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50/

PHENYL CARBAMATES

The present invention relates to novel phenyl carbamates which
are useful as pharmaceutical compositions. The invention further
relates to pharmaceutical compositions having antighplinesteraSQ
activity. o

" Acetylcholine is a major neurotransmitter which is found in all
parts of the body. Any reduction in its activity, either as a

result of neuronal damage, degeneration etc. or as induced by

-drugs. or toxins, causes marked changes in the function of the-

organism. Acetylcholine itself has an extremely short half life,
since it is rapidly hydrolysed at its site of action and in

_ plasma by specific cholinesterase enzymes. Drugs that inhibit

acétylcho!inesterase, markedly increase and prolong the action of
acetylcholine, thereby.enhancing'choiinérgic transmission. Three
such agents are-qsed cl1nicilly,’i.e., physostigmine, a naturally
occurring alkaloid;-and two synthetic ?nalogues, neastigmine and
pyridostigmine. The latter two agents aré strongly jonised at
physiological pH and therefgre are only poorly absorbed from the
gastroéintestinal tract, and do not penetrate the central nervous
system to any significant extent. Physostigmine is absorbed after
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oral administration and readily enters the brain, As a thera-

" peutic agent it has several disadvantages. It is. chemically
~unstable and must be prepared in solution with an antioxidant,

and protected from Vight. It has a relatively short half-life
(20-40 mins) thereby necessitating frequent administration. The
latter is of particular importance when the drug is to be admi-
nistered chronically. It has a low therapeutic ratio, a value of
3-5 being reported in the majority of studies in laboratory ani-
mals, and a small therapeutic window, i.e. small range of dose in
which it can be given withodt the accompaniment of side~effects.~"
Although physostigmine is absorbed from the gastro-intestinal
tract, this is reported to be irregular and unpredictable, and

~ therefore it is usually preferred to ‘administer the drug par-

enterally. This is a serious drawback if it is to be used chroni-

‘cally on an outpatient basis. : ~-

There are a number of clinical and pathological conditions which

are associated with cholinergic under-activity which can be
improved by the administration of an anticholinesterase agent.
These include reduction in cholinergic transmission induced by a

‘variety of exogenous substances acting in the peripheral, or
_ central nervous system. Peripherally acting agents .are gallamine,

d-tubocurarine and pancuronium, which are used as muscle re-
Taxants. Their .action can readily be overcome by an anticholin-
esterase drug. Orugs which interfere with central cholinergic
transmission are.numerois, anticholinergic, atropine-like drugs
inc1ud1hg antiparkinson drugs, tricycTic antidepressants, neuro-
Teptics, opiate anaigesics, benzodiazepines and some types of
generai anaesthetics. So fah the only agent that has proved to be
of any value in reversing the effects of the latter group of

drugs. is physostigmine. In all reported cases of drug overdose or

lack of recovery when the agent was used peri-operatively, physo-
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igmlne 1s usually admlnlstered parentera]ly, and adm1n15trat1on'tf
sy epeated every 20-30 minutes as requ1red

Chr_nic treatment w1th neuro1 ptics. often résult

kine51as. The w1despread use of agents havxng anticho1inesterase
‘ac _vity for the treatment of sc"zophrenia makes this side

fect an ever increasing poss1w1 {ty. Physostigmine 1nJected
1ntravenou51y produces a s1gn1ficant but - short lived 1mprovement R
Vin a proportion of patients. _

- mber of patholog1ca1 and degenerat1ve d1seases has also been f'y-» o
1,'shown to be assoc1ated wwth a reduct1on or 1oss of cholinerg1c B
:tr‘ smissuon This. 1nc1udes myasthen1a gravis ‘and’ Eaton Lambert
syndrome in wh1ch there 1s an 1nterference w1th neuromuscular , " 7
ransm1ssion. L - ' '

o .'AA se1ect1ve 1oss of cholxne acety]transferase (the enzyme that :”- ‘ :_f' 5'5
L5 synthesxses acetylchol1ne) has’ been found in spec1fic brain ' L
’ reg1ons of pat1ents w1th pr

sen1]e dement1a of the Alzhelmer

type These 1nc1ude the frontaI and temporal cortex hippocampus,-
amygda]a, caudate nuc1eus, substant1a 1nnom1nata. Degeneratlon of :"
_chol1nergrc neurons 1n some of,thes areas appears to. be asso- a

: i "f, agnosia and Toss of short term © .-
memory‘that occurs %n Alzhe1mer s. disease._ s1m11ar type of

demen asis a156 found 1n patients‘with Down s syndrome that
survive‘to the age . of g ‘years and sh0w :

1m1]ar ch011nerg1c

; . 11504 oss'o cholinerg1c transm1ssion 1n thef.
date n’cleus and put en of patients with Huntlngdon s, '
rea; Physostlgm1ne injectlons have aiso been ‘of some benef1t : i
. this cond1t10n Treatment w1th a central]y act1ng ant1cholin-':
e terase should also prove to be benefictal 1n Friedrlch'
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( ".Theré -aré ‘two major classes of -potent’ inhibitors of the enzyme o
R : 1nesterase The first group was modeﬂed pmmarﬂy on the

'_“‘na vral a]kalo1ds physostigmine (a carbamate) and an’ 1nh1b1tor of :
'_cholinesterase, -and d tubocurar1ne, an. antagonTst oF acetyl—‘ -
i Sti;choTTne The second group consists of yarious organophosphorus L
o bpounds, such as d\isopropy1fluorophosphonate, paraxon ‘etc. The:“f e
vast major1ty of the compounds of both thes ceries were designedf E
{primar11y as 1nsect1c1des. In the f1rst group of carbamate deri-
B llvat1ves, almost all. of the: potent 1nsectic1des are. monomethyl : o
- ;ib:.fcarbamates lacking a charged nitrogen functTOn.'Th1s enables the " |
L fmolecule to penetrate rapxd]y the 1nsect cut\c]e ‘and fatty nerve . ' :
Asheath The dimethyT der1vat1ves are s]1ght1y Tess potent but ‘are
fA _,icu]arTy toxic to houseflies and aph1ds‘ The monomethyl deri-
e '_vatives tend to ‘be unstabTe 1n solut1on and hydrosze read1Ty at
15".§physiologica1 pH This greatly limwts thewr bio1og1cal action in
s ”mammaTS and makes them Tess suitable a pharmaceutica] or thera= -

“

_y'anmonium organo--
ops ‘for’ the treatment of

femp‘loyed as .
pharmaceuticals aH contain a charged mtrogen function and can
be bro dly class1f1ed mto 3 groups. - : s

ReversibTe lnmb\tors__ h1ch contain a charged nitrogen
Ej functwn attached to an aromat1c r\ng, e g edrophomum. .

LY
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conta‘imng a charged mtrogen, neost1gm1ne, pyr1dost1gm1ne. e

R '-'B1squaternary structures a; g. Demacar1 um,' Ambenoniom. These '

- " . ‘agents’ tend to’ be more select1ve 1nh1b1tors of’ acetylchohn-» g
.5 ‘“esterase than butyry1cho1inesterase’ compared vnth ‘the mono-
R quaternary molecules :

The pharmaceut1cal appllcatlon of the quaternary anticho1in- R f"';
) e esterase _agents. is’ hmited because of ‘their poor penetratmn ' ’
hrough é’ell membranes They are therefore used for aétions
‘10 outside the central nervous’ system, “and are usuaHy given par-
v """enteraﬂy, since they are not rehab’ly absorbed from “the gastro-
tntestmeﬂ tract Edrophomum, neost1gm1ne and pyrldostigmme and

the b1squaternary analogues are used m anaesthetfc practice for
L .'the reversa1 of the actlon of musc]e relaxants They are also.
: 15 :f"used for the treatment of myasthenia grans, and para]ync ﬂeus.

‘F‘Physostxgmne is the only potent ant1-chohnesterase agent wh1ch
_"_'has ‘been used chmcal’ly to. treat conditmns 1n which an ele-
‘- vatwn of bram acetytchol‘[ne act1v1ty 1s des1red These include, -
' A1zhe1mer s disease, tardive dyskmesm, Down s syndrome and’ )
is also used to reverse.the .. IR
ergic agents, antl-Parkmson ! ’ o

Huntmgdon s chorea. Physost1gm1n
.effects of overdose of ant1chol'
'drugs, benzodiazepmes and oplate analgesms. ) ""j .

'Phy_ostigmme is & natura1 a]kaloid extracted from ca]abar beans

: and' thé eeds’ of the vme Physostxgma venehosum and has the
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There is a need to prov1de new carbamate derwatlves wh1ch show -
107 greater chemical stab1ht_y than physostxgmine. ’ ‘_

U thermore there is"a need to prov1de new compounds which -
-1nh1bit acety1choHnesterase in the brain. for per1ods exceeding ]
_3 hours but not more than 12 hours after a swngle adm1mstrat1on.

R (There 1s also a need to provide new compounds wh1ch wi]‘l Be
' 15 comp1ete1y and re}iably absorbed after ora‘l admimstraﬁon.
._ .1s a]so a need to prov1de new compounds wh1ch wﬂl be

; re]atlvely less toxm than physostlgmme Th1s means that the
'>','. fherapeutlc ratlo def1ned as s

dose to produce therapeut1c effer.t

'dose to produce mortahty in 50 % of amma]s

sho 1d be swmficant‘ly higher than those 0 physost1gmine and
that the .nc1dence and seventy of side effects shou]d be less . )
t‘:an those of physostigmme at therapeutic doses.

: There is a1so a need to prov1de new compounds wh1ch can be given

NOVARTIS EXHIBIT 2058

Noven & Mylan v. Novartis & LTS Lohmann
IPR2014-00550

Page 10 of 372



tem. These 1nc1ude, Al»,elmer s d1sease, Down'
Hunt1ngdon s chorea, Frledr1ch's ataxfar - -

1 re is 'a1so d need to prov1de compounds that can
,__enteraﬂy at the end of operations, and anaesthetic procedures, _ &
to’ restore wakefulness, respxratwn and cardiovascu]ar parameters~ C
"‘.fto norma1, after the use cf antichoHnerglc opiates, benzo- ' :
' ,d1azep1nes, neuroleptlcs and general anaesthet1cs thereby

R shortening the stay of pat1ents in the recovery room.-
o Sl < .

. - 10 :_There is a‘lso a need to prov1de compounds that can be gwen

) "together with narcotlc ana]ges1cs to patlents suffering from
"'.severe pain e. g traumatic, post-operatwe or due to. carcino— .

_ . matosis etc. in order to reduce the’ s1de effects (‘resp]ratory
_'"_depression, somnolence, constipatmn and urmary retention)
"'"commonly encountered w1th narcotics, mthout 1mpa1ring the1r

'janalgesic potency. :

. _.,"'There is a]so a need to: rov1de compounds that can be gwen to
pat1en’cs recewmg ant1psychot1c drugs, wh1ch have developed
tardive dysk1nes1as, in order to dlm"ﬂSh or abohsh the 1atter
syndrome, without exas erbatmg the psychosws. = ERA

ccordmg to the present 1nventio' it has now beén surprlsingly )
_feund that certain nove'l and known phenyl' carbamates a1so 1nh1b1tf .
: ',;acety'lcholmesterase in the mammaHan braln after admlmstratwn L
to pro de systemc act1v1ty, e. g oral, or parenteral admmi- L

,Thus accordmg to the present lnvention there ﬁs nov provided a-

':pharmaceutica} mposnion adapt d to produce antichohnesterase
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. wherem . : . Co i : :
R]_ is. hydrogen, 1ower a]kyl cyc]ohexyl, a]]yl or benzyl

:Rz is hydrogen methy'(, ethyl or propyl »

.R1 and Rz together with the mtrogen to which they are attached
: form a morphoHno or p1per1dino rad1ca1 - '

' ;R3 1s h_ydrogen or 10wer a1ky1 . S

. . ' R4 aqd Rg "~ are the same or different and each 1s a 1ower alkyl .

S o < and. the dialky1am1noa1ky1 group isin the meta, ortho or par'a IR
s e position o w .

( . or! a pharmacologma’l]y acceptable salt” thereof and a phys1o1og1-’fl .

Especia1 1y preferred are pharmaceitical. compositi‘ons havfng ant1- o
'011nesterase act1v1ty in the central nervous system of mammals, ST
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‘-"{‘;Miotine(R) was claimed to be an insecticme and a myopic agent '

", for use in eye drops The m disubstituted compound in whfch Ry - -

o and Rg are methyl R3 1s H and R4 and R5 are methy'l has been v
p -‘:descﬁbed is ‘an insecticide. “The’ P and o disubstituted deri- "~ .
’ ‘,_.vatwes in which R1. “and R3 H- and Rz, R4 - and Rg = CH3 have been '

.~ - shown to. 1nh1b\t a preparanon of Hver chohnesterase The m

'10_‘-‘_. disubstituted derwatwe “in which R{ = H and Rz, R3, R4 and R5 =

{»CH3 has §lso been shoiwn to 1nh1b1t lwer cho]inesterase.._ :

H PR E TRy and R3 < H and Rz, R4 and R5 = methyl which is known as |
gob.

: :The remaming compounds are be‘heved to be nove] and thus the :
Vpresent 1nvent1on also prov1des novel pheny'l carbamate deriva- ‘
B twes of the general formula I' N L

cyc1ohexyl‘ aHyl ‘or benzyl
is h);drogen methyl, ‘ethyl or propyI or - L
'-Rl and Rz' together w1th tﬁe n1trogen to wthh they are attached,:"_' .
*form a morphohno or p\pemdino r'ad1ca] : R
B "R3 1s hydrogen or. 10wer alkyl B

NOVARTIS EXHIBIT 2058
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:' 5 compounds wherem R4 and R5 are both methy1 and having the D
o dia]kylam1no group 1n the meta pds1t1on when R2. is methy] and R3? T
1s h_ydrogen R1 1s ne1ther hydrogen nor methyl, and when Rz and
' :R3 are methyl, R1 is “not’ hydrogen, and for compounds where1n Rg
: and Rg are both methyl and having 'che dlalkyhmino group in the )
’ lp;- : ortho or para pos1t1on when Rl and R3 are both hydrogen R2 is not L.

-.Preferred compounds of the above formula are N- ethyl 3-[1- (di—. B "ff o
"methy1am1no)ethyl]pheny] carbamate, N- propy1-3[1 (dimethy]am1no)-5"'
:ethyl]pheny! carbamate, N= a]ly] 3-[1- (d1methylam1no)ethy1]phenyl '
i carbamate M- ethy1 -methy1 -3(1- (dimethy]amino)ethy]]pheny]
. ~.carhamate N N~diethyl-3[1 (dimethy1am1no)ethy1]phenyl carbamate,
’ 1f N- butyl-3 [1 (dvmethy]amino)ethy1]phenyl carbamate,_N-methyI
iiN—propy] 3[1 (dimethylam1no)ethy1]phenyl carbamate and N- ethyl
5»N-methy1’3[1 (d1methy1amino)isopropyl]phenyl carbamate.v

‘A 1nd1cated the inventmn a]so mc udes the pharmaco]ogicany
acceptab]e sa]ts of these compounds such as’ the acetate, sahcy-
Iate, fumarate, phosphate, sulphate maleate, succmate c1trate,‘
tartmate, propmnate and butyrate salts thereof

-The coni ounds of- formu!a I can be prepared by am1dat1ng a
compound of formula I S :

14 -
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(S_,wﬁ:e'ré'in"Rg, R4 andes ar_é as’ d‘efihgd",abové‘. :

- The process can be effected in conventiona] manner, ‘e.g. by o I
r actmg ‘the compound of formula II mth an appropmate iso- i
) anate if.a compound wherem Rl is. hydrogen s des1red or with’
an ppropr]ate carbamoy‘l ha]ogemde, e g as. described below in

10

L A_processes A and B.

"'PRbc’x-:s‘s"A:,‘.- SR
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A stirred suspens1on of a—m—Hydroxyphenylethyld1methylamtne or ’u fj
'm-hydroxyphenyl1sopropyldlmethylam\ne 1n benzene:(' 2'- . -"‘_f .
).37g/m1) is treated with 2.5.2.3 fold moTar éxcess: of ithe is6~ .~
Lreyan ate After st1rring for 15 - 24 hours'atfamb1ent temperature {V* -
g ffthe react1on m1xture ls connected to a rotovaporator (20 o Hg)
_QTThe resldue obtalned is dlssolved 1n dry ether (25 ml) and the -
.isolut1on, wh1ch s ice cooled, is saturated w1th dry HCl (g) The
' 3formed prec1p1tate (the ant1c1pated carbamate) As filtered ‘of £,
e '10 . washed with dry ether (25 ml) and dried to constarit we\ght in‘a -
N '_" o dess1cator over KOH pellets under h1gh vacuum (0 1 - Hg) ) e

' PﬁOCESS B{

: lut1on of a-m-hydroxyphenylethyld1methylamine or a-m-hydroxy- :ﬂ c
phen_yllsopropyldlmethylamme in. dry acetOnitr‘lle (0 1 - 0.5 M) is

ﬂ,iireacted with 50 - 70 % molar excess of the correspondxng carba- -,
",A_:ﬁmoyl chlorlde ln the preserice of . 200 % molar excess of NaH dis-

"f ;persion (50 - 80 % in, m1neral o1l) The reaction mlxture is left .
= X ir-at ambrent temperature fo 15 - 24 hours, Removal of the
S ,: f{4aceton1trlle under reduced pressure (20 mn Hg) is followed by the.
¥ ‘zof;‘addltion of water (10 - 25 ml) “The, pH ‘of the aqueOUS solution 15

: C : 'adjusted to PH =11 by the add1t1on of thé appropr1ate amount of

NaOH 0.1 N followed by;extraction w1th ether @ x 25 ml) The
comb1ned organlc phased are washed with br1ne (25 ml) drled over o
MgSO¢ anhydr1de wh1ch i$ hen f1ltered off. The ice cooled _ ’;
etheral filtrate 15 saturated w1th a strean of HC1 (g) resultxng' o
"themermat1on of a heavy precip1tate (the anticxpated carba— ;"v,:_
mate) wh1ch is collected by f1ltrat1on, washed with dry ether h - 'A
~H(20 ml) and dr1ed to-constant weigh; ina des1ccator under high e
- vacuum (0.1 ) Hg) over KOH pellets : T' ‘f 4
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; e compounds of the inventwn e, .g. m free form or‘salt form can

b 'utﬂized by formulatlng one or more of them in compositwns S

N such as tablets, capsu1es or eHxirs for oral adm1n1stration or

1n sterﬂe solutlons or suspenswns for parenteral admini--

- stration A compound or mlxture of compounds of . formula (I) or ..
phy51o1ogical1y acceptab]e salt(s) thereof is compounded with a

- ) phys1o1og1ca\1y acceptab1e vehlcle, car er,, exciment binder,
preservative, stabﬂlzer flavor etc., in a un1t dosage form as
caHed for by accepted pharmaceutmal practlce The amount: of

10. active substance in these compositions or preparatlons is such
that a s{table dosage is" obtamed

ustrative of . the adjuvants whmh may be 1ncorporated 1n ) .
tab]ets, capsu]es and the er are the fol]ovnng~ a bmder such T '

ast gum tragacanth acac1a, corn starch of ge]atin-:an excipient
‘-‘15 such ‘as. dzca]clum phosphate' ’a d1smtegrat1ng agent such as corn '
: starch, potato starch,’ a]gmic acid and the Tike; - a lubru:ant -
' such as mangnesium stearate' a sweetening agent such. as sucrose, j"

1actose or saccarln a flavorlng agent such as peppermint o1'l ‘of -
) mntergreen or cherry When the dosage unit form is‘a capsu1e, it
20 ‘: may contam in add1t1on tg. mater1a1s of the above’ type a liguid
; ) carrter such as a fatty 011, Various other mter!als may be
R K present as coatmgs or- to othermse modify the physmal form of
e -the dcsage unit., For instance tab]ets may - be coated with
;she]lac, sugar or. both A syrup or eHx1r may contain ‘the active

:compound, sucrose as a. sweetemng agent methyi and propy!
: parabens as preservatlves, a dye and a f]avormg such as cherry

Sterﬂe composxtlons for 1nJect1on can be formu'lated accordmg to'
: T conventmnal pnarmaceutlca] pract1ce by’ d1ssoNing or suspending
S 300 the actwe substance A a veh1c1e such as. water for mJection.

. )',‘ -17-
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5 While' the inventlon w11l now be described. in’ connection with :
- cer‘tain preferred embod1ments in the. follomng examp]es, 1t wil]
fbe understood that 1t is not 1ntended to limit the 1nVEnt1on to
' -these partIcular emb0d1ments 0n the contrary, it is 1ntended to o
C cover all, a1ternat1ves, modiflcations and equ1va1ents as’ may be P
10 ":1nc1uded within: the scope of the invention as defined by the DR
- “dppended claims. Thus, the follow1ng examp]es ‘which include S f,'_~g{
"preferred embod1ments w111 serve to illustrate the pract1ce of - __';'QJf i
thig 1nvention, it be1ng understood that the particulars 4"';
';'described are by way of example and for purposes “of il]ustrat1ve
115'.@d1scussion of preferred embod1ments ‘of ‘the present invention only
s j ;and are. presented in the,cause of prov1ding what is believed to -
'f_be the most useful and '

2 adﬂy understood descrlption of proce- )
/'ﬁ dures as wen as of the principles and conceptua'l aspects ‘of the ) '
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.This 1s fonowed by NaH 150 g (50 % of
' I_mixture is: stirred overnight at’25
_._,"trﬂe ‘under': reduced pressure is foﬂowed by add1tion of water i
’ '(10 m]) and adjustment ‘of the pH to 115 The product 1s extracted
.,";1n ether, whlch is washed by brme, dried over MgSO4 and fil--
lo0-

’-'xThe carbamate is obtamed as a wh1te powder 640 mg (80 %) )
. ‘mp. 137 - 138 “and ldenhfled as N, N- diethy1-3 [1 (dimethy]- :
‘ammo)ethyl]pheny\ carbamate, having the formu]a ’

uspended m benzene (3 ml) and 0 898 g of ethstocyanate are'

5g (3 03 mmole) of o-m ydroxyphenylethy1dimethy1amine are

so]ved in’ 15 ml of dry aéetonitrﬂe and 0. 70 g (5 2 mnole) of
d ’thylcarbamylchlomde are added tovthe mxxture with stirring. }
'epersion “The reaction, B
CV. Removal of acetoni-

tered Upon add1t1on of Hcl (g) prec1p1tatidn oceurs, 1mmed1ate1y,

: s e
the product is fﬂtered off washed by dry’ ether and dried ina . e - i
Zdesiccator under h1gh vacuum over KOH peHets. e

- added to, the nnxture with stirrmg After stxrrmg 12 hours at .
om temperature the selvent 15 removed under reduced pressure.’ s

-19 -
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> white powder 800 mg (75 %) mp. 177 - 179 . C and 1dentified as
' "'N-ethy1-3[1 (dlmethylammo)ethy'l ]phenyl carbamate_hav‘ing the
formu]a e R :

The compounds of the present 1nvent10n are usafu1 ‘as. pharmaceuti-'
N .cals In particular ‘chey show the fonowmg activities m v1tr0 L
. and 1n v1vo in the tests spemfled below. :

) Tﬁé 'values"' e correct when tak

;cdr'n?p'aci'son with_thé standard "
drug physost1gm1ne. e T e T

TR E IN VITRO EXPERIMENTSF

,LUIL V "'ests f'o'r"antiChohnest'erase-act1vity
A - ”s'el'nbﬂ_ized preparatw of acety1chohnesterase was prepared g

i 'ohnesterase actlvny._'
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-~.The activity of ‘the enzyme (rate of hydrolysis of substrate,, .

acetyithiocho]ine) was measured using at least 4 different con- ‘

'centrations of substrate, and at Teast 3 different concentrations '

-';of each. innibitor. The enzyme was incubated with inhibitor for

.' ) metric method of - Ellman et al

- of .tne enzyme by 50 % (ICs0) at the peak time of activity (15 - 1
10

~Aperiods ranging for 2 - 180 mins. at.37 °

-Cy substrate was then
added, and its rate of hydro]ys1s measured by the spectrophoto- B
(1961) . :

The mo]ar concentrat’ion of each agent that inhibited the activity

60 min) was calculated from this data and recorded in Table 1

-".bereinafter. The compounds in general produce a signifi-

cant 1nh1b1tlon from about 107 i:o aboui: 10"8 molar. : '&

"IN VIVO EXPERIMENTS RO

.a)‘ ASSESSmEILI‘._ of'acetyicnolinesterase~inhibition

.-_The effect of each compound on brain acety\cholinesterase
ﬁ-_iin vivo was measured,’ after subcutaneous or oral admini-
:stration to mice An\mals were sacrificed at different times
‘Aranging from 0.25 - 8 hours after _drug administration. The
brain was rapidly removed and the enzyme acetylcholin-
esterase extracted‘and solubilized with 0.1 % Triton. and its

: ?-'ﬂabi]ity to hydrolyse acetylthiochohne assessed as described

' above (in vitro experjments), in comparison with the enzyme
: ',removed from rmce mJected vnth normal saline, The OOHEDmﬂS

" have in general a poterx:y of fmm about 2% to about 90% that of

" physosti
: syessmer?%mof acute toxicity

° A “

Mice were given one of:at least'ihree different doses of each
compoun'd orally or subcutaneously, a minimum of 10 mice

e aHotted to each dose The number of animals which d’IEd at

RN .. ~.

-21-
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eaeh'dose Within 3 hours was détermined. 'From'these data, the

- LDgg (dose in mg/kg which ‘was 'Iethal to 50 % of the mice) was’
computed :

This experiment was repeated after the an1mals had been pre- .
"treated with atropine su]pha’ce, which blocks both peripheral
and central mus¢arinic receptors. The data from these experi-
- ments enabled the assessment of the relative degrees of toxi-‘_
. 'Clty of the carbamates which resu]t from excessive activation
. of musc_arimc_ receptors, and from Fespiratory muscle para=
100

lysis, which is insensitive to this blocking agent.

The incidence and degree of side effects was noted for each

dose of drug, §tarting with the lowest that caused-any
';*signfﬁcant (> 20 %) 1nh1b1tion of whole brain acetylcholm-

./'
L esterase. )
N » ' . ' M . - . _' . 4 B
Antagonism of the. somnolent.and respiratory.depressant. - §
-effects of opiates - - - ~

; A»All specific examples of formula I mentioned
':’Lherelnbefore, e. g., on specificatlon page 10, and

. i+ as hydrochlorlde salts (except where otherw:n.se
. specified) The. specific compounds have metal
N substitut:.one . : :

B

o ﬁifferen;fdbaés of the carbamate compounds were injected
-;fn;havénously with morphine in rabbits. Respiration rate,
;arterial blood gas'tensions and pH were‘monitored conti-

_'nuously before and after drug administration for 4 «

"5 fours, In another series of experiments the effect of the-
“anticholinesterase drugs was assessed on the analgesic effect

of . opiates in rabbits after appHcation of a nociceptive :

. stimulus i, e. electrical stlmu]anon of. the sciatic nerve.,

after especially Tables 1 to 3,. are prepared in
analagous manner’ to Example 1 when Rl and R are

each other than hydrogen and Example 2 when one T
of Rl and R2 are hydrogen. i They are thus obtalned

.

-22- o L g
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i B o k L cmes e BRI S
: e TR sl a9 a1 118-6848 o :
P cee ;. Table 1
sl T In vitro activity on solubilized mouse brain enzyme

' :"'Compound o .R1 Rg - . -|R3|-1Cs0(M) |Time of peak|
o (R4=R5—CH3) R c 0 laetivity
a8 B BETN AR DA (mins) - - -

: :.Pﬁyéiostigrnihe H- |CH3 o ' H- -1"-"1’(10-8.‘; o 30 ‘ K
5 (Salicylate) S . S

1ax0<8 | 3
4.0410-7 |- 120
‘L1o7 | 120
4.3x10-7 |« 120 .
1.2x10-5.| 120 S s
7.6510-8 | 120 h
931108 | - 120
2:7x10-8 . 120 .
1.3x10°6 | %0
3.5x10-5 0
>2x105 | 30
BREUEE B

CH3' :
~|Catis

Lo “| Hiotine Hel
T Tegia
“RApg HC1
o '.RAlav HCY -
RS RApg HEL |
| ras HC
T R
R - . RAig-éc1 o CH3 [CHg'
09'005( | RA7 HCT *_cn3_' CHs
T s RAg HC1. | cons|cats
P RAu HCl 1 'm‘o_rphovl_li_no'

C3H7 n-prop_y]
C3H5 aHy}
C3Hy )'sopkbpy'i

CqHg rié.bqtyi

. T x 3 m x =

cyclohexyl:

"::-:-ﬁ:;;::':::c:x:::-::::-

RA4 KT | g [propyl”

f Melting p01nts of compounds (all in the hydrochlor:.de SRS
_ " form except for RA;, which.is in the - free base form
20 e as it preclpltated from the reaction nuxture before .
o -‘1"'2 adda.tion of hydrogen chlorlde) ‘are in’ degrees Centi- -
N{" grade ‘RA; 167-170; RA;; 141-143; RA;, 147-152;

g RA13 146 148 RA 158-162 RA12 75 =77: RA. 10 145;
RA7 135 1.36 RA8 137 138, RAll amorphous, RA 148-149.

rY B

- : . e 1‘ . .
v Compound RAll has an RF value of" 0.59 in a system of
95 parts of ethyl acetate and 5 parts of 33% (w/w)

: dimethylam:.ne in ethanol. .

