under the header

“products formed" it is stated: “A side reaction is the esterification of the alcohols [HMF and

5-(hydroxymethyl)furan-2-carboxylic acid] to form the more oxidatively stable acetate

[respectively 5-(acetoxymethyI)furfural (from HMF) and 5-(acetoxymethyl)furan-2-carboxylic

acid from the intermediate 5-(hydroxymethyl)-2—furan carboxylic acid].” And further on page

106 under the header “general considerations” it is stated: “Although acetoxylation of the

  Petitioners‘ Exhibit 1011, Page 112 of 629
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alcohols with the acetic acid solvent does occur, this side reaction results in only a 5-8% yield

loss”. Also, in the reaction scheme given in Figure 1 on page 103, it is indicated that 5-

(acetoxymethyl)furfural is an end-point. There is no further reaction of this compound

indicated to FDCA (in contrast to the ester of the intermediate product 5-

(acetoxymethyl)furan-2-carboxylic acid). In other words, the 5—(acetoxymethyl)furfural (AMF)

formed through reaction of HMF with acetic acid solvent, is not oxidized to FDCA and its

formation leads therefore to yield loss.

Unknowingly to the authors, this result was confirmed recently in US2009/0156841

(ADM). On page 6, in paragraph [0060] it is stated:

“A mixture of HMF ester such as . ..5-acetoxymethy/furfura/ (ACHMF), ...acetic acid,

along with cobalt acetate, manganese acetate and sodium bromide is placed in a reactor and

subjected to between about 400 to about 1000 psi oxygen.... ..at between about 85 9C to

about 1 10 9C,. . ..for between about 100 to about 150 minutes. The solution is filtered and the

solvent evaporated to obtain 2,5—Furandicarboxylic acid (FDCA). ”

This general recipe is illustrated in Example 7 on page 10 of this reference:

“A reaction mixture containing AcHMF (5.0 g), acetic acid (50 mL), cobalt acetate

(0.132 g), manganese acetate (0. 135 g), and sodium bromide (0.114 g) is placed in a 100 mL

reactor and subjected to 500-800 psi oxygen at 100 9C for 2 hours. Upon filtration and

evaporation of the solvent, 2.53 g of tan solid is isolated. ’H NMR indicates substantially pure

FDCA. The overall yield of FDCA from ACHMF is 54%..”

Although the intention of the authors was to obtain FDCA, the product they isolated and

erroneously characterized as being FDCA was in fact the starting material AcHMF. Under the

low temperature conditions deployed (100 90), ACHMF is quite stable, as was already

reported by Partenheimer (see above). FDCA has an extremely low solubility in acetic acid,

even at 100 9C. Taking into account that water is formed during the oxidation we can note the

following two observations by Partenheimer in Adv. Synth. Catal. 2001, 343:

On page 105, right column we can read that FDCA precipitates during the reaction,

even at 100-125 ‘—’C.

On page 1 10 (right column) it is stated: “The solubility of 2,5—Furandicarboxylic acid is

6.6 x 10-4 g/g in 3% H20/HOAc at room temperature. Hence 99% of the 2,5-

furandicarboxylic acid precipitates.”

The authors wrote that the FDCA product was obtained from the solution after filtration

and evaporation. Thus, taking into account the Partenheimer statements, which were

independently confirmed by us, this isolated product cannot be FDCA.

The authors showed an ‘H NMR spectrum of their product in Figure 8 and concluded

that it is FDCA. However, this is not the case. The ‘H NMR spectrum of the product shown in
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Figure 8 is without doubt the starting material ACHMF. Finally, the authors refer to the product

as a tan solid. in our experience, ACHMF is a tan solid, while FDCA is a white solid.

We have repeated the results of experiments executed under the US2009/0156841

conditions. These comparative experiments confirm the low reactivity of AMF under

conditions given in US2009/0156841 (cf. the results reported in the experimental section).

Thus, a person skilled in the art would therefore have concluded that FDCA cannot be

obtained in interesting yields from AMF (ACHMF) using the conditions reported in

US2009/01 56841 using a Co/Mn/Br catalyst in acetic acid at between 85 and 1 10 90 within a

time frame of from 100 and 150 minutes. In Example 7 of this prior art reference, 2.53 g or

slightly more than 50% of the starting material was the only product isolated from the

reaction.

The present inventors have now surprisingly found that when using a catalyst based on

both Cobalt and Manganese and containing a bromide, at temperatures higher than 140 9C

the derivatives of HMF, and in particular esters of HMF optionally in combination with HMF,

such as for example 5-(acetoxymethyl)furfural (AMF) can be oxidized within 1 hour to FDCA

in high yields.

Thus, in a first aspect the invention relates to a method for the preparation of 2,5-

furandicarboxylic acid comprising the step of contacting a feed comprising 5-

hydroxymethylfurfural (HMF), one or more derivatives of HMF or a mixture of HMF with one

or more derivatives of HMF, e.g., 5-acetoxymethylfurfural (AMF) or 5-hydroxymethylfurfural

(HMF) or mixtures thereof (AMF+HMF) as starting material with an oxidant in the presence of

a catalyst based on both Cobalt and Manganese and containing a bromide at a temperature

higher than 140 9C.

The invention is described hereinafter with 5-acetoxymethylfurfural as the preferred

feedstock, by itself or in combination with HMF. 5—(Chloromethyl)furfural, or 5-

(ch|oromethy|)furoic acid, or 5—methylfurfural, or 5-methylfuroic acid, or 2,5-dimethylfuran, or

an ester of 5-(hydroxymethyl)furfura| may be used instead, as well as combinations of two or

more of these HMF derivatives, or combinations of one or more of these HMF derivatives

together with 5-(hydroxymethyl)furfural.

In WO2007104515 and WO2009030512, the synthesis of esters of HMF such as 5-

acetoxymethylfurfural (AMF) from biomass sources is described. Given the higher stability of

the HMF esters than HMF and hence improved production pathways and given the fact that

upon oxidation in acetic acid the acetoxy functionality that was obtained from acetic acid is

now liberated as acetic acid and given the green reputation of these esters, they were

considered by the present inventors as interesting starting point in the preparation of_ furan-

based monomers that could be used for the production of furandicarboxylic acid -based

polyesters, for instance as an alternative for PET or FDCA—based polyamids (nylons). The

  
Petitioners‘ Exhibit 1011, Page 114 of 629

Copy provided by USPTO from the IFW Image Database on 08/13/2010



Petitioners' Exhibit 1011, Page 115 of 629

10

15

20

25

30

35

-4-

most important conventional, oil-based, polyester monomer to produce PET is Purified

Terephthalic acid (PTA) and its diaikyl ester dimethyl Terephthalate (DMT).

AMF can be obtained from biomass sources as described in WO2007104515 and

WO2009030512. Depending on the process conditions the product obtained in accordance

with the process of these references may also contain HMF.

The alkyl of the ester functionality of the HMF ester can be C1-C5 alkyl, i.e. methyl,

ethyl, propyl, isopropyl, butyl, 2-butyl, tert—butyl, pentyl, 2—pentyl, neopentyl and 3-pentyl.

There is a preference for methyl, giving (5-acetylmethyl)furfuraI

FDCA, the product of the reaction can be used in the preparation of a polyester, by

reaction of FDCA or its diaikyl ester with a suitable diol. Such polyester preparations are

preferably performed by transesterification, whereby the di-methyl ester or di-ethyl ester of

FDCA is used and wherein the methyl or ethyl groups are exchanged in the form of a volatile

alcohol during the transesterification with the diol.

The bromine source can be any compound that produces bromide ions in the reaction

mixture. These compounds include hydrogen bromide, sodium bromide, elemental bromine,

benzyl bromide, tetrabromoethane. Also other bromine salts, such as an alkali or earth alkali

metal bromine or another metal bromide such as Zn Bra can be used. There is a preference

for hydrobromic acid or sodium bromide. The amount of bromine mentioned in here relates to

the amount measured as Br relative to cobalt.

Metal bromide catalysts employed in all of the processes of this invention comprise a

preferably soluble cobalt compound and a preferably soluble manganese compound and a

preferably soluble bromine-containing compound.

The metal and bromide catalyst contains next to bromide Co and Mn and optionally can

contain Zr and/or Ce or other metals. Alternative and suitable catalysts are described in W.

Partenheimer, Catalysis Today 23(2), 69-158 (1995) in particular on pages 89-99, included

herein by reference.

Each of the metal components can be provided in any of their known ionic forms.

Preferably the metal or metals are in a form that is soluble in the reaction solvent. Examples

of suitable counterions for cobalt and manganese include, but are not limited to, carbonate,

acetate, acetate tetrahydrate and halide with bromide being the preferred halide.

As described in Partenheimer, ibid, pages 86-88, suitable solvents for use in the

processes of the present invention, described above, preferably have at least one component

that contains a monocarboxylic acid functional group. The solvent may also function as one

of the reagents. The processes may be run in a solvent or solvent mixture that does not

contain an acid group. In that case, preferably one of the reagents does contain a

monocarboxylic acid functional group. Suitable solvents can also be aromatic acids such as

benzoic acid and derivatives thereof. A preferred solvent is an aliphatic C2‘C5 monocarboxylic
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acid, such as but not limited to acetic acid, propionic acid, n~butyric acid, isobutyric acid, n-

valeric acid, trimethylacetic acid, and caproic acid and mixtures thereof. Components of said

mixtures can include benzene, acetonitrile, heptane, acetic anhydride, chlorobenzene, o-

dichlorobenzene, and water. Most preferred as solvent is acetic acid (“AcOH”).

The oxidant in the processes of the present invention is preferably an oxygen-

containing gas or gas mixture, such as, but not limited to air. Oxygen by itself is also a

preferred oxidant.

The processes of the instant invention described above can be conducted in the batch,

semi-continuous or continuous mode. Especially for the manufacture of FDCA, operation in

the batch mode with increasing temperature at specific times, increasing pressure at specific

times, variation of the catalyst concentration at the beginning of the reaction, and variation of

the catalyst composition during the reaction is desirable. For example, variation of the

catalyst composition during reaction can be accomplished by addition of cobalt and/or

manganese and/or zirconium, and/or cerium, and/or bromide at specified times.

The temperature and pressure in a commercial oxidation process with acetic acid as

diluent are not independent. The pressure is determined by the solvent (e.g., acetic acid)

pressure at a certain temperature. The pressure of the reaction mixture is preferably selected

such that the solvent is mainly in the liquid phase. In practice thisymeans that pressures

between 5 and 100 bar can be used with a preference for pressures between 10 and 80 bars.

In case the oxidant is an oxygen containing gas, such as air, the gas can be continuously fed

to and removed from the reactor, or the gas can be supplied all at the start of the reaction. in

the latter case, the pressure of the system will depend on the headspace volume and the

amount of gas required to convert the starting material. It is clear that in the latter case, the

pressure of the system will be significantly higher than when continuously feeding and

removing an oxygen containing gas. in the case of continuously adding and removing the

oxidant gas to and from the reactor, the oxygen partial pressure will be between 1 and 30

bars or more preferably between 1 and 10 bars.

The temperature of the reaction mixture is between 140 and 200 degrees Celsius,

most preferably between 160 and 1 90 degrees Celsius. Temperatures higher than 180

degrees Celcius tend to lead to decarboxylation and to other degradation products. Good

results to FDCA have been achieved at a temperature of about 180 °C.

Ratio’s of Cobalt to Manganese (Co/Mn) are typically 1/1000 - 100/1, preferably 1/100 —

 10/1 and more preferably 1/10 - 4/1.

Ratio’s of bromine to metals (e.g. Br/(Co+Mn)) are typically 0.001—5.00, preferably 0.01

- 2.00 and more preferably 0.1 - 0.9. ‘ '
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Catalyst concentration (Co + Mn) is typically between 0.1 - 10 mol °/o relative to the

substrate, with a preference for loads between 2 and 6 mol %. Good results were obtained in

general with catalyst loads of around 4 mol %.

In another aspect of the invention, we have also investigated the oxidation of other

furan-based substrates under the process conditions according to the current invention. We

have been able to convert 5-(chloromethyl)furfural, 5-(chloromethyl)furoic acid, 5-

methylfurfural, 5-methylfuroic acid and 2,5-dimethylfuran all to FDCA in very interesting

yields.

in another aspect, the FDCA obtained according to the process of the present invention

can be transformed using common esterification reactions to a diester by contacting the

starting material under appropriate conditions with the relevant alcohol. Thus, in one aspect,

the invention also relates to the use of FDCA obtained according to the process of the

current invention in the preparation of a dialkylester of 2,5-dicarboxylic acid by reaction of the

FDCA with a C1-C5 alkyl alcohol, preferably methanol to prepare the dimethyl ester of FDCA.

In a further aspect of the invention, the di-methylester can be used in the preparation of

polyester polymers by reaction with a diol- Reacting the di-methylester with a diol will result in

the formation of methanol that quickly vaporises. In 1946 the polymerization of FDCA

dimethyl ester with ethylene glycol was described as a first example of such a polymerization

(GB 621,971). g

Indeed, polyesters are generally made by a combined esterification/polycondenzation

reaction between monomer units of a diol (e.g., ethylene glycol (EG)) and a dicarboxylic acid. _

Additives such as catalysts and stabilizers may be added to facilitate the process and

stabilize the polyester towards degradation.

Description of the figures:

Figure 1 shows the yield of FDCA in the oxidation of HMF, of a HMF/AMF 3/2 mixture,

of a HMF/AMF 2/3 mixture and of AMF, respectively with 2.7 mol% Co catalyst (relative to

substrate), 0.26 M substrate concentration in acetic acid and Co/Mn ratio of 1/1 and

Br/(Co+Mn): 1.0; 0.7; 0.4 and 0.1 at 180 9C for 1 hr with 20 bar air. Under these conditions,

higher Br amounts give higher yields but when Br/(Co+Mn) > 1, corrosion will be a problem

on commercial scale. HMF gives slightly higher yields than AMF at one hour reaction time.

The data of these experiments is also given in Table 1 .

Figure 2 shows the selectivity to FDCA for the AMF oxidation of Figure 1 together with

the comparative examples based on the experimental conditions described in

US/20090156841 ; according to the text 10 wt/wt% AMF was oxidized with 1.75 and 2.65 mol"

°/o Co catalyst and a fixed Br/(Co/Mn) of 1 .0 and a Co/Mn of 1.0 at 100 °C and 30 bar for 2

hours Under these conditions, the yield of FDCA was lower than the result described in
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US/20090156841 and than the results obtained at high temperature. The data of these

experiments is also given in Table 2.

Figure 3 shows the yield of FDCA in the oxidation of 5-methylfurfural (5MF) and 2,5-

dimethylfurfural (DMF) at 180 9C with 2.7 mol% Co catalyst (relative to substrate), 0.26 M

5 substrate concentration in acetic acid and Go/Mn ratio of 1/1 and a Br/(Co+Mn) of 1.0, 0.7,

0.4 and 0.1 at 180 9C for 2 hrs with 50 bars air. Under these conditions, higher Br amounts

give higher yields but when Br/(Co+Mn) > 1 , corrosion will be a problem on commercial scale.

Reactions with 5MF give higher yields than reactions with DMF. The data of these

experiments is also given in Table 3.

10

Examples:

Experiments were carried out in parallel 8 mL magnetically stirred stainless steel batch

reactors. The reactors are grouped in blocks containing 12 batch reactors. The standard

procedure for all the reactions was as follows:

15 0.5 ML of starting material stock solution in acetic acid (0.78 mmol/ml) were added into

a reactor lined with a Teflon insert. 1 ML of a catalyst stock solution in acetic acid was

subsequently added to the reactor. In a typical experiment, a catalyst composition Co/Mn/Br

with a relative 1-x—y ratio, the concentration of Co(OAc);*4H2O was varied. As a Mn source,

Mn(OAc)2*4H2O was used and as a bromine source NaBr was used. The reactors were

20 closed with a rubber septum, after which the reactors were sealed and pressurized to the

desired air pressure, ranging from 20-60 bars. After pressurization, the block with 12 reactors

was placed in the test unit which was preheated at the desired temperature, ranging from 100

to 220 °C. After the desired reaction time, ranging from 0.5 hr to 24 hrs, the block is placed

into an ice bath for 20 minutes. When the block had cooled down, it was depressurized. After

25 opening, HPLC samples were prepared. First 5 ml of a saccharine solution in DMSO (1 1.04

mg/m L) was added to the each reactor and the mixture was stirred for 5 minutes. Then 10 |.1L

of this mixture was diluted to 1000 uL with water in a HPLC vial. The samples were analyzed

using HPLC.

Illustrative but not limiting results are presented in the figures 1-3 and Tables 1-3.

 
Petitioners‘ Exhibit 1011, Page 118 of 629

Copy provided by USPTO from the IFW Image Database on 08/13/2010
 



Petitioners' Exhibit 1011, Page 119 of 629

Table 1
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Tabie2

Reaction Catalyst Substrate

. Substrate time concentration Mn/Co (C3/ln) fizz concentration
[Hours] [(Co + Mn) moi %] [wt %]

AMF 180EM
180

23-96
—EIE
II

  
 
 
 

  
 
  

 

 
 
 
 

 
 

   

Petitioners‘ Exhibit 1011, Page 120 of 629
Copy provided by USPTO from the IFW Image Database on 0811312010



Petitioners' Exhibit 1011, Page 121 of 629

.10.

 
 

 
 

 
 

 

  
 
 

 

 
  

 

  
 

 
 

 

Tabie3
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Claims

1. Method for the preparation of 2,5-furandicarboxylic acid comprising the step of

contacting a feed comprising 5-hydroxymethylfurfural (HMF), one or more derivatives of HMF

or a mixture of HMF with one or more derivatives of HMF as starting material, with an oxidant

in the presence of an oxidation catalyst at a temperature higher than 14090.

2. Method according to claim 1 comprising the step of contacting an ester of 5-

(hydroxymethyl)furfural or 5-(hydroxymethyl)furfural or a mixture of these components with

an oxidant in the presence of an oxidation catalyst at a temperature higher than 140 9C.

3 Method according to claim 1, wherein the oxidation catalyst comprises at least one

metal selected from the group consisting of Co and Mn.

4 Method according to claim 1, wherein the oxidation catalyst comprises a source of

bromine.

5 Method according to claim 4, wherein the oxidation catalyst contains both Co and Mn.

6 Method according to claim 5, wherein the oxidation catalyst comprises at least one

additional metal.

7. Method according to claim 6, wherein the additional metal is Zr and or Ce.

8. Method according to claims 1, wherein the oxidant is selected from oxygen, air or other

oxygen-containing gases.

9. Method according to claim 1, wherein the temperature is between 140 and 200 degrees

Celsius, most preferably between 160 and 190 degrees Celsius.

10.

comprising a solvent containing a monocarboxylic acid functional group, more preferably

Method according to claim 1, wherein a solvent or solvent mixture is present, preferably

acetic acid or acetic acid and water mixtures.

1 1.

C1-C5 alkyl, preferably methyl.

1 2

dialkylester of 2,5-furan dicarboxylic acid via an esterification reaction with a C1-C5 alkyl

Method according to claim 1 wherein the alkyl of the ester group of the HMF ester is

Use of the reaction product obtained via the method claim 1 in the preparation of a

alcohol.

13.

the dimethylester of 2,5-furan dicarboxylic acid.

14.

is converted in the presence of an alkyl carboxylic acid into products comprising an HMF

Use according to claim 12 wherein the C1-C5 alkylalcohol is methanol and the diester is

Method for the preparation of 2,5-furandicarboxylic acid wherein a carbohydrate source

ester and optionally 5-hydroxymethyl furfural, from which is isolated a feed comprising the

ester of H MF and optionally 5-hydroxymethyl furfural, comprising the subsequent step of

contacting the feed with an oxidant in the presence of a cobalt and manganese and bromide

containing catalyst under appropriate reaction conditions.
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Abstract

The application describes a method for the preparation of 2,5—furandicarboxylic acid

comprising the step of contacting a feed comprising 5-hydroxymethylfurfural (HMF), one or

more derivatives of HMF or a mixture of HMF with one or more derivatives of HMF as starting

material, with an oxidant in the presence of an oxidation catalyst at a temperature higher than

14090.
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—A“*h°“zedUser  
The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

Charge any Additional Fees required under 37 C.F.R. 1.492 (National application filing, search, and examination fees)

Charge any Additional Fees required under 37 C.F.R. Se
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Charge any Additional Fees required under 37 C.F.R. Section 1.19 (Document supply fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.20 (Post Issuance fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.21 (Miscellaneous fees and charges)

File Listing:

Document . . File Size(Bytes)/ Multi Pages

268404

Transmittal of New Application Transmitta|_Letter.pdf 4415303a5da7fc976c3a48c64b54229d627
7848d

903-457_PCT- 1432011

US_App|ication_Data_Sheet_s
b00I 4. pdf 505584461430bb3edd49ab0304c2e6156484f1a

Authorization for Extension of Time all

replies

304065
Change_Correspondence_Add

Change of Address resspdf 8e09c88e9f3e79953efe479343a9dad91ee1
778d

Information:

_ _ 787960
Documents submitted with 371

Applications WO_2011-O43661_A1.pdf b7C538f33dd36091192f8952e57e6c69647
(642

Information:

Documents submitted with 371 Submission_Priority_Documen
Applications ts.pdf 689ee99ea04dd659ad89c03611f7f277351

15ef‘2

Information:

_ _ 678187
Documents submitted with 371

Applications NL_2003606.pdf 046184398cf40b747ce69b9070a122edfb5
4c6e7

Information:

_ _ 412572
Documents submitted with 371

Applications NL_Search_Report.pdf 803ca8802f394d745b07648d8406d1ac7f5
8559b
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Information:

_ _ 183902
Documents submitted with 371

Applications PCT_Search_Report.pdf de8fdc979a37949c78b8b5d6bb9ec5cc32f
9629d

Information:

Documents submitted with 371 Statement_Substitute_Specific
Applications ations.pdf 6d6edOfed84cdae3f4be0babb2a442e35b2

e8952

Information:

_ __ _ _ 119801
SubstItute_SpecIfIcatIon_VersI

on_Showing_Changes.pdf 34b0e5d9d37690b106da6e21a61a87f9a81
89272

Multipart Description/PDF files in .zip description

Specification

Information:

_ __ _ 118023
SubstItute_SpectIfIcatIon_C|ea

n_Version.pdf 57db3211f72f075a7f58b44e78e22cb9084 -
791 d

Multipart Description/PDF files in .zip description

Information:

110685

Pre|iminary_Amendment.pdf cd(74137ba6224c88ecc04a802c50a081750
540213

Multipart Description/PDF files in .zip description
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Specification

. . 1719080
Information Disclosure Statement (IDS)

Form (SE08) PTO_SB_08a.pdf 4db9d0603633da767689b6bd9472f50d7
db1e4a

Information:

399679

Foreign Reference EP_0356703_A2.pdf d5d15:1c8aadf057dce7d81eca76a5133b3
0f9fI

Information:

512293

Foreign Reference GB_621971_A.pdf a71627eed741eff830be0c4026aa29f9c689
c77f

Information:

390057

Foreign Reference JP_2009-1519_A.pdf 1d7c89f79046633eddf13ac9988b2422f867
01361

Information:

673541

Foreign Reference JP_2009-242312_A.pdf 452606016d3bf1d3cbb50a7a8dfa590168c
8442f

Information:

162696

Foreign Reference SU_636233_A1.pdf 17ad33c370223191bcff27284111f358a149
9cc4

Information:

1278500

Foreign Reference WO_01-72732_A2.pdf 5e29904d36184380f64129be2d75d5b160 ‘
7820b
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Information:

1709869

Foreign Reference WO_2006-063220_A2.pdf 6bb42742dbedaf50571 5aeb37596dd51 dd
44ecb0

Information:

681833

Foreign Reference WO_2007-104515_A1.pdf bd368799525d6d0387726d4106b09ee763
003e88

Information:

1585925

Foreign Reference WO_2008-054804_A2.pdf 7caf15a55885ca3c90b5ac92093fce2db885
a7e1

Information:

535527

Foreign Reference WO_2009-030512_A2.pdf 7ef5fbd558d42bfc26b4ba0e4a095be28d7
89a08

Information:

1025152

Foreign Reference WO_2010-132740_A2.pdf a543457f4e264bb3ccc336ec8adce611:64 -
ba19

Information:

1199431

Non Patent Literature NPL_Boison_et_a|.pdf 174543146e6e088a0ade14d16ecdc094ce0
c3dc6

Information:

Non Patent Literature NPL_Gra bowski_et_a|.pdf C0d3b62e43f83bC12d08015f73bf036ce408
f5e8

Information:

419325

Non Patent Literature NPL_Haworth_et_a|.pdf 9a2f‘269f5d01 1 b29471 ae8fdfeb8ef81 d4ea .
787

Information:

861853

Non Patent Literature NPL_Partenheimer_et_a|.pdf 29381bc37dbb0df980d161e4b3fac43edc3
351308
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Information:

1335135

Non Patent Literature NPL_Tong_et_a|.pdf 0adaf726b47276f16030a4cbffbe4e3efda3 ‘
f75

Information:

Fee Worksheet (SB06) fee-info.pdf 07f21a7e3101166613edf11f08fd0f4a3d1b
bb3b

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO ofthe indicated documents,

characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

lfa new application is being filed and the application includes the necessary components for a filing date (see 37 CFR

1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this

Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

lfa timely submission to enter the national stage of an international application is compliant with the conditions of 35

U.S.C. 371 and other applicable requirements a Form PCT/DO/E0/903 indicating acceptance of the application as a

national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

lfa new international application is being filed and the international application includes the necessary components for

an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number

and ofthe International Filing Date (Form PCT/R0/105) will be issued in due course, subject to prescriptions concerning

national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of

the application.
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PTO/SB/06 (07-06)
Approved for use through 1/31/2007. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paerwork Reduction Act of 1995, no ersons are re uired to resond to a collection of information unless it disla s avalid OMB control number.

PATENT APPLICATION FEE DETERMINATION RECORD APP”°a“°” 0’ Docks‘ Number FI””9 Daie
Substitute for Form 1 2 D TO be Mailed

APPLICATION AS FILED — PART I OTHER THAN

(Column 1) (Column 2) SMALL ENTITY X OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($) RATE ($)

I:I BA5'C FEE N/A N/A N/A37CFR1.16a, b,or c

I:I SEARCH FEE
37CFR1.16k, i,or rn

El EXAMINATION FEE N/A N/A(37 CFR1.16( ), (p), or (q))
TOTAL CLAIMS .
37 CFR1.16i ”"”“5 2°=
INDEPENDENT CLAIMS .
37 CFR1.16h ”"”“53=

If the specification and drawings exceed 100
h t f th I" t' ' f d

IZIAEELICATION SIZE EEE Z, §Z5%‘i$‘iZ‘§‘iE;. s‘fnZli’;'n°{?Iy'§°?of'.§Zcfie ”°
(37 CFR HGIS» additional 50 sheets or fraction thereof. See

35 U.S.C. 41 a 1 G and 37 CFR 1.16 s .

I:I MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR1.16(j))

N/A

N/A

>< %
ll

* If the difference in column 1 is less than zero, enter “0“ in column 2.

APPLICATION AS AMENDED — PART II

OTHER THAN

(Column 1) (Column 2) (Column 3) SMALL ENTITY
CLAIMS HIGHEST

EIEIIEIINING I Sfitlfiéfisty PEER éEEI‘;;°“*“ *‘”ELE‘?$“,“AMENDMENT PAID FOR

:1

at

El Application Size Fee (37 CFR 1.16(s))

I-
Z
Lu
2
D
Z
Lu
E
<

D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR1.16(j))

(Column 2) (Column 3)
CLAIMS HIGHEST

REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL

AFTER PREVIOUSLY EXTRA FEE ($) FEE ($)
AMENDMENT PAID FOR

Mm
37 OFR 1.16 h

E] Application Size Fee (37 CFR 1.16(s))

MinusAMENDMENT
D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR1.16(j)) OR

OR

* If the entry in column 1 is less than the entry in column 2, write “0“ in column 3. Legal Instrument Examiner.
** If the “Highest Number Previously Paid For“ IN THIS SPACE is less than 20, enter “20“. /DAWN BREWER/ I
*** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 3, enter
The “Highest Number Previously Paid For“ (Total or Independent) is the highest number found in the appropriate box in column 1.

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering,
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1—800—PTO—9199 and select option 2.
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UNITED STATES PATENT AND TRADEMARK OFFICE UNITED STATES DFIPARTMFNT OF COMMERCE
United States Patent and Trademark Office
Address. COMMISSIONER FOR PATENTS,. Box 1450 

xa1idIia,Vi.rgLnia 22313-1450wWw.11spto.gov

13/497,690 Cesar Munoz dc Diego 903-457 PCT/US

23869
HOFFMANN & BARON, LLP PCT/NL10/50654

6900 JERICHO TURNPIKE

SYOSSET» NY 11791
CONFIRMATION NO. 1013

371 FORMALITIES LETTER

lllllllllIllIllIllIllIllllIlllrllljlllllllullulglglllll

NOTIFICATION OF MISSING REQUIREMENTS UNDER 35 U.S.C. 371

IN THE UNITED STATES DESIGNATED/ELECTED OFFICE (DO/EO/US)

The following items have been submitted by the applicant or the IB to the United States Patent and Trademark

Office as a Designated Office (37 CFR 1.494):

- Indication of Small Entity Status

- Priority Document

- Copy of the International Application filed on 03/22/2012

- Copy of the International Search Report filed on 03/22/2012

- Preliminary Amendments filed on 03/22/2012
- Information Disclosure Statements filed on 03/22/2012

- Request for Immediate Examination filed on 03/22/2012
- U.S. Basic National Fees filed on 03/22/2012

- Assignee Statement for PGPUB filed on 03/22/2012

- Priority Documents filed on 03/22/2012

The applicant needs to satisfy supplemental fees problems indicated below.

The following items MUST be furnished within the period set forth below in order to complete the requirements for

acceptance under 35 U.S.C. 371:

- Oath or declaration of the inventors, in compliance with 37 CFR 1.497(a) and (b), identifying the application by

the International application number and international filing date.

- To avoid abandonment, a surcharge (for late submission of filing fee, search fee, examination fee or oath or

declaration) as set forth in 37 CFR 1.492(h) of $65 for a small entity in compliance with 37 CFR 1.27, must be

submitted with the missing items identified in this letter.
SUMMARY OF FEES DUE:

Total additional fees required for this application is $65 for a Small Entity:

- $65 Surcharge.

ALL OF THE ITEMS SET FORTH ABOVE MUST BE SUBMITTED WITHIN TWO (2) MONTHS FROM THE

DATE OF THIS NOTICE OR BY 32 MONTHS FROM THE PRIORITY DATE FOR THE APPLICATION,
WHICHEVER IS LATER. FAILURE TO PROPERLY RESPOND WILL RESULT IN ABANDONMENT.

The time period set above may be extended by filing a petition and fee for extension of time under the provisions

of 37 CFR1.136(a).

page 1 of 2

FORM PCT/DO/EO/905 (371 Formalities Notice)
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Applicant is reminded that any communications to the United States Patent and Trademark Office must be mailed

to the address given in the heading and include the U.S. application no. shown above (37 CFR 1.5)

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web.

https://sportal.uspto.gov/authenticate/AuthenticateUserLocalEPF.html

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or

visit our website at http://www.uspto.gov/ebc.

If you are not using EFS-Web to submit your reply, you must include a copy of this notice.

JOHN L ANDERSON

Telephone: (571) 272-0385

page 2 of 2

FORM PCT/DO/EO/905 (371 Formalities Notice)
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PATENT APPLICATION FEE DETERMINATION RECORD APP“°a“°“ 0' DOCKGI Number
Substitute for Form PTO-875 13/497590

APPLICATION AS FILED - PART I OTHER THAN

(column 1) (column 2) SMALL ENTITY OR SMALL ENTITY

NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
(37 CFR1.16( ), (b), OI’
SEARCH FEE
(37 CFR1.16(k), (i), or (m))
EXAMINATION FEE
I37 CFR1.16 o,I ) Ip), or In»
TOTAL CLAIMS
(37 CFR1.16(i))
INDEPENDENT CLAIMS . *

If the specification and drawings exceed 100
APPLICATION SIZE sheets of paper, the application size tee due is
FEE $310 ($155 for small entity) for each additional
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.

41(a)(1)(G) and 37 CFR1.16(s).

MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR1.16(j))

* lfthe difference in Column 1 is less than zero, enter "0" in Column 2.

APPLICATION AS AMENDED - PART II

OTHER THAN

(Column 3) SMALL ENTITY SMALL ENTITY

Total

CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL

AFTER PREVIOUSLY EXTRA RATE“) FEE($) RATE“) FEE($)AMENDMENT PAID FOR

(37 CFFI1.16(I)) =

Independent I(37 CFR1.16(h))AMENDMENTA I

Application Size Fee (37 CFR1.16(s))

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR1.16(j)) —
TOTAL TOTAL

ADD'L FEE ADD'L FEE

CLAIMS HIGHEST
REMAINING NUMBER ADDITIONAL

AFTER PREVIOUSLY FEE($)
AMENDMENT PAID FOR

ADDITIONAL

RATE($) FEE ($)

Total
(37 CFR1.16(i))

Independent
(37 CFR1.16(h))

Application Size Fee (37 CFR1.16(s))
AMENDMENTB

 IFIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR1.16(j))

TOTAL
ADD'L FEE ADD'L FEE

* If the entry in Column1 is less than the entry in Column 2, write "0" in Column 3.
** If the ”Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter "20”.

*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.
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Filing DateApplication Number

1 3497690

MULTIPLE DEPENDENT CLAIM
FEE CALCULATION SHEET

Substitute for Form PTO—1360
(For use with Form PTO/SB/06) Applicant(s) Cesar Munoz de Diego

 
* May be used for additional claims or amendments

2345678912345701234567891234578123457W55555555666666777777777788888889999994|
E

2

\\\K\\\

_________=_=___________________________________3t__mmmanmm._____________________________________fi
E

..

4|2345704|2345678904|2345678904|2345678904|23456789||||||||4|4|222222222233333333334444444444
Total

Depend

---mtom
C

EMSm
Du

mmFA
A

TTSND|nEFw
Du

ENTEFMAA
DEH.FSASMA|_C

2

Totallndep
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PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicants: Cesar Munoz de Diego et al. Examiner: Unassigned

Application No.: 13/497,690 Group Art Unit: Unassigned

Confirmation No: 1013 Docket: 903-457 PCT/US

Filed: March 22, 2012 Dated: July 9, 2012

For: METHOD FOR THE PREPARATION OF 2,5-
FURANDICARBOXYLIC ACID AND FOR THE

PREPARATION OF THE DIALKYL ESTER OF 2,5-
FURANDICARBOXYLIC ACID

' Certificate of EFS-Web Transmission

Mall I hereby certify that this correspondence is being transmitted
CO1'I11'I11SS1OI1€I' fOI' Patents to the U.S. Patent and Trademark Office via the Office's

BOX electronic filing system
Dated: July 9, 2012

Alexandria, Virginia 22313-1450
Signature: K.J. Goodhand /K.J. G00dhand/

RESPONSE TO NOTIFICATION OF MISSING REQUIREMENTS UNDER

35 U.S.C. §371 IN THE UNITED STATES DESIGNATED/ELECTED OFFICE

Sir:

In response to the Notification of Missing Requirements dated May 17, 2012, a response

to which is due July 17, 2012, for the above-identified case, Applicants submit the following:

1. A Combined Declaration and Power of Attorney signed by the inventors of the above-

identified invention, such Declaration identifying the application by the afforded U.S.

Application Number and Filing Date and by the International PCT Application Number

and International PCT Filing Date.

2. A fee in the amount of $65.00, which is due for payment of the surcharge fee for the

missing requirements, may be charged to Deposit Account No. 08-2461.

The Commissioner is hereby authorized to charge payment of any additional fees

associated with this communication, or credit any overpayment, to Deposit Account
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Applicant: Cesar Munoz de Diego et al.

Application No.: 13/497,690

Filing Date: March 22, 20l2
Docket No.: 903-457 PCT/US

Page 2

No. 08-2461. Such authorization includes authorization to charge fees for extensions of time, if

any, under 37 C.F.R § l.l7 and also should be treated as a constructive petition for an extension

of time in this reply or any future reply pursuant to 37 C.F.R. § l.l36.

Should the Examiner have any questions regarding this submission, please contact the

undersigned counsel at the telephone number below.

Respectfully submitted,

/John S. SOPKO, Reg. # 4l,32l/

John S. Sopko

Registration No.: 4 l ,32l

Attorney for Applicant(s)

HOFFMANN & BARON, LLP

6900 Jericho Turnpike

Syosset, New York l 1791

(973) 33 l-l700
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Page i cf}: Pages E ] Original { ] Substitute [ ] Supplemental Atty.Deel:et:

Cerrihlriesii fieelaraiirrn fer Patent Applimtlen ané Fewer eat’ Attesrraey

As 2 taclowvrrrarrted iswcntar, l hereby {ls-2-zleare that:

My regldence, past ofiice address and citizenship are as stated ‘below tn my name; and that I believe l am Elk‘. original, tirsi arid sole
inventor gifnnlyr one name is listed betcmr) 9: an nrigintalv firsst andjavint l:'W€:ritO!‘ (ifplural names are listed imltxw) efthe subject matter
wlsicii is claimed and for which is patent is magi): on the inventien entitled

_l*y_i_§:_§l_t_t_)_g!__l'g;r ;lte:prepa:‘a1tion r:f2,$ iranrliczirboxylic a<_:_i_c_l__aiid for the nrcgsarnliou eaf ll‘ .
-aw-.~....»..-.~»..w».~ \.u.~u...‘..«..~'/\..~.... .......... -. ““““~\~~~-~~.“ ..-.A ‘.3l€F ef;2§S~ftrrz:ndli;z:rboxt;lic a<:id____

u~«V.‘.l..“«“‘\‘«““.,..,._., , , _ _._._.__. _ _ _ _,_ _ ._.
 

the specification mi‘ Wl1§v?§"J {shack (me)

{ } is a'rtes=:la::.d hereto;
5 } Wl3:'2' filed in tit: U)"-l‘l«ff€l States under 35 U.S.C?. §l 11 on , as

U.S. Armin, N0. “; (I-F
[Xi was/will be filed in the US. unrlcrr 35 U,S.C. {$371 by entry iriio tire US. national stage of an intcmatlsnal (l’¢';"§'V

isgsplicatiun, l’C'l‘ziIL2a1o/05055:; tiled gper 5. 201.0 , entry" requ~:stc:d rm _§la:?ch. 2012 "g lmtirmal stage
application received 13. ,‘:/Tl.-ii-y‘>.ll1.E“€s3. ;;;_.,o2 4:20 *;_ §3‘?t.’§1()2(::;: date mm-ch 29, 20:2 '~‘ {“ lflcnown)  

and was amsrided on ‘ (if applicable}.
\~.\“...~~“\.\~«“““““““. ‘... ....»..+.».~».a.e.».w».»w...).».\..~...“\\..~-

fénclmie dares l?,f¢2;:rsna'1;re::.'s zm:J'.er I9 um! 34 .~"1'FCl‘}
1 J

i have reviewed and LmCi:':t'Sl?5l'ld the ctmtants of the abos't:-identified spcciticntlott, irtcludirsg tire claime, as amended by any amendment
referred to alumina; and i arlcnmvledge the duty to ailsclustr. to the Patent Trademark Ufilce (PTO) all infomnatirm l(f‘r€3W3"l by me to
materlzzi to patentabllity as defined in 37 C.l’.R. {$1.56.

l hereby claim foreign priority "heneilts under 35 U.S.C. ii?! -(a)~r;£l} and 355 (b) eat’ any prim‘ fmeign ssrrplicatiuntssl for patent or
irwemo-r’s certificate, or §36.‘5{a) cfasny prior i-‘Ci applicatioitts; designating a c<>ut11:jy'a:l~.crtl1e.n the E.T..‘S., listed belrrw with the “‘{«es" 502:
clircckecl, and item: alsa identified lf-Efltlw, by ciiecliing the "No" box, any foreign applicatlen for patent sir invr:r1l03’:§ certificate 02* PC!‘
lattcrnatiorml applicatit:-ii havitsg, is filing time befolr: that afthe tip-plicatizm on wiiiclt priority is sfiisimetlt
 

 
61/249,395 ‘ Limited States ______________vi_.}«_:_t_<_>i:er 1', 2009 { X ii ]
(Number) liluuntryjl (‘my Month Yetsr Filed) YES NO
2003606 the N::Eher‘lanrls Octaber 7, 2009 _ { X 3 I 1
(Number) (iimsrliryl (‘Day Month ‘r'::;sr Filed) YES NO

l hereby’ claim ‘Ilse benefit ‘..1IiEli:TE’3S U,S.C. §l l.‘.-‘*(e) cf any Unitctti States pmvislmtal applications listed below:
 

  (Agipllcuziosr Nu.) "W [D-ray lentil Year Fililli

:;App:l:a:sESE'Nu.:. (Day l\I§t)tilll“:‘!'€.‘ar Filed“;

l l‘.-web)’ Clttllfi the benefit under 35 E.l.S,C, §l2=.'3 01’ any prior LES, ut:r:~p:'c3visional applletttlcmls) Err antler §3<S5(c) of’ any prior PC!‘
lt‘fi,t‘l‘1'l€illt):'1£!l applicatlmtijs) desigxtating the U.S., listed below and, lnsnfisr as the subject tl‘.:‘:3i1:i‘ efeach -nfthe claims: tiftlzls uppllcaiinrr
nut disclosed in such US. or PCT lnterzsazioriai appllcatien in she msanxter prcrvided by the first pssrngrapii of’ 35 U.S.C. §E l ‘.3, l
acl<r'rowie‘.dge the daily to disclose to the i"iT) all infmmrrtimt wliicl) is rmsterial to traitesmablllty as sieftsreéi in 37 C.l'~'.l¥{. which became
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Page 2 of 2 Pages Atty. Declceti
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Electronic Patent Application Fee Transmittal

METHOD FOR THE PREPARATION OF 2,5-FURANDICARBOXYLIC ACID AND

Title of Invention: FOR THE PREPARATION OF THE DIALKYL ESTER OF 2,5-FURANDICARBOXYLIC
ACID

;

U.S. National Stage under 35 USC 371 Filing Fees

Sub-Total in

USD($)
Description Fee Code Quantity

Basic Filing:

Miscellaneous-Filing:

Patent-Appeals-and-Interference:

Post-AlIowance-and-Post-Issuance:

Extension-of-Time:
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Miscellaneous:

 S“:-S1-|;(t$a)| in

Total in USD (S)
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Electronic Acknowledgement Receipt

m

—

METHOD FOR THE PREPARATION OF 2,5-FURANDICARBOXYLIC ACID AND

Title of Invention: FOR THE PREPARATION OF THE DIALKYL ESTER OF 2,5-FURANDICARBOXYLIC
ACID

I

—

Payment information:

Submitted with Payment yes—

$65

—Auth°“zedUser  
The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

Charge any Additional Fees required under 37 C.F.R. 1.492 (National application filing, search, and examination fees)

Charge any Additional Fees required under 37 C.F.R. Se
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Charge any Additional Fees required under 37 C.F.R. Section 1.19 (Document supply fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.20 (Post Issuance fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.21 (Miscellaneous fees and charges)

File Listing:

Document . . File Size(Bytes)/ Multi Pages

Applicant Response to Pre-Exam Response_Missing_Requireme
Formalities Notice nts.pdf 48b5803b98a7e24eac795783297aabac077

b2d3b

Information:

296799

Oath or Declaration filed Dec|aration.pdf 2ea59dI 423e7c4ef97605I 79b69d3I el 989
aI227

Fee Worksheet (SB06) fee-info.pdf ef2fedc3fdfe5f265defb32bf7326573227fI
4a

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO ofthe indicated documents,

characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

lfa new application is being filed and the application includes the necessary components for a filing date (see 37 CFR

1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this

Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

lfa timely submission to enter the national stage of an international application is compliant with the conditions of 35

U.S.C. 371 and other applicable requirements a Form PCT/DO/E0/903 indicating acceptance of the application as a

national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

lfa new international application is being filed and the international application includes the necessary components for

an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number

and ofthe International Filing Date (Form PCT/R0/105) will be issued in due course, subject to prescriptions concerning

national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of

the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE UNITED STATES DEPARTMENT OE COMMERCE
United States Patent and Trademark Office
Address. COMMISSIONER FOR PATENTS,. Box 1450

xaJIdria,Vi.rgI.nia 22313-1450wWw.11spto.gov
 

13/497,690 Cesar Mufioz dc Diego 903-457 PCT/US

23869
Hoffmann & Baron LLP PCT/NL10/50654

6900 Jericho Turnpike

svosset» NY 11791
CONFIRMATION NO. 1013

371 ACCEPTANCE LETTER

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

NOTICE OF ACCEPTANCE OF APPLICATION UNDER 35 U.S.C 371 AND 37 CFR 1.495

The applicant is hereby advised that the United States Patent and Trademark Office in its capacity as a

Designated / Elected Office (37 CFR 1.495), has determined that the above identified international application has

met the requirements of 35 U.S.C. 371, and is ACCEPTED for national patentability examination in the United
States Patent and Trademark Office.

The United States Application Number assigned to the application is shown above and the relevant dates are:

07/09/2012 07/09/2012

DATE OF RECEIPT OF 35 u.s.c. 371(c)(1), DATE OF COMPLETION OF ALL

(c)(2) and (c)(4) REQUIREMENTS 35 u.s.c. 371 REQUIREMENTS

A Filing Receipt (PTO-103X) will be issued for the present application in due course. THE DATE APPEARING
ON THE FILING RECEIPT AS THE " FILING DATE" IS THE DATE ON WHICH THE LAST OF THE 35

U.S.C. 371 (c)(1), (c)(2) and (c)(4) REQUIREMENTS HAS BEEN RECEIVED IN THE OFFICE. THIS DATE

IS SHOWN ABOVE. The filing date of the above identified application is the international filing date of the

international application (Article 11(3) and 35 U.S.C. 363). Once the Filing Receipt has been received, send all

correspondence to the Group Art Unit designated thereon.

The following items have been received:

- Indication of Small Entity Status

- Copy of the International Application filed on 03/22/2012

- Copy of the International Search Report filed on 03/22/2012

- Preliminary Amendments filed on 03/22/2012
- Information Disclosure Statements filed on 03/22/2012

- Oath or Declaration filed on 07/09/2012

- Request for Immediate Examination filed on 03/22/2012
- U.S. Basic National Fees filed on 03/22/2012

- Assignee Statement for PGPUB filed on 03/22/2012

- Priority Documents filed on 03/22/2012

page 1 of 2

FORM PCT/DO/EO/903 (371 Acceptance Notice)
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Applicant is reminded that any communications to the United States Patent and Trademark Office must be mailed

to the address given in the heading and include the U.S. application no. shown above (37 CFR 1.5)

JOHN L ANDERSON

Telephone: (571) 272-0385

page 2 of 2

FORM PCT/DO/EO/903 (371 Acceptance Notice)
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UNITED STATES PATENT AND TRADEMARK OFFICE UNITED STATES DEPARTMENT OE COMMERCE
United States Patent and Trademark Office
Address. COMMISSIONER FOR PATENTSPO Box 1450

Alexandria, Vi.tgLnia 22313-1450wWw.11spto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT F FFF REC'D ATTY.DOCKET.NO TOT CLAHVIS IND CLAIMS

 
13/497,690 07/09/2012 625 903-457 PCTAJS 15 3

CONFIRMATION NO. 1013

23869 FILING RECEIPT
Hoffmann & Baron LLP

egoo Jericho Turnpike lllllllllIllllIiiililliliilllllglliliIlllllllllllllll
Syosset, NY 11791

Date Mailed: 07/18/2012

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination

in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the

application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,

NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.

Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please

submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the

changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit

any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply

to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Applicant(s)

Cesar Munoz de Diego, Amsterdam, NETHERLANDS;
Matheus Adrianus Dam, Amsterdam, NETHERLANDS;

Gerardus Johannes Maria Gruter, Amsterdam, NETHERLANDS;

Assignment For Published Patent Application
FURANIX TECHNOLOGIES B.V., Amsterdam, NL

Power of Attorney: The patent practitioners associated with Customer Number 23869

Domestic Priority data as claimed by applicant

This application is a 371 of PCT/NL10/50654 10/06/2010
which claims benefit of 61/249,395 10/07/2009

Foreign Applications (You may be eligible to benefit from the Patent Prosecution Highway program at the

USPTO. Please see http://www.uspto.gov for more information.)
NETHERLANDS 2003606 10/07/2009

If Required, Foreign Filing License Granted: 07/16/2012

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,

is US 13/497,690

Projected Publication Date: 10/25/2012

Non-Publication Request: No

Early Publication Request: No
** SMALL ENTITY **

page 1 of 3
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Title

METHOD FOR THE PREPARATION OF 2,5—FURANDICARBOXYLIC ACID AND FOR THE

PREPARATION OF THE DIALKYL ESTER OF 2,5—FURANDICARBOXYLIC ACID

Preliminary Class

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no

effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent

in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international

application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same

effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing

of patent applications on the same invention in member countries, but does not result in a grant of "an international

patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent

protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an

application for patent in that country in accordance with its particular laws. Since the laws of many countries differ

in various respects from the patent law of the United States, applicants are advised to seek guidance from specific

foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must

issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application

serves as a request for a foreign filing license. The application's filing receipt contains further information and

guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the

section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign

patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it

can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish

to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,

this website includes seIf—heIp "too|kits" giving innovators guidance on how to protect intellectual property in specific

countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may

call the U.S. Government hotline at 1-866-999-HALT (1—866-999-4158).

LICENSE FOR FOREIGN FILING UNDER

Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15

GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING

LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where

the conditions for issuance of a license have been met, regardless of whether or not a license may be required as

page 2 of 3
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set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier

license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The

date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless

it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter

as imposed by any Government contract or the provisions of existing laws relating to espionage and the national

security or the export of technical data. Licensees should apprise themselves of current regulations especially with

respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of

State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and

Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControI, Department of

Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING

LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,

if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed

from the filing date of this application and the licensee has not received any indication of a secrecy order under 35

U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SeIectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location

for business investment, innovation and commercialization of new technologies. The USA offers tremendous

resources and advantages for those who invest and manufacture goods here. Through SeIectUSA, our nation

works to encourage, facilitate, and accelerate business investment. To learn more about why the USA is the best

country in the world to develop technology, manufacture products, and grow your business, visit SeIectUSA.gov.

page 3 of 3
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PATENT APPLICATION FEE DETERMINATION RECORD
Substitute for Form PTO-875

APPLICATION AS FILED - PART I

(Column 1) (Column 2)

NUMBE ILED NUMBEREXTRA
N/A

R F

BASIC FEE

(37CFR1.16( ), (b), 0 N/Ar(c))
SEARCH FEE
(37 CFR 1.16(k), (I), or (m))
EXAMINATION FEE
(37 CFR 1.16(o), (p), or (q))
TOTAL CLAIMS .

INDEPENDENT CLAIMS .

If the specification and drawings exceed 100
sheets of paper, the application size fee due is
$310 ($155 for small entity) for each additional
50 sheets or fraction thereof. See 35 U.S.C.
41 and 37 CFR1.16(s).(a)(1)(G)

MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR1.16(j))

* lfthe difference in column 1 is less than zero, enter "0" in column 2.

APPLICATION SIZE
FEE
(37 CFR1.16(s))

APPLICATION AS AMENDED - PART II

(Column 2)
HIGHEST
NUMBER

PREVIOUSLY
PAID FOR

(Column 3)
CLAIMS

REMAINING
AFTER

AMENDMENT

PRESENT
EXTRA

Total
(37 CFR1.16(i))

PInde endent
(37 CFR1.16(h))

<
I-
Z
UJ
E
D
Z
UJ
E
< Application Size Fee (37 CFR1.16(s))

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR1.16(j))

Total

(37 CFR1.16(h))

Application Size Fee (37 CFR 1.16(s)

(Column 3)
CLAIMS

REMAINING
AFTER

AMENDMENT
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Publication No.US—2012—0271060—A1

Publication Date:10/25/2012

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37

CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be accessed through the USPTO's publically available Searchable Databases via the

Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the publication to

applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set forth

in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's Office of

Public Records. The Office of Public Records can be reached by telephone at (703) 308-9726 or (800) 972-6382,

by facsimile at (703) 305-8759, by mail addressed to the United States Patent and Trademark Office, Office of
Public Records, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and the

dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through the Patent

Electronic Business Center at www.uspto.gov using the public side of the Patent Application Information and

Retrieval (PAIR) system. The direct link to access this status information is currently http://pair.uspto.gov/. Prior to

publication, such status information is confidential and may only be obtained by applicant using the private side of
PAIR.

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent
Electronic Business Center at 1-866-217-9197.
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Application No. App|icant(s)
‘I3/497,690 MUNOZ DE DIEGO ET AL.

Office Action Summary Examiner Art unit AIA (First lnventorto File)

Taofiq A. Solola 1622 ,3\,*:‘”5
-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address --

Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE § MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed
after SIX (6) MONTHS from the mailing date of this communication.

— If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
— Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any
earned patent term adjustment. See 37 CFR 1.704(b).

Status

1)I:I Responsive to communication(s) filed onj

I:I A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on

2a)I:I This action is FINAL. 2b)lXl This action is non—final.

3)I:I An election was made by the applicant in response to a restriction requirement set forth during the interview on

; the restriction requirement and election have been incorporated into this action.

4)I:I Since this application is in condition for allowance except for formal matters, prosecution as to the merits is

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

5)IXI Claim(s)1—:15is/are pending in the application.

5a) Of the above claim(s) is/are withdrawn from consideration.

6 I:I Claim s)j is/are allowed.

s) 1—_15is/are rejected.

)_ is/are objected to.

)_ are subject to restriction and/or election requirement.

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a

participating intellectual property office for the corresponding application. For more information, please see

htt ://wwwruspto. ov/ atents/init events/' if/index.‘s orsend an inquiry to PPI--lfeedback@usjgjtoxzov.   

Application Papers

10)I:I The specification is objected to by the Examiner.

11)|:I The drawing(s) filed on_ is/are: a)I:I accepted or b)I:I objected to by the Examiner.

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d).

Priority under 35 U.S.C. § 119

12)IZI Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).

Certified copies:

a)|Xl All b)I:I Some * c)I:I None of the:

1.I:l Certified copies of the priority documents have been received.

2.I:l Certified copies of the priority documents have been received in Application No.j

3.lZl Copies of the certified copies of the priority documents have been received in this National Stage

application from the International Bureau (PCT Rule 17.2(a)).

* See the attached detailed Office action for a list of the certified copies not received.

Attach ment(s)

1) D Notice of References Cited (PTO-892) 3) D jntervjew summary (pTo-413)
_ _ Paper No(s)/Mail Date.j

2) IX Information Disclosure Statement(s) (PTO/SB/08)
Paper No(s)/Mail Date . 4) I:I Other: j‘ 

U.S. Patent and Trademark Office

PTOL—326 (Rev. 08-13) Office Actio ioners' 1 1 ’ FF)tageel1\6@a6fit%191107
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Application/Control Number: 13/497,690 Page 2

Art Unit: 1622

The present application is being examined under the pre-AIA first to invent provisions.

Claims 1-15, are pending in this application.

Claim Rejections - 35 USC § 1 12

The following is a quotation of the first paragraph of 35 U.S.C. 112:

The specification shall contain a written description of the invention, and of the manner and process of
making and using it, in such full, clear, concise, and exact terms as to enable any person skilled in the
art to which it pertains, or with which it is most nearly connected, to make and use the same and shall
set forth the best mode contemplated by the inventor of carrying out his invention.

Claims 1-15, are rejected under 35 U.S.C. 112, first paragraph, as failing to comply with

the written description requirement. The c|aim(s) contains subject matter which was not

described in the specification in such a way as to reasonably convey to one skilled in the

relevant art that the inventor(s), at the time the application was filed, had possession of the

claimed invention.

The claims lack adequate support in the specification. There is no conclusive evidence

that all known catalysts and oxidizing gases are applicable in the invention. Only known specific

catalysts and oxidizing gases and solvents are applicable in this type of reaction, and there is no

evidence in the specification contrary to this well-known principle. One must read the

specification into the claims, contrary to several precedent decisions by the US courts and

official practice, to ascertain the applicable catalyst and oxidizing gas. Even then, the entire

scope of the claims cannot be ascertained from the specification because, the claims are

broader in scope than the enabling disclosure in the specification. Determination of suitable

catalyst and oxidizing gas would require trial by error experimentations, starting from the

beginning of organic textbooks to the end, trying each known oxidizing gas. Such

experimentations if successful would make the user the inventor of the process.

There is no conclusive evidence in the specification that the instant process can be

performed without a solvent (claims 1-9, 11-15). All the examples (pp. 10-11, tables 1-3) in the

Petitioners‘ Exhibit 1011, Page 161 of 629
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Application/Control Number: 13/497,690 Page 3

Art Unit: 1622

specification are performed in a solvent, and in the presence of Br/Co/Mn as catalyst.

Therefore, there is no support in the specification for using partial catalyst as in claims 3-4. All

the examples relate to claims 1-11. No examples are disclosed for 12-15. Therefore, there is no

evidence applicant was in possession of the claims at the time this application was filed.

A claim must stand alone to define the invention, and incorporation into the claims by

reference to the specification or an external source is not permitted. Ex parte Fressola, 27

USPQ 2d 1608, BdPatApp & Inter. (1993).

In patent examination, it is essential for claims to be precise, clear, correct, and

unambiguous. In re Z/etz, 893 F.2d 319, 13 USPQ2d 1320 (Fed. Cir. 1989). Applicant should

note that the requirement of 35 USC 112, is not what is obvious to one of ordinary skill in the art

but a ‘‘full, clear, concise, and exact terms as to enable any person skilled in the art to which it

pertains, or with which it is most nearly connected, to make and use the same”, Lockwood v.

American Airlines Inc. 107 F.3d 1565, 1572, 41 USPQ2d 1961, 1966 (Fed Cir. 1997.

Appropriate correction is required.

Claims 1-15, are rejected under 35 U.S.C. 112(a) or 35 U.S.C. 112 (pre—A|A), first

paragraph, as failing to comply with the enablement requirement. The claim(s) contains subject

matter which was not described in the specification in such a way as to enable one skilled in the

art to which it pertains, or with which it is most nearly connected, to make and/or use the

invention. For the reasons set forth above the scope of the invention is not enabled without

reference to an external source.

‘‘All questions of enablement are evaluated against the claimed subject matter. The

focus of the examination inquiry is whether everything within the scope of the claim is enabled.

Accordingly, the first analytical step requires that the examiner determine exactly what subject

Petitioners‘ Exhibit 1011, Page 162 of 629
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Application/Control Number: 13/497,690 Page 4

Art Unit: 1622

matter is encompassed by the claims.” See, e.g., AK Steel Corp. v. So//ac, 344 F.3d 1234,

1244, 68 USPQ2d 1280, 1287 (Fed. Cir. 2003).

The scope of the claims is beyond the specification disclosure because applicable

catalyst and gas are defined explicitly in the specification. Therefore, there is no conclusive

evidence that applicant was in possession of the invention as claimed at the time the application

was filed.

“While it is appropriate to use the specification to determine what applicant intends a

term to mean, a positive limitation from the specification cannot be read into a claim that does

not itself impose that limitation. In the instant there is no indication applicant intends to limit the

bases to the examples in the specification. Applicant always has the opportunity to amend the

claims during prosecution, and broad interpretation by the examiner reduces the possibility that

the claim, once issued, will be interpreted more broadly than is justified.” MPEP 2106. In re

Prater, 415 F.2d 1393, 1404-05, 162 USPQ 541, 550-51 (CCPA 1969). The court explained that

“reading a claim in light of the specification, to thereby interpret limitations explicitly recited in

the claim, is a quite different thing from reading limitations of the specification into a claim, to

thereby narrow the scope of the claim.” See also In re Morris, 127 F.3d 1048, 1054-55, 44

USPQ2d 1023, 1027-28 (Fed. Cir. 1997). The broadest reasonable interpretation of the claims

must also be consistent with the interpretation that those skilled in the art would reach. In re

Cortright, 165 F.3d 1353, 1359, 49 USPQ2d 1464, 1468 (Fed. Cir. 1999).

“Though understanding the claim language may be aided by explanations contained in

the

written description, it is important not to import into a claim limitations that are not part of

the claim.” Superguide Corp. v. DirecTV Enterprises, /nc., 358 F.3d 870, 875, 69 USPQ2d
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Application/Control Number: 13/497,690 Page 5

Art Unit: 1622

1865, 1868 (Fed. Cir. 2004). See also Liebe/-Flarsheim Co. v. Medrad /nc., 358 F.3d 898, 906,

69 USPQ2d 1801, 1807 (Fed. Cir. 2004).

The following is a quotation of 35 U.S.C. 112(b):
(b) CONCLUSlON.—The specification shall conclude with one or more claims particularly
pointing out and distinctly claiming the subject matter which the inventor or a joint inventor
regards as the invention.

The following is a quotation of 35 U.S.C. 112 (pre-AIA), second paragraph:
The specification shall conclude with one or more claims particularly pointing out and distinctly
claiming the subject matter which the applicant regards as his invention.

Claims 9-11, 15, are rejected under 35 U.S.C. 112(b) or 35 U.S.C. 112 (pre-AIA),

second paragraph, as being indefinite for failing to particularly point out and distinctly claim the

subject matter which the inventor or a joint inventor, or for pre-AIA the applicant regards as the

invention.

In claim 10, solvent or solvent mixture lacks proper antecedent basis in claim 1, while

claim 11 is confusing as written. It is not clear what applicant is claiming in lines 2-4.

A broad range or limitation together with a narrow range or limitation that falls within the

broad range or limitation (in the same claim) is considered indefinite, since the resulting claims

[9-10, 15] do not clearly set forth the metes and bounds of the patent protection desired. See

MPEP § 2173.05(c). Note the explanation given by the Board of Patent Appeals and

lnterferences in Ex parte Wu, 10 USPQ2d 2031, 2033 (Bd. Pat. App. & lnter. 1989), as to where

broad language is followed by "such as", [“preferably”, “in particular”] and then narrow language.

The Board stated that this can render a claim indefinite by raising a question or doubt as to

whether the feature introduced by such language is (a) merely exemplary of the remainder of

the claim, and therefore not required, or (b) a required feature of the claims. Note also, for

example, the decisions of Ex parte Steigewald, 131 USPQ 74 (Bd. App. 1961); Ex parte Hall, 83

USPQ 38 (Bd. App. 1948); and Ex parte Hasche, 86 USPQ 481 (Bd. App. 1949). In the present

instance, claims 9-10, recite broad ranges, the claims also recites “preferably”, which is followed
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Application/Control Number: 13/497,690 Page 6

Art Unit: 1622

by narrower statements of the ranges/limitations. By deleting “preferably” in every occurrence

and the narrower statements the rejection would be overcome.

Claim Rejections - 35 USC § 102

The following is a quotation of the appropriate paragraphs of pre-AlA 35 U.S.C. 102 that

form the basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless —
(a) the invention was known or used by others in this country, or patented or described in a
printed publication in this or a foreign country, before the invention thereof by the applicant for
a patent.

Claims 1-11, 15, are rejected under pre-AlA 35 U.S.C. 102(a) as being anticipated by

Sanborn et al., US 2009/0156841 A1 (published 6/18/09).

Sanborn et al., a process of making 2,5-furandicarboxylic acid comprising making HMF

and derivatives thereof from carbohydrates (hexose sugars) and oxidizing the HMF or

derivatives in the presence of Br/Mn/Co catalyst to obtain 2,5-furandicarboxylic acid. The

process was performed at 110 to 150°C. See [0016] to [0021] and [0040] to [0044], particularly

[0018] to [0019]. See also examples 1, 3-6 and claims 1-13.

Claim Rejections - 35 USC § 103

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set
forth in section 102 of this title, if the differences between the subject matter sought to be patented and
the prior art are such that the subject matter as a whole would have been obvious at the time the
invention was made to a person having ordinary skill in the art to which said subject matter pertains.
Patentability shall not be negatived by the manner in which the invention was made.

Claims 1-15, are rejected under 35 U.S.C. 103(a) as being unpatentable over Sanborn

et al., US 2009/0156841 A1 (published 6/18/09), in view of Gruter et al., WO/2009/030521

(published 3/12/09).
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Application/Control Number: 13/497,690 Page 7

Art Unit: 1622

Applicant claims a process of making furan-2,5-dicarboxylic acid (FDCA), comprising

oxidation of HMA or derivatives thereof with oxidation gas in the presence of a catalyst. In

preferred embodiments the catalyst comprises cobalt, manganese and bromine, the reaction

temperature is greater than 1400C and the HMF is made from carbohydrates in the presence of

alkyl carboxylic acid (claim 15). The FDCA is esterified to its dialkyl ester ( claims 12-14).

Determination of the scope and content of the prior an‘ (MPEP 32141.01)

Sanborn et al., teach a similar process of making 2,5—furandicarboxy|ic acid comprising

making HMF and derivatives thereof from carbohydrates (hexose sugars) and oxidizing the

HMF or derivatives in the presence of Br/Mn/Co catalyst to obtain 2,5—furandicarboxy|ic acid.

The process was performed at 110 to 150°C. See [0016] to [0021] and [0040] to [0044],

particularly [0018] to [0019]. See also examples 1, 3-6 and claims 1-13.

Ascertainment of the difference between the prior art and the claims (MPEP 32141.02)

The difference between the instant invention and that of Sanborn is that applicant claims

a temperature greater than 1400C instead of 110 to 1500C by Sanborn et al. The FADC is

further esterified to its dialkyl ester and the HMF is made from carbohydrates in the presence of

alkyl carboxylic acid in the instant invention but not by Sanborn et al.

Finding of grima facie obviousness---rational and motivation (MPEP 3214224132

However, Gruter et al., teach esterification of HMF to its alkyl ester. See pp. 3, lines 13-

15; page 4|ine 26 to page 5, line 7. A temperature of 1500C is greater than 1400C. The

processes by the prior arts must necessarily be performed in the presence of alkyl carboxylic

acid because such is a by-product of oxidation of HMF, and well-known in the art. For example,

see Sanborn et al., supra. In claims 7-8, applicant claims optional presence of metal in the

reaction mixture, and therefore, such is not a critical element of the process.
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Application/Control Number: 13/497,690 Page 8

Art Unit: 1622

Claims 12-14 are selective combination of the processes by the prior arts done in a

manner obvious to one of ordinary skill in the art. There is no indication that such combination

would lead one of ordinary skill in the art to doubt that the combination could not be made

[because the prior arts and the invention are in the same area of endeavor]. In re Mostovych,

144 USPQ 38 (CCPA, 1964). Therefore, the instant invention is prima facie obvious from the

teachings of the prior arts absent a showing of unexpected result.

It would have been obvious for one of ordinary skill in the art to try the selective

combination of the prior arts’ processes at the time this invention was made, because such is a

finite and predictable modification. KSR Int. Co. v. Teleflex Inc, 550 U.S. 398, 82 USPQ2d 1385

(2007). It has a reasonable expectation of success because the instant invention and that of

the prior arts are in the same field of endeavor, and each procedure was successfully performed

by the prior arts.

Telephone Inquiry

Any inquiry concerning this communication or earlier communications from the examiner

should be directed to Taofiq A. Solola, PhD. JD., whose telephone number is (571) 272-0709.

If attempts to reach the examiner by telephone are unsuccessful, the examiner's

supervisor, Andrew Kosar, can be reached on (571) 272-0913. The fax phone number for this

Group is (571) 273-8300.

Any inquiry of a general nature or relating to the status of this application or proceeding

should be directed to the Group receptionist whose telephone number is (571) 272-1600.

/Taofiq A. So|ola/

Primary Examiner, Art Unit 1622

November 7, 2013
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Filing Date

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT

(Not for submission under 37 CFR 1.99)

First Named Inventor Cesar Munoz de Diego
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Examiner Name Unassigned

Attorney Docket Number | 903-457 PCT/US

U.S.PATENTS Rem°V9
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Receipt date: 03/22/2012 Application Number

Filing Date
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(Not for submission under 37 CFR 1.99)
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If you wish to add additional non-patent literature document citation information please click the Add button Add

EXAMINER SIGNATURE

Examiner Signature I/Taofig Sogoga; Date Considered 1 /07/2013

*EXAMlNER: initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a

citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO
Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 5 Applicant is to place a check mark here it‘
English language translation is attached.
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date: 03/22/2012 Application Number
Filing Date

RMATION DISCLOSURE
*2: First Named lnventor Cesar Munoz de Diego

MENT BY APPLICANT Ar, Um, [
(Not under 37 CFR 1.99)

Examiner Name Unassigned

Attorney Docket Number [903-457 PCT/US

 

   

   
 
 

 
 

 

 
  
 

 
 

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 1.98 to make the appropriate selectior1(s):

That each item of ;‘i::;,. contained in the information disclosure statement was cited in any communication
(:1 from a foreign patent office counterpart foreign application not more than onths prior to the filing of the

information disclosure statemen ee 37 CFR 1.97(e)( 1).

OR

That no item of information contained information disclosure ent was cited in a communication from a
foreign patent office in a counterpart foreigpplication, and, to the of the person signing the certification
after making reasonable inquiry, no item of in ation contained in information disclosure statement was known to

C] any individual designated in 37 CFR 1.56(c) than three prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)(2).

|:] See attached certification statement.

|:] The fee set forth in 37 CFR 1.17 (p) has been

A certification statement is not submitted herewith.

A signature of the applicant or representative is re I 1.33, 10.13. Please see CFR 1.4(d) for the
form of the signature.

 

  
 

 

  

Date

Registration 1;

Sig nature 2012-03-22

41321 Namel'Print John S. Sopko

This collection of information is relred by 37 CFR 1.97 and 1.98. The information is requir

public which is to file (and by th SPTO to process) an application. Confidentiality is governey 35 U.S.C. 122 and 37 CFR
1.14. This collection is estim d to take 1 hour to complete, including gathering, preparing and the completed
application form to the USP . Time will vary depending upon the individual case. Any commentn the amount of time you
require to complete this of and/or suggestions for reducing this burden, should be sent to the Chie formation Officer, U .8.
Patent and Trademark lce, U.S. Department of Commerce, P.0. Box 1450, Alexandria, VA 22313-1 DO NOT SEND
FEES OR COMPLE FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.0. Alexandria,
VA 22313-1450.
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date: 03/22/2012
Privacy Act Statement

The Privacy of 1974 (P.L. 93-579) requires that you be given certain information in connection with your sub sion of the
attached form to a patent application or patent. Accordingly, pursuant to the requirements of the Act, se be advised
that: (1) the authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the inrmation solicited
is voluntary; and ( principal purpose for which the information is used by the U.S. Patent and Office is to
process andlor your submission related to a patent application or patent. if you do not furnish requested
information, the U.S. and Trademark Office may not be able to process and/or examine YQ>ur ission, which may
result in termination of peedings or abandonment of the application or expiration of the patent. "

The information provided in this form will be subject to the following routine uses:

1. The information on form will be treated confidentially to the extent allowed the Freedom of Information Act
(5 U.S.C. 552) and the Act (5 U.S.C. 552a). Records from this system may be disclosed to the
Department of Justice to ine whether the Freedom of information Act disclosure of these record s.

2. A record from this systemofmay be disclosed. as a routine the course of presenting evidence to a
court, magistrate, or administrative including disclosures to g counsel in the course of settlement
negotiations.

3. A record in this system of records disclosed, as a routi to a Member of Congress submitting a
request involving an individual, to whom cord pertains, individual has requested assistance from the
Member with respect to the subject matter of record.

4. A record in this system of records may be dised, routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recip finformation shall be required to comply with the
requirements of the Privacy Act of 1974, as amended. rsuant to 5 U.S.C. 552a(m). 

5. A record related to an international Applicatio r the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the inter Bure of the World Intellectual Property Organization. pursuant
to the Patent Cooperation Treaty.

6. A record in this system of records disclosed, as a routiuse, to another federal agency for purposes of
National Security review (35 U.S.C. for review pursuant to t Atomic Energy Act (42 U.S.C. 218(c)).

7. A record from this system of may be disclosed, as a routine , to the Administrator, General Services, or
his/her designee, during an inspon of records conducted by GSA as pa that agency's responsibility to
recommend improvements in management practices and programs, authority of 44 U.S.C. 2904 and
2906. Such disclosure shall made in accordance with the GSA regulations erning inspection of records for this
purpose, and any other rel (i.e., GSA or Commerce) directive. Such disclos shall not be used to make
determinations about ind duals.

 

8. A record fro is system of records may be disclosed, as a routine use, to the public either publication of
the application to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. Further, a record
may be discl subject to the limitations of 37 CFR 1.14, as a routine use, to the publicifwas filed in
an which became abandoned or in which the proceedings were terminated and which plication is
referenc by either a published application, an application open to public inspections or an issued

9. record from this system of records may be disclosed, as a routine use, to a Federal, State, or local
forcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. "
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UNITED STATES PATENT AND TRADEMARK OFFICE
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United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450
Alexandria, Virginia 22313-1450
www.uspto.gov
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DOC code: IDS PTOi'SBIOBa (01-10). . _ . - . Approved for use through 07/31i'2012. OMB 0651-0031
Doc description. Information Disclosure Statement (IDS) Filed U_5_ Patent and Trademark office. Us DEPARTMENT OF COMMERCE

Under the Papenrvork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

  
 
  

  
 

  

 
 

Application Number 13497690
 

 

 

Filing Date 2012-07-09

INFORMATION DISCLOSURE First Named Inventor Eesar Munoz de Diego
STATEMENT BY APPLICANT A“ Unit T 1622

 
  

( Not for submission under 37 CFR 1.99)
Examiner Name SOLOLA, Taofiq A.

903-457 PCT/US Attorney Docket Number

 
U.S.PATENTS Remove

. . . . Pages,Columns,Lines where

E).(a.m1mer one Patent Number Kmd Issue Date Name of Patentee or Applicant Relevant Passages or RelevantInitial No Codei of cited Document .
Figures Appear

1

If you wish to add additional U.S. Patent citation information please click the Add button. Add A

U.S.PATENT APPLICATION PUBLICATIONS Rem°V€

Pages,Columns,Lines where

Relevant Passages or Relevant

Figures Appear

Publication Kind Publication Name of Patentee or Applicant
Codet Date of cited Document

.-
If you wish to add additional U.S. Published Application citation information please click the Add button. Add

FOREIGN PATENT DOCUMENTS R9m°V9

 

. . . . . . Name of Patentee or PageS’C°|umnS’LineS
Examiner Cite Foreign Document Country Kind Publication A “cant of Cited where Relevant T5
Initial‘ No Number3 Code2 i Code4 Date Dpp Passages or Relevantocument .

Figures Appear

1 WO 2009/075627 wo A2 2009-05-15 ache’ Dame's M'‘“a”d []

_L _|
If you wish to add additional Foreign Patent Document citation information please click the Add button Add

NON-PATENT LITERATURE DOCUMENTS R9m°V9

Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the itemExaminer Cite

Initials, No (book, magazine, journal, serial, symposium. catalog, etc), date, pages(s), volume-issue number(s), T5
publisher, city and/or country where published.
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l3o12—o7—o9
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Application Number 

 
 
  

  

 
  
 

  

Filing Datel_

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT

( Not for submission under 37 CFR 1.99)

First Named Inventor

Art Unit

Examiner Name IVSOLOLA, Taoflq A.
Attorney Docket Number E03-457 PCT/US

 

  

 

English translation of a Chinese Office Action dated December 4, 2013 for a counterpart foreign application

Add 

 

 

 If you wish to add additional non—patent literature document citation information please click the Add button

EXAMINER SIGNATURE

 

  
 

 

Examiner Signature Date Considered

 ‘EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a

citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

 
  

  
 

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WI PO
Standard ST.3). 3 For Japanese patent documents. the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
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Application Number 13497690 —I
2012-07-09Filing Date 

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT

( Not for submission under 37 CFR 1.99)

First Named Inventor Cesar Munoz de Diego

Art Unit 1622 

Examiner Name SOLOLA, Taoflq A.

Attorney Docket Number 903-457 PCT/US_n_ 

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of infonnation contained in the information disclosure statement was first cited in any communication

from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a

foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification

after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

E] any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)(2).

:] See attached certification statement.

:] The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

Zl A certification statement is not submitted herewith.
SIGNATURE

A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the

form of the signature.

Signature [John S. SOPKO, Reg. No. 41,321/ Date (YYYY-MM-DD) 2014-01-10

Name/Print John S. Sopko Registration Number

This collection of information is required by 37 OF R 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR

1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed

application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you

require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.

Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the

attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised

that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to

process and/or examine your submission related to a patent application or patent. If you do not furnish the requested

information, the U.S. Patent and Trademark Office may not be able to process andlor examine your submission, which may

result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act

(5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the

Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a

court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement

negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the

Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for

the information in order to perform a contract. Recipients of information shall be required to comply with the

requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records

may be disclosed, as a routine use, to the international Bureau of the World intellectual Property Organization, pursuant

to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of

National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or

hislher designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and

2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this

purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of

the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record

may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in

an application which became abandoned or in which the proceedings were terminated and which application is

referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law

enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Electronic Acknowledgement Receipt

METHOD FOR THE PREPARATION OF 2,5-FURANDICARBOXYLIC ACID AND

Title of Invention: FOR THE PREPARATION OF THE DIALKYL ESTER OF 2,5-FURANDICARBOXYLIC
ACID

First Named Inventor/Applicant Name: Cesar Munoz de Diego

Customer Number: 23869

John S. Sopko/Kathleen Goodhand

Filer Authorized By: John S. Sopko

Attorney Docket Number: 903-457 PCT/US

Receipt Date: 10-JAN—2014

Filing Date: 09-JUL—201 2

Time Stamp: 13:46:54

Application Type: U.S. National Stage under 35 USC 371

Payment information:

Submitted with Payment

File Listing:

Document Document Description File Size(Bytes)/ Multi Pages
Number Message Digest Part /.zip (if appl.)

Information Disclosure Statement (IDS) 903-457_PCT_US_|DS_PTO_SB
Form (SB08) _082.PDF ebb4feeca0d5451ba144beb78beb98126b

b58d94

Information:
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A U.S. Patent Number Citation ora U.S. Publication Number Citation is required in the Information Disclosure Statement (IDS) form for

autoloading of data into USPTO systems. You may remove the form to add the required data in order to correct the Informational Message if
you are citing U.S. References. Ifyou chose not to include U.S. References, the image ofthe form will be processed and be made available
within the Image File Wrapper (IFW) system. However, no data will be extracted from this form. Any additional data such as Foreign Patent
Documents or Non Patent Literature will be manually reviewed and keyed into USPTO systems.

1463756

Foreign Reference WO2009076627A2.PDF
5b738209aI 920f4Ifde7f5b3ee2fdc092a47

a643

Information:

_ 1066843
903-457_PCT_US_Eng|Ish_Tran

Non Patent Llterature s|ation_Chinese_OA.PDF 58bc05ebd2bc0877703afe9d87428b67I 0d
84dd0

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO ofthe indicated documents,

characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

lfa new application is being filed and the application includes the necessary components for a filing date (see 37 CFR

1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this

Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

lfa timely submission to enter the national stage of an international application is compliant with the conditions of 35

U.S.C. 371 and other applicable requirements a Form PCT/DO/E0/903 indicating acceptance of the application as a

national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

lfa new international application is being filed and the international application includes the necessary components for

an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number

and ofthe International Filing Date (Form PCT/R0/105) will be issued in due course, subject to prescriptions concerning

national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of

the application.
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PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Named Inventor: Cesar Mufioz de Diego Examiner: Solola, Taofiq A.

Application No.: 13/497,690 Group Art Unit: 1622

Confirmation No: 1013 Docket: 903-457 PCT/US

Filing or § 371 (c) Date: July 9, 2012 Dated: March 7, 2014

For: METHOD FOR THE PREPARATION OF 2,5-

FURANDICARBOXYLIC ACID AND FOR THE

PREPARATION OF THE DIALKYL ESTER OF 2,5-

FURANDICARBOXYLIC ACID

Stop Amgndmgnt  _ _ __ _ Ihereby certify that this correspondence 1S being transmitted to the U.S.
Commlssloner for Patents Patent and Trademark Office via the Office's electronic filing system
P.O. BOX 1450

Dated: March 7, 2014

Alexandria, Virginia 22313-1450
Signature Jane Callahan / Jane Callahan /

AMENDMENT AND RESPONSE TO NON-FINAL OFFICE ACTION

PURSUANT TO 37 C.F.R. §1.111

Sir:

In response to the Non—Final Office Action dated December 11, 2013, a reply to which is

due March 11, 2014, please amend the aboVe—identified application as follows:

Amendments to the Specification begin on page 2 of this submission.

Amendments to the Claims begin on page 3 of this submission.

Remarks/Arguments begin on page 6 of this submission.
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Application No.: 13/497,690

Amendment and Response dated March 7, 2014

Reply to Non—Final Office Action of December 11, 2013
Docket No.: 903-457 PCT/US

Page 2

Amendments to the Specification:

Please amend the paragraph beginning at page 6, line 12, as follows:

The esterification of 2,5—furan dicarboxylic acid is known. As a specific example for the

manufacture of these esters, reference is made to US 2673860 wherein the diester is obtained by

transesterification of another dicarboxylic acid ester in the presence of sulphuric acid. A more

general description for the esterification of dicarboxylic acids is presented in US 2628249.

Accordingly, the invention provides a process for the preparation of a dialkyl ester of 2,5 ,—furan

dicarboxylic acid, comprising the step of contacting a feed comprising a compound selected from

the rou consistin of 5—h drox eth lfurfural “HMF” an ester of 5—h drox meth l—furfural

5—methylfurfural, 5—1chloromethyl)fu1fural, 5—methylfuroic acid, 5—1chloromethyl)furoic acid,

2,5—dimethylfuran and a mixture of two or more of these compounds with an oxidant in the

presence of an oxidation catalyst at a temperature higher than 140 °C, and esterifying the thus

obtained product.
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Application No.: 13/497,690

Amendment and Response dated March 7, 2014

Reply to Non—Final Office Action of December ll, 2013
Docket No.: 903-457 PCT/US

Page 3

Amendments to the Claims:

This listing of claims will replace all prior versions and listings of claims in the subject

application, and please amend the claims as follows:

1. (Currently amended): A method for the preparation of 2,5—furan dicarboxylic acid

comprising the step of contacting a feed comprising a compound selected from the group

consisting of 5—hydroxymethylfurfural (“HMF”), an ester of 5—hydroxymethylfurfural, 5-

methylfurfural, 5-(chloromethyl)furfural, 5—methylfuroic acid, 5—(chloromethyl)furoic acid, 2,5-

dimethylfuran and a mixture of two or more of these compounds with an oxidant oxygen-

containing gas, in the presence of an oxidation catalyst comprising at least one metal selected

from Co and Mn, at a temperature higher—than between 140 °C and 200 °C at an oxygen partial

pressure of l to 10 bar, wherein a solvent or solvent mixture comprising acetic acid or acetic acid

and water mixtures is present.

2. (Previously presented): The method according to claim 1, wherein the feed comprises

a compound selected from the group consisting of 5—hydroxymethylfu1fural (“HMF”), esters of

HMF and a mixture thereof.

3. (Canceled)

4. (Currently amended): The method according to claim 1, wherein the oxidation catalyst

further comprises a source of bromine.

5. (Previously presented): The method according to claim 4, wherein the oxidation

catalyst contains both Co and Mn.
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Application No.: 13/497,690

Amendment and Response dated March 7, 2014

Reply to Non—Final Office Action of December ll, 2013
Docket No.: 903-457 PCT/US

Page 4

6. (Previously presented): The method according to claim 5, wherein the oxidation

catalyst comprises at least one additional metal.

7. (Previously presented): The method according to claim 6, wherein the additional metal

is Zr and/or Ce.

8. (Canceled)

9. (Currently amended): The method according to claim 1, wherein the temperature is

b between 160 and 190 °C.

10. (Canceled)

ll. (Currently amended): The method according to claim 1, wherein the feed comprises

an ester of HMF containing an ester moiety of an alkyl carboxylic acid wherein the alkyl group

contains up to 6 carbonatoms .

12. (Currently amended): A process for the preparation of a dialkyl ester of 2,5 ,—furan

dicarboxylic acid, comprising the step of contacting a feed comprising a compound selected from

the group consisting of 5—hydroxymethylfurfural (“HMF”), an ester of 5—hydroxymethyl—furfural,

5—methylfurfural, 5—(chloromethyl)furfural, 5—methylfuroic acid, 5—(chloromethyl)furoic acid,

2,5—dimethylfuran and a mixture of two or more of these compounds with an oxidant o_xyg%

containing gas in the presence of an oxidation catalyst comprising at least one metal selected

from Co and Mn at a temperature higher—than between 140 °C and 200 °C at an oxygen partial

pressure of l to 10 bar, wherein a solvent or solvent mixture comprising acetic acid or acetic acid

and water mixtures is present, and esterifying the thus obtained product.
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13. (Previously presented): The process according to claim 12, wherein the product is

esterified with a C1-C5 alkyl alcohol.

14. (Previously presented): The process according to claim 13, wherein the C1-C5 alkyl

alcohol is methanol and the dialkyl ester is the dimethylester of 2,5-furan dicarboxylic acid.

15. (Canceled)

16. (New): A method according to claim 2, wherein the feed comprises an HMF ester and

optionally 5-hydroxymethyl furfural, which has been obtained by converting a carbohydrate

source in the presence of an alkyl carboxylic acid.
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Remarks/Arguments:

Introduction

Amended claim 1 has been limited to oxidation catalysts that contain at least one of the

metals Co and Mn, to a range of reaction temperatures, including an upper limit, to the presence

of a specific acetic acid—containing solvent or solvent mixture, to the use of an oxygen-

containing gas as oxidant and to a specific range of oxygen partial pressures. Support for these

amendments can be found, inter alia, in originally filed claims 3, 8, 9 and 10. The range for the

oxygen partial pressure is disclosed on page 5, lines ll—l2 of the PCT application.

Claims 3, 8 and 10 have been canceled.

The Specification at page 6 at the paragraph beginning with line 12 has been amended to

include the description of originally filed claim 12.

No new matter is introduced with these amendments. Entry of the amendments is

respectfully requested.

Section 112 Rejections

Claims 1-15 are rejected as allegedly failing to comply with the written description

requirement. Claims 9-11 and 15 are rejected as allegedly being indefinite. Applicants

respectfully submit that with the claim amendments presented herewith the concerns raised by

the Examiner are obviated. In particular, the amended paragraph beginning at page 6, line 12,

fully supports claim 12, and the Specification at page 5, lines 26-33, fully support claim 15.

Furthermore, it is respectfully submitted that examples of each feature of the invention are not

required for enablement. Therefore, reconsideration and withdrawal of the Section ll2

rejections are respectfully requested.
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Section 102 Rejections

Claims 1-11 and 15 were rejected under 35 U.S.C. §102(b) (pre—AIA) as allegedly being

anticipated by US 2009/0156841 (Sanborn). Applicants respectfully traverse.

The present invention now provides the preparation of 2,5—furandicarboxylic acid from a

selected group of furfural derivatives with an oxygen—containing gas, in which preparation a Co-

and/or Mn—containing catalyst is used in a solvent that comprises acetic acid or an acetic

acid/water mixture. The reaction temperature is in the range of 140 to 200 °C and the oxygen

partial pressure is in the range of 1 to 10 bar.

Sanbom describes a number of reactions, some of which are as follows:

A first reaction is the conversion of a carbohydrate source to 5—hydroxymethyl furfural

(“HMF”) and esters of HMF. HMF esters can be produced by heating a

carbohydrate source with a solvent in a column and by making it continuously

flow through a solid phase catalyst in the presence of an organic solvent (cf.

Sanbom paragraph [0016]). Alternatively, HMF esters are formed by heating the

carbohydrate source with an organic acid and a solid catalyst in a solvent (cf.

Sanbom paragraph [0017]).

A second reaction concerns an oxidation reaction. The HMF ester or a mixture of HMF

and HMF ester may be oxidized to 2,5—furan—dicarboxylic acid (FDCA) over a

catalyst that contains Co, Mn and Br (cf. Sanborn paragraphs [0018] and [0019]).

A third reaction is a reduction reaction. An HMF ester may be reduced by the addition of

an alcohol and a reducing agent under pressure (cf. Sanborn paragraph [0020]).

For the production of HMF esters a reaction temperature of up to 125 °C can be applied

in the embodiment wherein a column is being used (cf. Sanborn paragraph [0054]). In the

alternative embodiment, the temperature may be between 100 and 140 °C (cf. Sanbom paragraph
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[0059]). The reduction of HMF esters may be conducted at temperatures up to 195 °C (cf.

Sanbom paragraph [0061]).

It is emphasized that these reaction temperatures have absolutely no relation to the

conditions that are taught by Sanborn for the oxidation of HMF esters to FDCA.

Sanbom teaches that the oxidation of HMF esters to FDCA is conducted at a temperature

in the range of 85 to 110 °C and an oxygen pressure of 400 to 1000 psi (cf. Sanborn paragraph

[0060]).

As the present invention provides for an oxidation method that is conducted at 140 to 200

°C and an oxygen partial pressure of 1 to 10 bar (i.e. 14.5 to 145 psi), it is submitted that

differences between Sanborn and the presently claimed invention include a different temperature

range and a different pressure range. Therefore, the present invention is novel over Sanbom.

Reconsideration and withdrawal of the rejections under 35 USC §102 (pre-AIA) is

withdrawn.

Section 103 Rejections

Claims 1-15 were rejected under 35 U.S.C. §103(a) (pre-AIA) as allegedly being obvious

over Sanbom in view of WO 2009030521 (Gruter). Applicant respectfully traverses.

The present invention is also non—obvious or patentably distinct over Sanbom. The

examples 7 and 9 in Sanborn show the oxidation of HMF ester to FDCA. The reaction of

example 7 is conducted at a temperature of 100 °C and an oxygen pressure of 500-800 psi (i.e.

about 34 -55 bar). The reaction lasted two hours. A selectivity of 54% has been reported (cf.

Sanbom paragraph [0075]).

In contradistinction therewith, Table 1 of the present application shows the results of

experiments wherein at an air pressure of 20 bar, i.e. an oxygen partial pressure of about 4 bar,
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and a temperature of 180 °C, higher selectivities for the conversion of the same HMF ester can

be obtained, viz. in the range of 57 to about 65% (cf. present application Table 1, experiments

ld, lh and ll). These higher selectivities were obtained in a reaction period of 1 hour which is

considerably shorter than the experiments of Example 7 of Sanborn.

It is therefore, submitted that the present invention is non—obvious over Sanbom alone.

Gruter discloses the preparation of HMF esters from a hexose—containing starting

material with an alcohol in an ionic liquid, using a metal chloride as catalyst. It is observed that

Gruter does not relate to the oxidation of the HMF esters. Therefore, Gruter fails to disclose,

teach or suggest the oxidation of the HMF esters with an oxygen—containing gas over a C0 and/or

Mn—containing catalyst at a temperature of 140 to 200 °C and an oxygen partial pressure of l to

10 bar.

Even if a person having ordinary skill in the art would combine the teachings of Sanborn

and Gruter he would not arrive at the features of the present invention. Therefore, the present

invention is held non—obvious.

Reconsideration and withdrawal of the Section 103 rejections are respectfully requested.

Summary

Therefore, Applicants respectfully submit that claims 1, 2, 4-7, 9, ll—l4 and 16 are

patentably distinct. This application is believed to be in condition for allowance. Favorable

action thereon is therefore respectfully solicited.

It is believed that all outstanding rejections have been addressed. The absence of a reply

to a specific issue or comment presented by the Office Action does not signify that Applicant

agree with or concede to that issue or comment. Because arguments made above may not be

exhaustive, there may be reasons for patentability of any or all pending claims, or other claims
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(including the cancelled claims, if any), that have not been expressed. Nothing in this

submission should be construed as a concession of or an intent to concede any issue with regard

to any claim, except as specifically stated herein.

Should the Examiner have any questions or comments concerning the above, the

Examiner is respectfully invited to contact the undersigned attorney at the telephone number

given below.

The Commissioner is hereby authorized to charge payment of any additional fees

associated with this communication, or credit any overpayment, to Deposit Account

No. 08-2461. Such authorization includes authorization to charge fees for extensions of time, if

any, under 37 C.F.R § l.l7 and also should be treated as a constructive petition for an extension

of time in this reply or any future reply pursuant to 37 C.F.R. § l.l36.

Respectfully submitted,

/John S. SOPKO, Reg. # 4l,32l/

John S. Sopko

Registration No.: 41,321

Attorney of Record and/or for Applicant

HOFFMANN & BARON, LLP

6900 Jericho Turnpike

Syosset, New York ll79l

(973) 331-1700
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The present application is being examined under the pre-AIA first to invent provisions.

Claims 1-2, 4-7, 9, 11-14, 16, are pending in this application.

Claims 3, 8, 10, 15, are deleted.

Claim Rejections - 35 USC § 1 12

The following is a quotation of the first paragraph of 35 U.S.C. 112:

The specification shall contain a written description of the invention, and of the manner and process of
making and using it, in such full, clear, concise, and exact terms as to enable any person skilled in the
art to which it pertains, or with which it is most nearly connected, to make and use the same and shall
set forth the best mode contemplated by the inventor of carrying out his invention.

Claims 1-2, 4-7, 9, 11-14, 16, are rejected under 35 U.S.C. 112, first paragraph, as

failing to comply with the written description requirement. The c|aim(s) contains subject matter

which was not described in the specification in such a way as to reasonably convey to one

skilled in the relevant art that the inventor(s), at the time the application was filed, had

possession of the claimed invention.

The claims lack adequate support in the specification. The examples (pp. 10-11, tables

1-3) in the specification are performed in the presence of Br/Co/Mn as catalyst. Therefore,

there is no support in the specification for using partial catalyst as in claims 3-4. All the

examples relate to claims 1-2, 4-7, 9, 11, 16. No examples are disclosed for 12-14. Therefore,

there is no evidence applicant was in possession of the inventions at the time this application

was filed.

A claim must stand alone to define the invention, and incorporation into the claims by

reference to the specification or an external source is not permitted. Ex parte Fressola, 27

USPQ 2d 1608, BdPatApp & Inter. (1993).

In patent examination, it is essential for claims to be precise, clear, correct, and

unambiguous. In re Z/etz, 893 F.2d 319, 13 USPQ2d 1320 (Fed. Cir. 1989). Applicant should

note that the requirement of 35 USC 112, is not what is obvious to one of ordinary skill in the art
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but a ‘‘full, clear, concise, and exact terms as to enable any person skilled in the art to which it

pertains, or with which it is most nearly connected, to make and use the same”, Lookwood v.

American Airlines Inc. 107 F.3d 1565, 1572, 41 USPQ2d 1961, 1966 (Fed Cir. 1997.

Appropriate correction is required.

The following is a quotation of 35 U.S.C. 112(b):
(b) CONCLUSlON.—The specification shall conclude with one or more claims particularly
pointing out and distinctly claiming the subject matter which the inventor or a joint inventor
regards as the invention.

The following is a quotation of 35 U.S.C. 112 (pre-AIA), second paragraph:
The specification shall conclude with one or more claims particularly pointing out and distinctly
claiming the subject matter which the applicant regards as his invention.

Claim 11 is rejected under 35 U.S.C. 112(b) or 35 U.S.C. 112 (pre—A|A), second

paragraph, as being indefinite for failing to particularly point out and distinctly claim the subject

matter which the inventor or a joint inventor, or for pre—A|A the applicant regards as the

invention.

In claim 11, ‘containing” and “contain”, lines 2 and 3 respectively render the claim

indefinite. By replacing the terms with “having” and “have” respectively the rejection would be

overcome.

Response to Argument

Applicant's arguments filed 3/7/14, have been fully considered but they are not

persuasive. Applicant contends the amendment to the specification obviates above rejections,

and that not every element of the invention is required to be exemplified. This is not persuasive

because the examples are not commensurate in scope with the claims. In addition, US

2,673,860, and 2,628,249, are not incorporated by reference in accordance with the MPEP.

See MPEP 608.01 (p) and 37 CFR 1.57(b)(1). See 37 CFR 1.57(c), 1.57(c)(1) to (3). See the

MPEP 608.01 (p), which states:
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A mere reference to another application, publication or patent is not an incorporation of

anything therein into the application containing such reference for the purpose of satisfying the

requirement of 35 USC 112, first paragraph. In re de Seversky, 474 F.2d 671, 177 USPQ 144

(CCPA 1973). Particular attention should be directed to the subject matter and the specific

portions of the referenced document where the subject matter being incorporated may be found.

Claim Rejections - 35 USC § 103

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set
forth in section 102 of this title, if the differences between the subject matter sought to be patented and
the prior art are such that the subject matter as a whole would have been obvious at the time the
invention was made to a person having ordinary skill in the art to which said subject matter pertains.
Patentability shall not be negatived by the manner in which the invention was made.

Claims 1-2, 4-7, 9, 11-14, 16, are rejected under 35 U.S.C. 103(a) as being unpatentable

over Sanborn et al., US 2009/0156841 A1 (published 6/18/09), in view of Gruter et al.,

WO/2009/030521 (published 3/12/09).

Applicant claims a process of making furan-2,5-dicarboxylic acid (FDCA), comprising

oxidation of HMA or derivatives thereof with oxidation gas in the presence of a catalyst

comprising at least one metal selected from Co and MN. The reaction temperature is between

140 and 2000C and the solvents are the same as in the prior art by Sanborn. In preferred

embodiments the catalyst comprises cobalt, manganese and bromine, and the HMF is made

from carbohydrates in the presence of alkyl carboxylic acid (claim 16). The FDCA is esterified

to its dialkyl ester ( claims 12-14).

Determination of the scope and content of the prior an‘ (MPEP 32141.01)

Sanborn et al., teach a similar process of making 2,5—furandicarboxy|ic acid comprising

making HMF and derivatives thereof from carbohydrates (hexose sugars) and oxidizing the

HMF or derivatives in the presence of Br/Mn/Co catalyst to obtain 2,5-furandicarboxylic acid.
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The process was performed at 110 to 150°C See [0016] to [0021] and [0040] to [0044],

particularly [0018] to [0019]. See also examples 1, 3-6 and claims 1-13.

Ascertainment of the difference between the prior art and the claims (MPEP 32141.02)

The difference between the instant invention and that of Sanborn is that applicant claims

a temperature is from 140-2000C instead of 110 to 1500C by Sanborn et al. The FADC is further

esterified to its dialkyl ester and the HMF is made from carbohydrates in the presence of alkyl

carboxylic acid in the instant invention but not by Sanborn et al. Applicant also changed the

pressure.

Finding of prima facie obviousness---rational and motivation (MPEP 3214224132

However, Gruter et al., teach esterification of HMF to its alkyl ester. See pp. 3, lines 13-

15; page 4, line 26 to page 5, line 7. A temperature of 1500C is embraced by 140-2000C. The

processes by the prior arts must necessarily be performed in the presence of alkyl carboxylic

acid because such is a by-product of oxidation of HMF, and well-known in the art. For example,

see Sanborn et al., supra. In claims 7-8, applicant claims optional presence of metal in the

reaction mixture, and therefore, such is not a critical element of the process.

Changing the pressure, temperature, amount of catalyst and/or of reagents is a mere

optimization of a variable, which is not patentable absent unexpected result due to the variable,

which is different in kind and not merely in degree from that of the prior art. This is routinely

done by chemists in order to increase the yield of the product. See also, In re Aller, 22 F.2d

454,105 USPG 233 (CCPA, 1955), In re Boesch and Slaney, 205 USPQ 215 (CCPA, 1980).

Therefore, the instant invention is prima facie obvious from the teachings of the prior art.

It would have been obvious for one of ordinary skill in the art to change the amounts/ratios of

the catalyst and/or the pressure at the time this invention was made because such is routinely

done by organic chemists. The motivation is to increase the yield of the product.
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Claims 12-14 are selective combination of the processes by the prior arts done in a

manner obvious to one of ordinary skill in the art. There is no indication that such combination

would lead one of ordinary skill in the art to doubt that the combination could not be made

[because the prior arts and the invention are in the same area of endeavor]. In re Mostovych,

144 USPQ 38 (CCPA, 1964). Therefore, the instant invention is prima facie obvious from the

teachings of the prior arts absent a showing of unexpected result.

It would have been obvious for one of ordinary skill in the art to try the selective

combination of the prior arts’ processes at the time this invention was made, because such is a

finite and predictable modification. KSR Int. Co. v. Teleflex Inc, 550 U.S. 398, 82 USPQ2d 1385

(2007). It has a reasonable expectation of success because the instant invention and that of

the prior arts are in the same field of endeavor, and each procedure was successfully performed

by the prior arts.

Response to Argument

Applicant's arguments filed 3/7/14, have been fully considered but they are not

persuasive. Applicant contends the pressure and temperature of the invention are different from

the prior art’s, and consequently the yield of the product is higher than prior art’s. This is not

persuasive because changing the pressure, temperature, amount of catalyst and/or of reagents

is a mere optimization of a variable, which is not patentable absent unexpected result due to the

variable, which is different in kind and not merely in degree from that of the prior art. This is

routinely done by chemists in order to increase the yield of the product. See also, In re Aller, 22

F.2d 454,105 USPG 233 (CCPA, 1955), In re Boesch and Slaney, 205 USPQ 215 (CCPA,

1980). Therefore, the results in table 1 are not unexpected. Also, the assays wherein the

combination of all the metals is used as catalyst are not valid representatives of the claims

wherein one or any combination of two thereof is used as catalyst.
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Applicant further argues that Gruter et al., did not teach oxidation of HMF with oxygen

gas in the presence of the instant catalyst, at the temperature range and pressure. Applicant

cannot show nonobviousness by attacking references individually where the rejections are

based on combinations of references. See In re Keller, 642 F.2d 413, 208 USPQ 871 (CCPA

1981); In re Merck & Co., 800 F.2d 1091, 231 USPQ 375 (Fed. Cir. 1986).

Applicant's amendment necessitated the new ground(s) of rejection presented in this

Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP § 706.07(a). Applicant

is reminded of the extension of time policy as set forth in 37 CFR 1.136(a).

A shortened statutory period for reply to this final action is set to expire THREE

MONTHS from the mailing date of this action. In the event a first reply is filed within TWO

MONTHS of the mailing date of this final action and the advisory action is not mailed until after

the end of the THREE—MONTH shortened statutory period, then the shortened statutory period

will expire on the date the advisory action is mailed, and any extension fee pursuant to 37

CFR 1.136(a) will be calculated from the mailing date of the advisory action. In no event,

however, will the statutory period for reply expire later than SIX MONTHS from the date of this

final action.

Telephone Inquiry

Any inquiry concerning this communication or earlier communications from the examiner

should be directed to Taofiq A. Solola, PhD. JD., whose telephone number is (571) 272-0709.

If attempts to reach the examiner by telephone are unsuccessful, the examiner's

supervisor, Andrew Kosar, can be reached on (571) 272-0913. The fax phone number for this

Group is (571) 273-8300.

Any inquiry of a general nature or relating to the status of this application or proceeding

should be directed to the Group receptionist whose telephone number is (571) 272-1600.
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/Taofiq A. So|o|a/

Primary Examiner, Art Unit 1622

March 14, 2014
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CERTIFICATION STATEMENT

Please see 37 CFR 1.97 1.98 to make the appropriate selectior1(s):
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The Privacy of 1974 (P.L. 93-579) requires that you be given certain information in connection with your sub sion of the
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National Security review (35 U.S.C. for review pursuant to t Atomic Energy Act (42 U.S.C. 218(c)).

7. A record from this system of may be disclosed, as a routine , to the Administrator, General Services, or
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recommend improvements in management practices and programs, authority of 44 U.S.C. 2904 and
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purpose, and any other rel (i.e., GSA or Commerce) directive. Such disclos shall not be used to make
determinations about ind duals.
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Application Number 13497690 —I
2012-07-09Filing Date 

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT

( Not for submission under 37 CFR 1.99)

First Named Inventor Cesar Munoz de Diego

Art Unit 1622 

Examiner Name Solola, Taofiq A.

Attorney Docket Number 903-457 PCT/US_n_ 

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of infonnation contained in the information disclosure statement was first cited in any communication

E] from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a

foreign patent oftice in a counterpart foreign application, and, to the knowledge of the person signing the certification

after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

E] any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)(2).

:] See attached certification statement.

3] The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

:l A certification statement is not submitted herewith.
SIGNATURE

A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the

form of the signature.

Signature [John S. SOPKO, Reg. #41 ,321/ Date (YYYY-MM-DD) 2014-05-23

Name/Print John S. Sopko Registration Number

This collection of information is required by 37 OF R 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR

1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed

application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you

require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.

Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the

attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised

that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to

process and/or examine your submission related to a patent application or patent. If you do not furnish the requested

information, the U.S. Patent and Trademark Office may not be able to process andlor examine your submission, which may

result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act

(5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the

Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a

court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement

negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the

Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for

the information in order to perform a contract. Recipients of information shall be required to comply with the

requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records

may be disclosed, as a routine use, to the international Bureau of the World intellectual Property Organization, pursuant

to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of

National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or

hislher designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and

2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this

purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of

the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record

may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in

an application which became abandoned or in which the proceedings were terminated and which application is

referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law

enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Electronic Patent Application Fee Transmittal

METHOD FOR THE PREPARATION OF 2,5-FURANDICARBOXYLIC ACID AND

Title of Invention: FOR THE PREPARATION OF THE DIALKYL ESTER OF 2,5-FURANDICARBOXYLIC
ACID

First Named Inventor/Applicant Name: Cesar Mufioz de Diego

Attorney Docket Number: 903-457 PCT/US

U.S. National Stage under 35 USC 371 Filing Fees
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Electronic Acknowledgement Receipt

m

—

METHOD FOR THE PREPARATION OF 2,5-FURANDICARBOXYLIC ACID AND

Title of Invention: FOR THE PREPARATION OF THE DIALKYL ESTER OF 2,5-FURANDICARBOXYLIC
ACID

I

Payment information:

Submitted with Payment yes—

—Authorized User SOPKO, JOHN S

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
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PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Named Inventor: Cesar Mufioz de Diego Examiner: Solola, Taofiq A.

Application No.: 13/497,690 Group Art Unit: 1622

Confirmation No: 1013 Docket: 903-457 PCT/US

Filing or § 371 (c) Date: July 9, 2012 Dated: June 13, 2014

For: METHOD FOR THE PREPARATION OF 2,5-

FURANDICARBOXYLIC ACID AND FOR THE

PREPARATION OF THE DIALKYL ESTER OF 2,5-

FURANDICARBOXYLIC ACID

Mafl Sto AF
_ Ihereby certify that this correspondence is being transmitted to the U.S.

Commlssloner for Patents Patent and Trademark Office via the Office’s electronic filing system.
P.O. Box 1450

Alexandria, Virginia 22313-1450 Dam‘ :’—J"“"132°”
Signature John S. Sopko /John S. Sopko/

AMENDMENT AND RESPONSE TO FINAL OFFICE ACTION

PURSUANT TO 37 C.F.R. §1.116

Sir:

In response to the Final Office Action dated March 31, 2014, a reply to which is due June

30, 2014, please amend the aboVe—identified application as follows:

Amendments to the Claims begin on page 2 of this submission.

Remarks/Arguments begin on page 5 of this submission.
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Application No.: 13/497,690
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Reply to Final Office Action of March 31, 2014
Docket No.: 903-457 PCT/US

Page 2

Amendments to the Claims:

This listing of claims will replace all prior versions and listings of claims in the subject

application, and please amend the claims as follows:

1. (Currently amended): A method for the preparation of 2,5—furan dicarboxylic acid

comprising the step of contacting a feed comprising a compound selected from the group

consisting of 5—hydroxymethylfurfural (“HMF”), an ester of 5—hydroxymethylfurfural, 5-

methylfurfural, 5-(chloromethyl)furfural, 5—methylfuroic acid, 5—(chloromethyl)furoic acid, 2,5-

dimethylfuran and a mixture of two or more of these compounds with an oxygen—containing gas,

in the presence of an oxidation catalyst comprising%b%m both Co and

Mn, and further a source of bromine at a temperature between 140 °C and 200 °C at an oxygen
 

partial pressure of 1 to 10 bar, wherein a solvent or solvent mixture comprising acetic acid or

acetic acid and water mixtures is present.

2. (Previously presented): The method according to claim 1, wherein the feed comprises

a compound selected from the group consisting of 5—hydroxymethylfurfural (“HMF”), esters of

HMF and a mixture thereof.

3. — 5. (Canceled)

6. (Currently amended): The method according to claim 1 [[5]], wherein the oxidation

catalyst comprises at least one additional metal.

7. (Previously presented): The method according to claim 6, wherein the additional metal

is Zr and/or Ce.

8. (Canceled)
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Amendment and Response dated June 13, 2014

Reply to Final Office Action of March 31, 2014
Docket No.: 903-457 PCT/US

Page 3

9. (Previously presented): The method according to claim 1, wherein the temperature is

between 160 and 190 °C.

10. (Canceled)

11. (Currently amended): The method according to claim 1, wherein the feed comprises

an ester of HMF eentaining having an ester moiety of an alkyl carboxylic acid wherein the alkyl

group eentains lg up to 6 carbon atoms.

12. (Currently amended): A process for the preparation of a dialkyl ester of 2,5 ,—furan

dicarboxylic acid, comprising the step of contacting a feed comprising a compound selected from

the group consisting of 5 —hydroxymethylfurfural (“HMF”), an ester of 5 —hydroxymethyl—furfural,

5—methylfurfural, 5—(chloromethyl)furfural, 5—methylfuroic acid, 5—(chloromethyl)furoic acid,

2,5—dimethylfuran and a mixture of two or more of these compounds with an oxygen—containing

gas in the presence of an oxidation catalyst comprisingaHw% Q Co

and Mn, and further a source of bromine at a temperature between 140 °C and 200 °C at an
 

oxygen partial pressure of 1 to 10 bar, wherein a solvent or solvent mixture comprising acetic

acid or acetic acid and water mixtures is present, and esterifying the thus obtained product.

13. (Previously presented): The process according to claim 12, wherein the product is

esterified with a C1-C5 alkyl alcohol.

14. (Previously presented): The process according to claim 13, wherein the C1-C5 alkyl

alcohol is methanol and the dialkyl ester is the dimethylester of 2,5—furan dicarboxylic acid.

15. (Canceled)

Petitioners‘ Exhibit 1011, Page 219 of 629



Petitioners' Exhibit 1011, Page 220 of 629

Application No.: 13/497,690

Amendment and Response dated June 13, 2014
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16. (Previously presented): A method according to claim 2, wherein the feed comprises

an HMF ester and optionally 5—hydroXymethyl furfural, which has been obtained by converting a

carbohydrate source in the presence of an alkyl carboxylic acid.
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Application No.: 13/497,690

Amendment and Response dated June 13, 2014

Reply to Final Office Action of March 31, 2014
Docket No.: 903-457 PCT/US

Page 5

Remarks/Arguments:

Introduction

Claims 1 and 12 have been amended to include the limitations of claims 4 and 5. Claims

4 and 5 have been canceled. Claim 6 has been amended to depend from claim 1. Claim 11 has

been amended as suggested by the Examiner.

No new matter is introduced with these amendments. Entry of the amendments is

respectfully requested.

Section 112 Rejections

Claims 1, 2, 4-7, 9, 11-14 and 16 were rejected as allegedly failing to comply with the

written description requirement; claim 11 was rejected as allegedly being indefinite. Applicants

respectfully submit that with the claim amendments presented herewith all concerns raised by the

Examiner are obviated. Therefore, reconsideration and withdrawal of the Section 112 rejections

are respectfully requested.

Section 103 Rejections

Claims 1-15 were rejected under 35 U.S.C. §103(a) (pre-AIA) as allegedly being obvious

over US 2009/0156841 (Sanbom) in View of WO 2009030521 (Gruter). Applicants respectfully

traverse.

In connection therewith the Examiner has determined the scope and content of the prior

art. The Examiner alleges that:

“Sanborn et al., teach a similar process of making 2,5-

furandicarboxylic acid comprising making HMF and derivatives

thereof from carbohydrates (hexose sugars) and oxidizing the

HMF or derivatives in the presence ofBr/Mn/Co catalyst to obtain
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2,5-furandicarboxylic acid. The process was performed at 110 to

150°C See [0016] to [0021] and [0040] to [0044], particularly

[0018] to [0019]. See also examples 1, 3-6 and claims 1-13.”

It is respectfully submitted that paragraphs [0016], [0017], [0020] and [002l], and [0040]

to [0044] of Sanborn do not relate to the oxidation of HMF or HMF esters to FDCA (2,5-

furandicarboxylic acid). Only paragraphs [0018] and [0019] describe the oxidation of an HMF

ester or a mixture of HMF and an HMF ester to FDCA. However, the latter paragraphs do not

disclose any temperature range. In fact, none of the paragraphs cited by the Examiner mention a

temperature range.

The examples of Sanborn that were cited by the Examiner have no relation to the

oxidation of HMF or and HMF ester to FDCA. They relate to the synthesis of HMF and the

acetyl ester of HMF (acetoxymethylfurfural, or ACHMF) (cf. examples 1 to 4). Example 5

relates to the purification of AcHMF and example 6 relates to the synthesis of propionoxymethyl

furfural from fructose. Hence, these specific examples of Sanborn do not disclose the oxidation

of an HMF ester to FDCA. As to temperatures it would seem that the Examiner has derived the

cited range of 110 - 150 °C from Example 1, wherein three temperatures for the synthesis of

AcHMF were tested: 110°C, 125°C and 150°C.

Only claims 10 and 11 of Sanborn relate to the forming of FDCA from an HMF ester.

Claim 10 of Sanborn indicates the catalyst and refers to “elevated temperature and pressure”, and

claim 11 of Sanborn specifies the elevated pressure as a range of about 400 to 1000 psi.

In Applicants’ previous Amendment and Response, Applicants have already submitted

that Sanborn specifically teaches that the formation of FDCA from an HMF ester is conducted at

a pressure of about 400 to 1000 psi oxygen and a temperature of about 85 to 110°C (cf.

paragraph [0060]). This is confirmed by Example 7 in Sanborn showing the oxidation of

AcHMF to FDCA at 100°C, 500-800 psi oxygen for 2 hours.
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In View thereof, a correct determination of the scope and content of the prior art would be

that:

Sanborn et al., teach a process of making 2,5—furandicarboxylic

acid by oxidizing HMF or HMF derivatives in the presence of

Br/Mn/Co catalyst to obtain 2,5—furandicarboxylic acid. The

oxidation process is performed at 85 to I I 0 °C. See [0018] to

[0019] and [0060]. See also examples 7 and 9 and claims I 0 and

I I.

The differences between the prior art and the presently claimed invention would therefore

include a different temperature range, viz. 140 to 200°C instead of 85 to 110°C, and a different

pressure range, viz. an oxygen pressure of 1 to 10 bar, instead of 400 to 1000 psi (corresponding

with 27.6 to 68.9 bar).

The Examiner alleges these differences prima facie obvious. The Examiner appears to

base such an assertion on the statement that “[c]hanging the pressure, temperature, amount of

catalyst and/or of reagents is a mere optimization ofa variable, which is not patentable absent

unexpected result due to the variable, which is difierent in kind and not merely in degree from

that of the prior art. ” In that respect reference is made to In re Aller and In re Boesch.

It is observed that In re Aller the pressure was not mentioned. Also, the MPEP only

refers to differences in concentration or temperature (cf. MPEP 2144.05 II.A). Hence, the

Examiner has gone beyond the scope of In re Aller by asserting that differences in pressure are

within the scope of In re Aller.

Moreover, the combination of higher temperature and lower oxygen pressure leads to

unexpected results with the present invention.

In Example 7 of Sanborn FDCA is prepared from the oxidation of AcHMF over a

Co/Mn/Br catalyst at an oxygen pressure of about 500 to 800 psi (about 34 to 55 bar) and at a
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temperature of about 100°C. The reaction lasted two hours. The overall yield of FDCA was

54%.

In Experiments 2a and 2b of the Subject Application, FDCA was prepared from the

oxidation of AcHMF over a Co/Mn/Br catalyst at 100 °C and at an air pressure of 30 bar,

corresponding to an oxygen pressure of about 6 bar. The reaction lasted two hours.

The overall yield of FDCA was between 23 and 30%. It is observed that the conversion

of AcHMF was 100%, but the selectivity to FDCA was only between 23 and 30 %.

Hence, the selectivity to FDCA was found to be lower than in Example 7 of Sanbom,

when only the oxygen pressure was reduced from about 34 to about 6 bar.

It could not be expected by a person having ordinary skill in the art that the selectivity at

these low pressures would be increased to above the level of Sanbom when the temperature

would be elevated to a value within the range of 140 to 200 °C. That is precisely what is shown

by the results of the experiments of Example 1 of the Subject Application. Table 2 in the Present

Application shows that when the oxygen pressure is low and the reaction temperature is

increased to 180 °C, the selectivity to FDCA is increased to levels above the selectivity of

Sanbom.

It is submitted that this is a difference in kind, rather than a difference in degree. In this

respect it is respectfully submitted that the results provide the evidence in the form of indirect

comparison with the closest prior art in accordance with the provisions of In re Boesch (cf.

MPEP 716.02(b) III).

In view of the above arguments Applicants submit that the currently presented claim 1

contains matter that is clearly patentably distinct over Sanborn.

It is submitted that the disclosure of Gruter does not add any relevant information to the

disclosure of Sanbom in relation to presently presented claim 1.
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The Examiner seems to accept this and refers to Gruter in relation to the rejection of

claims 12-14. It is assumed that Gruter is also cited in connection with claim 16.

Gruter merely discloses a process for producing an HMF ester from a carbohydrate in the

presence of an alkyl carboxylic acid. In that respect Gruter discloses a process that is similar to

the method for producing HMF esters from a carbohydrate source as described in paragraph

[0017] of Sanborn.

It is observed that the end—product of both the process according to Gruter and the above-

mentioned method according to paragraph [0017] of Sanborn is an HMF ester. Examples thereof

include acetoxymethylfurfural and propionoxymethylfurfural.

In contradistinction therewith, the process according to claim 12 of the subject

application concerns a two—step process; a first step wherein HMF or an HMF ester is oxidized

via a method as claimed in the presently presented claim 1; and a second step wherein the

product of this first step, i.e. comprising FDCA, is esterified to yield a dialkyl ester of FDCA.

It is respectfully submitted that neither Sanborn nor Gruter disclose, teach or suggest the

sequence of the above—described two steps. That is already an indication of the non—obviousness

of the process according to claim 12.

In addition, it is observed that the first step is non—obvious, as shown supra. For that

reason alone, the two—step process according to claim 12 is to be held non—obvious, too.

As to the dependent claims it is observed that since the independent claims, on which

they are dependent, are non—obvious, the dependent claims derive their non—obviousness at least

from the patentably distinct limitations of these independent claims.

Therefore, reconsideration and withdrawal of the Section 103 rejections are respectfully

requested.
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Summary

Thus, Applicants respectfully submit that independent claims 1 and 12, and all claims

dependent therefrom, are patentably distinct. This application is believed to be in condition for

allowance. Favorable action thereon is therefore respectfully solicited.

It is believed that all outstanding rejections have been addressed. The absence of a reply

to a specific issue or comment presented by the Office Action does not signify that Applicant

agree with or concede to that issue or comment. Because arguments made above may not be

exhaustive, there may be reasons for patentability of any or all pending claims, or other claims

(including the cancelled claims, if any), that have not been expressed. Nothing in this

submission should be construed as a concession of or an intent to concede any issue with regard

to any claim, except as specifically stated herein.

Should the Examiner have any questions or comments concerning the above, the

Examiner is respectfully invited to contact the undersigned attorney at the telephone number

given below.

The Commissioner is hereby authorized to charge payment of any additional fees

associated with this communication, or credit any overpayment, to Deposit Account

No. 08-2461. Such authorization includes authorization to charge fees for extensions of time, if

any, under 37 C.F.R § 1.17 and also should be treated as a constructive petition for an extension

of time in this reply or any future reply pursuant to 37 C.F.R. § 1.136.

Respectfully submitted,

/John S. SOPKO, Reg. # 41,321/

John S. Sopko

Registration No.: 41,321

Attorney of Record and/or for Applicants
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HOFFMANN & BARON, LLP

6900 Jericho Turnpike

Syosset, New York 11791

(973) 331-1700
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3. El Copies of the certified copies of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17.2(a)).

* Certified copies not received:

Applicant has THREE MONTHS FROM THE “MAILING DATE” of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. El CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.

I:I including changes required by the attached Examiner’s Amendmentl Comment or in the Office action of
Paper No./Mail Date

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the from (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. El DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner’s comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)
1. El Notice of References Cited (PTO-892) 5. El Examiner’s Amendment/Comment

2. Information Disclosure Statements (PTO/SB/08), 6. El Examiner's Statement of Reasons for Allowance
Paper No./Mail Date

3. El Examiner's Comment Regarding Requirement for Deposit 7. |:I Other .
of Biological Material

4. El Interview Summary (PTO—413),
Paper No./Mail Date

/Taofiq A. Solola/
Primary Examiner, Art Unit 1622

US. Patent and Trademark Office

PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20140617
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lgggggptgatez 05/23/201 4 m,sB,,,5a W0,
Doc description: Information Disclosure Statement (ms) Filed U_S_ ,,a,e,,, and T33g;;;::;:,;;;e,;h;ége,.‘;:',;°:,;2g’,}$-gy§:,‘f;;;,°§;

Underthe Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Application Number 13497690

Filing Date 2012-07-09

First Named inventor Cesar Munoz de Diego

Art Unit [1622
Examiner Name Solola, Taofiq A.

Attorney Docket Number 1903-457 PCT/US

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT

(Not for submission under 37 CFR 1.99)

U.S.PATENTS Remove

. . . . Pages,Co|umns,Lines where

Egrrllner Cue Patent Number Kmd Issue Date Name of Patentee or Apphcant Relevant Passages or Relevantlnitial No Code1 of cited Document .
Figures Appear

1

If you wish to add additional U.S. Patent citation information please click the Add button. Add

U.S.PATENT APPLICATION PUBLICATIONS Rem0Ve

Examine . Publication Kind Publication Name of Patentee or Applicant PageS‘C°|umn5'Line5 where
. . ,, Cite No . Relevant Passages or Relevantinitial Number Codel Date of cited Document

Figures Appear

If you wish to add additional U.S. Published Application citation information please click the Add button. Add

FOREIGN PATENT DOCUMENTS R9m°V9

Name of Patentee or Pages’C°|umn5’L-mes
Examiner Cite Foreign Document Country Kind Publication A “cant of cited where Relevant T5
|nitia|* No Number3 Code2 i Code4 Date Dggument Passages or Relevant

Figures Appear

1 2009/076627 wo A2 2009-05-13 ff/|'|q|§3L'j\EN'|‘3[z%"'ELS  
If you wish to add additional Foreign Patent Document citation information please click the Add button Add

NON-PATENT LITERATURE DOCUMENTS Remcwe

Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item

(book. magazine. journal, serial. symposium, catalog, etc}, date, pages(s), vo|ume—issue number(s), T5
publisher, city andlor country where published.

 
 

Examiner Cite

Initials‘

EFSWeb2.1.17 ALL REFERENCES CC)l\lSlDEREE EXCEPT WHERE l_ll\lED THROUGH. /T.S../
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Receipt date: 05/23/2014 Application Number 13497690

Filing Date 2012-07-09

IN FORMATION DISCLOSU RE First Named inventor Cesar Munoz de Diego

STATEMENT BY APPLICANT Art Um ‘ 1622
( Not for submission under 37 CFR 1.99) Examiner Name Solola Taofiq A

Attorney Docket Number | 903-457 PCT/US

 
  

 

English translation of communication dated December 4, 2013 from a counterpart foreign (Chinese) application

If you wish to add additional non—patent literature document citation information please click the Add button Add

EXAMINER SIGNATURE

Examiner Signature /Taofiq Soiolaz’ Date Considered 06/17/2014

*EXAMlNER: lnitial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a
citation if not in conformance and not considered. include copy of this form with next communication to applicant.

 

‘ See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO
Standard ST.3). 3 For Japanese patent documents. the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 5 Applicant is to place a check mark here it‘
English language translation is attached.

 

EFSWeb2.1.17 ALL REFERENCES CONSSDERED EXCEPT WHERE i_it\iED THRQUGH. /T.S../
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date: 05/23/2014 Application Number 13497090
Filing Date 2012-07-09

RMATION DISCLOSURE
*2: First Named inventor Cesar Munoz de Diego

MENT BY APPLICANT .

(Not under 37 CFR 1.99) A” Um [1622
Examiner Name Solola, Taofiq A.

Attorney Docket Number [903-457 PCT/US

 

   

   
 
 

 

 
 

     
 

 

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 1.98 to make the appropriate selectior1(s):

That each item of 143:3 contained in the information disclosure statement was cited in any communication
(:1 from a foreign patent office counterpart foreign application not more than onths prior to the filing of the

information disclosure statemen ee 37 CFR 1.97(e)( 1).

OR

That no item of information contained information disclosure ent was cited in a communication from a
foreign patent office in a counterpart foreigpplication, and, to the of the person signing the certification
after making reasonable inquiry, no item of in ation contained in information disclosure statement was known to

C] any individual designated in 37 CFR 1.56(c) than three prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)(2).

|:] See attached certification statement.

The fee set forth in 37 CFR 1.17 (p) has been

(:1 A certification statement is not submitted herewith.
SIGNATURE

A signature of the applicant or representative is re in accordance wi
form of the signature.

 1.33, 10.13. Please see CFR 1.4(d) for the

 

  
 

 

  

Date

Registration ":3,-  
Sig nature 2014-05-23

41,321

/John s. SOPKO, Reg. -

 NamelPrint John S. Sopko

This collection of information is relred by 37 CFR 1.97 and 1.98. The information is requir

public which is to file (and by th SPTO to process) an application. Confidentiality is governey 35 U.S.C. 122 and 37 CFR
1.14. This collection is estim d to take 1 hour to complete, including gathering, preparing and the completed
application form to the USP . Time will vary depending upon the individual case. Any commentn the amount of time you
require to complete this of and/or suggestions for reducing this burden, should be sent to the Chie formation Officer, U .8.
Patent and Trademark ice, U.S. Department of Commerce, P.0. Box 1450, Alexandria, VA 22313-1 DO NOT SEND
FEES OR COMPLE FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.0. Alexandria,
VA 22313-1450.

obtain or retain a benefit by the
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date: 05/23/2014
Privacy Act Statement

The Privacy of 1974 (P.L. 93-579) requires that you be given certain information in connection with your sub sion of the
attached form to a patent application or patent. Accordingly, pursuant to the requirements of the Act, se be advised
that: (1) the authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the inrmation solicited
is voluntary; and ( principal purpose for which the information is used by the U.S. Patent and Office is to
process andlor your submission related to a patent application or patent. if you do not furnish requested
information, the U.S. and Trademark Office may not be able to process and/or examine YQ>ur ission, which may
result in termination of peedings or abandonment of the application or expiration of the patent. "

The information provided in this form will be subject to the following routine uses:

1. The information on form will be treated confidentially to the extent allowed the Freedom of Information Act
(5 U.S.C. 552) and the Act (5 U.S.C. 552a). Records from this system may be disclosed to the
Department of Justice to ine whether the Freedom of information Act disclosure of these record s.

2. A record from this systemofmay be disclosed. as a routine the course of presenting evidence to a
court, magistrate, or administrative including disclosures to g counsel in the course of settlement
negotiations.

3. A record in this system of records disclosed, as a routi to a Member of Congress submitting a
request involving an individual, to whom cord pertains, individual has requested assistance from the
Member with respect to the subject matter of record.

4. A record in this system of records may be dised, routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recip finformation shall be required to comply with the
requirements of the Privacy Act of 1974, as amended. rsuant to 5 U.S.C. 552a(m). 

5. A record related to an international Applicatio r the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the inter Bure of the World Intellectual Property Organization. pursuant
to the Patent Cooperation Treaty.

6. A record in this system of records disclosed, as a routiuse, to another federal agency for purposes of
National Security review (35 U.S.C. for review pursuant to t Atomic Energy Act (42 U.S.C. 218(c)).

7. A record from this system of may be disclosed, as a routine , to the Administrator, General Services, or
his/her designee, during an inspon of records conducted by GSA as pa that agency's responsibility to
recommend improvements in management practices and programs, authority of 44 U.S.C. 2904 and
2906. Such disclosure shall made in accordance with the GSA regulations erning inspection of records for this
purpose, and any other rel (i.e., GSA or Commerce) directive. Such disclos shall not be used to make
determinations about ind duals.

 

8. A record fro is system of records may be disclosed, as a routine use, to the public either publication of
the application to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. Further, a record
may be discl subject to the limitations of 37 CFR 1.14, as a routine use, to the publicifwas filed in
an which became abandoned or in which the proceedings were terminated and which plication is
referenc by either a published application, an application open to public inspections or an issued

9. record from this system of records may be disclosed, as a routine use, to a Federal, State, or local
forcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. "

ALL REFERENCES CONSIDERED EXCEPT WHERE Lll\.lED THROUGH.
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Application/Control No. Applicant(s)/Patent Under Reexamination

'35’-'9 Classification 13497690 MUNOZ DE DIEGO ET AL.