Coe

-23. 4 ORREE . ...;-__;:;-.
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e e e e et e s bree it .

Ar_itfi_i_:h‘dﬁne's"c:erase ac}‘:iyi_'tyb‘of;compbunds in mouse brain compared

. to that of physostigmine N
"] Compound - [Relative potency |Relative potency.|% cholinesterase| E
. * . '|to physostigmine |to physostigmine |inhibition
;- -|after subcut. after oral 3 hours after
(s.c.) - ddministration s.C. :
administration ", administration
Physo- “ 100 Sl w0 )
stigmine - Co o , N
& g _ . O . . .
Miotine 10} 30 - f 5
TRrag: | o o f 19 35 .
. Rags 3 . 3 32 ) .\- .37' ;
) RA14 18 S22 . . 35
RA-1.3-. 1.7 2 5. o - 5
5 |ras | 36 . e 0 ; g
R VA FS 7 .37
P LT R IR S R 7
S VRN T S Y- AT B
C o fRag e sl 32 i
S RAEC T3 ) ee Cs

-2% -
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" 1o

6'_'.

V' RA5
Llra L

| ag s

" Table 3

“Acute toxicity &J‘f-"éarbama_tés.

N

in mice’

118-6848

Compound "~

LDsQ
: umo'(%es/ kg

s.C. .

Degree of*

protection
afforded by,
pretreatment
with atropine

Therapeutic
~iratio

LDso/Eﬂsd

1s.C. -

LDgg oral

LDsg s.é. o

v Ph&sbsfigmfng

 Miotine

| Rag
| RALs
| Ragg

I BAlé

T RA'7L

RA§.

3.0
. 4.5
96

31 -}

69
65

a2

14 -

46

568
2

30
e
26
Coad
s
45
5.8
3.8
5.0
010.4

BRI

. 13'3.
4.9
TR
| 1.1
118
1.6

1.6

5.8
‘ TRE
TR
> 10.0

10k,

4.1
1.2 ‘
|
4.5 .
Ve
1.1
‘5.0
_—
9.7
1.2

S 17

*Ratio of LDSO after pretreatment mth atropme sulphate 5 mg/kg

to L050 of drug

a1one

-25-
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(e S " The data in Tables 1 and 2 demonstrate that somewhat larger SR ;
L qu': tities are requlred of aH the drugs of the RA serles than of e PR
_.'.‘_'.physostigmme to inhibit the enzyme acatylchohnesterase.v e o

However, a comparison of the data in Table 1 with that: in DU
_ 2, shows that. compounds RA5, RAG, RA15, RA14, RAlo, RA7 and' o
-." RA3 are aH ¢ Iatively more ac "ve 1n vwo compared to physo=,
: fn one; wou]d expect from the »in v1tro data. This o

greater in vivo potency is part1cu1ar1y marked when the drugs are": -
_— admimstered oraHy. Th'lS re'lat'ively greater in vao activity may o
'iO:j:.'be due to-‘ i C : Vs :

a) 'great_er:chemieﬂ stability” . o e T

a.'sl_pwe_r metabo]ie ‘degrada‘t’ion;pr/-‘an’d 'ext":'ret_'ion'

a higher hpld solubihty, enabhng a greater proportion of
) the drug to gain access to the enzyme in the centra] nervous
j‘_system"i__"_‘ : ' . : s

od) 'mere ef‘f';icient absdrption_fro'm :gastrp;intestinal'tra'ct. : S

For the purposes of the'lr therapeutic apphcatlon 1t is of 1itt1e )

o .. -1mportance if 6ne needs to give. the drug (to human subjects) at a 7 Lo
@ - .;dose of 1 -2 mg (physmhgmme) or 2 - 50 mg that may be S A
T 20 reqmred of the compounds of the RA ser1es. What' is 1mportant is A
h'“.:the safety of the drugs and the- presence and severity of.side = B ,
effects that may occur at therapeutic‘doses A comon]y-used ' L '
measure of dru 's2 hL the therapeut1c _1ndex _ LUso/ED50

V_Dose to kiﬂ 50 % of ammals f" -

: Dose to cause the de51red therapeutlc effect

-26-
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'15 15 are all sign1f1cantly higher than of physost1gm1ne (see .

'?0 the doses wh1ch 1nh1b1t the, brain enzyne by’ 50 %, wh1]e the

' .\assumed that the therapeut1c'effect of these ant1cho11n- o
; ase agents results from an e]eva'1on of bra1n cho]1nerg|c }

:' tinh1b1t1on of acetylcholinesterase. For the purpose of the compu- »
- at1on of‘the denominator of the therapeut1c ratiOf there 1s used o

-ase by 50 %. Th1s 1s based on the ob mryatlo by Thal et al
(Ann Neuro1ogy 13z 491 1983) that the maxlmum improvement 1n
g short term memory obta1ned 1n a ser1es of. patlents W1th ‘_ _'
10 Alzhelmer s dlsease was’ ach1eved with a dose of physostigmine
which b1ocked the acety]cho]inesterase 1n the cerebro spina]
fluld by- 50 %. The numerator is. the dose found to kill 50 % of
‘the an1ma1s withln 4 hours of a subcutaneous 1nJection.,

The therapeutfc rat1os of compounds RA4 5 5 7 8 10 14 and 'f’:./>

Table 3) Tnls 1nd1cates that a]l these compounds have a w1der
margin of safety than that of physostigmlne Moreover 'these RA ]
compounds do not. produce any sign1f1cant undes1rab1e s1de effects

. such as defaecatton, 1achrymat1on, fasc1cu1ations or tremor at

former 3 s1de effects are c]eariy evident when physost1gm1neits
given at the appropr1ate dose (EDso) e B

: - The data in Table 3 show. that atropine~can afford cons1derab]y
'5 .:greater protect1on agaxn't the: letha11ty of the derivatives RA4
25 5, 7 10, 13 an _14 Thls 1_ particu1ar1y important 1n ‘the treat-
: ent of drug overdose slnce ‘the- resp1ratory muscle paraly51s '
which_}s not affected by atropine and which is. the cause of death
;iuduv d by excess drug adm1n1strat1o

4 e presence of atropine
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The duratlon of s1gn1ficant bra]n enzyme lnh1bit10n'(> 30 %)
}“ xnduced by physostigmine (EDso dose) 1s Iess than 2 hours.
:l_f:._‘<”::; Compounds RA4, [ 65 7s a, 12, 14, 15 “all act for more than

3 hours at the1r respective EDso ‘doses and RA5 and RA7 still o
) "causes stgnlficant 1nh1b1t1on (36 %) after 7 hours. S1nce none of”
fthese drugs caused not1ceable side effects at the EDso doses an
o even longer duration of action may be achleved by giving between -
50 and 100 % larger doses. The 1onger durat1on of action 1s i
) d1st1nct advantage, part1cu1ar1y 1f the drugs are to be admi-

“'10' nistered chronica1ly to- subjects suffer1ng from‘neurological and
behav1oura1 cond1t1ons assoc1ated thhb, defic1t in cho]inergic
- transmiss;on in the. central nervous system, e g. Alzheimer s
dlsease, tardlve dysklnes1as, Hunt1ngdon s chorea, Down H ".f o S f'
. syndrome and Friedrxch's ataxia. o ' '

';'15 The better the absorption ofc'>e drug'afterf'rai administrationvy' L 6]§-:_”

: ‘ en"by'this‘_rout 'resémbl'e‘s that =
after subcutaneous inJection Table. 3 shows that RAg, 13, 7 and 4
are more eff1c1ent|y absorbed from the gastro 1ntest1na1 tract
N than 1s physost1gmine. The EDso of RAg after ora] admin1strat1on

A jzo is the same as that after s, c.’ 1nject1on, 1nd1cat1ng a much '
- better ora1 bioavai]ability than that of physost1gmine. ‘The L )
,v - higher ora1 bioavailabf]lty of these compounds may be a consi- B ."'?ft

’ derable advantage for_the1 cl1n1cal use. o ) - S

the more c105ely the! LDsg

TRA10, RA5, RA14 an RA15 produce sign1f1can antagon1sm of “the f'd”
respiratory depressant eff cts of morph1ne ln rabblts for per1ods -
) asting between e 5 hours depending on the ‘drug and the dose

‘ ered The analgesic act1v1ty of morph1ne is not reduced S
4 omp‘unds “Muscle fascxculat1ons are not evident at the"
Aoses of drugs adm1n\stered Physostigmlne (0 1- 0 2 mg/kg)

o :30 antagon1zes the respirato v depressant effect of morphine for

T 25

adm1n1
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The most preferred compounds of the RA ser1es‘are RA4, RA5, RA5, - )
RA15, RA14, RA7 ‘and RAg, all. of which' roduce 1nh1bit10n of brain_ji

acety]ch011nesterase after parenteral dm1n1stration of sign1fi- o
cantly 10nger duration than that lnduced by physostlgmine or . -f“
10 miotlne. These compounds also have a greater” safety marg1n B
(therapeut1c rat1o) than physost1gm1ne. RA4, 5, 7 ‘and” 8. also show:A
better b1oava11ab111ty after oraT adm1n15tration than. physo-
st1gm1ne “In add1t1on, th acute toxicity (Tetha Tty) lnduced by‘i: S
RA7 ‘can be decreased more than 10 fo]d ‘and’ that of RA14 more than'
8-fo1d ‘by the ant1dote atropwne, compared to only a 3- fo]d ‘
' ‘decrease for physost1gm1ne and’ m1ot1ne

The compounds of the 1nvention are’ th efore usefuT for the
treatment of senﬂe dv er)tia, Alzheuner s disease Huntingdon s

. chorea, tardfve dyskinesws, h_yperk1nes1a mama, acute confusionf
: '20,' disorders, Down®s s_yndrome ‘and. Friednch's"ataxia. G

For- these ind1cat10ns,, ie exact d'sage will of tourse vary e LT L
depending uporny; the compound emp]oyed mode of admmistration ancl LT s
'eatment des1red The compounds may be admin‘istereo‘ by any S !
A oral or preferab]y oraHy._lj oo e

»tisfactory resu‘lts are obtained when adnnmstered e o
. at a daﬂy dosage of" from about 0 05 to 10 mg/kg ‘animal body .
~_:weight For “the larger mamnaTs, an 1nd1cated total-daily dosage
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) _"".for a particuiar compound wi]l depend on'
e as its relati‘v_e potency io_f,actinty, :

0o '_free base: form or as a pharmaceuticaﬂy acceptabie atid addition -

es The suitable daily dosage
’ number of factors such._ .

st _,dards for use: in these utih._

'.The compounds according to. the 'mvention may be administered in.

. ."salt Such sa]ts _may- be’ prepared 1n conventional manner and
exh "oit the same order of activity as. the free forms. :

_'E t wil] he ev1dent to th05e skil]ed in the art that the inventiono :;;?
f;is not Timited to the details of the foregoing iilustrative P
: embodiments and exampies and that the present invention may be’
’>embod1ed in other specxfic forms without departing from the '
. 'essential attributes thereof and it g, therefure desired that
" the present embodiments and examples be conSIdered in’all .
,Trespects -as iiiustratiye and riot restrictive, reference being )
_Tmade to the appended claims, rather than to the foregoing )
) .fdescription,Aand ail changes which, come w1th the ‘meaning: and o
‘w'f_range of equiva]ency of ‘the claims are,'therefore, 1ntended to be A :ff s
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- ‘E_wherem

K le is. hy'ven.' 1oer a]ky1 cyclohexyl, aH_y] or benzyl L

-'RZ 1s'h_ydrogen m» 8 | ‘propy]
'Rl and Rz togeth' r
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‘ A method of treating'a subject suffermg rom senile

wer a1kyl cyclohexyT aHyl or benzy\
eth_yl ethyl or propy]
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- ‘wherein IR
VRl 15 hydrogen, 'Iower 'y

L 'Rz is hydrogen, m'gthy
a fR]_ and Ry’ fogethe?'@v"
7 attached form a’ '
i R3 1s hydrogen dr_'
o Ry and R5 -are the! !

R1 13 not hydrogen, :
R5 are botn methyl and
the ortho ‘or para position
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ch ‘IS N buty1-3[1 (d1methy1am1no)- '
or & pharmaco]ogicaﬂy acceptable
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.phar‘»ri{}a;edt“ii_i:ax]éh;' -

n\?thg_da]ms,.’ar‘e uséfu’l as
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Attorney's Case No. 118-6848'

DECLARATION AND POWER OF ATTORNEY
ORIGINAL APPLICATION

As a below named invehtor, I declare_that:

My residence, post office address and citizenship are as
~ stated below next to my name.

I believe I am the original, first .and joint inventor of the
subject matter which is claimed and for which a patent is
sought on the invention entitled PHENYL CARBAMATES the
specification of which is

' is attached hereto

E] was filed on as
Application Serial No. and
was amended on .

I hereby state that I have reviewed and understand the
contents of the above~identified specification, including the
claims.

I acknowledge the duty to disclose information which is
material to the examination of this application in accordance
with Title 37, Code of Federal Regulations, §1l.56(a).

I hereby claim foreign prxority benefits under Title 35,
United States Code, §119 of any foreign application(s) for
patent or inventor's certificate listed below and have also
identified below any foreign applications for patent or
inventor's certificate having a filing date before that of
the application on which priority is claimed:

Priority

Prior Foreign Application(s) Claimed
74497 Israel March 5, 1985 & D

Number) . (Country) (Day/Month/Year Filed} Yes

(Number) {Country) (Day/Month/Year Filed) Yes No

1 hereby claim the benefit under Title 35, United States.
Code, §120 of any United States application(s) listed below
“and, insofar as the subject matter of each of the claims of
this application is not disclosed to the prior United States
application in the manner provided by the first paragraph of
Title 35, United. States Code, §112, I acknowledge the duty to
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ES -,

disclose material information as defined in Title 37, Code of
Federal Requlations, §1.56(a) which occurred between the
filing date of the prior application and the national or PCT
international f£filing date of this application:

" (Application Serial No.) (Filing Date) (Status) (Patent,
. ) : e . ‘pending, abandoned)

{Application Serial Nd.) “(Filing bate) ] {Status) (Patent, .
. . ’ pending, abandoned)

I hereby declare that all statements made herein of my own
knowledge are true and that all statements made on
information and belief are believed to be true; and further
that willful false ‘statements and the like so made are

" punishable by fine or imprisonment, or both, under Section
1001 of Title 18.of the United States Code and that such
willful false statements may jeopardize the validity of the
application or any patent igsued thereon.

. POWER OF ATTORNEY: As a named inventor, I hereby appoint .
Ronald G. Goebel }é%g stration No. 26,895), Bruce M. Collins
(Registration No.520/066) and Williaﬁ‘t"bong (Registration
No. 18,545) to ptosecute this application and transact all
busiﬁEEE‘”h the Patent and Trademark Office connected

threwith.

SEND'CORRESPONDENCE TO: DIRECT TELEPHONE CALLS TO:
40" Ronald G. Goebel, Esq. Ronald G.'Goebel, Esq.
Ld MATHEWS, WOODBRIDGE, GOEBEL, (201) 267-3444

7 PUGH & COLLINS P.A. .
¢ }22 Park Place, P,O. Box 112-M
767 Morristown, New Jersey 07960

Yo s

Full name of first inventor: ‘Marta Weinstock Rosin
} Pkl Sos81n

Inventors Signature

Date:

. Residence: Jex:u’sal}_’_a;n»L Israel l:l__\[-—
Citizenship: -Israel

Post Office Address: 9 Herzog Str., Jerusalem, Israel
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oro?

Full name of second joint inventor: ,Miéhael Chorev -

Inventors Signature

Dape:

Residence: Jerusalem, Israel J:‘L I\
Citizenship: British

Post Office Address: '135/4 Feinstein Str., Jerusalem, Israel
| | efv 3 09

. Full name of third joint inventor: Zeev Tashma

Inventors Signature

Date:

Residence:  Jerusalem, Israel A ‘}~

Citizenship: Israel

_Post Office Address: 2 Shahal Str., Jerusalem, Israel

~3-
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N . MAILED 4
& & UNlTED Sﬂ E] D!PARTMEN? 14 CGMM!RC!
APR 04 1986 Y ‘Patent and¥+ademark Qffice
- A IONER QF nrema ANG TRAQEMARK
N phodrese: %ﬂ.ﬁ?.“’.f.‘i.ug 20231 oM s
APPLLATION ONGIOR v Y -
p%zm &tm ya j OFFLE  oebel 7 Mﬂﬂi‘-’ﬂ%@ﬁ doolieme(s): MARTA W, ROSIN, ET AL
g MATHEJNS, WOODBRID 3E, GOEBEL, —_— Sarial Rder: ﬁqggﬁse
! PUCH & CBLAYS wrm | ¥iling: Oqees _03/03
22 Paxk, E&.Eglgs, P.0. Box 11m %ﬁ Lt Ttule; PHENYL CARBAMATES
Morristown, NJ 0796% e g“ -

If all missing parts are filed nitnin the period set below, the total amnt oved by d
aplicant as 3 [ large entity,[J smll entity (verified statement rileq), 1s 8

. t. O ™e statutory basic filing fee is: nissmggimufficimt. Appllemt as a ([ large
D enmy. O gau entuy, st smE r.o mleta the tasic filing fee a\d
ALSO SIBIT THE SLRCHARGE AS. I)OI CATED. BEL.

2. Oaasitiomal claim fees of $ as ad: large entity,CJ small mtity, {nclusing my
_ requires ruitiple cepercent claim fee, are required. Applicant mist submit the
aooitional claim fees or cancel the aoditional clai.ms for wnich feas are aue. m
SLROWRGE IS REQUIRED FOR THIS ITEM.

3. e caw or caclaratim 1s:
{0 uissing. -
O Goes not_cover {tens onittes at the time of executien,
A Gath or declaration in corpliance with 37 CFR 1.63, ioantifying the splieatim by.
© the apgve Serial Numper and Filing 0ate {s required. A SURCHARGE MUST ALSD BE
&BQTTED AS INDICATED E.O! "

4. e cath or ceclaration does rot icentify the spplication to micn it applies. An oath
or ceclaration in compliance with 37 C°R 1. 63 1mnt1fy1m tne wonmtien by tm wove
%ig ﬁnﬁ;ﬁ Filing Cate is required EE SUBMITTED AS

s.[} e sigrature to the oatn or ceclaration is: rdssing l:l 3 mpmacuon; q
person other than the inventor or 3 person qualified uncer 37 GFR 1.42, 1.33, or 1.47,
A properly signeg oatn or oeclaration in mum vitn 37 C°R 1.63 {oentirying tre
golication by the above Serial Number ad Filing Gats {s recquired. A SURCHARGE MUS
ALSO BE SUBMITTED AS INDICATED BELOY.

6 (] e sigrature of the following Joint er(s) is mssing f'run the cath or

ceclaration: . Applicant(s) should provice, if possibls,
& oath or ceclaration signed by the o tied inventor(s), 1mt1fy1m this application
g’?o;:;&g:riﬂ Nncer ad Filing Dats. A SURCHARGE MUS PL&JESB'(I

7.0 ™Me aolication was filed m @ language other than English. Applicant sust file a
verified English trenslation of the application a'uema fea c%s 00 uxer 37 gﬂ-‘t

%Tg‘(x), unless tnis fee nas already been paid. NO SURCHARGE IS REQUIRED FOR THIS

'aj,,,' other: 110,00 SURCHARGE IS DUE,

A Serial NuTter arg ummmmm\mlgmmstpUaummr,mwd
ml:ﬁ;ﬁv méﬁé@h%ﬂgl{am mOFfea identifled above In Items 1 and 3¢
etities orsss. oom small entities W'm nied a vcrln:J&R it S o

statament ol amurqam:tan.s.m

. el s e extersion prwisanfsvmu:«a).
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Examiner:

Serial No.: 835,466 . Group Art Unit:

| Filed: March 3, 1986

For: PHENYL CARBAMATES

Hon. Commissioner of Patents and Trademarks
Washington, D.C. 20231

ATTN: APPLICATION BRANCH
F. Morris
RESPONSE .
SIR:

In response to Notice To File Missing Parts Of
Application-Filing Date Granted mailed April 4, 1986 in the
‘above~identified application applicant submits a combined
Declaration and Power of Attorney fully exeguted by all
in&entors, which Declaration claims priority of a prior
Israeli~applicétion filed March 5, 1985 bearing Application
No. 74497,

Counsel's check in the amount of $110.00. in payment
§i the surcharge (large entity) as set forth in 37 CFR
i.lG(e) is also enclosed. In the event the fee tendered is
inadequate authority’ is héreby given to charge any such .

deficiency or credit\any overpayment to Deposit Account No.

(f3g§gectfu11y ubmitted;
(i e @

“Ronald G. Goebel
Attorney for Applicants

13-21606.

Dated: May 15, 1986 -

MATHEWS, WOODBRIDGE, GOEBEL,

' PUGH & COLLINS, P.A. o CERTIFICATE OF MAILING

P.O. Box 112-M, 22 Park Place !hereby certify thot this corm
. . N respondencs i
Morristown, New Jersey 07960 dW“Mdmmmeuwusumsmn:gﬁig

$ first clo, il i
Morrdstoun 201 267-3444 n‘ 5s mail in on envelopa add d
p ( ) Tos C?mmi:siener of Patents and Trn:l:,r::rks ’ :
Wathmglcn, D.C, 20231, on ! . g Yy

ﬁ%dﬂd U

040 05(21/86 8355464 1105 110.00 £K
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Attorney's Case No. 118-6848

DECLARATION AND POWER OF ATTORNEY
ORIGINAL APPLICATION

stated below next to my name.

I believe I am the original, first and joint in
subject matter which is claimed &h@’ for which
sought on the invention entitled PHENYL CARB
specification of which is ” T

[J is attachea hereto , )/// .

E{] was filed on March 3, 1986 : as
Application Serial No. 835 466 and
was amended on

ntor of the
patent is
TES 'the

I hereby state that I have peviewed and understand the
contents of the above-idenyfified specification, including the
claims. :

I acknowledge the duty to disclose information which is
material to the examination of this application in accordance
with Title 37, Code of Federal Regu-itionsk §1.56(a).

I hereby claim foreign priority
United States Code, §119 of anyf/foreign application(s) for

patent or inventor's certificafe listed below and have also
identified below any foreign applications for patent or

inventor's certificate having a filing date before that of

the application on which priority is claimed: K

enefits under Title 35,

. Priority
Prior Foreign Application(s) . Claimed
.74497 Israel March 5, 1985 D
(Number) (Country) (Pay/Month/Year Filed) Yes No
{Fumber) — T(Country) {Day/Month/Year Filed] Yes No

I hereby claim the benefit under Title 35, United States
Code, §120 of any United States application(s) listed below
and, insofar as the subject matter of each of the claims of
this application is not disclosed to the prior United States
application in the manner provided by the first paragraph of
Title 35, United States "Code, §112, I acknowledge the duty .to
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disclose material information as defined in Title 37, Code of
Federal Regulations, §1 56 ({a) which occurred between the
f£iling date of the prior application and the national or PCT
international filing date of this appllcat10n.

(Application Serial No.) (Filing Date) (Status) (Patent,
pending, abandoned)

(Application Serial No.) (Filing Date) (Status) (Patent,
pending, abandoned)

I hereby declare that all statements made herein of my own
knowledge are true and that all statements made on
information and belief are believed to be true; and further
that willful false statements and the like so made are
punishable by fine or imprisonment, or both, under Section
1001 of Title 18 of the United States Code ‘and that such
willful false statements may jeopardize the validity of the
application or any patent issued thereon.

POWER OF ATTORNEY: As a named invegibr, I hereby appoint
.Ronald G. Goebel (Registration No. 26,895), Bruce M. Collins
(Registration No. _20,066) and William C. Long (Registration
No. 18,545} to prosecute this application and transact all

business in the Patent and Trademark Office connected

threwith.
SEND CORRES.PONbENCE TO: DIRE.C’I' TELEPHONE CALLS TO:
é&/ Ronald G. Goebel, Esqg. ‘Ronald G. Goebel, Esqg.
Qﬂ)i, MATHEWS, WOODBRIDGE, GOEBEL, (201) 267-3444

ﬁﬁp/'PUGH & COLLINS P.A.
“# 22-Park Place, P.O. Box 112-M
/QJ;QyMorr1stown, New Jersey 07960

0,452 0

Full name of first inventor: l?érta Weinstock _Rosin . L
Inventors Signature “5 En
Date: May 8th, 1986.
: ”i L,h[x Resideﬁce: Jerusalem, Israel 42;Z ><
: Citizenship: Israel dgftfr o
Post Office Address: 9 Herzog Str., JepuSalem, Israel
-2-
- )
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Full name of second joint inventor: Michael Chorev _

Inventors Signature /Q)( @/ %{\‘Q/"""

Date: May 8th, 1986

Residence: Jerusalem, Israel I/f?’\
Citizenship: Israel

Post Office Address: 135/4 Feinstein Str., Jerusalem, Israel

0300
Full name of third joint inventor: Zeev Tashma_
Inventors Signature = /a/a'%""\ b

Date: May 8th . 1986.

Residence: Jerusalem, Israel /7,,:/ 7\
Citizenship: Israel
'Post Office Address: 2 Shahal Str., Jerusalem, Israel

~ -
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THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant Marta Weinstock Rosin et al Examiner:
Serial No.: 835,466 Group Art Unit:
Filed: March 3, 1986
3
#
For: PHENYL CARBAMATES fe. .
TN
REz:fwrg ’
Hon. Commissioner of Patents and Trademarks : o
Washington, D.C. 20231 ﬁyw;yﬂrwh
. Rl

. AFige
PETITION FOR EXTENSION OF TIMEMIG ) :
% At

SIR:

- —_

Pursuant to 37 CFR §1.136(a), request is hé;gg§
made for an extension of one month to render timely the
attached response to the Notice To File Missing Parts of
Application-Filing Date Granted dated April 4, 1986 which
Notice established a period of response set to expire on May-
4, 1986. o

Counsel's check in the amount of $56.60 in payment
of tﬁe extension fee is submitted herewith. 1In the event the
fée tendered is inadequate for an extension sufficient to
render the accqmpanying response timely, authority is hereby

5-

‘given to charge any such deficiency to Deposit Account No.

ResEectfully subm

Ronald G. e
Reg. No. 26,895

13-2160.

MATHEWS, WOODBRIDGE, GOEBEL,
| PUGH & COLLINS, P.A. -
| P.O. Box 112-M, 22 Park Place ¢
Morristown, New Jersey 07960
(201) 267-3444
CERTIFICATE OF MAILING

Dated: May 15 , 1986 I hereby certify that this correspandenca is heing
- A . A deposited with the United States Postal Sxrvice
as first class mall in an envelope addressed
Tot Commissionar of Patents an Trndnmark’.

Washington, D. C, 20231, cn .f{%‘.
040 05/21/86 B35446 . 1 115 5& 00

-45 -
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o . 'gmﬁi’stﬁ é?rﬁi E:?;\%Tf;wem F COMMERCE
atent and Trademar ice -~
%3 S—‘ L{% Address: COMMISSIONER OF PATENTS AND TRADEMARKS
) | - Washington, 0.C. 20231 .
SERIAL NUMBER | FILING DATE | ) FIRST NAMED APPLICANT | ATTORNEY DOCKET NO.
04/788% 464 03/0B/686 ROSIM . ' M 11846848
I RONALD Go GOEEEL 7 EXAMINER
MATHEWS» WOODERIDEE y GOEBEL s SHIFFEN>M
FLGH & COLLING -
22 FARK PLACEs F.0, BOX 112-M : ARTUNT | raPeRNUMBER
MORRISTOWM D) 079610 { 126 L] ’
! DATE MAILED: 03/23/87
Thisiss i from the in charge of your application, )
COMMISSIONER OF PATENTS AND TRADEMARKS
gThis applicatianA has been examined I r ive to ication filed on . [ This action Is made final.

-
A shortened statutory period for response to this action is set to ‘explre_z_month(s). _S———gays from the date of this letter.
Failure to respond within.the period for response will cause the application to become abandoned, 35 U.S.C. 133

Part 1 THE FOLLOWING ATTACHMENT(S) ARE PART OF THIS ACTION:

L Notice of References Cited by Examiner, PTQ-892, 2. E] Notice re Patent Drawing, PT0Q-948.
3. Notice of Art Cited by Applicant, PT0O-1449 4, E:] Notice of informal Patent Apptication, Form PTQ-152
5. [ information on How to Effect Drawing Changes, PTO-1474 s. ]

Part it SUMMARY OF ACTION

1. g Claims 7 —')3 _ . - are pending in the application.
ot th-e above, claims are wil from ideration,

. D Claims . . i > 'have been cancelled,

3. [J Claims _ - } are allowed.

4, : Claims /JIZ : are rejected,
M =

5 [ Claims—. = } are objected to.
6, (] Claims are subject to restriction or efection requirement.
7. [} This application has been filed with informal drawings which are for inati until such time as allowable subject
matter Is Indicated.
8. [T] Allowable subject matter having been indi , format drawings are required in resp to this Office action..
9. [C] The ted or substitute ings have been receivedon_________ . . These drawings are [_] acceptable;

{7 not acceptable fsee expianation).

10. L—_'l TheD proposed drawing, correction and/or the E| proposed additional or substitute sheet(s) of drawings, filed on
has (have) been [ approved by the iner. ] disapp by the iner (see explanation),

11, D The proposed drawing correction, filed , has been [ approved. [ disapproved (see explanation). However,
the Patent and Trademark Office no longer makes drawing it is now applicant's ibitity to ensure that the drawings are
corrected. Coriections MUST "be effected in accordance with the instructions set forth on the attached letter “INFORMATION ON lHow TO
EFFECT DRAWING CHANGES", PT0-1474.

12. ] Acknowledgment is made of the claim for priority under 35 U.S.C. 119.. The certified copy has [ been received [ not been received

[ been fiied in parent application, serial o, ; filed on

13. D Since this application appears to-be 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 0.G, 213, .

1. {3 other

-46-
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Serial No. 835466 T

Art Unit - 126

The following is a quotation of the appropriate
paragraphs of 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-

(b) the invention was patented or described in a
printed publication in this.or a foreign country or
in public use or on sale in this country, more than
one year prior to the date of application for
patent in the United States.

Claims 1 rejected under 35 U.S.C. 102(b) as being
anticipated by Meltzer, éé:;ﬂgand Berry .

The claimed composition g:gég-;;'the bfior art com-
positions and/or reaction mixtures regardless of

intended use.

The following is a quotation of 35 U.S.C. 103 which
forms the basis for all obviousness rejections set forth
in this Office action:

-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 dif-
ferences between the subject matter sought to be
patented and the prior art are such that the sub-
.ject 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 nega-
tived by the manner in which the invention was
made.

Subject matter developed by another person, which
qualifies as prior art only under subsection (f)
and (g) of section 102 of this title, shall not
preclude patentdbility under this section where the
subject matter and the claimed invention were, at
the time the invention was made, owned by the same
person or subject to an obligation of assignment to
the same person. -

47 -
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Serial No. 835466 3a-
Art Unit 126

claims’l,3-8 and 11-13 rejected under 35 U.S.C. 103
as being unpatentable over Aeschlimann (USP1,905,990),
meltzer, Ldnge or Berry .

The Aeschlimann reference generically teaches the
'ciaimed compundgjandering them obvious; The references
discloses.gégglogous and/or isemé%lc compounds that are
so structurally similar thaﬁ are would expect them to
possess a community of properties in common.

Claim 2 rejected under 35 ﬁ.s.c. 103 ﬁs being unpa-
tentable over Berry and Aeschlimann (USP 1,905,990) opi-
nally in view of Aeschlimann (UPS 2,493,710,

- Berry and Aeschlimann (USP 1,905,990) teach that it
is known that the compounds possess/gﬁticﬁolinééferqse
actiyity, @pplicants admit that it is known to use
anticholinesterase agents in the treatment of the
récited dis@rders, see lineé 12~16 of pageﬁ 1; lines
16-18 of page 2; and lines 16-22 of page 5 of the speci-
ffcation, Accordiﬁgly, it is considéred obvious to use
these known anticholinesterase agents for the treatment
of the recdited disorders. Aeschlimann (USP 2,493,710)
ié cited to show that the various R} and Ry of the
1nstan£ c;éims are recognized to be fhnctionally equiva-
lent in analogous compounds ¥endering such a modifica-~
tion of the primary reference compounds obvious. .

The. remaining reference are cited as of interest.

shipper:vld | W A 'M’
WICHAEL L, SHIPPEN Trv.

01/06/87 , BRIMARY EXAMINER:
A/C 703 557-6930 © - . ARTUNIT 126
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N
TO SEPAnAIE, HOLD TOPAND BOTTOM EDGES SNAP—APART AN™ DISCARD CARBON

e :k:gﬁ%’::;“;ﬂa‘:;i’;::.:"E:Ez%i e T
| §354ee | 12+ | wEm |/
NOTICE OF REFERENCES CITED mmz_o N ’ }L /

Sk, €7 e
U.S. PATENT DOCUMENTS
| | . socumentno. oATe HAME cuass | sy [ Frunsoatere
alll7lols 19121014 ~15 33| Aesehlimann, Seol 32
81012l % |4Ig]s| 2 =40 | Aeselliwenimin | Soul 136
cl2l4|q| 317110 |1 —tgsn]| Aescdalinawn  |Sed]iac
I213lL |2 |5T0|& | ~1944 | Stevens — |
. .
-
G
-
! 4 j —
] | - - [ d/ Ll [ 5 . - .
; .
FOREIGN PATENT DOCQMENTS (/'
YR Dlolalolzls] 3] 2250 | evimany | (EHD, |50 lize |
m : S~
N
o ..
;
o}

OTHER REFERENCES {Including Author, Tme, Date, Pertinent Pages, Etc.)

R 'Sﬁéw\mm Bi Ou(/\.e’muJ.c/l TOQ,VVLL« | 3 20 S 7[?-—3¢
(926 ') i

L nscormuan, Proc, )z’/mt( Bead  Scif, Usp, Zf

0 4510- Y Clog2 )

| (ges) . - ' i
y f‘{’)erv*/-/ , Biochgm, plf\,mrwuw(‘;‘%{? 2R 3L C%7//)
yAd

Ta?leNEh - BATE

S (A/)opo»\ 12/ 1%/

*A copy of this reference is not being furnished wnh this office action.
{See Manual of Patent Examining:Procedure, section 707.05.(a).)
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TO SEPARATE, HOLD TOP AND BOTTOM EDGES, SNAP—APART AND DISCARD CARBON

FORM PTO-892 U.S. DEPARTMENT OF COMMERCE | SERIAL NO. ‘ i ATI"ACHVMENT ‘
~ (REV. 3-78) PATENT AND TRADEMARK OFFICE Yo ;
 f3odes | 1w Y|
: NOT!CE OF REFERENCES CITED [ AFPLICARTIS) + : i
a Pys iy € ol _ ;
. U.S. PATENT DOCUMENTS . :
. " pocuMentno. | | DatE ) NAME cuass | SU8 R T
A
B
Cc
D
E
F
{/\ [ 0N >
: TG
: 77
i
J
K
FOREIGN PATENT DOCUMENTS )
T i cun. - | PERTINENT
DOCUMENT NO. DATE COUNTRY NAME <. CLASS CLASS sr;\lNTg s:gc,
L
M
N
o
M
Q
.OTHER REFERENCES {Including Author, Title, Date, Pertinent Pages, Etc.)
. C,amgi, Ha_enstas)s ,LO Jo 3LS= {7 (tz€l)
s -}{/Le’/j/? er‘/ /;AﬁZaw/a/ . E;\L,ﬂ, ﬁ'ﬂﬂ [, 1z
' ,{) (6h-32 (“69)
. S
U
b K
EXAMINER DATE
/&ug‘m F\m’\—\ . )}/(,‘7[7/L
! *A copy of this reference is not being furnished with this.office action.
(See Manual of Patent Examining Procedure, section 707.05 (a).)
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3700074/  wprenr %. |

AMENDMENT TRANSMITTAL Ft..wl

In re application of: M. Rosin, ek al.Belfore the Examiner p, Shippen
Serial No: 835,466

Filed:  03/03/86 )

for: PHENYL CARBAMATES ) Group Art Unit 124

THE COMMISSIONER OF PATENTS AND TRADEMARKS JUL 30 1987
Washington, D.C. 20231

Sir:

[{J The undersigned hereby certifics having information aud a reasonable basis {or beliel
that this. correspondence will be deposited as first-class mail with the United States
Postal Scivice in an envelope addressed to Commissioner of Patents and Trademarks,
Washington, D.C. 20231, ou 1/17/87 ___

Transmitted herewith is an amendment/response in the above-identified application.

Petition for extension of time pursuant to 37 CER 1,136 and 1.137 is hereby made il, and to the extent,
required. The fee for this extension of time is Lalnu!dlcd to be 390,00 to extend the time for

filing this response until _7/23/87.__

The fee for any changes in number of claims has been calculated as shown below.

CLAIMS AS AMENDED.
" o) ] 2 © © @
Claims .
Remaining Highest No. [ Presemt Rate
AMier | Previously Extra
Amcndment Paid for
(I..;:;\nin ' Minus * x12.00
* AkE
lé}:";{:q Minus . x34.00
~ MULTIPLE DEPENDENT CLAIM FEE $110.00
FEE FOR (.LI\IM CIIANGES

*1f the entry In Column 2 1s less than the entry Is'Colunn 4, write "0" ln Colunin 5.
** 10 the "Higher Number Previvusly Pald For® IN TS SPACL Is less than 20, write *20” in this space,
bl II' the.“Ilighest Number Previgusly Paid-Tor” IN TIHS SPACE is less than 3, write “3" in this space.

The loldl fee for this amendment, mnlmlmg claim dmn;,cs and any extension of time is caleulated
to be 390.00

' G A check in the amount of § - 390.00 s attached.
D “Charge $ "to Deposit Account No. -

The Commissioner is hereby authorized to.charge any additional fces under 37 CFR |
1.16 and 117 which mway be required by this paper, or credit any overpayment, to Deposit

Ty

120 07/27/87 835446 ' o1 ur 390.00 £K

July 17, 1987

Dinte of Signature

e
Attoaney or Agent of Recold

-51- '  Richard T. Laughlin
. Registration No. 17,264 e,

LAUGHLIN, MARKENSOHN, LAGANI

. . & PEGG
" Post.Office Address (to which correspondence is to be sent): 129 Headquarters Plaza L~
o ' Morristown, New Jersey 07901
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

'APPLICANT: M. W. Rosin, et al

SERIAL NUMBER: 835,466 GROUP ART UNIT: 126
FILED “": 03/03/86 EXAMINER: M. SHIPPEN -~
FOR : PHENYL CARBAMATES

AMENDMENT

Honorable Commissioner of Patents and Trademarks
Washington, D.C. 20231

Sir:
This is in response to the Official Action of
January 23, 1987.

Please amend the above identified application as

" follows:

Cancel claim 1 in its entirety.

Amend the cll/a‘;ms as follows:

Claim/z,' ast line, after "thereof" and before the
"period, insert the following

. V]

compounds wherein R, and Rg

[ prov;‘;ded that fo

Ql are both 'me.thyl and havirng

vposi’tion, when Ry is methy

ialkylamino group in the meta

d Ry is hydrogen, R, is neithez:
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_hydrogen, and for compo

S/N 835,466

Page 2

hydrogen nor methyl, and w —/. Ry and Ry are methyl; R, is not

26 ein'R4 and Rg are both methyl
'ﬁ/' e” group -in the ortho or para

re both hydrogen R, is not methyl--

and having the dialk

position when R; and Ry

/

REMARKS
The claims in the application are claims 2 to 13.
Claim 2 was amended so that it is directed to the same group

of compounds as claim 3.

For the information of the Examiner; some of the

compounds claimed in this application we:g disclosed after
the priority date at the 3'rd OHOLO Biol. conference in Eilat,
Israei held in November of 1985, a copy of the publication is
at.tached ﬁereto as Exhibit "A".  Subsequent to this, workers
a,{: Warner-Lambgrt synthesized some of the compounds, a copy

of the publication is attached hereto and marked as Exhibit

npge,

It is noted that claims 9 and 10 were not rejected on

any basis.

Reconsideration is teciuested of the rejection of claims

3-8 and 11-13 under 35 USC 103 as being unpatentable over

Aeschlimann 1,905,990; ivle'ltzer, Lange or Berry in that the
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's/N 835,466

Page 3

references disclqse homologous and/or isomeric compounds that
,are so structurally similar that it would bé expected they
would possess a community of properties'iA common .

The Meltzer article diséloses two compounds with the
code numbers KD 1207 and 1261 which fall under formula I, but
not under formula I', and provides results as to their
insecticidal acﬁivity. There is also a general statement
mentioning that the anticholinesterase activity of
alkylphenyl N-methylcarbamates can be improved by introducing

a p-dimethylaminomethyl group. There is however no alkyl ;D
M [

group in addition to the dialkylaminoalkyl group in the [

compounii ) Efg':jg'gﬁl_.ygggd,m,,' Meltzer concerns a different art, that
e
of killing insects whereas the present invention is for
treating patientsbto save their livgs.

The Lange article discloses one compound (table II, No.
37) which is Miotine, falling under formula I, as an
inhibitor of coagulation factors. Lange in page 338, 3rd
.paragraph iﬁdicates that other éompoundsbare prefer:ed.
There_is ho motivation to modify compound 37 to a compound
such as no% embraced by the claims.

The Berry article digscloses the acetylcholinesterase

-54.
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activity of 6 carbamates including one of formula I, which is
Miotine. Berry is an academic work and does not come to any
gondlusion and does not suggést structural changes for any
purpose. . v

Aeschlimann 1,905,990 generically covers N-
disubstituted carbamates of formula I, assuming the alkyl
chain in the dialkylaminoalkyl group may be branched.
However no compound having a dialkylamihoalkyl group is
disclosed and there is no mention of any advantage of the‘
compounds over physostigmine. In fact, Agschlimann having
prepared no compound with a dialkylaminoalkyl substituent
could, of course, not have noticed the aévantgges bond to the
alkyl bridge. '

Applicants have now combined the two features of the
alk&l bridge and tertiary hitrogen, and discovered further,
unexpected advantages over physostigmine, comprising CNS
;eléqtivity, little side effects.and low toxicity. These
advantages‘are_esséntial for the use of the compounds in
_senile mental decline;-

Reconsidera£ion is also requested of the rejection
of claim .2 under 35 USC 103 as being unpatentable over Berry

and Aeschlimann 1,905,990 or in view of Aeschlimann
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8/ 835,466
Page 5 . ' %
2,493,710. The claim has been amended to limit it to the
compounds of claim 3. The rejection is based on the
allegation that the references teach the cbmpoundé of the
references possess anticholinesterase activity and that
applicants admit it is known to use such agents in the
treatment 6f the recited disorders. As indicated above the
basic references do not disclose the subject compounds. They
also do not suggest that the claimed compounds have the
recited activity. Accordingly, it is submitted that the
recited method is novel and is not suggested. As to
Aeschlimann 2,493,710, it discloses carbam}p acid esters
inclﬁding compounds presenting the alkyl bridge, but wherein
thé nitrogen in the alkylamine radical is either primary or
secondary, but not tertiary like in the compounds of the
present invention. Thus he noticed some advantages over
phisostigmine like a good p.o. bioavailability and a certain
gspecificity but no details are given. However, there was no
incentive to improve the activity by preparing tertiary amine
<homologueé, and this was not done until the present
invention. .
The other references have been considered but since

they are only recited as of interest a detailed discussion
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S/N 835,466

Page 6

appears unnecessary. The references however do not disclose
. the claimed compounds.
For the reasons given hereinabove reconsideration of

the rejection of the claims is respectfully requested.

Attorney for Applicant

Laughlin, Markensohn,
Lagani & Pegg .

129 Headquarters Plaza
Morristown, New Jersey
07960

(201) 539-0080

Da;ed: 1[’7/?7
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PHARMACOLOCICAL ACTIVITY OF EOVEL AKTICHOLINESTERASE ACERTS
OF POTENTIAL USE IN TREATMENT OF ALZHEIMER'S DISEASE

M. Weinstock, M. Razin and K. Chorev. Depta. of
Pharmacology and Pharmaceutical Chemistry. Hebrew Unjv.
Medicine & Pharmacy Jerusalem, lIsrael

Alzheimer's disease has been associated with degeneration
of chalinergic neurones in the hippocampus and cerebral
cortex. Physostigmine has some beneficial effect in this
condition, but its short half life, low therapeutic ratin
and irregular intestinal absorption limit its usefulneas *o
hospitalized patients. We have prepared and tested 10 novel
anticholinesteraae agents in a variety of preparntions in
- vitro and in vivo. Several of these compounds waere found to
have obvious advantages over physostigmine. In vitro ac*iv-
ity was assessed 9n a solubilined preparation 3f mouse
brain acetylcholinesterase (AChE). In vivo asctivity and
acute toxicity were assessed at various times efter s.c. or
oral administration to mice or rats. Five of the compounds,
RA6,7,12,14 & 15 produced 50% AChE inhibition in mouge
brain lasting 3-17 hours, while that of physostigmine last-
ed only 2 hours. The therapentic ratio LDSO/FDSO for phy-
sostigmine in mice was 5.6 after s.c. and <3.Q-after gral
administration, while those of five RA compdounds ranged
from 6.6-12. The maximum inhibition in AChE after oral or
) s.c. physostigmine-in rats was only 31% in the cortex but
rer’ reached 46% in the medulla, at doses which caused obvious

=
BN
i
- |
2 |
B=
fasciculations. In contrast, RA6,7,14 & 15 inhihited AChE lE
B
=
b |
B2
|
=
=2

in cortex by more than 50%, but that in the medulla by
25-45% at doses vhich did not cause signs of peripheral
cholinergic overactivity. These drugs are currently being
compared with physostigmine for their ability to restore
memory in .rats with lesiona of the nucleus basalis. In view
of their lower relstive toxicity, longer duration of
action, better oral bioavailabilify, and relatively greater
inhibition of AChE in cortex than in medulla, these
compounds may be superior to physostigmine in the treatment
of Alzheimer's disease.

43

EXHIBIT "A"
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CENTRAL CHOLINERGIC PHARMACOLOGY OF A SERIES OF CHOLINESTERASE IN-~
HIBITORS, R.E, Davis, L.L. Coughenour®, J,G. Marrfott W .H, Moos*
R.0, Schwerer, J P, Sywons, and K, J, Thomas®, Varner-Lambert .
Parke<Davis PharmaceutTcal Research, Aan Arbor, MI (8105

The short duration of actfon and poor therspeutic ratio of the
anticholinesterage, physostigmine, Hhas limited fts .utility fa
tresting patfents sufferfng from’ chollnergic defictenclas.
Recently, a terfet of acetylcholfnectarsse inhiditors (ACHE=I) has
been described by Welastock-Rosen (RA series) with a potential for
decreased toxfcity and increased duration of actfon relative to
physottigmine. We have exsmined the effects of this serfes (n a
variety of *ia vitro' blocheaical and 'in vivoe' behavioral tests
which are detigned to characterize central cholfinergic function,

All compounds from the RA sertes exhibit higher affinity for
suscarinic cholinergic agontst sftes labeled by clr-methyldiox-
olane (C0) than for sites labeled by the sutcariaic :Scuqcnht.
QX8.  The 1C-50"s of these compounds for ditplactng “H-0O f{g
directly cogrelated ta their potency for inhiditing challnesterase
activity (¢ « 0,.92). GO displacement and cholinesterase activity
of this serfes also are directly releted to bulk parsmeters such
et lipaphiltcity and molar refractivity., A sfallyr relationship
holds with respect to the ab{lfty of these compoundt to decreass
the Ke-ttimulated presyneptic release of acetylcholine froe brain
slices, However, thete RA serfet compaundt do not stieulste the
turnaver of phasphoinatitides (Pl). The order of potency far
displacing OO, Inhibiting cholinesterase activity and decreasing
ACH release §s RA-2 > RA~10 > RA-6 > RA-T > RA-8.

A siailar order of potency holds “TOr the ability of these
compounds to. decrease gpontancout swimeing and .to reverse
scopolamine-tnduced {ncrectes {a swimming activity of rats.
Howsver, RA-6 doet not reverse scopolamine~induced incredtes f(n
swieming sctivity,

Taken together these dets suggest that the ebility of these
comgaunds to displace OO bianding but nat QN8 blading say be
related to thelr abflity to (Inhibit cholinesterase activity.
ACHE-1 activity also 1s directly relsted to the ability of these
compounds to decreste the presynaptic release of ACH froa braln
tlices, decreass  spontansous swimeing activity and reverse
scopolamlne-induced swisming ectivity. This pattern of eoffects
alio 14 seen with the known snticholinestecase, phytoctigmine,

Tuss

EXHIBIT "B"
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atent and Trademark Office -

Address COMMISSIONER OF-PATENTS AND TFIADEMARKS
. Washmgton D.C. 20231

SER_EALN JIMBER FlLING DATE : " FIRST NAMED APPLICANT | ATTORNEY DOCKET NO.
VEL7REnY A7UE7 96 RSN L TIB~&UaE |
- " RONALD c;;'bos‘ 1. e _ -  BEETE——vT B
MATHENS s WOODERLDGE s HEL R BHIFFENY]
BUGH & COLLING ‘ ( :
‘ 22 PARK PLACE» e, BOX L12-M . —ART UNI NUMBER
C MORRISTOWMy NJ 079860 . e Y e APET7UMBER.»
St S ‘Z ) : : o . DATEMAILED: o
v Co . : : 11700/87
Thisis a icdtion from the in charge of your application,

_+ COMMISSIONER OF PATENTS AND TRADEMARKS -

ﬁThis’ :,, icafi ‘P.as'bee" ’» : m p ive to ication filed on M&?%fms action is rnad

.pr‘téneds’tatutvory geriod for rasponse to this action is set t expire -_.ggmonth(s), days "from-the date of this letter,
i u'ré té:respo_nd within the périod for response will cause the application to become abanduned. 35U.8:C. 133

ml " THE FOLLOWING ATTACHMENT(S) ARE PART OF THIS ACTION: I

L [:l Notice of References Cited by Examiner, PT0O-892, . 2. [7] Notice re Patent Drawing, PTO-948,
. 3 L—_] Notice of Art Cited by Applicant, PT0-1449 4. [ Notice of informal Patent Apptication, Form PTQ-152
D Infwmatwn on How (n Effect Drawing Changes, PT0-1474 s. ]

ﬁmlr SUMMARYOFACTION e . - _ )

%Clalms : — Q‘l % ; are pending in the application.

Of the zbove, ‘claims . . B .are withdrawn from consideratiort:
. : : : i 4
2 D Clainis - — e - > have been cancelled.
E Claims P . . o are _ajlowed:

N Ctaims ‘. : Q “ 8— + l’_’, g X . : . afe rejected. ,
5. [ﬁcmms‘ ‘_ i ' : 9/‘3’/0 _ -» : . v - are - i to.

a|ms - - : _ : - i are subject to re;trlction of election requirement.

._ [:] Thls apphcatmn has béen fited with |nformal drawmgs whlch are for ‘exami P unti] such time as atlowable subject
" matter is indicated. . : .

] A|Iowahle subject matter having been indi { ‘,'formal wings are required in onse to this Office action,’ -

D The corrected or subsmute drawings have heen recenved ‘on . . These drawings are Dbcceptéble;
[]] not acnep!aNe lsee explanatmn). -

s(have).been E] approved by the exani -[:]" proved hy the '_ iner (see explanation).

¢ proposed drawing' corr —ie  shasbeen [T approved. [] disapproved (see explanation). However,

- the Patent arid Trademark Office no Iunger makes drawing changes. It is now applicant’s responsibility to ensure that the drawings are
corrected. Corrections M_l_.lﬂ' be effected in accordance wllh me instructions set forth on the attached letter “INFORMATION ON HOW TO
EFFECT DRAW!NG CHANGES" PTO-1474, .

r

12' D Acknowledgment is made of the clalm for pnomy undér 35 U.S. C. 119, ‘The certified copy has D been received [_] not been received

G been med in. arent appllcanon, senal h(z . :; filed én

D Since (hls apphca ion appears to be” |n ‘condition for allowance except 1ur formal matters, prosecution as to the merits is closed in
_accotd_ance wlth the. practlce under Ex parte Quayle, 1935 C.D. 11; 453 0.G. 213..
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Serial No. 835466 ) -2~

Art Unit 126 . : ' ;

Claims 3-8 and 11-13 are.kejected uﬁder 35 U.s.C.

103 as being unpatentable over Aeschlimann (USP
1,905,990), Meltzer. Lange or Berry for reasons of.
record. o

Applicants state that Aeschlimann SUSP 1t905;990)

‘does not disclose a coﬁpound‘having a "dialkylaminoalkyl"
group and there is no mention of any advantage over phy-
sostigﬁine. The fact is that the preduct of example 2
has a "dialkylaminoalkyl" group{ which is an adjacent“
homologue to the compounds iﬁstantly claimed, As to
edvaﬂtages of the prier art compounds, thére is no
requirement that the prior art disclose advantages over
phfsostigmine. There is no evidence of the instant com-

'pounds possessing unexpected properties over the com-

" pounds of Aeschlimann (Uép 1,905,990), note In re Hoch,
166'USEQ 406. The fact that Meltzer does not teach
"treating patients" is of no moment, In re Hoch, supra.
The fact that compound 37 of Lange may not be the most
preferred agent disclosed is. of no mémeht, see In re
"Mills, 176 USPQ 196. Applicants suggestion that Berry
does not suggest'structﬁral changes is of no moment
because one of ordinary‘skill in the art would recognize
the obviousness of ﬁomologous_or isomeric compounds
without the reference suggesting such changes.

‘Claim 2 is reﬁected under 35 U.S.C. 103 as being

.unpatentable over Berry and Aeschlihann (Usp 1,905,990)
optienally in view of Aeschlimann'(USP 2,493,710) for

reasons of record.
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Serial WNo. 835466 . =3~

Art Unit | 126

' Applicants arguments as to Berry and Aeschlimann
kUSP 1,905,990) that are the same as presented in
response to the preceding rejection are not persuasive
for the reasons given.

Claims 9 and 10 objected to as béing dependent upon
a rejected base claim; but would be allowable if rewrit-
ten in independent form including all of the limitations
of the baée claim and any intervening‘claims.

Applicant information about "some of the compounds
claimed" being disclosed after the priority date is
'no;ed. It is poihted out to applicants from the infor-
mation provided by applicants it is not possible to
‘determine whét compounds were actually disclogéa making
an evaluation of -such inforﬁation impossible. It is
further‘pointed out to applicants that they are not
entitled to their priority date unless it is actually
prefected in accordance with .35.USC 119 (also see MPEP
ﬁQl;iS). If the Aisélosure raises issues under 35 USC
102 or 35 Usc_i03, such a determination cannot be made

with the information provided, see 37 CFR 1.56.

THIS ACTION IS MADE FINAL.

Applicant is reminded of the extension of time
policy set forth in 37 CFR 1.136(a). The practice of
automatically extending the shortened statutory period
an additional month upon the filing of a timely first
response to a final rejection has been discontinued by
‘the Office. See 1021 TMOG 35.
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Serial No. 835466 -4-

" Art Unit 126

A SHORTENED STATUTORY PERIOD FOR RESPONSE TO THIS
FINAL ACTION IS SET TO EXPIRE THREE MONTHS FROM THE DATE
OF THIS ACTION. 1IN THE EVENT A FIRST RESPONSE 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
WILL THE STATUTORY PERIOD FOR RESPONSE EXPIRE LATER THAN
SIX MONTHS FROM THE DATE. OF THIS FINAL ACTION.

MShippen/baf . d/‘wl/z/&/ﬁ;,

A/c 703 557-3871 " MICHAEL L. SHIPPEN
~ PRIMARY EXAMINER
10/31/87 ART UNIT 126
-63-
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UNITED STATES DEPARTMENT OF COMMERCE . é
| Patent and Trademark Office

- Address: COMMISSIONER OF PATENTS AND TRADEMARKS
Washington, D.C. 20231

BERIAL NUMBER l FILING DATE ' FIRST NAMED APPLICANT

_ ‘ [ ATToRNEY DOCKET rfo'.
$35Y6 3/3/86  Posiu

5,(/“«10)'0?3 h

ARTUNIT / || PAPER NUMBER

26 B=

DATE MAILED:

EXAMINER lNTERVIEW SUMMARY RECORD

Al particij 1 's PTO personnel):

m /l’l S ‘m D)OBL\ @

2 /7l K 0;6 10 g “

Date of Interview___ &% / / 0 / 5 s

Type: O3 Telephonic b{wnan copy Isgivento [J applicant ] applicant’s ive / =

3]

Exhibit shown or demonstration conducted: [J Yes [1No. If yes, brief description:

Agreement [ was reached with respect to some or all of the claims in question.  [J was.not reached.

Claims d

of prior art dist d:

{A fulter description, if necessary, and a copy of the | f available, which

i the agreed would render the.claims allowable must be
attached. Also, where no copy of thu amendments which would render. the claims aliowable is available, a summary-thereof must be attached.)

. Unless the paragraphs below tiave been checked to indicate to-the contrary, A FORMAL WRITTEN RESPONSE TO THE LAST OFFICE ACTION IS
NOT WAIVED AND MUST INCLUDE THE SUBSTANCE OF THE INTERVIEW {e.g., items 1~7 ornhe revem side of this form). If a response to the
tast Office action-has already been filed, then applicant.is guvan one month from this interview date )

of the f the interview.

3-1t-is not necessary for applicant to provide a separate record of the substance of the interview. :
O Since the examiner’s interview summary above (including ant ) reflects.a 'SP to .ach of the oblecﬂons, re]ectl’on; and
requirements that may .be present in the last Office- acﬁan and since the claims are now al le, this form s o fulfill the:

response requirements of the last Office achon

PTOL-413 (REV. 1-84) Examiner’s Siqmgqm

ORIGINAL FOR INSERTION IN RIGHT HAND FLAP OF FILE WRAPPER . ..
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.UNITED. STATES DEFARTMENT OF COMMERCE
Patent and Trademark Office

Address: COMMISSIONER OF PATENTS AND TRADEMARKS
Washington, D.C. 20231

SERIAL NUMBER ' FILING DATE ! . FIRST NAMED APPLICANT T ATTORNEY DOCKET NO;
835, 160
i ?
r . . — __ EXAMINER
ART UNIT | parer numBER"

B DATE MAILED!:

EXAMINER INTERVIEW SUMMARY RECORD

Al par {applicant, applicant's rep ,PTO 1):

(1) 3)

12) _ L@

Date of Interview.

T\;pa: {1 Telephonic [ Personal (c-opy Isgiventa [J a s rep! ive).