TAOFIQ A SOLOLA 1622

Version

2013-01-01

Total Claims Allowed:

10
(Assistant Examiner)
/TAOFIQ A SOLOLA/

Primary Examiner.Art Unit 1622 O.G. Print Claim(s) O.G. Print Figure

(Primary Examiner) 1

US. Patent and Trademark Office Part of Paper No. 20140617
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Application/Control No. Applicant(s)/Patent Under Reexamination

Issue Classification 13497690 MUNOZ DE DIEGO ET AL.

iilliliillliiilililiiiillilliililiiilliiilli fi:;':Z;°; 1‘;;;’"‘‘

US ORIGINAL CLASSIFICATION

 
INTERNATIONAL CLASSIFICATION

 

 
 

 

 

NON-CLAIMED
549 485 flfl—--—

— —cnoss REFERENCE(S) I... “-

—_—:-_---_---—
 -—---_——-—
 -—----—“--

——_IZiiZ—IIIIj"'
—_——_—----—————
—_————----———_

"""I—II-—- -—-
H- --—_-—-—

-—----———_--—-—H———
:—_“—----———-—

   

Total Claims Allowed:

10

(Assistant Examiner)
/TAOFIQ A SOLOLA/

Primary Examiner.Art Unit 1622 O.G. Print C|aim(s) O.G_ Print Figure 
(Primary Examiner) 1

US. Patent and Trademark Office Part of Paper No. 20140617
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Application/Control No. AppIicant(s)/Patent Under Reexamination

Issue Classification 13497690 MUNOZ DE DIEGO ET AL.

TAOFIQ A SOLOLA 1622

K4 Claims renumbered in the same order as presented by applicant E] El T.D. El R.1.47

Final Original Final Original Final Original Final Original Final Original Final Original Final Original Final Original

Total Claims Allowed:

10
(Assistant Examiner)
/TAOFIQ A SOLOLA/

Primary Examiner.Art Unit 1622 O.G. Print Claim(s) O.G. Print Figure

(Primary Examiner) 1
 
U.S. Patent and Trademark Office Part of Paper No. 20140617
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Application/Control No. Applicant(s)/Patent Under
Reexamination

Search NOTES 13497690 MUNOZ DE DIEGO ET AL.

Examiner Art Unit

TAOFIQ A SOLOLA 1622     
CPC- SEARCHED

 -ii
com 307/ea e/17/2014

CPC COMBINATION SETS - SEARCHED

 
‘11/7/2013
 3/14/2014
 6/17/2014

SEARCH NOTES

Z51
ISR of pct/NL10/50654; inventor yo
updated
updated

INTERFERENCE SEARCH

US Class/ US Subclass / CPC GroupCPC S mbol

_549/ C07D 485/ 307/68 6/17/2014

US. Patent and Trademark Office 1 1 , Pag@aQ<33F9p®iFo62®40617
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PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Named Inventor: Cesar Mufioz de Diego Examiner: Solola, Taofiq A.

Application No.: 13/497,690 Group Art Unit: 1622

Confirmation No: 1013 Docket: 903-457 PCT/US

Filing or § 371 (C) Date: July 9, 2012 Dated: June 13, 2014

For: METHOD FOR THE PREPARATION OF 2,5~ ’ .FURANDICARBOXYLIC ACID AND FOR THE [XV ,
PREPARATION OF THE DIALKYL ESTER OF 2,5- ‘U
FURANDICARBOXHIC ACID % W1

Stop  is bein uansmitted to the U S
Comfiljssioner for Patents Patent ind Trademark Office via the 0ffice’s elgcuonic filing system: .
P.O. Box 1450

Alexandria, Virginia 22313-1450 D“'°"‘ '——‘“"““"”2°”
Signature John S. Sogko /Jghg S. Sogkol

AMENDMENT AND RESPONSE TO FINAL OFFICE ACTION

PURSUANT TO 37 C.F.R. §1.116

Sir:

In response to the Final Office Action dated March 31, 2014, a reply to which is due June

30, 2014, please amend the above-identified application as follows:

Amendments to the Claims begin on page 2 of this submission.

Remarks/Arguments begin on page 5 of this submission.
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Petitioners' Exhibit 1011, Page 241 of 629

UNITED STATES PATENT AND TRADEMARK OFFICE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P O Box 1450
Alexandria, Vi' ' Lia 22313-1450
www uspto go

 
NOTICE OF ALLOWANCE AND FEE(S) DUE

23359 7590 06/20/2014

Hoffmann & Baron LLP soLoLA,TAoFIQ A

6900 Jen'cho Turnpike
Syosset. NY 11791

1622

DAT 1 MAIL ‘D: 06/20/2014

APPLICATION NO. FILL\IG DATE FIRST NAMED IN VENTOR ATTORNEY DOCKET NO. CONFRWATION NO.

13/497,690 07/09/2012 Cesar Mufioz de Diego 903-457 PCT/US 1013

TITLE OF INVENTION: METHOD FOR THE PREPARATION OF 2,5—FURANDICARBOXYLIC ACID AND FOR THE PREPARATION OF THE
DIALKYL ESTER OF 2,5—FURANDICARBOXYLIC ACID

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE PREV. PAID ISSUE FEE TOTAL FEE(_S) DUE DATE DUE

$480 $0 $0 $480nonprovisional SMALL 09/22/2014

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO VVITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) l\IUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS

PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORIVI
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW
DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that
entity status still applies.

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above.

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled
"Change in Entity Status (from status indicated above)".

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entityfees.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

III. All coinmunications regarding this application must give the application number. Please direct all co1n111unicati0ns prior to issuance to
Mail Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.

Page 1 of 3
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commissioner for Patents
P.O. Box 1450

Alexandria, Virginia 22313-1450
or Egg (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where
ap ropriate. All further correspondence including the Patent, advance orders and notification of tnaintenance fees will be mailed to the current correspondence address as
indicated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" formaintenance fee notifications.

Note: A certificate of mailin can only be used for domestic mailings of the
Fcc(s) Transmittal. This certi icate cannot be used for any other accompanying

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) apers. Each additional paper, such as an assignment or formal drawing, must
liave its own certificate, of mailing or transmission.

Certificate of Mailing or Transmission
23869 7590 06/20/2014 I hereby certify that this Fee(s) Transmittal is being deposited with the United

Hoffmann & BHIOII S(l['c(li[rCS Pqjstal SLE1'V1'(\,'4€ suf§iSc;e:[1J1}t1p1t3it]z;ge first glass tnailbin a11 envelope» , - a esse to e 1 at ‘top ‘ ‘ ' ‘ ‘ a ress a ove, or einv facsimi e
6900 1611010 TUIHPIKE transmitted to the USPTO (571)273-2885, on the date indicated heiéiw.
Syossel, NY 11791  

 

  

 

 

 

 
APPLICATION NO. FILING DATE FIRST NAMED INVFNTOR ATTORNEY DOCKET NO. CONFIRMATION NO.

101313/497,690 07/09/2012 Cesar Munoz de Diego 903-457 PCT/US

TITLE OF INVENTION: METHOD FOR THE PREPARATION OF 2,5—FURANDICARBOXYLIC ACID AND FOR THE PREPARATION OF THE
DIALKYL ESTER OF 2,5—FURANDICARBOXYLIC ACID

APPLN. TYPE ENTITY STATUS ISSUE FEE DLE PUBLICATION FEE DUE PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

$0 $0nonprovisional SMALL $480 $480 09/22/2014

SOLOLA, TAOFIQ A 1622 549485000

   
 

 

 
  

1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list

CFIEIL363)‘ (1) The names of up to 3 registered patent attorneys 1
Adfhange of 1(:3'(ril‘(I‘)e/SSf])§)/Il1(Il2€2I§C6t {:C1(lZ1_1I:dSS (or Change of Correspondence or agents OR, alternatively,

ress orm a c .
(2) The name of a single firm (having as a member a Z — — — — — — — — —
registered attorney or agent) and the names of up to
2 registered patent attorneys or agents. If no name is 3
listed, no name will be printed.

1:] "Fee Address" indication (or "Fee Address" Indication form
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer
Number is required.   

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear o11 the pate11t. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 311. Completion of this form is N 01' a substitute for filing an assignment.
(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : 1:] Individual D Corporation or other private group entity D Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
D Issue Fee 3 A check is enclosed.

D Publication Fee (No small entity discount permitted) 3 Payment by credit card. Form PTO—2038 is attached.
D Advance order — # of Copies jThe Director is hereby authorized to charge the required fee(s), any deficiency, or credits anyoverpayment, to Deposit Account Number (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)

1] Applicant certifying micro entity status. See 37 CFR 1.29 NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/ISA and 1513), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.

D Applicant asserting small entity status. See 37 CFR 1.27 NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

D Applicant changing to regular undiscounted fee status. NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

NOTE: This form must be sioned in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for si nature re uirements and certifications. 

Authorized Signature Date

Typed or printed name Registration No.

Page 2 of 3
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UNITED STATES PATENT AND TRADEMARK OFFICE
UNITED STATES DEPARTMENT OF COMIVIERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P 0 Box 1450
Alexandria, Virginia 2231?-1450www uspio gov

APPI_.ICATIO.\I NO. FILING DAT]: FIRST NAMED Il\ VENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.

1013

   
13/497,690 07/09/Z012 Cesar ML1fi0Z dc Diego 903-457 PCT/US

23869 7590 06/20/2014

Hoffmann & Baron LLP SOLOLA, TAOFIQ A

6900 Jericho Turnpike

syosset. NY 11791
l 622

DATE MAILED: 06/20/2014

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)

(Applications filed on or after May 29, 2000)

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance.

Section l(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. l54(b)(3)(B)(i) to eliminate the

requirement that the Office provide a patent term adjustment determination with the notice of allowance. See

Revisions to Patent Term Adjustment, 78 Fed. Reg, 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer

providing an initial patent term adjustment determination with the notice of allowance. The Office will continue to

provide a patent term adjustment determination with the Issue Notification Letter that is mailed to applicant

approximately three weeks prior to the issue date of the patent, and will include the patent term adjustment on the

patent. Any request for reconsideration of the patent term adjustment determination (or reinstatement of patent term

adjustment) should follow the process outlined in 37 CFR 1.705.

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of

Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be

directed to the Customer Service Center of the Office of Patent Publication at l—(888)—786—0l0l or (571)-272-4200.

Page 3 of 3
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and

Budget approval before requesting most types of information from the public. When OMB approves an agency
request to collect information from the public, OMB (i) provides a valid OMB Control Number and expiration

date for the agency to display on the instrument that will be used to collect the information and (ii) requires the

agency to inform the public about the OMB Control Number’s legal significance in accordance with 5 CFR
1320.5(b).

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain

or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is

governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary

depending upon the individual case. Any comments on the amount of time you require to complete this form

and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and

Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT
SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box

1450, Alexandria, Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to

respond to a collection of information unless it displays a valid OMB control number.

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the

requirements of the Act, please be advised that: (1) the general authority for the collection of this information is
35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which

the information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission

related to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and

Trademark Office may not be able to process and/or examine your submission, which may result in termination of
proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records

may be disclosed to the Department of Justice to determine whether disclosure of these records is required

by the Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of

settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a

request involving an individual, to whom the record pertains, when the individual has requested assistance
from the Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having

need for the information in order to perform a contract. Recipients of information shall be required to

comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).
5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of

records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property

Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes
of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C.
218(c)).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General

Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency's
responsibility to recommend improvements in records management practices and programs, under authority

of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations

governing inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive.
Such disclosure shall not be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication

of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a

record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the
record was filed in an application which became abandoned or in which the proceedings were terminated

and which application is referenced by either a published application, an application open to public

inspection or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law

enforcement agency, if the USPTO becomes gr Ianvéorl§t1cE)q1ifi<6fi1tif1bv‘o+ati aoégwzfi



Petitioners' Exhibit 1011, Page 245 of 629

PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEECommissioner for Patents
P.0. Box 1450
Alexandria, Virginia 22313-1450

or E3; (571)-273-2885
 
INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where

appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current corres ondence address asin icated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate " E ADDRESS" formaintenance fee notifications. 
Note: A certificate of mailin can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block lfor any change Dfaddress) apers. Each additional paper, such as an assignment or formal drawing, must
liave its own certificate of mailing or transmission.

Certificate of Mailing or Transmission
23869 7590 06/20/2014 I hereb certi that this Fee(s Transmittal is being deposited with the United

Hoffmann & Baron LLP States ostal ervice with suf icient postage for first class mail in an envelope
6900 J - h T ~k addressed to the Mail Sto ISSUE FEE address above, or being facsimile9”“ 0 “mi” 0 transmitted to the USPTO( 71) 273-2885, on the date indicated below. 

  
   

  

S , NY 11791
y°‘°’S°‘ Thea Bachman VIA EFS meposuor-snmn=>

ea (Signature)

Setember18 2014 «Dam

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.

I3/497,690 07/09/2012 Cesar Mufioz de Diego 903-457 PCTIUS 1013

TITLE OF INVENTION: METHOD FOR THE PREPARATION OF 2,5~FURANDICARBOXYLIC ACID AND FOR THE PREPARATION OF THE
DIALKYL ESTER OF 2,5—FURANDICARBOXYLIC ACID

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

$0 $0 $480nonprovisional v SMALL $480 09/22/2014

SOLOLA, TAOFIQ A 1622 549-485000

   

 
 

 

 2. For printing on the patent front page, list
(1) The names of up to 3 registered patent attorneys 1 John Sqpko

OR, 1 ’ 1,
or agents aternativey 2 Hoffman & Baron,(2) The name of a single firm (having as a member a
registered attorney or agent) and the names of up to
2 registered patent attorneys or agents. If no name is 3
listed, no name will be printed.

1. Change of correspondence address or indication of "Fee Address" (37
CFR 1.363).

D Chan e of corres ndence address (or Change of Correspondence
§ P°Address orm PTO/SB/122) attached.

'3 "Fee Address" indication (or "Fee Address" Indication form
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Cust_omer
Number is required.
   

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type) _

PLEASE NOTE: Unless an assi nee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CF 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

FURANIX TECHNOLOGIES B.V. AMSTERDAM, NETHERLANDS

Please check the appropriate assignee category or categories (will not be printed on the patent) : D Individual mCorporation or other private group entity D Government

421. e following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
Issue Fee '3 A check is enclosed.

'3 Publication Fee (No small entity discount permitted) lXPayment by credit card. Form PTO—2038 is attached.
D Advance Order — # of Copies lj’1‘he Director is hereby authorized to charge the required fee(s), any deficiency, or credits any

overpayment, to Deposit Account Number 63 (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)

D Applicant certifying micro entity status. See 37 CFR 1.29 NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 1513), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandomnent.

D Applicant asserting small entity status. See 37 CFR 1.27 7 NOTE: If the application was previously under micro entity status, checking this box will be takento be a notification of loss of entitlement to micro entity status.

D Applicant changing to regular undiscounted fee status. NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or microentity status, as applicable.

NOTE: This form must be si ned in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for si nature re uirements and certifications. 

Authorized Signature /John S0pk0/ Date September 18’ 1 4
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Electronic Patent Application Fee Transmittal

METHOD FOR THE PREPARATION OF 2,5-FURANDICARBOXYLIC ACID AND

Title of Invention: FOR THE PREPARATION OF THE DIALKYL ESTER OF 2,5-FURANDICARBOXYLIC
ACID

;

U.S. National Stage under 35 USC 371 Filing Fees

Sub-Total in

USD($)
Description Fee Code Quantity

Basic Filing:

Miscellaneous-Filing:

Patent-Appeals-and-Interference:

Post-AlIowance-and-Post-Issuance:

Extension-of-Time:
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Electronic Acknowledgement Receipt

m
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METHOD FOR THE PREPARATION OF 2,5-FURANDICARBOXYLIC ACID AND

Title of Invention: FOR THE PREPARATION OF THE DIALKYL ESTER OF 2,5-FURANDICARBOXYLIC
ACID

I

Payment information:

Submitted with Payment yes—

—Authorized User SOPKO, JOHN S

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

Charge any Additional Fees required under 37 C.F.R. 1.492 (National application filing, search, and examination fees)

Charge any Additional Fees required under 37 C.F.R. Se
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Charge any Additional Fees required under 37 C.F.R. Section 1.19 (Document supply fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.20 (Post Issuance fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.21 (Miscellaneous fees and charges)

File Listing:

Document . . File Size(Bytes)/ Multi Pages

100520

Issue Fee Payment (PTO-85 B) 903_457_|SSUE_FEE.PDF 3dc8a96983a3374a6f6774487830d206a83
5a759

Information:

Fee Worksheet (SB06) fee-info.pdf a35I 560b408d90b733bc2d80a47995eI dd
33bbI b

Information:

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO ofthe indicated documents,

characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

lfa new application is being filed and the application includes the necessary components for a filing date (see 37 CFR

1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this

Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

lfa timely submission to enter the national stage of an international application is compliant with the conditions of 35

U.S.C. 371 and other applicable requirements a Form PCT/DO/E0/903 indicating acceptance of the application as a

national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

lfa new international application is being filed and the international application includes the necessary components for

an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number

and ofthe International Filing Date (Form PCT/R0/105) will be issued in due course, subject to prescriptions concerning

national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of

the application.
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Application No.: 13/497,690

Amendment and Response dated March 7, 2014

Reply to Non—Final Office Action of December ll, 20l3

DOCl(6t NO.Z 903-457 PCT/US Cbangefs) applied
Page 2 to document,

/M.K/

Amendments to the Specification: 7/22/20 2 4

7 ‘ 5

Please amend the paragraph beginning at pageflline,1/27 as follows:

The esterification of 2,5—furan dicarboxylic acid is known. As a specific example for the

manufacture of these esters, reference is made to US 2673860 wherein the diester is obtained by

transesterification of another dicarboxylic acid ester in the presence of sulphuric acid. A more

general description for the esterification of dicarboxylic acids is presented in US 2628249.

Accordin l the invention roVides a rocess for the re aration of a dialk l ester of 2 5 —furan 

 dicarbox lic acid com risin the ste of contactin afeed com risin acom ound selected from

the rou consistin of 5—h drox eth lfurfural “HMF” an ester of 5—h drox meth l—furfural

5—methylfurfural, 5—1chloromethyl)fu1fural, 5—methylfuroic acid, 5—1chloromethyl)furoic acid,

2,5—dimethylfuran and a mixture of two or more of these compounds with an oxidant in the

presence of an oxidation catalyst at a temperature higher than 140 °C, and esterifying the thus

obtained product.
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UNITED STATES PATENT AND TRADEMARK OFFICE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450
Alexandria, Virginia 22313-1450
www.uspto.gov

APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.

1013

 
13/497,690 10/21/2014 8865921 903-457 PCT/US

23869 7590 10/01/2014

Hoffmann & Baron LLP

6900 Jericho Turnpike
Syosset, NY 11791

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)

(application filed on or after May 29, 2000)

The Patent Term Adjustment is 185 day(s). Any patent to issue from the above—identified application will

include an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) was filed in the above—identified application, the filing date that

determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information

Retrieval (PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the

Office of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee

payments should be directed to the Application Assistance Unit (AAU) of the Office of Data Management

(ODM) at (571)-272-4200.

APPLICANT(S) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants):

Cesar Mufioz de Diego, Amsterdam, NETHERLANDS;
Matheus Adrianus Dam, Amsterdam, NETHERLANDS;
Gerardus Johannes Maria Gruter, Amsterdam, NETHERLANDS;

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location

for business investment, innovation, and commercialization of new technologies. The USA offers tremendous

resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation

works to encourage and facilitate business investment. To learn more about why the USA is the best country in

the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.
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Process integration for the conversion of glucose to

2,5-furandicarboxylic acid '

A. Boisen“, T.B. Christensen “, W. I-‘u l’, Y.Y. Gorbaneufl T.S. Hansen‘, J.S. Jensen”,

S.K. Klitgaard‘, S. Pedersen“, A. Riisager°, T. Stdhlberg‘, ].M. Woodleyh-'
“ Nouozyrnes A/S, 2880 Bagsucerd, Denmark

5 Centerfor BioProcess Engineering, Department of Chemical and Biochemical Engineering, Technical Uniuersity of Denmark, 2300
Lyngby, Denmark

C Cenierfor Sustainable and Green Chemistry, Department ofChemistry, Technical University of Denmark, 2800 Lyngby, Denmark 

ABSTRACT
 

The development ofbiorefineries means that a key feedstock for many new processes will be sugars in various forms,
such as glucose or fructose. From these feedstocks a range of chemicals can be synthesized using heterogeneous
catalysis, immobilized enzymes, homogeneous catalysts, soluble enzymes, fennentations or combinations thereof.
This presents a particularly interesting process integration challenge since the optimal conditions for each conversion
step will be considerably different from each other. Furthennore, compared to oil—based refineries the feedstock

represents a relatively high proportion of the final product value and therefore yield and selectivity in these steps .
are ofcrucial importance. In this paper using the conversion of glucose to 2,5—furandica.rboxylic acid and associated
products as an example, alternative routes will be compared with respect to achievable selectivity,'and achievable
yield.

© 2009 The Institution of Chemical Engineers. Published by Elsevier B.\.’. All rights reserved.

Keywords: Biorefineries; Glucose isomerase; 5—Hydroxymethylfurfural'_ 2,5-Furandicarboxylic acid

1. introduction

While the increasing cost of oil is driving particular interest
in the production of new fuels from biomass there is little
doubt that today of equal importance is the production of
chemicals from biomass. Indeed for the supply of fuels in the
future there are many potential sources aside from biomass.
In a world with limited (or very expensive) oil it is less clear
where the chemicals of the future will originate. There is cur-
rently an existinginfrastructure based on the use of the seven

established platform chemicals (toluene; benzene; xylene; 1,3-
butadiene; propylene; ethene; methane). In the short term one
could consider if we can use the same infrastructure and just
create the seven chemicals from alternative sources. However

in the longer term it will be necessary to devise new processes
based on a different set of platform chemicals One group will
be based around glucose (the hydrolytic product ofstarch and
therefore readily available from biomass). In a biorefinery it

' Corresponding author.
Email address: jw@ltt.dtu.dk UM Woodley).

will be necessary to develop a structure which can manage
a range of feedstocks, a range of technologies and a range of

products. This presents a considerable challenge for design
and optimization as well as process integration. In order to
illustrate the complexity and the challenge that lies ahead
we have studied one specific example with a defined start»

ing and endpoint: the production of S-hydroxymethylfurfural
(HM?) or 2,5-furandicarboxylic acid (FDA) from glucose or fruc~
tose. Greatest value is obtained by going the whole way from

glucose to FDA. However even in this small reaction path-
way there are many alternative technologies. Some can be
integrated together, some give the required yield and selectiv-
ity, some are difficult to implement and others are untested

at scale. This illustrates very well the challenge that design
engineers face. To date glucose finds its major use in food
applications (as a feedstock for sorbitol and high fructose corn
syrup). The possibility of non~food products like HMF or FDA
implies theuse of other technologies not governed by the strict

Received 7 October 2008‘, Received in revised form 28 May 2009-,Accepted 14 lune 2009
0263-8762f$— see front matter © 2009 The Institution of Chemical Engineers. Published by Elsevier B.V. All rights reserved.
doi:1Df1016/j chercl 200906.010
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food regulations. Nevertheless all the potential technologies _
{whether approved for food or non-food production) need to be
able to overcome the pH and temperature instability and lim-
ited solubility in organic solvents. It is because of the nature
of glucose therefore that one obvious starting point is to use

enzy-rnatic catalysis (water based and under mild conditions).
In this paper we will review the alternative technologies and
routes from glucose to FDA, and discuss some of the limita-
tions and challenges.

2. Biomass as a raw material for
biorefmerles

Nature is producing vast amounts of biomass driven by sun-
light via photosynthesis:

“CO2 -l- l'lH2O —'- (CH20)n -'l- Hog

However, utilization of biomass for producing chemicals and
fuels is still in its infancy with only 3.5% being used for food
or non-food purposes. Plant biomass consists mainly of car-
bohydrates, lignin, protein and fats. Out of an estimated 170
billion metric tons of biomass produced every year roughly
75% are in the form of carbohydrates which makes biomass

carbohydrates the most abundant renewable resource (Roper,
2002). Together with their amenability towards enzymatic pro-
cesses this makes carbohydrates the center of attention when
looking for new and greener feedstocks to replace petroleum
for producing commodity chemicals as well as fuels. In plant
biomass most of the carbohydrates are stored as sugar poly-
mers such as starch, cellulose or hemicellulose.

Starch is the second largest biomass produced on earth and
commonly found in vegetables, such as corn, wheat, rice, pota-
toes and beans. The total world production in 2004 was 60
million tons ofwhich more than 70% came from corn. Starch

consists of chains of glucose molecules, which are linked

together by rl-1,4 and rt-1,5 glycosidic bonds. The two major
parts of starch are amylose (20-3036), essentially linear ct-1,4
glucan chains and arnylopectin (70-8036), a branched molecule
containing 4-534: n-1,6 linkages.

Starch is industrially hydrolyzed to glucose by the three
enzymes: u-amylase, glucoamylase, and pullulanase (Schafer
et al., 2007). Bacterial _cu-amylases (EC 3 2 1.1) catalyze the

hydrolysis of internal cl-1,4 glycosidic bonds. This reduces
the viscosity, which is necessary for further processing. Glu-
coamylase (EC 3.2.1.3) is an exo-amylase that is added to the
partly hydrolyzed starch after liquefaction. Glucose units are
removed in a stepwise manner from the non-reducing end
ofthe molecule. The third enzyme is pullulanase (EC 3 2.1.41).
Industrially used pullulanases are heat stable enzymes, which
act simultaneously with glucoamaylase during saccharifica—
tion. Pullulanases catalyze the hydrolysis of the «-1.6 linkages

in amylopectin, and especially in partially hydrolysed amy-
lopectin Typical process conditions for production of glucose
from starch are given in Table 1;

Cellulose is a glucose polyrner consisting oflinear chains
of glucopyranose units linked together via B-1,4 glucosidic

266136-fl7A_|_':

bonds. Unlike starch, cellulose is a crystalline material where
inter- and intra-molecular hydrogen bonding gives rise to the
very stable cellulose fiber. Hemicellulose is a polysaccharide

consisting of short highly branched chains of different car»

.bohydrate units, including five- as well as six-carbon units
(eg. Xyloses, galactose, glucose, mannose and arabinose).
Hemicelluloses are much easier to hydrolyze than cellu-
lose. The structured portion of biomass, such as straw, corn

stover, grasses and wood, is made of lignocellulose com-
posed mainly of cellulose (3D—60%), hemicellulose (20-40%)
and lignin (10—30%). Both cellulose and hemicellulose con-
sist of carbohydrate components whereas lignin is a highly

branched aromatic polymer.
Currently, there is intensive research on the use of lig-

nocellulosic raw material as a biomass source for producing

chemicals and fuels (as exemplified by many of the other
articles in this special edition]. However this research still
faces considerable challenges due to lignocellulose being

remarkably resistant towards hydrolysis and enzymatic attack
(Peters, 2007). Energy demanding thermal pre«treatment of1ig-
nocellulose is necessary in order to break up the extremely
stable cellulose—hemicellulose—lignin composites prior to
adding cellulose-hydrolyzing enzymes and the current sit-
uation does not allow the efficient use of lignocellulosic
materials. Nevertheless, there is little doubt given the great

abundance oflignocellulose that in the future this will become
an attractive option. it is therefore important to continue to
develop processes that can economically convert lignocellu-
lose into chemicals. Moreover, glucose is one of the most
abundant monosaccharides in biomass, accessible by enzy-

matic or chemical hydrolysis from starch, sugar or cellulose.
Furtherrnore, a range of chemical products can be obtained
from glucose which gives it a key position as a basic raw mate-
rial/building block.

3. ' Glucose -— a biorefmery building block

Fermentation of polymer building blocks is already under
commercial introduction. For example, Cargill produces lac-

tic acid by fermentation and products based on polylactic
acid are being introduced to the market. Several companies
focus on succinic acid as a polymer building block, but also as
a potential raw material for chemicals (e g. butanediol). 1,3-
propandiol is marketed by DuPont Tate 8: Lyle BioProducts
for sot-anal“ polytrimethylene terephthalate (PTT) polyester.
Likewise Cargill is working on developing 3—hydro:-rypropionic
acid (3-HP). 3-HP is a potential raw material for existing
chemicals such as propanediol and acrylic acid. Polyhydrox-
yalkanoate (FHA) is marketed by Telles, a J/V between ADM
and Metabolix. Roquette, the French starch producer, has com-
mercialized isosorbide, a derivative of sorbitol lsosorbide is

used as a co-monomer for high temperature polyethylene

terephthalate. However, even if commercialization of polymer
building blocks made by fermentation is commercially under-
way, the technology has certain drawbacks such as loss of
carbon as CO2, low yields and difficult recovery of the products
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fmm the fermentation broth. The technology presented here
(combined chemical and enzymatic catalysis from glucose)
has the potential to overcome these problems and represents
a promising next generation technology.

One chemical transformation ("besides ferrnentations} of
carbohydrate monomers for the degradation of functional-
ity is the dehydration reaction. This facilitates the removal of

some of the fu nctional groups in carbohydrates and allows the

formation of defined building blocks.Triple dehydration ofglu-
cose yields HMF-—a building block molecule that subsequently

can be transformed into a multitude of bio-based chemicals.’
By a subsequent hydration reaction or an oxidation, HMIF can

be converted into levulininc acid or PDA, respectively Both
of these molecules are on the list of the 12 bio-based plat-
form chemicals identified as being of highest potential to be
converted into new families of useful molecules (Ulferpy and
Petersen, 2004). [n the following we will focus on the dehydra-
tion ofglucose to I-1M1‘ as an example ofthe need to efficiently
combine enzymatic aqueous processes with inorganic het-
erogeneous catalytic processes that have so far mainly been
developed for running reactions within the petrochemical
industry.

HMF is in itself a rather unstable molecule. it can be found

in natural products such as honey and a variety of heat pm-
cessed food products formed in the thermal decomposition
of carbohydrates. interestingly, HMF can be chemically con-
verted into a range ofother valuable chemicals, The oxidation

of HM} is of particular interest. Here, the ultimate objective
is to obtain FDA as suggested by Schiwelc et al (1991). The
diacid can be used as a replacementfor terephthalic acid in the
production of polyethylene terephthalate and polybutylene
terephthalate {Gandini and Belgac'em,1997;Kunz,1993) which
was recently reviewed by Moreau et al. (2004).The partially oxi-

’ dized compounds can also be used as polyrner building blocks

§‘!.=st§-om‘. k’§hs.>rrs§<;ssi

O

H0-"(J
2-Hydroxymethylfuran

‘Q--—---

 
2.5-Furandicarboxylic acid

although these are more difficult to produce selectively. FDA is
a chemically very stable compound. Its only current uses are
in small amounts in fire foams and in medicine where it can

be used to remove kidney stones.
Several extensive reviews describing the chemistry of HM?

and its derivatives have been reported (see Fig. 1). The most
recent review focuses on chemical transfonnation of biomass

to a variety of chemicals with particular emphasis on the
dehydration of monosaccharides giving either furfural (from

pentoses) or HM]: from hexoses, respectively (Corma et al.,
200?]. Moreau et al. (2004) described the recent catalytic
advances in substituted furans from biomass and focused

especially on the ensuing polymers and their properties. A
review by Lewkowski (2001) on the chemistry of HM? and its
derivatives also appeared recently. Two other relevant reviews
are from Cottier and Descotes (1991) and I-Custer (1990).

The mechanism for the dehydration of fructose to I-IMF has
been interpreted to proceed via two different routes; either
via acyclic compounds or cyclic compounds (Haworth and
Jones, 1944; Kuster, 1990; Van Dam et al., 1936; Antal et al.,

1990). Besides HMF, the acid-catalyzed dehydration can lead to

several other by-products such as insoluble polymers, called
humins or humic acids. In an industrial process it_is very
important to find the right process conditions that avoid the
formation of humins as these, besides lowering the selectivity
of the reaction, potentially can clog up your reactor or deacti~ -
vate the heterogeneous catalysts.

In spite of all the research carried out within this area an

efficient way of producing HMIF or its corresponding dicar—
hoxylicacid, FDA, still remains to be found. Traditionally,
chemists have been struggling with finding an inexpensive
way of producing pure HMF. Given the immense field of its
application, it is interesting that relatively few of the listed
reviews have described the challenges that might be faced in
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Fig. 1 - I-IMF as a precursor for a range of commercial chemicals.
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lcal reaction conditions for immobilized glucose isomerase.

oly arr-s ‘rice oritent 13 
a biorefinery manufacturing HM? or its derivatives. The most
likely biorefinery scenario will not be restricted to one product
but make a series of high and low value products (including
fuel). This allows the biorefinery to shift focus from one prod-
uct to another if the market changes. In the case of HM}-' or
FDA production this means that producing purely I-IMP or FDA _

is not the ultimate target and side—streams producing other
valuable products besides l-IMP or FDA can actually be of ben-
efit. One potential by-product of value is levulinic acid. This is
formed via a rehydration of]-IMF to give levulininc acid along
with formic acid. Both of these molecules are valuable prod-
ucts that are potentially worth isolating as side streams ‘In
this respect the goal of completely selective dehydration may
in the future be misplaced.

The synthesis of I-IMF. is based on the acid-catalyzed
triple dehydration of C6-sugar monomers. mainly glucose and
fructose. However, various polysaccharides have also been

reported as HM} sources (Rapp, 198?). The most convenient
method for the preparation of HMF is by dehydration of fruc-
tose. When starting from ketohexoses (such as fructose) the
dehydration reaction proceeds more efficiently and selec-
tively. This can be explained by aldohexoses (such as glucose)
only being able to enolyze to a low degree which is consid-
ered the limiting step in the production of I-IMF from glucose.
However, glucose is the favored source of HMI-' due to the
lower cost of glucose compared to fructose. Fructose may be
obtained by enzyme or acid-catalyzed hydrolysis of sucrose
and inulin orby the isomerization ofglucose to fructose . Inulin
is a linear 3-2,1 linked fructose polymer which is terminated

by a single glucose unit. it is found as a food reserve in a
number of plants including Jerusalem artichoke and"r:hicory.
Industrially fructose is produced from glucose by the enzyme

glucose isomerase (EC 5.3.1.5). The equilibrium conversion
under industrial conditions is 50% making chromatographic

separation necessary in order to obtain the industrial product
of 55% fructose, which has sweetness similar to sucrose. Glu-
cose isomerase is used industrially as an immobilized enzyme

with typical reaction conditions as shown in Table 2.
Commercial immobilized glucose isomerase preparations

used in a packed column have half-lives between 100 and
200 days. Most columns therefore last for more than 1 year
and productivities are typically around 15 tons of syrup dry
substancefkg immobilized enzyme

4. Case studies

4.1.. Case_1: conversion ofgiucose/fructose to I-IMF

To date most of the work regarding the acid—catalyzed con-
version of fructose, and to a less extent glucose, into l-IMF

has been carried out in aqueous reaction media. Obviously
water being very abundant and non-hazardous is the pre-
ferred solvent of choice when exploring green and sustainable

chemistry. Furthermore water is a good solvent for dissolving
the monosaccharide substrates (fructose and glucose) as well

as the product, I-IMP However the dehydration of fructose to
yield HMF in aqueous media is hampered by a competitive
rehydration process resulting in the by-products levulinic acid

'256136d7'A_|_>

and formic acid- In addition soluble and insoluble polymer-

ization products (humins), that are thought to arise from the
self- and cross-polymerization of}-IMF. fructose and other by-
products seem to be more pronounced in an aqueous reaction
medium than an organic one (Van Dam et al ., 1935). Neverthe-

less, severalinteresting papers have been published on the
dehydration of fructose into HMF. The conversion of glucose
into HMF is more difficult and as a result there are only a few

publications on this process.

4.1.1. Aqueousimedio
Several mineral acids such as HCI, I-13504, and H3PO4 have

been employed in the homogeneous catalyzed dehydration of
fructose to yield HM? (Newrh, 1951; Medniclc. 1962; Roman-
Leshkov et al., 2006). So far; however, the yield and selectivity
of reactions carried out in aqueous reaction media are not

comparable to those observed in aprotic high—boiling organic
solvents such as DMSO where the solvent also serves as

the catalyst (Musau and Munavu, 1987). Despite high yields
and selectivity, the cost of removing high—boiling solvents
makes these solvents unsuitable for industrial and large-scale

processes. Heterogeneous catalysts have, due to separation
and recycling considerations, drawn more attention than
homogenous catalysts. The use of various acidic heteroge-
neous catalysts such as niobic acid (Nb; O5 -n}-I20) and niobium

phosphate (NbOP04] have been reported to have an intermedi-
ate selectivity of about 30% for the production of HM} at about
80% conversion offructose (Carniti et a1., 2005). Zirconium and_

titanium phosphates/pyrophosphates have been shown to
have a very high selectivity of up to 100% at 100°C in a period of
18 min for the formation ofHM]‘. in water. However as the reac-
tion time increases, the selectivity drops fast which is thought
to be due to the fonnation of polymeric by—products_ Addi-

tionally, titanium oxides (Tiog), zirconium oxides (2:02) and
H-form zeolites catalyze the dehydration reaction (Moreau et

al., 1996). Especially interestingis the direct conversion of glu-
cose to ‘HMP which can be enhanced up to 5-fold compared

to the hydrothermal dehydration, employing an or-‘F10;
at 200°C (Watanabe er al., 2005a,b). The main disadvantage

. with these catalysts seems to be the high temperature needed
in order for the reaction to proceed without limited selec-

tivity and conversion rates. Highly acidic cation-exchange
resins such as those derivatized with sulfonic acid groups are

also effective catalysts, providing the acidity of mineral acids

together with the advantages of the heterogeneous catalysts
(Rigel et al., 1981). These, often polystyrene based resins, can
only tolerate temperatures up to around 130 “C, which reduces
the range oftheir application]-iowever this temperature range
seems to be sufficient to overcome the activation energy bar-

rier. when simultaneously applying the effect of microwave
heating [Qi et al.., 2003).

1

4.1.2. Modified aqueous media and two-phase systems
Phase modifiers have within the last couple of years proved

very effective in promoting the conversion of fructose to HMI.
Polar organic solvents that are miscible with water are added
in order to increase the rate of the reaction to HMF and reduce

the rate of the rehydration process fonriing by-products (Van
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Dam et al., 1986). Commonly employed aqueous phase mod-
ifiers are acetone, DMSO and polyethylene glycol (PEG) (Qi et
al., 2003; Chheda et al , 2007; Van Dam et al., 1986). A further
modification of the aqueous phase system is the introduction

of a second immiscible phase to create a two-phase reaction
system An organic phase extracts the HM]? from the aqueous
phase as it is produced and consequently reduces the forma-
tion of rehydration and polyrneric by-products. Even with an
initial concentration of fructose as high as 50 wt%, remark-
able results with selectivity of 77% and a conversion of90% at
180 “C with HCI as the catalyst have been reported. In compar-
ison similar conditions in water resulted only in a selectivity
of 28% and a conversion of 51% (Roman-Leshlcov et al., 2006)

4.1.3. Non-aqueous organic solvents
Until now, the best results for the dehydration of fructose to
HMF have been made in high-boiling organic solvents. The low
concentration of water prevents the rehydration of I-IMF to lev-

ulinic acid and formic acid. Iodine catalyzes the dehydration
of the fructose part of sucrose in anhydrous DMF at 100°C.
Glucose is unaffected under the same conditions (Bonner et
al., 1960) High selectivity has also been obtained when using
PEG—600 as a solvent together with catalytic HCl. With the
acid present a 1:1 solution of fructose and PEG-600 can be

obtained at 85 “C [Kuster and Laurens, 1977). The first really
high yields were reported by Nakamura and Moril-zawa (1930)
using a strongly acidic ion-exchange resin as the catalyst in
DMSO at 80°C These conditions gave a yield of 90% after
8h. The rate of the reaction was strongly affected by the type
of resin used (Nakamura and Morikawa. 1980). Quantitative
yields, without the use ofa catalyst, were reported soon after
in DMSO at 100°C for 16h (Brown et al., 1982). Good results
were also obtained during an investigation of the optimum

fructose concentration in DMSO With 8.5 molar equivalents
of DMSO with respect to fructose,‘ a yield of92% was obtained
at 150"C without any catalyst after 2h (Musau and Munavu,
1937)

None of the above examples are suitable for production
on a large—scale. High—boiling aprotic solvents such as DMSO,
DMF and NM? are all miscible with water as well as many
other common organic solvents. This makes separation of the

desired products very difficult. Furthermore, both DMF and
NMP are considered to be teratogenic.

4.1.4. Supsrcritical/sulrcritical solvents
Since the best results for the dehydration of hexoses to HMF
have been in high-boiling organic solvents, the use of low-
boiling solvents in their sub- or supercritical state would be
an interesting alternative Subcri tical water has emerged in
recent years as a feasible alternative to organic solvents at
larger scale. its unique intrinsic acidic and basic properties,

makes it particularlyinterestjrig as a reaction medium for the
dehydration of carbohydrates. When glucose is dehydrated in
pure subcritical water, HMF is formed with greater selectivity
than when using sulfuric acid or sodium hydroxide as cata-
lysts under the same pressures and temperatures (Siml-tov'ic

et al., 1987) . Watanabe et al. (20053) explored the use of differ-

ent Tlog and zl'O2 catalysts in highly-compressed water. The
an atase-Tit); catalyst showed both basic and acidic properties
and catalyzed the conversion of glucose to I-IMF. Yields were
only about 20%, but the selectivity was more than 90%. The
basic properties of the catalyst were thought to catalyze the
isomerization of glucose to fructose, whereas the acidic prop-
erties were thought to catalyze the dehydration (Watanabe et

al.. 2005b). Yields of up to 50% were obtained when using fruc-
tose as the starting sugar and different zirconium phosphates
as catalysts in subcritical water. No rehydration products

were observed, yet the highest selectivity was not more than
61%. By-products were humins and furaldehyde (Asghaii and
Yoshida, 2006). Interesting results have recently been reported

on the catalytic effect -of H3PO4, H1504 and HCl in the direct
conversion of glucose to HMP in water at 523 K. It was con-
cluded that the weakest acid, }-lgPO4, was the best catalyst for
the conversion of glucose into HMF and the strongest acid,
HCl, was the best catalyst for the conversion of HMP to lev-
ulinic acid. The best yield for HMF was 40% (Takeuchi et al.,

2008). More extensive studies on the kinetics ofthe dehydra-
tion ofD—glucose and D- fructose in sub- and supercri tical water
have been made as well as the behavior of HM? under similar

conditions (Kabyemela et al., 1999; Asghari and Yosliida, 200 7;
Chuntanapum er al , 2008).

Nevertheless, the overall results from sub- and super'crit-
ical water have so far been unsatisfactory in terms of yields.
Bicker et al. (2003) explored other low-boiling solvents such
as acetone, methanol and acetic acid. An acetone/water mix-

ture at 130°C and 20lv'lPa gave 99% conversion of fructose
and a selectivity of 77% to HM]-‘. This excellent result was
explained by the structural similarities between acetone and
DMSO, which would promote the furanoid fonn of fructose
and hence favor the formation of HMF. The authors also pro-
pose a continuous process for the reaction (Biclrer et al ., 2003,
2005;

4.1.5. Ionic liquids
Another attractive alternative to higb—boi1ing organic solvents

is the use of ionic liquids. Theirunique physical properties
such as negligible vapor pressure and non-flammability make

them particularly suitable as solvents for large-scale produc-
tion. There is a possibility to design and functionalize the
ions of the ionic liquid, giving them ability to work both as
solvent and reagent for certain reactions. There are several
examples ofionic liquids that have the ability to solubilize nat-
ural polymers such as cellulose. starch and chitin. This opens
an excellent opportunity to convert crude biomass into fine
chemicals (Liu et al., 2005; El Seoud et al., 2007).

The first dehydrations of fructose and glucose with the help
of ionic liquids date back 25 years. Fructose‘ was dehydrated
in the presence ofpyrldiniumchloride to HMF in high purity
with 70% yield. The corresponding result for glucose was only

5% (Eayet and Gelas, 1933). in 1—butyl-3-methylimidazolium
tetrafluoroborate and_1-butyl-3-methylimidazolium hexaflu-

orophosphate, yields up to 80% from fructose were obtained
using DMSO as a co—solvent and Amberlyst-15 resin as the
catalyst. The DMSO helped to solubilize the starting fructose
and the reaction was faster than in DMSO alone Performing

the reaction in 1-bury-l-3-methylimidazolium tetrafluorobo-
rate alone gave a yield of 50% within 3h (Lansalot-Matras
and Moreau, 2003). The best results sofar from fructose were

made by using the acidic 1-l-I-3-methylimidazolium chloride
as reaction medium. This acted both as solvent and cata-

lyst giving a yield of 92% after 13-45 min at 90°C. There was
no sign of HM? decomposition and glucose remained com-
pletely unreacted (Moreau et al., 2006). Recently remarkably
good results were found using the ionic liquid 1-ethy]-3-

methylimidazoliurn chloride together with CrCl2, giving a total
yield of 70% HMF directly from glucose and virtually no lev-
ulinic acid. The authors propose that the actual catalytic
specie is the CrCl3‘ ion formed together with the solvent
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and that it catalyzes the isornerizalion of B-glucopyranose

to fructofuranose, which is subsequently dehydrated to I-IMF
(Zhao et al.. 200 7). Bao et al. (2008) concluded that ionic liquids
with a Lewis acid moietywere more efficient than those with a

Bronsted acid counterpart when dehydrating fructose. These
ionic liquids were also successfullyimmobilized on silica, giv-
ing a yield of up to 70% from fructose to HMF and completely
retained their catalytic activity after five reaction cycles (Bao

eE al , 2008)

4.2. Case 2: HM? oxidation to 2,5-diformylfuran and
FDA

FDA has been identified by the U.S. Department of Energy
(DOE) biomass program as one of the 12 chemicals that in the
future can be used as a feedstock from biomass in biorefiner-

ies (Werpy and Petersen, 2004). Due to the presence of the
two carboxylic acid groups, FDA is considered to be a biore-
newablebuilding block to form polymers from biomass and

therefore become an alternative to terephthalic, isophthalic
and adipic acids, which are all produced from fossil fuels. Su g-

ars in the form ofmono- and cl.isaccharides are easily available
from biomass. The hexose type monosaccharides such as glu-

cose and fructose can be catalytically dehydrated into HMF ’
(Gonna et al., 2007; Gallezot, 2007; Moreau et a1., 2004). l-IMF
can then be oxidized into FDA using a variety of routes and
reaction types with stochiornetric amount ofoiddants Most of

them are described in a review by Lewkowslti (2001), including
electrochemical oxidation, use ofbarium and potassium per-
manganates, nitric acid and chromium trio:-tide. In this section

we will focus on the recently reported catalytic routes for the
oxidation of HMF into FDA.

4.2.1. Oxidation of HMF to DFF
Though production of FDA from E-IMF has been ofgreatinterest
recently, there are few papers on Catalytic aerobic oxidation of
HMF. In the catalytic route to form FDA the partially oxidimd
intermediate 2.5—diformylfuran (DFF) is often observed (Fig. 2).

The dialdehyde is a useful product to form other deriva-
Lives, and a number of studies have reported on the selective

formation of DFF. Thus, I-Ialliday et al. (2003) reported oxida—:
tion of HMF to DFF using an in situ reaction protocol where
I-IMF was directly generated from fructose and not isolated.
Hence, using ion—exchange resins and, then, VOP-type cata-
lysts the authors obtained DFF with a maximum yield of 45%

2BE13847A_|_>

based on fructose [Halliday et al, 2003). Carlini et al. (2005) _ "
reported that I-IMF, as a starting reagent or produced one pot

from fructose, _was oxidized to the corresponding dialdehyde
in water with methylisobutylketone {MlBK), as well as pure

organic solvents. with vanadyl phosphate (VPO) based cata-
lysts (Zr, Nb, Cr, Fe modified) as such or using a TiO2 support
at 7‘5—20U"'C and 1MPa. However, the reported yields were
low (H20:M{BK=0:30—S:30, I-IMF conversion 340%, selectivity
to DPF 100-!-30%, respectively). Considering the oxidation as a
stand-alone reaction and changing the solvents to less polar
ones (benzene, toluene) better conversion rates and selectiv-
ity were obtained, and using MIBK as a solvent lead to 98%
conversion with 50% selectivity. However, in DMF the results

are even better (at 150°C) giving 34% conversion and 97%
selectivity.

_ 4 2.2. Oxidation of I-IMF to FDA
The above-described D!-‘F may either be used as a valuable by-
product or as an intermediate for obtaining FDA. On the other
hand, catalytic reactions leading to the formation of FDA are
also reported ‘

Partenheirner and Grushin (2000) obtained DFF from HMF
using metal bromide catalysts (Co/Mn/Zr/Br) The reactions
were carried out in acetic acid at atmospheric pressure and
also at 70 bar; the yields were 57% and 63% with the conver-

sion of HMF'9B% and 92%, respectively. Cobalt as a catalyst
was also used by Ribeiro and Schuchardt (2003). Using cobalt
acetylacetonate as a bi-functional acidic and redox catalyst
encapsulated in silica in an autoclave at 150 “C, they obtained
FDA, from fructose via HMF formation, with 99% selectivity to
FDA at 72% conversion offructose. By in situ oxidation of HIM?
to FDA starting from fructose, Kroger et al. (2000) described a

way ofproducing FDA via acid-catalyzed formation and sub-
sequent oxidation of HMF in a MIBK/water rnixture using solid
acids for fructose transfonnation and PtBi-catalyst encap-
sulated in silicone and swollen in MIBK. The reaction was

carried out_in a reactor divided with a PTFE-membrane in
order to prevent the oxidation of fructose. However, though

in -principle the integration process has been described, the
yields remain quite low. The resulting yield of FDA was 25%
based on fructose. In the oxidation of I-IMF to FDA the use
of noble metals was first studied by Vinlte et al. (1991). Here,
mainly Pd, Pt, Ru supported on different carriers were used as
the aerobic oxidation catalysts. Although all the noble met-
als revealed catalytic activities, only Pt supported on A1203
remained stable and active and gave quantitative yields of
FDA. The reactions were carried out in water at pH 9 using

a reaction temperature of60°C and a partial oxygen Pressure
of 0.2.

4 2.3. Oxidation of HMF to FDA derivatives
A new approach to the oxidation of HM? has been reported
recently by Taarning et al (2003) using methanol as both
solvent and reagent. They perforrned a reaction with a gold

nanoparticle catalyst in an autoclave at 130°C.‘ and 4 bars of
dioxygen, and obtaining FDA with 98% yield (according to GC
analysis) and 60% isolated yield after sublimation.

5. Process technology

Table 3 indicates some of the key features ofpossible routes for
the conversion of fructose to I-IMF. A number of observations
can be made: .
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Tble 3 — Key features of possible routes for the conversion of fructose to HMF.
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0 Catalyst type
A variety of catalysts like mineral and organic acids,
salts, and solid acid catalysts such as ion-exchange resins '
and zeolites have been used in the dehydration reaction,
The homogeneous acid-catalyzed processes are frequently
associated with low selectivity (30—50%) for HMF at a
relatively high conversion (50-7036) (Carlini et al., 1999)..
Moreover, problems related to separation and recycling of
the mineral acid as well as of plant corrosion are expected
Thus. recent research has been based on heterogeneous
acid catalysts which have considerable potential for indus-
trial application [Carlini et al., 1999).

9 Mode of operation
The dehydration process has mostly been studied in batch
operated reactors. Few researchers have examined a contin-
uous process. One exceplion is the work reported by Kuster

and Laurens (1977), who developed a continuous homoge-
neous catalyzed process for dehydra lion of fructose to HMF
by using a tube reactor with polyethyleneglycol-600 as the
solvent. Dehydration of fructose in a continuous stirred tanl-c
reactor with phosphoric acid and MIBK as a solvent was also
reported by Kuster and van der Steer; (1977).

a Media

The dehydration of hexoses and pentoses has been stu died
in water. organic solvents, biphasic systems, ionic liquids,
and near- and supercritical water. The most convenient
solvent for dehydration of fructose to HMF is water. How-
ever, waterisithe reactant in the reverse reaction. Moreover,
with the presence of water, I-IMF decomposes to levulinic
acid, formic acid and hurnins. Organic solvents are thus
introduced to improve the dehydration reaction by shifting
the equilibrium and suppressing HMF hydrolysis Relatively
high yields were reported for the use of DMSO with ion-
exchange catalysts -{Nalramura and Morikawa, 1980; Rigal

and Gaset, 1985) and quantitative yields ofiHM1= were also
reported by heating fructose in the absence of catalyst
(Brown et al., 1932; Musau and Munavu, 1987). In spite of

the advantages of using DMSO, the difficulties of separa-
tion limit its application. Moreover, possible toxic sulfur
containing by-products from decomposition of DMSO may
cause a risk to health and the environment [Moreau et

265136-17A7l__>

al.., 2004). A biphasic reactor system has been developed
to suppress HMF degradation by using organic solvent to
separate HMF immediately from the reaction medium as
it forms. Consequently some work has been canied out
to find the proper extraction solvent. Amongst the sol-
vents reported. MIBK is the most commonly used solvent
for extraction of I-IMF. Due to its relatively low-boiling
point, it is relatively easy to separate I-IMF from MIBK.
In general, poor HMF partitioning in the organic solvents
leads to the use of large amounts of solvent. Purifica-
tion of the diluted I-IMI product thus causes large energy
expenditure in the subsequent process (Chheda et al.,
2007).

5.1. New technology

Roman-Leshl-tov et al. (2006) developed a cost-effective
method to produce H?v1F using a biphasic batch reactor sys~
tern with phase modifiers They obtained D- fructose to HMIF in
high yields (>80%) at high fructose concentrations (10-50 wt%}
and delivered the product in a separation-friendly solvent.
In the biphasic reactor system, DMSO and/or poly(1-vinyl-2-
pyrrolidinone) {PV'P) were added as modifiers to suppress the
formation of dehydration by-products in the aqueous phase

with I-lCl as the acid catalyst. The product was continuously
extracted into an organic phase MIBK modified with 2-butanol
to enhance partitioning from the reactive aqueous solution. In
this study. they reported an improvement in selectivity from
60 to 75% by adding small amounts of aqueous phase modi-
fiers (such as DMSO and PVP) in the biphasic reactor system.
Additionally, by optimizing the partitioning of I-IMF product
into the organic phase, the process not only minimized the
degradation of HMF in the aqueous phase. but also achieved
effi cienr pro duct recovery.

Zhao et al. (2007) used a metal chloride catalyst in an ionic
liquid for the dehydration of I-IMF. In this reaction, the only
water present in the system was from the dehydration of fruc~_
tose to HMF reaction, which indicated that the conditions for
HMF degradation to levulinic and formic acids were not met.

By using this metalchloricle in ionic liquid, the reaction could
take place at reduced temperature, 80°C for fructose dehy-
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dration, and 1005C for glucose. 90% yield was achieved from
fructose and 70% yield from glucose

Bicker et al. (2003) reported the use ofbenign solvents such
as acetone, methanol or acetic acid in _a Sustainable process
outline. They reported the dehydration of D-fructose to HMF
in sub- and supercritical acetone/water mixtures The use of

this reaction media resulted in higher yields of }-IMF (77%
Selectivity, 99% Conversion} . No solid impurities [humins) were
formed; The authors also claimed the potential for a techni-
cal process based on this low-boiling point solvent, whereby a

price for HMF of about 2 Euro/kg could be achieved if fructose
was available at apiice of around 0.5 Eurofkg.

However all these new technology approaches for making
HMF from fructose have been carried out at a small scale. On

a larger scale Rapp has reported yields of ~2.5 kg HMF from
aqueous dehydration of fructose (Rapp, 198 7).. The production
of HMP, close to a kg scale, has also been reported using DMSO
as the reaction media (M'Bazoa et all, 1990) T Nevertheless since
high selectivity is crucial for implementing this reaction on an

industrial scale, the recent research has been highly focused
on alternative routes for improving the selectivity of the dehy-
dration reaction.

5.2. Process implementation, integration and scale-up

In order to comply with the demands of efficient and spe-
cific conversions of the chemical reactants in a biorefinery

with a minimum of economic cost, a special focus on pro-
cess implementation. integration and scale-up must be paid.
The development of combined biological and chemical cat-

alytic reactions without intermediate recovery steps has
the potential to become an important future direction for

Carrying out sustainable organic syntheses (Hailes et al.,
2007)..

The synthesis of a variety of important chemical building
blocks involves multistep reactions often catalyzed by a chem-
ical or biological catalyst. In many cases, the optimal operating
conditions are rather different for the individual steps of such
synthesis reactions. However, it could prove favorable if such

reaction steps are combined or integrated, allowing them to
occur concurrently, in proximity to one another, and at or
close to their respective optimal operating conditions. Also
from an engineering point of view, integration of unit oper-
ations couldcon tribute to among other things simpler design,
less equipment and less piping (Koolen, 1998).. Fur1'_hermore.
integration could reduce operating time and costs as well as
consumption of chemicals and use of energy [Brugginl-: et al.,
2003). An important aspect of process integration is the dif-
ferent working condition for the individual reactions. When
the aim is to match different reactions involving enzymes,
important factors such as enzyme stabilities, reaction rates,
reaction media (e.g. pH, temperature, pressure} and reactor
design must be considered. Tools to aid integration of different
processes include reactor compartmentalization (Fournier et

al . 1996; Byers eta] , 1993; de longetal, 2008; Chen et al.,1997),
medium engineering {Bao et al., 2008; Zhao et al , 2007), ISPR

(Freeman et al., 1993; Woodley et al., 2008), optimized reactor
designs (Stankiewicz and Moulijn, 2003] and multifunctional
catalysts (Bmgginl: et al., 2003].

The conversion of glucose to FDA involves three steps, each

with different optimal physical and chemical parameters like
pH, temperature and pressure. P urthermore, the catalysts are
of different nature with a bio-catalyst (enzyme) in the iso-

merization of glucose to fructose and a number of potential

26513647A_I_:-

chemical catalysts of both heterogeneous and homogeneous
nature in the following dehydration and oxidation reactions.
While the potential for integration exists. it is only via an
economic evaluation that such options can be further consid-

ered. A valuable process implementation tool to achieve both
qualitative and quantitative understanding of the reaction
processes and their potential for improvement is mathemat-
ical modeling. A good model should facilitate knowledge and
understanding of the chemical reactions and include in a
quantitative manner the most important physical and chem-
ical governing parameters. As more is understood about the
alternative synthetic routes to FDA, the appropriate modeling
tools will also need to be developed.

6. Future outlook

With the implementation ofbiorefinenes and increased inter-
est in biofuel it is clear that the associated sugar-based

chemistry will provide a rich variety of chemical products
as building blocks for higher value molecules. The extent to

which this happens depends on two factors. First the eco-
nomics of the -biorefinery will act as a driver in many cases

to provide a means to develop higher value products along-
side fuelv Ultimately the value of each product tree will need
to be evaluated alongside the associated cost of implementing
additional technology. Secondly it is clear that new technol-

ogy and improved catalytic methods are required to produce
high value building blocks such as FDA. Some of the more
promising routes lie in new media such as ionic liquids but
it is also clear that far higher selectivities are required. in

this respect enzyme based catalysis will have a particular and
likely expanding role in the future development of biorefinery
technology. Finally, the implementation of new technology for
biorefmerles must be evaluated within the context of green

chemistry and the necessary environmental requirements.
For example the selection of organic solvents and catalysts
mu st adhere to the criteria for sustainable processing. This is
essential in order to ensure that new processes use sustain-

able processing methods as well as making use of sustainable
resources. '
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THE ELECTROCHEMICAL OXIDATION OF

5-HYDROXYMETHYLFURFURAL WITH THE NICKEL

OXIDE/HYDROXIDE ELECTRODE
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Department of Organic Chemistry. Institute of Chemistry. University of Lodi. 90-I36 Lt‘.-di.
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Ahstnet—The electrochemical oxidation of 5-hydroxyrnethylfurfural with nickel oxidefhydroxide anode
gave 2,5-furandicarh-oxylic acid in 71% yield.

Although 5-hydroxymethylfurfural is known as an
important intermediate in organic syntheses, its elec-
trochemical properties are scarcely examined; the
only study is that of electrolysis in mcthanolwith
platinum anodeil].

We oxidized electrochemically 5-hydroxymethyl-

turfural (I) with a nickel oxidefhydroxide anode,
in aqueous basic solution. The substrate converted
into 2,5-furandicarboxylic acid (11). This acid has
been previously prepared by the oxidation of 5-
hydroxymethylfurfural (HMF): with potassium hy-
permanganate in aqueous sodium hydroxide[2], with
oxygen, catalysed by palladium or platinum in a basic
solution[3], or" with dinitrogen tetraoxide in dimethyl-
sulphoxidv.-[4]. The fonner method gave the product
in a poor yield, the two latter methods are difficult
for laboratory use. Thus, our reaction seems to be
an efiective synthetic method to obtain the compound
(II).

 :¢
HocH,—@—cHo H‘o—N3°H_(Ni0(0H” Hooc—©—cooH- o

’ i ll)(1)

The dc electrolysis was carried out in a divided,
H-shaped cell, at a current density of 0.0l6A cm‘'‘.
0.005 M (0.63 g) of the substrate (1), was eleetrolysed
for 4h, in 100 ml of 1 M aqueous sodium hydroxide,
with nickel oxidejhydroxide anode and stainless steel
cathode at room temperature. The geometric area of
the anode was 12.5 cm’. The nickel oxidefhydroxide
anode was prepared following the described
procedure[5].

The previous constant potential coulometry was
carried out at 0.600V as see with 0.005 M of the

substrate. We have investigated the reaction with
the use of up spectroscopy. Analysis of spectra
showed that the molar concentration of I-IMF

(1,,,,=292nm) decreases proportionally to the in-
creasing molar concentration of 2.S-l'urandicar-

boxylic dianion (A,,,,_,=265 nm) and there was no
evidence of any other product. So, together with
rm spectroscopy. constant potential coulometry
showed 6F mol" passed electricity in 84% current
efliciency (CE).

After electrolysis the anodic mixture was acidified
with hydrochloric acid up to pH 3; the product
isolated in 71% yield, as dark yellow crystals not
melting below 330°C and partly sublimating over
250°C. 2,5-Furandicarboxylic acid can be purified by
recrystallization from water. _

The identity of compound (II) has been continued
by both ir and ‘H NMR spectra. Similar electrolysis
has been carried out under the same conditions. but
in an undivided cell. The product was obtained in
57% yield. '

Thus, the electrolysis of I-IMF with the nickel
oxide/hydroxide anode should be carried out in a
divided cell to achieve a better yield.
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1. The Uonoersion of Sucrose into Furan Oompou-nds. Part II. Some

2: 5-Dimtbatituted Tetrahydrofurarw and their Products of Ring Sciaaion.

By W. N. I-l'.nwu1t1'u, “T. G. M. _]oN1i:s, and L. F. Wrcoms.

6-!-Iyd.rox:y1nethy1:EurI-uraJd.ehyde in converted into 2: 5-Htlydroxymathyltauaiaydrofurau and 5-hydxoxy.

n1et.h.y1.f1:.ran-2-carbotzllc acid into the corresponding tetrahydrnfuxan. derivative by catalytic hydrogenation.Some derivatives of con compounds 'a.re described together with the products o'trI.-Lined by their ring fission.
A new synthesis of adipic acid is recorded. ‘

Tm: preparation iron: sucrose of 5—h.yd.roJrymethy1furfurnldehy'de has been descdbed (L, 1944, 643'?) and it is
envisaged that this compound might be an intermediate in the convei-sion of sucrrne into useful compound.-3.

We have now investigated the conversion of 5—hyd:o::yInethyHu.r!u.ral.dt_:h.yde in-to open-chain compounds.
This may ‘be accomplished in two ways : {i} by cleavage of the foran ring with hy'dl:D]y‘tic agents. and (ii) by
cleavage of the reduced iuran. ring. As examples oi the first method may be considered the conversion of
fnrimylacrylic acid into 4-l(Qt0piIII:BliG acid by treatment with ethyl-alcoholic hydrogen chloride (hlarckwald,
Ban, 1837, 20. 2811) and the conversion of 8-iurfurylidenclaevulic acid into 4 : 7-diketosebacic acid (Keln-er and
Holacker, Armalan, I896, 291, 165]. An example of the second method is the cleavage of the tct:-ahydxoluran
ring in 9 :5-dinlethylteh-nhydrofnran by hydrogen halides {Freid and Kleene, J. Amer. Chem. 306., 1941. 83,
2891] with the lormation of 2 : 5-dihclogenohuxcnes. Ring fission of the tetrahydroturan ring can also be
brought about by acetyt chloride or acetic anhydride. ‘I'l'rnB Paul obtained uiethyl-5-chloro-2-acetoxywalcz-ate

from methyl tetmhydroiuljan-3!-carboxylate and acetyl chloride (Comp: rend“ 194.1. 212. 401) and 1 : 2 : 5--ttie
acetoxypentane from acetoxymethylteu-ahydrofnmn and acetic anhydrlde in the presence of zinc chloride
(Bull. Soc. c}n'm.. 1941. 3. 369}. ‘We have used method (ii) in the work dmocribcdin this paper in obtaining
open-chain compounds from 5~l1ydrox:y'methylfurlutaIdehyde. ,

Relatively few 2 : 5-disubatitnted derivatives of tetrahydrofumn have so far been described in the literature-
Amongst these are 2: 5-dimeth.ylte'|:rahyd:o£uran obtained from the corresponding furan derivative by catalytic
hydrogenation over palladised asbestos {shuil-tin, Nikiforov, and Stolyarova. J- Gflh C‘-W711-. U«5-5-R-. 1937. 7.
1501) and sis-tet1‘a.hyd.ro£u.111n-2: E--dicarboxylic acid. which can be prepared, amongst other ways, by the
action of alcoholic potassium hydroxide on mesa-2 : 15-dibroznoadipic acid. The preparation of this acid by the
catalytic hydrogenation oi fut:-n—2 : 5—dl.c.a.1-bozv.-ylic acid {dehydromucic acid) 113 apparently not been described.
On the other -hand, many nmnosubstitntecl derivatives of tetrahydrofuran derived from the commercially
available mrturaidehyde are lcnown, e.g., betrahydrofurnn-2-carboxylic acid and the corresponding 2—hydroxy~
methyl and 2-methyl derivatives.

5-Hydroxymethylfurrfui-aldehyde (1), readily prepared irom sucrose [see L, 1944-. 687). has been subjected
to hydmgenation over Rzmcy nickel and converted into 2 : 5-bishydroxyfiilhykelrahydrofumn (II) in excellent
yield. This formed a. liquid bisacetoxy-derivative and was characterised by the formation of a. b1's- 3: 5—dim'tro--
benzootc. '

Ho-H.c[| lo:-Io Ho-Hxglcn,-on I-lO.C§CO,H Ho-a,c?co,n
(I) (.11.) [1 IL} EIV.)

EHIEH: EH1 : EHIE“! _AcO-CH, H I-I-CH.-0Ac ACO-CH,‘ I-I §éH'CH,'0AC l-[O,C.' H I-I'CO,HH r r r 1'

{V2} ' wt.) (V113

Unsuccessful attempts were made to oxidise it to the corresponding 2 : 5—diCa1'b0¥y1iC acid (111). degradation
products only being formed. Thus oxidation with chromic anhydride led to complete degradation, and with
nitric acid. .-.-mccinic and oxalic acids were obtained.

Experiments on the ring fission of 2 : 5-bisacetoxymethyltetrahydrolntan were carried out and the following
11511113 Obtained. On trcahnent at room temperature with. 'a. mixture of acetic" a.n11'yd.ride, acetic acid and
sulphuric acid, reagents used successfully in the a-catalysis of bcuzylidene dcriva.tiv¢:-. oi the he-xahydric alcohols
(see, for example, Hann, Hudson, and Woifl. J. Amer. Chem. Soc” 1942. B4, 1493}. the compound underwent

ring fission to a. small extent 11034,] and crystalline 1 : 2 :.5 : 8—£etra—a.celo.zy1w.1rasu was isolated. DeccetylafionB
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2 Haworth, feces, and Wiggins : The Conversion of '

by the Z-emplén catalytic method gave crystalline 1 : 2 : 5 : -B—tetrahytlroxyhe.'tane (in. p. 93°). probably identical
with one or the products (in_. p. 95-5°] obt:.u'ned by Wagner (Ben. I833. 21. 3343) by the oxidation of dinllyl with
potassium [.-ermainganatc. 2 2 5—BisacetoIyrne1:hyl1:ctra.liyd.rofursn on treatment witli Iiydrogeii bromide in
glacial acetic acid gave 2 : 5—dibromo~l : Ediaceioxyhexane (VI). 2-Bromo-5-hydroxy-1 : I5-dincetoxyhexane

(Vg is probalaly the first product of the reaction and in fact _2-bromo-l : 5 : fl-lriacetozylizzaaie was produced asn y--pros uc . . .

_ 5-H ytlrrnxyinethyl turruraldehyde can easily be converted into the corfalponding carhuorylic acid by oxidation
with all-ialane silver oxide Illcichstein, Hale. (Iliim. Acta. 1926, 9, 1053}. Hydrogenation of the carboxylic
Iltlfl over Rene}-' nickel led to the ioririation of a resinous material, probably a polymer oi the 11()]y[_-5|'_;;[ typn_
urlxich, however, was readily broken down on treatment with ethyl-alcohol-ii: hyilmgen chloride; the product
isolated was ethyl 5-Aydroxymerliylrerrahydrajuron--2-carbexylale and was characterised by the lormation ol a,
crystalline amide. The compound was better prepared by the hydrogenation of ethyl 5-hydroxymcthylturnn-
2-can-boxylate. The free carboxyllc acid was obtained by hydrolysis of the ethyl ester‘. The hydroxyl group
in ethyl F-~hy-droxyrnethyltetiahydmluxan-2-carboxylate was aeetylated, and ethyl 5-acalozynteihyflslrahydrg.
furawi-2—carbox;n'afe isolated in good. yield. Ethyl’ 5-cklormnetfijdtetrahydmfxmn-2-card-oxylatc urns prepared
frrirn the corrcspnnrliiig hjniroxy-compound by treatment with thionyl chloride and pyridine. Ring fission of
ethyl ll-ncetoxyincthyltetrnhydroluran—2-cnxboxylatc was cfleiztexl by the use at the acctolys-hug reagent
{acetic itnh-_-rrlride. acetic acid and sulphuric acid} arid. took place to a greater extent than in the case of 2 : 5-his-
acuu1xyrnethyltetniliydrofurzin. Thus ethyl 2 1 5 : 6-iriacctbzjvhexosrr was obtained in 65*}; of the theoretical
yield. , ' ,

5-Hydriixymethyltetrahydrolu1'an—2—c:irbo::yli.I:. acid (IV) was oxidised with nitric acid. and ci'.:-tet.r9.hydro-
[iiran-2 : 5—dicnrbm-cylic acid (111) isolated in 60% yield. Atte11-ipts to prepare this dibasic acid by the catalytic
hydrogenation of lurari-2 : 5-diciirhoxylic acid led only to poor yields oi the desired product and the reduction
was only accomplished by the use 01' high temperatures and pressures with Rancly nickel as the cutalyflt. The
catalytic hydrogenation of methyl iiiran-2 '. l5~dica.rbox_vla.te was not accomplished. .

The irivestigation of the ring fission of ais-~tetmhydrofur_e.n-2 : 6-dioarboxylic acid {]I I} led to a synthesis of
adipic acid as below described. The clibaslc ncid was heated with hydrogen bromide in glacial acetic acid at.
125° under pressure, and 1-ne:o~2 : 5—dibromoadlpic acid (VI!) obtained in 60% yield. Catalytic hyclrngeriaiiori
of the latter over Haney nickel in the presence of calcium carbonate gave adipic acid in good yield. The series
of reactions which constitute a. 3yI1th<=_‘iis of sdi-pic acid from sucrose is as follows :

Sucrose ——)- 5-Hydroxy'metl'Iyl- —_--iv l5—Hydroxyrncthyl- ——‘> 5--Hy'droxymeth)r1-
iiiriurnldehyde furan-2-carboxylic tetra.hydroi'ura.n-2-

acid _ carhoxylic acid

l
Adipic acid -(-—-_ mesa-2 : ll-Dlbromo- -(_—- ci':-'l'et:i-ah5.rdrofuran-

adipic. acid 9. : 5-dicaxboxylic acid.

Tetraliydrofurau.-2 : 5-dicarborylic acid proved to be :1 very stable compound. It was rccnvercd unchanged
after treatment with nitric acid at 95° and after treatment with turning hydrochloric acid under pressure. The
comparative stability oi this on-ipound is further exemplified by the fact that meihylrerrefiydrofuran-2 : 5.4:-
.-,-arbn,-r}-tare, obtained by boiling the cu-rrespcin-ding dicarboxylic acid will: methyl-alcoholic hydrogen chloride
and char-actcrlfiecl an in er-fdlcnllililc cliamida, did not undergo ring cleavage on treatincnt with the aicetolysing
reagent.

Exrcuanr.NrAL.

9 : 5—Br':.l:-i-iho.rjiI.uid.!.n_;-Ilrhahydrglurau.—-5-Hydfoxymethyliurinrsldehydfi {I0 .). djssnlyod in other H300 1:43.}. Vi-‘II
hydrogenated over Rariey nickel at J30°.['?fi atiris.1or 1! hours. After filtration an evaporation in! the filtrate the product.
3 ; 5.l"'_;}._-,».{m.e_1-mellrylrrlrehydrofuran, distilled at l2(J° (bath te:u1p.)}0-07 rrim. as a_foirly mobile. colourless llquld. vi}!
1:--1700. it was soluble in alcohol, acetone and water, slightly soluble in ei.l1er.am:1 msolublc in light petroleum [I<oun-cl :
C, 54.1; H, ll-5. (‘..H,,(), requires C, 5+0; H. 94%}. A crystalline 3 : 5—dI'nilrob¢n:oai'e was obtained and had m. 1:.
i1:i° u-‘uuna: (2.415-5; ii. 34; N. l0~9. c,,I-i .9 .31. ruzwires c. «IE-2.‘; H. 3-1: N. In-8%}. _

2 : 5-Iii":acernxymrrfiylrrtrm‘ mfm'mi.—.'.' ; 5- as ydroxymethrltetralzydtoiuran {I} g.) was reflux;-d for }15_ minutes
with nr;o,:l:i¢: anhydride (50 c.n. and sodium acetate (6 g.). the product poured on ice, the acetic acid neutral).-ma! with
sodium blL'ar'b0r1‘.:L1.B_ and the solution extracted with chlorolorrn. After the extract had been dried over anhydrous
niag-nesium siilph:ite_ it was evaporated to r1 nets, and a liquid nhuined which di.-.-tillnd at I 15' (both tc-rn11.][0-015 mm.
The product was a colourleioi mobile liq u1d.. i-:,f' 1-4515. Yield, almost quantitative (Found: C, 555: ll. 1'-‘I. C,.1l,.0,
requires L‘. H5-5: H, 'T-I'}§,, . . _ _ _ _

,aIcr.ro.'_ysi.r of 2:5-Hisacrloxymtlfiylrrlrnliydrafiiran.-—'.[11e :Ina_tt.'rIaJ H-2 3.} was l?llS50lVl'.‘d at 0 In the acotolyslng
reagent. prepared by mixing at 0° acetic anhydndc (35 c.c.), acetic acid (15 c c.), and concentrated sulphuric acid l_I. c.c.]
(gr:-c_ my example, Ham-1. Hiidsnn, and Wol_ft. inc. c1.I.}. and was kept at room temperature for 2-6 hours. lhcrr.-am_:r I! was
‘mu-.-ed on in-., neutrnlised with sodium bicarbonate. and extracted with ether. _.n'\_lter the extract had been dned_cwer
auhyd,-9“, mwmcaium 5"} hang, it was ¢'u'¢POI'l'I.‘I|':d to_n an-mp. which -was demtlllcd and l:l0PlJCCrI‘C-‘d in. two lractaenei
Fraction I 12-15 _i,-..}, b. p. H “IO-D3 mm... 113' l--IBI7; [:_-action 3 (1-2 3.), b. p. l7_l.) ,|l_l-O3 mm . II» 11480. B-oth_lrBC1.I0I'I|
won-, pa;-fly crystalline and miter drying on porous tile the crystalline-_mLtcna1 I'D uch 1_-iraa sepfirntely cxglltcmd and

recrystallised from otlier-ligl1ttlicl.:i‘o.lcun'.i.. Each sem ale had In. . 71!‘. either Ioparatcly or in ndimxture. ‘J irld. 0'21 B«
[I-‘om-id : (_‘_ 5.'l~3; 1-], G1]. u‘H,,O. requires C. 5 -9: H, 6- Tlir inatenail was 1 t 2: 5 : B-tetra-acclaxjaiiexanl.
|-'|-a_c[_jun 1 ‘had U--a¢¢1y|_ 42~4%, and frnctinn 2 had O-acctyl. l - %_ ".l'hc pnrscncc nf only tct11~3-Cetoxyhcltalic and
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[1945] Swcrasc into Fumn Comjaounds. Part II. 3

basacetoxymethyltctxuhydrofuran ‘being’ Ifltumed, function 1 contains 0-26 3. of the farther and Eran-1:ion 2, 0-4 5. Thus
the calculated y_1eld of tetra-acetnxyhexane is 10-3%, ol the theoretical.

The qtystallsne tel1'a-ceetox-yhrzxnne was dcacetyluted by treatment with a. trace of sodium in dry methyl-alcoholic
solution in the usual way. A cryslralluzc compound resulted, which. on be-in twicer from ethyl acetatb
alcohol. had I11. 13. 93" and was I : 2 : 5 ’. 3-teirah druzryhcxane. It was proha. ly identical with one 01 the ‘products of

‘t‘.l;eoac111lon9c:)ii°/gaotatauum permanganate on dially {Wagner, Iac. cit.) {Found : C, -I8-5; H, 9-3. Calc. for C.Hu0,: C,I I 0 '

Trecxh-ner¢t_of 2 : 5-._BI.saca!_o: a.Ii_aylle.I'_ra.I drafuran nu-I'M Hydrogen Bromide in Claude! Acetic .r!a'd.-—-'I'l:.>e substance
"4 5'3) "13 d1“°“’¢d 111 E13‘?! if-Otlc Bf-Id 4 I-‘--B-L and the solution saturated at room temperature with dry hydro en
ronndc. heated in a. sealed tube at 126” for 2 hours, poured on ice, and extract.-d with ether. The extract was ed

with sodium bicarbonate anluticm and with water, dried over anhydrous magnesium sulphate, and e-vupora.-l:ed.. A oynzp

(6 3.) wac_obta1ned which dlsrtllled in two rrnctlocus '. Fraction 1, b. p. 105‘. (much remxqfo-OOH mm... a v mobile, colour-less Ii md ll-2_ 3.), :3’ 1--I808, was 2-bnvuo—l : 5 : 6-triaertcsyutcua {Foun : C. 42-7: 1-1. -65; Ac. 36-8.

Quiiid. ‘Br I u_1rcc C, 42-5; H, 6-H; Ac. 38-19’ . Fraclion 2. b. p. 1-15" (hnfln t.l:xnp.)f0-D3 IInn.. a. fairly vlscid. yellow
hqu _ (3-8-g.). as 14957. wusmclnlz 2 : E-diorama-1 : 6-din-cclaxyhexanc (Found : C. 33-2; H, -E-5; Ac, 28-8. Cul-I"O,,Br.requires: C. 33-3; H. 4--.1; Ac. 94-0 ,5).

Oxidation of 2 : E-Bisbydroxym.ctlIyI1r1rahjrdrofur:Iu.——A solution 01 the n1ate:ria.1 (D'5 g.) Ln nitric acid (J 1-16] (30 c.c.]
w_as al.c-ufly warmed to 100” and kept thereat (or 1 hour, viguruun evolution. 0! nitrous fumes occurring. The cnlufion w-no
diluted with water and. eve. rated at constant volume until most of the excess oi nitric acid had disappeared. On
evapomtion to dryness _a_so residue was left which after roan;-s|all.i.oat:ion from ether gave (a) oxalic acid dihydrahe

(tn. 101°] and (la) ouccnuc acid (In. 3). 136°; _thy! 5-Hydrozymefbyllclrakydfofurmb -c_arbo:yIat.e.--—Ia] 5-Hydroxymethylfuran-2-carboxyllc acid (5 3.] was
dissolved in ‘water [500 c.c.] and hydrogenated over Raney _I_:.ickel at 10-5°,l'fl0 sons. for 10 home. on eve ration c

red-brown resinous material remained, which was refluxed with ethyl alcohol (150,c.c.) containing 243% o h dragonchloride for ? hours. After nentralisntion with silver carbonate, filtration and evaporation. a mobile Luqul waaio tained
which distilled at 85° (bath temp. [0-02 mm. and showed rig" l-4640. Yield. 3-58 3. The dislillate was I: colourless
mobile liquid. soluble in alcohol. c_ or, acetone and chloroform and slightly soluble in light petroleum. 7

(la) Ethyl 5-hydroxymothylruran-2-carbcxylate (35 g.) in ethyl acetate (600 c.c.) washydrogenated over Raney nickel
(I 3.) at l-10-“I30 arm. for 7 hours. F:iltca.tion of the resulting solution and uva. oration of the aohrcnt we a mobile
liquid. h. p. S ‘’ [bath temp.][0-02 mm.. identical in properties Wlth the material ob ' edin to); this was :1’ y! 5-Jlydro..ry-

mclh flaird we urea-2-carbojavlacc. Yield, 29 g. {Found : 0Et. 26-3. (2.!-11,0, requires OEt, 2l5‘9%}.Hay! in oromeihyketra dro uran—2-carba.1ylotc.—Ethyl 5-hydroxymerthyltotrahydrotura.n-2—carboxy]a.te (2 g.
was dissolved in dry pyridine 0-9 c.c.). and thinnyl chloride [1-14 c.c. cnr3=.[-ully added at 0°. The mixture wn._: heat
at 100° tor I hour. ether added, and the mixture washed successive 3- ‘with wntor. sodium bicarbonate _snlu_'r-Ion. and
water. After being dried over anhydrous magnesium sulphate. the ether was removed; _the recalling liquid 1:l.l5'b-11!’-d at
32° (bath i-.emp.}.ro-023 mm. The product had nag‘ 1-4535 and was a. colourless mobile ml. lfxcld. 0-'75 c— The chloro-
methyl derivative was insoluble in water, V-gjy r.li htly soluble in light petroleum. and soluble in alcohol, ether, acetone.
and chloroform [Found : (3, 50-3; I-I, 8-5: OEt. 2-0. C I-l,,O,C.l requires C, 4.9-9; 1-1, 6-1’; 0Et. 23-29,).

Ethyl 5-Jccloxynsrthyllrtrdhydrofuran-2-carboxylate.—I'l1e 5—hyd:oucy'Inet.hyl ester (3 g.) was reflux {or 1 hour with
acetic anhydride (IU c.c.} and fused sodium acetate (3-6 5.), and the solution poured into water and neucmhsed ‘quth
sodium bicarbonate. The miathire was then extracted with ether, and the extract dried over anh drouc magnesium

sulphate. Distillation oi the solvent gave a. liquid which dlsfillcd as acolourlcse-mobile oil at 115” (ha. ‘te::np.} /0-03 u:u:n..
nfl 1--I-453. Yield, 30% at the tlleorefical (Found: Ac, 23-0. C3}! .0 r nires Ac. 20-0%).5-Hydroajnncthyltetrahydrafuran-2-ccrbcz cnu‘de.-—A solution the ethry ester (0-2 5.] H1 ethyl alcohol (3 c.c.) was
saturated with ammonia at 0°. 1: at D” for 4 hours. the solvent and ammonia then eva curated, and the residue recrystal-

a-ootnne; m. 3). 99°. ield, 0'12 5. (Found: C, 49-7; H, 7-8; N, 10-3. C. “O,N requires: C, ill-'.'_f: H, T3}3 9' O -
5-lfyiiraxymgtfiyitcrralnydrofuran-2-carbon-yfic Am'd.—The ethyl ester (6 g.) was heated at 70'“ with a. cl-_.i ht excess of

hydrated barium hydroxide {I3-3 g.) for 1 hour, N-Eu] huric acid added exactly on preclpitute the barium as so phate,wh.'lch
was Itcmuved by centrifuging. the supernatant liqui evaporated. and the residue extracted with chloroform. Evapor-
ation oi this extract gave a. moderately v-lscid. liquid which did not crystalliso (Found : equiv.. 150. C.H,.O, requires

' u.iv., I-16 .
eq Acetol_-yii-1': of Ethyl 5-Hyd:oxymefbyltetraloydrofmon-2-carboxyiate.--~'l'l1c ester (0-5 g.l was added to a mixture of acetic
anhydride [9 c.c.). acetic acid (-1 c-c.), and concentrated sul hmic acid (D-25 c.c.) at 0". the whole kept at room tem '-
aturc in: in hours and poured on ice, and the resulting so ution extracted with chloroiorm. The ext-act was ad
free from acid with dilute sodium bicarbonate aoluficn. dried over anhydrous magnesium sulphate, and evaporated to
dryness. The resultin syrup was distilled in two fractions : fa) Ethyl 5-acetuxymothj-ltetr‘ahydr0furan—2—carbo1'y!nte
(012 5.}, b. . 115° [bati tcmp.]]O-O3 n:I.u:., n§," 1-4453 (Found: At. 2!-8; OEt. 19-7. Calc. for C.,H,,O : Ac. 20_-‘D; 0Et,
20-3%). {E1 E1’: 12:5‘. 3:-Jriccelaxyhcxofllc [0 4 g.).. b. p. I50“ (bath temp.)f0-05 I:om.., Hf," l-4434 { ouud: Ac, 36-7;
0Et, 13-I5. C“ 50. requires Ac, 38-1; 0E1'. 114%). _

O.-cidclicrn of fi—.HydroxgnIu£i Harrahydrafsnan-2-cm-box 1:‘: Acid 1.:-:'l.A Niiric Acid.-—The acid (5-5 .) was dissolved ll].nitric acid {'10 c.c.. J Int ) an heated at 80“ until 0. ' lion was complete. The solution. after ' ution with water,
was en ornted. seven] times until the nitric acid had gone. The product was a cryslz.l.l.u‘.’ne solid. rn. p. 126—— 127° alter
re-crysto 'oution from ether—pet:rol and was ris-tel:-ahydrofuran-2 .' Bldicai lie acid (yield, 00% oi the theoretical};
the m. p. was not depressed by an authentic specimen prepared fron: new-2 : ~d.ibromu:u:lipic acid by the method of Le
Sneur and Haas (3., 1910. 97. H3). The mother-liquors on evaporation gave a crystalline -residue of indefinite 11:. p.,
probably a mixture at the r:‘:- and the Irmu-isomer oi the dicarboxylic acid.

_ .F:rr::1:-E.’ : 5-diearbea-_yI£c .»lcs'd.—-Pomssinm 1: ogen scccharate was boiled with 80°, hydro-bromic acid for 36 hours.
and the required acid, m.1p. ‘B-12°, isolated by helps and IIa.Ie‘a method (J. Amer. C am. See‘, 1901, 23, 4-15). Yield.56% 01 the theoretical. ' he substance was obtained in colourless plates nicer being treated with animal daarconl, but
even the purest specimens reduced Fehllng's solution.

Jlfu.-iihyl Fu-ra1v2:5-diGafboxy1n.l'e.—-—'I'hc dicarboxylic acid (20 g.) was boiled with 2%, methyl-alcoholic hydrogen
chloride ior 6 hours. The main bulk of the ester crystallised on cooling and the remainder was obt:a.i.nod by neutralising
the filtrate with silver carbonate. evaporating the solution. and rocrystnllining the reniduo [rum methyl alcohol. Yield.
90% oi the theoretical. in. 1:. 110°.

H dragenniion of Furor:-2 : 5-dicarbczylic .-laid’.-—‘l'he acid (10 g..), dissolved in 800 c.c. of water, was heated at 235°
for 8 ours with Rahey nickel {O-'l g.) at 135 arms. of hydrogen. On evaporation the solution gave a thick ominous mass.
which appeared to be a. olyroer. The product was boiled for 5 hours with 2% methyl-alcoholic hydrogen chloride

(I00 c.c. , the acid neu ‘s-ed with silver carbonate. and the solution filtered and aragaruted, ‘The residue was 3 mobileliquid (0-VB g.). b. p. Il0——1llCl°,'0-04 mm., 3}?‘ l-4505, which contained methyl E ydrofnrnn-2 : 5-dicarhorylate. A

Petitioners‘ Exhibit 1011, Page 265 of 629EINSDCCID: <XF' 8122B25R_l_>



Petitioners' Exhibit 1011, Page 266 of 629

XPOO8122626

4 Wiggins : The Anhyziridas of Poi/yhydric Alcohols.

5-3mPle of the distillate (1 g. _was hydrolysed by heiting with a solution of hydrated barium hydroxide (1-8 3'.) for 2 hours
at £0 . A [tear c_xa.-ct neu _ nation with N-sulphuric acid, removal of barium sulphate, and cV'a.‘pD1?.fiDl'I. of the filtrate Lo
d"JfM'~"'~"'-‘ the 33515“? Ob?-‘I-I-IIe-d was ea-'tl'-acted with acetone, and the extract evaporated to give a. crystalline residue from

which "5-*=GiEl'-'111Yd-I’0hIr&n-9 : 5-dicaebpxylio acid. in. 123°, was obtained in small yield.
Mrlfiyl c1s—TetraI-ydro.r_'uvan—2: 5-dscarbo:-;Iyta:¢.—»1' e dicarboxylic acid (1 g.) was dissolved in 1% methyl-alcoholich rogen chlontle nnd'bmlcd for B huuni. he acid was neutralised with silver carbtmnte, the soiution filtered, and the

fr tra_te evaporated to give a. liquid (1-1 3.). h. p. 90‘ (bath temp_)f0-U3 min, egg’ 1--1650 (Found : Oh-lie. 32--I. C.H,,0,
requires OM13. 33-0%). _ 1

ens-Tetrafsydrofuran-2 : 6-dscarbo am1dz.—A solution of the methyl ester ('0-3 3.] in dry methyl alcohol {[0 c.c.] was

saturated with ammonia at 0° and gt overnight at this ten: mturc. the solvent and ammonia then removed in a.vacuum. and the msidoe recryate].i.i5 from acetone—rnet]:Lyl ohal. Yield, 0-21 g.. m. p. 189'’ (Found : C. 45-B ;

H. 6-0: N. 1'!-3. C.H,.o.N requires C. 45-13; H, 6-3; N, 11-1042;‘Attempted Acaotysis of n-bray: Temlilydrofnran-2 : 5-J:'£srboxy e.-—1”l1e ester (0-8 3.} was dissolved in 20 c.c. oi the
naetalysing reagent {acetic anhydride 15 c.c., acetic acid #6 c.c., concentrated sulphuric acid O-4 c.::.) at 0", he t at room.
temperature Ior 10 da. 5. and outed into ice-vniter; afte: being ucutxeliaed with sodium bicarbonate, the so utlon was
extracted with chloro o1'm.. e extract on cva. oration gave a liquid (0-6 3.), b. p. 90-—lD0° (hath :emp..),f0-O3 nu-n.,
an}-_." P4556 {Found : 01-ie, 32-5. Cale. for C.l—Iu . : Oh-in, 33-09;). which was unchanged starting nlatctial.

Ring Fission of cis-Telraiaydra urea-E : 5-dicarboxylic Acid u-an Hydrogen Bromide in Glacial .4:.m'e Acid.--The d.i-
carboxylic acid [D-65 .} -was dines: wed in glacial acetic acid {'1' c.c.}. A solution, aatumtod at O". of hydrogen hron-Lido in
glacial {acetic acid (3- c.c.) was added. and the toixture heated in a sealed ‘tube at I25‘ for [3 hours. The solution was
poured into ice-water and ertnclzecl with ether, the extract dried (a.nhyd.roI:III I:nagneeiun:I_aulphe1:a_)_ filtered, nod evaporated.
and therimidue recryhtallieed iron: formic acid. The product was mun-2 : 5-dibromoadnplz: acid nleutical with the prD:_1uct

obtain:-gzby Lcasuenr and Haas (lac. til.) by the hremination of adlpyl chloride. ‘field, 0-1 g.. 60% of the theoretical.1:1. p. ..__191 . _
Conversion of mesa-2 :5-Dibromaadipée Acid info .4d':'pI'a Acid.--—The _d.ib1-omo-ac..Id [2 g-) (to. p. 19l_'} was reduced

with h ogeo over Rene)! nickel at 90 atros. for 4 hours at 125° in water in the presence 01 excess of calcium caxbonaie.
The so ution was filtered. evaporated to small hulk. acidified with dilute sulphuric acid. and extracted wlth ether. The
|=_xtraI::t, after being dried over magnuslum sulphate. was :1is_tille:1; the residue. Ol1'I¢CIY51‘.aul53tl0fl '-TTUII1 rlltric 3B'|1
(ti, 1-47]. (armed long needles (3 3.), m. p. 151-—-I52". not dEP1'&‘Saed by authentic ac1iP1'C add-

The authors are grateful to Imperial Chemicn1I:1clus1:riee Ltd.. Dycstufib Division, for financial assistance in aid Of this'w0I-kl
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by dioxygen and metal/bromide catalysts [Co/Mlv
Br, Co/Mn/Zr/Br; Co2'Mn=Brf(Co+Mn)= L0 mol/
moi] to form the dialdehyde, 2,5-diformylfuran
(compound 2, DFF‘) in 57% isolated yield. HMF can
be also oxidized, via a network of identified inter-
mediates, to the highly insoluble 2,5—furandicar-
boxylic acid (compound 5, FDA) in 60% yield. For 

Introduction

At the current rate of consumption, proven crude oil
reserves are estimated to last for less than four dec-

ades.“ Therefore, in recent years serious considera-
tion has been given, in both academia and industry, to
alternative feedstocl-ts for the chemical industry of the
future. The use of renewable resources, i.e., natu-

rally occurring carbohydrates and oils produced by
various plants. would result in the development of be-
nign, environmentally friendly processes, the 50-
catled green chemistry.‘”'

5—Hydroxymethyl.l'u.rfural (HMF; compound 1) is
one of the few individual organic compounds that
can be preparedtdtrectly from various carbohydrates
in up to 98% yield. Vlfhile the best yields oi‘HMF have
been obtained from fructose, other abundant, low-

cost mono-, di-, and polysaccharides can be used,
such as glucose, sucrose. and starch.'3'

Selective oxidation reactions of HMF are presently
viewed as attractive routes to 2,5-furandicarboxylic

" Contribution No. 3095

102 o Wll.E'|'-VCll Verlag Gnabll. ED-ilol Wclnhcim. Germany. cool
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comparison, benzyl alco-
hol _gives'benzaldeh_yde III
80% using the same cata-
lyst system. Over—oxida—
tion (to C0,) of HMF is-
much higher than that of the benzyl alcohol but can
be greatly reduced by increasing catalyst concentra-
tion.

 
e ;

acid (FDA) and/or 2,5-dtformytfuran (DFF; com-
pound 2), monomers for furan-containing polymers
and materials with special properties.” While a Vari-
ety of oxidants have been used for oxidation of HMF
to 2,5-Furandicarboxylic acid and DFF‘, only few re-
ports describe catalytic oxidations of HMF with oxy-
gen or air, the most economical oxidants. Thus, HMF
has been oxidized with 0,; to 2,5-furandicarboxylic

acid in the presence of heterogeneous Pt catalysts
with stoichiometric arnou.nts of a1lLalil5'°' and to DFF

with TEMPO radicals""" or supported vanadium cat-
alysts.""‘°1 Although homogeneously catalyzed oxida-
tion reactions of alcohols have received much atten-

tion in recent years,“'''"“ no reports have appeared
in the literature, describing the oxidation oI‘HMFw1th
09 and soluble metal complex catalysts.

In this paper, we report the first examples of aero-
bic HMF‘ oxidation reactions, catalyzed with homoge-
neous metalfbromide systems. The easily prepared,
low-cost metal/bromide catalysts, the most common

being a mixture oi'Co/Mn/Br, are widely used for the
selective and elficient autoxidation reactions of hy-

drocarbons-,'“" -e.g., the large scale industrial synth-
esis ol‘ terephthalic, isophthalic, and trtmellitic acids

Jldu. Sfrlth. Cami‘. QDDI. J41. No. I
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from p-xylene, m-xylene, and pseudocumene respec-
tively.“'”’' Surprisingly little is known, however,
about oxidation of alcohols using the metal/bromide

catalysts."l In this work, we found that, depending
on reaction conditions, hydromethylfurfural can be
oxidized to DFF or 2,5—furandicarboxylic acid wit_h
unexpectedly high selectivity. Furthermore, the se-
lective formation of DFF in the metal bromide-calm

lyzed oxidation of l-IMF prompted us to study t.he oxi-
dation of benzyl alcohol under similar conditions.
Remarkably. it was found that under controlled con-

ditions this oxidation can afford benzaldehyde in high
yield.

Results

Products Fonned

GC/MS studies were performed on two selected sam-
ples during l-IMF autoxidation at 70 bar, which are

consistent with the products and pathways given on
Figure 1. In addition, t.he usual products from the
autoxidation ofacetic acid were observed, i. e., formic

acid, acetoxyacc tic acid, glycolic acid, maleic acid, fu-
maric acid, succinic acid, and bromosuccinic acid in
trace amounts. A1sl'fle1'Ee’aiOl1ttn.is.Ll1£:e5_tertl1catlOn'OI:
ttieia-l’ct"3liotsJo.f6nnJliE_fi1ore;ox1flattvety.stalile.acet:_a

Caité,_see,_co'm.p"— oiinds_6_aiid..7_ln..F?i'gitre 1 and t3_e_t;_zyl_n
a'oétat,e”_jJ1;flE1iiffé.2.’.DE.Ffiind FDA'have been isolated
and characterized by elemental analysis aI'1d.NMP.
spectra. The 2-carboxy-5-formylfuran was identified

and quantified by ‘H NMR spectroscopy ofisolated so-
lid samples that were either 2,5-furandicarboxyltc

acid or 2,5-furandicarboxytic acid/2—carboxy-5-for-
rnytfuran mixtures. The oxidation of benzyl alcohol
gives the expected benzaldehyde, benzyl acetate,

and bcnzoic acid products (see Figure 2).

0 1-KHoH£ cH° .L—, HOH;C O CDOH
D 9’ 5-[PrydruIrymIt1J'I1-t)lunan-2-

5-(tI‘|Idmlyn1at7ryt]fLrt‘ura| t-Brno-ovllc acid 3

IUI
(1)

-r

"’\‘+HDAc

one D can ,0‘ Wacct-c,c O_ GOOH

A 2'H"°T'""""' H-w1°°_'v"“?‘*'t'|m'*’-
AEOHIC 0 CH0 t-arbomflt zud

Hifiamiymwmlmmrd 10:

1 (3) 1
IL “'1 'HOOC COOH ‘‘‘‘j'-----

0 ‘S, OHC 0 COOHturan—2.5-diunboarytic ad
5

Figure 1. Products from the autoxjdation ofhydroxymeIhyt-
furl'ura.I

2-a:arom:y.tt-ttanrryttrui-an4
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Figure 2. Products during autoxidation ofbenzyl alcohol

Fonnation of Dlfonnylmran from Hydromethyl-

fi1ri‘ural and Ilenzaldehyde from Benzyl Alcohol at
Atmospheric Pressure (Table 1)
in experiments I and 5, the attempt to initiate the re-
action at the lower temperature failed, hence the
temperature was raised to the higher given value.
The formation of the reaction products,‘ as deter-
mined by GC and LC, from HMF and benzyl alcohol
is illustrated in Figures 5 and 4-. Maximum observed
yield of the aldehydes is 57% for DFF and 80% for
benzaldehyde. Maximum aldehyde yields occur as
the conversion of the alcohol approaches 100%. The
selectivity decreases as the conversion of the alcohol
increases with the values for HMF (51-90%) being
lower than for benzyl alcohol (B0-95%), see Figure 5.
Doubling the catalyst concentration during the oxy-
genation of HMF (i) increases the reaction rate by a
factor oI‘2.1, (ii) increases the yield and selectivity to
DFF by 5 and 10%, respectively. and (iii) decreases
the ‘overoxiclation’ to CO and CO; by a factor of 4
(see experiments 2, 5, and 4 i.n Table 1 and Figure 6). ’
Further increase i.n catalyst concentration does not

further improve DFF yield (see experiments 4, 5, and
' 6). For benzyl alcohol, the maximum benzaldehyde

yield oi'8D% occurs at a conversion of 85% with only
4.6% benzoic acid and 5.8% benzyl acetate formed

(Table 1, experiment 1). Based on their rates ofdisap-
pcarance, benzyl alcohol is 2.0 times more reactive
than l-IMF‘ (see examples 4-, 7, and B in Table 8).

The rate of disappearance of the alcohol and t.he
rate of disappearance of the aromatic aldehyde are
consistent with first order kinetics and the rate con-

stants are given on Table 1. The rate ofdlsappearance
of HMF is 8.1 times faster than the rate of disappear-

ance of 2-carboxy—5-forrnytfuran, suggesting that the
tlialdehyde is quite stable, as seen from the kinetic
data on Table 1. This is consistent with the subse-

quent work-up of the reaction mixture and isolation
of DFF in a yield close to that previously deterrni.ned
by GC. The benzyt alcohol, however, reacts to form
benzaltlehyde faster by only a factor of 1.1 than ben-
zaldehyde reacting to benzoic acid (Table 1). Re-

iO3
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Table 1. Oxygenation ofhydroxymelhylfurfural and benzyl alcohol at ambient illJ‘lll:)S]JIlBl‘lC pressure 

 F110. I 2 ' 5

HMF HM F HMF‘

Temp. “C 50 then 95 15 75
Reagent. M 0.725 0.794 0.304
C0. mM 0.5 0.5 an
Zr. mM 0.0 0.15 0.15
Rate. s" '"' — 9.68(O.tB) 3.t2(0.s1)

[0397] [0.912}

Alcohol‘ half-life. min — 119 I42Rate. a‘ "" ~ 1.«22(0.54) -
[0.at32|

"|"t‘me,min Isl 414 450 542
Yield M 41 51 50
ConV-.% "‘ 93 92 95

SelecL,% M 42 55 55
Acetate.“/E‘“] 3.4 5,9 7,5
Alcohol to co, W _ 1.4. 3,5

4 5 6 T

HMF‘ HMF HMF benzyl
alcohol

1'5 50 then 75 75 15
0.797 0.793 0.303 0.793

15.5 26.8 27.5 15.4
0.15 0.15 D.l5 O.l5

10.a(|.4) l0.B(D.5) 15.1 (0.5) 4-0.4(5.9)
[D999] [0992] [(3.994] [D .988}
B9 108 73.5 28.5

- — — M 50(5)
' [D345]

5|O . 550 450 I00
57 51 52 BO
9% 95 97 85
as _ 54- 54 95
7.2 6.1 5.7 5.6
2.! 1.3 2.8 0.05 

W Rate ofdisappearance of aromatic alcohol 3-: 105. Standard deviation in parenthesis ( ), correlation cocfficient in l1rackets[ ].
‘bl Hate ofdisappearance ofaromatic aldehyde.
‘"' When maximum alkylaromatic aldehyde is observed.
"" Loss ofalcohol due to carbon monoxide and carbon dioxide |’ormation.Ass1.tmes no C0,, formation from the solvent.

I00

90
0U
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60
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yield.met‘if: 
time. hr

Figure 5. Autoxiclation cl‘ hyd.roxymethylI'u1-rural at 75 °C

100

90
BO -

TO

60 - -
benzoic acid

yield.1%
Ln 1:) 

Figure 4-. Autoxidation of henzyl alcohol at 75°C

markably, the oxidation is catalyzed in such a way
that essentially all the benzyl alcohol reactsfirst. The
benzaldehyde fanned starts to undergo I'u.rtheroxida—

tion to benzoic acid only after the oxidation of the

104
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95 ~------

.. l.,.._--.._..........

  selectivity,%
D 20 413 BI) 31'! TOD

conversion, "In

Figure 5. Benzaldehyde seiectivity as function ol‘ catalyst
concentration and type ofalkylaromatic alcohol

benzyl alcohol is close to completion, despite the fact
that PhCHg OH and PhCl-IO exhibit very similar meas-
ured reactivities in the same experiment.

‘Formation ofDFF from I-IMF at 70 Bar Air (Table 2)

Experimental error, as deterrntned by 5 replicate ex-
periments, is given in entry 7 of Table 2. As can be
seen, 50 and T5 °C for 2 h are suflictent conditions for

obtaining good yields of DFF, up to 63%. By compar-
ing e'xper'u11ents 1 and 2, 5 and 4-, 5 and 6, and 8 and
9, one finds that increasing catalyst concentration
leads to (i) increased activity as evidenced by higher
conversions, (ii) higher selectivity for DFF (except
for experiments 5 and 5), and (iii) higher yield. Com-
paring experirnents 1 and E5, 2 and 4, 5 and 8, and 6
and 9, one finds that the Co/Mn/Zr/Br catalyst is

Adv. 5ynLh. Catal. 9001, 343, 102-1114
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Figure 6. Carbon oxide selectivity as function of catalyst
concentration and type ofalltylaromatic alcohol

_more active, giving higher conversion, than Co/'Mn/
Br, with the only exception being experiments 2 and
5 where the conversions are similar. The addition of

zirconium not only affects conversion, but can also
profoundly increase the selectivity (Table 2). This

point is illustrated by experiments 1 and 5 where the
addition 01' Zr results In a much higher yield of DFF

(67 vs. 58%) at the same conversion of ca. 60%. Ex-
periments B and 8, for which the conversions vary sig-
nificantly, represent the only exception. Under com-
parable conditions, the" conversion increases with
temperature, as expected.

Formation of 2-Carboxy—-5—fonnylfi.1ren and 2,5-
Furandicarboxylic Acid at 70 Bar (Table 5)
The initial amount of l-IMF used was only 0.2-0.75 g

and the yields are based on isolated and washed so-

lids which were analyzed by NMR. \g.;5err:th§:tem.—-

.p_e1-atureis—9F|£=.l3§t1sedtfrorrr‘?51of1t)‘0=125YG,2prec'11311
tat»t5o.I1._—0..f‘--110-earl)’ -~se!-stale -2:§=fur_r_-a.rzc.ii_e=:.1.1:._ben5~li<.2«—_.i1_¢.=i.ti.u

1ce_m_rrlen_-ass.-%—Carboxy-5-fonnylfuran is also either
fairly insoiubte or is prone to co—crystalliz.ation with
2,5~furandicarbox1ic acid, which results in their co-

precipitation. The yield increases with catalyst con-
centration (Figure 7), with temperature (entries 1
and 2 and 5 and 4 oi'Table 5), but not with the addition
of Zr to the CofMn/Br catalyst (entries 1 and 5 and 2

and 4). Extrapolation from Figure 7 suggests that the
maximum obtainable 2,5-furandicarboxylic acid

yield is about 70% using the Co/Mnfzr/Br catalyst at
the specified molar ratios of these elements. It is be-
lieved that variation of the molar amounts of I.he Co,

Mn, Zr, and Br could well improve the yield of 2,5-
furandicarboitylic acid. Since the oxidation proceeds
through three steps from HMF to 2,5-|'urandicar—
boxylic acid (steps 1, _5, and 5 in Figure 1) and the re-
activity of the HM}? is probably higher than 2-car-
boxy-5-formyltluran one would expect that staging
the temperature would increase y1eld.['°‘ This was
not observed however, since staging the temperature
from an initial value of 50°C for 1 h and then 125 “C

for 2 h gave no better results than the oxygenation at
125 °C for 5 h (Figure 7).

Table 2. Oxidation oI'hydroxymetl1yllu.rlural(I-INIF‘) to diformylfuran (DFF) at 70 bar air 

  Ex p. Catalyst [Co]. mM HMF‘, M Temp, ‘’C Time, h HMF, conv. '36 DH?‘ select. ‘K: DFF, yield "it:

I Con-4r:./Brizr 3.4-4 0.575 50 2 30.4 68.6 40.2
2 CofMn/Brfzr 6.52 0.572 50 2 69.2 85.5 45.2
3 CofMn/Br 5.4-4 0.575 50 2 60.6 53.4 25.5
4- Co/Mnfnr M32 05?? 50 2 6I.‘l' 54.6 55.7
5 CofMnfHr/Zr 5.4-4 0.375 75 '2 82.5 73.2 6D.4-
6 CofMn/Br/Zr 6.82 0.575 ' 15 E 99.7 61.6 61.4
7 CofMn/‘Br/Zr 6.32 L12 75 2 7.4.1(l.0) fi7.5(| .4) 4-9.ll(0.6)
B Co/Mnffir 3.44 0.577 75 2 7t 54.5 33.6
0 Co.I"s\*ln/"Br 6.82 0.577 75 2 92.2 68.3 63.0

"l‘able 3. Oxidation ol'hyd.romeLhyll‘url'u.ral to 2-carboxy-4--l‘ormyl.lu.ra.n (CFF) and l'uran-2,5-dlcarboxyfuranl(FDA) at 70 bar
 

 

 

811‘

Exp. catalyst [Co], mM [I-IMF], M lem p, C
I Col'Mn/"Br/Zr 5.44 0.571‘ 100
2 Co/Mn/Br1’7.r 5.44» O.51l 125

3 Co/'Mn/'_Elr 5.44 0.577 W04» Cor"Mn/'Br 5.44 0.574 I25
5 CofMn./Er/Zr 5.4-4 0.753 50. I25
6 Co/Mn/BrlZr 6.82 0.755 50. I25
7 CofMn/Brlzr 15.7 0.749 50, 125
5 Co/Mn/Brlzr 20.5 0.755 50, I25
9 C0/Mr:/'Br/7.r 5.41 $731 125

I0 Co/Mn/Br/Zr 3.82 0.774 125
I I Co/lirlnflir/Zr 1.5.7 0.0755 I25
I2 CofMn/Er/Zr 20.5 0.788 I25

time, I1 CFF, moi % FDA, mol "it.

2 5.‘! 18.7
2 2.1 ' 30.5
2 4.1 29.7
9 1.8 55.2
I, 2 1.6 23.5
1. 2 2.5 23.1
1, 2 0.0 55.4.
1, 2 0.0, 0 0 53.4, 65.1
5 1.7 27.7
3 0.0 41.8
I 0.0 54.0
5 0.0, 0.0 fl0.9, 58.5 

Adv. Synth. Calal. 2001, 143, 102-11!
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Figure 7. ElTect of catalyst concentration and temperature
staging on FDA yield. See details in Table 5.

Discussion

General Considerations
The reaction network in Figure 1 is consistent with
the detailed studies of the oxidation reactions of

many substituted methylaromatic species, aromatic
alcohols, and benzaldehydes using metal/bromide

catalysts.[”’' The latter is thought to operate via a
modified free radical chain mechanism (see be-
low). The free radical chain mechanism gives the
oxidizabllity of toluene, benzyl alcohol, and benzal—
dehyde as 0.05, 0.35, and 290 respeciiveiyfii“ It is
clear from these values that the steady state con-
centration of benzaldehyde is expected to remain
low in metal/bromide catalyzed systems. We lind

however that the oxygenation of HMF gives prefer-
entially DFF rather than 5—(hydroxymethyl)l‘uran—
2-carboxyiic acid (compare steps 1 and 2 on Fig-
ure 1). Extending this work to benzyl alcohol gave
even higher yields and selectivity to aldehydes. The
kinetics of the Co/Br catalyzed oxygenation of hen-

zyi alcohol has been reportedml albeit without a
comment on potentially high selectivilies and
yields of benzaldehyde.

The advantages of the catalytic oxidation described
herein is that the catalyst is composed ofinexpensive,
simple metal acetate salts and a source of ionic bro-

mide (NaBr, I-lBr, etc.). The reaction times are within
a few) hours at easily accessible temperatures. The
acetic acid solvent is inexpensive and nearly all alco-
hols are highly soluble in it. A-l-thougb..sacetoxylati»on.ot‘
iJ'ieta-lcohols wit_.l'_i the ac_e_tlc_ac.id st-il.vent_does_.occur,u
this-side.—r_cactign reLs,ults_in_onlyl:1‘:'i::89/is yielctlossa it
is noteworthy that there are other solvents available
for metal/bromide catalyzed systems, which could

potentially eliminate this problem."°' Due to the high
activity of the metal/bromide catalysts the aldehyde
formed in high yield can undergo further oxidation.
To obtain high yields of aromatic benzaldehydes from

106
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the corresponding aromatic alcohols the catalytic
process should be carefully monitored, so that subse-
quent oxidation of the aldehyde formed can be
avoided.

Structure of the Catalyst
Addition of the simple acetate salts into acetic acid re-
sults in a complex mixture which is only partially un-
derstood. A briel‘ synopsis based on available infor-
mation follows. The structures of Co(ll) and Mn([l)

in ace tic acidlwater mixtures can be summarized by
the equation:

0 HDAC
[M(HON-'o)4iQAGl2in {iM£H0Aci5i0Ac)1(0Ar-iln
ii:-1.2

 

where the square brackets indicate the ligands in the
inner coordination sphere. In acetic acid, the cationic
metal species are largely associated. with the small
quantities of die dissociated species existing as ion
pairslg" in both monomeric and dimeric forms
(n =1, 2).l95r”" Upon addition or water, equilibrium
is established between various metal aquo acetic acid

complexes. Using reported equilibrium constantsm’
one can calculate the distribution of these complexes
and demonstrate that these aquo/acetic acid metal

species exist in 10% water/acetic acid mixtures.‘‘'-‘”
The weakly bound AcOl-[ ligand (5.9 kcal/mol) is la-
bile, exchanging with water and acetic acid instanta-
neously at room temperature."”°l The addition of per-
acids, peroxy radicals, oxygenated_i.ritermediates, etc.

to a mixture of Co(II)/Mn(ll) in acetic acid may there-
fore result in fast ligand exchange to form the transi-

ent catalytic species. Addition of hydrogen bromide to
Go(II) or Mn(II) or a Co(Il)/Mn(II) mixture i.n anhy-
drous acetic acid results in the majority of the brom-
ide being coordinated to the metal. However, addition

of water (5% or greater) results in almost complete
ionization or the M—Br bond.'°°' In the presence of
water the addition ol‘ bromide results in outer—sphere

ligand exchange processes, as shown in the equation
below.

 
iiMiH0N=lmiH:0lm si0»°-=l]i(0-Ml} * {H' 9'?

{lMiH0P\:=lmiH10lni-s(0»‘\¢l]iii37)) ‘ Ho-A’-"

It is possible that the ion-paired bromide forms hy-
drogen bonds to the aquo ligands (Figure 3, struc-
ture b). The lability of the ligands, the known di-
meric structure of Co(II) acetate. and

polynuclearity of Z.r(lV) in water suggests that poly-
nuclear Co(ll)-—Mn(ll) and Co(ll)—Zr(lV)~—Mn(ll)
may exist (Figure 8). Such mixed-metal polymeric
species have been isolated from acetic acid."“' Be-
cent observationsm] suggest that acetic acid/water
solutions may be more complex, containing water-

rich microphases. It is proposed that Co(lIl) aquo

Adv, Synth. Calal. 2001, 343, 1052-111
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Figure 8. Suggested structures for Co,Mn,Br mixtures in 5%

acetate and Co(lII) aquo acetate bromide have
structures similar to those shown in Figure 8 (a and
b, respectively).

Theory and Models oi‘ Metal/Bromide Catalysis
DiiTerent aspects of metal/bromide catalysis have
been discussed with emphasis on high reactiv-

ity,"°"7'3"’°" superior selectivity over a broad tem-
perature range,1“"5“' and me synergy and antagonism
of the melals.‘“'°°'"' Important new observations it":
this field have been -recently reported.""E" Kinetic stu-
dies suggest that oxidation of Co(il) by peracids (to

give carboxylic acids)m'57] and peroxyyradicals (to
give peroxi_c|es)'55' initiates I.he series of reactions
shown in Figure 9. The rapidity of the peroxide reac-
tions vvit_h Co, followed by the subsequent redox cas-

cade leading to the generation of the selective bro-
mide atom or the dibromide radically” accounts for
I.he properties of these catalysts. Initiation of me by-
drocarbon RH to the radical H‘ via the Co/Mn/Br re-

dox cascade is faster than Co/Br, which in lu.rn is fas-

ter than Co. Co(lll)“, Co(IIl)", Co(Ill)° are different
Co(lIl) compounds, with structures suggested in Fig-
ure 8 possessing dilferent reactivitylgsl

Adv. Synlh. Catal. 2001. 343, 102-11?
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structure I:

Hgfi/'HOAc. B/l'=l\’l"='Co(‘II)', Co(III), Mn(II). Mn(Ill)

Rationale for High Yields of Aromatic Benzalde-
_ hydea Irorn Aromatic Alcohols

High yields of benzaldehydes are observed despite
the fact that benzyl alcohol and benzaldehyde react
at nearly the same rate 1.11 the metal/bromide cata-
lyzed system. In particular, for benzyl alcohol oxida-
tion the benzoic acid yield remains under 1% at 60%
conversion and is only 4.6% when the maximum
yield of benzaldehyde is obtained (80%) at 85% con-
version. These observations are certainly unexpected
and hence merit a comment. There are at least three
‘factors which would account for the clean and selec-

tive formation of benzaidehyde under the conditions
employed.

There may be a rapid, preferential bonding of the
aromatic alcohol with eil.l1er or bo1.h Go(lI) and
M.n(ll), which initiates their oxidation 'tn preference
to the benzaldehyde. The formation of benzyl alcohol
metal species might occur via replacement of the la-
bile, wealt acetic acid or aquo ligands or hydrogen

bonding to the coordinated ACOH or water molecules
(similar to the bromide in Fig. 9). Once all of the aro-
matic alcohol has been oxidized the catalyst initiates
the benzaldehyde oxidation.

‘There is experimental evidence that acetic acid re-
tards autoxidation by hydrogen bonding to the peroxy
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,H ,H
‘P 9H H

Ho‘ ,o- 1' ' 0-
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Figure 10. Suggested structure of hydrogen bonded acetic
acid to benzyl alcohol intermediates

radicals at the or-position (Figure 10).l’°' It is concei-
vable that the acetic acid is more eifective at inhibit-

ing the carbonyl functionality than the benzylic hy-
droxy group. This explanation seems less likely
because the oxidation of the aromatic alcohol and

benzaldehyde would have been already initiated,
and even if they proceed further at different rates, sig-
nificant amounts of aromatic acids should be formed

from the benzaldehyde. However, the actual amount
of benzoic acid formed from benzaldehyde does not
exceed 1—5% (see above).

it is possible that one or more coordination com-
pounds in the reaction mixture specifically inhibits
the benzaldehyde oxidation or promotes the aromatic
alcohol reaction; We have found that so_dium bromide

strongly inhibits the oxidation of benzaldehyde,
whereas Co enhances this reaction. The rate of oxy-

gen uptake is 12.0 mi./min without catalyst, 0.5 mL/
min with sodium bromide and 15.2 mi./min with

Co(li) acetate at 80°C i.n acetic acid.l°°J
Obviously, further experimentation is required to

confirm these conjectures.

Effect of Zirconium on Selectivity

in the high pressure experiments, we found that the
selectivity to DFF increased in the presence of Zr in
the Co/Mn/Br catalyst. The effect of Zr on cobalt me-
lal/bromide catalysts is generally thought to increase

its activity"°’55"“' and Zr does not affect the rate de-

I08

terrninlng step because the p-values in a Hammett

‘plot of Co/"Mn/Zr/Br and Co/Mn/Br ‘are the same
within experimental error.'”’ However, there is a
brief report that addition of Zr to a Co/Br catalyst de-
r:yr_=3_,I_:o3,5 _r_hr-. rate nl‘ henzyl alcnholnfnrrnation and in-
creases the rate of benzaldehyde i‘orInation.i"3 We
have duplicated this ellect with a Co/Mn./Zr/Br cata-
lyst in 10% water/acetic acid at 95 °C with the oxyge-
nation of p-xylene. The increase in the rate of reac-

tion is proportional to the Zr concentration which in
turn is directly proportional to the observed reduction
of the benzyl alcohol/benzaldehyde ratio.l"'°l One pos-
sibility is_ that the rate of alcohol oxidation (Figure 2,
step 5) is increasing relative to step 2. It is also possi-
ble that step 1 is becoming more important than
step 2. We suggest that the new catalytic species form
when Zr is added to Co/Mn/Br (see Figure 8), which

goes through similar redox cascades as shown in Fig-
ure 9. changing some of the relative rates presented
in Figure 2. More details on the function of Zr are
available.1”" ’

Overoxidation to CO, .

A weakness of most published work on oxygenations
using air as the primary oxidant is the lack of meas-
urement of C0, formation during the reaction. The

potential for the formation of the highly reactive per-
oxides and consequently peroxy, hydroxyl, etc. radi-
cals always exists when mixtures ol‘ transition metals,
dioxygen, hydrocarbons, and organic solvents are
present and hence ‘ovcroxidation’ to C0,. nearly al-
ways occurs.

Much higher amounts of carbon monoxide and car-
bon dioxide (C0,.; 7: .—. 1|, 2) form during I-IMF oxyge-
nations as compared with the benzyl alcohol oxida-

tion‘ under similar conditions (Table 1, Figure 6).
Tracer studies indicate that the origin of C0, is from
both the aromatic substrates and the acetic acid sol-

vent.‘“’ The formation of C0,. in the HMF reaction is

Adv. Syrt1J1.Cn.lol. 200 l, 143, 102-111
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Figure 11. Important path ways in hydroxymethylfurfural oxidation

apparently not predominately from the solvent be-
cause only trace amounts of acetoxyacetic acid, an
oxide lively stable 'by—product formed. from me acetic

acid, is observed by GC. We determined the amount
of CO, formed by numerical integration and then as-
sumed that 100% came from the total destruction of

HMF. A significant yield loss of 1.8 to 3.5% is calcu-
lated. Thi.s significant loss, as compared to the benzyl
alcohol oxidation (ca. 0.05% lost to C0,) is accounted
for by at least two reasons.

Decarbonytation. By-product formation during p-

xyleneml and alkylnaphthalene oxidfltlonlml is con-
sistent with hydrogen atom abstraction from the aide-
hyde followed by decarbonylation and eventual aro-
matic ring loss via the fonnation of phenol
(Figure 11). HMF is initially a di-functional molecule

already containing a iormyl functionality in contrast
to benzyl alcohol. Hence higher I-IMF loss via this me-
chanism is anticipated.

Enhanced ring attack due to reduced resonance en-
ergy. The resonance energy values for benzene,
naphthalene, and furan are 56, 51, and 17 kcal/'
rnol.“"’l The difference between metal/bromide cata-

lyzed alkylbenzene and alkylnaphthalene oxygena-
Llons has been discussed"°"l‘"" and is largely due to
the enhanced ring bromination and enhanced peroxy
radical ring attack that occurs in the naphthalene de-
rivatives. This forms intermediates (e.g., phenols)

which quickly undergo exhaustive oxidation to C0,.
Since the resonance energy of furan is even lower

than naphthalene (51 vs. 17 kcalfmol), the higher rate
of CO, formation is not surprising.

Adv. Synth. Catal. 9001, J41, 102-111

258471'l'A__i_>

Effect of Catalyst Concentration on Activity and
Overoxidation to C0,

We find that increasing catalyst concentration in-
creases activity at the early stages, but then remains
constant or decreases slightly (Table 1), consistent
with previous observations.l‘"' Kinetic studies show a
second order dependence of cobalt concentration for
a Co/Br catalyst.'“'

Remarkably, overoxidation to C0,. is suppressed at
higher catalyst concentrations- This has been ob-
served in metal/bromide catalyzed systems pre-

viously."”l The non~setec£t've, thermal pathways are
(i) decarbonylatlon in step 5 and subsequent by-pro-
duct formation in step 6, (ii) peroxy radical attack on
the furan ring in step 7, and (iii) thermal dissociation
of the peroxide (step 9), leading to the carboxylate ra-
dical and the highly reactive Ol-I radical. Step 9 is fol-
lowed by ring addition of the hydroxyl radical to furan
(step 10), which will eventually lead to by-products
including C0,. The carboxylate radical can decar—

boxylate (step 11), leading to the sarne products as in
the decarbonylation process (step 12). As the catalyst

concentration increases at least two selective, metal
catalyzed pathways become increasingly important.

At [Col :- 0.01 M,'ki.netic and chemiluminescence data
provide evidence that the direct oxidation of C001) by
peroxy radicals becomes iinponantml (step 13). This
reaction will increasingly supplant step 7 as the cata-

lyst concentration increases, hence reducing ring at-
tack and deaccelerating the C0,. formation. Because

step 14 is 400,000 times faster than step 9, displaying
a 18 ltcal/moi lower activation energy barrier,l'"' hy-
droxyl radical formation and decarboxylation are

109

Petitioners‘ Exhibit 1011, Page 274 of 629



Petitioners' Exhibit 1011, Page 275 of 629E-NSDCCID: <)1F’

asc.wiley-vch.de 

greatly di.minished as the cobalt concentration in-

creases. The reason both selectivity and activity are
often enhanced in metal/bromide systems is that re-
actions 15 and 14 produce Co(lii) which quickly goes
through the redox cascade shown in Figure 9 to con-
tinue to initiate the reaction.

in the future, it is planned to extend the methodol-
ogy described herein to substituted benzylic alcohols,
aliphatic alcohols, and a variety of other atkyiaro-
matic systems such as naphthalene, pyrrole, and thic-
phene derivatives.

Experimental Section

Aldrich cohalt(ll) and Flttlta mange nese('Il) acetate l.elrahy-
drales, Alla ceriumflll) acetate hydrate, EM Science sodium
bromide, benzyl alcohol and acetlcacid, Baker hyclrobromie
acid, Aldrich z'trconittm(IV) acetate and biphenyl, and Lan-
caster hydromelhyllurfural were used as received. Catalysts
were prepared by dissolving the above compounds into
acetic acid in the amounts specified on Table I-3.

-‘titir-.=ii1la‘ti:.T. at Arntiietit Atttiuspiiei-iu I-‘i cssuu:
A glass cylindrical reactor, as previously described,'”°1 was
used. Initial weight oi acetic acid was 100 g, with Col

Mn: 1.0 mot/moi, _Br/(Co+Mn) = 1.0 moi/moi in all cases.
We found that HMF, but not benzytic alcohol, required addi-
tion of 0.5-1.0 g of acetaldehyde to initiate the reaction at
75 °C. The rate ofoxygcn uptake was continually monitored
by measuring the flow rate into the reactor and the concen-
tration oldioxygen in the vent gases. The vent gases (Clg, N2,
C0. C02) were measured using an automated CC system.
Liquid samples were removed during the reaction and ana-
lyzed via GC as soon as possible.

Autoxidation at 70 Bar in Air

These reactions were pe rformcd in a 20-ml.. cyl.indrical
glass reactor. The samples were analyzed alter removal
from Ll'lE.'. reactor. Caution: The use Qfhighprcssures and the
use Qf diozygen/nitrogen mixtures is potentially explosive
and dangerous. They should be perforrned only with ade-
quate barrienforprotection.

The rate of dioxygen uptake, in mt./min, is given by the
equation: R(O-1) = F(20.9 — [Dg|) where F = flow rate cl" air
into the reactor, [0g1= concentration of’ oxygen in the exit
gas sueam and 20.9 is the concentration oi’ diottygen in air
(in $6). The carbon dioxide (X=-Q) and carbon monoxide
(it = 1) selectivity is defined by:
5.30,, = rate of formation of C0,,/rate oi‘ dioxygen reacted.
Sco, = RC9,/Ho = F[CO,,]/(F(2D.9— \'o)) = [C0,]/(20.9 - Vo)
where [C0,] is the vent carbon oxide concentration, ex-
pressed as percent.

DFF from example 5, Table 1, was isolated by evaporation
or the solvent and vacuum sublimation ol' the residual solid

(90°C at 10-50 millitorr). The suhlimed material (5.2 g;
51% in agreement with the GLC yield) was 95% pure DFF
containing ca. 54% 5-acetoxymethyll'urI‘ttral (NMH). The
crude DFF was further purified by filtration oi’ its dichioro-
methane solution through silica, followed by partial eva-
poration of the filtrate and precipitation with hexanes. ‘H
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NMR (CDct_,, 20°C): s=7.4 (s, 9H, I'u.t'&n H), 9.3 (5, 2H,
CHO); ‘-‘C NMR (CDgCl.g, 20°C): .5: 120.4 (3, ca), 154.3 (5,
qC), 179.? (s, CH0); Mass spectrum: m/z = 124-.