Exhibit shown or demonstration condu‘ctad: O Yes [1No. Ifyes,brief descrlhxion:

Agreement [ was reached with respect to some or all of the claims in question. [ was.not reached.

" +

Claims

Identification of prior art di d

Description of the general nature of what was agreed to if an.agreement was reached, or any other

[
o
. " 0, .t
(HNTA LA AAAAXIA - X 4 A A‘/,f..‘,._.
7N N / / - . ) ~4 .
AN A4 Ond At Lt X A1 A ANAAL RANAL o AAJ-AAAA-""
’ / . y / L/ 7
¢ O d 4 4
% < " AN - LA LMAALD AT et e vtl‘.d{“ AAA..I /A
¢ >, 4 s s AA ¢! . W# =C. 1; . \{‘Q ALY
(A fuller descripfion, If nece¥%sary, nd-A copy ¢ tha dm);:t!, a|,$le, which 1] eezxagixel{ ehreed would render the claimy/ajfowsble THUST be

attached. Also, where no copy of the amendme: {{s which would render the claims allowable is available, a summary thereof must be attached.}

Unless the paragraphs bslow have been checked to indicate to the contrary, A FORMAL WRITTEN.RESPONSE TO THE LAST OFFICE ACTION IS
NOT WAIVED AND MUST INCLUDE THE SUBSTANCE OF THE_ INTERVIEW (e.g., items 1—7 on the reverse side of this form). 1f a response to the
last Office action has already been filed, then applicant is given one mdnth from this interview date to provide a of the of the interview.

[T 1t is not necessary for applicant to, provide a separate record of the substance of the interview.

2 Since the examiner's Interview summary sbove (including any attach ] reflects a to each of the objections, rejections and
requirements that may be present in the last Office action, and since the claims are now all this form is ad to fulfiil the
response requirements of the last Office action. .

. -
_ PTOL-413 (REV. 1-84) Examiner's Signature

ORIGINAL FOR INSERTION IN RIGHT HAND FLAP OF FILE WRAPPER
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\‘\,,{;

‘ation of: M‘E R?Sln, ) Before the Examiner M. Shippen

: 835,46 6° )
Flled ‘3 /3 / 86 ) :
For: PHENYI, CARBMATES ) Group Art Unit 126 .

: : i
. N RECEIVED
' ;
“THE COMMISSIONER OF PATENTS AND TRADEMARKS
Washiugton, D.C, 20231 . MAR 3 19%8
. . ~

Sirr . _ GROUP 120

E] The undersigned hereby certifies having information and a reasonable basis for beliel
that this correspondence will be deposited as first-class mail with the United States
Postal Service in an envelope addressed to Commissioner of Patents and Trademarks,

Washington, D.C. 20231, on _FE82 /o0, (228,
Transmitted herewith is an améndment/response in the above-identilied application.

Petition {or extension of tiine pursuant to 37 CFR 1.136 and 1.137 is hereby made if, and to the extent,
required. The {ce for this extension of time is calculated to be to extend the time for
filing this vesponsc umtil ____ .

The fec [or any changes in number of claims has been ealeulated as shown below.

CLAIMS AS AMENDED
0] @ | 6 | @ © © ™
. Claiis
Remaining Highest No. [ Present Rate
Ater Previously Extra
X Amendment Paid for
- - k% )
(IJ(I)al:’lL s 2 Minus 2. x12.00 . o
“Indep. | * . : . bl
Claims z . Minus - x34.00 Ie}
MULTIPLE DEPENDENT CLAIM IEE $110.00 o
FEE FOR CLAIM CHANGES o

*1f the entry ln Colunm 2 1s less than the entry Is Column 4, write “0” in Columin 5,
** [ the “Higher Number Previously Pald For” IN TillS SPACE is less than 20, write “20” in this space.
e II' the “Highest Numbes, Previously Paid I‘ul" IN 'THIS SPACE Is less than 3, write “3” in this space,

~ The total fec l'01 this amendment, including claim changes and any extension of time is caleulated
to be .

D Acheck intheamountof § i attachéd.

D Clnlge $ Deposxt Account No,

Z//" /s

Dale of Signnture . Attoraey or A.em of Recbfd -
mcunna 7.. LAavewesa

Registration No. /7 26%
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P

TRADEMARK OFFICE

In re Application of S

ROSIN ET AL.

ART UNIT 126

Ser. No. 06/835,466 : Michael L. Shippen
) ) Examiner

Filed: March 3, 1986 H . E

For: Phenyl Carbamates ) :

POWER OF ATTORNEY

Honorable Commissioner of Patents and Trademarks
Washington, D. C. 20231
Dear Sir:

" In the matter of the above identified application, the
undersigned, the assignee of the application, hereby revokes all
Powers of Attorney heretofore given and appoint as its attorney:

Richard T. Laughlin Reg. No. 17,264
Anthoneragani, Jr. Reg. No. 24,126
of . 129 Headquarters Plaza
Morristown, New Jersey 07960
Tel. No. 201-539-0080
with-full power of substitution, association, and revocation,
to prosecute said]applicétion’and to transact all business in

the Patent and Tradeémark Office connected therewith.

E Proterra AG
o N0rk 07
“(7Title) ' .

Dr. Martin J. Iutz
- Chairman of the Boaxrd of Directors
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U.S. DEPARTMENT OF COMMERCE
‘Patent and Trademark Office

Address: COMMISSIONER OF PATENTS AND TRADEMARKS
Washington,.D.C. 20231 o

Paper No_i—

[ ] L]
Shippen Art Unit 126
.06/8351466 03/03/86 0
Marta W. Rosin, et al N\A“-
Ronald G. Goebel ’ 088
" Mathews, Woodbridge, Goebel MAR ”9\

Puch & Collins " 120
22 Park Place, P.0O. Box 112-M LR WAW
Morristown, N& 07960 GRQT“

A —Je— EE

. assignee.
1. e power of attorney to you in this application has been revoked by the appliczsh

This is in 1esp to the ion re the Power of Attorney filed

D In view of the notice in this application of the death of
his power of attomey is terminated.

~ -
‘3. [D—The power of attorney to you in this application has been accepted by the Commissioner of Patents, & Trademarks,

For Director, Operation

Further cor

4, DThe as:signee.,in this aﬂpﬁcaﬁon has -intervened and 5ppoinf.ed~ an attorney of his own
will be held with said attorney. (Rule 36, Rules of Practice.)

P

5. [} The revocation of the power of attorney to has been
entered and said attomey has been notified. Further ¢ spond will be add: d to you. '

- assignee .
6. [JOn_— the applicant appointed —
as additional attorney in ‘this application, Further correspond will continue to be addressed to you as
specified in the new power of attorney.

assignee
— 1. [Oon_ the applicant appointed
as additional in this ication, Further corresp de will be add. d to said . MPEP 403.02 N

8. D The associate power of attomey to you in this application has been revoked by the attorney of recor&.

[T Laughlin, Markensohn 1
68 - . - Lajani & Pegg
’ 129 Headquarters Plaza
Morristown, NJ 07960
L .

RETAIN THIS COPY IN THE APPLICATION FILE CopyA o

For Ditector, Operation

FORM PTOL-305 (REV.9/75)
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o . Gpo6
- RECEIVED 0
) MAR3 1988 '
GROUP 120

I
L ot =

Y

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

APPLICANT: M. W. Rosin, et al.
SERIAL NUMBER: 835,466 ' 'GROUP ART UNIT: 126
PILED: 3/3/86 . EXAMINER: M. SHIPPEN

FOR: PHENYL CARBMATES
AMENDMENT

Honorable Commissioner of Patents and Trademarks
Washington, D.C. 20231

Sir:

.This is in response to the Offical Action of November 10,

PIease;v{x:d the application as follows:
Cance] clﬁ’m 2 to 8 and 11 to 13.
. e

ewrite claims 9 and 10 as follows:

1987.

Wil / —9" q Réwrittezj. N-cyclohexyl-3[1-(dimethylamino)ethyl]lphenyl

.carbéﬁate and pharmacologically acceptable salts thereof.
7 ﬁ/ : .1,29- @jﬁﬁilyl—au—(dimethylamino)ethyl]phenyl
carbamate and phar;nacologicall% acceptable' salts theréof. f

The claims in the application areb claims 9 and 10. All
of ;:he rejected claims have b‘een cancelled and claims 9 and 10
have been rewritten as independent claims. These claims
were indicated as allowable if the claims we-re written

Y

in i‘ndépendent form.
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The case is now in condition for allowance and thereafter

it is respectfully requested that it be péssed to issue.

ully submitted,

./ - G2
Richard T. Laughlin ¢/
Attorney for Applicant

Laughlin, Markensohn,

Lagani & Pegg
129 Headquarters Plaza
Morristown, New Jersey 07960

(201) 539-0080
DATED: /(73 /5 728

- -70 -

NOVARTIS EXHIBIT 2058

Noven & Mylan v. Novartis & LTS Lohmann
IPR2014-00550

Page 70 of 372



™~

UNITED STATES DEPARTMENT OF COMMERCE
Patent and Trademark Office

Address: COMMISSIONER OF PATENTS AND TRADEMARKS
_ . Washington, D.C. 20231

SERIAL NUMBER | FILING DATE | FIRST NAMED APPLICANT | ATTORNEY DOCKET No.
§3TY6e  3/3)FL Rospn
r o v 9 ' EXAMINER
. V4
: s’[t Y7/ AN
' ART UNIT ¥ ®arer NuMBER

)26 l/

nl‘rr'z_ MAILED:
EXAMINER INTERVIEW SUMMARY RECORD

All parti { 's PTO 1)
n____ /l*(: SL\..({%}? D, @)

2 ﬁ L Qg (,;_ l 1 l{x @)
 Date of intarview. 3// fZ // / ?k

Type: ﬁ’gls/ph_onlc {3 personat (copy isgivento [0 applicant (3 applicant’s representative).

Exhiblt shown or &emonstration conducted: [ Yes [ No. Ifyes, briefdescription:

Agreement [ ‘was reached with respect to some or ali of the claims in question. 1 was not reached.

Claims

Identification of prior art di

Description of the general nature of what was agreed to if an agreement was reached, or any other

{A fuller description, if necessary, and a copy of the if e, which the iner agreed would render the claims allowable must be
attached. Also, where no copy of the amendments which would render the claims all is avail a y thereof must be attached.}

Unless. the paragraph‘: below have been checked to indicate to the ontrary, A FORMAL WRITTEN RESPONSE TO THE LAST OFFICE, ACTION IS
NOT WAIVED AND MUST INCLUDE THE SUBSTANCE OF THE INTERVIEW (e.g., items 1—7 on the raverse side of this form). if a response to the
last ;f?;ﬂon has already been filed, then applicant is given one month from this interview date toprovidea of the suk of the intervil

is not necessary far applicant to provide a separate.record of the substance of the interview.

[J'since the sxaminer’s Interview summary nﬁove { ing any } reflects a
requirements that may be present in the last Office action, and since the claims are now all
responsa requirements of the last Office action.

rasponse to each of the objections, rejections and
e, this leted form is Idered to fulfill the

PTOL413 (RE;I. 184 Examiner’s Signature

ORIGINAL FOR INSERTION IN RIGHT HAND FLAP OF FILE WRAPPER
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: ] ’
UNITED STATF ?PARTMENT OF COMMERCE
Patent and Trat.._.ark Office
Address: COMMISSIONER OF PATENTS AND TRADEMARKS
Washington, D.C. 20231

53 ‘/ (zé

SERIAL NUMBER | FILING DATE | FIRST NAMED APPLICANT - JATTORNEY DOCKET NO.

r ] 1 “EXAMINER

ART UNIT | PAPER NUMBER

/2

DATE MAILED:

NOTICE OF ALLOWABILITY

1.
2. All the claims being allowable, PROSECUTI(gN ON THE MERITS IS (OR REMAINS) CLOSED In this application. If- not lncluded
herewltty {or previously malled), a Notice Of Allowance And Issue Fee Due or other appropriate communication will be sent In due

PART].
gﬂm communication Is responsive to. "1/ / (*/ g ?

course.
N The allowed claims are Q 4/1 0
a

The drawings filed on are
Acknowledgment Is made of the claim for priority under 35 U.S.! c 119. The certlfied copy has [--] been recelved ] not been
recelved [-] been filed in parent lon Serial No. filed on
. 6. [ Note the attached Examiner's Amendment.
7. [0 Note the hed Interview Yy Record, PTOL-413.

8. [3- Note the attached Examiner's Statement of Reasons for Allowance.

9. 1 Note the attached NOTICE OF REFERENCES CITED, PTO-892.

10. [ Note the attached INFORMATION DISCLOSURE CITATION, PTO-1449,

~ -

PART It

A SHORTENED STATUTORY PERIOD FOR RESPONSE to comply with the requirements noted below is set to EXPIRE THREE MONTHS
FROM THE "DATE MAILED"” indicated on this form. Fallure to timely comply will result in the ABANDONMENT of this application.
- Extensions of time may be obtained under the provisions of 37 CFR 1.136(a).

1. OJ Note the attached EXAMINER'S AMENDMENT or NOTICE OF INFORMAL APPLICATION, PTO-162, which discloses that the oath
or declaration Is deficlent. A.SUBSTITUTE OATH OR DECLARATION IS REQUIRED.
2. [J APPLICANT MUST MAKE THE DRAWING CHANGES INDICATED BELOW N THE MANNER SET FORTH ON THE REVERSE SIDE
OF THIS PAPER. -
a [ Drawlng informalities are indicated on the NOTICE RE PATENT DHAWINGS PTO-948, attached hereto or to Paper No.
CORRECTION IS REQUIRED. -
b. {1 THe proposed drawing correction filedon e has been approved by the examiner. CORRECTION I8
REQUIRED.
c. [ Approved drawing corrections are-described by the examiner in the attached EXAMINER'S AMENDMENT. CORRECTION 18
- REQUIRED.
d. O Formal drawings are now REQUIRED.

Any response to this letter.should include in the upper right hand corner, the following Information from the NOTICE OF ALLOWANCE
AND ISSUE FEE DUE: ISSUE BATCH NUMBER, DATE OF THE NOTICE OF ALLOWANCE, AND SERIAL NUMBER. )

Attachments: .
-~ Examiner's Amendment — Notice of Informal Apptication, PTO-152
. Examiner Interview Summary Record, PTOL-413 — Notice re Patent Drawings, PT0O-948

- Reasons for Allowance . = . Listing of Bonded Draftamen .
— Notlce of References Clted, PTO-892 . — Other .
— Information Disclosure Citation, PTO-1448

' ,%HAEL L. SHIPPEN
PRIMARY EXAMINER
ART UMIT 126

PTOL-37 (REV, 2-85) -72- b USCOMM-DG 853744
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PTOL-86 (Rev. 5-85)

5

l

SJUNITED STATES JEPARTMEI\IT OF COMMERCE :
P ‘and Tr k Office

Address : COMMISSIONER OF PATENTS AND TRADEMARKS
thmncon. 0.C. 2

. NOTICE OF ALLOWANCE
"~ AND ISSUE FEE DUE

— : - All communications regarding this
. . application stiould give the serlal
RIC HN‘D T, L AQ.’(‘prLﬁzn : number, date of filing, name of
129 HEADUUARTERS applicant, and batch number.

MORR'.IBTOHN ML 079610

. Please direct all communications .
to the Attention of “OFFICE OF
PUBLICATIONS" unless advised

. : to the contrary.

The application identified below has been examined and found aliowable

for issuance of Letters Patent, PROSECUTION ON THE MERITS IS.CLOSED,

[ SCISERIALNO. | FILING DATE |TOTALCLANS| - EXAMINER AND GROUP ART UNIT 1 parsMangn |
- oo

THPE 4
14/0R5 466 03/03/86 002 SHIFPEN,

Named
Applicant RESTIM e

MARTA W

TWVENTION  PHENYL. CAREAMATES

"] ATTY'SDOCKETNO. | CLASS-SUBCLASS | BATCH NO.J APPLN. TYPE [SMALLENTITY] FEE DUE — ‘
( UTILITY © NO~. ﬁn—c—;u—wl—@émﬂ—u : 2

Ho6B

11136848 5460-115,000

‘The amount,of the issue fee Is specified by 37 C.F.R, 1.18 as follows: for an original or reissue patent, except for a design or plant patent, $500;
for a design patent, $175; and for a plant patent, $250. |f the applicant qualifies for and has filed a verified statement of small entity status in
accordance with-37 C.F.R. 1,27, the issue fee is one-half the respective amount aforementioned. The issue fee due printed above reflects

. applicant’s status as of the-time of mailing this notice. A verified statement of small entity status may be filed prior to or with payment of
- the issue faa, However, in accordance with 37 C.F.R. 1.28, failure to establish status as a small entity prior to or with payment of the issue fes

preciudes payment of the issue fee in the amount so esﬂbllxhsd for small entities and precludes a refund of any portion thereof paid pnur to
establishing status as a small entity. : -

THE ISSUE FEE MUST BE PAID WITHIN THREE MONTHS FROM THE MA|LING DATE OF THIS NOTICE as indicated above, The appli-
cation shall otherwise be regarded as ABANDONED. The issue fee will not be accepted from anyone other than the applicant; a registered
attorney or agent; or the assignee or other party in Interest ag shown by the records of the Patent and Trademark Office, Where an auttiorization
to charge the issue fee to a deposit account has been filed-before the mailing of the notice of altowance, the issue fee is charged to the deposit
account at the time of mailing of this notice in accordance with 37 C.F.R, 1.311. If the issue fee has bean so charged, it is indicated above.

in order to minimize delays in the issuance of a patent based on- this application, this Notice may have been mailed prior to completion of finat
Processing. The nature and/or extent of the. remaining revision or processing requirements may. cause slight delays of the patent. In addition,

if Prosecution is to be reapened, this Notice of Allowance will be vacated and the appropriate Office action will follow in due course. If the

Issue fea has atready been paid and pr on is r d, the may request a refund or request that the fee be credited to a Deposit
Account, However, applicant may wait untii the application is either found allowable or held abandoned, if allowed, upon receipt of a2 new Notice
of Allowance, applicant may request that the prevuouslv submitted issue fee be spplied. If abandoned, applicant may request refund or credit to

a Deposit Account,

In the case of each patent issuing without an assignment, the complete post.office address of the inventor(s) will be printed in the patent heading
and in the Official Gazette. If the Inventor’s address is now different from the address which appears in the application, please fill in the informa-
tion in the spaces provided on PTOL-85b enclosed. If there are address changes for more than two entey the add ddi on
the reverse side of the PTOL-85b,

The appropriam spaces in the ASSIGNMENT DATA section of PTOL-85b must be completed in all cases, If it is desired to have the patent issue
to an assignee, an assignment must have been previousty submitted to the Patent and Trademark Office or must be submitted not later than the
date of payment of the issue fee as required by 37 C.F.R. 1.334. Where there is an. assignment, the assignea’s name and address must be provided
on the PTOL-85b to ensure its inclusion in the printed patent,

Advance orders for 10 or more printed copies of the prospective patent can he made by completing the information in Section 4 of PTOL-85b
and submitting payment therewith, If use of @ Deposit Account is being authorized for payment, PTOL-85¢ should also be forwarded, The order.

ust be for at least 10 copies and must accompany the issue fee. The copies ordered will be sent only to the address specified in section 1 or
A of PFOL-85b. N
Note h unication from Examiner. : IMPORTANT REMINDER
Patents issuing on’applications filed on or after Dec. 12,
D This notice Is issued in view of 1980 may require pay of fees. See 37 CFR
ficant's i filed 1.20 {e)}-(}).

PATENT ANb TRADEMARK QF FICE COPY
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UNITED STATES l.iEPAR'[MENT'OF COMMERCE
Patent and Tradeniark Office

Address: COMMISSIONER OF PATENTS AND TRADEMARKS
. Wasthington, D.C. 202,

SERIAL NUMBER | FILING DATE | FIRST NAMED APPLICANT .| ATTORNEY DOGKET NO,
N6/835: 466 V303786 PR IN T M 1186048 §
. RECHARD T. Lagent - - % ' EXAMINER
'_ 129 HEADQUARTERSE FL.Aa%Z6 ' _‘ GRTFEEM M

MORRISTOWN N» s 079410

ART UNIT ] PAPER NUMBER
’ 18&

L ' . ] : /3

' . o DATE MAILED: 08/ 12/86
NOTICE OF ABANDONMENT
This application is abandoned in view of: !

1. O Applicant's fallure to respond to the Office letter, mailed : .
2. 0 Applicant’s letter of express abandonment which is In compliance with 37 C.F.R. 1.138.

within the perlod- set

- * 8. O Applicant’s fallure to timiely fife the. response recelved
in the Office letter.

4, IZ’Aﬁ;IIcanx's fallurei gay the r; }ked issue fee within the statutory-period of 3 months {from the

malling date of of the Notice of Allowance.

O The Issue fee was received on
C1The issue fee has not been recelved In Allowed Flles Branch as of .

In accordance with 35 U.S.C. 151, and under the provisions of 37 C.F.R. 1.316(b), applicant(s) may

petition the Commissioner-to accept the delayed payment of the Issue fee if the delay in payment

was unavolidable. The petition must be accompanied by the Issue fee, uniess It has been previously

submitted, In the amount specified by 37 C.F.R. 1.17 (l), and a verlﬂed showing as to the causes of
- the delay.

it appﬂcant(s) never received the Notice of Allowance, a petition for a new Notlce of Allowance and
withdrawal of the holding of abandonment may be appropriate in vlew of Delgar Inc. v. Schuyler,
172 U.S.P.Q. 513.

5. {1 Applicant’s fallure to timely correct.the drawings and/or submit new or substitute formal drawings by
as required Inthe last Office acﬂon

1 The corrected and/or substitute dr: gs were received on
6. [ The reason(s) below.

'

~ -

DIRECT ANY INRUJ RIES TO 8
NAOMY. SORKELL )

OR
MARCTA CAMPRELL
FURLESHING DIVISLON
(708) HBHZ7-4403

PTO-1432 (REV, 5-83)
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T2 gl [ e 3
c 7S RECEWED
SEP 2 11888

GROUP 120

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

ih‘re Application of

ROSIN ET AL. H ‘ART UNIT 126
Ser. No. 06/835,466 . : Michael L. Shippen

Examiner
Filed: March 3, 1986 :

.

For: Phenyl Carbamates

Honorable Commissioner of Patents and Trademarks
Washington, D. C. 20231 : :
- Dear Siri - - ~ -
This is in respohse‘to the Notice of Abandonment in the above
speciél case for féilure to pay the issue fee.
This application was formally abandoned when the continuing
application Serial No. 07/185,451 was filed on 04/25/88.

Would you please correct your records to show this fact.

Laughlin ©.
Attorney for Applicants
Laughlin, Markensohn, Lagani & Pegg
" 129 Headquarters Place, North Tower
. Morristown, New Jersey 07960
201~-539-0080 N

Dated September 14, 1988
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PN

-l Agoraved fax ut@imm‘gmw‘l’&? e
mmmmmdimmmmmnmb-mdm Urpses & chscinve 8 vakd ORE eoredl rerroer, #

REQUEST FOR ACCESS OF ABANDONED APPLICATION UNDER 37 CFR 1.14(s)

In re Appicatan of

Appucaucn Numeer - Filea

JUN 1 4 2001

0t | 3354066 1-3 -6¢

Group Aittar | Exammer

& fnfermation Unit |

Paper No. { 2

Assistant Commissianer for Patents
Washingtan, OC 20221

! hereby request access under 37 CFR 1.14(3)(3)(iv) to the assicadon file recerd of the above-

Identified ABANDONED appiication. which is: (CHETK ONE:

~ .
.LA) referred 1o in Unitea States Fatent Numper __ 49 45897 caluma
(B} referred to in an appiicadon that is ogen to public insoastsn as set fortn i;x 37CFR 1.11, Le., .
Apgiicztion No, filea . onpage .of
paver number o : e

= of 2n aocticsden that is apen to public

— (C) an appfication that ciaims the :eneui of !he fling 222
filea or

-Inspecticn. ie.. Ap..urzucn Ne.

—-— (D) an auohcanon i which the agpiean: has fleq an sumsnzzucn 10 15y ocen the completa.
application te the pubtic.

Please direct any ccrrésc:ncence csncerming this reguest i3 ine ﬂ"mmnu agcress:

/‘éul—q ﬂ(tﬁy o 6'/¢~0) o ’ !
Slgnature o Dae - \ o |

HErtey pure
FOR PTO USE ONLY

Typed or printez name .
. Agprovea by: g ‘

' (initials)
! .
) - dan: :
Burcen Hour Statamenc This form 13 esumaten 10 axe 6.2 hzurs |o gzt * vary CEDending upon N needs evas of the naividuat
b 3 2 ent 1a 1N Lt mf termanon Qfficer. Fatent
case, Anhy comuniencs on e amount of uml vau ate ’g)o#"’z’ig g JmF ge t ¢ lg ‘ﬂ: Ch e ermanar D T
: |

wma Tmcamux Qffica. wasnmaton. 0C I
“mmreucnes (Of Palents. N:mmg’un CC porkd
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et . - PTC/SB/E8 (04-01)
. Approvad for use through 10/31/2002. OMB 08510031

. : U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995. no oarsons ara required to rasoond to a.collaction of information unless it djsolavs s valid OMS contrel number,

REQUEST FOR ACCESS 7O AM APPLICATION UNDER 37 CFR 1.14(2)
In re Application of

RECENED Apphcau Number File
© MAR 20 2003 : f:?flé A 33/74

Examiner

Flie Information Unit

Paper No.%‘

Assistant Commissioner for Patents
Washington, DC 20231

1. D 1 hereby request access under 37 CFR 1.14(e)(2) to the application file record of the above-identified
; ABANDONED Application, which is not within the flle jackst of a pending Continued Prosecution
Application (CPA) (37 CFR 1.53(d)) and is: (CHECK ONE)

I(A) referred to in: ({ XW%
United States Patent Apnhcatlon Dubllcatlon Mo. ‘7[% . page fine.

United States Patent Number, column __~ line or

an International Application which was filed on or after Novermnber 29, 2000 and which
. designates the United States, WIPO Pub. No. page line_

d {B) refarred io in an application that is open to public inspection as set forth in 37 CFR 1.11(b) or
1.14(e)(2)(i); i.e., Application No. e .papeirNo. _____,page______.line_

2O ] hereby request access under 37 CFR 1.14(e)(1) to an application in which the applicant
has filed an authorization to lay open the complete application to the public.

= /i yes
SZgnature . ﬁa‘e .
- Ji %ﬁ FORPTOUSEONLY .

7
Typed or printed name
Y P Approved by: ____?w .
(initial ‘@ ,/-/

Unit:

Burden Hour Stalement: This lorm is estimatéd {0 take 0.2 hours to complete. Time will vary dependmg upon the.needs of the Individual case. Any curnmants on
the amount of time yau arae required.to mmpllh this form should ba sent to tha Chief Information Officar, U.S. Patent and Trademark Office, Washington, OC
20231. DO NOT. SEND FEES OR COMPLETED FORMS TO THIS ADORESS. SEND TO: Asslistant C i for Patents, i DC 20231.
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\( N~ °

PTQ/S3/88 {04-01)

Approvad for usa threugh 10/31/2002. OMB 0851.0031

U.S. Patent and Tradamark Clfica; U.5. DEPARTMENT OF COMMERCS

Under the Pagerwerk Reduction Act of 1983, no perscns ara reguired lo rescond ta 2 callaction of Information untass 1t disolavs a vslid OMS sontrel surher,

REQUEST FOR ACCESS TO AN APPLICATION UNDER 37 CFR 1.14(2)

In rg Application of
RE:,I:-F Application Numbnr ' ' Filed
MAY 2 9 2003 0(4.355‘ lf<”(" Mav.3,19%6¢
Art Unit | Examiner -
Fil tnformation YA i
‘ Paper No.,

Assistant Commissioner for Patents
Washington, DC 20231

1. D | hereby request access under 37 CFR 1.14(e)(2) to the application file record of the above-identified -
ABANDONED Application, which is not within the file jacket-of a pendirig Continued Prosecutmn
Application (CPA) (37 CFR 1.53(d)) and is:. (CHECK ONE)

J1(A) reférred to in:
United States Patent Application Publication No. . page fine
United States Patent Number, Q/c} (/ g’ % o 7’ column line or

an International Application which was filed on or after November 29, 2000 and which
désignates the United States, WIPO f’uh. No. . , page , line_,

[](B) referred to'in an application thatis apen to public Irj‘épgcrtl»on» as sef forth in 37 CFR 1.11(b) or

1.14(e)(2)(i), i.e., Application No. : papér Na: , page _. cline

2001 hereby request access under 37 CFR 1.14(e)(1) to an application in which the applicant
has filed an authorization to tay open the complete application to the public.

B. Plodes 05 -29-03

Signaturs o Date

Bl E1oDES - - - [_Forpr S/
: V) .

"Typed or printed name

Approvedby.en
Unit: _N

Burdan Hour S(alzminl. Tms foem 18 astimatad 1o take 0.2 hours ta complata, Time will vary dapending upen the neads of the indivilual case. Any comments on
the amount of tima you ara raquired to complate this form should be sent to the Chief Information Officer, U.S. Patent and Trademark Olfice, Washington, oe
+ 20231, DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Assistant Commissioner for Patents, Washington, OC 20231.