2,5-Furandicarboxylic acid was isolated in the following
manner. Q1,‘-l1c_f =5 o1'tTbTIit'y' "701" 7§;5$rni1‘-‘a"nT:‘licE‘:tToxyi:i_e—;z_tt;.'td- is.
s,6-_x sod-grgm 5%‘.l-IEOTFIOKC?it’rTJF'rfitEIfii5'e'ra'tti‘i"eT'H'enoe-
W.l'lEl‘l."‘UiB'l"afi6I.i§i_l3 '5 old tlii is 'a—'FE C‘lJl3l€d'U!'l'-_DQl'l'l'l.o_l‘g_-p8j"aI:L.I.l'B
.99%~ol'- use-g,,§=Fus-andicariaaxyflc It‘te1tiTet:':i'i5itat'es."i‘he so-
lids alter reaction were filtered, washed with acetic acid,
then water, and air-dried. Ii tnsulllcientiy oxidized, the sc-
lids contained both S2-carboxy-5-ibrmyiiiiran and 2,5-fura.n-
dicarboxytic acid in varying amo1tnts.Att Qflhe reported 2-
carbozy-5-farrnylfuran and 2,-3;fu'randicarbo1j'lic acid yields
are based on the precipitated solids only. The com position or
the isolated solids containing 2-mrboxy-5-i‘ormyii‘ui-an and
Q,5—i'urandicarboxylic acid in the solids were determined
lrom their NMR spectra l.n DMSO.

For 2-carboxy-5-l"ormy|l‘ttran; ‘H NMR (DMSO): :5 = 7.4- (s,
1 H, furan CH), 7.? (s, 1 H, furan CH), 9.8 (s, 1 H, CH0); "C
NMB (DMSO): 6 = 122.3 (s, CH), 155.2 (s, CH‘), 172.0 (s,
COOH), 179.7 (s, CH0).

For 2,5vI'urandicarboxylic acid; ‘H NMR (DMSO): 6 = 7.5
(s, 2H, l'u.i-an CH); “C NMR (DMSO):t5 = 118.5 (s, CH), 148.]
(5, C), 158.8 (s, C001-i');ctnnl. cnlccl. for Cal-{,O5, %: C, 48.16;
H, 2.59; found for solids obtained in experiments 6, 7, 11, 12
in Table 5, ‘)3:-‘C, 4-'5.-E5; -3535; 45.45; -35.79; H, 2.57; 2.43; 2-44;
2.43.
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HRTICLEINFO ABSTRACT

NN'tl'*’l?iSl_0i'Y? _ Recently. the production of furan derivatives from sugars has become exciting in chemistry and in
R“‘9""°d 5 Malt“ -3010 catalysis studies, because it aids one of the major routes for achieving sustainable energy supply andReceived in revised form 26_]une 2DlO
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chemicals production. S-Hydroxyrnethylfurf'ura| (S-HMF], 2,5-furan-dicarboxylic acid (2.5-FDCA) and
2.5-dimethyifuran (2.5-DMF] have been called the "sleeping giants" ofrenewable intermediate chemi-
cals. 5-HMF is a dehydration productof hexoses and a potential substitute of petroleum-based building
blocks ofvarious polymers. 2,5-FDCA is derived from oxidative dehydration ofhexoses and is considered

§::::;_mds: as one ofthe top ‘l2 com pounds made E10 m a sugarinto a value-added chemical |T'.Werpy, G. Pe tersen. Top
Fun" detivmves Value Added Chemicals From Biomass. 2004. Available electronicallyat http:Hwww.osti.gov}bridge].. 2.5-
cmlysis DMFis produced through hydrogenation of HMFand is less volatile and of'403; higherenergy density than
5—Hydl'OxyrnelhyllLI1lural ethanol. This review discusses mainly the catalytic routes for the synthesis ot"5-HM F. 2,5-FDCA, 2.5—DMF
Bimnass transformation and other furanic derivatives from sugars. Meanwhile. the possible reaction mechanism for the conver-

sion of hexoses is discussed, and furthermore. some promising research orientations and advantageous
Catalysts are suggested based on the major problems encounre red in the recent research.

© 2010 Elsevier BV. All rights reserved. 
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1. Introduction

In recent years, an increasing effort has been devoted to find
ways to utilize biomass as feedstocks for the production of organic
chemicals because of its abundance. renewability and world-
wide distribution [I-8]. if one considers the possible downstream
chemical processing technologies. the conversion of sugars to

value-added chemicals is very important [9.‘lCl].' Hexoses are the
six—carboned carbohydrates and are the most abundant monosac—
charide existing in nature (Fig. 1). Among them D-fructose and
glucose are econo mica] and suitable to be used as the chemical feed-
stocks { l l-15]. Nowadays. the catalytic transformation of hexoses
into furans is very interesting in the point of chemistry because
it involves several steps as dehydration. hydrolysis. isomeriza-
tion. reforming. aldol condensation. hydrogenation and oxidation.
etc.. which are of general interest. The fur'anic products involved
in this strategy include 5-hydroxymethylfurfural (5-HMF]. 2.5-
diformylfuran (2.5-DFF). 2.5-furandicarboxylic acid (2.5-FDCA].
2.5-bis(hydroxymethyl)-furan (2.5-BHF) and 2.5-dimethylfuran
[2.5»DMF) (structures are shown in Fig. 1). These can be used as

the starting materials for new products as well as for the replace-
ment of oil-derived chemicals ]17—20|.. As a dehydration product
of hexoses. 5-HMF has been consider'ed to be an important and
renewable platform chemical in the bio—based renaissance. its
derivativesincluding2.5-furfuryldiamine.2.5-furfuryldiisocyanate
and 5-hydroxymethyl furfurylidenester are particularly suitable
starting materials for the preparation of polymeric materials
such as polyesters. polyamides and polyurethane [21424] The
obtained furan-based polymers display ver_y good properties. The
polyurethane shows very high resistance to thermal treatment.
The ltevlar‘-like polyamides produced from furan diamines and
diacids exhibit liquid crystal be havior; The photoreactive polyesters
have been used for printing inlt formulation.. Furthermore. the
furan-based polyconjugated polymers possess good electrical con-
ductivity [24].Thus. 5-HMF has been called a ‘sleeping giant‘ in the
field of‘ intermediate chemicals from re—growing resources [17].

in the chemical conversion processes. the compounds like 5-
- HMF. 2.5-FDCA. 2.5-DFF. 2.5-BHF or 2.5-DMF are interrelated by the

reaction network. For instance. '2.5-FDCA or 2.5-DFFis formed from

the complete or partial oxidation of 5-HMF. and is the co-product
in the one-pot dehydration and oxidation reaction ofhexoses [25].
Indeed. 2.5-FDCA has been found useful as a fungicide. corrosion
inhibitor and melting agent for foundry sands as well as aninterme-
diate in pharmaceutical and photography fields ]26—29]. Moreover.
2.5-FDCAhas also gained a great interest as a monomerofnew poly-
meric materials for special applications [3D—:-:3]. ln fact. 2.5-FDCA
has also a large potential as a replacement of terephthalic acid. a

27230510A_|_>

widely used component in various polyesters such as polyethylene
terephthalate (PET) and polybutyleneterephthalate [PBT) [34,35].
2.5-FDCA can also serve as a starting material for the production
of succinic acid. which is consumed at present in a fairly large
scale. Thus. 2.5-FDCA has been identified as one ofthe 12 building

block compounds that can be produced from sugars via biological
or chemical processes [36]. Meanwhile. 2.5-DFF has also numer-
ous applications. including those as monomers in the synthesis
of special polymers [37—39]. ‘as intermediates of pharmaceuticals
[40] and as antifungal agents [41]. It is also used in the prepara-
tion of macrocyclic ligands [42,43] and as a cross-linking agent
for poly(vinyl alcohol) [44]. Furthermore. 2.S—BHFand 2.5—DMF are
produced from the partial or deep hyd rogenation oi'HMF. respec-
tively. and can also be generated in the one-pot dehydration and
hydrogenation of hexoses. 2.5-DMF is a very promising liquid fuel
in the future. with a high energy density. 31.5 MJIL which is similar
to that ofgasoline (35.0 Mj{L.]. and is 40% higher than that ofethanol
(23.0 M]}L][45.46]. Moreover. 2.5-DMF(bp 92-94 °C) is less voiatile
than ethanol (bp 78 ‘-‘C) and is immiscible with water. so that it is
especially suitable to be used as a transportation fuel.

In 2007. Carma et al. [15] and Dumesic and coworkers [16]
have reviewed the chemical routes for the transforrnation of

biomass into chemicals and fuels. respectively. Considering the
rapid progress on the catalytic conversion of biomass. this review
concentrates mainly on describing the state-of-the-art and the
works reported within the recent few years. in this review. the syn-
thesis methods of5-H MF. '2.5-FDCA. 2.5—DFF. 2.5—BHF and 2.5—DMF

from carbohydrates with suitable catalyst systems are discussed in
detail. For the production of5-H MF. various acids. sometimes with
the presence of metal ions, are used as catalysts. For the manufac-
ture of'2.5—FDCA. there are two routes. One is the direct oxidation of
5-HMF by a suitable oxidant. The other is the one-pot dehydration
and oxidation ofhexoses. requiring a multi-functional catalyst. 2.5-
DFF has been prepared through a partial oxidation of 5-HMF with
the function ofa catalyst such as Pdfc. V;Og—.rTiO2 or metaljbromine.
2.5—EHFand 2.5-DMF have been synthesized from selective hydro-
genation of 5-HMF. which is origina]l_y formed from hexoses in a
‘special media or a biphasic reactor.

2. Synthesis of 5-hydroxymethylfurfural

From the commercial point of view. 5-HMF is a versatile and
multi-functional compound. it is a good starting point for the syn-
thesis of precursors ofpharmaceuticals. therrrioresistant polymers.
and macrocyclic compounds. and particularly for the synthesis of
dialdehydes. ethers. amino alcohols. and other organic interme-
diates. These may lead to the possibility of numerous chemical
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products such as solvents. surface-active agents.-phytosanitary
products. resins. and the like [14-16].

Since the last decade of the 19th century. 5-HMF had been of
great interest [47]. It was first separated with 20% yield from the
reaction mixture of fructose and sucrose in the presence ofoxalic
acid [43]. Then. Fenton and coworkers {49—5l ] performed extensive
investigations on 5-HMF. in 1909, the correct structure of 5-HMF

was assigned [52l. After an intensive examination. Middendorp
[53] presented detailed results concerning the synthesis. physical
properties and cheinical-behaviors of5-HMF. in the followingye ars.
Reichstein and Zschokke [$4.55] and Haworth andjones [55] con-
tribute to immense progress in 5-HMF chemistry. They proposed
the synthesis method of 5-HMF which is used still in the modern
time. and they discussed the mechanism of fructose dehydration.
Besides. 5-HMF can also be produced by heating a 305! aqueous
solution ofsucrose at 170°C under H; pressure. with a 22% yield of_
5-HMF attained [57].

Thirty years ago. van Dam et al. [58] and Cottier et al.. [59]
showed that both an aqueous and a non-aqueous process lead
to around 3'7?-B yield of 5-HMF: they found that the reactions
performedin the aqueous solution provoke the degradation of
5-HMF and that its polymerization occurs in both aqueous .and
non-aqueous media. In the following work. Antal et al. proved
that 5-HMF was formed from hexoses through removing three
water molecules in the acid-catalyzed dehydration reaction [SOL
Scheme 1 presents a general dehydration route ofhexoses and the
most representative by-products found in the process. In the aque-
ous system. 5-HMF enters into a consecutive reaction sequence
taking up two molecules of water. and forms levulinic and formic
acid as semifinal products. In the non-aqueous system. the hydroly-

Batch Reactor

 

 
~~-.___ _ By-products

sis of 5-HMF can be suppressed. However‘. the cross-polyme rization
reactions occur under all circumstances. which lead to the produc-
tion of Colored soluble polymers and insoluble brown humins [12].
In order to prevent the side reactions and obtain a high yield of
5-HMF. one can design and employ a suitable catalyst tuned to the
formation of 5-HMF. while not promoting the consecutive reac-
tions or alternatively the continuous removal of 5-HMF from the
reaction mixture.

The production of 5-HMF and the kinetic studies of the dehy-
dration reaction had been reviewed by Kuster in 1990 [11] and
Lewkowski in 2001 [l2l. The following sections emphasize the
recent research developments and summarize the efficient catalyst
system for the synthesis ofs-HMF.'The catalysts used are generally
classified as mineral acid. organic acid and solid acid catalysts. and
1‘r1etal—containing catalysts.

2.1. Mil1BF'GiGfld organicacid catalysts

2. I. I. Production of 5-lrydr-oxymetliylfurfurnl from fructose
The dehydration of D-fructose can generally be catalyzed by .1

protonic acid as well as by a Lewis acid [61,62]. From the first oxalic
acid-catalyzed synthesis of 5-HMF. nearl_y one hundred inorganic
and organic acidic coinpou nds have been positively identified as
catalysts for the synthesis of 5-HMF. The most commonly used
inexpensive acids have been H2504. H3’P0.-, and hydrochloric acid
{HCl)|63—65|. Moreover. hydroiodic acid [Hl) has also been found to
exhibit catalytic action in the iodine-catalyzed dehydration of hex-
oses [E5]. The reported organic acids also include the oxalic acid.
levulinic acid. and p-toluenesulfonic acid |56,E-ii-‘-701.

Antal et al. [60,71] reported the dehydration of D-fructose with
H2504 as a catalyst in sub-critical water at 250°C. and gained a
yield of 5-HMF as high as 53%. Bicker et al. [171 investigated the
synthesis of 5-HMF in the presence of H2504 when sub-critical
or supercritical acetone—water mixture was employed as a reac-
tion medium. It was found that the carbon atom efficiency is quite
good and that no solid impurities are formed. In the supercriti-
cal acet'one—water mixture. the maximum yield of‘5-HMF reached
78% at 18D"C., Recently. a two-phase reactor system with HCI as
the catalyst was reported by Roman-Leshkov et al. [18]. As shown
in Fig. '2, D-fructose is dehydrated to 5-HMF in the aqueous phase
with HCI as a catalyst. in this process. dimethylsulfoxide (DMSOJ

Organic phase
-- .w...~u.\..~....-.\..i..\-.-is-..».$.\v....\.i\\.~.w.-..wt-m-mw.w..“....' \
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Fig. 2. H19 piorlnction of 5-H MF front n—fructose with simulated fCltll"liE‘lE'lHl‘e':ll exlmclion and e-vajroration steps _{l he aqueous pliase contains fl-IJFIOSP, DMSD, PVI’. and
catalyst: the organic phase contains Mlflk and 2—butanoi: this figure is modified and taken from Ref. I 18] with permission oi the J\l'l'lI'llC<'ll| nssixialrun for the Jldvarioement
ol'5t'iencr.-. 2006 Copyright Science Publishing].
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Table 1

“TE ¢‘HTfli1'Tit‘rea(Ilon rt-.sults for the Imrlnse rlellyrllation with typical solid acid catalysts.

Catalyst Solvent r'r'c) Time (min) cmw. (iii) 5—HMF yield (it) Ref.

H-form mordenite H30-MIEK 165 ED 16.0 G9 2 [80]
Va nadyl phosphate H20 50 50 _ 50‘; .“_g '3”

hlbOP04 . _ ‘ H20 100 120 51.4 2r_o [32]
C-3"T’2l-‘I. ’ H10 ' I00 7 30 44.4 -14.3 [35]
Amberiysl-I5 [flM|M|‘BE.,- 30 _ . 180 f , 52 ‘ _ I-[991
Dower: 50w:t8- IDO Ar:'etone_l‘H-20 _ E50 ‘15 95.1 _ _ 73_-1__ [101]
Dowex 5[i:Wl3-‘D0 J'\cemne;‘DMSO 150' 10 96.4 ' 82.1 - I302]Andtase T10: H30 200 - . 5 -83.5 . 33.1 no.3]
Amllerlyst-15 DMF 100 -180 . ':-L _ = ' ' 3'3 [106] -

Smlzrfiz DMF I 100 tan *5? _ __: ' 21 -[I061]
 

and poly{1-vinyl-2-pyrrolidinone) [WP] were added to suppress
the undesired side re acrr'ons."['he product 5-HMF was continuously
extracted into an organic methylisobutyll-tetone (MlBK] phase mod-
ified with 2-butanol to enhance the partitioning from the reactive

aqueous solution. it was reported that an 30% 5—HMF selectivity
at a 90% conversion was achieved for 10 wt.% D-fructose solution.

Moreover. Roman-Leshl-rov and Dumesic [72] investigated the sol-
vent effect on the dehydration of fructose in biphasic s_ystem with
saturated inorganic salt. in which tetrahydrofur-an demonstrates a
high extracting ability as a reaction medium for the reaction and
an 83% selectivity of 5—HMF is achieved. Furthermore. a contin-
uous process using a microreactor has been proposed based on
the HC'l-catalyzed dehydration of fructose in pure aqueous solu-
tion in order to improve the "green" synthesis of 5—HMF [73].
The process conditions were deliberately shifted to high temper-
ature and pressure [1B5°C. i7bar) in only 1min and the product
5—HMF was obtained with a 54% yield at 71% D-fructose conver-
sion.

2.1.2. Production of 5-lryd roxymetlrylfirrfrrrcrl from glucose ’
The dehydration of glucose has been reported to have lower

reaction rate and lower selectivity to 5-HMF compared to these
of fructose [1 1]. even though glucose is the most inexpensive and
abundantly available feedstock. A yield of only 15.5% was obtained
during the dehydration of glucose in the presence of HJPO4 at
190°C [74]. The low yield of5-HMF from glucose is attributed to
its stable ring structure. A low fraction of open-chain molecules
exists in the solution and as a consequence a low speed-of eno-

lization develops which determines the rate of 5-HMF generation.
Nonetheless. a strong incentive exists for developing a process uti-
lizing cheaply and abundantly available glucose to produce directly
the value-added 5—HMF for useful chemicals.

Different solvents have been tested in glucose dehydration with
mineral acid as catalyst [68]. It was found that the dehydration of
glucose to 5—HMF was nonselective (aboutsié) in pure water. Mean-
while. the yield of 5—HMF in_an aprotic polar solvent (e.g. DMSO)
was also low [no more than 4296) even for a 3 wt.% glucose solu-
tion. Recently. a valuable br'eakthrough appeared [75]. it was found
that the yield of 5—HMF can be improved with a specially designed
biphasic r-eactorsystem and with a 10wt.% glucose feed solution.
The biphasic reaction system was composed of DMSO. water. and
a mixture of MIBKI2-butanol (70:30. wlw) as the extraction sol-
vent. As a result. the selectivity of 5—HMF increased from 11% in
pure water to 53% with the presence of DMSO and the extraction
solvent.

Recently. Huang et al. [76] proposed an efficient method for the
selective conversion ofglucose to 5—HMF, in which a combination
ofglucose isomerase and HCl was employed as the catal'yst_and the
reaction was performed in a water—butanol biphasic reactor. As a '
result. a 63.3% yield of 5—HMF was obtained from glucose.

2'r'23DS1OA__l_>

2. i .3. Production of 5-lrydroxymerlrymrrftrrrrifi-am
pol_ysocc‘i:arr'des and biurnossfeedstocks

Employing polysaccharides.cellulose and lignoce llulose directly
as feedstocks for the production of 5—HMF is more promising com-
mercially. Recently. Chheda et al. [75] got good selectivities for
5—HMF at high conversions from pol_ysaccharides such as sucrose.
starch. cellobiose and xylan using a mineral acid (HCI. H2504 or
H3PO4] as a catalyst in a biphasic reactor. The reactor system com-
posed of a reactive aqueous phase modified with DMSO and an
organicextracting phase consisting ofa 7: 3 (wiw) MlBK—2-butanol
mixture. Moreover. llgen et al. [77] reported that 25 and 5‘75l4 yields
of5-HMF are obtained respectively from inuiin and sucrose using

p-toluenesulfonic acid as catalyst in a melt system consisting of
choline chloride (Chill) and u p to 50 wt.% ofcarboh_yd ra tes. Remark-
abl_y. Binder and Raines [78] found that N.N-dimethylacetamide
(DMAc) containing alkali metal halide is a privileged solvent that
enables the synthesis of 5—HMF from lignocellulosic biomass. as
[well as from cellu1ose.glucose. and fructose. with the mineral acid
as the catalyst. For instance. a 92% yield of 5—HMF was obtained
from lignocellulosic biomass using 6.0 mol% H-,_SO.q as the catalyst
in DMAC-Kl solvent at 100°C for 5 h.

2.2. Solid acid catalysts

Solid acid catalysts have several advantages over liquid acid
catalysts: (a) l:hey facilitate the separation of product and can be
recycled; (b) they can work at high temperatures. thus shorten-
ing the reaction time and favoring the formation of5-HMF instead
of its decomposition during a prolonged reaction period: (c) they
are capable of adjusting the surface acidity to improve the selec-
tivity of' 5—HMF. which will be very useful to the conversion of
polysaccharides and biomass feedstocks. in the dehydration of car-
boh_ydrates. the reported solid acid catalysts generally included
H-form zeolites, ion-exchange resins, vanatlyl phosphate. and
2102.

2.2.1. Pr'oduc'h'on of5-irydroxymethylfrrrfrrralfrorn fructose
The reactihn results of o-fructose dehydration are summarized

in Table 1.

Moreau et al.. [7930] studied the dehydration of D-fructose in
the presence of the clealuminatcd H—forr'n mordenite at 165 “C in
a solvent consisting of water and MIBK. A D-fructose conversion
of 76% and a 5—HMF selectivity of9295 were achieved at the same
time. In addition. the conversion of o-fructose and the selectivity
of5—HMF are found to be related to the kind of acid and the struc-

tural properties ofthe acid. as well as to its micro pore vs. mesopore
volume distribution. The maximum reaction rate ofo-fructose was
observed on the H-mordenite with a Si[P.1 ratio of 11. and a sig-
nificant increase (ca. 10%) ofthe selectivity of 5—HMF was obtained
by the simultaneous extraction of 5—HMF with Ml8}< circulating
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in a countercurrent manner in a continuous heterogeneous pulsed
column reactor [30].

Carlini et al. [81] reported the catalytic properties of vanadyl
phosphate (VOPJ for the dehydration of D-fructose to 5-HMF in
aqueous solution. A 40.2 or 32.9% yield of 5-HMF was obtained
for 6.0 and 30 wt.% aqueous solution of fructose using VOF‘ as the
catalyst within 0.5 h. respectivel_y.. Moreover. other VOP—based cat-
alysts which contain different trivalent metal ions (Fe3*. Cr“, 6.13’.
M113‘ or A13‘) were also investigated. when Fe-containing VOP
catalyst was emplo_yed with 40wt.il£ fructose solution. the yield
and selectivity of 5-HMF went up to 50.4 and 37.3% within 0.5 h.
respectively. Furthermore. Nb-based catalysts were also used in

the reaction and showed a high catalytic efficiency [S2—84]. Nio-
bium phosphate (NbOPD4] and phosphoric acid-tr'eated niobium
oxide exhibited high catalytic activity.. As a resul_t._70—30% selectiv-
ity of 5-HMF at a D-fructose conversion of 30-50% was reported at
l0D“C in pure water and without any extraction solvent [85,86].
Moreover, further investigations showed that the initial catalytic
performance of NDOPO4 is superior to that of niobate acid in the
dehydration of‘ fructose in aqueous phase, which was related to
the more effective surface acidity of NbOPO4 in polar liquids [84].
in addition. a similar approach was carried out in the presence
of Zr- and ‘Ti-based catalysts with different structures [85].When
cubic zirconium pyrophosphate {C-Z.r‘P2O.1) was employed in the
dehydration oi" Gwtjll aqueous solution of fructose. a 44.3% yield
of5—H MF in a 99.8% selectivity was obtained at 100 °C within 0.5 h.
Meanwhile. y-titanium phosphate also exhibited promising perfor-
mance (a 35.3% yield of 5-HMF in 95.1% selectivity] under‘ similar
conditions.

There have been numerous works on the application of ion-
exchange resins for the synthesis oi'5—HMF frorn sugars. Nakamura
|S6] investigated .1 strongly acidic ion-exchange resin in D-fructose
dehydration and obtained an 30% yield of 5-HMF. Gaset and
coworkers [37288] produced 5-HMF with 39-80% yield using the
Levatit? SPC-10B as a catalyst. Moreover. Diaion'—” PK-215 resin was
also found to be an efficient catalyst for D-fructose dehydration and
a soil. yield or 5-HMF ‘was obtained on it [39]. Compared ‘to that
with a mineral acid as catalyst. some improvements are achieved
in terms of process facility when an acidic ion-exchange resin is
used in aqueous medium, but the selectivity of 5-HMF has been
a significant challenge [90—92]. Further investigations by Chheda
and Durnesic [93] showed that very good yields of 5-HMF from
fructose were achieved with the Diaion"’ Pl-(216 resin as catalyst in
the water—M[B}( biphasic system by employing DMSO or NMP as
an aqueous-phase modifier.

Cottier et al. [94] found that an ion-exchange resin in water
media allowed the conversion of D-fructose with a satisfactory
result. However. 5-HMF was obtained with only a 23% yield with
a chosen mode of separation. Moreover. they also observed no
effect ofthe high dilution ratio on the efficiency. It was suspected
that the low selectivity to 5-HMF in water resulted from the pres-
ence ofhydronium species within the macropores of resins. which
would lead tothe further evolvement of 5-HMF [95]. On the other
hand. numerous investigations showed that a high selectivity of
5-HMF can be obtained with DMSO as the solvent under mod-

erate operating conditions [39.9G—9B]. o-Fructose was selectively
and almost quantitatively converted into 5-HMF in the presence
of ion-exchange resins. The advantage of DMSO as solvent is that
it is a dipolar aprotic solvent and prevents the formation of lev-
ulinic acid and humins- its disadvantage is the concern about
the separation of DMSO. 5-HMF and water formed. and about
the toxic by-products arising from the decomposition of the sol-
vent. Lansalot-Matras and Moreau [99] examined the dehydration
of D-fructose with Amberlyst-‘l5 as a catalyst in ionic liquids.
The reaction was performed in a micro-lzratch reactor‘ at 30"C
using two commercially available ionic liquids. a hydrophilic l-
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butyl-3-methyl irnidazolium tetr'afluoroborate {[BMiM]BF4) and a
hydrophobic 1-butyl-3-methyl imidazoliurn her-tafluorophospliate
([BMiM]PF.;). The yield of 5-HMF was 52% after‘ 3 h reaction with
[BM|M]BF4 as solvent. Moreo_ver'. the ionic liquid ailows the reac-
tion to proceed more rapidly than in DMSO and the reaction
achieves a yield of 5-HMF close to 80% in [BMlM]PF.-5 solvent. llgen
et al. [77] reported that a 40% yield of5-HMF w'as obtained using
Amberlyst-l 5 as catalyst in the choline chloride (ChCl),lD—fructose
system. Furthermore. the effect of co-solvents such as acetone.
DMSO. ethanol. methanol. ethyl acetate. and supercritical CO2 in
the Amberlyst-15 resinfionic liquid system was investigated in
detail at room temperature [l0O]. Recently. Qi et al. {10l] used an
acetone—water reaction medium and got a yield of5-HMF as high
as 73.4% with a 94.0% D-fructose conversion by microwave heating
at l50‘“C with the presence of a cationic exchange resin (Dowex
50wx8-100) catalyst, Moreover. the catalytic activity and selectiv-
ity after reuse of the resin five times remained nearly unchanged.
They also found that the addition ofacetone to DMSO solvent fur-
ther improved the formation oi'5-HMF from D-fructose [102 ].

Watanabe and coworkers [1 03.104] examined the production
ol' 5-HMF from D-fructose catalyzed by Tit); and ZI03 under
microwave irradiation. in the case of H02. the yield of 5-HMF
reached 38.1% with a o-fructose conversion of 33.65% at 200°C

after 5 min. Moreover. a 30.5% 5-HMF yield and 65% o-fructose
conversion were obtained in the presence ofZrO2 after 5 min. Fur-
thermore. Shirnizu et al. [105] found that water removal from the
reaction mixture by a mild evacuation at 0.9? x 105 Pa increases
the yield of 5-HMF for the system with several solid catalysts
(heteropoly acid. zeolite. and acidic resin). Also. it was interest-
ing to note that the crushed and sieved Amberlyst-15 powder in
a size of 0.l5—0.053mm shows 100% 5-HMF yield at high fruc-
tose concentration (50wt.‘iE in DMSO). which may be due to an
improved removal ofadsorbed water in the small-sized resin par-
ticles.

2.2.2. Proclrrcfiorr of5-lrydr‘oxymetlryu'rrrfu rcrlfrorrr glucose.
polysaccharides and biomass feedstoclrs

Based on the isomerization ofglucose and the successive dehy-
dration of fructose into 5-HMF over solid acid catalyst. Talcagaki

et al. [106] found that 42-54% yield of 5-HMF can be produced
from glucose and sucrose by a simple one-pot synthesis using a
combination ofamberlyst-15 and Mg—Al hydrotalcite (HT) as cat-
alysi: in N.N-dimethylfonnamide at 100°C. Moreover. in the HO;
and 2102 catalyzed conversion ofglucose to 5-HMF. TPD measure-
ment results and experimental data showed that the amount of
the basic sites was the key factor for the isomerization. while the
strength ofthe acidity and basicity was important for the 5-HMF
formation from glucose [‘l03.1 04]. lourvanij and Rorr‘er[l 07] found
that the molecular sieves. r'.e. HY zeolite. aluminum-pillared mont-
morillonite. MCMJ20 and MCM-41. also promote the dehydration

of glucose: however. formic acid or 4—o>topentanoic acid is easily
formed in those processes. Very recently. Hu and coworkers [108]
reported that .a 47.5% yield of 5-HMF was obtained within 4 h at
403 K over a SO42‘fZrO;—Al;O3 catalyst with a 2.r—A| mole ratio of
1:1. It was also found that the solid acid catalyst with higher acid-

ity and moderate basicity was more favorable for the formation of
5-HMF from glucose.

Carlini et al. [82] found that a 27 or 31% yield of 5-HMF was
obtained from l2.7wt.% sucrose or 6.0 wt.% inulin with niobium

phosphate as catalyst'in'aqueous medium. Chheda and Dumesic
[93] investigated the conversion of inulin and sucrose to 5-HMF in
the presence ofthe Diaion"5' PK-216 resin; and 59 and 4356 yields of
HMF were respectively obtained in the biphasic system lay adding a
certain amount of NMP into aqueous phase (H;,O:NMP= 4:6. wlw].
Moreover. with highly concentrated melt systems consisting of
ChC'l and up to 50 wt..% of carbohydrates. 9. 27 and 54% yields
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of 5-HMF were obtained from glucose. sucrose and inulin with
Amber'lyst~15 resin as catalyst. respectively [77].

2.3. Metal-containing catalysts

‘The dehydration ofp-fructose using transition metal elements
began in the 19605 [1DEJ]. Trapmann and Seth": [110] found that
the-rium~ and zirconium metals catalyze the formation of 5-HMF
in a monosaccharide solution. lshida and Seri [111] found that lan-
thanoide (Ill) ions catalyze the dehydration of D-glucose to 5-HMF
anti that 5-HMF decomposes further in the reaction. Meanwhile. it
wasfound that acorrelation between the catalytic activities and the
atomic number’ of the lanthanoide (ill) ions follows a double arc-
shaped pattern with a break point at Sm”. which is very helpful
for the design ofan active catalyst. Further research revealed that
all of the lanthanide (Ill) ions (l.a3*—Lu3*) catalyze efficiently the
dehydration ofhexoses in the aqueous media at 140°C to produce
5-HMF without levulinic acid formation [112.1 13].'l<inetic analysis
revealed that the rate-determining step is not the complex forma-
tion of lanthanide (ill) ion with the hexose molecule. but is the
subsequent reaction of the substrate—c'atalyst complex.

Recently. some significant progress for the metal-catalyzed
dehydration of hexoses has been reported ['l14—115].. Zhao et al.
[1 14] reported that metal halides in 1-ethyl-3-methylimidazolium
chloride {[EMlM|‘Cl-) are very efficient dehydration catalysts.
among which CrCl2 was uniquely effective, leading to about 70%
yield of 5-HMF from o-fructose and glucose (Fig. 3). in the dehy-
dration ofglucose. Crclfanion plays a role in proton transfer. and
promotes the isomerization of glucose to fructose in [E.MlM]*Cl'
solvent. '

In the following work. Yong etal. [115] employed N-heterocyclic
carbene-Cr/ionic liquid as a catalyst system for the dehydration
of hexoses. As a result. 5-HMF was obtained as the only product
separated after extraction with diethyl ether. and the yield is as
high as 96 or 81% for D-fructose or glucose. respectively. More-
over. this catalyst system also allows high substrate loading. and
the catalyst can be recycled. Furthermore. the same group found-
that WCl5 can also efficicntly promote the dehydration of fruc-
tose in a 1-butyl-3-methylirnldazolium chloride-tetrahydrofuran
([BMIM1C]—THF) biphasic system. in which a 72% yield of 5-HMF
was obtained at 50°C for 4 h [116]. Besides. Hu eta]. [1l?| found
that SnCl4 can efficiently convert glucose to 5-HMF in 1—ethyl-3-
methylimidazolium tetrafluorobor-ate [[EMlMlBF4): they proposed
that the formation of the five—rner-nbererl ring chelate complex of
the Sn atom and glucose plays a key role for the 5-HMF forma-
tion. Stahlberg et al. [118] reported that YbC13 and "r'-b[OTD; were
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good catalysts for the conversion ofglucose to 5»HMF in alkylimi-
dazolium chlorides. They postulated that the reaction mechanism
onthe la nthanid es is different from that on the chromium catalysts.

Recently. llgen et al. [77] obtained 60.31.43 and 46% yields of5-
HMF respectively from fructose. glucose. sucrose and inulin using
CrC'l3 as catalyst in a system consisting of'ChC‘l and up to 50 wt.% of
carbohydrates. Moreover, a single-step conversion of" cellulose to
5-HMF has successfully been performed with a pairof metal chlo-
rides {Cuclz and Crclg) as the catalyst in [EMlM|Cl solvent. and a
55.4 :l: 4.0% yield of 5-HMF was obtained [1 19]. Especially. Zhang et

_al. [120] achieved an 89% conversion ofcellulose for the production
of 5-HMF in the presence of CrCl-,._ in the [EMlM]C'l—water mixture.

2.4. Other catalytic systems

Mednick |121.12‘2] used ammonium phosphate. triethylamine
phosphate and pyridinium phosphate for the synthesis of5-HMF.
The highest 5-HMF yield reached 44% in the presence of pyri-
dinium phosphate. Fayet and Gelas [123] employed pyridinium
trifluoroacetate. hydrochloride. hydrobromide. perbromate and p-
roluenesulfonate as catalysts for D-fructose dehydration. and ayield
close to 70% for 5-HMF was obtained after 30 min at 120°C. More-

over. Smith [124] patented the use of ammonium sulfate or sulfite
as the catalyst in D—fructose clehyd ration.A 50% high yield of5-HMF
was obtained at 1 70 “C and after 12 s with NH4Al(S04 )2 as a catalyst

[125]. In addition. it was also reported that the yield and selectivity
of 5-HMF can be improved with activated carbon as adsorbent in
acid-catalyzed clehyclration ofo-fructose [126].

Nowadays, green chemistry is getting more and more asso-
ciated with catalytic processes [127.128].. The ionicliquids as
solvents or catalysts have received great attention due to their
stability, low vapor pressure and recyclability [129-133]. The
merit of ionic liquids as solvents has been mentioned in the
dehydration of sugars in the presence of acidic resin and metal
chlorides 199.114-117]. Herein. we mainly discuss the reaction
systems for the dehydration of hexoses with ionic liquids as cat-
alysts. The pyridinium-based ionic liquids were firstly proved
to be efficient for the dehydration of D-fructose [l23|. Moreau
ct al. [134] investigated the dehy-dratio_n of o-fructose at 90=‘C
using 1-H-3-methyl imidazolium chloride [[HMlM]*Cl“) acting
as solvent and catalyst. As a result. a 92% yield of 5-HMF was
obtained after 15-45 min. Furthermore. Bao et al. [135] reported

the preparation ofS-HMF by the dehydration of D-fructose in the
presence of the ionic liquids. 3-allyl-1—(4—sulfobutyl)imidazolium
trifiuoromethanesulfonate ([ASB1][Tl']). as well as its Lewis acid
derivative. 3-allyl-1-(4-sulfurylchloride butyljlmidazolium triflu-
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oromethanesulfonate ([ASCB[ilTf]]. it was concluded that the
type of acidic ionic liquid used played a significant role in
the reaction, and the Lewis acidic ionic liquid acts more effec-
tively than its Brosted acidic counterpart. Recently. our group
has studied the dehydration of sugar with acidic ionic liquid
[136.l3'7]. We found that N-methyl-2-pyrrolidonium[[NMPj")-
based and N-methyl—morpholinium-based ionic liquids showed
high catalytic activity for the dehydration of fructose or sucrose

under mild conditions. For example. in the presence of 7.5 molfiz.‘
N-methyl-2-pyrrolidonium methyl sulfonate [NMP|*{CH3SO3 1'. a
72.3% yield of HMF with 87.2% selectivity were obtained from
o-fructose at 9D"C for 2 h in DMSO [136]. When N—methyl-
morpholinium methyl sulfonate [[NMM]*[CH3SO3|“] was used as
catalyst in N.N-dimethyliorrnimide containing a lithium bromide
{DMF—LiBr] system. 74.3 or 47.5% yield of HMF was obtained
from fructose or sucrose at 9U“C for 2h under nitrogen atmo-
sphere. respectively £137]. Moreover. it was also reported that
1-ethyl-3-methylimidazolium hydrogen sulfate ([ EMIM|*[HSCi4 |')
is effective in converting fructose into 5-HMF. An 83% yield was
obtained at 30min with MlBI< as a Co-solvent H38}. in a biphasic
system composed ofC'hoClIcitric acid ionic liquid and ethyl acetate.
the yield of5-HMF from fructose reached 91.4% witha 93.6% 5-HMF
selectivity at B0‘C' f'0r‘l h [‘l39].

Microwave irradiation has been also employed in the synthe-
sis of' 5-HMF from sugars. Hansen et al. [1401 have studied the
microwave-assisted dehydration of highly concentrated aqueous
fructose solution (27 wt.%) to 5-HMF in the presence ofHCl. These
results revealed a significant increase in the fructose conversion
rate over the conventional heated systems and a 52% conversion
of fructose with 63% selectivity of 5-HMF was obtained with a
short reaction time of only 1 5. Moreover. Li et al. £141] reported
an efficient strategy for CrCl3-mediated production of'5-HMF with
to. 9096 yields from glucose in ionic liquid under microwave irra-
diation. In the following work. Zhang and Zhao [142] also found
the microwave-assisted conversion of lignocellulosic biomass to
5-H MF with yields of 45-52% after 3min. where_corn stalk. rice
straw and pine wood were used. Besides. under microwave heat-
ing. sulfated zirconia also showed good catalytic performance for
the fructose dehydration [1 4'3}. in which 93.6% conversion of fruc-
tose and 72.32: yield of 5-HMF were obtained at 1S0"C for 20 min
reaction time in acetone—DMSO mixtures.

2?23D51DA__l_>

2.5. _ Mechanism ofliexoses dehydration

Haworth and Jones [563 proposed the first mechanism for the
dehydration of fructose to 5-HMF. in the following works. van Dam
et al. |5Bi. Kuster [ii] and Antal et al. [EiD} assumed that the dehy-
dration of hexoscs goes through one ofthe two possible pathways:
one inciudes the transformation of ring structures. while the other
path is based on the acyclic compounds (Fig. 4). in general. the
reaction pathways for the production of 5-HMF from hexoscs are
composed ofisomerization. dehydration. fragmentation. reversion.
and condensation steps. Several works have suggested that 5-HMF
formation takes place through an open-chain 1. 2-enediol mech-
anism or through a fructofuranosyl intermediate [B0.144.145].
However. Antai et al. [146] and Newth [147] proposed that the for-
mation of5-HMF from o- fructose proceeds via cyclic intermediates.
They gave the evidence as: (1) facile conversion of 2.5—anhydro-D-
mannose (an intermediate enol in cyclic mechanism) to HMF: (2)
facile formation of 5-HMF from D-fructose but difficult from glu-
cose. which could be concluded from the dehydration of sucrose:
(3)]ack 0fcarb0n—deLIter'ium bond formation in 5-H MF due to kero-
enol tautomerism in the open-chain mechanism when the reaction
was carried out in D20 solvent. Furthermore. Amarasekara et al.
[148l identified two key intermediates as [4R. 5R)-4-hydroxy—5-
hydroxymethyl-4.5-dihydrofuran—'2—carbaldehyde in the reaction
based on the data of ‘H and “C NMR spectra.

in the dehydration of glucose catalyzed by metal halide. the
mutarotation and isomerization steps are necessary [11-‘I.1l7].
Fig. 5 presents the mutarotation leading to interconversion of oz-

and B-glucopyraiiose anoiners and the isomerization ofg|ucopy—
ranose to fructofuranose. in which the mutarotation leading to

an equilibrium mixture of anomers is rapid in the presence of a
catalytic amount of'C'rCl;,_. It promotes the isomerization ofglucopy-
ranose to fructofuranose, and the further dehydration to 5-HMF.
Similarly. the results from theoretical simulations solidified the
conclusion that cyclic reaction pathways are dominant during the

formation of 5-HMF from glucose [144]-‘v'ery recently. the research
ofPidko et al. [1 49} showed that. in the presence ofCrCl-4. the facile
reactions of sugar ring openingand closure involve coordination
to a single Cr center. The rate-controlling H-shift reaction can be
facilitated by the transient self-organization of the Lewis acidic
Cr3' centers into a binuclear complex with the open form of glu-
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case. which is possibly a result of the dynamic naturelof the Cr
complexes and the presence of moderately basic sites in the ionic
liquid.

3. Synthesis of5—hydroxymethylfurfural-based furan
derivatives

Numerous furan derivatives have been synthesized frornisugat
based on the further catalytic transformation of 5-HMF. Fig. 5
presents the catalytic oxidation and hydrogenation process using
5-HMF as a platform chemical. Recently. thermodynamic analysis
for the synthesis of 5—HMF~based furan derivatives has also been

performed according to hydrogenation and oxidation pathways;
results revealed a very high feasibility of‘ these processes 1150]. In
the following part. we will review mainly the synthesis methods of
very useful 2.5~DFF. 2.S~FDCA. 2.5—BHF and 2.5-DMF from 5-HMF
or directly from ht-xoses by catalytic processes.

3.1. Syrrrlacsis of2.5-difonnylfuran

[t is well-known that selective and partial oxidation ol'5—HMF
leads to the fonnation of2.5-DFF. which has potential applications
in the synthesis of drugs. fungicides. and new polymeric materials
{.25. l 51 .1 52]. Commercially. high yields ol'2.5-DFFare onlyattajned
under non—catalytic conditions. with the presence of'stoichio1net-
ric quantities ofclassical oxidants [ 153.1 5-4| or with the presence of
electrophilic agents [I55]. However. from the viewpoints ofecon-

Catalytic Oxidation

omy and sustainability. the catalytic routes for 2.5—DFF production
are promising in the future. _

in the early works. hydrogen peroxide was used as the oxidant
and the synthetic titanium silicalitc (T51) was used as a recyclable
catalyst [l 56]. However. the oxidation 01 5-HMF over T51 cata-
lyst with 30 wt.% aqueous hydrogen peroxide solution in methanol
or water was unsatisfactory because the maximum yield for 2.5-
DFF obtained was only 25%. Moreover. chloroperoxidase-catalyzed
oxidation ol 5—HMF with hydrogen peroxide as the oxidant was
also investigated [I57]. and it was found that the reaction pro-
ceeded with 69-74% selectivity for 2.5-DFF. Moreau and coworkers
[1 58.159} investigated the oxidation of‘5~HMF into 2.5-DFF with a
supported V2 05/TiO;, catalyst using air as the oxidant and toluene
or MIBK as solvent and found that the catalyst can be regenerated
in situ. The complete transformation of 5»HMF and _a yield ol'2.5-
DFF as high as 90% are achieved with a monolayered V3D5;'TiO; at
90°C under 1.5 MPa within 4 h. it was found also that. when a Pt,lC
catalyst was used in the reaction. the product distribution showed
dependence on the type of the solvent. pH value. partial pressure
of oxygen. temperature. and the nature of the catalyst [I50]. As a
result. the oxidation of5-HMF prevails to give 2.5ADFF as the major
product under a high temperature and neutral pH. where ‘l 595 yield
of DFF is obtained. Besides. a homogeneous metallbromide cata-
lyst was also used in the airoxiclation of5—HMF it 61]. in which the
yield of2.5-DFF was 57%. However. a prorninent disadvantage is the
corrosion problem of this reaction system. Recently. Amarasekara
et al. [1 62] found that 5-HMF was efficiently oxidized to 2.5-DFF in
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0 , '‘.__..——

5-HMF >,/Log 2-Forrnyl-5-Carboxyiuran 2.544355
E-Hydroxyrneth‘ya'-2-
furancarboxyllc acid

Calaiytic Hydrogenation

°” 0 on OH 0 o-.0 \

i‘-x./' vi} + H2 [\(‘O‘\y/l + 2H2.-2H O \( /f * EH2 \r/\\ If ._-fl.‘-. \\ \ X
2.5-Dlrnethyl.

5-HMF 2. 5-BHF 2- 5~0MF tetrahydrofuran

Fig. 5. Catalytic oxidation and hydlogenatiorr route of 5-HMF.
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63-89% yield using Mn(1l|)—salen catalystaiid sodium hypochlorite.
in a phosphate buffer’-CHQCI2 biphasic system at room tempera-
ture. Moreover. Navarro et al. [163] studied the aerobic oxidation
of 5-HMF to 2.5-DFF catalyzed by immobilized vanadyl complexes
on PVP and oiganofunctionalized SBA-15 supports. With pyridine
as additive. an 82% conversion and 99% selectivity of2.5-DFF were
obtained with vanadyl-acetylacetonate{PVP as catalyst: however.
only a 50% conversion and 98% selectivity of‘2.5-Di’-F were obtained
over vanadyl complexes supported on SBA—1 5.

Halliday and coworkers [28.‘l 64} first reported the oxidation
of 5-HMF to 2,5-DFF using an in situ reaction strategy where
5-HMF was directly generated from D-fructose and converted con-
sequently to 2.5-DFF. D-Fructose is firstly dehydrated to 5-HMF on
the acidic ion-exchange resin catalyst in the DMSO phase. and con-
sequently the 5-1-IMF is oxidized in the same phase to '.2.5-DFFon the
vanadium oxide catalysts, A maximum yield of45% was obtained
based on D-fructose at 1 bar air pressure and 150°C. Carlini et al.
[1651 also tested the one-pot process directly from D-fructose and
found that the reaction cannot be accomplished either in water orin
a mixed wateriMlB}< medium with VOP catalysts. Then. they stud-
ied the oxidation of5-H MF to 2.5-D FF with VOF‘ as catalyst and with
air as oxidant at 150 ‘’C. An 84% conversion with 97% selectivity of
2.5-DFF was obtained within 6b. in addition. the catalyst modifi-
cation by partial substitution of‘v'O3‘ with other metal cations did
not improve the catalytic performance.

3.2. Synthesis of2.5-furaiia'icar'boxylir acid

As we know. the ultimate objective of S-HMF oxidation is to
obtain 2.5-FDCA which has properties and applications similar to
those ofbotli terephthalic and isophtlialic acids used in the pro-
duction of polymers and fine chemicals §21.‘lEfi.1G7].The products
obtained from 2.5-FDCA have been considered as important alter-

cneiritiruiie

  

 
ii}

_ _ ‘\ i-J5-kl‘
lixirlaii.-_-ii \‘.‘1l_I;ii_\'.sl
I"l"iBir(‘l i‘~

sriiid ar:i'd

natives for their petroleum-based counterparts in the Cheinical
industry [24] (as shown in Fig. i‘).

The noble metal catalysts. e.g. carbon or alumina-supported
platinum have been found to be efficient for the oxidation of5-HMF
to 2.5—FDCA [158.'I59]. In these reaction systems. the oxidation of
5—HMF favorably proceeds to the deep oxidation to diacid when the
reaction was performed und er oxygen pressure and a controlied pH
value. The oxidation ofs-HMF in aqueous phase to 2.5-FDCA was
demonstrated with a near-quantitative yield on a Ptffiil-403 cata-
lyst in basic reaction conditions at 60°C l‘l?0|. In addition. it was
found that a high yield of 12.5-FDCA was also obtained when a PtlPb
bimetallic catalyst is used [‘29|. However. when Pt—based catalysts
were used forthe HMFto 2.5-FDCA reaction with oxygen as oxidant
in water. a high catalyst-to—substrate weight ratio could be required
[171 l. Furthermore. a Co]Mn/Br catalyst was applied in the air oxi-
dation of 5-HMF to 2.5-FDCA. and a 60% yield was obtained when
the reaction was performed at 125°C under 7.0 MPa air pressure
for 3h [160]. This catalyst system has been used in commercial
oxidation reactions.

Kroger‘ et al. [27] studied the production of 2.5-FDCA from
fructose via acid-catalyzed formation and subsequent oxidation of
5-HMF. As shown in ‘Fig. 3. an effective separation of the oxida-
tion catalyst and the formed 5-HMF and its derivatives into the
MIBK phase with the automatic extraction facilitates the efficient
formation of 2.5-FDCA via the consequent oxidation in the MIBK
phase. The maximum selectivity of 50% with a yield of‘ 25% for
2.5—FDCA were achieved. Ribeiro and Schuchardt [I72] investi-
gated the one-pot dehydration and oxidation of D-fructose over
a bifunctional redox catalyst. i.e. cobalt acetylacetonate encap-
sulated in so]—gel silica. The synergic effect of the two catalyst
functions was impressive. and a 99% selectivity of 2.5-FDCA with
72% conversion ofD—fructose was obtained at 160 “C under2.0 MPa
air‘.

N
cumin-\\-vs\~'|v\'I~\ __

    
  

E.-carats st 7‘.
ag miss. an ;x_;na_' :  

  
 

Fig 3. The catalytic processes forsynliiesis of 2,5-FDCA iri meinbram-. reactor and batch reactor([a} Membrane reactor. {1} 5—HMF foniialioii in waterlphase: (2)>difl:l.l5iDl)
of 5-HMF in M]B|(p1-.353 [I‘[[Q1|gh{ht-]‘ne[]]b|'¢\]]e and ('3) oxidation nl'5-I-IMF; (h) Batch reactor, (1) dehydration DI" lrtictose in batchdeactoi: (2) dilTLisi0n and oxidation of5-I-IMF into 2,5—FDC-"\.REpli.I1l1'dlion]Rl'i.I27]wiliI]2l€lll'l.i§§i0|'l ElfP.il'|'ll|Jl|'1 Publishing Corporation. 2000 Copyright Springeilinlr publishing).
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Fig. 9.. lhe possible pathway For aqueous 5-l[MF;1embir oxidation with gold catalysts.

in recent years. gold has proved itself as an excellent cata-
lyst for selective oxidation with molecular oxygen when dispersed
as nanoparticles [173-1'76]. Casanova et al. [177] found that 5-
HMF was selectively converted into 2.5-FDCA [99mol% yield) in
water. under mild conditions (_65—13U'C. 1.0 MPa air) with gold
nanoparticles supported on ceria [Au—CeO;) catalyst. A reaction
mechanism was proposed and the rate—limiting step ofthe reaction
was the hyd roxyl oxidation of5—hyd roxymethyl-2—fura ncarboxylic
acid into 2.5-FDCA [shown in Fig. 9). Gorbanev et al. [178] studied
the oxidation of 5-HMF to 2_5—FDC'A on an Au;"iiO2 catalyst and
with NaOH as an additive at ambient temperature. A 71% yield of
2.5-FDCA at total 5—HMFconversion was obtained after 18 h at 30 “C

under 2.0 MPa oxygen. _
Taarning et al. [179] reported the oxidative esterification

of 5-HMF to furan-2.5-dimethyldicarboxylate. a ‘2.5—FDCA-based

derivative. over Au_['l'iO; catalyst with oxygen as the oxidant
using sodium methoxide as a promoter at 130°C under 4bar
pressure. They obtained 98% selectivity and 60% yield of form-
2.5-dimethyldicarboxylate. Furthermore. Casanova el: al. [180]
reported a conversion of 5-HMF into furan-2.5 dimethyldicar--
boxylate with 99 molfi; yield with Aulceoz catalyst in methanol.
They proposed also that. after the reaction. the f'uran-2.5-
dimethyldicarboxylate can be converted directly to 2,5-FDCA
through a simple hydrolysis reaction.

33. Syn tlresis cf2.5-bisflrydroxyrnetlryljfumn and
2.5—dr'metlr_ylfur'an

The hydrogenation products of 5-HMF. 2.5—BHF and 2.5-DMF
are very important fine chemicals that can be applied in the
manufacture of polyurethane foams or polyesters |14—l6,150].
The efficient production of these compounds starting from hex-
oses with dehydration and catalytic hydrogenation reactions is

 Fructose _:_-‘H 0 "'“
or 3 "°'=..4-»f\‘! \l

Glucose b
54-IMF

2

o ‘.1’ 0 °"A is. ........'f......- HovfkCaL

therefore extremely demanding ]131] (as shown in Scheme 2].
Herein. the catalytic hydrogenation of aldehyde group (-CHO)
and furan ring take place and a careful control of the conditions
allows to improve the selectivity of 2.5-BHF. Nearly quantitative
yields in 2.5-BHF or 2.5-bis(hydroxymethyl)-tetrahyd rofuran we re
obtained over conventionalhydrogenation catalysts. such as Raney
nickel and different supported metal catalysts (copper. platinum.
palladium. cobalt, chromium. molybdenum) with H20 as solvent at
high temperature and under high hydrogen pressure [182-135].

2.5-DMF. produced from the selective removal of five oxygen
atoms from hexoses molecules. has a boiling point suitable for a
liquid transportation fuel. and has the lowest water solubility and
the highest research octane number. (RON) among all the mono-
oxyge nated C6 compounds. Moreover. compared to bioethanol. it
has also :1 energy density, ca. 30 it] cm‘3 higher. by 40% and a boil-
ing point higher by 20°C [46,78]. Recently. Roman-Leshkov et al.
[46] developed a catalytic route for the production of 2.5-DMF
from D-fructose. via a two-step process.The first step is the acid-
catalyzed dehydration ofo-fructose to produce 5-HMF in a bipbasic
r'eactor.‘Then. 5-HMF is extracted in the organic phase ofthe reac-
tor and is subsequently converted to 2.5-DMF by hydrogenolysis
of C-0 bonds over a copper-ruthenium [CuRu_] catalyst (Fig. '10).
Binder and Raines [78] also reported the preparation ol'2,5-DMF
from D-fructose with a two—step method. Firstly. based on produc-
tion of5-HMF from D-fructose with H2504 as catalyst. they studied
the separation of5-HMF with a flow-chromatograph method with
loading the mixture into a column ofion-exchange resin and elut-
ing with deionized water. In the following step. the 5-HMF was
taken up in ‘l—butanol and hydrogenated with a Cu—RufC cata-
lyst. As a result. a 32.5% yield of 2.5-DMF based on b-fructose was
obtained.‘v'ery recently. Luijkx et al. [186] reported the production
of 2.5-DMF by the hydrogenation of 5-HMF over a palladium cat-
alyst in 1-propanol. During the reaction the main intermediate is

H O.‘__,[\—}\/QHO

2,5-hisfhydroxyirrothyfi—Iaatral1ydrofuran

Scheme 2. The synthesis route ol'2.5-BHF and 2.5-DMI-‘ lroni lrexu-ses.
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5-hydroxymethyl-2-(propyloxymethyl)furan. However. when 1.4-
dioxane was employed as solvent in'the reaction. 2.5—BHF are
formed as a major product.

4. Conclusion and perspectives

The use of sugars for the production of furan chemicals is a vital
alternative to fossil-based energy resource. such use is of real sig-
nificance in the sustainable chemistry. In this review. we focus on
the efficient catalytic methods for the synthesis of 5-HMF. 2.5-DFF.
2.5-FDC.'A. 2.5-BHF. 2.5—DMF and other furanic derivatives. In sum-

mary: (1) 5-HMF have been obtained with high efficiency from the
dehydration ofsugar catalyzed by mineral acids. organic acids. solid
acids and metal-containing catalysts: (2) for‘2.5-DFF and 2.5—FDC.l\.
the major routes include a direct oxidation of 5-HMF by'suitable
oxidant and one-pot dehydration and oxidation of hexoses with
rrrulti-functional catalysts: (3) in particular. 2.5—BHF and 2.5—DMF
are effectively produced from the selective hydrogenation of 5-
HMF or one-pot catalytic process with a specially designed biphasic
reactor. -

Although great progress has been achieved recently for the
catalytic transl'oI'rnation of sugar to furan chemicals. further’
improvement of conversion and selectivity are still necessary in
many cases for achieving the goal of commercial application of
those processes. Moreover. with the introduction of the concept
of" green chemistry. eflorts in catalysis should be devoted to the
economic. rapid and environmentally benign production of furan
chemicals. Furthermore. multi-functional catalysts. which origi-
nate from incorporating transition metals with solid acid/base
catalysts. deserve the priority in catalytic chemistry. it is expected
that the rnulti~functional catalysts will allow several reaction steps
to be finished in one reactor and will avoid the costly intermedi-
ate separation process. The last but not the least. the recycling of
the catalyst and the efficient separation ofthe target product are
always the active topics for catalytic process research.

The near term challenges can be listed as:

(a) Mechanism of the transformation reactions. and the
structurpproperty relationships of catalysts.

(la) Catalyst development and optimization.
(c) Multi-functional catalyst and the suitable solvent systems.
(d) Process composition and large-scale production.
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Applicant: FURANIX TECHNOLOGIES B.V.

Title oflnvenfion: METHOD FOR THE PREPARATION OF 2,5—FURANDICARBOXYLIC_ACID
AND FOR THE PREPARATION OF THE DIALKYL ESTER OF
2,5-FURANDICARBOXYLIC ACID

 

 

 

Date of Issuing:

NOTIFICATION OF THE FIRST OFFICE ACTION

(National Phase of PCT Application)

1. Upon t.he request for substantive examination, in accordance with Article 35.1 of the Patent Law of China, the

examination is made by SIPO as to substance of the above-identified patent application for invention.
C] In accordance with Article 35.2 of the Patent Law of China, the SIPO, on its own initiative, decided to proceed with the

_ examination as to substance ofthe above-identified patent application for invention.

2. The applicant claims the filing date:

October 7 2009 when t.he previous application was filed wim mthe priority date,

October 7 2009 when the previous application was filed with the NL Patent Office as the priority date.

 

 

3. C|Upon examination, the amended documents submitted on are not in conformity with Rule 51.1 of the

Implementing Regulations of the Patent Law ofChina.

4. lZlThe examination is conducted based on the initially filed Chinese international application documents or Chinese

translation of initially filed international application documents.

[:1 The examination is conducted on the basis ofthe following application documents:

5. [21 The present notification cites the following documents (of which the serial numbers continue to be used in

the examination hereafter):

  
  

 

 Reference No. or Title Publication Date (or

Filing Date of Conflict

Application)

SU 636232-lA1 December 5. 1973
" wo 20090766271-‘x2 June 13, 2009

“The Conversion of Sucrose into Furan Compounds. Part 1. January 1, 1945

6. Conclusive opinion: "

Regarding the Description:

5-hydroxymethylfuraldehyde and some derivatives”, W. N. HAWOR, etc..

Journal oFThe Chemical Society, Vol.1, p667-670, January 1945.

C1 The contents of the application belong to tbe unpatentable scope set forth by Article 5 of the Patent Law of
China.

E1 The Description is not in conformity with Article 26.3 of the Patent Law 01' China. 7 -
D The Description is not in conformity with Article 33 of the Patent Law of China.

1
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Fl The presentation manner of the Description is not in conformity with Rule 17 of the Implementing
Regulations of the Patent Law of China.

El

Regarding the Claims:

l:lClaims___:do not conform to Article 2.2 ofthe Patent Law ofChi.na.

l:lClaimsjdo not conform to Article 9.1 of the Patent Law of China.

Claim4does not possess novelty under Article 22.2 of the Patent Law of China.

ElClai1ns 1-15 do not involve an inventive step under Article 22.3 of the Patent Law of China.

|;|Claimsjdo not possess utility under Article 22.4 of the Patent Law of China.
ElClaims fall in the unpatentable scope set forth by Article 25 of the Patent Law of China

Elflaimsido not conform to Article 26.4 ofthe Patent Law of China.

ElC1aims do not conform to Article 3 I .l of the Patent Law ofChina.

ElClairns do not conform to Article 33 ofthe Patent Law of China.

|:lClaims do not conform to Rule 19 of the Implementing Regulations of the Patent Law of China.

UCla-ims do not conform to Rule 20 of the Implementing Regulations of the Patent Law of China.

|:|Claims do not conform to Rule 21 of the Implementing Regulations of the Patent Law of China.

E/_'lClaims 4 and 8-1 1 do not conform to Rule 22 of the Implementing Regulations ofthe Patent Law of China.

Cl

C] The application does not conform to Article 26.5 of the Patent Law of China or Rule 26 of the Implementing

Regulations of the Patent Law of China.

CI The application does not conform to Article 20.1 of the Patent Law of China

CI Divisional application does not conform to Rule 43.1 of the Implementing Regulations of the Patent Law of

China. -

Please refer to the text of the notification in detail for the above.

7. Based on the above conclusive opinion, the examiner holds that

Cl the applicant should amend the application documents according to the requirements stated in the text of the

notification.

D the applicant should state the reason in his observation why the application may be granted a patent right and

make amendments to contents in inconforrnity with the laws as pointed out in the text of the notification, or no

patent right for the application shall be granted.

El No patentable substantive contents are presented in the application. If the applicant does not submit his

observation or his observation is not convincing, the application shall be rejected.

El

8. The applicant shall ‘pay an attention to the following:

(1) According to Article 3'? ofthe Patent Law of China, the applicant should submit his observation within FOUR

months from the date of receiving the notification. Failure to make a response without any justified reason

within the time limit will result in the application being deemed withdrawn.-

(2) The amendments to the application documents should meet the requirement of Article 33 of the Patent Law of

China and shall not go beyond the scope recorded in the original description and claims. The amendments to

the applieation documents should meet the requirement of Rule 51.3 of the Implementing Regulations of the

Patent Law of China and should be made aecording to the requirement of this notification.
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(3) The observation and/or amended documents should be mailed to or submitted directly to the Receiving Section

of the Patent Office of the SIPO of China, and the documents which were not mailed or directly submitted to

the Receiving Section are ofno legal eITeet.

(4) Without an appointment, the applicant and/or attorney may not interview with the examiner.

9. The text of this notification consists of 3 pages, inciuding ‘the following annexes:
E__?___pages of __LCOpif:S ofthe cited references.

Examiner: YUAN Jing Department of Examination: ,

Chemistry Examination Department of

Patent Examination Assistance Center in Jiangsu
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Text of the Notification of the First Office Action

(National Phase of PCT Application)

Application No.: 201080044421.4

The present application relates to a method for the preparation of 2,5-furandicarboxylic acid

and for the preparation of the dialkyl ester of 2,5-furandicarboxylic acid‘. Afier examination,

specific comments are made as follows.

1. Claim 1 does not conform to Article 22.2 ofthe Patent Law ofChina.

1.1 Claim 1 claims a method for the preparation of 2,5—furandicarboxylic acid. Reference 1

(SU636233/X1) discloses the following content (see the abstract of Reference 1): 5—methylfuran

is oxidized by the air or oxygen to produce a ifuran-2,5-dicarboxylic acid (i.e.,

2,5-furandicarboxylic acid in claim 1); the reaction is conducted in the presence of the catalyst

CuO.Ag;O.Ce2O3 at 110-150°C (partially overlapping with the temperature higher than 140 "C in

claim 1). Hence, Reference 1 discloses all the technical features of claim 1, and both claim 1 and

Reference 1 have the same technical solution, belong to the same technical field of preparing

2,5-furandicarboxylie acid from 5—methylfurfurol, and solve the same technical problem and

achieve the same technical effects. Therefore, claim 1 does not possess novelty, thereby being in

inconformity with Article 22.2 of the Patent Law of China.

As for the claims possessing novelty, they still have the following defects:

11. Claims 1-15 do not conform to Article 22.3 of the Patent Law of China.

2.] Claim 1 claims a method for the preparation of 2,5-furandicarboxylic acid. Reference 2

(WO2009076627A2, published on June 18, 2009) is the closest prior art, and it also discloses a

method for preparation of 2,5—furan'dicarboxylic acid and specifically discloses the following

content (see Example 9 in paragraph 76 of thedescription of Reference 2): a product mixture

 

composed of predominantly HMF ‘ester with residual HMF in acetic acid is subjected to

oxidation with the addition of cobalt acetate, manganese acetate, and sodium bromide. This

mixture is pressurized with oxygen and heated to over 100°C for over an hour. Finally, a product

of FD_CA (i.e. 2,5-fuirandicarboxylic acid) is obtained. The distinguishing technical features T.

between claim 1 and Reference'2 lie in that: 1) claim 1 defines that the reaction is carried out at

the temperature higher than 140°C’, and 2) in addition to HMF, the starting material in claim 1

also includes an ester of 5-hydroxymethylfurfiiral, 5-(chloromethyl)furfural,

5-(ehloromethyl)furoic acid, 2,5-dimethylfuiran and a mixture of two or more of these

compounds. Thus, the technical-problem actually to be solved by the invention is to provide more
4
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alternative solutions for preparing 2,5-furandicarboxylic acid. As for the above distinguishing

technical feature 1), it is known in the art that appropriate increase of the reaction temperature

may accelerate the reaction rate, and may also improve the reaction yield for endothermic

reaction, so under the condition of over 100°C disclosed by Reference 2, a person skilled in the

art has the motive to properly raise the reaction temperature. As for the above distinguishing

technical feature 2), it is known that 5-(chloromethyl)furfural, 5—(chloromethyl)furoic acid, and

2,5-dimethylfuran are all HMF derivatives, and the oxidization reaction occurred in Reference '1

is to oxidize the carbon-containing group at Sites 2 and 5 of the furfural into carboxylic groups.

Under such technical hint, a person skilled in the art has the motive to select more HMF

‘derivatives as the starting material of the reaction based on Reference 2, so as to provide more

 

alternative solutions for preparing 2,5-furandicarboxylic acid. It can be seen that, it is obvious for

a person skilled in the art to obtain the technical solution of claim 1 based on Reference 2, and

the technical solution of claim 1 does not produce any unforeseeable technical effects. Therefore,

claim 1 does not possess any prominent substantive features or notable progress, thereby being in

inconforrnity with Article 22.3 of the P_atent Law of China.

2.2 Claims 2-11 further define the reaction method of claim 1. Reference 2 also discloses

the following content (see paragraphs 55 and 56 of the description of Reference 2): the oxidation
catalyst is selected from the group consisting of cobalt acetate, manganese acetate, and sodium

bromide; the oxidant is oxygen; the reaction temperature is 85-110°C; the reaction solvent is an

organic acid but is not limited to acetic acid. As for the selection of the starting material and the

temperature of the reaction, please see the corresponding comments in 2.1. As for the selection of

other metals, a person skilled in the art has the motive to select other metals such as the '

transitional metal zirconium and the rare earth metal cerium. It can be seen that, it i_s obvious for

a person skilled in the art to obtain the technical solutions of claims 2-11 based on Reference 2

when combined with the customary selections in the art, and there is no unexpected technical

effects generated by the technical solutions of claims 2-11. Therefore, claims 2-11 do not possess

any prominent substantive features or notable progress, thereby being in inconforrnity with

Article 22.3 of the Patent Law of China.

2.3 Claim 15 claims a method for the preparation of 2,5-furandicarboxylic acid wherein

carbohydrate source is the starting material. Reference 2 discloses that the fructose is subjected to

dehydration in the presence of an organic acid and a catalyst, and is then isolated and purified

with resin to obtain HMF ester; the HMF ester thus obtained is pressurized with oxygen with

addition of cobalt acetate, manganese acetate, and sodium bromide and is heated to 85-1 10°C for

5
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100—150mins, to obtain FDCA (see paragraphs 55 and 56, and Example 9 in paragraph 76 of the

description of Reference 2). The distinguishing technical feature between claim 15 and Reference

2 lies in that: claim 15 defines that the fructose reacts in the presenceof alkyl carboxylie acid,

while that disclosed in Reference 2 is an organic acid. Therefore, the technical problem actually

to be solved by the invention is to provide a method of preparing FDCA from carbohydrate

source. As for the above distinguishing technical feature, it is known in the art that alkyl

carboxylie acid is a specific term of organic acid, so a "person skilled in the art can make

customary selections when Reference 2 discloses that an organic acid may be used. Hence, is
obvious for a person skilled in the art to obtain the'technical solution of claim 15 based on

Reference 2 when combined with the customary selections in the art, and the technical solution

of claim 15 does not produce any unforeseeable technical effects. Therefore, claim 15 does not

possess any prominent substantive features or notable progress, thereby being in inconforrnity

with Article 22.3 of the Patent Law of China.

2.4 Claim 12 claims a process for the preparation of a dialkyl ester of 2,5-furandicarboxylic

acid. Reference 2 discloses that a product mixture composed of HMF esterand HMF contacts

with oxygen in the presence of oxidation catalyst to obtain FDC-A (see paragraphs 55 and 56 of

the description of Reference 2). The distinguishing technical feature between claim 12 and

Reference 2 lies in that: claim 12 defines that FDCA is esterified to produce a dialkyl ester of

2,5-furandicarboxylic acid. Thus, the technical problem actually to be solved by the invention is

to provide a method for preparation of an dialkyl ester of 2,5-furandicarboxylie acid. Regarding

the above distinguishing technical feature, Reference 3 (“The Conversion of Sucrose into Furan

Compounds. Part 1. 5—hydroxymethylfuraldehyde and some derivatives”, W. N. I-HIAWOR, ete.,

Journal of The Chemical Society, Vol.1, p667-670, January 1, 1945) relates to a method for the

 

preparation of ethyl 5—hydroxymethylfuraldehyde-2-acetate, and specifically discloses that an

esteri-fication reaction occurs between 5-hydroxymethylfuraldehyde-2-acetic acid and

ethyl-alcoholic hydrogen chloride (see paragraph 3 on page 670 of Reference 3). Reference 3 and

claim 12 have the same type of reaction, and both belong to the reaction of esterifying the

carboxylie group of the furan formic acid. In order to provide a method for the preparation of an

dialkyl ester of 2,5-furandicarboxylic acid, a person skilled in the art has the motive to obtain the

technical solution of claim 12 based on Reference 2 when combined with the method of

Reference 3. Therefore, claim 12 does not possess any prominent substantive features or notable

progress, thereby being in inconformity with Article 22.3 of the Patent Law of China.

2.5 Claims 13-14 further define the esterifieation of claim 12. "As mentioned above,

Reference 3 discloses the esterifieation between 5-hydroxymethylfuraldehyde-2—acetic acid and
6
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ethanol. A person skilled in the art can absolutely select corresponding starting materials

according to the product to be prepared, which is also a common technical knowledge in the art.

It can be seen that, it is obvious for a person skilled in the art to obtain the technical solutions of

claims 13-14 based on Reference 2 when combined with Reference 3 and the common

knowledge in the art, and. the technical solutions of claims 13-14 do not produce any
unforeseeable technical effects. Therefore, claims 13-14 do not possess any prominent

substantive features or notable progress, thereby being in inconformity with Article 22.3 of the

Patent Law of China.

11]. Claims 9-11 are not clear, thereby being in inconformity with Article 26.4 of the Patent

Law of China.

3.1 Claims 9-1] present the expressions of “preferably” and “more “preferably” in many

places, which make claims 9-11 define different protection scopes. As a result, the protection

scopes of claims 9-11 are not clear, which does not conform to Article 26.4 of the Patent Law of

China.

IV. Claims 4 and 8-1] do not conform to Rule 22 of the Implementing Regulations of the

Patent Law of China.

4.1 Claim 4 refers to any one of claims 1 to 3, but the cited claim 3 is a multiple dependent

claim and thus cannot serve as a reference basis of another multiple dependent claim; similarly,

claim 8 has similar defect. The above problems make claims 4 and 8 ininconformity with Rule

22.2 of the Jmplementing Regulations of the Patent Law of China.

4.2 Claims 9-11 refer to any one of the preceding claims. According to Rule 22.] of the

lmplementing Regulations of the Patent Law of China, a dependent claim shall be clearly written

with the sequence number of the claims it refer to. Hence, claims 9-11 do not conform to Rule

22.1 of the Implementing Regulations of the Patent Law of China.

Based on the above reasons, the present application does not have a prospect of being

patentable. If the applicant cannot provide convincing reasons within the time limit set in the

notification, the application shall be rejected.

Examiner: YUAN Jing

Code: 699802

7
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RELEVANT PROVISIONS

PATENT LAW OF THE PEOPLE’S REPUBLIC OF CHINA

Article 22. Any invention or utility model for which patent right may be granted must

possess novelty, inventiveness and practical applicability. A

Novelty means that, the invention or utility model does not belong to the prior arts; and

an application for the identical invention or utility model has not been filed with the Patent

Administration Department under the State Council byany entity or individual before the

filing date and is not recorded in the published or announced patent documents after the

filing date. ‘ '

Invcntivcncss means that, as compared with the prior arts, the invention possesses

prominent substantive features and represents a notable progress and that the utility model

possesses substantive features and represents progress.

Practical applicability means that the invention or utility model can be made or used and

can produce effective results.

“Prior arts” in the Patent Law means the arts known at home and abroad before the

filing date.

Article 26. Where an application for a patent for invention or utility model is filed, a

request, a description and its abstract, and claims shall be submitted.

The request shall state the title of the invention or utility model, the name of the

inventor or creator, the name and the address of the applicant and other related matters.

The description shall set forth the invention or util_ity model in a manner sufficiently

clear and complete so as to enable a person skilled in the relevant field of technology to

carry it out; where necessary, drawings are required. The abstract shall state briefly the main

technical points of the invention or utility model.

The claims shall be supported by the description and shall define the extent of the

patent protection sought for in a clear and concise manner.

Where an invention—creation is developed relying on the genetic resources, the applicant

shall indicate, in the application documents, the direct and original source of such genetic

8
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resources; where the applicant fails to indicate the original source, he or it shall statethe

reasons thereof. I

Article 33. An applicant may amend his or its application for a patent, but the

amendment to the application for a patent for invention or utility model may not go beyond

the scope of the disclosure contained in the initial description and claims, and the

amendment to the application for a patent for design may not go beyond the scope of the

disclosure as shown in the initial drawings or photographs.

IMPLEMENTING REGULATIONS OF THE PATENT LAW OF THE PEOPLE'S

REPUBLIC OF CHINA

Rule 22. Any dependent claim_ of an invention or utility model shall contain a reference

portion and a characterizing portion, and be presented in the following manner:

(1) a reference portion: indicating the serial number(s) of the claim(s) referred to, and the

title of the subject matter; I‘

(2) a characterizing portion: stating the additional technical features of the invention or

utility model.

Any dependent claim shall only refer to the preceding claim or claims. Any multiple

dependent claim, which refers to two or more claims, shall refer to the preceding one in the

alternative only, and shall not serve as a basis for any other multiple dependent claims. .

9
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1
This invention relates to new improvements in

esteriflcation processes and is particularly con-
cerned with the production of discoloration-free
esters of high molecular weight and low vapor
pressure from the coiresponding alcohol and acid.

FIELD OF INVENTION

Large quantities of esters are consumed each
year as plasticizers in the formation of plastic
compositions, coating compositions, films, fila-
ments, and the like. One of the prime considera-
tions given to any ester for use in such manner
IS the purity of the product, 1. c., the lack of con-
taminating materials giving the product unde-.
sirable color characteristics or acidic or similar
Droperties, which may cause the ester or‘ the ma-
terials with which they are mixed’ to be unstable
or cause the products to be unusable for many
purposes. Accordingly, an extensive amount of
work has been carried out in an effort to devise
improvements in the existing procedures for ester
production, so as to produce products having the
highest possible degree of purity and freedom
from discoloration. .

In this regard, it has been known that certain
materials, such as mineral acids, sulfonic acids,
ion exchange resins, or the like, can be used as
catalysts in esterifications. However, such mate-
rials, as the ion exchange resins, are costly and
difilculty of recovery from the reaction mixture
and bulkiness make them generally unattractive.
On the other hand, the mineral acids and aryl
sulfonic acids possess the disadvantage that they‘
discolor the resulting esters. Although the such
discolored ester can be rendered colorfree, the
treatments required are most involved and quite
costly. Consequently, the trade has been at-
tempting for some time to find new and better

esterincation catalysts and methods which do not
possess the detracting disadvantages referred to.

OBJECTS

A principal object of this invention is the pro-
vision of new improvements in esterification pro-
cedures, particularly, the methods used to form
high molecular weight esters. Further objects
include: v

(1) The provision of new methods for forming
Dlasticizer-type esters in very high yields, which‘
are substantially free of discoloration and which
possess an extremely high degree of purity.

(2) The provision of new catalysts for use in
esterification reactions which may be employed
in place of prior known esterification catalysts
without causing discoloration of desired products,’
and l 9 . ‘
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(3) The provision of new esteriflcation catalysts

which increase the speed of reaction to such an
extent that the tendency to produce color-~ro1'm—
ing bodies is greatly reduced.

Still further objects and the entire scope of
applicability of the present invention will ‘oe-
come apparent from the detailed description
given hereinafter; it should be understood, how-
ever, that the detailed description and specific
examples, while indicating preferred embodi-
ments of the invention, are given by way of illus-
tration only, since various changes and modifica-
tions within the spirit and scope of the invention
will become apparent to those skilled in the art

3 from this detailed description.
GENERAL DESCRIPTION

These objects are accomplished according to
the present invention by the production of esters
through the condensation of a carboxylic acid
with an alcohol in liquid phase contact with a
catalyst comprising a mixture of (1) a sulfur-
containing acid from the group consisting of s-ul-
furic and sulfonic acids, and (2) activated carbon.
Sufficient of the catalytic mixture is used to have
a catalytic eifect upon the condensation of the

alcohol and the acid. ‘
The success of the present invention is due pri-

marily to the unique discovery that a mixture of
activated carbon with sulfuric acid or an aryl
sulfonic acid can serve as a catalyst in esterifica-
tion procedures and that, when this catalytic
mixture is employed, the resulting esters possess
unpredictably high degrees of purity and lack
of discoloration and are obtained in surprisingly
high yields. This is in contrast to the results
obtained when the aryl sulfonic acids, sulfuric
acid, or activated carbon per se are used as
esterification catalysts which, in the case of the
acids, result in the formation of discolored esters
and which generally require longer periods of
time for completion.

EXAMPLES

.A more complete understanding of the pro-
cedures of this invention may be had by refer-
ence to the following illustrative examples of
actual operations in accordance with the inven-
tion, wherein all parts are by weight.

Example I

This example illustrates the preparation of
dibutyl phthalate.

200 parts of phthalic anhydride, 200 parts of
butyl alcohol, one part of 95% sulfuric acid and
2.5 parts of activated carbon are charged into _a
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suitable reaction Vessel fitted with a reflux con.-
denser, a. reflux water separator, and an efficient
stirrer. With the contents of the vessel thor-

oughly agitated, they are heated up to a con-
trolled refiux temperature of 145° to 150° C. and
retained there for five hours. During this period,
water of reaction is removed and 90 parts of butyl
alcohol are added in 10 part portions to compen-
sate for loss of alcohol dissolved in the removed
water.

At the end of five hours, the reflux condenser.
is shut off and the excess alcohol is allowed to
distill oil from the reaction vessel. The dibutyl
phthalate contained in the reaction vessel is.with-
drawn and passed to a mixing vessel where sulfi-
cient caustic soda is added to just neutralize the
free mineral acid. The ester is then washedwith
an excess of water, after which it is passed
through filters and collected. It is then blown
with steam to insure complete removal of vola-
tiles, dried and filtered.

354 parts of dibutyl phthalate having the fol-
lowing specifications are obtained:

Percent ester_________________-; ____s- 99.5%
Percent acid (as phthalic acid) ______ _.~ _ 0.003%
Color API-IA scale___________________-_ 10 to 15

specific gravity 20°/20°___________ -;__—_ 1.0474
Percent water________________________ 0.05

Refractive index 72535________________ __ 1.4910
Example II

The reaction of Example I is carried out in an
identical manner, except that 50 parts of benzene
are added to the reaction mixture as an- azeotropic
agent in order to efiect a controlled temperature
of 145° to 150° C. and obtain an efiicient separa-
tion of water. The resulting product has the
same specifications as the product of Examplel.

Easample III

The reaction of Example I is carried out in an
identical manner, except that the activated car-
bon is omitted. The resulting ester has an APHA
color of about 200. -

Example IV

This example illustrates the prepaiation of di-
2-ethylhexyl sebacate.

The following ingredients are charged into a
reaction vessel equipped with stirrer, reflux con-
denser, and reflux water separator:

606 parts sebacic acid
859 parts 2-ethylhexanol
200 parts benzene
1.5 parts sulfuric acid (95%)
15 parts activated carbon

The materials are heated to 125° to 130” C. with
controlled reflux and simultaneous removal of
condensed water. The reaction is carried out for
six hours when refluxing is discontinuedand the
excess alcohol and benzene are allowed to distill
off. Suilicient caustic soda is then added to
neutralize free acid and the resulting ester is
washed with water. The product is then blown
with steam to completely remove volatiles, dryed
and filtered. Without further treatment, 1190
parts of 2-ethylhexyl sebacate, having the follow-
ing properties, are obtained:

Percent ester___________.___________ -- 99.3%
Percent acid (as sebacic acid) ........._.. 0.01-6%
ColorAPI-IA scale_____________________ 501,060

Specific gravity 25°/25°......_________-- 0.9119
Percent water_______»__--._-_l......... . .0.033f%
Refractive index .nD?5________ ,-,..___’-__-._ 1.-eggs ’
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DETAILED DESCRIPTION

One of the important reactants for use in
these new procedures is activated carbon which
may be derived from a number of different
sources. The exact form in which the activated
carbon is used in the reaction is not critical, but
most eifective results are obtained when the car-
bon is used in an extremely finely divided form,
e. g., a size where 85 to 95% will pass a 325 mesh
standard sieve. Most activated carbons appear

to be more or less generally useful for this pur-
pose, but equally desirable results are not ob-
tained with» all activated carbons. It has been
discovered that activated decolorizing carbons
are most desirable.

The other component of the catalytic mixture
for use with these new procedures is a sulfur-
containing acid, which may be either sulfuric
acid‘ or a‘ sulfonic acid. Examples of suitable

aryl sulfonic acids include benzene. toluene,
naphthalene, or para~buty1phenol sulfonic acids.
Also alkane sulfonic acids, such as petroleum oil
sulfonic acids, may be used. Sulfuric acid is the
preferred material, and it is desirable to employ
a substantially concentrated sulfuric acid, such
as the commercial 95% acid. However, less con-
centrated acid may be used.

The relative proportions of carbon to acid
in the catalytic mixture may be varied. However,
for best results, it has been found that mixtures
containing about one part of the sulfur-contain-
ing acid for each one to 20 parts of activated
carbon give the best esters with the greatest
speed. '

The quantity of the catalytic mixture or acti-
vated carbon‘ and acid relative to the amounts of
acid and alcohol used in the esteriflcation reac-
tion can be varied and will be dependent to some
extent upon the particular acid and alcohol used
in the process; Broadly, sufilcient of the cata-
lytic mixture is employed to produce a catalytic
eiiect upon the condensation on the alcohol and
acid to form’ the ester. However, best results
have been obtained using between 0.1 and 5% by

‘ weight of the catalytic mixture in the esteriflca-
tion, i. e., between about 0.05 and 2.5 % I-I2SO4 and
about 0.05 and 4.5% activated carbon.

The ability oi’ the new catalytic mixtures of
this invention to ‘form esters of high purity and
freedomirom discoloration seems to be general
for all esterification procedures. which form im-
pure or discolored esters when mineral acids, such
as sulfuric or 'a1'y.I sulfonic acids, are used as the
catalysts. However, the invention is most use-
fully applied in the formation of high molecular
weight esters, such as those formed from poly-
carboxyllc acids, of molecular weight greater
than 105 to give "esters having a molecular weight
between 120 and 400.

A large variety of different types of alcohols
may__be successfully used in carrying out the pro-
cedures of this invention. Examples of useful
alcohols ‘inclu-d'e:

no ‘Monohydric alkyl ‘alcohols, e. g., .methanol;
etl1'a‘nol_; 11- or sec.-propanol; I1-, sec», or tertiary
butanol; n-, sec.-, or ‘isoamyl alcohol; isooctyl al-
cohol; 2-ethylhexyl alcohol; nonyl alcohol; ‘lau-
ryl alcohol; stearyl alcohol and dodecanol;

(b) Dihydric alkyl alcohols. _e. g., glycol; 1-3-

propylene ;glycol; 1.4~but_ylene glycol; 1.6-hexa-
methylene glycol, and 1,8-octandiol;

Io) 7Higher_po‘lyhydric alkyl alcohols, e. g., glyc-
erol; l,3;4-‘.butantrio1,; 1,2,6-hexantriol; penta-
erythritol; pentag1y_c‘erol and sucrose;

Id) Phenols, e. g., phenol; cresals; chloro-
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phenol; amylphenol; polychlorophenol; ‘p~h.V-
droxy biphenyl; betahydroxy naphthalene; 2-
chloro-3-‘methyl phenyl; paranitrophenol and
salicyl alcohol;

(e) Alicyclic alcohols, e. g., cyclohexanol, inosi-
tal; hydroxy benzene hexachloride; 2-methyl-
cyclohexanol; cycloheptanol, and benzyl alcohol;

(I) Heterocyclic alcohols, e. g;, furfuryl alco-
hol; tetrahydrofurfuryl alcohol; alpha, beta, or
gamma~pyridone and carbostyril;

(g) Ether alcohols, e. g., diethylene glycol; di-
ethylene glycol monomethyl ether; ethylene gly-
col monoethyl ether; tetraethylene glycol; bu-
tcxyethanol; pentanoxymethanol and butylene
glycol monobutyl ether.

A large variety of carboxylic acids may be
used in the esterification procedures of this in-
vention. Examples of usable acids include:

(a) Aliphatic monocarboxylic acids, e. g., ace-
tic; propionic; butyric; caproic; lauric; myristic;
palmitic; stearic; pelargonic; ethyl butyric; ethyl
hexanoic; and oleic acids.

(1)) Aliphatic dicarboxylic acids, e. g., succinic;
oxalic; suberic; azelaic; adipic; sebacic; Inaleic;
slutaric and fumaric acids;

(c) Higher aliphatic polyoarboxylic acids, e. g.,
citric; aconitic and tricarballylic;

(d) Aryl carboxylic acids; e. g., benzoic; phen«
ylacetic; salicylate; 4-chlorobenzoic; O-, m~, or
p-toluic; phthalic; naphthoic; 2~nitrobenzoic
and pyromellitic acids;

(3) Alicyclic carboxylic acids, e. g., cyclohex~
anoic; 2-methyl cyclohexanoic; c-cyclohexyl bu~
tyrlc; 2-methyl cyclohexyl acetic; cyclohexyl
succinic and benzene hexachloride acetic acids;

(f) Heterocyclic carboxylic acids, e. g., furoic;
picoiinic; nicotinic; lutidinic; cinchomeronic;
and 2-methyl iuroic acids;

(5)) Miscellaneous acids, e. 2:, chloroacetic;
abietic; tartaric; glycolic; levalinic and ricinoleic
acids.

Where it is desired, the anhydride, if available,
of any of these acids may be employed in Place Of
the acid per se.

Using the above acids and alcohols in this in-
vention, examples of esters of high molecular
Weight with substantial freedom from discolora-
tion or presence of impurities which can be pre-
pared include:

(:2) Aliphatic monocarboxylic acid esters, e. g.,
butyl laurate; amyl laurate; glycerol monolau-
rate; butyl oleate; ethylhexyl oleate; benzyl
stearate; cyclohexyl stearate; lauryl butyrate:
glycerol tributyrate; dodecyl acetate; nonyl ethyl-
hexanoate; sucrose octcacetate and tetrahydro~
furfuryl oieate ;

(h) Aliphatic dicarboxylic acid esters, e. g., di-
isooctyl adipate; dinonyl adipate; cllnonyl azel-
ate; diisooctyl sebacate; diethyl aclipate; di-
methoxymethyl adipate; bis—(methylcyclohexyl)
adipate; dibenzyl sebacate; dibutyl succinate and
clilauryl oxalate;

(c) Higher aliphatic polycarboxylic acid esters,
e. g., triethyl citrate; tributyl tricarballylatc; tri-
amyl aconitate; and triphenyl citrate;

(ct) Aryl. carboxylic acid esters, e. g., lauryl
benzoate; nonyl phenylacetate; octyl naphth0-
ate; diethyl phthalate; tetraethyl pyromelhtate
and diaxnyl phthalate;

(e) Alicyclic carboxylic acid derivatives, e. g.,
lauryl 2-methylcyclohexanoate; tet1'ahyd1‘<_3f11Y-
iuryl cyclohexanoate; diamyl cyclol1exl’1SuCG1H3«t9
and naphthyl cyclohexanoate;

(1) I-Ieterocyclic carboxylic acid esters, e‘. as
lauryl iuroate; phenyl nicotinate; myristyl P1001-

Petitioners' Exhibit 1011, Page 301 of 629

10

20

25

30

9.5 U!

40

50

60

65

75

6 . ..

ii;-ate; ethylhexyl picolinate and tbiphenyl furo«a B:
(9) Glycol derivative esters, e. g., ethylene g1y-

col dlpropionate; diethylene glycol diacetate; tri~
ethylene glycol di-2-ethylbutyrate; polyethylene
glycol sebacate; tetraethylene glycol di-ethyl-
hexoate; diethylene glycol ricinjoleate; polyeth-
ylene glycol dilevulinate; ethylene glycol adipate;
tetraethylene glycol azelate; tri-(ethylene glycol
monoethyl ether) citrate; and ethylene glycol
monoamyl ether ricinoleate.

The reaction conditions used in carrying out
esteriflcations With my new catalytic mixtures
can be varied and are primarily dependent upon
the particular esters being formed. Thus, the
temperatures will vary and depend primarily upon
the alcohols used, but in any case, a temperature
sufficient to cause the esterification to proceed
in the presence of the catalytic mixtures should
be used. Generally, temperatures between 50 and
200° C. will be employed.

No specific type of apparatus is required, and
the general type of equipment normally used
in esterification reactions can be utilized. Like~

wise, general information and knowledge regard~
ing esterification reactions can -be applied -by those
skilled in the art in carrying out the operations
in accordance with this invention.

CONCLUSIONS

This present invention provides new catalytic
mixtures for use in the liquid phase esterifica-
tion of carboxylic acids with alcohols to form
esters. The new catalysts which are used in the
liquid. phase with the reactants are gene1‘all:~'
applicable to the formation of all esters, but they
are most effectively employed in the formation
of esters of high molecular weight which gen—
erally produce discolored products When formed
using mineral acids or sulfonic acids as the ester-«
ifioation catalysts. The usefulness of the new
catalytic mixtures -of this invention is primarily
due to their ability to form esters at relatively
high reaction rates, which are of very high purity
and do not contain discolorizing ingredients.

I claim:
1. In the process for the production of esters,

the step which comprises condensing a material
from the group consisting of carboxylic acids and
anhydrides thereof with an alcohol in the pres-
ence of between 0.1 and 5% by weight of a mix-
ture of (1) a sulfur-containing acid from the
group consisting of sulfuric and sulfonic acids,
and (2) activated carbon.

2. A process for the production of substantially
colorless low Vapor -pressure esters of carboxylic
acids, which comprises adding between 0.05 and
2.5% by weight of H2504 and between 0.05 and
4.5% by weight of activated carbon to an esteri-
fication mixture, subjecting the mixture to a
temperature suficient to cause esteriflcation and
recovering an ester from the reaction mixture.

3. In the process for the production of high
lmolecular weight esters having very good color
characteristics, the improvement comprising ca1'~
rying out the esterification using a mixture of
sulfuric acid and activated carbon as the esteri—
fication catalyst.

4. A process as claimed in claim 3, wlierein
said mixture comprises one to 20 parts of acti~
vated carbon for each part of sulfuric acid.

5. A process as claimed in claim 1 wherein
the condensation is carried out at a temperature
between 50 and 200° C.

6. A process as claimed in claim 1, wherein said
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material is a dicarb‘oxy1i'c acid of the general 11. A pijocess as cla.in‘1e'd in claim 1. wherein a
formula: mixture of alcohols is used.

HOOC(CH2):r.COOH 12. In the process for the production of esters,
_’ _ .~ . the step which comprises condensing a materialwhercln .7: J: an integer from 2 to 10. . _ . . _ . . _

7. A process as claimed in claim 1, \vherein 5 fl°“}£1.% gfoup conslsfing °f °';"‘b1:’x1y1.‘°?'§1d" ",m.d
said alcohol is a. saturated monohydric av1ky1a‘;c0- anhj 1 6° thelieotf W! h 3'". a 0° ° in : e 1_”e''’‘
1101 having between one and 18 carbon atoms. 9”” °f 3‘ °3‘t‘?'.1~’f5 °°19p“5mg 5” m“‘t“‘° M F17a. sulfur-containing acid from the group consish

3. A process as claimed in claim 1, wherein said . . ; .- . .

material is an arm dicarboxylic acid. ‘lilliegfczggfglglc and sulfonic acme, and (2) acti-
9. A process as claimed in claim 8, wherein said 10 ’ ' ‘ , _ ,

material is phthalic anhydride. ANTHON1 5- BRUNO: J“-
10. A process as claimed in claim 1, wherein No references Qiteci.

said ciz.-rbon is of such fineness that at least 85
to 95% will pass at 325 mesh standard sieve.

Petitioners‘ Exhibit 1011, Page 302 of 629
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1 Claim.

1
This invention relates to the preparation of

furan-om’-dicarboxylic acid esters.
If an a,u'-diketoadipic acid ester or an a,u’—

dihydroxymuconic acid ester or an acyl deriva-
tive of the latter, is treated with a dehydrating
agent, e. g. concentrated sulfuric acid. ring
closure occurs, even in the cold, without sapon1fi-
cation, to give a furan-a,a'-dicarboxylic acid
ester in practically quantitative yield. These
esters are compounds of potential value as inter-
mediates in chemical syntheses and have valu-
able pharmacological properties. Thus finan-
a,a'—dicarboxylic acid diethyl ester has strong
anesthetic action which is similar to that of co—

came with respect to speed of initiation and dura—
tion of total anesthesia (measured on the cornea
of the ra.bbit’s eye).

Examples

In the following examples parts by weight and
volume are to be taken in metric units.

One part by weight of a,a’-dihydroxymuconic
acid diethyl ester is dissolved in 5 volumes of con-
centrated sulfuric acid and allowed to stand for

2 hours at approximately 20° C. The mixture is
then poured on ice and crystallized from petro-
leum ether. The yield is 95% of the theory of
furan-a,a'—dicarboxylic acid diethyl ester as
white needles having a melting point of 47° C.

From .z,u'-diacetoxymuconic acid diethyl ester
under the same conditions 98% of the theory of
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2
pure furan-e:,a'—dicarboxylic acid diethyl ester is
obtained.

In a corresponding manner from the dimethyl,
dipropyl and di—n-butyl esters of a,a'-dihydroxy—
muconic acid are obtained the dimethyl ester
(M. P. 107° C.) , di—n-propyl ester (boiling point/12
mm, 164° C.) and the di-n-butyl ester (M. P.
40° C.) of furan-a,a’-dicarboxylic acid.

I The dehydration can also be effected by other
agents, e. g. by heating with silver sulfate.

We claim:

The method of preparing a furan-a,a’-dicar-
looxylic acid lower alkyl ester which comprises
dissolving‘ a lower alkyl diester of a dicarboxylic

acid selected from the group consisting of ac,oz'-di-
ket-oadipic acid, oa,a’-dihydroxymuconic acid and
acyl derivatives of a,ac’—dihydroxymuconic acid in
concentrated sulfuric acid at room temperature,
allowing the solution to stand until ring closure
has been effected, and precipitating the desired
ester by diluting the reaction mixture with Water
while cooling to absorb the heat of dilution.

RICHARD KUHN.
KARL DURY.
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PROCESS FOR THE OXIDATION OF
5-HYDROXYMETHYLFURFURAL

DESCRIPTION

The present invention relates to the catalytic oxida-
tion of 5-hydroxymethylfurfural to form products
which can be put to a multiplicity of uses and which in
particular can be used as intermediates for the prepara-
tion of surfactants, plastics and resins.

It is known to oxidise 5-hydroxymethylfurfural with-
out the co—use of catalysts, using various oxidizing
agents, such as concentrated nitric acid (J. J. Blanksma,
Chemisches Zentralblatt 1910 I, 539) or a mixture of
dimethyl sulfoxide on the one hand and acetic anhy-
dride, dinitrogen tetroxide or nitric acid on the other
hand (Morikawa, Chem. Abstr. Vol. 92 (1980),
l98l8la).

Essentially, three reaction products are found on the
oxidation:

OHC 0 COOH

5-formylfuran-2-carboxylic acid

/[—&CHO——> AO
OHC Q

2,5-difonnylfuran

HOCI-I2 CHO

5-hydroxymethyl-
furfural

HOOC 0 COOH
furan-2,5-dicarboxylix acid

However, the methods hitherto known for the prepara-
tion of oxidation products of 5-hydroxymethylfurfural
are associated with considerable disadvantages. When
using the conventional reagents nitric acid, dinitrogen
tetroxide and dimethyl sulfoxide, large amounts of un-
desired products, such as nitrous gases or sulfur com-
pounds, depending on the particular reagents, inevita-
bly form the disposal of which requires considerable
expenditure. Likewise, it is very expensive to separate
off excess oxidizing agent during working-up. There is
thus a need for a process for the oxidation of 5-hydrox-
ymethylfurfural which can be carried out without the
said disadvantages in a technically simple manner.

The invention relates to a process for the oxidation of
5-hydroxymethylfurfural, which comprises oxidizing
5-hydroxymethylfurfural in an aqueous medium using
oxygen as the oxidizing agent in the presence of a cata-
lyst which contains at least one metal from the platinum
group.

Suitable catalysts are those which contain metals of
the platinum group, such as iridium, rhodium, ruthe-
nium, but advantageously palladium and/or platinum.
Catalysts which contain only platinum as the metal
from the platinum group are very particularly pre-
ferred. The metals of the platinum group are preferably
used on a support, particularly on activated charcoal.
The metal, particularly platinum, content of the catalyst
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is preferably 1 to 10 by weight. Examples of suitable
catalysts are commercially available catalysts having 5
to 10% by weight of platinum on activated charcoal.

The concentration of 5-hydroxymethylfurfural in the

aqueous medium may vary within wide limits. It is
preferably used in an amount from 5 to 30, particularly
10 to 20% by weight relative to the amount of water
and solubilizer.

In order to avoid the precipitation of reaction prod-
ucts during the oxidation, it has proved advantageous,
particularly at relatively high concentrations, to use a
solubilizer which is inert toward the reactants under the

reaction conditions, preferably in a concentration of 10
to 75% by weight, particularly 30 to 50% by weight,
relative to the amount of water and solubilizer. Solubi-

lizers used are expediently those which have relatively
low volatility when oxygen is passed through the aque-
ous solution, so that a risk of explosion in the vapor
space is substantially avoided; on the other hand, those
solubilizers which are easily separated off, for example
by distillation, after the oxidation are preferred.

Examples of suitable solubilizers are glycol ethers
without free OH groups, such as glycol ethers of the
formula R1O[CH2CH(CH3)O],,R2, in which n is an
integer from 1 to 4 and R1 and R2 in each case indepen-
dently of one another denote C1-C4-alkyl. The di-
methyl, diethyl or methyl ethyl ethers and the corre-
sponding propylene glycol ethers of the said general
formula with boiling points in the range from 100° to
about 250° C., for example triethylene glycol dimethyl
ether and particularly diethylene glycol dimethyl ether,
are particularly suitable. Other ethers also, such as
crown ethers, are suitable as solubilizers, it being neces-

sary in each individual case to take particular account in
the economics of the process of the expenditure for the
separation and the costs of using the solubilizer.

Pure oxygen is the preferred oxidizing agent. How-
ever, it is also possible to use mixtures of oxygen with
gases which are inert under the reaction conditions, for
example in the form of air, for example mixtures of
oxygen with inert gases or with air.

Generally, the operation is carried out at a total pres-
sure of between 0.5 and 100 bar. The reaction velocity

increases significantly with increasing partial pressure
of oxygen; however, with regard to the economics of
the process, the advantage of the higher reaction veloc-
ity may be over compensated by the higher expenditure
on apparatus required due to the application of a higher
pressure. A pressure range from atmospheric pressure
up to 10 bar (absolute) is preferred, operation at atmo-
spheric pressure being particularly simple to carry out.

As a rule, the process according to the invention is
carried out at a temperature from 30° C. up to the boil-
ing point of the aqueous medium, preferably from 50° to
95° C., particularly 60° to 90° C.

The reaction can be carried out in various ways with

respect to the pH value, and the pH control may have
an influence on the proportions of the individual prod-
ucts in the end product. Thus, for example, the reaction
may be carried out in a medium which becomes acid
due to the reaction products, i.e. in a pH range of below
pH 7. Likewise, it is possible to control the pH value
during the oxidation by the addition of bases, acids or

' buffer mixtures, a pH value of less than 3 as a rule being
maintained. The oxidation may,‘however, also still be
carried out at higher pH values.
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It is possible, for example, by continuous addition of
a base such as sodium hydroxide, potassium hydroxide
or corresponding aqueous solutions of these bases, to
establish a substantially constant pH value in the range
from 6.5 to 8, preferably 7 to 7.5. In the latter mode of
operation, the oxidation product furan-2,5-dicarboxylic
acid is preferentially formed in the form of the di-salt.
According to another embodiment, the oxidation is
started at about pH 7 and continued without the addi-
tion of acids or bases. In the acid medium, 2,5-diformyl-
furan and 5-formylfuran-2-carboxylic acid preferen-
tially form.

The process according to the invention takes place in
a three-phase system comprising solid catalyst, aqueous
medium and gaseous oxygen. It may be carried out in all
apparatuses which are suitable for carrying out reac-
tions in the liquid phase with or without the application
of excess pressure. Examples of this are operating in a
stirred vessel or in a bubble column with suspended
catalyst. However, the oxidation may also be carried
out as a fixed-bed reaction with a granular catalyst in a
trickle-bed reactor.

The reaction time required for the formation of the
desired reaction product in each case is expediently
determined by withdrawing samples of the reaction
solution at certain time intervals and analyzing them.
For example, the yield of the reaction products can
continually determined in a simple manner by analysis
ofa sample with the aid of high pressure liquid chroma-
tography in comparison with standard solutions. It is
advisable to optimize the reaction time, since if the
passage of oxygen is unnecessarily prolonged this can
lead increasingly to excessive oxidations, followed for
example by decarboxylations, and thus to a loss in yield
of the desired reaction products.

The reaction mixture can be worked up by known
methods. In a suitable process, the solubilizer and the
water are first removed by distillation and a subsequent
purification by crystallization or extraction is carried
out.

Compared with the conventional oxidation processes
mentioned initially, the process according to the inven-
tion has the advantage that the formation of undesired
products, such as nitrous gases or sulfur compounds, is
avoided and the separation of excess oxidizing agent is
also eliminated. In the catalytic oxidation according to
the invention, apart from the desired products, only
water is inevitably produced, which in any case is used
as the solvent.

The oxidation products of 5-hydroxymethylfurfural
are valuable intermediates for the preparation of plas-
tics, surfactants and resins. For example, furan-2,5-
dicarboxylic acid can be used as a component of polyes-
ters, and the aldehydes 2,5-diformylfuran and 5-formyl-
furan-2-carboxylic acid can be used after reaction with
long chain amines as surfactants, or in polymerization
and copolymerization reactions for the preparation of
novel plastics and resins.

EXAMPLES

(l) 80 liters (STP) per hour of oxygen are introduced
at a temperature of 70° C. from below through a glass
frit into an externally heated, vertically arranged glass
tube (diameter: 50 mm. length: 1200 mm), which is filled
with a mixture of 162 g of 5-hydroxymethylfurfural,
1460 g of water and 81 g of a commercially available
catalyst (5% by weight of platinum on activated char-
coal). The pH value is kept at 7 to 7.5 by the continuous
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addition of 30% aqueous sodium hydroxide solution.
After a reaction time of 2.5 hours the reaction solution

contains 234 g of furan-2,5-dicarboxylic acid in the form
of the disodium salt, corresponding to a yield of 91% of
theory.

(2) In the apparatus described in Example 1, 1500 g of
a 20% aqueous solution of 5—hydroxymethylfurfural are
oxidized in the presence of 50 g ofthe catalyst used in
Example 1 at a temperature of 85° C. with 80 (STP)
liters per hour of oxygen. After a reaction time of 11
hours, during which the pH value was maintained at 7
to 7.5 by the addition of 30% aqueous sodium hydrox-
ide solution, the reaction mixture contains 376 g of
furan-2,5-dicarboxylic acid in the form of the disodium
salt, corresponding to a yield of 79% of theory.

(3) In the apparatus described in Example 1, a mixture
of 180 g of 5-hydroxymethylfurfural, 700 g of water,
700 g of diethylene glycol dimethyl ether and 75 g of a
commercially available catalyst (5% by weight of plati-
num on activated charcoal) is reacted with oxygen at a
temperature of 60" C. In contrast to Examples 1 and 2,
no sodium hydroxide is added, so that the pH value
falls, due to the formation of carboxyl groups, from an
initial value of about 7 to below 7. After a reaction time

of 8 hours the reaction mixture contains 122 g (61% of
theory) of 5-formylfuran-2-carboxylic acid, 43 g (24%
of theory) of 2,5-diformylfuran and 18 g (8% of theory)
of furan-2,5dicarboxylic acid.

(4) The reaction described in Example 1 is carried out
for 4 hours at 60° C. under otherwise identical condi-

tions. The reaction solution contains 252 g of furan-2,5-
dicarboxylic acid in the form of the disodium salt, cor-
responding to a yield of 98% of theory.

We claim:

1. A process for the oxidation of 5-hydroxymethyl-
furfural which comprises oxidizing 5-hydroxymethyl-
furfural in an aqueous medium at a pH value ofat most
8 with oxygen in the presence of a catalyst which con-
tains at least one metal of the platinum group.

2. A process as claimed in claim 1, wherein the plati-
num metal is palladium, platinum or a combination of
palladium and platinum.

3. A process as claimed in claim 2, wherein the plati-
num metal is platinum.

4. A process as claimed in claim 3, wherein the cata-
lyst consists of 1 to 10% by weight of platinum on a
carrier.

5. A process as claimed in claim 4, wherein the carrier
is active carbon.

6. A process as claimed in claim 1, wherein the oxida-
tion is carried out at a pressure in the range from 0.5 to
100 bar.

7. A process as claimed in claim 6, wherein the oxida-
tion is carried out at a pressure in the range of from
atmospheric pressure to 10 bar.

8. A process as claimed in claim 7, wherein the oxida-
tion is carried out at atmospheric pressure.

9. A process as claimed in claim 1, wherein the aque-
ous medium also contains a solubilizer inert towards the
reactants under the reaction conditions.

10. A process as claimed in claim 9, wherein the solu-
bilizer is present in an amount of from 10 to 75% by
weight, referred to the amount of water and solubilizer.

11. A process as claimed in claim 10, wherein the
solubilizer is present in an amount of from 30 to 50% by
weight, referred to the amount of water and solubilizer.

12. A process as claimed in claim 9, wherein the solu-
bilizer is a glycol ether having no free hydroxy groups.
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13. A process as claimed in claim 12, wherein the
glycol ether has the formula R1O[CH2CH(CH3)O],,R2,

wherein n is an integer from 1 to 4 and R1 and R2 are
equal or different alkyl groups having from 1 to 4 car-
bon atoms.

14. A process as claimed in claim 13, wherein the
solubilizer is diethyleneglycol dimethylether.

15. A process as claimed in claim 1, wherein the oxi-
dation is carried out at a temperature in the range of

from 30° C. to the boiling point of the aqueous medium.
16. A process as claimed in claim 15, wherein the

oxidation is carried out at a temperature in the range of
from 50° to 95° C. '

17. A process as claimed in claim '15, wherein the
oxidation is carried out at a temperature in the range of
from 60° to 90° C.

18. A process as claimed in claim 1, wherein the aque-

ous medium contains, at the beginning of the oxidation,
5 to 30% by weight of 5-hydroxymethylfurfural, re-
ferred to the amount of aqueous medium.

19. A process as claimed in claim 1, wherein the pH-
value is adjusted to a range of from 6.5 to 8 during the
oxidation by the addition of a base.

20. A process as claimed in claim 19, wherein the
pH-value is adjusted to a range of from 7 to 7.5 during
the oxidation by the addition of a base.
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21. A process as claimed in claim 1, wherein ‘the oxi-
dation is started at a pH-value of about 7 and is carried
out without addition of an acid or a base.

22. A process for the oxidation of 5-hydroxymethyl-
furfural which comprises oxidizing at a pH of at most 8
5-hydroxymethylfurfural in an aqueous medium with
oxygen in the presence of a catalyst which contains a
metal of the platinum group, selected from the group
consisting of platinum, palladium and a combination
thereof on active carbon at a pressure in the range of
from atmospheric pressure to 10 bar at a temperature in
the range of from 50° C. to the boiling point of the
aqueous medium, the aqueous medium containing from
5 to 30% by weight of 5-hydroxymethylfurfural, re-
ferred to the aqueous medium.

23. A process for the oxidation of 5-hydroxymethyl-
furfural which comprises oxidizing 5-hydroxymethyl-
furfural in an aqueous medium at a pH value of at most
8 with oxygen in the presence of a catalyst which con-
tains at least one metal of the platinum group, the aque-
ous medium also containing a solubilizer inert towards
the reactants under the reaction conditions in an amount

of from 10 to 75% by weight, referred to the amount of
water and solibilizer, the reaction being started at a pH
value of about 7 and carried out without addition of an

acid or a base and also carried out at a temperature in
the range of from 50° C. to the boiling point of the
aqueous medium. * * it it i
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(57) ABSTRACT

A method ofproducing substantially pure HMF, HMF esters
and other derivatives from a carbohydrate source by contact-
ing the carbohydrate source with a solid phase catalyst. A
carbohydrate starting material is heated in a solvent in a
colunm and continuously flowed through a solid phase cata-
lyst in the presence of an organic acid, or heated with the
organic acid and a solid catalyst in solution to form a HMF
ester. Heating without organic acid forms HMF. The resulting
product is purified by filtration to remove the unreacted start-
ing materials and catalyst. The HMF ester or a mixture of
HMF and HMF ester may then be oxidized to 2,5-furandicar-
boxylic acid (FDCA) by combining the HMF ester with an
organic acid, cobalt acetate, manganese acetate and sodium
bromide under pressure. Alternatively, the HMF ester may be
reduced to form a furan or tetrahydrofuran diol.
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CONVERSION OF CARBOHYDRATES TO

HYDROXYMETHYLFURFURAL (HMF) AND
DERIVATIVES

CROSS REFERENCE TO PROVISIONAL
APPLICATION

[0001] This application is based upon and claims the ben-

efit of priority from Provisional U.S. Patent Application

61/006,012 (Attorney Docket No. 010253-0020) filed on

Dec. 14, 2007, and from Provisional U.S. Patent Application

60/996,946 (Attorney Docket No. 010253-0021) filed on

Dec. 12, 2007, the entire contents of which are incorporated

by reference herein.

TECHNICAL FIELD

[0002] The present invention relates to a process for the

synthesis and recovery of substantially pure HMF and deriva-

tives thereof from hexose carbohydrate feedstocks such as

fructose or high fructose corn syrup (HFCS). More particu-

larly, HMF and its derivatives are synthesized, separated, and

recovered via contact of the carbohydrate with strong acid

cation exchange resins, such as a solid phase catalyst.

BACKGROUND

[0003] A major product in the acid-catalyzed dehydration

of fructose is 2-hydroxymethyl-5-furfuraldehyde, also
known as hydroxymethylfurfural (HMF). The structure of
HMF is shown below:

[0004]

[0005] HMF represents one key intermediate substance

readily accessible from renewable resources like carbohy-

drates and is a suitable starting source for the formation of

Various furan monomers which are used for the preparation of

non-petroleum-derived polymeric materials. While not being

bound by theory, it is generally believed that fructose is con-

verted to HMF via an acyclic pathway, although evidence also

exists for the conversion to HMF via cyclic fructofuransyl
intermediate pathways. Regardless of the mechanism of

HMF formation, the intermediate species formed during the

reaction may in turn undergo further reactions such as con-
densation, rehydration, reversion and other rearrangements,

Hydroxymethylfurfural
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resulting in a plethora of unwanted side products. Below is
one proposed pathway for the conversion offructose to HMF:

    

CH0 CH0

H OH OH O

H0 H —H2O H —H2O H

H OH H OH H

H OH H OH H OH
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[0006] HMF and 2,5-disubstituted furanic derivatives have
great potential in the field of intermediate chemicals from
regrowing resources. Due to its various functionalities, it has
been proposed that HMF could be utilized to produce a wide
range of products such as polymers, solvents, surfactants,
pharmaceuticals, and plant protection agents, and has been
reported to have antibacterial and anticorrosive properties.
HMF is also a key component, as either a starting material or
intermediate, in the synthesis ofa wide variety ofcompounds,
such as furfuryl dialcohols, dialdehydes, esters, ethers,
halides and carboxylic acids.
[0007] In addition, HMF has great potential as a biofuel,
which are fuels derived from biomass and are considered

promising alternatives to fossil fuels. HMF is also currently
under investigation as a treatment for sickle cell anemia. In
short, HMF is an important chemical compound and a method
of synthesis on a large scale to produce HMF absent signifi-
cant amounts ofimpurities, side products and remaining start-
ing material has been sought for nearly a century.
[0008] HMF is a suitable starting source for the formation
of various furan monomers used in the preparation of non-
petroleum-derived polymeric materials. A furan is a 5-mem-
bered heterocyclic organic compound. HMF and 2,5-disub-
stituted furanic derivatives have great potential in the field of
intermediate chemicals from growing resources. Due to its
various functionalities, it has been proposed that HMF may
be utilized to produce a wide range of products such as poly-
mers, solvents, surfactants, pharmaceuticals, and plant pro-
tection agents, and HMF has been reported to have antibac-
terial and anticorrosive properties.
[0009] Although preparation of HMF has been known for
many years, a method which provides HMF with good selec-
tivity and in high yields has yet to be found. Complications
arise from the rehydration ofHMF, which yields by-products,
such as, levulinic and formic acids. Another unwanted side
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reaction includes the polymerization of HMF and/or fructose
resulting in humin polymers, which are solid waste products.
Further complications may arise as a result of solvent selec-
tion. Water is easy to dispose of and dissolves fructose, but
unfortunately, low selectivity and increased formation of
polymers and humin increases under aqueous conditions.

[0010] Agricultural raw materials such as starch, cellulose,
sucrose or inulin are inexpensive starting materials for the
manufacture of hexoses, such as glucose and fructose. As
shown above, these hexoses can in turn, be converted to HMF.

The dehydration of sugars to produce HMF is well known.
HMF was initially prepared in 1895 from levulose by Dull
(Chem. Zzg., 19, 216) and from sucrose by Kiennayer (Chem.
Zzg., 19, 1003). However, these initial syntheses were not
practical methods for producing HMF due to low conversion
of the starting material to product.

[0011] Commonly used catalysts for the preparation of
HMF includes cheap inorganic acids such as HZSO4, H3 P04,
and HCl. These acid catalysts are used in solution and are
difficult to regenerate. In order to avoid the regeneration and
disposal problems, solid sulfonic acid catalysts have been
used. Unfortunately, the usefulness of solid acid resins is
limited because of the formation of deactivating humin poly-
mers on the surface of the resins.

[0012] The purification of HMF has also proved to be a
troublesome operation. On long exposure to temperatures at
which the desired product can be distilled, HMF and impuri-
ties associated with the synthetic mixture tend to form tarry
degradation products. Because of this heat instability, a fall-
ing film vacuum still must be used. Even in such an apparatus,
resinous solids form on the heating surface causing a stalling
in the rotor and frequent shut down time making the operation
inefficient. Prior work has been performed with distillation
and the addition of a non-volatile solvent like PEG-600 to

prevent the buildup of solid humin polymers (Cope, U.S. Pat.
No. 2,917,520). Unfortunately, the use ofpolyglycols leads to
the formation of HMF-PEG ethers.

[0013] The prior art processes also fail to provide a method
for producing HMF that can be performed economically. For
example, Besemer et al Netherlands Organ. App]. Sci. Res.
Nutr. Food Res., describes the enzymatic synthesis of HMF
esters. This process requires the use of expensive enzymes
and therefore does not provide an economically feasible route
to synthesizing HMF esters.

[0014] Garber et al., Canadian Patent 6 54240, describe the
synthesis of the 2,5-tetrahydrofurandimethanol monoesters
from HMF using excess amounts of anhydride and pyridine
solvent. Reduction is performed using Raney Ni catalyst in
diethyl ether. However the reference does not disclose the
synthesis of HMF esters from fructose or using a carboxylic
acid. Furthermore, the removal of Raney Ni catalyst is dan-
gerous and the costs of disposing the catalyst may be burden-some.

[0015] The present disclosure, which is directed, in-part, to
chromatographic processes for the synthesis and recovery of
HMF from natural resources addresses and eliminates these

problems and provides high purity products. In addition to
HMF, studies have broadened to include the synthesis and
purification of a variety of HMF derivatives. Derivatives of
particular interest include the esters of HMF, and oxidized
forms (2,5-diforrnylfuran, 2,5-furandicarboxylic acid and
acid ester), and the reduced forms (furan-2,5-dimethanol and
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tetrahydrofuran diol) of HMF. The esters are more stable and
can be readily separated, potentially making them even more
useful than HMF itself.

SUMMARY OF THE DISCLOSURE

[0016] In order to address the above mentioned problems,
the disclosure provides a method of producing substantially
pure HMF, HMF esters or HMF ethers from a carbohydrate
source by contacting the carbohydrate source with a solid
phase catalyst. In the present disclosure substantially pure
means a purity of HMF of about 70% or greater, optionally
about 80% or greater, or about 90% or greater.
[0017] The disclosure also provides a method ofproducing
HMF esters from a carbohydrate source and organic acids. In
one embodiment, a carbohydrate starting material is heated
with an solvent in a colunm and continuously flowed through
a solid phase catalyst in the presence of an organic acid to
form a HMF ester. The solvent is removed by rotary evapo-
ration to provide a substantially pure HMF ester. In another
embodiment, a carbohydrate is heated with the organic acid
and a solid catalyst in a solution to form an HMF ester. The
resulting HMF ester may then be purified by filtration, evapo-
ration, extraction, and distillation or any combination thereof.
[0018] In another embodiment, there is provided a method
for oxidizing an HMF ester to 2,5-furandicarboxylic acid
(FDCA) by combining the HMF ester with an organic acid,
cobalt acetate, manganese acetate and sodium bromide under
pressure and to obtain substantially pure FDCA after filtra-
tion and evaporation.
[0019] In another embodiment, there is provided a method
of oxidizing a reaction mixture of HMF and HMF ester to
FDCA by the addition of cobalt acetate, manganese acetate,
and sodium bromide under pressure and heat and isolating
FDCA following filtration and evaporation.
[0020] In an alternative embodiment, there is provided a
method of reducing an HMF ester by the addition of an
alcohol, such as ethanol, a reducing agent, under pressure,
heat, filtration and evaporation.
[0021] Advantages of the methods as described herein are
the high rate of conversion of carbohydrates into HMF-esters
and derivatives. This results in a more stable form for HMF,
and a lower cost in materials.

[0022] In another embodiment, there is provided a method
for producing citrate esters from a citric acid source and an
alcohol. Citric acid is esterified with an alcohol in the pres-
ence of a catalyst on a chromatography column to produce
trialkyl citrate or mono- and di-esters of the citric acid. In an
alternative embodiment, a fermentation broth containing pri-
marily citric acid and residual microorganisms and fermen-
tation side products is used to produce trialkyl citrate or
mono- and di-esters ofthe citric acid. In another embodiment,
the mono- and di-esters are recycled through the catalyst and
colunm to generate the triester.
[0023] In yet an another embodiment, there is provided a
method ofpreparing HMF via deacylation ofan intermediate
HMF ester. In one embodiment of this method, fructose is

dehydrated in the presence of an organic acid and a catalyst,
and separated via a chromatography column to produce the
HMF ester. In an alternative embodiment, the HMF ester is
deacylated with a solid phase catalyst in a chromatography
colunm. Alternatively, the deacylation and separation of the
HMF ester is performed using a metal alkoxide.
[0024] In another embodiment, there is provided a method
for the synthesis of levulinic acid or levulinic ester by con-
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tacting a carbohydrate mixture with or without an organic
acid present, with a solid phase catalyst under elevated tem-
perature. HMF ethers and/or levulinate esters, which are more
stable than HMF may be synthesized and purified by this
process using an alcohol solvent. Advantages of the methods
as described herein are the high rate of conversion of carbo-
hydrates into substantially pure HMF, HMF esters and other
HMF derivatives.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] FIG. 1 illustrates a conventional autoclave reactor;
[0026] FIG. 2 illustrates the fraction ofAcHMF conversion
in a conventional method using an autoclave reactor;
[0027] FIG. 3 illustrates the fraction ofAcHMF conversion
according to an embodiment of the present application;
[0028] FIG. 4 illustrates a graph of the products using the
pulse resin test according to an embodiment of the present
application; and
[0029] FIG. 5 illustrates a chromatogram according to an
embodiment of the present application.

[0030] FIG. 6 is a 1H NMR analysis graph showing sub-
stantially pure 4-acetoxymethylfurfural (AcHMF).
[0031] FIG. 7 is a 1H NMR analysis graph showing sub-
stantially pure 5-propionoxymethylfurfual.

[0032] FIG. 8 is a 1H NMR analysis graph showing sub-
stantially pure 2,5-diformylfuran, 2,5-furandicarboxylic acid
(FDCA).
[0033] FIG. 9 is a HPLC trace showing the formation of
5-acetoxymethylfurfual (AcHMF) from fructose according
to Example 1.
[0034] FIG. 10 is a HPLC trace showing the formation of
5-acetoxymethylfurfual (AcHMF) from fructose according
to Example 2.
[0035] FIG. 11 is a HPLC trace showing the formation of
showing substantially pure 5-propionoxymethylfurfual
(PrHMF) from fructose.

DETAILED DESCRIPTION

[0036] The present application provides methods for syn-
thesizing and separating hydroxymethylfurfural (HMF) and
hydroxymethylfurfural esters from a carbohydrate source by
contacting the carbohydrate with a solid phase catalyst.
[0037] The use of solid phase catalysts in a chromatogra-
phy column to synthesize and purify HMF limits exposure
time to heat and acid catalysts and enables synthesis at a lower
temperature. Lower temperatures result in reduced energy
costs and reduced time for heating and cooling the reaction.
Non-limiting examples of solid phase catalysts that may be
used in the process include acidic resins such as Amberlyst
35, Amberlyst l5, Amberlyst 36, Amberlyst 70, Amberlyst
131 (Rohm and Haas); Lewatit S2328, Lewatit K2431,
Lewatit S2568, Lewatit K2629 (Bayer Company); and Dian-
ion SKIO4, PK228, RCPl60, Relite RAD/F (Mitsubishi
Chemical America, Inc.). Other solid phase catalysts such as
clays and zeolites such as CBV 3024 and CBV 5534G
(Zeolyst International), T-2665, T-4480 (United Catalysis,
Inc), LZY 64 (Union Carbide), H-ZSM-5 (PQ Corporation)
can also be used. Acidic resins such as Amberlyst 35 are
cationic, while catalysts such as zeolite, alumina, and clay are
porous particles that trap small molecules. Soluble catalysts
including inorganic acids, such as HZSO4, H3PO4, HCl, and
organic acids such as p-toluene sulfonic acid may also be
used.
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[0038] An advantage of solid phase catalysts is that they do
not dissolve in solvent and remain in the column. Depending
on the colunm size and type of solvent used, about 30-50 g of
resin is packed into the colunm. For example, the solvent
dimethylfonnamide (DMF) causes Amberlyst 35 resin to
expand in the column, and thus only about 30 g of resin is
preferably used in a 300 mm length column. Approximately
50 g of Amberlyst 35 resin is used when acetic acid is the
solvent because acetic acid does not cause the resin to swell.

[0039] Because the synthesis ofHMF is a dehydration reac-
tion, a cation exchange resin having reduced water content is
preferred. The presence of water in the reaction increases
formation of byproducts, such as, polymers and humin.
Therefore, the maximum water content of the solid phase
catalyst in a colunm experiment is typically less than about
20%, optionally less than about 15%, or less than about 10%.
Many commercially available solid phase catalysts, such as,
dry Amberlyst 35 have approximately 3% water content.
However, solid phase catalysts with greater than 20% may be
used under certain conditions. Solid phase catalysts having a
water content greater than about 20% are considered “wet
resins” due to their excess water content and ability to gen-
erate water during the reaction. If the water content of the wet
resin is greater than about 20%, a solvent that is miscible with
water may be selected as the solvent for the reaction in order
to remove water from the wet resin.

[0040] Solvents including aprotic polar solvents are pre-
ferred because they are miscible with water, which helps with
the solubility of fructose and with removing water. An
example of an polar aprotic solvent is acetone, which is used
to wash the wet resin and dehydrate the wet resin before the
reaction on the column. The resulting dehydrated resin is then
dried under a vacuum prior to the reaction on the column. In
addition, DMF is miscible with water and may be used as a
solvent to dehydrate the wet resin on the column. The dehy-
dration ofthe wet resin may include raising the temperature of
the reaction or any suitable method for dehydrating the wet
resin or a combination thereof.

[0041] An additional advantage of using a column in the
conversion of a carbohydrate source to HMF, HMF esters or
other HMF derivatives is the ability for the reaction to pro-
ceed and separate the product from the unreacted starting
material or other unwanted side products that may form all in
one step. As the reactants pass through the colunm, differ-
ences in the retention of the products from the starting mate-
rials will allow for these to separate after the reaction occurs
in the colunm. As a result, the product will elute from the
colunm in a substantially pure form.

[0042] Any carbohydrate source can be used, although
fructose is the preferred source. Suitable carbohydrate
sources that can be used for preparing HMF derivatives
include, but are not limited to, hexose, fructose syrup, crys-
talline fructose, and process streams from the crystallization
of fructose. Suitable mixed carbohydrate sources may com-
prise any industrially convenient carbohydrate source, such
as corn syrup. Other mixed carbohydrate sources include, but
are not limited to, hexoses, fructose syrup, crystalline fruc-
tose, high fructose corn syrup, crude fructose, purified fruc-
tose, high fructose corn syrup refinery intermediates and by-
products, process streams from crystallizing fructose or
glucose or xylose, and molasses, such as soy molasses result-
ing from production of soy protein concentrate, or a mixture
thereof.
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[0043] Synthesis of HMF esters from a carbohydrate
source and organic acids or acid salts provides a direct path-
way for a series of useful molecules. Aliphatic and aromatic
esters of HMF are commercially available and have a variety
of uses. The present process has many advantages in the
production ofHMF esters. Suitable carbohydrate sources that
can be used for preparing HMF esters include, but are not
limited to hexose, fructose syrup, crystalline fructose, and
process streams from the crystallization of fructose. Suitable
mixed carbohydrate sources may comprise any industrially
convenient carbohydrate sources, such as corn syrup. The
mixed carbohydrate sources include, but are not limited to,
hexoses, fructose syrup, crystalline fructose, high fructose
corn syrup, crude fructose, purified fructose, high fructose
corn syrup refinery intermediates and by-products, process
streams from crystallizing fructose or glucose or xylose, and
molasses, such as soy molasses resulting from production of
soy protein concentrate. In addition to the wide variety of
starting sources, the process can be performed with various
organic acids including, but not limited to acetic, propionic,
butyric, citric or diacids.

[0044] The disclosed process minimizes and/or eliminates
the formation of humins and polymeric by-products. If the
reaction is not complete and HMF and or unreacted carbohy-
drate is observed in the reaction mixture, these components
may be separated into the aqueous phase and recycled. In
addition, the solvents can be recovered and recycled. This
method is more beneficial than other methods as it eliminates

the difficult task of isolating substantially pure HMF for use
as a starting source. It is a simple process, leading to a sub-
stantially pure product, which can be used as a feeding source
in the transformation of HMF esters to a variety of useful
derivatives and end products. The purity of the product will
vary according to the particular reagents and conditions used.

[0045] Additionally, the present application provides meth-
ods for synthesizing citrate esters, and methods of synthesiz-
ing levulinic acid or levulinic esters using a heated solidphase
catalyst in a column, and subsequent purification ofthe result-
ing products in a column. In an example of levulinate ester
synthesis, a carbohydrate mixture in solution (e.g. 25% fruc-
tose in Acetic acid) is passed through a heated column that is
packed with a strong acid cationic resin (e.g. Amberlyst 35).
The temperature of the column is maintained at 75 C and the
flow rate is set to 5 mL/min. Upon the initial pass both
Ac -HMF and Ac-levulinate acid are formed. Subsequent
passes generate a higher ratio of Ac-levulinate to Ac-HMF.
The concentration of acetic acid may range from >99%
reagent grade acetic acid to 1% acetic acid in aqueous solu-
tion.