(hitials)

2 v
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Under tha Pace;

REQUEST FOR ACCESS TO AN Aﬁ—xNDON" .”‘.“Pi CATIO\‘ UNDER 37 Cr 1.14

Ao

Bring comalsted famm tor
Fle Information Unit

Crystal Plezz Thres, Rocm 4 C1RECE
2021 South Clark Flzcs

Adington, VA
Telschens: (703) 308-2733

‘ rmation Unit
{ hersby request acesss un ‘F le n»igf‘t(‘m‘-'ﬁﬁ = racord cf the atoved

appllcaﬁon, which Is idnu,red in, or to which 2 bensfit is claimed, in the Tollowing decumsent {
attachment): ’

United States Patent Applicaiion Fubliéeﬁon Na. . Degs, fins
United States Patent Number L/?(/S 807 , colurmn ., ling, or
WIPO Pub. No., . bage Jlins

Related Information about Access to Panding Applications (37 CFR 1.14):
Dirsct accass o pending applicaiiors is nof availzble to ihe public but copias may ba available znd may b2
pun:hased from the Ofiice of Public Records upon payment of the appropriats fes (37 CFR 1.1 O(b))| 2s folloves:
For oublished apnlications izt ars still pending, 2 nember of the public may obtzin 2 copy oft
the file contents;  ~
the pending application as originally filsd; or
any docurnent In the file of the pending application.
Eor unoublished aoplications that ars 6l pending:

(1) 'If the henefit of the oending ‘anolication is claimed undsr 35 U.S.C. 119(s), 120, 121, or 385 in 2nother

application that has: (a) issued as a U.S. patent, or (b) publishad 28 2 statutory invention registration, 2 U.S.
patent application pubﬁr:aﬁon or an intemational patent =Dphcauon publlc:hon in accordance with PCT
Article 21(2), a member of the publlc may obiain a copy of:
" the file corttents;
the pending application as ongmally filed; or ..
any document in the file of the pending spplication.
If the application is incorporated by referance or otherwise identified in 2 U.S. p=tcr\t B St:ﬁ.ILON invention
"ragistration, a U.S. patent application pubhcatxm, or an iniemational patent zpplication pubncetlcn in
accordance with PCT Article 21(2), 2 member of the public may obtain & cosy of:

the pending appiication as 0ngm=!lv iiled.

jﬁ@?@ ' n//?As

@

Sign b ' Dats .
[% . FOR PTO USE ONLY

|ypeH or grinted nams
. . . Apgroved by

- Registratien Numbsr, if appliczbis

Joz~ ‘(‘l[,.--O.Cfé 6 ' - Unitmwmmwt_,_

Tsxsphom Numbsr,

radin 2 sansiil oy the pus ich i
i is asdmated 0 ake 12 mlnum ©
idual saga, An

This :ell&:_‘:n =t xmcma‘;cn is -=qnlrad by 37 CFR 114, Thain
9 crecess; an i is govamed 5y 35U.8.C. 1222ne 3
gathering, prazaning, 2nd sx.bnnmrg tha complstad azpiicaidon form to the
2mcunt of time you raguirs to camplate s farm zndlor sugg s for raducing thi
Trademam Ofics, U.S. Dapantmant of Commarse, P.Q. Scx 1434, Alsxandda. VA 223131420, DO NOT SEMD FE:
ADDRESS. BRING TO: File Informstion Unit, Crysta! Blazz Thras, Room 1001, 2021 Scuth Clark Place, Arlfngxcn v;,

~ ¥
will 72ry d ding upcn tha
rda £

Irvou naed assisiancs in complering
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Under the Sacerverk 2sducs

REQUESTFOR ACCESS TO AM ABA
| TRECEWED
SBriag compisted form fo: - JAN l 8 2004

Filz Information Unit
Crystzl Plazz Thras, Rocm 001
o a =712 | Fllg Information Unit
Telephons: (703)308-2738

er 37 CFR 114
3 in, or 1o wh

Y'hersby raguas
applicadion, which is Idanifi
| sttachment):

United States. Patent Application Pubiication Ne. lins .
ftad Stetes Patent Numbar L ! column i
United Siates Patent Numbss , column Jlins; or

WIFO Pub. No., , pags , lins

" s

u

Related Information about Access to Pending Applications {37 CFR 1.14):
Dirsct accass to pending applications Js net availabls to the public but copies may be availabls znd may bs
purchasad from the Ofiice of Public Records upan paymant of the approgrizte fee (37 CFR 1.18(b)), s Tollows:
For subiishead applications thet are siill pending, & member of the public may ohizin 2 copy of
. the file contents; . : -

the pending application s originally filed; or

any document in the flle of ifie pending zpolicetion.
For unpublished aoolications thet are sfill pendina: .

(1) i the benefit of the nending aoplicstion is cleimed under 35 U.S.C. 119(2), 120, 121, or 355 in ancther
zpplication that has: (a) issued zs 2 U.S. patent; or (D) pubiishad as 2 statutory invention registration, 2 U.S.
patent applicailon publication, or an intsmational patent apolication publicetion in accordzncs with PCT
Article 21(2), a member of the public may obtain = copy of

the file contents;
. ths pending application as originally Aled; or
: 2ny docuiment in the file of the pending anplication.

(2) if the applicatior is Incoreorated bv refarsnce or otherniss identii
registretion, a .8, patsnt zpplicefion publication, oran inv
aczordzance with PCT Article 21(2), 2 member of the public mzy obtain 2 sopy of:

the pendlng. saglicatlon z¢ originally filsd.

- BPHa s sn
© Sigastuts

ISyYY

vinted nems

i acolicabls

Ragistration Numbsr;

)5 -

Teleghonz Numbsr

formation is csquirad By 37 CFR 4.
)2n azpicatien. iatiy is ¢
assmadina arszzdng, snd c e

122 2nd
formite the U
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. S e . PTO/SBS3 (07-03)
. . Approved for usa through 7/3172003, OMB 0831-0031

' .8, Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE H
Underthe Pa erwct“ Reduction Act of 1995, no persons are requirad to respand 19 a collection of infoimation uniass it displays a valid OM8 contral number.

REQUEST FOR ACCESS TO AN ABANDONED APPLICATION UNDER 37 CFR 1.14
Inte Appllcatlon of

Y =Y S Wl Aosy &7 Bl
) , RECEIVED [l .
Fﬂg%:?omnﬂ::le:nmlﬂlim : .- 2t 1Application Number Filed
Crystal Plaza Three, Room 1D01 “FEB. 1 9.2004 it Ak it _Z ‘3 Fe
2021 South Clark Place . Ia
Arlington, VA ) » C ¢>
Telephone: (703) 308-2733 File Information Unit . Paper No

i hereby request access under 37 CFR 1.14(a)(1)(iv) to the appllcatlon flle racord of the above-Identified ABANDONED
applicatlon, which Is Identified In, or to which a benefit Is clalmed, In the following document (as shown in the

attachment): )
United States Patent Application Publication No: . page, line .
United States Patent Number sl HES, 7 , colurnn , line, or
WIPO Pub. No. . page _oline

Related Information about Accass to Pending Applications (37 CFR 1.14):

Direct access to pending applications is not available to the public but copies may be available and may be

purchased fromthe Office of Public Recards upon payment of the appropriate fee (37.CFR 1.19(b)), as follows:

For published applications that are still pending, a member of the public may obtain a copy of:

the file contents;
the pending application as originally filed; or S
any document In the file of the pending application.

For unpublished applications that are still pending:

. (1) If the benefit of the pending application is clalmed under 35 U.S.C. 119(e), 120, 121, or 365 in another
application that has: (a) issued as a U.S. patent, or (b) published as a statutory invention registration, a U.S.
patent application publication, or an intemational patent application publication in accordance with PCT
Article 21(2), a member of the public may obtain a copy of:

. the file contents;
' the pending application as originally filed; or
any document In the file of the pending application.

(2) If the application is jncorporated by reference or otherwise identifled In a U.S. patent, a statutory invention
registration, a U.S. patent application publication, or an international patent application publication in
. accordance with PCT Article 21(2), a member of the public may obtain a copy of:
the penqgg application as origina“y filed.
/’/L- w.— P /P 5
Signature ' . Date
/AI/E/WW MA@;& FOR PTO USEAANLY 4
Typed or printed name .
Approved by:

Registration Number, If‘appllcsble
GO/~ P55~ REeos - | Unit:

Telephone Number

This collection o!lnlormaUgn I8 required by 37 GFR 1.14. The information 1S requirad lo obtain or retain a benefit by the public which is {0 file (and by the USPTO

to process) an g by 35 U.S.C. 122 and 37 CFR 1.14. This callection Is estimated to take 12 minutes to complate, including
form lo the USPTQ. Tima will vary upon the | case. Any ts on the
. amount of time you rsqulra to ccmp]sle lhls form and/ar suggestions for reducing this burden, shouid be sent to the Chiaf Infarmation Cfficer, U.S. Patenl and
T Offics, U.S. D of P.O. Box 1450, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS

ADDRESS. BRING TO: File Information Unit, Crystal Plaza Three, Room 1D01, 2021 South Clark Placs, Arlington, VA.

If you need assistance in completing the form, call 1-800-PTO-9199 and selact option 2.
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2zerusrk Radusion A sppuitat s magssndin g

Filz Informaticn |
| Caystzl Pizzz 77

2021 South Clz
Adington, VA
Tzlephon=: (TA3Y30

Pybiicztion Ne: {/ f / Z/J

Unitsd 8 tsnt Apsiicaticn P zgs, lins .
U‘xR i Statas t Numbsr . calumr dins, or
WIFG Pui. No.__ . Dags ,lins

Reiz
Dirsct zcces

Is not availzble to ths public hut co

Sing ac

cns
cord:

the flz contents;

the pending epglicaticr as originelly filed; o

any docurnent in the filz of tfie psncing ;Dliceﬁon.
For unpublished apolications that zr= siill 9snding:

(1) 1§ the benefit of ths nanding zoolicztion is clzimed undar 33 U.

application that has: {g)issusd 25 3 U.S, patent, or 1:.\) prlbn

petant epplication pu“hcahcn or an intsrnaiional pat
Artlcle 24(2), 2 membar of ths pudlic may obiain 2 sopy af

. the file contsnis; '

- s pendl

application 28 :m"Ina

e ir\romaﬁon about Accsss to Pending Applications (3

purchasad fom the Office of =ubl|c s upon paymsnt of the zpprogri
e 2pofications thet ars sill oznding, 2 mambsr of the public mzy ob

L

(inlizglh
ation Unit

Taz 1qf:m-,ll.a g
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PTO/SE/88 107-0%"

Agpravad for usa thmugh 7124/2063, QMB 9851003

U.S. Patent and Tradamark Office: U.S, DEPARTMENT OF CO

Under the Pzgarvcrk Reducicn Act of 1895, no parsens ars r=cur=d 10 rasacnd tg 3-eclizcion af Informaticn unlsss it disolays & valid OM3 sanin

REQUEST FOR ACCESS TO AN ABANDONED APPLICATION UNDER 37 CFR1.14

In re Application of

= /f’?ns‘ '/,i ﬁ/
3 g[lingl c::mpleged fol:’m_éo: H EC E I V[: D Applicztig;ll Numbsr Filed
le information Uni .

Crystal Plaza Thres, Roem 100} JUN 1. 8 2004 06 / 835/. 4_66 3,09
.2021 Sauth Clerk Placs * "

Adington, VA. - .

Telephone: (703) 3082733 | File Information Unit ‘Papar No.

- t

1 hereby raquest access under 37 CFR 1.14{a)(1)(lv) to the application file record of the above-identified ABANDONED
application, which is Identified in, or %o which a benefit is claimed, In the following documsnt (as shown In the
attachment):

United States Patent Application Publication Na. , page, ling .

Unlted States Patent Number 4 é]"l 3 &) 7 , column -, ling, or
WIPO Pub. No., . bage ,line

Related Information about Access 1o Pending Applications {37 CFR 1.14):
Dirsct access to pending applications is not available to the public but copies may be avzilable and may be
purchased from the Offica of Public Records upon payment of the appropriate fes (37 CFR 1.19(b)), as follows:
For published aoolications that are still sending, a member of the public may obtain a copy of:
the file contenits; )
the pending application as originally filed; or o
any document in the file of thepending application. S
For unpublished applications that are still nendina:
(1) If the benefit of the pending anplication s claimed under 35 U.S.C. 119(e), 120, 121, or 365 in another

application that has: (a) issued as a U.S. patent, or (b) published as a statutory invention registration, a U.S.
patent application publication, or an intemational patent appllcatlon publication in accordance with PCT
Article 21(2), a member of the public may obtain a ¢opy of: .
’ the file contents;

e pending application as originally fi Ied or

any document in the file of the pend(ng application.

(2) 1f the application is jncornorated bv reference or otheiwiss identifled i a U.S. patent, a statutory invention
registration, a U.S. patent application pubjication, or an international patent application publication in
accordance with PCT Article 21(2), a member of the publicmay obtain a copy of:

the pending application as originally filed.

4
Date
% FOR PTO USE ONLY
lyped orpm&d name - 7, ' BEAERINSL
. : L) =i W7 i
X . Approvad by: P
Reglstration Number, applicable : Ju '
o y f .
232- 8245 - e e L .
Teleshone Number File hrormation Unit

This callzction of Inmrnadon is required by 37 CFR 1.14, The Informatian is raquirad io.oblain or relain a benait by the public which is to file (and by the USPTO
' by 35U.S.C. 122 and 37 CFR 1.14. This coilection is estimaizd o lake 12 minutas lo complate, including

Io process) an at q

i ! and th ien form to the USPTO. Tima will vary upon the Individual cass. Any onthe

amaunt of tima you requice to campleF' this form andlar suggastions far raducing this burden, should ba sant to the Chisf Information Officar, U.S. Fatent anc
Offica, U.S. Di f C: P.0. Sex 1430, Alexandria, VA 22313-1430. DO NOT SEND FEES OR COMPLETED FORMS TO THIS

ADDRE:S BRING TO: Flla lnfor-naﬂcn Un!‘ Crysial Plaza Three, Room 1001, 2021. South Clark Placs, Ariington, VA,
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PTO/SB/EB (08-03)
Approved for use through 7/31/2006. OMB 0651-0031
US. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Undst the Paperwork Reduction Act of 1985, no persons ara r. ulred la raspond to a collection of Information unless il displays a valld OMS control number.
I REQUEST FOR ACCESS TO AN ABANDONED APPLICATION UNDER 37 CFR 1.14 I
5 .

- U In re Application of

gring completed form 3| = JUL 0 6 2004 Apphcaﬂ Number Filed_

Flle Information Unlt @ SUHG o3 -03-94

Crystal Plaza Three, :‘o 1D01 .
Arlington, VA S PR i . -
Telephone: (703) 308-2733 . ) Paper No.

2021 South Clark Pla
{ hereby request access under 37 CFR 1.14(a)(1)(lv) to the application file record of the above-ldenilﬁed ABANDONED
application, which is identified In, or to which a benefit is claimed, in the following document (as shown in the

attachment): .
Unlteci States Patent Application Publication No. .. page, fine s
. United States Patent Number HS :S 8 goa:.. column s line, or
WIPO Pub. No. - » page line

Related Information about Access to Pending Applications (37 CFR 1.14):
Direct access to peniding applications I3 riot available t6 the public (See 37 CFR 1.14(c} if applicant) but
copies may be available and may be purchased from the Office of Public Records upon payment of the
appropriate fee (37 CFR 1.19(b)), as follows: ~
For published appiications that are still pending, a member of the public may obtain a copy of:

the file contents;

the pending application as originally ﬂled or

any document in the file of the pending apptication.
For unpublished applications that are still pending: .

(1) 'f the benefit of the pending application is claimed under 35 U.8.C. 119(e), 120, 121, or 365 In another
application that has: (a) Issued as a U.S. patent, or (b) published as a statutory invention registration, a
"U.S. patent application. publication, or an international patent application publication in accordance with
PCT Article 21(2), a member of the public may obtain a copy of:

the flle-contents;
. the pending appllcatlon as originally fited; or
any document In the file of the pending application.

(2) If the appication Is incorporated by reference or otherwl§g ]dentlﬂe (n a U.S. patent, a statutory invention
‘reglstration, a U.S. patent application publication, or an i nal patent application publication in
accordance with PCT Article 21(2), a member of the public may obtain a copy of:

the pending application as originally filed. -

. Slgnature ’ X :
2
Lhecih tha 4 aUr—
. Typed or printed na .

Registration Number, if-applicable

N ’ 02, — (=]

fiwid -
Tefephone Number -3 TH0Matjon Uit |

This colection of-information Is required by 37 CER 1.14. The Informalion is required lo obtain or retain a benefit by the public-which i o' fila {and by the USPTO
* lo pracess) an spplication, Confidentiality ts govemed by 35 t.8.C. 122 and 37 CFR 1.14. This collection is astimated to take 12 minutes to complata, Including
gathering, preparing, and submitting the complsted application form to the USPTO. Time will vary depending upon the individual case. Any comments on the
° amountof tme you requlre to complete this form and/or suggastions for reducing this burden, should be sent to the Chlef Informalion Officar, U.S. Patent and
Trademark Office, U.S. of C P.O. Box- 1450, VA 22313-1450. DO NOT SENO FEES OR COMPLETED FORMS TO THIS
ADDRESS. BRING TO File Information Unit, Crystal Plaza Three, Room 1001, 2021 South Ctark Place, Arlington, VA.

If'you need assistance in’ completing the form, call 1-800-PT0-9199 and. select option 2.
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United States Patent 9
Rosin et al. -

(i1} Patent Number: 4,948,807
451 Date of Patent:  Aug. 14, 1990

[s4] PHENYL CARBAMATES

{75] Inventors: Marta W. Rosin; Michsel Chorev;
Zéev Tasbma, all of Jerusalem, Israel

{73] Assignee: Proterra AG, Zug, Switzerland

{21). Appl No.: 320,700

[22] Filed: Mar, 8, 1989

Related US, Application Data.

[63] Continuation of Ser. No. 185,451, Apr. 25, 1988, aban«
doned, which is a continuation of Ser. No.. 835,466,
Mar. 3, 1986, abandoned. oy

———
{30} Foreign Application Priority Data
Mt 5, 1985 [IL]  I308ck vomsmstsomemsrommsoerin e 74497
{51} - Int. CL* CO7C 125/067; A61K 31/27
. [52] Us.q... 514/484; 514/330;
% 4/490; 514/2317.5; 544/162-
546/226 560/32 560/115 560/136
58] Field of Search ......... o 560/115; 163,.136;
5147484, 490, 487
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2,493,710 1/1950 Aeschlimann .. . 560/136

FOREIGN PATENT DOCUMENTS
1037753 7/1956 Fed. Rep. of Germany ... 560/136

-85.

OTHER PUBLICATIONS

Stedman, Biochemical Journal, 20 pp. 719-734 (1926).

Wasserman, Proc. Natl: Acad. Sci, US.A.,, 79 pp.

4810-4814 (1982).

Weiden, J. Agr. Food Chem., 13 pp. 200-204 (1965).

Betry onchem. Phnrmacol., 20 PP 3236-3238 (1971).
) foral Biology, 29 pp.

539—549 (1986)
Lange, Haemostasis, 10 pp. 315-347 (1981),
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[571 ) ABSTRACT
Phenyl catbamates of the general formula

o R I
B 7/
O~C—N|

Ry

‘wherein Ry to Rs are as defined in the claims, are useful
as pharmaceuticals.

4 Claims, No Drawings"
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226

V ENT NUMBER B ORIGINAL CLASSIFICATION
co N ) : —*r SUBCLASS —
: .APPQCAIION SERIAL NUMBER : / « ¢+~ CROSS REFERENCE(S)
: : 833 ) l/ 1A : . cLass (ONE SUBCY ASS PER BLOCK) :
" APPLICANT'S NAME (PLEASE.PR_INT) . / . 4;- / ﬁ/ 0—2 3 ,_/ ) 3 3 O L/&y 613-7 !
Resiv , et al / Sid 1 dg0 | |
.1 REISSUE, onlélr{AL PATENT NUMBER ' 6 I/‘/ /6 4 //
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FORM PT(-876 U.S. DEPARTMENT OF COMMERCE , 3eRIALNO. " FILING DATE

(REV, 1-86) PATENT AND TRADEMARK OFFICE 8& yé -  — jﬁ K
. p -
PATENT APPLICA'Hgé\IOFREg DETERMINATION = 3

APPLICANT {FIRST NAMED) ~ we

M/ 4?"4—’
7

T

- CLAIMS AS FILED-- PART |

OTHER THAN A
SMALL ENTITY SMALL ENTITY !
[FOR: NO. EXTRA RATE  |FEE E
TR seped sl e
BASIC FEE ; < S d Y
e R S e | on
TOTALCLAIMS /J —20- |°* : X6~ |$ OR
INDEP. CLAIMS ) ) j ~a- | -l x17« |8 OR
00 MULTIPLE DEPENDENT CLAIM PRESENT v . X55- |$ oR X110= |8
- -
* Ifthe difference In col. 1 is lass thanzoro;.tn}or "6” incol. 2 TOTAL s % TOTAL Sﬂ a
ot ] 7
CLAIMS AS AMENDED - PART Il
OTHER THAN A
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Case 118-6848

PHENYL CARBAMATES

e ————

oA/

S /,/f”"’%i§=;resent invention relates to novel phenyl carbamates which

are useful as pharmaceutical compositions, The invention further
relates to pharmaceutical compositions having anticholinesterase
activity,

Acetylcholine is a major neurotransmitter which is found in all
parts of the body. Any reduction in its activity, either as a
result of neuronal damage, degeneration etc. or as induced by
drugs or toxins, causes marked changes "in the function of the
organism. Acetylcholine itself has an extremely short half life,
since it is rapidly hydrolysed at its site of ‘action and in
plasma by specific cholinesterase enzymes. Drugs that inhibit
acetylcholinesterase, mafkedly increase and prolong the action of
acetylcholine, thereby enhancing cholinergic transmission. Three
such agents are used clinically, i.e., physostigmine, a naturally
occurring alkaloid, and two synthetic analogues, neostigmine and
pyridostigmine, The latter two agents are strongly fonised at
physiological pH and therefore are only poorly absorbed from the
gastro-intestinal tract, and do not penetrate the central nervous
system to any significant extent. Physostigmine is absorbed after
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oral administration and readily enters the brain. As a thera-
peutic agent it has several disadvantages. It is chemically
unstable and must be prepared in solution with an antioxidant,
and protected from light, It has a relatively short half-life
(20-40 mins) thereby necessitating frequent administration. The
latter is of particular importance when the drug is to be admi-
nistered chronically. It has a low therapeutic ratio, a value of
3-5 being reported in the majority of studies in laboratory ani-
mals, and a small therapeutic window, i.e. small range of dose in
which it can be given without the accompaniment of side effects.
Although physostigmine is absorbed from the gastro-intestinal
tract, this is reported to be irregular and unpredictable, and
therefore it is usually preferred to administer the drug par-
enterally, This is a serious drawback if it is to be used chroni-
cally on an outpatient basis.

There are a number of clinical and pathological conditions which
are associated with cholinergic under-activity which can be
improved by the administration of an anticholinesterase agent,
These include reduction in cholinergic transmission induced by a
variety of exogenous substances acting in the peripheral, or
central nervous system, Peripherally acting agents are gallamine,
d-tubocurarine and pancuronium, which-are used as muscle re-
laxants, Their action can readily be overcome by an anticholin-.
esterase drug, Drugs which interfere with central cholinergic
transmission are numerous, anticholinergic, atropine-like drugs
including antiparkinson drugs; tricyclic antidepressants, neuroc-
leptics, opiate analgesics, benzodiazepines and some types of
general anaesthetics. So far the only agent that has proved ‘to be
of any value in reversing the effects of the latter group of
drugs is physastigmine. In all reported cases of drug overdose or
lack of recovery when the agent was used peri-operatively, physo-
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stigmine is usually administered parenterally, and administration:

is repeated every 20-30 minutes as required.

Chronic treatment with neuroleptics often results in tardive dys-
kinesias. The widespread use of agents having anticholinesterase
activity for the treatment of schizophrenia makes this side
effect an ever increasing possibility. Physostigmine injected
intravenously produces a significant but short lived improvement
in a proportion of patients.

A number of pathologfca] and degenerative diseases has also been
shown to be associated with a reduction or loss of cholinergic
transmission. This includes myasthenia gravis and Eaton Lambert
syndrome in which there is an interference with neuromuscular
transmission.

A selective loss of choline acetyltransferase (the enzyme that
synthesises acetylcholine) has been found in specific brain
regions of patients with pre-senile dementia of the Alzheimer
type. These include the frontal and temporal cortex, hippocampus,
amygdala, caudate nucleus, s'ubstant'ia innominata, Degeneration of
cholinergic neurons in some of these areas appears to be asso-
ciated with the aphasia, apraxia, agnosia and loss of short term
memory that occurs in Alzheimer's disease. A similar type of
dementia is also found in patients with Down's syndrome that
survive to the dge of 40 years and show similar cholinergic
deficits, There is also a loss of cholinergic transmission in the
caudate nucleus and.putameh of patients with Huntingdon's

chorea. Physostigmine injections have also been of some benefit
in this condition. Treatment with a centrally acting anticholin-
esterase should also prove to be beneficial in Friedrich's

‘

ataxia.
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There are two major classes of potent inhibitors of the enzyme
cholinesterase. The first group was modelled primarily on the
natural alkaloids physostigmine (a carbamate) and an inhibitor of
cho]inésterase. and d-tubocurarine, an antagonist of acetyl-
choline, The second group consists of various organophosphorus
compounds, such as diisopropylfluorophosphonate, paraxon etc. The
vast majority of the compounds of both these series were designed
primarily as insecticides. In the first group of carbamate deri-
vatives, almost all of the potent insecticides are monomethy!l
carbamates lacking a charged nitrogen function, This enables the
molecule to penetrate rapidly the insect cuticle and fatty nerve
sheath. The dimethyl derivatives are slightly less potent but are
particularly toxic to houseflies and aphids. The monomethyl\deri-
vatives tend to be unstable in solution and hydrolyse readily at
physiological pH. This greatly limits their biological action in
mammals and makes them less suitable as pharmaceutical or thera-
peutic agents.

The organo-phosphorus group of compounds causes irreversible
inhibition of cholinesterase and other serine containing enzymes,
which, together with their h1gh relative toxicity, virtually
precludes their use in pharmaceutical preparations. The only
exception is echothiopate, a guaternary ammonium organo-
phosphorus compound, employed in eye drops for the treatment of
glaucoma. :

The synthetic anticholinesterase agents currently employed as '
pharmaceuticals all contdin a charged nitrogen function and can

be broadly classified into 3 groups.

1) Reversible inhibitors which contain a charged nitrogen
function attached to an aromatic ring, e.g. edrophonium.
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2) Dimethyl carbamates with an aromatic or heterocyclic ring
’ containing a charged nitrogen, neostigmine, pyridostigmine.

3) Bisquaternary structures, e.g, Demacarium, Ambenonium. These
agents tend to be more selective inhibitors of acetylcheolin-
esterase than butyrylcholinesterase, cbmpared with the mono-
quaternary molecules.

The pharmaceutica]'application of the quaternary anticholin-
esterase agents is limited because of their poor penetration
through cell membranes. They are therefore used for actions
outside the central nervous system, and are usually given par-
enterally, since they are not reliably absorbed from the gastro-
intestinal tract. Edrophonium, neostigmine and pyridostigmine and
the bisquaternary analogues are used in anaesthetic practice for
the reversal of the action of muscle relaxants. They are also
used for the treatment of myasthenia gravis, and paralytic ileus.

Physostigmine is the onlypotent anti-cholinesterase agent which
has been used clinically'to,treat conditions in which an ele-
vation of brain acetylcholine activity is desired. These include,
Alzheimer's disease, tardive dyskinesia, Down's syndrome and
Huntingdon's chorea. Physostigmine is also used to reverse the
effects of overdose of anticholinergié agents, anti-Parkinson .
drugs, benzodiazepines and opiate analgesics.

Physostigmine is a natural alkaloid extracted from calabar beans
and the seeds of the vine Physostigma venenosum and has the
formula

-7
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There is a need to brovide new carbamate derivatives which show
greater chemical stability than physostigmine.

Furthermore there is a need to provide new compounds which
inhibit acetylcholinesterase in the brain for periods exceeding
3 hours but not more than 12 hours after a single administration,

There is also a need to provide new compounds which will be
completely and reliably absorbed after oral administration,

‘There is also a need to provide new compounds which will be

relatively less toxic than physostigmine. This means that the
therapeutic ratio, defined as

. dose to produce therapeutic effect

dose to produce mortality in 50 % of animals

should be significantly higher than those of physostigmine and
that the incidence and severity of side effects should-be less
than those of physostigmine at therapeutic doses.

There is also a need to provide new compounds which can be given
orally or parenterally to treat chronic conditions in which it is
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desired to raise cholinergic activity in the central nervous
system. These include, Alzheimer's disease, Down's syndrome,
Huntingdon's chorea, Friedrich's ataxia.

There is also a need to provide compounds that can be given par-
enterally at the end of operations, and anaesthetic procedures,
to restore wakefulness, respiration and cardiovascular parameters
to normal; after the use of anticholinergic, opiates, benzo-
diazepines, neuroléptics and general anaesthetics, thereby
shortening the stay of patients in the recovery room.

There is also a need to provide compounds that can be given

together with narcotic analgesics to patients suffering from

severe pain, e.g. traumatic, post-operative, or due to carcino-
matosis etc. in order to reduce the side effects (respiratory
depression, somnolence, constipation and urinary retention)
commonly encountered with narcotics, without impairing their
analgesic potency.,

There is also a need to provide compounds that can be given to
patients receiving antipsychotic drugs, which have developed
tardive dyskinesias, in order to diminish or abolish the latter
syndrome, without exascerbating the psychosis.

According to the present invention it has now been surprisingly
found that certain novel and known phenyl carbamates also inhibit

acetylcholinesterase in the mammalian brain after administration
to provide systemic activity, e.g. oral or parenteral admini-
stration. : A

Thus according to the present invention there is now provided a
pharmaceutical conposition adapted to'produce anticholinesterase
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activity in the central nervous system of mammals comprising a
compound of the general formula [

wherein

Ry is hydrogen, lower alkyl, cyclohexyl, allyl or benzyl,

Rz 1is hydrogen, metﬁy1, ethyl or propyl, or

Ry and R2 together with the nitrogen to which they are attached
form a morpholino or piperidino radical,

R3 is hydrogen or lower alkyl,

R4 and Rg are the same or different and each is a Tower alkyl,
and the dialkylaminoalkyl group is in the meta, ortho or para
position,

or a pharmacologically acceptable salt thereof and a physiologi-
cally acceptable carrier therefor. Hereinafter these compounds
are called compounds of the invention.

Especially preférred are pharmaceutical compositions having anti-
cholinesterase activity in the central nervous system of mammals,
wherein the dianyiaminoﬂkyl group is in the metq_position'. and
R4 and Rg are both methyl.
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Certain compounds falling within the above formula have pre-
viously been described i.e. the m disubstituted compound in which
Ry and R3 = H and Rz, R4 and Rg = methyl which is known as
Miotine(R) was claimed to be an insecticide and a myopic agent
for use in eye drops. The m disubstituted compound in which Ry
and Rz are methyl, R3 is H and R4 and Rg are methyl has been
described as an insecticide., The p and o disubstituted deri-
vatives in which Ry and R3 = H and Rz, R4 and Rg = CH3 have been
shown to inhibit a preparation of Viver cholinesterase, The m
disubstituted derivative in which R} = H and R2, R3, R4 and R5 =
CH3 has also been shown to inhibit liver cholinesterase.

The remaining compounds are believed to be novel and thus the
present invention also provides novel phenyl carbamate deriva-
tives of the general formula I'

It

wherein . )

Ry s hydrogen, lower alkyl, cyclohexyl, allyl or benzyl,

Rz is hydrogen, methyl, ethyl or propyl, or

Ry and Ry together with the nitrogen to which they are attached
form a morpholino or piperidino radical,

R3 1s hydrogen or lower alkyl,
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R4 and Rs are the same or different and each is a lower alkyl,
and the dialkylaminoalkyl group is in the meta, ortho or para
position, :

and pharmacologically acceptable salts thereof, provided that for
compounds wherein R4 and Rg are both methyl and having the
dialkylamino group in the meta position, when Ry is methyl and R3
is hydrogen, Ry is neither hydrogen nor methyl, and when Ry and

R3 are methyl, Ry is not hydrogen, and for compounds wherein R4
and Rg are both methyl and having the dialkylamino group in the
ortho or para position when Ry and R3 are both hydrogen Rz is not .
methyl, )

Preferred compounds of the above formula are N-ethyl-3-[1-(di-
methylamino)ethyl Jphenyl carbamate, N-propyl-3[1-(dimethylamino)-
éthyl Jpnenyl carbamate, N-allyl-3-[1-(dimethylamino)ethyl Jphenyl
carbamate, N-ethyl, N-methyl-3[1-(dimethylamino)ethylJphenyl
carbamate, N,N-diethyl~3[1-({dimethylamino)ethyl Jphenyl carbamate,
N-butyl-3-{1-(dimethylamino)ethylphenyl carbamate, N-methyl,
N-propyl-3{1-(dimethylamino)ethyl Jphenyl carbamate and N-ethyl,
N-methyl-3[1-(dimethy] aminé)isopropyl Jphenyl carbamate.

As indicated, the invention also includes the pharmacologically
acceptable salts of these compounds such as the acetate, salicy-
late, fumarate, phosphate, sulphate, maleate, succinate, citrate,

tartrate, propionate and butyrate salts thereof.

The compounds of formula I can be prepared by amidating a -
compound of formula II ' '

e~
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OH
R It
3
c/-N/R“
} [ R
CH3
5.1 wherein R3, R4 and Rg are as defined above,
The process can be effected in conventional manner, e.g. by
reacting the compound of formula Il with an appropriate iso-
cyanate if a compound wherein Ry is hydrogen is desired, or with
an appropriate carbamoyl halogenide, e.g. as described below in
processes A and B,
‘.(/'-, . PROCESS A:
-, 1
:\. O
A OH . :
) PR . o-c NH-R,
Ff’ cH, 'R "N—C—O —_—
? N~ /CH,
\
cHy, CH '
Ly PROCESS B:
A ——
e = : . ('I')
- R
KRS OH . ' o-C-N"""'
"R NaH ' “R,
Ry = + “TN-CcO-CI —2 ‘ R,
t —————— 3
c "NICH: Rzl . év _NICHg
cH,  CH ., “CH
3 CH, 3
| ™

- 103 -

NOVARTIS EXHIBIT 2058

Noven & Mylan v. Novartis & LTS Lohmann
IPR2014-00550

Page 103 of 372



-12 - 118-6848

-

PROCESS A:
)

A stirred suspension of a-m-Hydroxyphenylethyldimethylamine or
a-m-hydroxyphenylisopropyldimethylamine in benzene (0.2 -

0.3 g/ml) is treated with 2.5 -3 fold molar excess of the iso-
Cyanate, After stirring for 15 - 24 hours at ambient temperature
the reaction mixture is connected to a rotovaporator (20 mm Hg).
The residue obtained is dissolved in dry ether (25 ml) and the
solution, which is ice cooled, is saturated with dry HC1 (g). The
formed precipitate (the anticipated carbamate) is filtered off,
washed with dry ether (25 ml) and dried to constant weight in a
dessicator over KOH pellets under high vacuum (0.1 mm Hg).

-
PROCESS B:
el )
A solution of ax-m-hydroxyphenylethyldimethylamine or a-m-hydroxy-
phenylisopropyldimethylamine in dry acetonitrile (0.1 - 0.5 M) is
reacted with 50 : 70 % molar excess of the correspondi;g carba-
moyl chloride in the presence of 200 % molar excess of NaH dis-
persion (50 -~ 80 % in mineral oil). The reaction mixture is left
to stir at ambient temperatdre for 15 - 24 nours. Removal of the
acetonitrile under reduced pressure (20 mm Hg) is followed by the
addition of water {10 - 25 ml). The pH of the agueous solution is
adjusted to pH = 11 by the addition of the appropriate amount of
NaOH 0.1 N followed by extraction with ether {3 x 25 ml). The
combined organic phases are washed with brine (25 ml) dried over
MgS04 anhydride which is then filtered off. The ice cooled -
etheral filtrate is saturated with a stream of HC1 {g) resulting
in the formation of a heavy precipitate (the anticipated carba-
mate) which is collected by filtration, washed with dry ethér
(20 m1) and dried to constant weight in a desiccator under high
vacuum (0.1 mm Hg) over KOH pellets.
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The compounds of the invention e.g. in free form or salt form can
be utilized by formulating one or more of them in compositions
such as tablets, capsules or elixirs for oral administration or
in sterile solutions or suspensions for parenteral admini-
stration, A compound or mixture of compounds of formula (I) or
physiologically acceptable salt(s) thereof is compounded with a
physiologically acceptable vehicle, carrier, excipient, binder,
preservative, stabilizer, flavor, etc,, in a unit dosage form as
called fcr‘by accepted pharmaceutical practice, The amount of
active substance in these compositions or preparations is such
that a suitable dosage is obtained.

I1lustrative of the adju&ants which may be incorporated in
tablets, capsules and the like are the following: a binder such
as gum tragacanth, acacia, corn starch or gelatin; an excipient
such as dicalcium'phosphate; a disintegrating agent such as corn
starch, potato starch, alginic acid and the like; a lubricant
such as mangnesjum stearate; a sweetening agent such as sucrose,
lactose or saccarin; a flavoring agent such as peppermint, 0il of
wintergreen or cherry, NHen_the dosage unit form is a capsule, it
may contain in addition to materials of the above type a liquid
carrier such as a fatty oil. Various other mterials may be
present as coatings or to otherwise modify the physical form of
the dosage unit. For instance, tablets may be coated with
shellac, sugar or both. A syrup or elixir may contain the active
compound, sucrose as a sweetening agent, methyl and propyl
parabens as preservatives, a dye and a flavoring such as cherry
or orange flavour, C

Sterile compositions for injection can be formulated according to
conventional pharmaceutical practice by dissolving or suspending
the active substance in a vehicle such as water for injection,
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Buffers, preservatives, antioxidants. and the like can be incorpo-

rated as required.

Preferred antioxidants for use with the compounds of the present
invention include sodium metabisulphite and ascorbic acid.

While the invention will now be described in connection with
certain preferred embodiments in the following examples, it will
be understood that it is not intended to limit the invention to
these particular embodiments, On the contrary, it is intended to
cover all alternatives, modifications and equivalents as may be
included within the séope of the invention as defined by the
appended claims, Thus, the following examples which include
preferred embodiments will serve to illustrate the practice of
this invention, it being understood that the particulars
described are by way ofbexample and for purposes of illustrative
discussion of preferred embodiments of the present invention only
and are presented in the cause of providing what is believed to
be the most useful and readily understood description of proce-
.dures as well as of the pripcip1es and conceptual aspects of the
invention,
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EXAMPLE 1

0.5 g (3.03 mmole) of a-m-hydroxyphenylethyldimethylamine are
dissolved in 15 ml of dry acetonitrile and 0.70 g (5.2 mmole) of
diethylcarbamylchloride are added to the mixture with stirring.
This is followed by NaH 150 mg (50 %) of dispersion, The reaction
mixture is stirred overnight at 25 - 30 * C. Removal of acetoni-
trile under reduced pressure is followed by addition of water

(10 m1) and adjustment of the pH to 11. The product is extracted
in ether, which is washed by brine, dried over MgSO4 and fil-
tered. Upon addition of HC1 (g) precipitation occurs immediately,
the product is filtered off, washed by dry ether and dried in a
desiccator under high vacuum over KOH pellets.

The carbamate is obtained as a white powder 640 mg (80 %)

mp. 137 - 138 * and identified as N,N-diethyl-3-[1-(dimethyl-
amino)ethyllphenyl carbamate, having the formula

o- g-N(Et)z
CH-N(Me),
CH, -

EXAMPLE 2.

0.75 g (4.55 mmol) of a-m-hydroxyphenylethyldimethylamine are

suspended in benzene (3 ml) and 0.898 g of ethylisocyanate are
added to the mixture with stirring. After stirring 12 hours at
room temperature the solvent is removed under reduced pressure.
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The residue obtained was dissolved in dry ether. Introduction of
dry HC1 gas into the reaction mixture causes a heavy precipi-
tation. The product is filtered off, washed with ether and dried
in a desiccator over KOH pellets. The carbamate is obtained as a
white powder 800 mg (75 %) mp. 177 - 179 * C and identified as

N-ethy1-3[1-(d.imethylamino)ethyl Jphenyl carbamate having the
formula

0~CO-NH-Et

C'H-N(Me)z
CH,

The compounds of the present invention are useful as pharmaceuti-
cals. In particular they show the following activities in vitro
and in vivo in the tests specified below.

The values are correct when taken in comparison with the standard
drug physostigmine.

IN VITRO EXPERIMENTS:
-t

Tests for anticholinesterase activity

A solubilized preparation of acetylicholinesterase was prepared
from mouse whole brain (minus cerebellum). The brain was homo-
genized with (100 mg/ml) phosphate buffer; pH 8.0, centrifuged,
the supernatant discarded, and the pellet mixed with a similar ‘
volume as above of buffer pH 8.0 plus 1 % Triton; mixed, centri-
fuged and the supernatant which contained most of the solubilized
enzyme, was used for the subsequent determinations of anti-
cholinesterase activity. '
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The activity of the enzyme (rate of hydrolysis of substrate,
acetylthiocholine) was measured using at least 4 different con;
centrations of substrate, and at least 3 different concentrations
of each innibitor. The enzyme was incubated with inhibitor for
periods ranging for 2 - 180 mins, at 37 ° C, substrate was then
added, and its rate of hydrolysis measured by the spectrophoto-
metric method of Ellman et al. (1961).

The molar concentration of each agent that inhibited the activity
of the enzyme by 50 % (ICsg) at the peak time of activity (15 -
60 min) was calculated from this data and recorded in Table 1
hereinafter. The compoﬁnds in general produce a signifi-
cant inhibition from about 1075 to about 10~8 molar.
IN VIVO EXPERXMENTS:*,

a) Assessment of acetylcholinesterase inhibition

The effect of each compound on brain acetylcholinesterase

in vivo was measured,. after subcutaneous or oral admini-
stration to mice. Animals were sacrificed, at different times
ranging from 0,25 - 8 hour's after drug administration. The
brain was rapidly rémoved, and the enzyme acetylcholin-
esterase extracted and solubilized with 0.1 % Triton, and its
ability to hydrolyse acetylthiocholine assessed as described
above (in vitro experiments), in comparison with the enzyme

removed from mice injected with normal saline, The compounds
have in general a rotercy of from about 2% to about 90% that of

§hysostlgm1nE.
b) Assessmedt of acute toxicity
~

Mice were given one of at least threé-qifferent doses of each
compound, orally or subcutaneously, a minimum of 10 mice
allotted to each dose. The number of animals which died at
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each dose within 3 hours was determined. From these data, the
LDgg (dose in mg/kg which was lethal to 50 % of the mice) was
computed.

This experiment was repeated after the animals had been pre-
treated with atropine sulphate, which blocks both peripheral

and central muscarinic receptors. The data from these experi-

ments enabled the assessment of the relative degrees of toxi-
city of the carbamates which result from excessive activation
of muscarinic receptors, and from respiratory muscle para-
lysis, which is insensitive to this blocking agent.

Tne incidence and degree of side effects was noted for each
dose of drug, starting with the lowest that caused any
significant (> 20 %) inhibition of whole brain acetylcholin-
esterase.

Antagonism of the somnolent and respiratory depressant
effects of opiates

Different doses of the carbamate compounds were injected
intravenously with morphine in rabbits. Respiration rate,
arteria) blood gas ténsions and pH were monitored conti-
nuously before and after drug administration for 4 -

5 hours, In another series of experiments the effect of the
anticholinesterase drugs was assessed on the analgesic effect
of opiates in rabbits after application of a .nociceptive -
stimulus, i.e. electrical stimulation of the sciatic nerve,

All specific examples of formula I' mentioned
hereinbefore, e.g. on specification page 10, and
after especially Tables 1 to 3, are prepared in
analagous manner to Example 1 when Rl and R, are
each other than hydrogen and Example 2 when one
of Rl and Rz are hydrogen. They are thus obtained
as hydrochloride salts (except where otherwise
specified). The specific compounds have metal
substitutions.

-110-

NOVARTIS EXHIBIT 2058

Noven & Mylan v. Novartis & LTS Lohmann
IPR2014-00550

Page 110 of 372



-19 - 118-6848

o e w1

17;L]u K

Table 1

In vitro activity on solubilized mouse brain enzyme

Compound Ry |R2 ‘R3[| ICsp(M) |Time of peak
(Rg=R5=CH3) . 50 activity
(mins)
Physiostigmine| H  |CH3 : H 1 1.ix10-8 30
5 (Salicylate)
Miotine HC1 | H [CH3 H | 1.3x10-8 30
RAg HC! H  JCoHg H | 4.0x10-7 120
RA15 HC1 H  {C3Hy n-propyl | H | 1.1x10-7 120
RA14 HCI H  |C3Hs alin) H | 4.3x10-7 120
10 | RAp3 HCI H  |C3Hy isopropyl| H | 1.2x10-5 120
RAg HC) H  |CqHg n-butyl | H | 7.6x10-8 120
RA12 H [cyclohexy! H | 9.3x10-8 120
RALQ HCI CH3 |CH3 H | 2.7x10-8 120
RA7 HC1 CH3 |CaHs H | 1.3x10-6 90
15 | RAg HC1 CoH5|CaHg H | 3.5x10-5 30
RA11 HC1 morpholino H | >2x10-5 30
RA4 HCI CH3 |propy! H | 1.7x10-6 60
7~ Melting points of compounds (all in the hydrochloride
’h form except for RA,; 5 which is in the .free base form
20 as it precipitated from the reaction mixture before
addition of hydrogen chloride) are in degrees Centi-
i, 14 grade: RAg 167-170; RA,. 141-143; Ra;, 147-152;
, RA; 4 146-148; Rag 158-162; Ra,, 75-77; RA1°7145;

RA- 135-136; RA8 137-138; RAll amorphous; RA4 148-149,

q 25 Compound RAll has an RF value of 0.59 in a system of
’ 95 parts of ethyl acetate and 5 parts 6f 33% (w/w)
dimethylamine in ethanol. ' '

i3]
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Anticholinesterase activity of' compounds in mouse brain compared -
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Table 2

to that of physostigmine

118-6848

Compound |Relative potency |Relative potency {%¥ cholinesterase
. to physostigmine [to physostigmine {inhibition
after subcut, after oral 3 hours after
(s.c.) administration S.C,
administration : administration
Physo~ 100 100 0
stigmine
Miotine © 100 300 5
RAg 11 .19 35
RA1S 33 32 37
RA14 15 22 35
RA13 2 5 -
RAs 36 29 30
| RA12 13 ‘17 37
RA1Q 81 92 7
RA7 25 57 a1
RAg 2 5 32
RAq 13 29 25
- LA ]
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21}* Table 3
Acute toxicity of carbamates.in mice

Compound LDS? Degree of* Therapeutic {LDgp oral
ymoles/kg |protection ratio
; S i Ll
’ with atropine
Physostigmine 3.0 3.0 -3.3 4.1
Miotine 4.5 2.4 4.9 1.2
RAg 96 2.6 11.9 2.1
10 RA15 31 4.1 i 11.1 4.5
RAL4 {69 - 8.0 11.5 4.4
RA13 ' 65 4.5 1.6 1.1
RAs .19 5.8 ‘ 7.6 5.0
RAL2 a2 3.8 5.8 3.6
15 | RAp 14 . 5.0 12.7 9.7
RA7 46 10.4 12.4 1.2
RAg > 568 - > 10.0 -
RA4 72 4.9 . 10.0 1.7

*Ratio of LD5g after pretreatment with atropine sulphate § mg/kg
20 to LDgg of drug alone, :

T
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The data-in Tables 1 and 2 demonstrate that somewhat larger
quantities are required of all the drugs of ‘the RA series than of
physostigmine to inhibit the enzyme acetylcholinesterase.
However, a comparison of the data in Table 1 with that in

} Table 2, shows that compounds RAg, RAg, RA15, RA14, RA1g, RA7 and

- RAg are all relatively more active in vivo compared to physo-
o stigmine than one would expect from the in vitro data. This
greater in vivo potency is particularly marked when the drugs are
administered orally, This relatively greater in vivo activity may

be due to:
¢ "a) greater chemical stability
C b) a slower metabolic degradation or/and excretion
O c) a higher lipid solubility, enabling a greater proportion of
" ’ the drug to gain access to the enzyme in the central nervous
system
f d) more efficient absorption from gastro-intestinral tract,
For the purposes of their therapeutic application it is of little
importance if one needs to give the drug (to human subjects) at a
dose of 1 - 2 mg (physostigmine) or 2 - 50 mg that may be
required of the compounds of the RA series, What is important is
the safety of the drugs and the presence and severity of side
effects that may occur at therapgutic doses. A commonly-used
) measure of drug safety is the therapeutic index - or LDs50/EDsp
..
X : Dose to kill 50 % of animals
' Dose to cause the desired therapeutic effect

=L

-—
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It is assumed that the therapeutic effect of these anticholin-
esterase agenis results from an elevation of brain éhol1nergic
activity. This in turn, should be related to the degree of
inhibition of acetylcholinesterase. For the purpose of the compu-
tation of the denominator of the therapeutic ratio, there is used
the dose of drug that inhibits the activity of acetylcholinester-
, ase by 50 %¥. This is based on the observation by Thal et al.
(Ann. Neurology 13: 491, 1983) that the maximum improvement in
short term memory obtained in a series of patients with
Alzheimer's disease was achieved with a dose of physost1gminé
which blocked the acetylcholinesterase in the cerebro-spinal
fluid by 50 %. The numerator is the 'dose found to kill 50 % of
the animals within 4 hours of a subcutaneous injecfion.

The therapeutic ratios of compounds RA4, 5, 6, 7, 8, 10, 14 and
15 are all significantly higher than of physostigmine (see

Table 3). Tnis indicates that all these compounds have a wider
margin of safety than that of physostigmine. Moreover, these RA
compounds do not produce any significant undesirable side effects
such as defaecation, lachrymation, fasciculations or tremor at
the doses which inhibit the brain enzyme by 50 %, while the
former 3 side effects are clearly evident when physostigmine is
given at the appropriate dose (EDsp).

The data in Table 3 show that atropine can afford considerably
greater protection against the lethality of the derivatives RA4,

5, 7, 10, 13 and 14, This is particularly important in the treat-
ment of drug overdose since the respiratory muscle paralysis
which is not affected by atropine and which is the cause of death
induced by excess drug administration in the presence of atropine
cannot be satisfactorily reversed by specific antidotes.

[
A
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The duration of significant brain enzyme inhibition (> 30 X)
induced by physostigmine (EDgy dose) is less than 2 hours.
Compounds RA4, 5§, 6, 7, 8» .12 14, 15 all act for more than

3 hours at their respective EDgg doses and RAg and RA7 still
causes significant inhibition (36 %) after 7 hours. Since none of
these drugs caused noticeable side effects at the EDgg doses, an
even longer duration of action may be achieved by giving between

" 50 and 100 % larger doses. The longer duration of action is a

distinct advantage, particularly if the drugs are to be. admi-
nistered chronically to subjects suffering from néurological and
behavioural conditions associated with a deficit in cholinergic
transmission in the central nervous .system, e.g, Alzheimer's
disease, tardive dyskinesias, Huntingdon's chorea, Down's
syndrome and Friedrich's ataxia.

The better the absorption of the drug after oral administration
the more closely the LDgg given by this route resembles that
after subcutaneous injection. Table 3 shows that RAg, 13, 7 and 4
are more efficiently absorbed from the gastro-intestinal tract
than is physostigmine, The EDgg of RAg after oral administration
is the same as that after S.€., injection, indicating a much
better oral bioavailability than that of physostigmine. The
higher oral bioavailability of these compounds may be a consi-
derable advantage for their clinical use.

RA10, RAg, RA74 and RAjg produce significant antagonism of the
respiratory depressant effects of morphine in rabbits for periods

lasting between 3 - 5 hours depending on the drug and the dose
administered, The analgesic activity of morphine.is not reduced
by the RA compounds. Muscle fasciculations are not evident at the
doses of drugs administered, Physostigmine (0.1 - 0.2 mg/kg)
antagonizes the respiratory depressant effect of morphine for

-
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30 - 60 mins pnly and fasciculations. are marked at the higher
dose., '

These findings show that the RA compounds may be given together
with morphine to obtain adequate analgesia without significant
degrees of respiratory depression,

The most preferred compounds of the RA series are RA4, RAg, RAg,
RA15, RA14, RA7 and RAg, all of which produce inhibition of brain
acetylcholinesterase after parenteral administration of signifi-
cantly longer duration than that induced by physostigmine or
miotine. These compounds also have a greater safety margin
(therapeutic ratio) than physostigmine. RA4, g, 7 and g also show
better bioavailability after oral administration than physo- -

_ stigmine. In addition, the acute toxicity {lethality) induced by

RA7 can be decreased more than 10-fold and that of RAj4 more than
8-fold by the antidote atropine, compared to only a 3-fold
decrease for physostigmine and miotine,

The compounds of the invention are therefore useful for the
treatment of senile dementia, Alzheimer's disease, Huntingdon's
chorea, tardive dyskinesias, hyperkinesia, mania, acute confusion
disorders, Down's syndrome and Friedrich's ataxia.

For these indications, the exact dosage will of course.vary
depending upon the compound employed, mode of administration and
treatment desired. The compounds may be administered by any
conventional route, non-oral or preferably orally,

In general, satisfactory results are obtained when administered

at a daily dosage of from about 0.05 to 10 mg/kg animal body
weight, For the larger mammals, an indicated total daily dosage
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is in the range from about 0.5 to about 25 mg of the compound,
conveniently administered in divided doses 2 to 4 times a day in
unit dosage form containing for example from about 0.1 to about
12 mg of the compound or in sustained release form.

The compounds may be administered in sim\]ar hanner to known
standards for use in these utilities, The suitable daily dosage

- for a particular compound will depend on a number of factors such
as its relative potency of activity,

The compounds according to the invention may be administered in
free base form or as a pharmaceuticdlly acceptable acid addition
salt. Such salts may be prepared in conventional manner and
exhibit the same order of activity as the free forms.

It will be evident to those skilled in the art that the invention
is not limited to the details of the foregoing illustrative
embodiments and examples and that the present invention may be
embodied in other specific forms without departing from the
essential attributes thereof, and it is, therefore, desired that
the present embodiments and examples be considered in all
respects as illustrative and not restrictive, reference being
made to the appended claims, rather than to the foregoing
description, and all changes which come with the meaning and
range of equivalency of the claims are, therefore, intended to be

embraced therein.
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A pharmaceutical composition adapted th produce anticholin-
esterase activity in the central nervbus system comprising a

compound of formula

wherein

Ry is hydrogen; ef /Alkyy, cyclohexyl, allyl or benzyl,

Ry s hydrogen, met ¥ , ethyl or propyl, or

Ry and Rz together wjth the nitrogen to which they are
attached form a gorpholino or piperidino radical,

R3 is hydrogen or Jower a]kyT, .

R4 and Rg are thefsame or different and each is a lower
alkyl, and thg dialkylaminoalkyl group is in the meta,
ortho or parA position,’

gically acceptable salt thereof and a physio-

or a pharmacol
logically acceptable carrier therefor.
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7

A method of treating a subject suffering from senile

dementia, Alzheimer's disease, Huntingdon's chorea, tardive
dyskinesias, hyperkinesia, mania, acu
Friedrich's ataxia and Down's syndro
administering a therapeutically effe
compound of formula I

confusion disorders,
, which comprises
ive amount of a

wherein

Ry 1is hydrogen, lower alky}, cyclohexyl, allyl or benzyl,

Rz is hydrogen, methyl, ethyl or propyl, or

Ry and R2 tégether with the nitrogen to which-they are
attached form a morphblino or piperidino radical,

R3 1is hydrogen or lower alkyl,

R4 and Rs are the same/or different and each is a lower
alkyl, and the diglkylaminoalkyl group is in the meta,
ortho or para position, :

or a pharmacologically acceptable salt thereof,

e e e -120- S

NOVARTIS EXHIBIT 2058

Noven & Mylan v. Novartis & LTS Lohmann
IPR2014-00550

Page 120 of 372



-29 - . 118-6848
y _

7

3. A phenyﬁgarbamate of formula I

wherein
Ry 1is hydrogen, lower alkyy, cyclohexyl, allyl or benzyl,
Rz s hydrogen, methy
Ry and Rz together wit

attached form a moff

alkyl, and
ortho or

and pharmacologically/acceptable salts thereof, provided
that for compounds wherein R4 and Rg are both methyl and
having the dialkylapino group in the meta position, when Ry
is methyl and R3 i4 hydrogen, Ry is neither hydrogen nor
methyl, and when R2 and R3 are methyl, Ry is not hydrogen, .,
and for compounds wherein R4 and Rs. are both methyl and
having the dialkylamino group in the ortho or para position
when R] and Ry are both hydrogen Rz is not methyl,
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A compound of claim 3 wherein the dialkylaminoalkyl group is
in meta position and R4 and Rg are both methyl.

A compound of claim_3which is ¥-ethyl-3-[1-(dimethylamino)-
ethyllphenyl carbamate or a pharmacologically acceptable
salt thereof,

A compound of claim 3_which i N-propyl-3[1-(dimethylamino)-
ethyllphenyl carbamate or a pharmacologically acceptable
salt thereof.

A compound of claim 3 which is N-ethyl, N-methyl-3[1-(di-
methylamino)ethylJphenyl chrbamate or a pharmacologically
acceptable salt thereof.

A compound of claim 3 which is N,N-diethyl-3[1-(dimethyl-
amino)ethyl Jphenyl Carya
acceptable salt ther

nate or a pharmacologically

A compound of claim !/ is N-cyclohexyl-3[1-(dimethyl-
ate or a pharmacologically

acceptable salt thereof.

A compound of clgim 3 which is N-'al1}1-3[1-(dimethylamino)-

ethylJphenyl cal bmn:t_; or'a pharmacologically acceptable
salt thereof,

A compound off/ claim 3 which is. N-butyl-3[1-(dimethylamino)-

ethylJpheny) carbamate or a pharmacologically acceptable
salt thereg
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A compound of claim 3 which is N-methyl, N-propyl-3[1-di-

methylamino)ethy) lpheny] carbamate or a pharmacologicany'

hich is N-methyl, N-ethyl-3[1-di-
phenyl carbamate or a pharmacologi-

cally acceptable/Salt thereof.
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PHENYL CARBAMATES

A(stract of the disclosure
\4

Phenyl carbamates of the ’geberall formula

CHy

wherein Ry to Rg are as defined in the claims, are useful as

pharmaceuticals.