[0046] For the synthesis of a levulinic acid, an example
synthesis involves a carbohydrate mixture in solution (e.g.
25% fructose in aqueous or DMF solution) is passed through
a heated colunm that is packed with a strong acid cationic
resin (e.g. Amberlyst 35). The temperature of the column is
maintained at 100° C. and the flow rate is set to 5 mL/min.

Upon the initial pass both HMF and levulinic acid are formed.
Subsequent passes generate a higher ratio of levulinic acid to
HMF.

[0047] Various HMF esters are selectively prepared by
modifying the choice of solvent used in the processes of the
invention. The amount ofpurification and fractionation of the
end product depends on the type of solvent used. For
example, a continuous flow ofa solution offructose dissolved
in acetic acid through a solid phase catalyst results in the
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formation of substantially pure acetylated HMF (ACHMF),
which is a desired end product. HMF ethers and/or levulinate
esters, wl1ich are more stable than HMF may be synthesized
and purified by this process using an alcohol solvent.
[0048] AcHMF has a lower boiling point than HMF, and is
isolated by vacuum distillation. AcHMF is also more stable
than HMF. AcHMF is not appreciably soluble in water mak-
ing extraction in a nonpolar organic solvents an effective
method of purification. AcHMF crystallizes in nonpolar sol-
vents at low temperatures (e.g., hexanes around 0-25° C.).
Moreover, HMF decomposes upon heating and produces by-
products that are not easily isolated or removed.
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[0049] For one embodiment of the present disclosure, the
set up of the chromatography column including a colunm
packed with solid phase catalysts may be a continuous sepa-
ration where the fructose, HMF, and solvent are fed through
the packed column multiple times and/or the speed of addi-
tional reactants is varied. This purification technique can
include Simulated Moving Bed chromatography, which is a
chromatographic technique based on a flow of liquid (mobile
phase) moving countercurrent to a constant flow of solid
(stationary phase). Countercurrent flow enhances the poten-
tial for separation and, hence, makes the process more effi-
cient. It also allows a continuous flow of feed material to be

separated, and utilizes less solvent and improves the through-
put of the equipment compared to traditional batch chroma-
tography. Alternatively, the system may include, but is not
limited to, a simulated moving bed, continuous set up
(CSEP), or a continuous flow pipe system.
[0050] For example, in Simulated Moving Bed chromatog-
raphy, the solutes move faster than the bed and are eluted at
the top ofthe column, whereas those moving slower than the
bed are brought down by the moving bed below the feed point.
A section of the bed below the feed point is then heated to
increase the elution rate of the solutes and any solute moving
faster than the bed can be eluted through a side tube by a
second flow ofgas while those solutes still moving at a slower
rate than the bed continue to move down the column in the

stationary phase. The higher fractions can be removed in the
same way by a section of the column heated to an even higher
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temperature. In order to heat the colunm in Simulated Moving
Bed chromatography, a jacketed column allows the mixture
to pass heating fluid, such as, propylene glycol, around the
resin bed.

[0051] In most of the reactions carried out by the methods
described herein, the catalyst provides the necessary acidity
for the reaction to occur. Ion exchange resins are synthetic
polymers capable of combining or exchanging ions in a sur-
rounding solution and are used primarily for chromatography
of organic molecules. Advantages of ion exchange resins
include long lifetime, reusable, high selectivity and catalytic
ability, stability, and can be used in both aqueous and non-
aqueous conditions (Rohm and Haas).
[0052] A first type of column that may be used in the dis-
closed methods is a gravity flow colunm. The reaction mix-
ture is loaded onto the top of the column, which is heated by
a jacket, then allowed to slowly flow through the resin, allow-
ing maximum retention time on the colunm. The flow rate in
a gravity flow column is generally less than 1.0 mL/min, or
typically 0.1-1 .0 mL/min. Once the product is fed through the
column, it may be reloaded for a second pass, to produce a
higher yield of the desired product and increased purity by
allowing more time on the resin. The samples of the gravity
column are collected in a large fraction or multiple fractions
and analyzed for yield.

[0053] Another column that may be used is a pulse column.
The starting material is loaded on top of the resin and a
mechanical pump is used to pump solvent onto the column to
maintain a constant flow rate. The product is collected from
the bottom of the colunm in timed fractions, and, therefore,
may be analyzed for retention time, separation of products
and reactants, as well as total yield.
[0054] For the column experiments, depending on the type
of column used and the stability of the solvent, the tempera-
ture may be varied from about 70° C. to about 125° C.,
optionally from about 75° C. to about 95° C., or optionally
from about 80° C. to about 90° C. The flow rate is typically
kept at about 1.0 ml/minute to allow maximum retention time
on the column and flow through to the top of the column.
However, for gravity columns, the flow rate may be kept
lower, since it is not dependent on a mechanical source.
Higher temperatures may be used.
[0055] In one embodiment of the present application,
Amberlyst 35 is packed in a heated glass jacketed column
with fructose solubilized with acetic acid. The use of a con-

tinuous moving bed minimizes exposure time of the product
to resin since it passes through the colunm by stream, rather
than batch. The resulting product is highly purified acetyl
HMF.

[0056] In another embodiment of the invention, a continu-
ous flow process enables the formation of citrate esters. The
starting material, citric acid may be in solution with the sol-
vent or in a fermentation broth containing solvent. An alcohol
solvent is used to obtain either substantially pure trialkyl
citrate or the mono- and di-esters of citric acid. Factors such

as type of solvent, type of resin, time on column, and/or
temperature detennine whether mono- and di-esters are
formed or whether substantially pure trialkyl citrate is
formed. Ifmono- and di-esters are obtained, the mixture can
be recycled in the column to generate the substantially pure
triester.

[0057] Another aspect ofthis invention allows for the chro-
matographic synthesis, separation, and purification of an
anhydrosugar alcohol from a selected sugar alcohol or
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monoanhydrosugar alcohol starting material using a solid
phase catalyst. More specifically, isosorbide is synthesized,
separated, and purified from a sorbitol source and a solid
phase catalyst in a chromatography column. The intermediate
compound, sorbitan, or mixtures of sorbitar1/isosorbide/sor-
bitol can be recovered and recycled until substantially pure
isosorbide is obtained.

 m

O O

)‘A\O H acetic acid, IF\ / 7
AcHMF

H20

0 CHZOH
HO

HOH2C Ht

HO
Fructose H20

0

O

HO \ l H
HMF

[0058] In another aspect of the invention, there is provided
a process for preparing HMF via an intermediate HMF ester.
Fructose is preferably used as a carbohydrate source and is
subjected to dehydration in the presence of an organic acid
and catalyst in a chromatography column to provide a HMF
ester. The HMF ester is then subjected to deacylation upon
treatment with a base. The basic material may include, but is
not limited to, a solid phase catalyst such as resins, clays,
aluminas, and zeolites. The saponification of the ester can be
carried out in any manner, so long as it can bring the starting
material and basic catalyst are brought into mutual contact.
For example, this reaction can be carried out batchwise or
continuously in a fluidized bed, tubular reactor, coil, column,
or pipe. Deacylation ofAcHMF to HMF can also be achieved
using a metal alkoxide. This method may be preferable due to
the fact that HMF esters are generally more stable than HMF.
[0059] In another embodiment of forming a HMF ester, a
carbohydrate is combined with an organic acid and solid
phase catalyst in solution. The solution is heated to a tem-
perature between about 100 to about 140° C., for between
about 90 to about 150 minutes, resulting in the formation of
an HMF ester. The HMF ester can be further purified via
colunm chromatography, precipitation and recrystallization
or combinations thereof. The synthesized HMF ester is fil-
tered and/or evaporated, e.g., via rotary evaporation to
remove the catalyst and organic acid. HMF ester can be
collected by extraction with methyl t-butyl ether. The crude
material can be subjected to simple distillation (115° C., 3
torr) to provide the HMF ester as crystals. Alternatively, the
filtered HMF ester may then be extracted with a suitable
solvent, such as hot hexane, after the evaporation of the sol-
vent.

[0060] In one embodiment for the forming of FDCA, a
reaction mixture containing a HMF ester such as, but not
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limited to, 5-acetoxymethylfurfural (ACHMF), or organic
acid such as, but not limited to, acetic acid, along with cobalt
acetate, manganese acetate and sodium bromide is placed in
a reactor and subjected to between about 400 to about 1000
psi, or between about 500 to about 800 psi oxygen at between
about 85° C. to about 110° C., or between at about 100° C. for
between about 100 to about 150 minutes. The solution is then

filtered and the solvent evaporated to obtain 2,5-Furandicar-
boxylic acid (FDCA).

0 CHZOH
HO

H0H2C AcOH, 125 C.4»

HO
Fructose

O O

0

*0 H Co/Mn, NaBr, AcOHT,

\ / 100 C.,1000 psi 02
AcHMF

O O

O

HO \ [ OH
FDCA

[0061] In an embodiment for reducing an HMF ester, a
reaction mixture containing AcHMF and ethanol is charged
in a reaction vessel. The G-69B catalyst obtained from Sud
Chemie, Louisville, Ky. is added to the vessel and the vessel
is purged with hydrogen, preferably at 4x500 psi with stir-
ring, preferably at 1000 rpm. The vessel is then pressurized,
preferably to 600 psi and heated to a temperature above 150°
C., preferably to 170° C. with continual stirring. After about
an hour the reaction is heated to 1 95° C. for about an hour and

then allowed to cool to room temperature. The catalyst is then
removed via vacuum filtration. The solvent is preferably
removed, for example, by rotary evaporation. Products of
reduction include but are not limited to 2,5-furandimethanol
(FDM) and tetrahydrofuran diol (THF-diol).

[0062] As an example of the versatility of the HMF-esters,
a reaction mixture containing a combination of HMF and an
HMF-ester can be oxidized to the single product, FDCA.
2,5-Furandicarboxylic acid (FDCA) is formed from a mix-
ture of predominantly HMF ester with residual HMF in an
organic acid. The mixture is reacted in an organic acid, for
example acetic acid along with cobalt acetate, manganese
acetate and sodium bromide. The entire mixture can be pres-
surized with oxygen or air and heated to at least 100° C. for
over an hour. The resulting solution is filtered and evaporated
and the FDCA is isolated.

[0063] HMF can be synthesized from a fructose source
through and HMF ester intermediate. For example, fructose is
subjected to dehydration in the presence of an organic acid
and catalyst to provide an HMF ester. The HMF ester is
subjected to deacylation upon treatment with a base. The
basic material may include, but is not limited to, a solid phase
catalyst such as resins, clays, aluminas, and zeolites. The
saponification ofthe ester canbe carried out in any manner, so
long as it can bring the material and basic catalyst into mutual
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contact. For example, this reaction can be carried out batch-
wise or continuously in a fluidized bed, tubular reactor, coil,
column, or pipe. Deacylation ofAcHMF to HMF can also be
achieved using a metal alkoxide.

EXAMPLES

Example 1

[0064] The conventional method for synthesizing HMF
and AcHMF from fructose includes a batch reaction on an

autoclave (Parr) reactor followed by a separate step for puri-
fication. As shown in FIG. 1, the temperature control 2 con-
trols both the temperature of the reaction mixture and the
heating jacket in the autoclave reactor 1. A heatingj acket (not
shown) is used to heat the reaction. The pressure gauge 3
shows if the reaction is creating gas, or monitors the pressure
on the vessel if it was applied. The speed control 4 is for the
stirring mechanism. Stirring is necessary to keep the reaction
mixture in contact with all necessary materials. The sample
port 5 allows the scientist to retrieve samples and specific
points during the reaction to monitor for progress. Reactants
must be in solution before being put into a reactor vessel.
[0065] The reaction conditions for the autoclave reactions
were varied to test the effect of different reaction conditions.

The reactions were performed in the 100 mL capacity Parr
reactor. About 20 grams of High fructose corn syrup (HFCS)
is added to each reaction. Three different temperatures: 1 10°,
125°, and 150° Celsius were tested with and without an ion
exchange resin. The resin of choice was Amberlyst 35
exchange. Results are shown in Table 1.

TABLE 1

Comparative Example

#1 #2 #3 #4 #5

Tempera- 110 125 125 150 150
ture

(° C-)
Resin yes no Yes yes No
Fructose 5.6998 5.7995 6.7799 6.7799 6.7799

added (g)
Moles .03164 0.0322 0.0376 0.0376 0.0376
Fructose 0.62 0.64 1.34 0.55 2.07

0ut(g)
Moles 0.0034 0.00354 0.0074 0.0030 0.0115
HMF 2.13 1.22 1.60 1.48 0.79
0ut(g)
Moles 0.0169 0.0097 0.0127 0.0118 0.0063
ACHMF 0.18 0.54 0.49 1.48 0.13
0ut(g)
Moles 0.001053 0.0033 0.0029 0.0088 0.0007
HFCS 20 20.35 23.79 23.79 23.79
added (g)
Fructose 5.6998 5.7995 6.7799 6.7799 6.7800
added (g)
ACHMF 0.0332 0.1000 0.0764 0.2331 0.0197

yield
HMF 0.5348 0.3005 0.3378 0.3125 0.1663

yield
Fructose 0.1080 0.1101 0.1974 0.0812 0.3048
yield

[0066] As can be seen in Table 1 above, AcHMF was
formed in the largest amount in Comparative Example #4 at
150° C. using a resin in an autoclave reactor as shown in FIG.
2. In a 100 mL capacity Parr reactor, 6.7799 g of fructose and
23.79 g of HFCS in solution was heated to 150° C. The
AcHMF yield was 0.2331 in Comparative Example #4.

Petitioners‘ Exhibit 1011, Page 325 of 629



Petitioners' Exhibit 1011, Page 326 of 629

US 2009/0156841A1

[0067] In these examples of Example 1, a first method of
production of substantially pure HMF uses packed columns.
Two different types of columns were used to produce and
purify HMF. Each column, however, was packed with a cation
exchange resin, which had been soaked in the desired solvent,
then loaded to a heated column once the resin had appropri-
ately expanded. A cation exchange resin is an ion exchange
resin that adds protons to the reaction. The water content of
the resin used ranged from less than about 20%, to less than
about 10% in order to prevent the rehydration of HMF. The
results ofthe columns are shown in FIG. 3. The major product
was HMF with the remainder being unreacted fructose. In this
example, the Amberlyst 35 exchange resin performed best of
all colunms tested, including the gravity flow columns.

[0068] Maximal reaction conditions included 80° C. in a
column packed with the Amberlyst 3 5 ion exchange resin and
acetic acid, providing a yield of AcHMF is approximately
0.395 moles. Columns performed more consistently than the
conventional batch reactions, which may be due to a number
of reasons. Product stays longer on the resin in a chromatog-
raphy column, and a larger amount of the resin remains in the
column than in the batch reactions. There is also better control

of the temperature in the colunm due to the heated jacketed
column.

[0069] Samples marked with (*) in Table 2 are comparative
examples. The comparative examples include batch reac-
tions. The temperatures in the autoclave varied from approxi-
mately 105° C.-155° C. in the course of the reaction. The
reaction mixture from the columns could also be fed back

through for another pass, which will further increase the yield
of the desired product. The yield is lower during a batch
reaction when it is run at a higher temperature, such as 125°
C., compared to a pulse reaction at 80° C. and a gravity

Time Sample Percent water
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colunm reaction at 90° C. The yield in the batch reaction using
Amberlyst 35 having a temperature of 150° C. is increased
due to the high temperature.

TABLE 2

Type of
Ty3e of Temperature Resin (if
Reaction (° C.) used) ACHMF yield

Pu se 80 Amberlyst 0.394914426
35

Gravity 90 Amberlyst 0.117696633
Co umn 35
Gravity 90 Amberlyst 0.130347712
C0 umn 35
Ba ch 110 Amberlyst 0.033283962
Reaction* 35
Ba ch 125 No resin 0.100020489
Reaction*

Ba ch 125 Amberlyst 0.076392506
Reaction* 35
Ba ch 150 Amberlyst 0.233076043
Reaction* 35
Ba ch 150 No resin 0.019697
Reaction*

Example 2

[0070] The graph shown in FIG. 4 illustrates the results of
the pulse resin test at 80° C. where the flow rate was set at
about 1.48 mL/min. for the first 33 minutes and about 1.36

mL/min. after the 33rd minute until completion of the reac-
tion at about 63 minutes. After approximately 30 minutes,
0.07 moles ofAcHMF was eluted, compared to a mole frac-
tion of approximately 0.0006 for the starting material, fruc-
tose. The byproducts, levulinic and formic acids, are also
measured. No measurable levulinic acidwas found during the
synthesis ofAcHMF.

TABLE 3

Fraction of water Weight of water moles of water
(min.) weight (g) in sample in sample in sample (g) in sample

1 0.5060 2.28 0.0228 0.0115368 0.000640364
9 0.5189 1.39 0.0139 0.00721271 0.00040035

12 0.5059 1.44 0.0144 0.00728496 0.000404361
15 0.4982 1.30 0.0130 0.0064766 0.000359492
18 0.5071 1.26 0.0126 0.00638946 0.000354655
21 0.5062 1.24 0.0124 000627688 0.000348406
24 0.4122 1.40 0.0140 00057708 0.000320315
27 0.4782 1.46 0.0146 0.00698172 0.000387529
30 0.5051 1.37 0.0137 0.00691987 0.000384096
33 0.5005 1.34 0.0134 0.0067067 0000372264
50 0.5065 1.16 0.0116 00058754 0000326121
63 0.5105 1.95 0.0195 000995475 0000552551

Time Sample HMF Fraction of HMF Weight of HMF moles of HMF
(min.) weight (g) in sample (gkg) in sample in sample (g) in sample

1 0.5060 0.00 0.00000 0 0
9 0.5189 0.00 0.00000 0 0

12 0.5059 1.49 0.00149 0000752273 5.96514E—06
15 0.4982 0.23 0.00023 0000116081 9.20459E—07
18 0.5071 0.28 0.00028 0000143002 1.13393E—06
21 0.5062 0.12 0.00012 5.87192E—05 4.65613E—07
24 0.4122 0.27 0.00027 0000109233 8.66161E—07
27 0.4782 0.25 0.00025 0000117159 9.2901E—07
30 0.5051 0.28 0.00028 0000141933 1.12546E—06
33 0.5005 0.36 0.00036 0000181682 1.44064E—06
50 0.5065 0.00 0.00000 0 0
63 0.5105 0.00 0.00000 0 0
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TABLE 3-continued

Time Sample Acetic Acid Fraction ofAcetic Acid Weight ofAcetic Acid moles ofAcetic Acid
(min.) Weight (g) in sample (g/kg) in sample in sample (g) in sample

1 0.5060 960.17 0.9602 0.48584349 0.008090326
9 0.5189 967.75 0.9678 0.502167551 0.008362156

12 0.5059 896.88 0.8969 0.453733616 0.007555628
15 0.4982 924.96 0.9250 0.460815072 0.00767355
18 0.5071 907.85 0.9078 0.460369214 0.007666125
21 0.5062 846.98 0.8470 0.428742288 0.00713947
24 0.4122 871.93 0.8719 0.359409958 0.005984939
27 0.4782 880.87 0.8809 0.421230121 0.007014376
30 0.5051 876.47 0.8765 0.442705502 0.007371987
33 0.5005 857.03 0.8570 0.428941013 0.007142779
50 0.5065 903.94 0.9039 0.45784713 0.007624127
63 0.5105 980.54 0.9805 0.50056567 0.008335482

Time Sample Fructose Fraction of Fructose Weight of Fructose moles of Fructose
(min.) Weight (g) in sample (g/kg) in sample in sample (g) in sample

1 0.5060 0.00 0.0000 0 0
9 0.5189 0.04 0.0000 1.91993E—05 1.0657E—07

12 0.5059 0.17 0.0002 8.54971E—05 4.74569E—07
15 0.4982 0.12 0.0001 6.02822E—05 3.34609E—07
18 0.5071 0.00 0.0000 1.5213E—06 8.44429E—09
21 0.5062 0.18 0.0002 9.26346E—05 5.14188E—07
24 0.4122 0.45 0.0004 0.000184666 1.02502E—06
27 0.4782 0.28 0.0003 0.000132461 7.35255E—07
30 0.5051 0.64 0.0006 0.000323264 1.79434E—06
33 0.5005 1.03 0.0010 0.000513513 2.85036E—06
50 0.5065 0.30 0.0003 0.00015195 8.4343E—07
63 0.5105 0.00 0.0000 0 0

Time Sample Formic Fraction of Formic Weight of Formic moles of Formic
(min.) Weight (g) in sample (gkg) in ample in sample (g) in sample

1 0.5060 0.69 0.0007 0.000351164 7.62975E—06
9 0.5189 0.64 0.0006 0.000331577 7.20419E—06

12 0.5059 0.75 0.0007 0.000377401 8.19981E—06
15 0.4982 1.28 0.0013 0.0006367 1.38336E—05
18 0.5071 4.05 0.0040 0.00205122 4.45669E—05
21 0.5062 2.56 0.0026 0.001296884 2.81775E—05
24 0.4122 3.16 0.0032 0.001301728 2.82827E—05
27 0.4782 3.39 0.0034 0.001621098 3.52217E—05
30 0.5051 6.29 0.0063 0.003175564 6.89956E—05
33 0.5005 6.45 0.0065 0.003229727 7.01724E—05
50 0.5065 1.74 0.0017 0.00088283 1.91813E—05
63 0.5105 0.70 0.0007 0.000354798 7.7087E—06

Time Sample Levulinic Fraction of Levulinic Weight of Levulinic moles of Levulinic
(min.) Weight (g) in sample (g/kg) in sample in sample (g) in sample

1 0.5060 0.00 0.0000000 0 0
9 0.5189 0.00 0.0000000 0 0

12 0.5059 0.00 0.0000000 0 0
15 0.4982 0.00 0.0000000 0 0
18 0.5071 0.00 0.0000000 0 0
21 0.5062 0.00 0.0000000 0 0
24 0.4122 0.00 0.0000000 0 0
27 0.4782 0.00 0.0000000 0 0
30 0.5051 0.00 0.0000000 0 0
33 0.5005 0.00 0.0000000 0 0
50 0.5065 0.00 0.0000000 0 0
63 0.5105 0.00 0.0000000 0 0

Time Sample AcHMF Fraction ofAcHMF Weight ofAcHMF moles ofAcHMF
(min.) weight (g) in sample (g/kg) in sample in sample (g) in sample

1 0.5060 0.00 0.0000000 0 0
9 0.5189 0.22 0.0002200 0.000114158 6.75092E—07

12 0.5059 5.01 0.0050070 0.002533041 1.49795E—05
15 0.4982 15.21 0.0152050 0.007575131 4.47968E—05
18 0.5071 22.98 0.0229820 0.011654172 6.89188E—05
21 0.5062 27.97 0.0279720 0.014159426 8.3734E—05
24 0.4122 31.95 0.0319470 0.013168553 7.78744E—05
27 0.4782 36.23 0.0362280 001732423 000010245
30 0.5051 37.00 0.0370010 0018689205 0000110522
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TABLE 3-continued

33 0.5005 36.52 0.0365190
50 0.5065 0.35 0.0003540
63 0.5105 0.00 0.0000000 0

Example 3

Preparation of HMF from Fructose Using a HMF
Ester Intermediate

[0071] This example illustrates the use of the present meth-
ods to deprotect HMF ester to provide substantially pure
HMF. The feed material was prepared and placed in a vial of
methanol and Amberlyst A26OH resin obtained from Rohm
and Haas Company (Woodridge, Ill.). Amberlyst A26OH
resin is a strong base, type 1, anionic, macroreticular poly-
meric resin based on crosslinked styrene divinylbenzene
copolymer containing quaternary ammonium groups. After
sitting at room temperature for about 5 minutes, the material
was analyzed by thin layer chromatography (tlc) to show
deacylation. The solid yield was about 85% HMF with about
8% AcHMF determined by a Shimadzu QP-2010 GC Mass
spectrometer. The chromatograrn is shown in FIG. 5. The
remaining material was residual methanol. Heating the
methanol solution with a heat gun to 60° C. for less than 5
minutes converted the remaining AcHMF to HMF. Altema-
tively, passing the product through the chromatography col-
umn with a solid phase catalyst would convert the remaining
AcHMF to HMF.

0 CHZOH
HO

H0H2C AcOH->
Amberlyst 35

HO
Fructose

O O

A O A26OHT.’
O H ICSIH

\ /

O

HO \ l H

Example 4

Preparation of 5-Acetoxymethylfurfural (ACHMF)
from Fructose

[0072] Crystalline fructose (18 g) is placed in a 100 mL
reaction vessel with acetic acid (50 g) andAmberlyst 15 resin
(4 g). The solution is heated to 1 10° C. for 3 hours with
samples collected regularly. Analytical results and HPLC
trace confirm the formation ofAcHMF. Analysis of the prod-
uct mixture indicated a solution of 9.89%AcHMF and 5.14%

HMF for a 41% yield ofAcHMF and 28% yield ofHMF. The
yields disclosed herein are exemplary only and do not neces-
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0.000108088
1.06033E—06
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sarily reflect the optimal yields possible when reaction con-
ditions are optimized. HPLC trace confirmed formation of
AcHMF, (see FIG. 4).

Example 5

Synthesis and Purification ofAcHMF from Fructose

[0073] Crystalline fructose (180 g) is placed in a 1 L reac-
tion vessel with acetic acid (500 g) andAmberlyst 15 resin (40
g). The solution is heated to 125° C. for 2 hours. NMR and
analytical results indicates the formation of AcHMF. The
solution is filtered to remove the resin catalyst and acetic acid
is removed by rotary evaporation. AcHMF is collected by
extraction with methyl t-butyl ether. The crude material is
subjected to simple distillation (115° C., 3 torr) to provide
AcHMF as orange crystals. HPLC trace confirms AcHMF
formation, (see FIG. 5), and 1H NMR analysis indicates sub-
stantially pureAcHMF. NMR (6, 1 H): 9.70 (s, 1.0 H); 7.40 (s,
1.0 H); 6.80 (s, 1.0 H); 5.10(s, 2.0H); 2.10 (s, 3.0H). SeeFIG.
1.

Example 6

Synthesis of Propionoxymethylfurfural (PrHMF)
from Fructose

[0074] Crystalline fructose (40 g), propionic acid (100
mL), and dry Amberlyst 15 resin is placed in a 500 mL three
neck round bottom flask equipped with a Dean-Stark trap,
magnetic stir bar, and temperature probe. The reaction mix-
ture is allowed to heat to 130° C. for 30 minutes. HPLC trace

indicates rapid conversion to the HMF ester. Resin is removed
by filtration, the solvent evaporated and the crude oil is
extracted with hot hexane. Evaporation of the hexane extract
provides yellow oil which 1H NMR identified as substantially
pure 5-propionoxymethylfurfural. Calculations indicate the
overall yield of PrHMF from fructose is 28%. Reaction con-
ditions have not been optimized. HPLC trace confirms
PrHMF formation, (see FIG. 6) and 1H NMR analysis indi-
cates PrHMF formation (0, 1 H): 9.70 (s, 1.0 H); 7.20 (s, 1.0
H); 6.60 (s, 1.0 H); 5.06 (s, 2.0 H); 2.47 (t, 2.0 H); 1.05 (d,
3.0H). See FIG. 2.

O CHZOH
HO
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140 C., 2 hr
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Fructose

O O
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Example 7

Oxidation of 5-Acetoxymethylfurfural (AcHMF) to
2,5-Furandicarboxylic Acid (FDCA)

[0075] A reaction mixture containing AcHMF (5.0 g), ace-
tic acid (50 mL), cobalt acetate (0.132 g), manganese acetate
(0.135 g), and sodium bromide (0.1 14 g) is placed in a 100 mL
reactor and subjected to 500-800 psi oxygen at 100° C. for 2
hours. Upon filtration and evaporation of the solvent, 2.53 g
of tan solid is isolated. 1H NMR indicates substantially pure
FDCA. The overall yield of FDCA fromAcHMF is 54%. See
FIG. 3.

Example 8

Reduction of 5-Acetoxymethylfurfural (AcHMF)

[0076] A reaction mixture containing AcHMF (5.0 g) and
ethanol (50 mL) is charged into a 100 mL reaction vessel. The
G-69B catalyst may be obtained from Sub Chemie, Louis-
ville, Ky. (0.50 g) is added to the vessel. The vessel is purged
with hydrogen (4><500 psi) with stirring (1000 rpm). The
vessel is then pressurized to 600 psi and heated to 170° C.
with continual stirring. After 1 hour, the reaction is allowed to
heat to 195° C. for an additional hour. The reaction is then

allowed to cool to room temperature and the catalyst removed
by Vacuum filtration. Most ofthe solvent is removed by rotary
evaporation to provide yellow oil (16.97 g). The UV analysis
(}»:284 nm) does not show the presence ofAcHMF, indicat-
ing complete conversion of AcHMF to 2,5-dihydroxymeth-
yltetrahydrofuran.

Example 9

Oxidation of a Mixture of HMF and HMF Ester to
FDCA

[0077] A product mixture composed of predominantly
HMF ester with residual HMF in acetic acid is subjected to
oxidation with the addition of cobalt acetate, manganese
acetate, and sodium bromide. This mixture is pressurized
with oxygen and heated to over 100° C. for over an hour.
Upon filtration and evaporation, a product of FDCA is iso-
lated.

Example 10

Preparation of HMF from Fructose

[0078] To a jacketed colunm was added a slurry of
Amberlyst 35 dry resin (40 g) in DMF. The column was
heated by an oil circulating bath at 95° C. The resin was
washed with anhydrous DMF. The level of DMF was then
lowered to the top of the resin. The column was then loaded
with 150 g of30% fructose in DMF. The fructose solution was
passed slowly through the resin over a period of about 1 hour
two times. Tlc and NMR analysis indicate 68% yield ofHMF.
[0079] It will be understood that certain of the above-de-
scribed structures, functions and operations of the above-
described preferred embodiments are not necessary to prac-
tice the present disclosure and are included in the description
simply for completeness of an exemplary embodiment or
embodiments. In addition, it will be understood that specifi-
cally described structures, functions, and operations set forth
in the above-referenced patents can be practiced in conjunc-
tion with the present disclosure, but they are not essential to
its practice.
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[0080] The embodiments of the disclosure may be prac-
ticed otherwise than as specifically described without actu-
ally departing from the spirit and scope of the present disclo-
sure. The yields disclosed herein are exemplary only and do
not necessarily reflect the optimal yields possible when reac-
tion conditions are optimized.

What is claimed is:

1. A method for synthesizing HMF by contacting a carbo-
hydrate source with a solid phase catalyst.

2. The method of claim 1, wherein the step of contacting
the carbohydrate source further includes the steps of:

forming a solution ofthe carbohydrate source in an solvent;
passing the solution through a solid phase catalyst in a

colunm; and

eluting said HMF from the colunm.
3. The method of claim 2, wherein said solvent is DMF.

4. A method of preparing HMF esters comprising:
combining materials comprising a carbohydrate source, a

carboxylic acid, with or without an added catalyst to
provide a reaction mixture;

heating said reaction mixture to a temperature and for a
time sufficient to promote an acid-catalyzed reaction of
said carbohydrate source to form a product mixture; and

isolating an HMF ester from said product mixture.
5. The method of claim 4, wherein the step of heating said

reaction mixture further includes the steps of:
passing the solution through a solid phase catalyst in a

colunm, and

eluting said HMF ester.
6. The method of claim 4, wherein said HMF ester is

isolated from the product mixture by a process selected from
the group consisting offiltration, evaporation, extraction, and
distillation.

7. The method of claim 4, wherein said solvent is a polar,
aprotic solvent.

8. The method of claim 2, wherein the column is heated to
a temperature of from about 70° C. to about 125° C.

9. The method ofclaim 4, wherein temperature at which the
reaction mixture is heated is from about 100° C. to about 140°
C.

10. A method offorming FDCA by reacting the HMF ester
formed in claim 4 with an organic acid, cobalt acetate, man-
ganese acetate and sodium bromide under elevated pressure
and temperature for a period of time sufiicient to convert
substantially all of the HMF ester to FDCA.

11. The method of claim 10, wherein the pressure of the
reaction is from about 400 psi to about 1000 psi.

12. A method ofreducing the HMF ester formed in claim 4
comprising the step of heating a solution of the ester in a
solvent, with catalyst, under elevated pressure and tempera-
ture, for a time sufficient to reduce the ester.

13. The method of claim 12, wherein the pressure is about
600 psi and the temperature is about 170° C.

14.A method for synthesizing HMF by contacting an HMF
ester with an anionic solid phase catalyst.

15. A method for synthesizing citrate esters by contacting
a solution having a citrate source and an alcohol with a solid
phase catalyst by eluting the solution through a colunm
packed with the solid phase catalyst to obtain an eluant.

16. The method ofclaim 15 further comprising the steps of:
collecting the eluant from the column; and
passing the eluant through the column a second time to

generate a tri-substituted citrate ester.
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17. A method for synthesizing a levulinic acid comprising
the steps of:

dissolving a carbohydrate source in a solution,
passing the solution containing the carbohydrate through a

colunm containing a solid phase catalyst, and
eluting said levulimc acid from the column to obtain an

eluant.

18. The method of claim 17, further comprising the steps
of:

after passing the solution containing the carbohydrate
through the column,

collecting the eluant containing the reaction product, and
after collecting the eluant, passing the eluant through the

colunm.

19. A method for synthesizing a levulinate ester compris-
ing the steps of:

dissolving a carbohydrate source in a solution containing
acetic acid,

passing the solution containing the carbohydrate through a
colunm containing a solid phase catalyst,

and eluting said levulinate ester from the column to obtain
an eluant.

20. The method of claim 19, further comprising the steps
of:

after passing the solution containing the carbohydrate
through the column,

collecting the eluant containing the reaction product,
after collecting the eluant, passing the eluant through the

colunm.

21. The method of claim 19, wherein the concentration of
acetic acid in the solution is greater than about 75%

22. A method for synthesizing HMF by contacting a fruc-
tose source with an organic acid and solid phase catalyst in a
column to produce HMF ester, and

deacylating the HMF ester.
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23. The method of claim 22, wherein the HMF ester is
deacylated with a metal oxide.

24. The method of claim 2, wherein the HMF is purified
during the reaction by passing the solution through the col-
umn.

25. The method of claim 5, wherein the HMF ester is

purified during the reaction by passing the solution through
the column.

26. The method of claim 17, wherein the citrate ester is

purified during the reaction by passing the solution through
the column.

27. The method of claim 19, wherein the levulinic acid is

purified during the reaction by passing the solution through
the column.

28. The method of claim 21, wherein the levulimc ester is

purified during the reaction by passing the solution through
the column.

29. A method for synthesizing a levulinate ester compris-
ing the steps of:

dissolving a carbohydrate source in a solution containing
an alcohol,

passing the solution containing the carbohydrate through a
colunm containing a solid phase catalyst,

and eluting said levulinate ester from the column to obtain
an eluant containing a reaction product.

30. The method of claim 29, further comprising the steps
of:

after obtaining the eluant containing the reaction product,
passing the eluant through the column.

* * * * *
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METHOD FOR THE PREPARATION OF

2,5-FURANDICARBOXYLIC ACID AND FOR
THE PREPARATION OF THE DIALKYL

ESTER OF 2,5-FURANDICARBOXYLIC ACID

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is the National Stage of Interna-
tional Application No. PCT/NL2010/050654, filed Oct. 6,
2010, which claims the benefit of Netherlands Application
No. 2003606, filed Oct. 7, 2009, and U.S. Provisional Appli-
cation No. 61/249,395, filed Oct. 7, 2009, the contents of all
of which are incorporated by reference herein.

FIELD OF THE INVENTION

[0002] The present invention relates to a method for the
preparation of 2,5-furandicarboxylic acid (“FDCA”) from
5-hydroxymethylfurfural (“HMF”) and/or derivatives
thereof. FDCA can be produced in particular from esters of
HMF, such as for example 5-acetoxymethylfurfural (AMF)
or a mixture of one or more of these compounds with HMF,
such as for example from a mixture ofAMF and HMF. The
invention further relates to a process for the preparation ofthe
dialkyl ester of 2,5-furandicarboxylic acid.

BACKGROUND OF THE INVENTION

[0003] 2,5-Furandicarboxylic acid, also known as dehydro-
mucic acid is a furan derivative. This organic compound was
first obtained by Fittig and Heinzelmann in 1876. The first
review, by Henry Hill was published in 1901 (Am. Chem.
Journ. 25, 439). FDCA was more than 125 years later iden-
tified by the US Department of Energy as one of 12 priority
chemicals for establishing the “green” chemistry industry of
the future. However, to date, no commercial process exists for
its production. On laboratory scale it is often synthesized
from 5-hydroxymethylfurfural (HMF), which in turn can be
obtained from carbohydrate containing sources such as glu-
cose, fructose, sucrose and starch. From fructose and glucose
HMF is obtained by acidic elimination of three moles of
water.

[0004] The derivatives of HMF are identified as potential
and versatile fuel components and precursors for the produc-
tion of plastics. The polyester from FDCA dimethyl diester
and ethylene glycol was first reported in 1946 (GB 621,971).
[0005] WO 01/72732 describes the oxidation of HMF to
FDCA. The maximum FDCA yield reported is 59%, obtained
at 105° C. The oxidation ofHMF in an aqueous medium with
oxygen using a catalyst from the Pt-group is described in U.S.
Pat. No. 4,977,283. Taaming et al. described the oxidation of
HMF over gold based catalysts (ChemSusChem, 2008, 1,
1-4).
[0006] Partenheimer et al (Adv. Synth. Catal. 2001, 343, pp
102-11) describe the synthesis of 2,5-furandicarboxylic acid
by catalytic air-oxidation of 5-hydroxymethylfurfural with
metal/bromide catalysts such as Co/Mn/Br in acetic acid at
temperatures ranging from 50 to 125° C. With the Co/Mn/Br
catalyst the highest FDCA yield obtained is 35.2% (Table 3,
experiment 4). On page 103 of the same paper, under the
header “products formed” it is stated: “A side reaction is the
esterification of the alcohols to form the more oxidatively
stable acetate . . . ” As apparently 5-hydroxymethylfurfural
reacts with acetic acid a loss of the starting material takes
place. Further, in the reaction scheme given in FIG. 1 on page

Petitioners‘ Exhibit 1011, Page 332 of 629

Oct. 25, 2012

103, it is indicated that 5-(acetoxymethyl)furfural is an end-
point. There is no further reaction of this compound indicated
to FDCA (in contrast to the ester of the intermediate product
5-(acetoxymethyl)furan-2-carboxylic acid). In other words,
the 5-(acetoxymethyl)furfural (AMF) formed through reac-
tion ofHMF with acetic acid solvent, is not oxidized to FDCA

and its formation leads therefore to yield loss.
[0007] This result was confirmed in U.S. 2009/0156841.
Although the intention of the process according to U.S. 2009/
0156841 was to obtain FDCA, the product isolated and erro-
neously characterized as being FDCA was in fact the starting
material acetoxymethyl furfural (AMF). Under the low tem-
perature conditions deployed (100° C.), AMF is quite stable,
as was already reported by Partenheimer (see above).
[0008] In U.S. 2009/0156841 a 1H NMR spectrum is
shown in FIG. 8 and suggested that it is the spectrum of the
product that was identified as FDCA. However, this is not the
case. The 1H NMR spectrum of the product shown in FIG. 8
is the same as that in FIG. 6 and represents the starting
material AMF. The 1H NMR spectrum of FDCA shows a
singlet at a shift of about 7.26 ppm. Moreover, the product is
described as a tan solid. In the experience of the present
inventors, AMF is a tan solid, while FDCA is a white solid. It

would seem that no FDCA was obtained in the experiments
according to U.S. 2009/0156841.
[0009] The experiments executed under the conditions of
U.S. 2009/0156841 were repeated. These comparative
experiments confirm the low reactivity ofAMF under condi-
tions given in U.S. 2009/0156841. Thus, a person skilled in
the art would therefore have concluded that FDCA carmot be

obtained in interesting yields from AMF using the conditions
that are reported in U.S. 2009/0156841, i.e., using a Co/Mn/
Br catalyst in acetic acid at between 85 and 110° C. within a
time frame of from 100 and 150 minutes. In Example 7 of
U.S. 2009/0156841, slightly more than 50% of the starting
material was the only product isolated from the reaction.

SUMMARY OF THE INVENTION

[0010] The present inventors have now surprisingly found
that when using an oxidation catalyst, e.g., based on both
cobalt and manganese and containing a bromide, at tempera-
tures higher than 140° C., derivatives of HMF, and in particu-
lar esters of HMF optionally in combination with HMF, such
as for example 5-(acetoxymethyl)furfural (AMF) can be oxi-
dized to FDCA in high yields.

DETAILED DESCRIPTION OF THE INVENTION

[0011] Thus, in a first aspect the invention provides a
method for the preparation of 2,5-furan dicarboxylic acid
comprising the step of contacting a feed comprising a com-
pound selected from the group consisting of 5-hydroxymeth-
ylfurfural (“HMF”), an ester of 5-hydroxymethyl-furfural,
5-methylfurfural, 5-(chloromethyl)furfural, 5-methylfuroic
acid, 5-(chloromethyl)furoic acid, 2,5-dimethylfuran and a
mixture of two or more of these compounds with an oxidant
in the presence of an oxidation catalyst at a temperature
higher than 140° C. The feed may optionally comprise 5-hy-
droxymethylfurfural as a further compound.
[0012] The invention described hereinafter may use any of
the compounds described above in the feed. A preferred ester
of HMF contains an ester moiety of an alkyl carboxylic acid
wherein the alkyl group contains up to 6 carbon atoms, pref-
erably from 1 to 5 carbon atoms, i.e. methyl, ethyl, propyl,
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isopropyl, butyl, 2-butyl, tert-butyl, pentyl, 2-pentyl, neopen-
tyl and 3-pentyl. Particularly preferred are alkyl groups with
l to 4 carbon atoms. There is a preference for methyl, giving
(5-acetoxymethyl)furfural. Hence, 5-acetoxymethylfurfural
is the preferred feedstock, by itself or in combination with
HMF.

[0013] In another aspect of the invention, we have also
investigated the oxidation of other furan-based substrates
under the process conditions according to the current inven-
tion. We have been able to convert 5-(chloromethyl)furfural,
5-(chloromethyl)furoic acid, 5-methylfurfural, 5-methylfu-
roic acid and 2,5-dimethylfuran all to FDCA in very interest-
ing yields.

[0014] In WO 2007/104515 and WO 2009/030512, the syn-
thesis of esters of HMF such as 5-acetoxymethylfurfural
(AMF) from biomass sources is described. Given the higher
stability of the HMF esters than HMF and hence improved
production pathways and given the fact that upon oxidation in
acetic acid the acetoxy functionality that was obtained from
acetic acid is now liberated as acetic acid and given the green
reputation ofthese esters, they were considered by the present
inventors as interesting starting point in the preparation of
furan-based monomers that could be used for the production
offurandicarboxylic acid-based polyesters, for instance as an
alternative for PET or FDCA-based polyamids (nylons). The
most important conventional, oil-based, polyester monomer
to produce PET is Purified Terephthalic acid (PTA) and its
dialkyl ester DiMethyl Terephthalate (DMT).

[0015] AMF can be obtained from biomass sources as
described in WO 2007/104515 and WO 2009/030512.

Depending on the process conditions the product obtained in
accordance with the process of these references may also
contain HMF.

[0016] FDCA, the product ofthe reaction can be used in the
preparation of a polyester, by reaction of FDCA or its dialkyl
ester with a suitable diol. Such polyester preparations are
preferably performed by transesterification, whereby the di-
methyl ester or di-ethyl ester of FDCA is used and wherein
the methyl or ethyl groups are exchanged in the form of a
volatile alcohol during the transesterification with the diol.

[0017] The oxidation catalyst can be selected from a variety
of oxidation catalysts, but is preferably a catalyst based on
both cobalt and manganese and suitably containing a source
of bromine, preferably a bromide.

[0018] The bromine source can be any compound that pro-
duces bromide ions in the reaction mixture. These com-

pounds include hydrogen bromide, sodium bromide, elemen-
tal bromine, benzyl bromide and tetrabromoethane. Also
other bromine salts, such as an alkali or alkaline earth metal
bromide or another metal bromide such as ZnBr2 can be used.
There is a preference for hydrobromic acid or sodium bro-
mide. The amount ofbromine mentioned in here relates to the
amount measured as Br relative to cobalt.

[0019] Suitable metal bromide catalysts employed in all of
the processes of this invention comprise a cobalt compound
and a manganese compound and a bromine-containing com-
pound. Preferably these compounds are soluble in the reac-
tion mixture.

[0020] Preferably, the catalyst comprises both Co and Mn.
The metal and bromide catalyst contains, in addition to bro-
mide, Co and Mn and optionally may contain one or more
additional metals, in particular Zr and/or Ce. Alternative and
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suitable catalysts are described in W. Partenheimer, Catalysis
Today 23 (2), 69-158 (1995) in particular on pages 89-99,
included herein by reference.

[0021] Each of the metal components can be provided in
any oftheir known ionic forms. Preferably the metal or metals
are in a form that is soluble in the reaction solvent. Examples
of suitable counterions for cobalt and manganese include, but
are not limited to, carbonate, acetate, acetate tetrahydrate and
halide, with bromide being the preferred halide.

[0022] As described in Partenheimer, ibid, pages 86-88,
suitable solvents for use in the processes of the present inven-
tion, described above, preferably have at least one component
that contains a monocarboxylic acid functional group. The
solvent may also function as one of the reagents. The pro-
cesses may be run in a solvent or solvent mixture that does not
contain an acid group. In that case, preferably one of the
reagents does contain a monocarboxylic acid functional
group. Suitable solvents can also be aromatic acids such as
benzoic acid and derivatives thereof. A preferred solvent is an
aliphatic C2-C6 monocarboxylic acid, such as but not limited
to acetic acid, propionic acid, n-butyric acid, isobutyric acid,
n-valeric acid, trimethylacetic acid, and caproic acid and mix-
tures thereof. Said mixtures may also include benzene, aceto-
nitrile, heptane, acetic anhydride, chlorobenzene, o-dichlo-
robenzene, and water. The most preferred solvent is acetic
acid (“ACOH”).

[0023] The oxidant in the processes ofthe present invention
is preferably an oxygen-contaimng gas or gas mixture, such
as, but not limited to air and oxygen-enriched air. Oxygen by
itself is also a preferred oxidant.

[0024] The processes of the instant invention described
above can be conducted in a batch, semi-continuous or con-
tinuous mode. Especially for the manufacture of FDCA,
operation in the batch mode with increasing temperature at
specific times, increasing pressure at specific times, variation
ofthe catalyst concentration at the beginning of the reaction,
and variation of the catalyst composition during the reaction
is desirable. For example, variation of the catalyst composi-
tion during the reaction can be accomplished by addition of
cobalt and/or manganese and/or zircomum, and/or cerium,
and/or bromide at specified times.

[0025] The pressure in a commercial oxidation process
may vary within wide ranges. When a diluent is present, and
in particular with acetic acid as diluent, the temperature and
the pressure in such a process are not independent. The pres-
sure is determined by the solvent (e.g., acetic acid) pressure at
a certain temperature. The pressure of the reaction mixture is
preferably selected such that the solvent is mainly in the
liquid phase. In practice this means that pressures between 5
and 100 bar can be used with a preference for pressures
between 10 and 80 bar. In case the oxidant is an oxygen-
containing gas, such as air, the gas can be continuously fed to
and removed from the reactor, or the gas can be supplied all at
the start of the reaction. In the latter case, the pressure of the
system will depend on the headspace volume and the amount
of gas required to convert the starting material. It is clear that
in the latter case, the pressure of the system may be signifi-
cantly higher than the pressure in a process wherein an oxy-
gen containing gas is continuously fed and removed. In the
case of continuously feeding and removing the oxidant gas to
and from the reactor, the oxygen partial pressure will suitably
be between 1 and 30 bar or more preferably between 1 and 10
bar.
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[0026] The temperature of the reaction mixture is at least
140° C., preferably from 140 and 200° C., most preferably
between 160 and 190° C. Temperatures higher than 180° C.
may lead to decarboxylation and to other degradation prod-
ucts. Good results to FDCA have been achieved at a tempera-
ture of about 180° C.

[0027] Molar ratios of cobalt to manganese (Co/Mn) are
typically 1/1000-100/1, preferably 1/100-10/1 and more pref-
erably 1/10-4/1.
[0028] Molar ratios of bromine to metals (e.g. Br/(Co+
Mn)) are typically 0.001 -5.00, preferably 0.01-2.00 and more
preferably 0.1-0.9.
[0029] Catalyst concentration (Co+Mn) is typically from
0.1 to 10 mol %, relative to the substrate, with a preference for
concentrations from 2 to 6 mol %. Good results were obtained

in general with catalyst concentrations of around 4 mol %.
[0030] The starting materials for the production of FDCA
may originate from a carbohydrate source as described above.
Examples of such disclosures are WO 2007/ 104515 and WO
2009/030512. Accordingly, the invention also provides a
method for the preparation of 2,5-furandicarboxylic acid
wherein a carbohydrate source is converted in the presence of
an alkyl carboxylic acid into products comprising an HMF
ester and optionally 5-hydroxymethyl furfural, from which is
isolated a feed comprising the ester of HMF and optionally
5-hydroxymethyl furfural, and which method further com-
prises the subsequent step of contacting the feed with an
oxidant in the presence of an oxidation catalyst, in particular
a cobalt and manganese and bromide-containing catalyst,
under appropriate reaction conditions, in particular at tem-
peratures higher than 140° C.

[0031] In another aspect, the FDCA obtained according to
the process ofthe present invention can be transformed using
common esterification reactions to a diester by contacting the
starting material under appropriate conditions with the rel-
evant alcohol. Thus, in one aspect, the invention also relates to
the use of FDCA obtained according to the process of the
current invention in the preparation of a dialkylester of 2,5-
dicarboxylic acid by reaction ofthe FDCA with a C1 -C5 alkyl
alcohol, preferably methanol to prepare the dimethyl ester of
FDCA.

[0032] Accordingly, the present invention also provides a
process for the preparation of a dialkyl ester of 2,5,-furan
dicarboxylic acid, comprising the step of contacting a feed
comprising a compound selected from the group consisting of
5-hydroxymethylfurfural (“HMF”), an ester of 5-hydroxym-
ethyl-furfural, 5-methylfurfural, 5-(chloromethyl)furfural,
5-methylfuroic acid, 5-(chloromethyl)furoic acid, 2,5-dim-
ethylfuran and a mixture of two or more of these compounds
with an oxidant in the presence of an oxidation catalyst at a
temperature higher than 140° C., and esterifying the thus
obtained product. Preferably, the product is esterified with an
alkyl alcohol, suitably having 1 to 5 carbon atoms.
[0033] The esterification of 2,5-furan dicarboxylic acid is
known. As a specific example for the manufacture of these
esters, reference is made to U.S. Pat. No. 2,673,860 wherein

the diester is obtained by transesterification of another dicar-
boxylic acid ester in the presence of sulphuric acid. A more
general description for the esterification ofdicarboxylic acids
is presented in U.S. Pat. No. 2,628,249.

[0034] In a further aspect of the invention, the di-methyl-
ester can be used in the preparation of polyester polymers by
reaction with a diol. Reacting the di-methylester with a diol
will result in the formation of methanol that quickly vapor-
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ises. In 1946 the polymerization ofFDCA dimethyl ester with
ethylene glycol was described as a first example of such a
polymerization in GB 621,971.
[0035] Indeed, polyesters are generally made by a com-
bined esterification/polycondenzation reaction between
monomer units of a diol (e.g., ethylene glycol (EG)) and a
dicarboxylic acid. Additives such as catalysts and stabilizers
may be added to facilitate the process and stabilize the poly-
ester towards degradation.

EXAMPLES

[0036] Experiments were carried out in parallel 8 ml mag-
netically stirred stainless steel batch reactors. The reactors are
grouped in blocks containing 12 batch reactors. The standard
procedure for all the reactions was as follows:
[0037] 0.5 ml of starting material stock solution in acetic
acid (0.78 mmol/ml) were added into a reactor lined with a
Teflon insert. To the reactor 1 ml ofa catalyst stock solution in
acetic acid was subsequently added. In a typical experiment,
a catalyst composition Co/Mn/Br with a relative 1-x-y ratio,
the concentration of Co(OAc)2* 4H2O was varied. As a Mn
source, Mn(OAc)2*4H2O was used and as a bromine source
NaBr was used. The reactors were closed with a rubber sep-
tum, after which the reactors were sealed and pressurized to
the desired air pressure, ranging from 20-60 bars. After pres-
surization, the block with 12 reactors was placed in the test
unit which was preheated at the desired temperature, ranging
from 100 to 220° C. After the desired reaction time, ranging
from 0.5 hr to 24 hrs, the block is placed into an ice bath for
20 minutes. When the block had cooled down, it was depres-
surized. After opening, HPLC samples were prepared. First 5
ml of a saccharine solution in DMSO (11.04 mg/ml) was
added to each reactor and the mixture was stirred for 5 min-

utes. Then 10 ul of this mixture was diluted to 1000 ul with
water in a HPLC vial. The samples were analyzed using
HPLC.

Example 1

[0038] Example 1 shows the selectivity of FDCA in the
oxidation of HMF, of a HMF/AMF 3/2 mixture, of a HMF/
AMF 2/3 mixture and ofAMF, respectively, with 2.7 mol %
Co catalyst (relative to substrate), and Co/Mn molar ratio of
1/ 1, so that the catalyst concentration (Co+Mn) amounted to
5.4 mol %. The Br/(Co+Mn) molar ratio was 1.0; 0.7; 0.4 and
0.1 at 0.26 M substrate concentration in acetic acid at 180° C.

for 1 hr with 20 bar air. The amount of oxygen was 2.69 mol
oxygen per mol substrate. Under these conditions, higher Br
amounts give higher yields but when Br/(Co+Mn)>1, corro-
sion will be a problem on commercial scale. HMF gives
slightly higher yields than AMF at one hour reaction time.
The results of these experiments are given in Table 1.

Example 2

[0039] Example 2 shows the selectivity to FDCA for the
AMF oxidation of Example 1, together with the comparative
examples based on the experimental conditions described in
U.S. 2009/0156841. In those comparative experiments (2a
and 2b) 10 wt/wt % AMF in acetic acid was oxidized with
1.75 and 2.65 mol % Co catalyst and a fixed Br/(Co+Mn)
molar ratio of 1.0 and a Co/Mn molar ratio of 1.0 at 100° C.

and 30 bar for 2 hours. The amount of oxygen was 2.88 mol
oxygen per mol substrate. Under these conditions, the yield of
FDCA was lower than the result suggested in U.S. 2009/
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0156841 and also lower than the results obtained at higher
temperature. The results of these experiments are given in
Table 2.

Example 3

[0040] Example 3 shows the yield of FDCA in the oxida-
tion of 5-methylfurfural (SMF) and 2,5-dimethylfurfural
(DMF) at 180° C. with 2.7 mol % Co catalyst (relative to
substrate), and Co/Mn ratio of 1/1, so that the catalyst con-
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centration (Co+Mn) amounted to 5.4 mol %. The Br/(Co+
Mn) molar ratio was 1.0, 0.7, 0.4 and 0.1. The substrate
concentration was 0.26 M in acetic acid. The reaction tem-

perature was at 180° C. and the reaction was conducted with
50 bars air. The amount of oxygen Was 6.7 mol oxygen per
mol substrate. Under these conditions, higher Br amounts
give higher yields but when Br/(Co+Mn)>1 , corrosionwill be
a problem on commercial scale. Reactions with 5-MF give
higher yields than reactions with DMF. The results of these
experiments are also given in Table 3.

TABLE 1

Substrate HMF/AMF Substrate

Experiment molar ratio concentration Conversion s FDCA

No. HMF AMF Br/(Co + Mn) [wt %] [%] [%]

a 1 0 1 3.3 00.00 76.66
b 3 2 1 3.8 00.00 71.19

c 2 3 1 4.0 00.00 77.66
(1 0 1 1 4.4 00.00 64.82
e 1 0 0.7 3.3 00.00 78.08
f 3 2 0.7 3.8 00.00 66.96

g 2 3 0.7 4.0 00.00 75.14
h 0 1 0.7 4.4 00.00 60.64
i 1 0 0.4 3.3 00.00 73.27

j 3 2 0.4 3.8 00.00 65.67
k 2 3 0.4 4.0 00.00 73.21
1 0 1 0.4 4.4 00.00 57.36

1m 1 0 0.1 3.3 00.00 67.92
11 3 2 0.1 3.8 00.00 60.92

0 2 3 0.1 4.0 00.00 69.64

p 0 1 0.1 4.4 00.00 46.85

TABLE 2

Catalyst
Reaction concentration Br/ Substrate

Experiment Temp time [(Co + Mn) (Co + O2/Subs concentration Conversion s FDCA
No. [° C.] [Hours] mol %] Mn/Co Mn) [mol/mol] [Wt %] [%] [%]

1d 180 1 5.4 1 1 2.69 4.4 100.00 64.82
1h 180 1 5.4 1 0.7 2.69 4.4 100.00 60.64
11 180 1 5.4 1 0.4 2.69 4.4 100.00 57.36
1p 180 1 5.4 1 0.1 2.69 4.4 100.00 46.85
2a 100 2 3.5 1 1 2.88 10.0 100.00 23.48
2b 100 2 5.3 1 1 2.88 10.0 100.00 29.05

TABLE 3

Reaction Substrate
Experiment time Br/ O2/Subs concentration Conversion s FDCA

No. Substrate [Hours] (Co + Mn) [mol/mol] [Wt %] [%] [%]

3a 5-MF 1 1 6.7 2.9 100.00 42.62
3b 5-MF 1 0.7 6.7 2.9 100.00 39.94
3c DMF 1 1 6.7 2.5 100.00 16.17
3d DMF 1 0.7 6.7 2.5 100.00 14.09
3e DMF 1 0.4 6.7 2.5 100.00 11.30
3f DMF 1 0.1 6.7 2.5 100.00 7.19
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1. A method for the preparation of 2,5-furan dicarboxylic
acid comprising the step of contacting a feed comprising a
compound selected from the group consisting of 5-hy-
droxymethylfurfural (“HMF”), an ester of 5 -hydroxymethyl-
furfural, 5-methylfurfural, 5-(chloromethyl)furfural, 5-meth-
ylfuroic acid, 5-(chloromethyl)furoic acid, 2,5-
dimethylfuran and a mixture of two or more of these
compounds with an oxidant in the presence of an oxidation
catalyst at a temperature higher than 140° C.

2. The method according to claim 1, wherein the feed
comprises a compound selected from the group consisting of
5-hydroxymethylfurfural (“HMF”), esters of HMF and a
mixture thereof.

3. The method according to claim 1, wherein the oxidation
catalyst comprises at least one metal selected from the group
consisting of Co and Mn.

4. The method according to claim 1, wherein the oxidation
catalyst comprises a source of bromine.

5. The method according to claim 4, wherein the oxidation
catalyst contains both Co and Mn.

6. The method according to claim 5, wherein the oxidation
catalyst comprises at least one additional metal.

7. The method according to claim 6, wherein the additional
metal is Zr and/or Ce.

8. The method according to claim 1, wherein the oxidant is
selected from oxygen, air or other oxygen-containing gases.

9. The method according to claim 1, wherein the tempera-
ture is between 140 and 200° C., most preferably between 160
and 190° C.

10. The method according to claim 1, wherein a solvent or
solvent mixture is present, preferably comprising a solvent

Petitioners‘ Exhibit 1011, Page 336 of 629
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containing a monocarboxylic acid functional group, more
preferably acetic acid or acetic acid and water mixtures.

11. The method according to claim 1, wherein the feed
comprises an ester of HMF containing an ester moiety of an
alkyl carboxylic acid wherein the alkyl group contains up to 6
carbon atoms, preferably from 1 to 5 carbon atoms.

12. A process for the preparation of a dialkyl ester of
2,5,-furan dicarboxylic acid, comprising the step of contact-
ing a feed comprising a compound selected from the group
consisting of 5-hydroxymethylfurfural (“HMF”), an ester of
5 -hydroxymethyl-furfural, 5 -methylfurfural, 5 - (chlorom-
ethyl)furfural, 5-methylfuroic acid, 5-(chloromethyl)furoic
acid, 2,5-dimethylfuran and a mixture oftwo or more ofthese
compounds with an oxidant in the presence of an oxidation
catalyst at a temperature higher than 140° C., and esterifying
the thus obtained product.

13. The process according to claim 12, wherein the product
is esterified with a C1-C5 alkyl alcohol.

14. The process according to claim 13, wherein the C1-C5
alkyl alcohol is methanol and the dialkyl ester is the dimethy-
lester of 2,5-furan dicarboxylic acid.

15. A method for the preparation of 2,5-furandicarboxylic
acid wherein a carbohydrate source is converted in the pres-
ence of an alkyl carboxylic acid into products comprising an
HMF ester and optionally 5-hydroxymethyl furfural, from
which is isolated a feed comprising the ester of HMF and
optionally 5-hydroxymethyl furfural, and which method
comprises further the subsequent step of contacting the feed
with an oxidant in the presence of an oxidation catalyst,
preferably a cobalt and manganese and bromide-containing
catalyst, under appropriate reaction conditions.

* * * * *
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fural (“HMF”), an ester of 5-hydroxymethyl-furfural, 5-me-
thylfurfural, 5-(chloromethyl)furfural, 5-methylfuroic acid,
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ture oftwo or more ofthese compounds with an oxidant in the
presence ofan oxidation catalyst at a temperature higher than
140° C.
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1
METHOD FOR THE PREPARATION OF

2,5-FURANDICARBOXYLIC ACID AND FOR
THE PREPARATION OF THE DIALKYL

ESTER OF 2,5—FURANDICARBOXYLIC ACID

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is the National Stage of International
Application No. PCT/NL2010/050654, filed Oct. 6, 2010,
which claims the benefit of Netherlands Application No.
2003606, filed Oct. 7, 2009, and U.S. Provisional Application
No. 61/249,395, filed Oct. 7, 2009, the contents of all of

which are incorporated by reference herein.

FIELD OF THE INVENTION

The present invention relates to a method for the prepara-
tion of 2,5-furandicarboxylic acid (“FDCA”) from 5-hy-
droxymethylfurfural (“HMF”) and/or derivatives thereof.
FDCA can be produced in particular from esters of HMF,
such as for example 5-acetoxymethylfurfural (AMF) or a
mixture of one or more of these compounds with HMF, such
as for example from a mixture ofAMF and HMF. The inven-
tion further relates to a process for the preparation of the
dialkyl ester of 2,5-furandicarboxylic acid.

BACKGROUND OF THE INVENTION

2,5-Furandicarboxylic acid, also known as dehydromucic
acid is a furan derivative. This organic compound was first
obtained by Fittig and Heinzelmann in 1876. The first review,
by Henry Hill was published in 1901 (Am. Chem. Journ. 25,
439). FDCA was more than 125 years later identified by the
US Department of Energy as one of 12 priority chemicals for
establishing the “green” chemistry industry of the future.
However, to date, no commercial process exists for its pro-
duction. On laboratory scale it is often synthesized from
5-hydroxymethylfurfural (HMF), which in turn can be
obtained from carbohydrate containing sources such as glu-
cose, fructose, sucrose and starch. From fructose and glucose
HMF is obtained by acidic elimination of three moles of
water.

The derivatives of HMF are identified as potential and
versatile fuel components and precursors for the production
of plastics. The polyester from FDCA dimethyl diester and
ethylene glycol was first reported in 1946 (GB 621,971).

WO 01/72732 describes the oxidation of HMF to FDCA.

The maximum FDCA yield reported is 59%, obtained at 105°
C. The oxidation ofHMF in an aqueous medium with oxygen
using a catalyst from the Pt-group is described in U.S. Pat.
No. 4,977,283. Taaming et al. described the oxidation of
HMF over gold based catalysts (ChemSusChem, 2008, 1,
1-4).

Partenheimer et al (Adv. Synth. Catal. 2001, 343, pp 102-
11) describe the synthesis of 2,5-furandicarboxylic acid by
catalytic air-oxidation of 5-hydroxymethylfurfural with
metal/bromide catalysts such as Co/Mn/Br in acetic acid at
temperatures ranging from 50 to 125° C. With the Co/Mn/Br
catalyst the highest FDCA yield obtained is 35.2% (Table 3,
experiment 4). On page 103 of the same paper, under the
header “products formed” it is stated: “A side reaction is the
esterification of the alcohols to form the more oxidatively
stable acetate . . . ” As apparently 5-hydroxymethylfurfural
reacts with acetic acid a loss of the starting material takes
place. Further, in the reaction scheme given in FIG. 1 on page
103, it is indicated that 5-(acetoxymethyl)furfural is an end-
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point. There is no further reaction of this compound indicated
to FDCA (in contrast to the ester of the intermediate product
5-(acetoxymethyl)furan-2-carboxylic acid). In other words,
the 5-(acetoxymethyl)furfural (AMF) formed through reac-
tion ofHMF with acetic acid solvent, is not oxidized to FDCA

and its formation leads therefore to yield loss.
This result was confirmed in U.S. 2009/01 5684 1 .Although

the intention of the process according to U.S. 2009/0156841
was to obtain FDCA, the product isolated and erroneously
characterized as being FDCA was in fact the starting material
acetoxymethyl furfural (AMF). Under the low temperature
conditions deployed (100° C.), AMF is quite stable, as was
already reported by Partenheimer (see above).