3700/WY/ER

-124 -

NOVARTIS EXHIBIT 2058

Noven & Mylan v. Novartis & LTS Lohmann
IPR2014-00550

Page 124 of 372



Attorney's Case No. 118-6848

'SPECLARATION AND POWER OF ATTORNEY
" ORIGINAL APPLICATION

~ .
As a below named inventor, I declare that:

My resideﬁce, post office address and ciéizenship are as
stated below next to my name.

subject matter which is claimed and for which a patent is
sought on the invention entitled FHENYL CARBAMATES the

I believe I am the original, firi;ﬂ?nd joint inventor of the
specification of which is

! [:] is attached hereto
E was filed on March 3, 1986 as

Application Serial No. 835 466 - and
was amended on

I hereby state that I havé reviewed and understand the

contents of the above-identified specification, including the
c;;ims.

acknowledge the duty to disclose information which is
material to the examination of this application in accordance
with Title 37, Code of Federal Regulations, §l.56(a).

I hereby claim foreign priority benefits under Title 35,
United States Code, §119 of any foreign application(s) for
patent or inventor's certificate listed below and have also
identified below any foreign applications for patent or
inventor's certificate having a filing date before that of
the application on which priority is claimed:

Priority

Prior Foreign Application(s) Claimed
74497 Israel March 5, 1985 D
(Number) (Country) (Day/Month/Year Filed) Yes No
(Number ) (Country) (Day/Month/Year Flled) Yes No

I hereby claim the benefit under Title 35, United States
Code, §120 of any United States application(s) listed below
‘and, insofar as the subject matter of each of the claims of
this application is not disclosed to the prior United States
application in the manner provided by the first paragraph of
Title 35, United States Code, §112, I acknowledge the duty to

B e e L
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disclose material information as defined in Title 37, Code of
Federal Regulations, §1.56(a) which occurred between the
filing date of the prior application and the national or PCT
“international filing date of .this application:

(Application Serial No.) (Filing Date) (Status) (Patent,
pending, abandoned)

(Application Serial No.) (Filing Date) (Status) (Patent,
pending, abandoned)

I hereby declare that all statements made herein of my own
knowledge are. true and that all statements made on

' information and belief are believed to be true; and further
that willful false statements and the like so made are
punishable by fine or imprisonment, or both, under Section
1001 of Title 18 of the United States Code and that such
willful false statements may jeopardize the validity of the
application or any patent jissued thereon.

POWER OF ATTORNEY: As a named inventor, I hereby appoint
Ronald G. Goebel (Registration No. 26,895), Bruce M. Collins
(Registration No, 20,066) and William C. Long (Registration
No. 18,545) to prosecute this application and transact .all
business in the Patent and Trademark Office connected

threwith.

SEND CORRESPONDENCE TO: DIRECT TELEPHONE CALLS TO:
Ronald G. Goebel,‘Esq. Ronald G. Goebel, Esq.
MATHEWS, WOODBRIDGE, GOEBEL, (201) 267-3444

PUGH & COLLINS P.A.
22 pPark Place, P,0. Box 112-M
Morristown, New Jersey 07960

Hplo¥

Full name of f£irst inventor: Marta Weinstock Rosin,

Inventors Signature Mv{a /1/ pf'n
May 8th, 1986.

Date:

Residence: Jerusalem, Israel _jfl)<

Citizenship: Israel

post Office Address: 9 Herzog Str., Jerusalem, Israel
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. /] (}f
Full name of second joint inventor:é{[)ﬂi%&’ael Chorev
Inventors Signature /(?:'r%/m/ C"\’ar‘ca/

pate: May 8th, 1986

Residence:- Jerusalem, Israel J[f
Citizenship: Israel

" Post Office Address: 135/4 Feinstein Str., Jerusalem, Israel
| vd 25

Full name of third joint inventor: Zeey Tashma

Inventors Signature 24—(:4/ 7%/&“&

Date: May 8th . 1986. /

Residence: Jerusalem, Israel /T[)(
Citizenship: 1Israel

Post Office Address: 2 Shahal Str., Jerusalem, Israel
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185 21

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Docket No. 469-102/

Anticipated Classification
of this application:

Class 560 Subclass 136
Prior Application: 06/835,466
Examiner: Michael C. Shippen
Art Unit: 126

THE COMMISSIONER OF PATENTS AND TRADEMARKS

Washington, D. C. 20231

Sir: This is a request for filing a
[X] Continuation

application under 37 CFR 1.60, of pending
[ 1 bpivisional

prior applicatioh serial no. , filed on of
for
1. [x] Enclosed is a copy of the prior application, including

the oath or declaration as originally filed and an affidavit or
declaration verifying it as a true copy. (See 8 and 8a for
drawing requirements.)

2. 01
3. [x]

. Prepare a copy of the prior application.

The filing fee is calculated below:

CLAIMS AS FILED IN THE PRIOR APPLICATION, LESS ANY CLAIMS
CANCELLED BY AMENDMENT BELOW

For . Number Number Rate Basic Fee
filed extra : $340.00
Total Claims 10-20 = 0 x $10.00 = [T
Independent Claims 4-3 = 1 x $34.00 = 34.00
Total filing fee = $374.00

-128 -

NOVARTIS EXHIBIT 2058

Noven & Mylan v. Novartis & LTS Lohmann
IPR2014-00550

Page 128 of 372



4. L3 The Commissioner is hereby authorized to charge Any
fees which may be required, or credit any overpayment to Account
No. . A duplicate copy of this sheet is enclosed.

5. [Xx] A check in the amount of $374.00 is enclosed.

6. [ 1] Cancel in this application originai claims

of the prior art application before calculating the
filing fee. (At least one original independent claim must be
retained for f£iling purposes.)

7. [X] Amend the specifigation by insertin

line the sentence: - 8 a |X] continuation, [ ] divj sion,
of application serial ng 5,466, filed March 3, lQSG}"’”W

8. [ 1 Transfer t?é drawings from the prior application to
this application and”abandon said prior application as of the
filing date accorded this application. A duplicate copy of this
sheet is enclosed for filing in the prior application file. (May
only be used if signed by person authorized by 1.138 and before
payment of base issue fee.)

8a. [ 1] New formal drawings are enclosed.
8b. [X] pPriority of application serial no. 74497 filed
on ‘March 5, 1985 in Irael is claimed under 35 U.S.C. 119.
L3 The certified copy has been filed in prior application

serial no. , filed

9. [ 1] The prior application is assigned of record to
and the assignment is recorded in the U.S.
Patent and Trademark Office at reel
, Frame[s]
10. [x] The power of attorney in Aia}or application is to:
Richard T. Laughlin, Reg. No. 17,264,

a. [x] The power appears in the original
papers in the prior application
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b. [ ] Since the power does not appear
in the original papers, a copy of

the power in the prior application
" is enclosed.

c. [X] Address all future communications
to:

ép?Richard T. Laughlin, Esq.

AUGHLIN, MARKENSOHN, LAGANI & PEGG
441129 Beadquarters Plaza
,7puorristown, New Jersey 07960

11. [x] A preliminary amendment is enclosed. (Claims added by
this amendment have been properly numbered consecutively
beginning with the number next following the highest numbered
original claim in the prior application.

12. [ 1] I hereby verify that the attached papers are a true
.copy of the prior application serial no.
as originally filed on

The undersigned declares further that all statements made herein
of his or her own knowledge are true and that all statements made
on information and belief are believed to be true; and further
that these gtatements were made with the knowledge that willful
false statements and the like so made are punishable by fine or
imprisonment, oxr both, under Section 1001 of Title 18 of the
United States Code and that such willful false statements may
jeopardize the validity of the application of any patent pending
thereon.

Dated: L, 122
A’-"" i Attorney of Rec

Reg. No. 17,264
Telephone (201) 539-0080
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&JN TIHE UNITED STATES PATENT AND TRADEMARK OFFICE
=,\~‘\‘3$~
CANT: M. W. Rosin, et al.

BERIAL NUMBER: [ JS 45/ GROUP ART UNIT: 126
FILED: : EXAMINER: M. Shippen

FOR: PIENYL CARBMATES
AMENDMEN'T

Honorable Commissioner of Patents and Trademarks
Washington, D.C. 20231
Sir:

Please amend the above-identified application as follows:

-
Cancel all of the claims and substitute the following
claims:

' '\§00' ' ' \59
N
D 7 . ‘ )

14, A phenylcarbamate of formula

wherein
Ry {s hydroge

I3 s hydrogen or lower alkyl,

N4 andMRgs are the same or different and each is a luwer
Aikyl, and the dialkylaminoalkyl group is in the mela,
orthu or para position,
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15.

16.

17.

18.

and pharmacoloygically acceptable sa ﬁs therev:, provided
that for compounds wherein R4 and {5 are both methyl and
having the dialkylamino group in the meta position, when Rp
s methyl and R3 is hydrogen, Ry /is neither hydrogen nor
methyl, and when Ry and R3 are gethyl, Ry is not hydrogen,
and for compounds wherein Rg ayd Rg are bulh meihyl and
naving the dialkylamino group/in the ortho or para position
when R] and R3 are both hydsbgen Rz is not methyl,

A compound of claipl 14 wherein the dialkylaminoalkyl

group is in meth position and R4 and Rs are both
methyl.

A compound o
(dimethylamino }td

pharmacologic#

aim 14 which is N-ethyl-3-[1-
Iphenyl carbamate or a

\ acceptable salt thereof.

14 which is N-propyl-3[l-

phenyl carbamate or a

A compound of
(dimethylamfno)ethyl
pharmacologically acceptabfe salt thereof.

A compound of claim 14/which is N-ethyl, N-methyl-3[l-

(dimethylamino)ethyl]pl 1 carbamate or a
pharmacologically accgptable salt thereof.
which is N,N-diethyl-3(1-

(dimethylamino)ethyl/lphenyl carbamate oxr a

A compound of claim
pharmacologically stceptable salt thereof.

A compound of claim 14 which is N-butyl-3[l-(dimethy-
lamino)-ethyl]ph¢nhyl carbamate or a pharacologically
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25,

A method of treating a subjeci ffering from senile

dementia, Alzheimer's disease, Huntingdon's chorea, tardive
dyskinesias, hyperkinesia, ma a, acute confusion. disorders,
Friedrich's ataxia and Down'
administering a therapeutica

compound of formula

syndrome, which comprises
ly effective amount of a

wherein
Ry s hydrogen,
Rz is hydrogen
Ry and R2 togg

attached fo
R3 is hydro

lower alkyl, cyclohexyl, allyl or benzyl,
methyl, ethyl or propyl, or

her v.ith the nitrogen to which they are
rim a morpholino or piperidino radical,

en or lcwer alkyl,

re the same or different and each is a lower
alkyl,/and the dialkylaminoalky} group is in the meta,
ortho/or para position,

R4 and Rg

or a pYarmacologically acceptable salt thereof.

[
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REMARKS
New claims 14 to 25 are presented. Claims 23 and 24 are
identical to claims 9 and 10 which were allowed in the parent
application.
€ ly submitted,

-

Richard T. Laughlin
Attorney for Applicant

lLaughlin, Markensohn, Lagani & Pegg
129 Headquarters Plaza

Morristown, New Jersey 07960

(201) 539-0080
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CERTIFICATION

"This is to certify that the attached copy is a true copy of
. United States Patent Application 06/835,466 entitled PHENYL
CARBAMATES and Declaration and Power of Attlorney has originally
been filed in the United States Patent and Trademark Office on

March 3, 1986.

Mic Lo ¢ L.CPO\

Michelle Lopa
Notary Public Of New Jersey
My Commission expires February 9, 1990
MICHELIE 1OPA
A Notary Public of New Jecsey
Dated: April 20, 1988 My Commmission Expites Feb, 9, 1990
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Patent and Trademark Office

Address : COMMISSIONER OF PATENTS AND TRADEMARKS
Washington, D C. 20231 .

1gs4st

SERIAL NUMBER [ FILING DATE ] FIRST NAMED APPLICANT ] ATTORNEY DOCKET NO.

07/185,491

04/25/88 ROSIN i 4469-102-1
TRICHARD T, LAUGHLIN | EXAMINER
ILAUGHLINs MARHENSOHNs LAGANI & FEGG SHIFPENYM
129 HEADQUARTERS FLAZA
MORRISTOWNy NJ 07960 ART UNIT | PAPER NUMBER
124 <./
DATE MAILED:
. 10/11/88
Thisisa from the exa in charge of your epplication,

COMMISSIONER OF PATENTS AND TRADEMARKS

?m, =y wnication filed on ? (25 /¢ & g_fhis action is ma

A shortened statutory perlod for response to this action is set to expire 2 SE=m"days from the date of this letter,
Failure to respond within the period for response will cause the application to become abandoned, 35 U.$.C, 133 ’

has been ined

ive to

THE FOLLOWING ATTACHMENT(S) ARE PART OF THIS ACTION:
Notice of References Cited by Examiner, PTO-892, 2. (] Notice re Patent Drawing, PT0-948,
Notice of Art Cited by Applicant, PTO-1443 4. [ Notice of informal Patent Application, Form PTQ-152

Parti

B

S [ tnformation on How to Effect Drawing Changes, PTO-1474 6. D
Part i SUMMARY OF ACTION
L p Ctaims / "/ -2 S/ are pending in the application,
Of the above, claims are withdrawn frori{ consideration.
2 (] Claims have been cancelled,
3. @ Claims 12 3 bty 5‘ are allowed.
I g Claims ‘/"{ ~Z2 2% ZS/ are rejected.
s [} Claims are objected to,
[ D Claims are subject to restriction of election requirement.
7. [T This spplication has been filed with informal drawings which are table for inati until such time as allowable subject

- matter Is indicated.
3. [T] Allowable subject matter having been indicated, formal drawings are required in response to this Office action,

9 [} The ar ihgs have been
[T not acceptable (see explanation).

d on

These drawings are {T] acceptable;

10. (7] The[T] proposed drawing correction and/or the [T proposed
has (have) been [_] approved by the . ] disapp

\or
by the i

ings, filed on

sheel(s) of
{see exp ion)

1L [ The d drawing , fited
the Patent and Trademark Office no ionger makes drawing changes.
d. Corrections MUST be effected in 4
EFFECT DRAWING CHANGES", PT0-1474,

has been [ ) approved, [ disapp (see explanation), However,
1t is now applicant’s responsibility to ensure that the drawings are
with the i ions set forth on the attached letter "INFORMATION ON HOW TO

12 g Acknowledgment is made of the claim for priority under 35 U,S.C. 119, The certified copy has ] veen recerved not been received

([T been filed in parent application, serial no. ; fited on

13 D Since this application appears to be 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 0,G, 213,

14, [ Other
-136 -
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Serial No. 185451 -2~
Art Unit 126

The following is a quotation of 35 U.S.C, 103 which
. forms the basis for all obviousness rejections set forth
in this Office action:

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.

Subject matter developed by another person, which

qualifies as prior art only under subsection (£)

and (g) of section 102 of this title, shall not
preclude patentability under this section where the
subject matter and the claimed invention were, at
the time the invention was made, owned by the same
person or subject to an obligation of assignment to
the same person.

Claims 14 -22 are rejected under 35 U.S.C. 103 as
being unpatentable over Aeschlimann (USP 1,905,990),
Meltzer, Lange or Berry.

The Aeschlimann reference generically teaches the
ciaimed compounds - rendering them obvious. The
references discloses homologous and/or isomeric
compounds that are so structurally similar that ace gwt
would expect them to possess a community of properties
in common. Note the product of example 2 of Aeschlimann
has a "dialkylaminoalkyl" group which is an adjacent
homologue to the compounds instantly claimed., As to
advantages of the prior art compounds, there is no{
evidence of the instant compounds possessing unexpected
properties over the compounds of Aeschlimann (USP
"1,905,990), note In re Hoch, 166 USPQ 406. The fact
that Meltzer does not teach "treating patients is of no

moment, In re Hoch, supra.
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S KT

Serial No. 185451 ~3=-
Art Unit 126

'

The fact that compound 37 of Lange may not be the most b
preferred agent disclosed is,of.no moment , see—in—re _
aomsNT, see In re Mills, 176 USPQ 196. BAssertions that
the prior art does not suggest structural changes is of po
moment because one of ordinary skill in the art would
recognize the obvioﬁ?eés of homologous or isomeric
compounds wit@out the reference suggesting such changes.

Claim 25;;ejected under 35 U,S.C. 103 as being
unpatentable over Berry and Aeschlimann (USP 1,905,990)
optionally in view of Aeschlimann (USP 2,493,710).

Berry and Aeschlimann (USP 1,905,990) teach that it
is known that the compounds possessing
anticholinesterase activity. Applicants admit that it
is known to use anticholine;terase agents in the
treatment.of the recited disorders, see lines 12-16 of
page 1; lines 16-18 of page 2; and lines 16-22 of page 5
of the specification, Accordingly, it is considered
obvious to use these known anticholinesterase agents for
the treatment of the recited disorders. Aeschlimann
(USP 2,493,170) is cited to show that the various R; and
Rz of the instant claims are recognized to be
functionally equivalent in analogous compounds rendering
such a modification of the primary reference compounds
obvious. '

Claims 23 and 24 are allowed.

It unclear what is meant by "(Rewritten)" in claims
23 and 24. It is suggested that such be deleted from

the claims.
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Serial No. 185451 -4
Art Unit 126

The remaining references are cited as of interest.

This is a continuation of applicant's earlier
application S.N. 835,466. All rejected claims are drawn
to the same invention ‘claimed in the earlier application
and could have been finally rejected on the grounds or
‘art of record in the next Office action if they had been
entered in the earlier application, Accordingly, THIS
ACTION IS MADE FINAL even though it is a first action in

this case. See MPEP 706.07(b).

Applicant is reminded of the extension of time
policy as set forth in 37 CFR 1.136(a). The practice of
automatically extending the shortened statutory period
an additional month upon the filing of a timely first
response to a final rejection has been discontinued by
the Office. See 1021 TMOG 35.

A SHORTENED STATUTORY PERIOD FOR RESPONSE TO THIS
FINAL ACTION IS SET TO EXPIRE THREE MONTHS FROM THE DATE
OF THIS ACTION. IN TEE EVENT A FIRST RESPONSE IS FILED
WITEIN 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 THBE ADVISORY ACTION, IN KO EVENT
WILL THE STATUTORY PERIOD FOR RESPONSE EXPIRE LATER THAN
SIX MONTHS FROM THE DATE OF THIS FINAL ACTION.

Any inquiry concerning this communicatiom or
earlier communications from the examiner should be
directed to Examiner Shippen whose telephone number is
(703) 557-0805. , : .

Any inquiry of a general nature or relating to the
status of this application should be directed to the
Group receptionist whose telephone number is (703)
557-~3920.

i gLl
MICHAEL L. SHIPPEN

PRIWARY EXAMINER
. ART UNIT 126
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FORM PTO-892 U.S. DEPARTMENT OF COMMERCE SERIAL NO, ROUPARTWNIT | ,\rracHMENT
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- PAPER
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Inhibition of Activated Factors II, VII, IX, and X by
_ Synthetic Organic Compounds Dlrected against the
Active-Site Seryl Residue!

J.A. v.d. Woerd-de Lange, M.C.E. van Dam-Mieras, H.C. Hemker

Department of Biochemistry, State University of leburg, Maastricht,
The Netherlands

Key Words, Thrombin - Factor VII, - Factor IX, - Factor X, - Inhibition - Organic
compounds !

Abstract. A series of 53 organic chemicals belonging to the groups of organic phos-
phates, sulfonyl derivatives and carbamates were screened for their activity against the
coagulation factors II, (thrombin), VIl,, IX, and X,. Relauvely specific inhibitors for the
factors U, VI, and X, were found.

Introduction

In the past decade, much progress has been made in the characteriza-
tion of the molecular processes underlying blood coagulation (table I), The
activation reactions occurring in the coagulation pathways are highly spe-
cific, limited proteolysis reactions; the activated coagulation factors with
the exception of factors V, and VIII, belong to the class of the serine pro-
teases. When comparing the amino acid sequences around the active-site
serine residues of the coagulation factors with those of the pancreatic
enzymes chymotrypsin, trypsin and elastase, it can be seen that a high
degree of sequence homology exists among these proteins [4). Furthermore,
thrombin and factor X, contain histidine and asparagin residues in posi-
tions corresponding with the active-site histidine and asparagin residues
present in trypsin and chymotrypsin. In the case of thrombin and factor X,,

! This work has been described in full detail in the PhD thesis of the first author
{Leyden University, 1976).
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Table 1. A survey of the coagulation factors with proteolytic activity

Coagulation Specifications of the zymogen molecule

factor

Activation

X1

X1

vi

bovine factor XII: single-chain glycopratcin, molecular
weight (MW) 74,000; preliminary amino acid sequence
data by Fujikawa et al. {7, 9%;

human factor XIL single-chain glycoprotein, MW 76,000
o} .

bovine factor XE: glycoproteln containing two similar
disulfide-linked polypeptide chains, MW 124,000 [19};
human factor XI: gl i ining two identical
disulfide-linked polypeptide chains; partial amino acid
sequence known [2, 22) )

bovine factor IX: single-chain glycoprotein, MW 55,400;
amino acid sequence nearing completion [39);

human factor IX: single-chain glycoprotein; MW 57,000;
amino add sequence nearly identical to that of bovine fac-
tor IX [35]

bovine fictor VII: single-chain glycoprotein, MW 45,500
118,33,34) .

bovine factor X: two-chain glycoprotein, MW 55,000;
amino acid sequence completely known [6, 8, 15, 40);
human fictor X: two-chain glycoprotein, MW 58,900 [35]

bovinc factor I1: single-chain glycoprotein, MW 70,000;
amino acid sequence completely known [24];

human factor II: single-chain glycoprotein, MW 70,000,
amino acd sequence almost elticidated [3, 38)

by plasma kallikrein by a single proteolytic arg-val cleavage,
Ieading to a disulfide-linked two-chain enzyme; the in vivo
initiation of the activation is not yet understood

by factor XI1,, in both chains a new N-terminal llc residue is
created; factor X1, is a di i i} lecul

by factor X1, (+Ca™) in a two-step reaction; in the first sicp
an arg-ala bond is cleaved, leading to a disulfide-linked two-
chain next an activation peptide is from
the heavy chain by'arg-val cleavage

by arg-ile cleavage; the in vivo initiation of the activation is
not clear .

by tenase complex (IX,, VIIL,, Ca*, phospholipids) through
arg-ile cleavage in the N-terminal region, releasing 2 9,000~
dalton fragment

by prothrombinase complex (X,, Va, Ca**, phospholipids) in
a two-step reaction; in the first step an arg-thr bond is
cleaved; the second arg-ile cleavage yields the two-chain
disulfide-linked thrombin molecule with MW 37,000

™o
§ 8§
o8
£0E8%

3 v -oru w o N A
yEe8Y $558 §RREEgE
o 6 s 2

0. < e 5 2.8 < o »
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a two-step reaction; in the first step an arg-thr bond is
cleaved; the second arg-ile cleavage yiclds the two-chain

amino acid sequence completely known [24};

%

human factor II: single-chain glycoprotein, MW 70,000;

R .lmino acid sequence almost elucidated (3, 38}

le with MW 37,000

fide-linked th: 1

- would be useful for the study of the mechanism of blood coagulation and for

Inhibition of Activated Clotting Factors k1%

the amino acid sequence of the active-site-bearing chain shows about 40~
45% sequence homology with trypsin. These data strongly suggest a close
analogy between the coagulation factors and the pancreatic enzymes with
respect to the activation of the zymogen and the catalytic mechanism of the
active enzyme. Most likely, the substrate-binding pocket of the coagulation
proteases will resemble that of trypsin because all coagulation proteases are
specific towards basic amino acids (table I).
" The main differences between the coagulation factors and the digestive
enzymes are the presence of a second protein chain in the coagulation fac-
tors not involved in the catalytic reaction per se and, perhaps as a conse-
quence of the occurrence of this additional protein part, the higher substrate
specificity of the coagulation factors.
Of course, the tertiary structure of the coagulation factors can only be
proven by crystaliographic studies of these enzymes and their (natural) sub-
strates, but valuable information can be obtained from work with model
substrates. In these studies, small changes in the substrate structure can be
introduced, and the effects on the enzyme-substrate interaction brought
about by these small changes can give useful information about the sub-
strate-binding site and the catalytic site of the enzymes. The same holds true
for inhibitors.
. The aim of the work presented here was to find specific inhibitors for
the different coagulation factors. The availability of such specific inhibitors

the chemical determination of the coagulation factors. The stereochemistry
of the specific inhibitors could contribute to our knowledge of the structure
of the active site of the coagulation factors, and finally, the specific inhibi-
tors might possibly be used therapeutically. In the experiments described
here, the inhibitory capacity towards the activated coagulation factors was
checked for a series of organic compounds belonging to the organic phos-
phates, the sulfany! derivatives and the carbamates, Other groups have used
the same approach, but the families of inhibitors investigated here have, to
our knowledge, not been screened before [13, 16, 30, 31].

Materials and Methods

Isolation and Purification of the Factors 1y, VIl, IX, and X, [sce also 40}
As starting material, 2 lation factor ining the factors II, VII,
IX, and X was prepared according to Swart [37). The coagulation factor concentrate was
activated with thromboplastin and Ca?*; the activated jon factors were
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by chromatography on 2 Whatman DE 32 column. (For the factors II, and VII, the best
results were obtained when the isolation was carried out at 4 *C; for factor X, the best
results were obtained when the isolati d at room ) It was not possible
to obtain factor IX, by this procedure, presumably because the starting material did not
contain a sufficient amount of this factof, However, when the coagulation factor concen.
trate was activated with contact product, a factor IX, preparation could be obtained. This
preparation always contained factor XI, (from the contact product) and was only used in
preliminary experiments, It was also possible to isolate a factor V11, ~ IX, - X, concentrate
from serum and to isolate the factors V11, and X, from this concentrate by chromatography
on Sephadex G-100. .

No attempt was made to obtain preparations that contained clotting factors that could
be considered pure by the usual physicochemical criteria. P: ions that ined one
coagulation factor in excess and no or trace activities of the others were considered suffi-
ciently pure for our purposes. This is because the inhibitors are added in large molar excess
anyhow, and the tests employed are sufficiently specific not to be influenced by trace
of inhibited or uninhibited lation factors other than the one under investi-

gation.

Coagulation Factor Reagents
These reagents were prepared according to Xofler et al. {20] and Loeliger and Koller
[23] (factor II); according to Borchgrevink et al. (1] (factor V); according to Hemker et al,
[12] (factors VII and X); according to Denson [5] (factor VII/X reagent). The factor VIII
and factor IX reagents were obtained from a patieot with a severe deficiency of the respec-
tive coagulation factor (< 1% activity) (440 ml blood collected in a siliconized glass vessel
ontaining 60 m! ACD ion; storage at —20 *C). Factor XI reagent was obtained from
congenital factor XI deficient plasma.
° Thromboplastin was prepared from human brsin according to Owren and Aas [32).
Contact product was p d ding to Niewi ki et al, [29].

Determination of Coagulation Factors .

For the estimation of the factors II, V, VII and X, one-stage estimations were carried
out as described by van der Meer et al. [26]; the factors VIIl and IX were estimated accord-
ing to Veltkamp et al. {42); factor XI was estimated according to Horowitz et al. [14],

Determination of the Activated Coagulation Factors

Factor II, was determined according to Hembker et al. {1 i]; factor VII, in the same °

system as factor VII [26] but with ph lipids instead of thromboplastin; the fac-
tors VIII, and IX, in the same systems as.used for factors VIII and IX [42] except that no
kaolin was added to the test syster and the incubation time of sample and reagent prior to
recalcification was | min instead of 30 min; factor X, was determined In a one-stage test
with a factor VII and X deficient reagent and phospholipid [26).

Inhibitors were the same as described by Meyers [27] and Meyers et al. (28]

Inhibition Experiments

The coagulation factor ion about 10~4-10~7 mol/1) was incubated with the
inhibitor (concentration about 10-2-10~* mol/}} at pH 7.4, 37 °C, in siliconized glass or in
plastic during 30 min (the i of the lation factors were: thrombin,

spectro
at 280:
with 1

F
recorde
(x0.0:
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Ther
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:VII. the best 12.5 NIH U/ml; factor V1i,, 0.4-0.6 U/ml; factor IX,, 0.15-0.25 U/mt; factor X,, 0.5-
X, the best 0.75 U/ml; the final inhibitor concentration is given in tables [I-V. Ifthere was no or only a
15 not possible slight inhibition after 30 min, the enzymalic activity was tested again. after 1, 2, 3 or,
terial did not sometimes, 18 h.

‘actor concen- All chemicals were p.a. mde from Merck

ibtained, This Protein i were di by i Enom ina sts PMQIL
konly used in P p! It was lhu for prothrombin andstt bin, t ion unit
{.concentrate - at 280 nm cormponds with 1.6 mg pro!em/ml {17, 37} and for all o\her protein mixtures
romatography . with 1 mg protein/mi (36}, . ;

L For a numbgr of p the nuclear i (NMR) spectra were
tors that could N recorded in a Jeol PS 100 NMR apparatus, sweep time 250s, sweep width 1,080 Hz
contained one (X 0.01 ppm). The organic compounds were dissolved in CDCly; with the compounds
asidered suffi. No. 1, 7, 13, and 30, 2 little deuterated aceton was added,
= molar excess
nced by trace
under investi- -

Results and Discussion
ger and Koller ~ - Within a series of related inhibitors that are all able to feact with an
Hemkeretal, ..~ active-site serine residue, the actual course of the reaction is determined by
he factor VIII . the stereochemistry of the enzyme around -the active-site residue {21}.
of the respec- ’ Therefore, it can be expected that the differences between the coagulation
ed glass vesse] . . . P FURSTO:
Sbtained from factors will be reflected in their susceptibility towards related inhibitors
’ with varying chemical structure. As far as small substrates are considered,
and Aas [32). this is the same phenomenon that accounts for substrate specificity. For this
reason, the interaction of series of serine esterase inhibitors with the fac-
tors 11, VII,, IX,, and X, has been investigated.