In U.S. 2009/0156841 a 1H NMR spectrum is shown in
FIG. 8 and suggested that it is the spectrum ofthe product that
was identified as FDCA. However, this is not the case. The 1H
NMR spectrum ofthe product shown in FIG. 8 is the same as
that in FIG. 6 and represents the starting material AMF. The
1H NMR spectrum of FDCA shows a singlet at a shift of
about 7.26 ppm. Moreover, the product is described as a tan
solid. In the experience of the present inventors, AMF is a tan
solid, while FDCA is a white solid. It would seem that no
FDCA was obtained in the experiments according to U.S.
2009/0156841.

The experiments executed under the conditions of U.S.
2009/0156841 were repeated. These comparative experi-
ments confirm the low reactivity of AMF under conditions
given in U.S. 2009/0156841. Thus, a person skilled in the art
would therefore have concluded that FDCA cannot be

obtained in interesting yields from AMF using the conditions
that are reported in U.S. 2009/0156841, i.e., using a Co/Mn/
Br catalyst in acetic acid at between 85 and 110° C. within a
time frame of from 100 and 150 minutes. In Example 7 of
U.S. 2009/0156841, slightly more than 50% of the starting
material was the only product isolated from the reaction.

SUMMARY OF THE INVENTION

The present inventors have now surprisingly found that
when using an oxidation catalyst, e.g., based on both cobalt
and manganese and containing a bromide, at temperatures
higher than 140° C., derivatives of HMF, and in particular
esters of HMF optionally in combination with HMF, such as
for example 5-(acetoxymethyl)furfural (AMF) can be oxi-
dized to FDCA in high yields.

DETAILED DESCRIPTION OF THE INVENTION

Thus, in a first aspect the invention provides a method for
the preparation of2,5-furan dicarboxylic acid comprising the
step of contacting a feed comprising a compound selected
from the group consisting of 5-hydroxymethylfurfural
(“HMF”), an ester of 5-hydroxymethyl-furfural, 5-methyl-
furfural, 5-(chloromethyl)furfural, 5-methylfuroic acid,
5-(chloromethyl)furoic acid, 2,5-dimethylfuran and a mix-
ture oftwo or more ofthese compounds with an oxidant in the
presence ofan oxidation catalyst at a temperature higher than
140° C. The feed may optionally comprise 5-hydroxymeth-
ylfurfural as a further compound.

The invention described hereinafter may use any of the
compounds described above in the feed. A preferred ester of
HMF contains an ester moiety of an alkyl carboxylic acid
wherein the alkyl group contains up to 6 carbon atoms, pref-
erably from 1 to 5 carbon atoms, i.e. methyl, ethyl, propyl,
isopropyl, butyl, 2-butyl, tert-butyl, pentyl, 2-pentyl, neopen-
tyl and 3-pentyl. Particularly preferred are alkyl groups with
1 to 4 carbon atoms. There is a preference for methyl, giving



Petitioners' Exhibit 1011, Page 339 of 629

US 8,865,921 B2

3

(5-acetoxymethyl)furfural. Hence, 5-acetoxymethylfurfural
is the preferred feedstock, by itself or in combination with
HMF.

In another aspect of the invention, we have also investi-
gated the oxidation of other furan-based substrates under the
process conditions according to the current invention. We
have been able to convert 5-(chloromethyl)furfural, 5-(chlo-
romethyl)furoic acid, 5-methylfiirfural, 5-methylfuroic acid
and 2,5-dimethylfuran all to FDCA in very interesting yields.

In WO 2007/ 104515 and WO 2009/030512, the synthesis
of esters of HMF such as 5-acetoxymethylfurfural (AMF)
from biomass sources is described. Given the higher stability
ofthe HMF esters than HMF and hence improved production
pathways and given the fact that upon oxidation in acetic acid
the acetoxy functionality that was obtained from acetic acid is
now liberated as acetic acid and given the green reputation of
these esters, they were considered by the present inventors as
interesting starting point in the preparation of furan-based
monomers that could be used for the production of furandi-
carboxylic acid-based polyesters, for instance as an alterna-
tive for PET or FDCA-based polyamids (nylons). The most
important conventional, oil-based, polyester monomer to
produce PET is Purified Terephthalic acid (PTA) and its
dialkyl ester DiMethyl Terephthalate (DMT).

AMF canbe obtained from biomass sources as described in

WO 2007/104515 and WO 2009/030512. Depending on the
process conditions the product obtained in accordance with
the process of these references may also contain HMF.

FDCA, the product of the reaction can be used in the
preparation of a polyester, by reaction of FDCA or its dialkyl
ester with a suitable diol. Such polyester preparations are
preferably performed by transesterification, whereby the di-
methyl ester or di-ethyl ester of FDCA is used and wherein
the methyl or ethyl groups are exchanged in the form of a
volatile alcohol during the transesterification with the diol.

The oxidation catalyst can be selected from a variety of
oxidation catalysts, but is preferably a catalyst based on both
cobalt and manganese and suitably containing a source of
bromine, preferably a bromide.

The bromine source can be any compound that produces
bromide ions in the reaction mixture. These compounds
include hydrogen bromide, sodium bromide, elemental bro-
mine, benzyl bromide and tetrabromoethane. Also other bro-
mine salts, such as an alkali or alkaline earth metal bromide or

another metal bromide such as ZnBr2 can be used. There is a
preference for hydrobromic acid or sodium bromide. The
amount of bromine mentioned in here relates to the amount
measured as Br relative to cobalt.

Suitable metal bromide catalysts employed in all of the
processes of this invention comprise a cobalt compound and
a manganese compound and a bromine-contaimng com-
pound. Preferably these compounds are soluble in the reac-
tion mixture.

Preferably, the catalyst comprises both Co and Mn. The
metal and bromide catalyst contains, in addition to bromide,
Co and Mn and optionally may contain one or more additional
metals, in particular Zr and/or Ce. Alternative and suitable
catalysts are described in W. Partenheimer, Catalysis Today
23 (2), 69-158 (1995) in particular on pages 89-99, included
herein by reference.

Each of the metal components can be provided in any of
their known ionic forms. Preferably the metal or metals are in
a form that is soluble in the reaction solvent. Examples of
suitable counterions for cobalt and manganese include, but
are not limited to, carbonate, acetate, acetate tetrahydrate and
halide, with bromide being the preferred halide.
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As described in Partenheimer, ibid, pages 86-88, suitable
solvents for use in the processes of the present invention,
described above, preferably have at least one component that
contains a monocarboxylic acid functional group. The sol-
vent may also function as one of the reagents. The processes
may be run in a solvent or solvent mixture that does not
contain an acid group. In that case, preferably one of the
reagents does contain a monocarboxylic acid functional
group. Suitable solvents can also be aromatic acids such as
benzoic acid and derivatives thereof. A preferred solvent is an
aliphatic C2-C6 monocarboxylic acid, such as but not limited
to acetic acid, propionic acid, n-butyric acid, isobutyric acid,
n-valeric acid, trimethylacetic acid, and caproic acid and mix-
tures thereof. Said mixtures may also include benzene, aceto-
nitrile, heptane, acetic anhydride, chlorobenzene, o-dichlo-
robenzene, and water. The most preferred solvent is acetic
acid (“ACOH”).

The oxidant in the processes of the present invention is
preferably an oxygen-containing gas or gas mixture, such as,
but not limited to air and oxygen-enriched air. Oxygen by
itself is also a preferred oxidant.

The processes ofthe instant invention described above can
be conducted in a batch, semi-continuous or continuous

mode. Especially for the manufacture of FDCA, operation in
the batch mode with increasing temperature at specific times,
increasing pressure at specific times, variation ofthe catalyst
concentration at the beginning of the reaction, and variation
of the catalyst composition during the reaction is desirable.
For example, variation ofthe catalyst composition during the
reaction can be accomplished by addition of cobalt and/or
manganese and/or zirconium, and/or cerium, and/or bromide
at specified times.

The pressure in a commercial oxidation process may vary
within wide ranges. When a diluent is present, and in particu-
lar with acetic acid as diluent, the temperature and the pres-
sure in such a process are not independent. The pressure is
determined by the solvent (e.g., acetic acid) pressure at a
certain temperature. The pressure of the reaction mixture is
preferably selected such that the solvent is mainly in the
liquid phase. In practice this means that pressures between 5
and 100 bar can be used with a preference for pressures
between 10 and 80 bar. In case the oxidant is an oxygen-
containing gas, such as air, the gas can be continuously fed to
and removed from the reactor, or the gas can be supplied all at
the start of the reaction. In the latter case, the pressure of the
system will depend on the headspace volume and the amount
of gas required to convert the starting material. It is clear that
in the latter case, the pressure of the system may be signifi-
cantly higher than the pressure in a process wherein an oxy-
gen containing gas is continuously fed and removed. In the
case of continuously feeding and removing the oxidant gas to
and from the reactor, the oxygen partial pressure will suitably
be between 1 and 30 bar or more preferably between 1 and 10
bar.

The temperature of the reaction mixture is at least 140° C.,
preferably from 140 and 200° C., most preferably between
160 and 190° C. Temperatures higher than 180° C. may lead
to decarboxylation and to other degradation products. Good
results to FDCA have been achieved at a temperature ofabout
180° C.

Molar ratios of cobalt to manganese (Co/Mn) are typically
1/1000-100/ 1, preferably 1/ 100-10/1 and more preferably
1/ 1 0-4/ 1 .

Molar ratios of bromine to metals (e.g. Br/(Co+Mn)) are
typically 0.001-5.00, preferably 0.01-2.00 and more prefer-
ably 0.1-0.9.
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Catalyst concentration (Co+Mn) is typically from 0.1 to 10
mol %, relative to the substrate, with a preference for concen-
trations from 2 to 6 mol %. Good results were obtained in

general with catalyst concentrations of around 4 mol %.
The starting materials for the production of FDCA may

originate from a carbohydrate source as described above.
Examples of such disclosures are WO 2007/ 104515 and WO
2009/030512. Accordingly, the invention also provides a
method for the preparation of 2,5-furandicarboxylic acid
wherein a carbohydrate source is converted in the presence of
an alkyl carboxylic acid into products comprising an HMF
ester and optionally 5-hydroxymethyl furfural, from which is
isolated a feed comprising the ester of HMF and optionally
5-hydroxymethyl furfural, and which method further com-
prises the subsequent step of contacting the feed with an
oxidant in the presence of an oxidation catalyst, in particular
a cobalt and manganese and bromide-containing catalyst,
under appropriate reaction conditions, in particular at tem-
peratures higher than 140° C.

In another aspect, the FDCA obtained according to the
process of the present invention can be transformed using
common esterification reactions to a diester by contacting the
starting material under appropriate conditions with the rel-
evant alcohol. Thus, in one aspect, the invention also relates to
the use of FDCA obtained according to the process of the
current invention in the preparation of a dialkylester of 2,5-
dicarboxylic acid by reaction ofthe FDCA with a C1 -C5 alkyl
alcohol, preferably methanol to prepare the dimethyl ester of
FDCA.

Accordingly, the present invention also provides a process
for the preparation ofa dialkyl ester of2,5,-furan dicarboxylic
acid, comprising the step of contacting a feed comprising a
compound selected from the group consisting of 5-hy-
droxymethylfurfural (“HMF”), an ester of 5 -hydroxymethyl-
furfural, 5-methylfurfural, 5-(chloromethyl)furfural, 5-meth-
ylfuroic acid, 5-(chloromethyl)furoic acid, 2,5-
dimethylfuran and a mixture of two or more of these
compounds with an oxidant in the presence of an oxidation
catalyst at a temperature higher than 140° C., and esterifying
the thus obtained product. Preferably, the product is esterified
with an alkyl alcohol, suitably having 1 to 5 carbon atoms.

The esterification of 2,5-furan dicarboxylic acid is known.
As a specific example for the manufacture of these esters,
reference is made to U.S. Pat. No. 2,673,860 wherein the
diester is obtained by transesterification of another dicar-
boxylic acid ester in the presence of sulphuric acid. A more
general description for the esterification ofdicarboxylic acids
is presented in U.S. Pat. No. 2,628,249. Accordingly, the
invention provides a process for the preparation of a dialkyl
ester of 2,5,-furan dicarboxylic acid, comprising the step of
contacting a feed comprising a compound selected from the
group consisting of 5-hydroxymethylfurfural (“HMF”), an
ester of 5-hydroxymethyl-furfural, 5-methylfurfural,
5-(chloromethyl)furfural, 5-methylfuroic acid, 5-(chlorom-
ethyl)furoic acid, 2,5-dimethylfuran and a mixture of two or
more of these compounds with an oxidant in the presence of
an oxidation catalyst at a temperature higher than 140° C., and
esterifying the thus obtained product.

In a further aspect of the invention, the di-methylester can
be used in the preparation of polyester polymers by reaction
with a diol. Reacting the di-methylester with a diol will result
in the formation of methanol that quickly vaporises. In 1946
the polymerization of FDCA dimethyl ester with ethylene
glycol was described as a first example of such a polymeriza-
tion in GB 621,971.

Indeed, polyesters are generally made by a combined
esterification/polycondenzation reaction between monomer
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units of a diol (e.g., ethylene glycol (EG)) and a dicarboxylic
acid. Additives such as catalysts and stabilizers may be added
to facilitate the process and stabilize the polyester towards
degradation.

EXAMPLES

Experiments were carried out in parallel 8 ml magnetically
stirred stainless steel batch reactors. The reactors are grouped
in blocks containing 12 batch reactors. The standard proce-
dure for all the reactions was as follows:

0.5 ml of starting material stock solution in acetic acid
(0.78 mmol/ml) were added into a reactor lined with a Teflon
insert. To the reactor 1 ml ofa catalyst stock solution in acetic
acid was subsequently added. In a typical experiment, a cata-
lyst composition Co/Mn/Br with a relative 1-x-y ratio, the
concentration of Co(OAc)2* 4H2O was varied. As a Mn
source, Mn(OAc)2*4H2O was used and as a bromine source
NaBr was used. The reactors were closed with a rubber sep-
tum, after which the reactors were sealed and pressurized to
the desired air pressure, ranging from 20-60 bars. After pres-
surization, the block with 12 reactors was placed in the test
unit which was preheated at the desired temperature, ranging
from 100 to 220° C. After the desired reaction time, ranging
from 0.5 hr to 24 hrs, the block is placed into an ice bath for
20 minutes. When the block had cooled down, it was depres-
surized. After opening, HPLC samples were prepared. First 5
ml of a saccharine solution in DMSO (1 1.04 mg/ml) was
added to each reactor and the mixture was stirred for 5 min-

utes. Then 10 ul of this mixture was diluted to 1000 ul with
water in a HPLC vial. The samples were analyzed using
HPLC.

Example 1

Example 1 shows the selectivity of FDCA in the oxidation
of HMF, of a HMF/AMF 3/2 mixture, of a HMF/AMF 2/3
mixture and ofAME, respectively, with 2.7 mol % Co catalyst
(relative to substrate), and Co/Mn molar ratio of 1/ 1, so that
the catalyst concentration (Co+Mn) amounted to 5.4 mol %.
The Br/(Co+Mn) molar ratio was 1.0; 0.7; 0.4 and 0.1 at 0.26
M substrate concentration in acetic acid at 180° C. for 1 hr

with 20 bar air. The amount of oxygen was 2.69 mol oxygen
per mol substrate. Under these conditions, higher Br amounts
give higher yields but when Br/(Co+Mn)>1 , corrosion will be
a problem on commercial scale. HMF gives slightly higher
yields than AMF at one hour reaction time. The results of
these experiments are given in Table 1.

Example 2

Example 2 shows the selectivity to FDCA for the AMF
oxidation of Example 1, together with the comparative
examples based on the experimental conditions described in
U.S. 2009/0156841. In those comparative experiments (2a
and 2b) 10 wt/wt % AMF in acetic acid was oxidized with
1.75 and 2.65 mol % Co catalyst and a fixed Br/(Co+Mn)
molar ratio of 1.0 and a Co/Mn molar ratio of 1.0 at 100° C.

and 30 bar for 2 hours. The amount of oxygen was 2.88 mol
oxygen per mol substrate. Under these conditions, the yield of
FDCA was lower than the result suggested in U.S. 2009/
0156841 and also lower than the results obtained at higher
temperature. The results of these experiments are given in
Table 2.

Example 3

Example 3 shows the yield of FDCA in the oxidation of
5-methylfurfural (5MF) and 2,5-dimethylfurfural (DMF) at



Petitioners' Exhibit 1011, Page 341 of 629

US 8,865,921 B2

7

180° C. with 2.7 mol % Co catalyst (relative to substrate), and
Co/Mn ratio of 1/1, so that the catalyst concentration (Co+
Mn) amounted to 5.4 mol %. The Br/(Co+Mn) molar ratio
was 1.0, 0.7, 0.4 and 0.1. The substrate concentration was
0.26 M in acetic acid. The reaction temperature was at 180° C.
and the reaction was conducted with 50 bars air. The amount

ofoxygen was 6.7 mol oxygen per mol substrate. Under these
conditions, higher Br amounts give higher yields but when
Br/(Co+Mn)>1, corrosion will be a problem on commercial
scale. Reactions with 5-MF give higher yields than reactions
with DMF. The results of these experiments are also given in
Table 3.

8

compounds with an oxygen-containing gas, in the presence of
an oxidation catalyst comprising both Co and Mn, and further
a source of bromine, at a temperature between 140° C. and
200° C. at an oxygen partial pressure of 1 to 10 bar, wherein
a solvent or solvent mixture comprising acetic acid or acetic
acid and water mixtures is present.

2. The method according to claim 1, wherein the feed
comprises a compound selected from the group consisting of
5-hydroxymethylfurfural (“HMF”), esters of HMF and a

10 mixture thereof.

3. The method according to claim 1, wherein the oxidation
catalyst comprises at least one additional metal.

TABLE 1

Substrate HMF/AMF Substrate

Experiment molar ratio concentration Conversion s FDCA

No. HMF AMF Br/(Co + Mn) [wt %] [%] [%]

a 1 0 1 3.3 00.00 76.66
b 3 2 1 3.8 00.00 71.19
c 2 3 1 4.0 00.00 77.66
(1 0 1 1 4.4 00.00 64.82
e 1 0 0.7 3.3 00.00 78.08
f 3 2 0.7 3.8 00.00 66.96
g 2 3 0.7 4.0 00.00 75.14
h 0 1 0.7 4.4 00.00 60.64
i 1 0 0.4 3.3 00.00 73.27

j 3 2 0.4 3.8 00.00 65.67
k 2 3 0.4 4.0 00.00 73.21
1 0 1 0.4 4.4 00.00 57.36

1m 1 O 0.1 3.3 00.00 67.92
n 3 2 0.1 3.8 00.00 60.92
0 2 3 0.1 4.0 00.00 69.64
p 0 1 0.1 4.4 00.00 46.85

TABLE 2

Catalyst
Reaction concentration Br/ Substrate

Experiment Temp time [(Co + Mn) (Co + O2/Subs concentration Conversion s FDCA
No. [° C.] [Hours] mol %] Mn/Co Mn) [mol/mol] [wt %] [%] [%]

1d 180 1 5.4 1 1 2.69 4.4 100.00 64.82
1h 180 1 5.4 1 0.7 2.69 4.4 100.00 60.64
11 180 1 5.4 1 0.4 2.69 4.4 100.00 57.36
1p 180 1 5.4 1 0.1 2.69 4.4 100.00 46.85
2a 100 2 3.5 1 1 2.88 10.0 100.00 23.48
2b 100 2 5.3 1 1 2.88 10.0 100.00 29.05

TABLE 3

Reaction Substrate
Experiment time Br/ O2/Subs concentration Conversion s FDCA

No. Substrate [Hours] (Co + Mn) [mol/mol] [wt %] [%] [%]

3a 5-MF 1 1 6.7 2.9 100.00 42.62
3b 5-MF 1 0.7 6.7 2.9 100.00 39.94
3c DMF 1 1 6.7 2.5 100.00 16.17
3d DMF 1 0.7 6.7 2.5 100.00 14.09
3e DMF 1 0.4 6.7 2.5 100.00 11.30
3f DMF 1 0.1 6.7 2.5 100.00 7.19

The invention claimed is: 60 4. The method according to claim 3, wherein the additional
1. A method for the preparation of 2,5-furan dicarboxylic

acid comprising the step of contacting a feed comprising a
compound selected from the group consisting of 5-hy-
droxymethylfurfural (“HMF”), an ester of 5 -hydroxymethyl-
furfural, 5 -methylfurfural, 5 - (chloromethyl)furfural, 5 -meth- 65
ylfuroic acid, 5-(chloromethyl)furoic acid, 2,5-
dimethylfuran and a mixture of two or more of these
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metal is Zr and/or Ce.

5. The method according to claim 1, wherein the tempera-
ture is between 160 and 190° C.

6. The method according to claim 1, wherein the feed
comprises an ester of HMF having an ester moiety of an alkyl
carboxylic acid wherein the alkyl group has up to 6 carbon
atoms.
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7. A process for the preparation of a dialkyl ester of 2,5,-
furan dicarboxylic acid, comprising the step of contacting a
feed comprising a compound selected from the group con-
sisting of 5-hydroxymethylfurfural (“HMF”), an ester of
5-hydroxymethyl-furfural, 5-methylfurfural, 5-(chlorom- 5
ethyl)furfiJral, 5-methylfuroic acid, 5-(chloromethyl)furoic
acid, 2,5-dimethylfuran and a mixture oftwo or more ofthese
compounds with an oxygen-containing gas in the presence of
an oxidation catalyst comprising both Co and Mn, and further
a source of bromine, at a temperature between 140° C. and 10
200° C. at an oxygen partial pressure of l to 10 bar, wherein
a solvent or solvent mixture comprising acetic acid or acetic
acid and water mixtures is present, and esterifying the thus
obtained product.

8. The process according to claim 7, wherein the product is 15
esterified with a C1 -C5 alkyl alcohol.

9. The process according to claim 8, wherein the Cl-C5
alkyl alcohol is methanol and the dialkyl ester is the dimethy-
lester of 2,5-furan dicarboxylic acid.

10. A method according to claim 2, wherein the feed com- 20
prises an HMF ester and optionally 5-hydroxymethyl fur-
fural, which has been obtained by converting a carbohydrate
source in the presence of an alkyl carboxylic acid.

=i< >|< =i< =i< =i=
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Verfahren zur Oxidation von 5-Hydroxymethyifurfural

Die voriiegende Erfindung betrifft die katalytische Oxidation von 5-Hydroxymethyifurfural zu vielseitig
verwendbaren Produkten. die insbesondere als Zwischenprodukte zur Herstellung von Tensiden, Kunststof-

fen und Harzen eingesetzt werden kbnnen.
Es ist bekannt, 5-Hydroxymethylfurfural ohne Mitverwendung von Katalysatoren mit verschiedenen

5 Oxidationsmitteln. wie konzentrierter Salpetersaure (J.J. Blanksma, Chemisches Zentraibiatt 1910 1, 539)

oder einer Mischung aus Dimethyisulfoxid einerseits und Essigsaureanhydrid Distickstofftetroxid oder
Salpetersaure andererseits zu oxidieren (Morikawa, Chem. Abstr. Vol. 92 (1980), 19B181a).

Bei der Oxidation werden im wesentlichen drei Reaktionsprodukte gefunden:

/ \

-1 DEC 0 COOK 5-Fomylfuran-2-carbonsaure

/\ -'/

Hg-;g2' o CH0 oac o CHO 2,5-Dif‘onny1f‘uran
20

5-Hydroxymethyl-

furfural. - . /
300C 0 Qgg Furan-2,5-dicarbonséure

Die bisher bekannten Methoden zur Herstellung von Oxidationsprodukten des 5-Hydroxymethylfurfurals
sind jedoch mit erhebiichen Nachteilen behaftet. Bei Verwendung der herktimmlichen Reagenzien Salpeter-

sfiure, Distickstofftetroxid und Dimethylsulfoxid entstehen in Abhangigkeit von den jeweiligen Fieagenzien

zwangslaufig groize Mengen an unerwiinschten Produkten, wie nitrose Gase oder Schwefei-Verbindungen,

deren Entsorgung einen betrachtiichen Aufwand erfordert. Ebenso ist es sehr aufwendig, bei der Aufarbei-

tung iiberschiissiges Oxidationsmittel abzutrennen. Es besteht somit ein Bedan‘ an einem Verfahren zur
Oxidation von 5-Hydroxymethylfurfurai, das ohne die genannten Nachteiie in technisch einfacher Weise

durchgeftihrt werden kann.

Gegenstand der Erfindung ist ein Verfahren zur Oxidation von 5-Hydroxymethylfurfurai, das dadurch

gekennzeichnet ist, daii 5-Hydroxymethylfurfurai in w'a'Brigem Medium mit Sauerstoff als Oxidationsmittel in
Gegenwart eines Kataiysators. der mindestens ein Platinmetali enthalt, oxidiert wird.

Als Katalysatoren eignen sich solche, die Metalle der Platingruppe, wie Iridium. Rhodium, Ruthenium.
vorteiihaft aber Palladium und/oder Platin, enthaiten. Ganz besonders bevorzugt sind Kataiysatoren, die als

Platinmetail nur Platin enthaiten. vorzugsweise sind die Platinmetaile auf einem Trager, insbesondere auf

Aktivkohie aufgebracht. Der Gehalt des Kataiysators an dem Metall, insbesondere Platin, iiegt vorzugsweise

bei 1 bis 10 Gew.-°/a. Geeignete Katalysatoren sind beispielsweise handelsiibliche Katalysatoren mit 5 bis
10 Gew.-% Platin auf Aktivkohle.

Die Konzentration des 5-Hydroxymethyifurfurais in dem waflrigen Medium kann in weiten Grenzen

schwanken. vorzugsweise wird es in einer Menge von 5 bis 30, insbesondere 10 bis 20 G6W.'°/o, bezogen
auf die Menge von Wasser und Losungsvermittler, eingesetzt.

Um das Ausfallen von Reaktionsprodukten wéhrend der Oxidation zu vermeiden, hat es sich insbeson-
dere bei héiheren Konzentrationen als vorteilhaft erwiesen. einen unter den Reaktionsbedingungen gegen-

Uber den Reaktionsteilnehmern inerten Ltisungsvermittler, vorzugsweise in einer Konzentration von 10 bis

75 GBW.-°/5, insbesondere 30 bis 50 Gew.-%, bezogen auf die Menge an Wasser und Ldsungsvermittier,
einzusetzen. Zweckmiiliig werden solche Lbsungsvermittler verwendet, die beim Durchieiten von Sauerstoff

durch die wéfirige Lbsung relativ wenig fliichtig sind. so dafl eine Explosionsgefahr im Dampfraum

weitgehend vermieden wird; auf der anderen Seite werden solche Lifisungsvermittler bevorzugt, die nach
der Oxidation ieicht abtrennbar sind, beispielsweise durch Destillation.

25
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Geeignete Lfisungsvermittler sind beispielsweise Glykoléither ohne freie OH-Gruppen, wie Giykoiather
der Formel Fi‘O[CH2CH(CHa)O],.Fi2, wobei n eine ganze Zahl von 1 bis 4 ist und R‘ und F12 jeweils
unabh'a'ngig voneinander C1-C4-Aikyl bedeuten. Besonders geeignet sind die Dimethyl-, Diéithyi- oder
Methyl-athyl-father und die entsprechenden Propyiengiykoialther der genannten allgemeinen Formel mit

5 Siedepunkten im Bereich von 100 bis etwa 250°C, beispieisweise Triathyiengiykoldimethylather und
insbesondere Diathylenglykoidimethylather. Auch andere Kther, wie Kronenather. sind als Lfisungsvermittler
geeignet, wobei im Einzelfall der Aufwand f'Lir die Abtrennung und die Kosten fLir den Einsatz der
Lfisungsvermittier bei der Wirtschaftlichkeit des Verfahrens besonders beriicksichtigt werden miissen.

Bevorzugtes Oxidationsmittel ist reiner Sauerstoff. Es kijnnen jedoch auch Mischungen von Sauerstoff
10 mit unter den Reaktionsbedingungen inerten Gasen, z.B. in Form von Luft, beispielsweise Mischungen von

Sauerstoff mit lnertgasen oder mit Luft. verwendet werden.

im allgemeinen arbeitet man bei einem Gesamtdruck zwischen 0,5 und 100 bar. Bei steigendem
Sauerstoffpartialdruck steigt die Reaktionsgeschwindigkeit deutiich an; jedoch kann hinsichtlich der Wiri-
schaftiichkeit des Verfahrens der Vorteil der htiheren Reaktionsgeschwindigkeit durch den bei Anwendung

15 von hcbherem Druck erforderlichen hdheren apparativen Aufwand Uberkompensiert werden. Bevorzugt ist ein

Druckbereich von Atmospharendruck bis 10 bar (absolut), wobei das Arbeiten bei Atmosphéirendruck
besonders einfach auszufiihren ist.

Das erfindungsgemarse Verfahren wird in der Fiegei bei einer Temperatur von 30°C bis zum Siede-
punkt des w'a/Srigen Mediums, vorzugsweise von 50 bis 5° C. insbesondere 60 bis 90' C, durchgefiihrt.

20 Die Reaktion kann beziigiich des pH-Wertes unterschiediich durchgefiihrt werden. wobei die pH-
Ftihrung einen Einfluis auf die Anteiie der einzelnen Produkte im Endprodukt haben kann. So kann die
Reaktion beispieisweise im durch die Reaktionsprodukte sauer werdenden Milieu, d.h. in einem pH-Bereich
von unter. pH 7 durchgefiihrt werden. Ebenso ist es mdglich, wéihrend der Oxidation den pH-Wert durch
Zugabe von Basen, Sauren oder Puffergemischen zu steuern, wobei in der Regel ein pH-Wert von weniger

25 als 8 eingehalten wird. Aber auch bei hdheren pH-Werten kann die Oxidation noch durchgefiihrt werden.
Beispieisweise ist es m'o'giich, durch kontinuieriiche Zugabe einer Base wie Natriumhydroxyd. Ka|iumh-

ydroxyd oder entsprechender wéifiriger Liisungen dieser Basen den pH-Wert weitgehend konstant im
Bereich von 6,5 bis 8, vorzugsweise 7 bis 7.5 einzusteilen. Bei letzterer Verfahrensweise wird das

Oxidationsprodukt Furan-2,5-dicarbonsaure in Form des Disalzes bevorzugt gebildet. Nach einer anderen
so Ausfiihrungsform beginnt man die Oxidation bei etwa pH 7 und ffihrt sie ohne Zusatz von Sauren oder

Basen fort. im sauren Milieu biiden sich bevorzugt 2,5-Diformyifuran und 5- Formyifuran-2-carbonsaure.

Das erfindungsgemaiie Verfahren verlauft in einem Dreiphasensystem aus festem Katalysator. w'a'I3ri-
gem Medium und gasfdrmigem Sauerstoff. Es kann in alien Apparaturen. die sich ftir die Durchfiihrung von
Reaktionen in der Fliissigphase mit oder ohne Anwendung von Uberdruck eignen, durchgeftihrt werden.

35 Beispieie dafiir sind die Durchfiihrung in einem Fitihrkessel oder in einer Biasensaule mit suspendiertem
Katalysator. Die Oxidation kann aber auch als Festbettreaktion mit gekorntem Katalysator in einem
Fiieseiphasenreaktor durchgefiihrt werden.

Die fi.'1r die Bildung des jeweils gewiinschten Reaktionsproduktes erforderiiche Fieaktionszeit wird
zweckmémig dadurch bestimmt, dais man in gewissen Zeitabstidnden Proben der Reaktionsiosung entnimmt

4o und analysiert. Beispielsweise kann die Ausbeute der Reaktionsprodukte auf einfache Weise durch Analyse
einer Probe mit Hilfe der Hochdruckfliissigkeits-Chromatographie im Vergleich zu Standardiffisungen laufend
bestimmt werden. Die Optimierung der Fieaktionszeit ist zu empfehlen, da eine unndtig veriaingerte

Einleitung von Sauerstoff verstiirkt zu Clberoxidationen, in der Folge beispielsweise zu Decarboxylierungen.
und damit zum Verlust an Ausbeute bei den gewiinschten Reaktionsprodukten fiihren kann.

45 Das Reaktionsgemisch kann nach bekannten Methoden aufgearbeitet werden. In einem geeigneten
Verfahren werden zunéichst der Losungsvermittier und das Wasser destiilativ entfernt und eine anschlief3en-

de Reinigung durch Kristailisation oder Extraktion vorgenommen.

Das erfindungsgemélie Verfahren besitzt gegeniiber den anfangs genannten herkéimmlichen Oxida-
tionsverfahren den Vorteil. daf3 die Bildung unerwiinschter Produkte, wie nitrose Gase oder Schwefeiverbin-

so dungen, vermieden wird und auch die Abtrennung von iiberschiissigem Oxidationsmittei entféilit. Bei der
erfindungsgemaflen katalytischen Oxidation entsteht neben den gewiinschten Produkten zwangsweise nur
noch Wasser, das ohnehin als Losungsmittei verwendet wird.

Die Oxidationsprodukte des 5-Hydroxymethyifurfurals sind wertvoile Zwischenprodukte fi.ir die HersteI-
lung von Kunststoffen. Tensiden und Harzen. Beispielsweise konnen die Furan-2.5-dicarbonséiure als

55 Polyesterkomponente und die Aldehyde 2,5-Diformylfuran und 5-Formyifuran-2-carbonsaure nach Umset-
zung mit langkettigen Aminen als Tenside oder in PoIymerisations- und Copolymerisationsreaktionen zur
Herstellung neuer Kunststoffe und Harze eingesetzt werden.

3
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Beispieie

1) in ein von aui3en be-heiztes senkrecht angeordnetes Giasrohr (Durchmesser: 50 mm, Lénge: 1200

mm), das mit einer Mischung aus 162 g 5-Hydroxymethylfurfurai, 1460 g Wasser und 81 g eines
5 handeistibiichen Kataiysators (5 Gew.-% Piatin auf Aktivkohle) gefiiiit ist, Ieitet man von unten durch eine

Giasfritte 80 Normal-Liter pro Stunde Sauerstoff bei einer Temperatur von 70' C ein. Durch kontinuieriiche
Zugabe von 30 °/oiger waisriger Natroniauge wird der pH-Wert bei 7 bis 7.5 gehaiten. Nach einer
Fieaktionszeit von 2,5 Stunden enthalt die Reaktions|6sungo234 g Furan-2,5-dicarbonséiure in Form des
Dinatriumsalzes, entsprechend einer Ausbeute von 91 % der Theorie.

1a 2) In der im Beispiei 1 beschriebenen Apparatur werden 1500 g einer 20 °/oigen wéiflrigen Ltisung

von 5-Hydroxymethyifurfural in Gegenwart von 50 g des in Beispiei 1 verwendeten Katalysators bei einer

Temperatur von 85' C mit 80 Normai-Liter pro Stunde Sauerstoif oxidiert. Nach einer Reaktionszeit von 11
Stunden, wéihrend der der pH-Wert durch Zugabe von 30 °/oiger wéiiriger Natroniauge bei 7 bis 7.5

gehalten wurde, enthalt das Fieaktionsgemisch 376 g Furan-2,5-dicarbonsaure in Form des Dinatriumsaizes,
15 entsprechend einer Ausbeute von 79 % der Theorie.

3) in der in Beispiel 1 beschriebenen Apparatur wird ein Gemisch aus 180 g 5-Hydroxymethylfurfurai,

700 g Wasser, 700 g Diathyiengiykoidimethylather und 75 g eines handeisiibiichen Katalysators (5 Gew.-%

Platin auf Aktivkohie) bei einer Temperatur von 60°C mit Sauerstoff umgesetzt. lm Gegensatz zu den
Beispielen 1 und 2 wird keine Natroniauge zugesetzt. so dai3 der pH-Wert durch Biidung von Carboxy|grup-

20 pan von anfangs etwa 7 auf unter 7 sinkt. Nach einer Reaktionszeit von 8 Stunden enthalt das Fieaktionsge-
misch 122 g (61 °/a der Theorie) 5-Formylfuran-2-carbonséiure. 43 g (24 % der Theorie) 2,5-Diformylfuran

und 18 g (8 % der Theorie) Furan-2.5-dicarbonséiure.

4) Die in Beispiei 1 beschriebene Umsetzung wird 4 Stunden bei 60°C unter sonst gleichen
Bedingungen durchgefijhrt. Die Fieaktionsltisung enthéiit 252 g Furan-v2.5-dicarbonsaure in Form des

25 Dinatriumsaizes, entsprechend einer Ausbeute von 98 % der Theorie.

Anspriiche

so 1. Verfahren zur Oxidation von 5-Hydroxymethylfurfurai, dadurch gekennzefichnet. daI3 5-Hydroxyme-

thylfurfural in wéiilrigem Medium mit Sauerstoff ais Oxidationsmittel in Gegenwart eines Kataiysators. der
mindestens ein Platinmetaii enthéiit. oxidiert wird.

2. Verfahren nach Anspruch 1. dadurch gekennzeichnet, dais der Kataiysator als Platinmetaii Paliadium,
' Piatin oder ein Gemisch von Paliadium und Piatin, insbesondere nur Piatin, enthéiit.

35 3. Verfahren nach Anspruch 1 oder 2. dadurch gekennzeichnet, dai3 der Kataiysator aus 1 bis 10 Gew.-
% Platinmetaii und einem Trager, vorzugsweise Aktivkohle besteht.

4. Verfahren nach einem oder mehreren der Ansprtiche 1 bis 3, dadurch gekennzeichnet, dail die

Oxidation in einem Druckbereich von 0,5 bis 100 bar, vorzugsweise von Atmospharendruck bis 10 bar und

insbesondere bei Atmospharendruck, durchgefiihrt wird.
40 5. Verfahren nach einem oder mehreren der Ansprtiche 1 bis 4, dadurch gekennzeichnet. daii das

w§I3rige Medium einen unter den Reaktionsbedingungen gegentiber den Fieaktionsteiinehmern inerten -

Liisungsvermittler, vorzugsweise in einer Mange von 10 bis 75 Gew.-%, insbesondere 30 bis 50 Gew.-%,
enthalt. bezogen auf die Menge an Wasser und Losungsvermittier.

6. Verfahren nach Anspruch 5, dadurch gekennzeichnet, daii der Liisungsvermittier ein Glykoiaither

45 ohne Hydroxygruppen ist, vorzugweise der Formei Fi‘O[CHgCH(CH3)O],,R2, wobei n eine ganze Zahl von 1
bis 4 ist und F1‘ und F12 jeweiis unabhangig voneinander C1-C4-Aikyi bedeuten. insbesondere DiéithyiengIy-
koidimethyléither ist.

7. Verfahren nach einem oder mehreren der Anspriiche 1 bis 6, dadurch gekennzeichnet, dai3 die

Oxidation bei einer Temperatur von 30° C bis zum Siedepunkt des wallrigen Mediums. vorzugsweise von
50 50 bis 95' C, insbesondere von 60 bis 90° C. durchgefiihrt wird.

8. Verfahren nach einem oder mehreren der Anspriiche 1 bis 7, dadurch gekennzeichnet, dais das

waillrige Medium am Beginn der Oxidation 5 bis 30 Gew.-% bezogen auf die Menge von Wasser und
L'o'sungsvermi1tier, 5-Hydroxymethyifurfural enthélt.

9. Verfahren nach einem oder mehreren der Ansprijiche 1 bis 8, dadurch gekennzeichnet, dais die

55 Oxidation bei einem pH-Wert von htichstens 8 durchgeftihrt wird, wobei vorteiihaft der pH-Wert bei der

Oxidation durch Zusatz einer Base im pH-Bereich von 6,5 bis 8, vorzugsweise 7 bis 7,5 gehalten wird.
10. Verfahren nach einem oder mehreren der Ansprijche 1 bis 9. dadurch gekennzeichnet. daii die

Oxidation bei etwa pH 7 beginnt und ohne Zusatz von Sauren oder Basen durchgefiihrt wird.

4
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IMPROVEMENTS IN POLYMERS 
 

Patent Number: GB 621971 A  
Inventor(s):   

Applicant(s):  JAMES GORDON NAPIER DREWITT; JAMES LINCOLN 

Classification:  
- international: C08G63/42; C08G63/672; C08G63/688; 

C08G63/82  

- cooperative: C08G63/42; C08G63/672; C08G63/688; 
C08G63/82   

Application 
number:  GB19460033600 19461112 

Priority number(s):  GBX2551731 19461112; GB19460033600 19461112  

Also published as:  US2551731 (A)    
 

Abstract of GB 621971 A 

Polyesters are prepared by reacting glycols with dicarboxylic acids of which at least one 
contains a heterocyclic ring and is such that its di-methyl ester melts above 100 DEG C. 
(preferably at 120 DEG C. or above). The carboxyl groups are preferably attached to the 
ring directly and as far apart as possible. Specified ingredients are: di-acids-thiophene-2 : 
4- and 2 : 5-, furane-2 : 5-, 1 : 4 - pyrane - 2 : 6-, pyridine - 2 : 5- and 2 : 6-, pyrrole-2 : 5-
, pyrazole-3 : 5-, 4-methyl-pyrazole-3 : 5-, 2 : 4 : 6 - trimethyl - 1 : 4 - dihydropyridine - 3 
: 5-, 3 : 5 - dimethylpyrrole - 2 : 4-dicarboxylic acids; furane-2 : 5-diacrylic acid; 5 : 51-
benzal-bis-(2 : 4 - dimethyl - pyrrole - 3 - carboxylic acid); glycols-ethylene, tri-, tetra-, 
hexa- and decamethylene, propylene, b -chlor-trimethylene and p-xylylene glycols. The 
reagents may be replaced by their ester-forming derivatives, e.g. acids, by their dialkyl 
and diaryl esters, half-esters, acid chlorides, half-ester-half-acid chlorides, mixed 
anhydrides (e.g. with acetic acid), polyanhydrides or half-ester-anhydrides, and glycols 
by e.g. mono- or di-formates or -acetates. The products may be used in coating and 
moulding compositions or as films, filaments, or softening agents. They may be mixed 
with plasticizers, e.g. sulphonamide, phenolic, urea and thiourea plasticizers; cellulose 
derivatives, e.g. cellulose acetate, aceto-butyrate, butyrate, aceto-stearate, ethyl, oxyethyl 
and benzyl cellulose, oxyethyl cellulose acetate; dyestuffs; and pigments. In examples: 
furane-2 : 5-thiophene-2 : 5- or pyrazole-3 : 5-dicarboxylic acid dimethyl ester was 
heated with ethylene glycol in the presence of sodium methylate and magnesium ribbon, 
first under reflux, then open to the atmosphere, and finally under high vacuum. The use 
of N : N1 - diphenyl - piperazine-, N : N1 - diphenyl - tetrahydroglyoxaline- and N : N1 - 
diphenyl - ethylenetrimethylenediamine-4 : 41-dicarboxylic acids is disclaimed. 
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Rsesav: copv

 
, PATENT A SPECIFICATION

Application Date: Nov. I2, I946.

Complete Specification Left: Oct. 27, i 947.

62 1.97 1

No. 33600I46.

Complete Specification Accepted: April 25, I949.

PROVISIONAL SPECIFICATION

Improvements in Polymers

We, JAMES GORDON NAPIER DREWITT
and JAMES LINCOLN, both British subjects,
of Celanese House, 22 and 23, Hanover

Square, London, lV.1, do hereby declare
5 the nature of this invention to be as

follows:—-

This invention relates to the production
of polymers, and is especially concerned
with polyesters.

According to the invention, valuable
polyesters a.re obtained by reacting a. gly-
col with a dicarboxylic acid containing a
heterocyclic ring. In particular we use di-
carboxylic acids in which two carboxylic

15 groups are attached directly or through
one or more atoms to a. heterocyclic ring,
the acids being such that their -dimethyl
esters melt at a temperature in the range
l00—l20° ‘C. or higher. By this means,

zohigh melting polyesters may be obtained,
the melting point in many cases being
above 200° C.

The reagents may be used in such pro-
portions and the reaction continued for
such a time that a product of molecular
weight sufiicient to form films is obtained.
Preferably the reaction conditions are
such that a polymer is obtained capable of
forming films and /or of forming filaments

30 orientable by cold—drawing.
Among the heterocyclic compounds

which may be used according to the
present invention are thiophene-2.4- and
2.5'—dicarboxylic acids, fur.ane-2.5-_dicarb-
oxylic acid, pyrane-2.6-dicarboxylic acid,
pyridine—2.5— and 2.6-dicarhoxylic acids,
and furano-2.5-diacrylic acid. The most
suitable reagents are those in which the
two carboxylic groups are attached

40 directly to an unsaturated heterocyclic 5-
or 6-membered ring in positions as remote
as possible from -each other. If the direct
bond in such compounds is attached to a
ring atom which is itself attached only

45to two other atoms, then the carboxylic.
group is substantially co-planar with the
ring. «Such is the case, for example in the
‘3.5—positions of thiophene. furane, or

[Price 2151

10

25

35
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pyridine, and this
appears to be the best.

All. the above reagents are free from
functional groups other than the desired
carboxyllc groups, and such reagents are
the preferred ones according to the
present invention. However, other re-
agents can be used, as for -example
pyrrole-2.5—di~carb~oxylic acid, pyrazole—
3.5-di-carboxylic acid, 4-methyl-pyrazole.
3,-5-dicavrboxylic acid, 2.4.6-trimethyl-1.4L
d1hYd_I'0-Pyridne - 3.5 - dicarboxylic acid,

.5‘-dimethyl pyrrole-2.4.--dicarboxylic acid
and 5.51-benzal-b-is-(2.4-di_methyl-pyrrol-
3-carboxylic acid). Such compounds as the
pyrrole-2.5-dicarboxylic acid and the 3.5-
dimethyl pyrrole-2.4:-dicarboxylio acid
may, prior to the condensation according
to the present invention, be subjected
alone to a preliminary condensation to
form the cyclic amide, the product being
then condensed with a. glycol in accord~
ance with the invention.

The above heterocyclic acids may be
condensed with any suitable glycol, as for
example -ethylene glycol, trimet-hylene
glycol, tetramethylene glycol, h~exa- 75
methylene glycol, decaniethylene glycol,
propylene glycol, ,8-chlor-trimethylene
glycol and paraxylylene glycol. Of these,
the glycols of the general formula.-
HO(CH2),10'H, n being an integer at least 30
.?,_are the most suitable.

In carrying out polyester formation
with relatively volatile glycols, the di-
acid can be heated, preferably in an inert
atmosphere or stream -of inert gas, with at
least an equimolecular proportion -of the
glycol, and preferably with an excess, e.g.
1.2-5-«-2.5 molecular pr-oportions of the

glycol. The inital heating can be in the
neighbourhood of 200° «C., and subsequent
heating at a. temperature above the melt-
ing point -of the polymer, say 220—280‘’
C. The final heating may advantageously
be carried out in a high vacuum, i.e. at
an absolute pressure of less than 5 mms..
and better still, less than 0.1 m.in., of

type of compound
50

55

60

65

70

90

95

—. : . ‘/A. :2 or -5 H
-7. ; ,-3: 43$) ‘? ~ 0

m.._:_,_=...4
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METHOD FOR PRODUCING 2,5-FURANDICARBOXYLIC ACID 
 
Patent Number: JP 2009-001519 A  

Inventor(s):  MIURA TOSHINARI; SHINAGAWA HIROSHI; 
HORIE HITOSHI; KONO TAKENOBU 

Applicant(s):  CANON KK 

Classification:  
- international: C07D307/68; C07B61/00 

- cooperative:   
Application 

number:  
JP20070163711 20070621 

Priority 
number(s):  JP20070163711 20070621  

Also published 
as:  

JP5147309 (B2)    
 

Abstract of JP 2009-001519 A  

PROBLEM TO BE SOLVED: To provide a method for easily producing 2,5-
furandicarboxylic acid from 5-hydroxymethylfurfural in high efficiency and yield and to 
provide a production method enabling the reuse of a catalyst to effectively utilize 
resources. 

SOLUTION: The method for producing 2,5-furandicarboxylic acid comprises the 
oxidation of 5-hydroxymethylfurfural, (A) in the presence of a catalyst composed mainly 
of ruthenium, cobalt and cerium, (B) under heating, (C) under pressure, (D) in an aqueous 
solution, (E) with molecular oxygen.  
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PROCESS FOR PRODUCING 2,5-FURANDICARBOXYLIC ACID 
 

Patent Number: JP 2009-242312 A  
Inventor(s):  EBIHARA YOSUKE; FUJIBAYASHI RYOICHI 

Applicant(s):  AIR WATER INC 

Classification:  
- international: C07D307/68; C07B61/00 
- cooperative:   

Application number: JP20080091762 20080331 
Priority number(s):  JP20080091762 20080331  

Also published as:  JP5252969 (B2) 

Abstract of JP 2009-242312 A 

PROBLEM TO BE SOLVED: To provide a method for producing 2,5-furandicarboxylic 
acid (FDCA) by oxidizing 5-hydroxymethylfurfural (5HMF) of a starting material in the 
presence of a catalyst comprising Co, Mn, and Br with a molecular oxygen in an 
industrially employable high yield and preferably in high purity. 

SOLUTION: The atomic ratio of Co in terms of metal to Mn in terms of metal in the 
catalyst is 2:1 to 4:1, and the oxygen concentration in an exhaust gas is measured while 
supplying an oxidizing gas containing a molecular oxygen into a reaction fluid, and after 
determining that the molecular oxygen has reached to a point of completing absorption in 
the reaction fluid, the oxidizing gas is further supplied to continue the oxidation reaction. 
Suitably, the obtained FDCA is dissolved in an aqueous solution of an alkali metal 
hydroxide, thereafter treated with sodium hypochlorite and/or hydrogen peroxide, then 
subjected to acid deposition, and is recovered.  
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METHOD OF OBTAINING 2,5-FURANDICARBOXYLIC ACID 
 
Patent Number: SU 636233 A1  

Inventor(s):  
NORIKOV YURIJ D; SLAVINSKAYA VALENTINA A; 
KREJLE DZIDRA R; EGLITE DZIDRA YA; 
KRUMINYA LIYA YA 

Applicant(s):  INST ORGANICHESKOGO SINTEZA AK [SU]; 
INST KHIM FIZ AN SSSR [SU] 

Classification:  
- international: C07D307/68; (IPC1-7): C07D307/68 

- cooperative:   
Application 

number:  SU19762376602 19760624 

Priority 
number(s):  SU19762376602 19760624  

Abstract not available for SU 636233 A1 
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OXIDATION OF 5-(HYDROXYMETHYL) FURFURAL TO 2,5-DIFORMYLFURAN 
AND SUBSEQUENT DECARBONYLATION TO UNSUBSTITUTED FURAN 

 
Patent Number: WO 01/72732 A2  

Inventor(s):  GRUSHIN VLADIMIR [US]; PARTENHEIMER WALTER [US]; 
MANZER LEO E [US] 

Applicant(s):  DU PONT [US]; GRUSHIN VLADIMIR [US]; 
PARTENHEIMER WALTER [US]; MANZER LEO E [US] 

Classification:  

- international: 

C07B61/00; C07C45/38; C07C47/54; 
C07C51/235; C07C55/02; C07D307/36; 
C07D307/46; C07D307/48; C07D307/68; 
C08G63/00; C08G63/84; (IPC1-7): C07D307/36; 
C07D307/46; C07D307/48 

- cooperative: 
C07C45/298; C07D307/36; C07D307/46; 
C07D307/48; C07D307/68; C08G6/00; 
C08G65/002  

Application 
number:  

WO2001US09701 20010327 

Priority 
number(s):  

US20000192271P 20000327  

Also published 
as:  

WO0172732 (A3)   US2013317192 (A1)   US2013317192 (A1)   
US8748637 (B2)   US8748637 (B2)   US8575299 (B1) 
US8575299 (B1)   US2013317191 (A1)   US2013317191 (A1)   
US2013310579 (A1)   US2013310579 (A1)   US8748638 (B2)   
US8748638 (B2)   US2013310578 (A1)   US2013310578 (A1)   
US8785667 (B2)   US8785667 (B2)   US2012123085 (A1)   
US2012123085 (A1)   US8524923 (B2)   US8524923 (B2)   
US2011213112 (A1)   US2011213112 (A1)   US8129550 (B2)   
US8129550 (B2)   US2003055271 (A1)   US2003055271 (A1)   
US7956203 (B2)   US7956203 (B2)   JP2003528868 (A) 
EP1268460 (A2)   CA2400165 (A1)   

Abstract of WO 01/72732 A2  

Alcohols are catalytically oxidized to aldehydes, in particular to benzaldehyde and 
diformylfuran, which are useful as intermediates for a multiplicity of purposes. The 
invention also relates to the polymerization of the dialdehyde and to the decarbonylation 
of the dialdehyde to furan. 

 

Petitioners' Exhibit 1011, Page 378 of 629



Petitioners' Exhibit 1011, Page 379 of 629



Petitioners' Exhibit 1011, Page 380 of 629



Petitioners' Exhibit 1011, Page 381 of 629



Petitioners' Exhibit 1011, Page 382 of 629



Petitioners' Exhibit 1011, Page 383 of 629



Petitioners' Exhibit 1011, Page 384 of 629



Petitioners' Exhibit 1011, Page 385 of 629



Petitioners' Exhibit 1011, Page 386 of 629



Petitioners' Exhibit 1011, Page 387 of 629



Petitioners' Exhibit 1011, Page 388 of 629



Petitioners' Exhibit 1011, Page 389 of 629



Petitioners' Exhibit 1011, Page 390 of 629



Petitioners' Exhibit 1011, Page 391 of 629



Petitioners' Exhibit 1011, Page 392 of 629



Petitioners' Exhibit 1011, Page 393 of 629



Petitioners' Exhibit 1011, Page 394 of 629



Petitioners' Exhibit 1011, Page 395 of 629



Petitioners' Exhibit 1011, Page 396 of 629



Petitioners' Exhibit 1011, Page 397 of 629



Petitioners' Exhibit 1011, Page 398 of 629



Petitioners' Exhibit 1011, Page 399 of 629



Petitioners' Exhibit 1011, Page 400 of 629



Petitioners' Exhibit 1011, Page 401 of 629



Petitioners' Exhibit 1011, Page 402 of 629



Petitioners' Exhibit 1011, Page 403 of 629



Petitioners' Exhibit 1011, Page 404 of 629



Petitioners' Exhibit 1011, Page 405 of 629



Petitioners' Exhibit 1011, Page 406 of 629



Petitioners' Exhibit 1011, Page 407 of 629



Petitioners' Exhibit 1011, Page 408 of 629



PROCESSES FOR THE PREPARATION AND PURIFICATION OF 
HYDROXYMETHYL FURALDEHYDE AND DERIVATIVES 

 
Patent Number: WO 2006/063220 A2 

Inventor(s):  SANBORN ALEXANDRA J [US] 

Applicant(s):  ARCHER DANIELS MIDLAND CO [US]; 
SANBORN ALEXANDRA J [US] 

Classification:  

- international: C07D307/42; C07D307/46  

- cooperative: 
default C07C51/245; C07D307/42; 

C07D307/46  
 

C-sets • C07C51/245, C07C59/185  
 

  
  

Application 
number:  WO2005US44598 20051209 

Priority 
number(s):  US20040635406P 20041210; US20050070063 20050302  

Also published 
as:  

WO2006063220 (A3)   WO2006063287 (A2)   WO2006063287 (A3)   
WO2006063287 (B1)   US2006128844 (A1)   US2006128844 (A1)   
US7579490 (B2)   US7579490 (B2)   US2006128977 (A1)   
US2006128977 (A1)   US7432382 (B2)   US7432382 (B2)   
US2006128843 (A1)   US2006128843 (A1)   US7393963 (B2)   
US7393963 (B2)   EP2246340 (A1)   EP2246340 (B1) 
EP2233478 (A1)   EP2233478 (B1)   EP2233477 (A1) 
EP2233477 (B1)   EP2233476 (A1)   EP2233476 (B1) 
EP2090573 (A1)   EP2090573 (B1)   EP1838689 (A2) 
EP1838689 (B1)   EP1838688 (A2)   EP1838688 (B1) 
CA2742630 (A1)   CA2742630 (C)   CA2725803 (A1) 
CA2725803 (C)   CA2725173 (A1)   CA2725173 (C) 
CA2691155 (A1)   CA2691155 (C)   CA2590123 (A1) 
CA2590123 (C)   CA2590082 (A1)   CA2590082 (C)   
AU2011224044 (A1)   AU2011224044 (A1)   AU2011224044 (B2)   
AU2011224044 (B2)   AU2005314681 (A1)   AU2005314681 (A1)   
AU2005314681 (B2)   AU2005314681 (B2)   AU2005313945 (A1)   
AU2005313945 (A1)   AU2005313945 (B2)   AU2005313945 (B2)   
AT443059 (T) 

Abstract of WO 2006/063220 A2  

A method for utilizing an indus trially convenient fructose source for a dehydration 
reaction converting a carbohydrate to a furan derivative is provided. Recovery methods 
also are provided. Embodiments of the methods improve upon the known methods of 
producing furan derivatives. 

 

Petitioners' Exhibit 1011, Page 409 of 629



Petitioners' Exhibit 1011, Page 410 of 629



Petitioners' Exhibit 1011, Page 411 of 629



Petitioners' Exhibit 1011, Page 412 of 629



Petitioners' Exhibit 1011, Page 413 of 629



Petitioners' Exhibit 1011, Page 414 of 629



Petitioners' Exhibit 1011, Page 415 of 629



Petitioners' Exhibit 1011, Page 416 of 629



Petitioners' Exhibit 1011, Page 417 of 629



Petitioners' Exhibit 1011, Page 418 of 629



Petitioners' Exhibit 1011, Page 419 of 629



Petitioners' Exhibit 1011, Page 420 of 629



Petitioners' Exhibit 1011, Page 421 of 629



Petitioners' Exhibit 1011, Page 422 of 629



Petitioners' Exhibit 1011, Page 423 of 629



Petitioners' Exhibit 1011, Page 424 of 629



Petitioners' Exhibit 1011, Page 425 of 629



Petitioners' Exhibit 1011, Page 426 of 629



Petitioners' Exhibit 1011, Page 427 of 629



Petitioners' Exhibit 1011, Page 428 of 629



Petitioners' Exhibit 1011, Page 429 of 629



Petitioners' Exhibit 1011, Page 430 of 629



Petitioners' Exhibit 1011, Page 431 of 629



Petitioners' Exhibit 1011, Page 432 of 629



Petitioners' Exhibit 1011, Page 433 of 629



Petitioners' Exhibit 1011, Page 434 of 629



Petitioners' Exhibit 1011, Page 435 of 629



Petitioners' Exhibit 1011, Page 436 of 629



Petitioners' Exhibit 1011, Page 437 of 629



Petitioners' Exhibit 1011, Page 438 of 629



Petitioners' Exhibit 1011, Page 439 of 629



Petitioners' Exhibit 1011, Page 440 of 629



Petitioners' Exhibit 1011, Page 441 of 629



Petitioners' Exhibit 1011, Page 442 of 629



Petitioners' Exhibit 1011, Page 443 of 629



Petitioners' Exhibit 1011, Page 444 of 629



Petitioners' Exhibit 1011, Page 445 of 629



Petitioners' Exhibit 1011, Page 446 of 629



Petitioners' Exhibit 1011, Page 447 of 629



Petitioners' Exhibit 1011, Page 448 of 629



Petitioners' Exhibit 1011, Page 449 of 629



Petitioners' Exhibit 1011, Page 450 of 629



Petitioners' Exhibit 1011, Page 451 of 629



Petitioners' Exhibit 1011, Page 452 of 629



Petitioners' Exhibit 1011, Page 453 of 629



Petitioners' Exhibit 1011, Page 454 of 629



Petitioners' Exhibit 1011, Page 455 of 629



Petitioners' Exhibit 1011, Page 456 of 629



METHOD FOR THE SYNTHESIS OF ORGANIC ACID ESTERS OF 
5-HYDROXYMETHYLFURFURAL AND THEIR USE 

 
Patent Number: WO 2007/104515 A1  

Inventor(s):  GRUTER GERARDUS JOHANNES MARIA [NL]; 
DAUTZENBERG F [US] 

Applicant(s):  
AVANTIUM INT BV [NL]; 
GRUTER GERARDUS JOHANNES MARIA [NL]; 
DAUTZENBERG F [US] 

Classification:  
- international: C07D307/46; C07D307/50  
- cooperative: C07D307/46; C07D307/50; C10L1/02  

Application 
number:  

WO2007EP02146 20070312 

Priority 
number(s):  

EP20060075565 20060310  

Also published 
as:  

EP1834951 (A1)   ZA200807984 (A)   US2009306415 (A1)   
US2009306415 (A1)   US8242293 (B2)   US8242293 (B2)   
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Abstract of WO 2007/104515 A1 

Method for the manufacture of organic acid esters of 5-hydroxymethylfurfural by 
reacting a fructose or glucose-containing starting material with an organic acid or its 
anhydride in the presence of a catalytic or sub-stoechiometric amount of solid acid 
catalyst. The catalysts are heterogeneous and may be employed in a continuous flow 
fixed bed reactor. The esters can be applied as a fuel or fuel additive. 
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Abstract of WO 2008/054804 A2 

A method of oxidizing hydroxymethyl furfural (HMF) includes providing a starting 
material which includes HMF in a solvent comprising water into a reactor. At least one of 
air and O2 is provided into the reactor. The starting material is contacted with the catalyst 
comprising Pt on a support material where the contacting is conducted at a reactor 
temperature of from about 50 DEG C to about 200 DEG C A method of produc ing an 
oxidation catalyst where ZrO2 is provided and is calcined. The ZrO2 is mixed with 
platinum (II) acetylacetonate to form a mixture. The mixture is subjected to rotary 
evaporation to form a product. The product is calcined and reduced under hydrogen to 
form an activated product. The activated product is passivated under a flow of 2% O2. 
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Abstract of WO 2009/030512 A2  

Accordingly, the current invention provides a method for the manufacture of an ether or 
ester of 5-hydroxymethylfurfural by reacting a hexose-containing starting material or 
HMF with an alcohol or an organic acid dissolved into an ionic liquid, using a metal 
chloride as catalyst. 
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Abstract of WO 2009/076627 A2 

A method of producing substantially pure HMF, HMF esters and other derivatives from a 
carbohydrate source by contacting the carbohydrate source with a solid phase catalyst. A 
carbohydrate starting material is heated in a solvent in a column and continuously flowed 
through a solid phase catalyst in the presence of an organic acid, or heated with the 
organic acid and a solid catalyst in solution to form a HMF ester. Heating without organic 
acid forms HMF. The resulting product is purified by filtration to remove the unreacted 
starting materials and catalyst. The HMF ester or a mixture of HMF and HMF ester may 
then be oxidized to 2,5- furandicarboxylic acid (FDCA) by combining the HMF ester 
with an organic acid, cobalt acetate, manganese acetate and sodium bromide under 
pressure. Alternatively, the HMF ester may be reduced to form a furan or tetrahydrofuran 
diol. 
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Abstract of WO 2010/132740 A2 

The disclosure pertains to a process for oxidation of furan aldehydes such as 5- 
hydroxymethyl)furfural (HMF) and derivatives thereof such as 5-(alkoxymethyl)furfural 
(AMF), 5-(aryloxymethyl)furfural, 5-(cycloalkoxy-methyl)furfural and 5-
(alkoxycarbonyl)furfural compounds in the presence of dissolved oxygen and a Co(II), 
Mn(II), Ce(III) salt catalyst or mixtures thereof. The products from HMF can be 
selectively chosen to be predominantly 2,5- diformylfuran (DFF), particularly by 
inclusion of an aliphatic ketone, like methyl ethyl ketone, or can be further oxidized to 
2,5-furandicarboxylic acid (FDCA) by the omission of methyl ethyl ketone and inclusion 
of bromide..; When the reactant is an ether derivative of HMF the products are 
surprisingly ester derivatives where either both the ether and aldehyde functional groups 
have been oxidized or just the ether function group thereby producing one or both of 5-
ester- furan-2- acids (i.e., 5-alkoxycarbonylfurancarboxylic acids) or 5-ester- furan 
aldehydes, (i.e.,- alkoxycarbonylfurfurals a. k. a, 5 -(alkoxycarbonyl)furfural). (I) 
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