The evaluation of the kinetic constants of the inhibition process was

s were carried
: based on the following general scheme for thc reaction of serine proteases

mated accord-
etal. [14), with irreversible inhibitors,
s in the same EH‘:EX_»E,,,WM”:
sstin; the fac-
sxcept that n For this situation the steady-state approximation yields
agent prior to A
one-stage tes .
SE-U o (B -KE- D=0

1, {28).

with
oated with the
zed glass or in Ki= k. + Koz
re: thrombin, Cka :
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Fig. 1. Time course of the inhibition of tt bin by dinitropheayl-benzy
in the following concentrations: © = blank; ® = 0.08 mmol; * = 0.19 mmol; O =0.31 mmol;
* = 0.39 mmol.
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Inhibition of Activated Clotting Factors 321

If [Eu] stands for [E] + [E - 1}, the total amount of uninhibited enzyme,
it can be deduced that the formation of the irreversibly inhibited enzyme
proceeds with the velocity

I N
VETR T mh R B

_Imegration of this differential equation y_ields

{Exxd, = [Eado €xP (—k-xﬁ%]it)-

When the residual activity ({Eaul/[Exco) after the incubation time t is
plotted on semilogarithmic paper against the incubation time, a straight line

is obtained. The slope of this line gives the apparent reaction constant (K,p,) : .25_,‘ e
of the inactivation process. In formula: =
v

_ 1 SEETISEIN
Kip ==ky2 WEL‘Z .
h . ' .
-lo:::ulleg i The values of ki, and K can be obtained in the usual way by plotting

1/kypp against 1/{I). An exampie of this approach is given in figures 1 and

The inhibitors used in this study were first described by Myers and

co-workers [26, 27] who tested their inhibitory activity towards acetylcho-
line esterases; their chemical structure is given in table I1. Table II summa-
rizes the results of a first screening of the inhibitory activity of the tested
compounds towards the factors II,, VII,, IX, and X,. The k3, values given in
table II were calculated afier a fixed constant time interval (30 min) without
a control of the actual time course of the inactivation and, therefore, must
be considered as a rough estimation of the inhibitory capacity of the com-
pounds under consideration.
" The compounds that seemed to be good and/or specific inhibitors dur-
ing this first screening were tested again with the factors I, VII,, IX,, and
X,, but this time the inhibitor concentration was the same with all four
coagulation factors. The purity of the compounds used for this second
screening was also checked by NMR spectroscopy. All compounds excépt
compounds No. 13, 16, and 35 had a purity of at least 97%; the compounds
No. 13, 16, and 35 seemed to be partially degraded. The results of this
second screening are shown in italics in table II. X

In order to facilitate the evaluation of the inhibitory capacity of the
2yl-phos- ’ compounds tested, the k,,, values for the inhibition of the coagulation fac-

tors with diisopropylfluorophosphate (DFP) are given in table Il
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Inhibitio'
Table Il

No, Chemical structure of the inhibitor 1l, inhibition

(U3 k3o
mmol/A 10~

9 : : . 05 1
F-E-NH—O : o Lo 3

] Hy = : .
2. ? /c z ca,\ - 0.03
NOy 0-P-0-cd e
| CH; = CH;
o
|
/N
T
CH, CH.
N
CHy
3. 31
0-P-0-CHy-CHy
S
CHy=CH-00C 7
Hy=CHy oy
Chy
4 9 ol >l
mz-O-o- P-O—O—NOZ 004, " >1
1 .
é
5. 3 - 0.6 >
CHy ~00C o-g-o—@-coo-cu,
) 0
6. g 0.02
@-cu,-ooc-@-o- ; —o-@—coo»cuz—Q 0.02
& . NHy :
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Inhibition of Activated Clotting Factors

{1, inhibition V1I, inhibition 1X, inhibition X, inhibition

e k3o HUS Ky Uy kxn e ks
mmol/l 10~ min*' mmel/l (0~ min~! mmol! 10~ min-} mmoll 10~ min~!

0.5 . 15 1.0 0 1.0 9 0.9 58

1.0 20 1.0 0 Lo. 9.0 10 60

0.03 3 0.03 0 0.03 0 0.03 0

3.1 0 1.7 16 31 0 31 20

0.1 >128 0.1 70 2.6 ¥ 0.2 105

004 >128 0.04 20 0.04 0 © 004 29

0.6 >128 "0.6 44 1.2 ! L1 58 1 ]
EDICING
’ .

0.02 89 002 <6 4.04 1 0.04 24 4

0.02 89.4 002 <59 002 0 0.02 159

i e -
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Table II (cont.)

No. Chemical structure of the inhibitor 11, inhibit
R —
[ k
. _mmol/t |
7. 0 - 3 s
CL—Q—O-%-O—Q—CI . 0.02 >
NHz B C . 3 .
8. 4 ¢ 0.02
! 0.02
o QoD
e
CHy
9 ? 0.04
CRy00C 0-P-0 COOCH,
O b o
CHy
P
10. 9 0.06
CIO—O-FI’-O-O—CI - 0.1
NH 0.2
L,
H. C’J
Oty
b
CHy -
12
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11, inhibition VI, inhibiti 1X, inhibiti X, i

e Ky e |39 oy k3o e K30
mmol/l 10~ min-'  mmol/i 10~ min~' mmol/! 10~ min} mmol/l 10~ min-*

1.3, >128 1.3 44 2.5 1 23 40
0.02 >128 0.02 0 0.02 0 0.02

0.02 0.02
0.02 0.02
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No. Chemical structure of the inhibitor

11, inhibitior

Ul

ko
mmol/l 10~

13, S 9 )
O—cn,-ooc—@-e-ro—@—coc-m,—@ -
" :
e N
g
CHy  CHy
\CN{
14. ? 0.1
No,-@—mslv-o—O-Noz 0.2
NH
15. 9 0.2
NO,-C>-0-;|‘~o—<;>—uoz 0.2
AN
CHy CHy
0 -
+
cu—@-o-lﬂ-o—Q—cl -
A .
CHy CHy
9 005 .=
o-p«o—@-m, 002 =
g 004 >
-] 003 =
4 <
no,-@o»g-o—@—no, 0.02 =
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Il

1, inhibition

Vil inb

s

X, i

X inh

U

mmol/l 104 min~!

K30

e

ks

[US

mmol/l 10~ min=' mmol/l 10~ min-!

Ky

e

kxn

mmol/l 10~ min~!

0.1 2 09 0 08 0 071 P
02 239 02 0 02 0 07 0
02 20 02 0 02 0 0.4 6
0.2 0 o0z 28 02 0 0.2 28
005 >128 005 60 Loo. o1 105
002 >i28 002 60 002 -0 002 284
004 >i28 004 60 004 <28 004 385
003 >128 003 20 006 0 . 06 58 .
002 >128 002 002 0 0.02 0

19.8
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. Inhibit

Table II (cont.)
No. Chemical structure of the inhibitor 11, inhibitic
Y
|10 S
.mmol/} 10
0.02 >
0.02 >
0.1 >
0.05
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Inhibition of Activated Clotting Factors

11, inhibition Vi, inhibiti X, inhibiti

Xq inhibition

Uiy ko 1 Ky ke e ko'
mmol/l 10~ min-! mmol/l 10~ min-! mmol/l 10~ min-' * mmol/l 10-* min~!

002 ° >128 0.04 10 0.04 0. © 0.04 .33
0.02 > 128 0.02 59 002" 0 0.02 <59
0.1 > 128 0.4 0 0.4 0 0.3 28
0.05 58.3 0.05 0 0.05 0 0.05 0
T 0.04 > 128 0.04 128 0.8 12 0.06 77
Ty 0.02 > 128 0.02 44,4 0.02 0 - 0.02 2.0
0.08 20 0.08 16 (%) Q 0.1 0
0.4 6 0.1 1] 0.1 [} 0.1 0 :f
Y NCI YN
1S,

=4
jal
z

ik
ur)
Ay

-157-

TR TS

NOVARTIS EXHIBIT 2058

Noven & Mylan v. Novartis & LTS Lohmann
IPR2014-00550

Page 157 of 372



v.d. Woerd-de Lange/van Dam-Mieras/Hemker 330 Inhit
“Table IX (cont.)
No.  Chemical structure of the inhibitor 11, inhibit
s
e ¥
mmol/l |
24, ? ' 0.2
Q-U-T-OCH,CH, 0.2
O°H*
COOR
25. 9 B 01 .
OO -
TOH* -
26. 9 9 _ 20
CHyCH,0- P-0-P-0CH,CHy .
? 9 "
CHy CHy -7
CHy CHy
27. e Br 9 z Bz 0.003
ch,-o«g-o-ﬁ-o-cuz-
8 Br cl} ? 8: .
CHy CH, = B
By i Br Br 3 JBr
Bmar Brﬂar
28. [] : s 0.4
Ty 9
i"‘z
S,
29. 0.6 -

5
5

Hy
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11, inhibition V11, inhibiti

e ks e kso
mmol/l 10~ min=' mmoll 10-4 min~!

0.2 16 0.2 33
0.2 16.0 0.2 33.2
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Tabie 11 (cont.)

No.  Chemical structure of the inhibitos

30. H
cu,cupoc@—o-T-o—O.—coocuicm
?
CHy
3L H
CHyCHH00C- CH- 5= P-OCHy
CHiCH,00C CHy 2
Hy
32, ?
e
Isoprop, a.d. &%
33. Z
e o
0
34, 9 .
3O
[}
35, °
)
0
36. ?
NO;-O—O-S-CH;
37, CHy o
< T
"’) N-CH 0-CNHCH,
Chy
38. CHy 9
ma-';' 0= C-NHCH;
CHy

- 160 -
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[P ——

11, inhibit

m o
- mmol1 |
0.3

03

0.01
0.01
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11, inhibition V11, inhibit 1X, inhibiti X, inhibiti
e ks o ko m ks 65§ ks
mmol/l 10~ min~ mmol1 10~ min-! mmold 10~mig*! mmold 10~ min~!
0.3 >128 0.3 20 0.9 0 0.5 - 20
i 0.3 >128 0.3 19.8 03 0 03 - 15
..... —
. 0.2 <9 0.2 K 0.2 0 04 20
02 9.0 0.2 77 0.2 0 0.2 59
0.8 24 0.8 0 0.8 0 0.8 . 0
20 28 20 0 6 6 36 7
2.0 128 2.0 128 4,0 0 3.6 20
2.5 >128 2.5 K . 80 12 4.5 >128
0.2 6 0.2 9 18.6 0 18.6 0
0.2 5.9 0.2 9.0 0.2 0 0.2 0
0.3 20 0.3 12 0.5 0 0.5 0
0.2 29 02 0 02 0 0.2 o
0.01 10 0.0} 0 0.01 0 0.0t 4}
0.01 10 0.01 0 0.01 0 0.01 0
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Table II (cont.)
No, Chemical structure of the inbibitor . ‘ 11, inhib
3 . M St
p
mmol/l
39. CHy o0 cn 0.01
N e J
CHy-N o-tnl . oot
CHy cmy
40, _@_ 2 _cu 1.0
~ .
-C 2,
NHy 0-C N\CH3 e i 2.0
i
41, Q CH. . 0.3
| k] . .
°'C‘"\c»<, . — 0.4
NOp .
42. /©-o e N/CH, 0.2
NoZ " Newy 0.4
43, ] . . 0.4
. cn,-@-o-c-w-@ . 02
ot 0.4
44. ? 0.4
CI—Q—O-C-NH—O 0.6
45, 9 2.5
@—o-c-w-cn!cu,o«, 0.5
46, g 32
C>—o-t:-rm-cu,—cu5 0.5
47, 0[ 0.8
O—o- - NH=CHy 0.2
1.0
48. ] 0.3
cH,-—@-o—cmwcu, : 0.4
0.2
3 M e s SV 3 6
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11, inhibition VII, inhibition 1X, inhibition X, inhibition

a k30 e kso i ke 0 ke

mmol/l 10" min” mmol/l 10~ min~! mmol1 10~ min¥ mmoll 10~ min-t

0.01 12 0.01 0 001 0 001 0
0.01 124 001 0 0o 0 0.0 0
1.0 6 1.0 6 1.0 0 1.0 0"
2.0 239 20 0 20 0 2.0 0
0.3 3 0.3 3 0.5 0 0.5 12
0.4 0 0.4 0 0.4 0 0.4 0
0.2 9 0.2 3 0.4 3 0.4 0
160 04 0 0.4 29 | 04 39
0.4 20 0.4 33 17 0 0.7 <6
0.2 160 02 2.9 0.2 0 02 0
0.4 198 04 33.0 0.4 0 0.4 <2.9
0.4 6 0.4 6 0.6 0 0.6 0
0.6 198 06 9.0 0.6 0 0.6 <29
2.5 9 2.5 44 5.1 3 4.6 20
0.5 59 03 05 0 0.5 59
32 0 1.6 44 3.2 0 28 20
0.5 0 05 0 0.5 0 0.5 9,0
0.8 0 0.4 44 0.8 0 14 6
0.2 0 0.2 0 02 0 0.2 12
1.0 0 1.0 20 0 16 1.0 0
0.3 3 03 3 06 12 0.6 12
0.4 28 04 0 0.4 1.9 04 12
0.2 0 0.2 0 0.2 1.9 0.2 12
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Table II (cont.)
No. Chemical structure of the inhibitor Wi
o
3 mm
4. 9 02
ch@»o-cwn-cns 0.2
50. o . v 0.2
O+t
O'C‘NH-CHI
51, 9 0.2
I
ucz—©-0~c-nu-cu, 0.2
52, oz o - 24
CE I : 0.2
HOOC 0~C-N Tris ~HCl butfer .
EER 0.5
9 0.5
c-C-N ale. Tris butter 4%

O
O

* The in vitro inhibitory activity of the (R); - O = P — S type compounds is mainly due to the (R}
~ 8« P— O isomers, which are present as an impurity in the preparations in equilibrium with the
former compounds.
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T —————

. 11, inhibition VI, inhibition TX, inhibition X, inhibition
ar k3o ar kso Uy ks e ks
mmoll 10~ min! mmoll 10~ min"' mmol/l 10~ min-! mmoll 10~ min-t
0.2 9 0.2 0 0.2 0. 0.2 . 6
0.2 9.0 0.2 ] 02 - 0 0.2 12
0.2 <3 0.2 <3 0.2 0 0.2 10
0.2 <28 02 - <28 0.2 0, 0.2 .12

—
0.2 <20 0.2 <6 0.2 0 0.6 <6 -
0.2 19.8 0.2 2.9 0.2 1] 0.2 2.9
24 >128 2.4 105 4.3 6 43 | 128
0.2 33,2 0.2 9.8 0.2 0 0.2 0
0.5 22 0.5 12 0.8 20 0.8 71
0.5 22.2 0.5 1.7 0.5 19.8 0.5 28

nainly due to the (k);
equilibrium with the
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Tabie I, Inhibition of the coagulation factors 1,, VII,, IX,, and X, by DFP

Coagulation factor [DFP] mmol/t Kepp 1074 min-!
il 0.2 3,600

viI, 69 * . 60 -

X, 4.2

X, . 50 . 300.

As judged from table II, there seem to occur rather specific inhibitors
for the different coagulation factors among the organic compounds tested.

The inhibitors that gave ks values of 50 X 10~ min™! in these screenings i
were used further to determine the k.; and K; values of the inactivation

processes (see below). As the data on the ineffective inhibitors gave infor-
mation on the active site as well, we did not omit the negative results,
Tables IV-VI give the kinetic constants of the interaction of the fac-
tors 11, VIL,, and X,, respectively, with their more or less specific inhibi-
tors. For the determination of the k,; and K values given in these tables,
samples were taken from the incubation mixture at different times and the
residual activity was measured, k,; and K; values were calculated as
described above, By sampling from the incubation mixture and dilution
with the substrate, the velocity of the inhibition reaction decreases and
competition between the inhibitor and natural substrate occurs. Because of
this dilution, and because the clotting times are short compared to the incu-
bation times, it can be assumed that the inactivation reaction does not
proceed further during the clotting test. For the same reasons, the inhibition
of thromboplastin and of the coagulation factors in the reagent by the inhib-
itor during the activity determination can be neglected.’
" As can be deduced from table I, among the rather specific irreversible
thrombin inhibitors, compounds No. 7 and 19 are the most promising.

Furthermore, it can be seen in this table that compound No. 31 inhibits ~

preferentially factor VII, and compound No. 1 inhibits preferentially fac-
tor X,. Compound No. 17 inhibits strongly all three factors, thrombin, VII,
and X,. Of course, it should be kept in mind that table IT shows the results of
a rough first screening and gives no real kinetic constants.

When comparing the tables IV, V, and VI, it is striking that the ‘spe-
cific’ inhibitors all belong to the class of the organic phosphorus com-
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Inhibition of Activated Clotting Factors 339

pounds. Moreover, all the irreversible thrombin inhibitors except com-

— pound No. 30 have the structure:
10 min- o
—— i
» . n‘-©-o- T'°'®‘“‘
50 F2
» while compound No. 30 has the structure: 3

[ $
ar et
Ry

As can be seen in the general scheme for the reaction of serine proteases
with irreversible inhibitors given above, the inhibitor first forms a revers-

: ;:1 1:3:;5 ible complex with the enzyme [E « I} which is fu'nhcr converted into an

screenings irreversible complex [E;..mmd_]. Ky reﬂgcts the at‘fxmty of. the enzyme for the

activation substrate, and k; is the reaction vel'ocxty of the irreversible step, As can be
rave infor- seen in table IV, the compounds with a

results, . or | Chy-

of the fac- Q_ Q :

ific inhibi- . group in the R, position give relatively large k, values; the smallest K,

iese tables, values are found with the compounds which do not have aromatic groups in

1es and the the R, portion.

culated as From the results presented above it is clear that also small synthetic

id dilution compounds can discriminate between the closely related compounds

reases and thrombin, factor V11, and factor X,. The same conclusion was reached by

Because of other groups. Okamoto et al, [30] studied a series of thrombin inhibitors

0 the incu- belonging to N°-naphtalenesulfonyl-L-argine derivates. The structure of

1 does not these inhibitors is characterized by three entities: a positively charged group

+ inhibition (the amino acid argine), an aromatic group (the dansyl group, attached to

7 the inhib- the a-NH, group of arginine), and a hydrophobic carbon chain (attached to

. the carboxyl group of arginine; optimal chain length 3 or 4 C-atoms). These
irreversible

authors reported Iso values for these compounds in the range from 0.03 to
promising. - 2 pmol/l when fibrinogen (3 umol/l) or N®-benzoyl-L-phenylalanyl-L.valyl-
31 inhibits . L-arginine-p-nitroanilide (100 pumol/l) is used as a substrate. These values
ntially fac- ; are of the same order of magnitude as the K; values described in this article.

ymbin, V1I, - Kettner and Shaw {16] reported inactivation experiments of thrombin by

e results of tetra- and tripeptide argine chloromethyl ketones. The peptide part of these

substrates contains the amino acid sequence at the site cleaved by thrombin
at'the ‘spe- in its physiological substrates. The compounds Val-Pro-Arg-CH,Cl (analog
101U COm- . of the factor XIII cleavage site) and Ile-Pro-Arg-CH,Cl (analog of the pro-
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Table IV, Specific inhibition of factor I,

Inhibitor
concentra’
mmol/l

No. Chemical structure of the inhibitor

- 1.30

3
4. © o . . .
4 _@_ : 1.04
=P~ 0 NO: -
"°"©’° 1 2 . S © 065
© . . 0.26
6. ) 9 ) j 0.20
@—cnz-ooc-O-o-p-o-Q-coo-cn—@ . 0.16 .
! . 0.10
e o 0.04
0 : 1.24
" Cl—@—o-LO—@-cl ’ -TE 0.99
A 062
: S 0.25
8. ) 047
0.28
NO: 0-P~0. 0.
’"@‘ N '@'" 2 0.14
by .
17. 9 0.56
039
NO. =
"@'f °'©.'"°’ oo 0.28
CH, . .
; 0
"°=‘©'°'T;°'®"°2 0.20
iH: 0.10
19, 9 2,00
wor-o--0- s ]
/N 0.40
CHy CHy
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Inhibitor Enzyme Kapp ke i
i i 107 min-t 10~ min~! 107 mol/l
mmol/l 10~ mmol/l
r—————
. . 1.30 1.6 2,60 3.1 20
1.04 2.62 *
0.65 242
0.26 177
—
0.20 23 221 - 25 - .53
0.16 1.80
0.10 1.65
y 0.04 116
——
. 1.24 1.7 2.36 2.8 . 34
0.99 1.97
. 0.62 130
o 0.25 1.25
0.47 4 3.68 4.9 15
0.28 3.10
0.14 2.39
0.56 .4 23 25 22
0.39 289
- 0.28 11.6
0.33 4 3.03 4 1.9
- 033 3.47
0.20 L2
0.10 217
2.00 17 2.41 3 100
1.60 140 :
1.00 1.23
0.40 1,04
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Table IV. (cont) o
No. Chemical structure of the inhibitor Inhibitor
concentration
. mmol/l
20. ° C : - 1.63
O—O-;-O—@—NO ’ . 1.31
Hoe i B ‘ : . 0.82
PadiaN .
CHy ﬁ”z : 0.33
CH; Chy L Yo :
\CH,/ . ;
21, ¢ ‘:‘ 0.39
oy Y-o-p- 0 Yoy : T o3l
. .o 0.19
0.08
) 3. : 044
cu,cuzooc@‘o-mo—@—wocu,cu, w 0.35
¢ - 022
&, . 0.09
Table V. Specific inhibition of factor V1l
No. Chemical structure of the inhibitor Inhibitor
concentration
mmol/l
17 (3 1.1l
O, < >—o¢-o—©-~°z 0.89
: CHy 0.55
0.22
31, s T 22.8
cu;cn,ooc-(l:n-s-%-ocng . 18.2
CHyCH,00C-CHy  © - 18.2
CH 114
3 i
4.6
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Inhibitor Enzyme ks
i C 10-? min~* 10~? min-!
mmol/l 10~ mmol/l
1.63 23 2.29 2.5
131 2,13 5
0,82 2.64
0.33 2.00
0.39 23 6.71 1
0.3t 6.12
0.19 5.20
0.08 2.65
0.44 23 2.05 25
0.35 1.96
0.22 1.13
0.09 1.16
Inhibitor Enzyme Kapp k2 Ky
§ 10~ min-! ' 10" min=t 10~ mol/i
mmol/! 10-3 mmoV/| . : .
L1 3.6 3.30 calculation impossible
0.89 315
0.55 3.78
0.22 9.04
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Table VI. Specific inhibition of factor X,
No.  Chemical structure of the inhibitor Inhibitor
. concentratio
* mmol/l
1. ? . P 0.87
F-p- NH—@ ' : 0.78
NH 0.49

@ . 0.19
L1

ook o

2

© 0.22

17,

thrombin cleavage site) inactivate thrombin by 50% in less than 25 min ata
concentration of 7.5 X 10~ M. The compound Gly-Val-Arg-CH,Cl [analog
of the cleavage site in the fibrinogen A (o) chain] was effective at a concen-
tration of 2 X 10-¢ mol/l, The authors reported that the compounds with
the proline residue in the P; composition were markedly more reactive with
thrombin than with plasma kallikrein, plasmin, urokinase, and factor X,.
‘Markwardt [25] described irreversible thrombin inhibitors derived from the
competitive inhibitors benzylamine and benzamidine by introduction of a
reactive fluorosulfonyl moiety at the aromatic ring. These compounds, ami-
nomethyl and amidinofluorosulfonylbenzenes, possessed an inhibitory ef- -
fect towards thrombin that surpassed that of DFP and phenylmethyl sulfo-
nylfluoride (PMSF). ’

C
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INSECTICIDAL ACTIVITY OF SUBSTITUTED PHENYL
N-METHYLCARBAMATES

BY
-,

*J, MELTZER and H. B. A, WELLE*.

N.V. Philips-Duphar, ’s-Graveland and Institute for Organic Chemistry T.N.O,, Utrecht,
The Netherlands, respectively

The insecticidal and the acaricidal activities of a number of substituted phenyl N-methyl-

carbamates have been determined on the housefly (Musca domestica), the black bean aphid

(Aphis fabae), the Colorado potato beetle (Leptinotarsa decemlineatd), the cabbage worm

(Picris brassicae) and the carmine spider mite (Tetranychus cinnabarinus).

Tt is demonstrated that the thesis of Kolbezen, Metealf & Fukuto (1954), Metcalf, Fukuto
& Winton (1962) and Kohn, Ospenson & Moore (1965), that the meta-isomers of alkylphenyl
N-methylcarbamates are the most active, has to be restricted to some insect groups (e.g.
files and caterpillars). In the case of the Colorado potato beetle the o- and m-isomers were
cqually active; for aphids the o-isomer was the most toxic one.

‘This fact as well as the different responses of the test insects if the compounds are further
alkylated indicate that various carbamates exhibit more or less selective activities. Most striking

was the high level of activity in the new group of p-dimethylaminomethylphenyl N-methyl-

carbamates on most of the insects, in combination with a complete lack of toxicity to house-
flies. "

As previously pointed out b}} Kolbezen et dl. (1954) and Metealf er al. (1962), it was found
that lengthening of the N-methyl group or N,N-dialkylation resulted in loss of insecticidal
activity,

The most active dimethy! ds were those with a p-dimethylamino group
in combination with alkyl substituents in the 2,5- and 3,5-positions. Several p-dimethylamino-
methylphenyl N-methylcarbamates with two or three alkyl substituents (except the 2,6-
combination) proved to be highly active, except on flies, to which they were virtually non-
toxic. Greatest broad-spectrum activity was shown by 2,3-dimethyl-4-dimethylaminomethyl-
phenyl N-methylcart Tt is d d that by i ducing & p-dimethylami or a
p-dimethylami hyl group in phonyl N-meth IS iderable gain in anti-
cholinesterase and insecticidal activity is obtained.

T anyl

1. Introduction

During the last 15 years a considerable number of carbamates have been in-
vestigated in respect of insecticidal activity, The compounds presented here include
several members of a new class of carbamates, viz. the p-dimethylaminomethyl
substituted phenyl-N-methyl carbamates. All these carbamates. were synthesized by

* Present address: N.V. Philips-Duphar, Weesp, The Netherlands,
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the second author, while he was connected with the Institute for Organic Chemistry
T.N.O.

Although many papers on carbamates have been published, so far no comparison
of the action on four insect orders and. Acarina has been made. The compounds
were examined by using houseflies (Musca domestica L.), black bean aphids (4phis
fabae Scop.), larvae of the Colorado potato beetle (Leptinotarsa decemlineata Say),
caterpillars of the large cabbage white (Pieris brassicae (L.)) and females of the
carmine spider niite (Tetranychus cinnabarinus Boisd.),

2. Materials & .

The synthesis and the physical data of most of the carbamates used in this stud:
are described in the thesis of Welle (1964). Since then, several new 4-dimethy
aminomethylpheny! N-methy! carbamates (Table I) have been synthesized by th
method first published by him for the preparation of ring-alkylated 4.dimethy
aminomethylphenyl N-methyl carbamates. The new N,N-dimethyl carbamate KD
1490 was prepared by condensing 2,3-dimethyl-4-dimethylaminomethyl phenol wit
dimethylcarbamoy] chloride in excess pyridine. The intermediate 2,6-dimethyl-4'-?
dimethylaminomethyl phenol could also be prepared by refluxing for § hours?
equimolecular quantities of 2,6-dimethyl phenol, dimethylamine and formaldehyd
in water.

The carbamates were recrystallized from Jight petroleum b.p. 60—80°,-with the
exception of KD 1446, which was recrystallized from a methanol-ethanol mixtufg;
and of XD 1413 and 1435, which were used without purification.

All boiling points and melting points are uncorrected.

3. Methods
3. Musca domestica .
One ml of an acetonic solution of the test compound was poured into a Petri;
dish of 9 cm diameter, The dish was gently shaken, in order to distribute the su
stance evenly over the surface. The acetone was allowed to evaporate for exactly :
10 minutes, after which the dish was closed, In the meantime a disc of filter paper
of 2.5 cm diameter, soaked in water, was placed on the inner surface of the li
Then the dishes were placed upside down, and provided with five male and five
female flies, The experiments were carried out with at least three replicates, The
dishes were kept at room temperature. Final mortality counts took place after
21 hours. '

32. Aphis fabae . 3
Potted seedlings of broad bean (Vicia faba L.) with two well-developed leaves .
were dipped in emulsions or solutions prepared by pouring an acetonic solution of
the test compound into the appropriate amount of water. If necessary, an emulsify-
ing agent was added. After the plants had been dried, they were placed in plexiglass
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TABLE 1
Physical data of substituted 4-dimethylamiy hylphenyl N-methyl and NN-dimethyl carbamates
0
H,CN, i
3 ON-CHy- ~o-C-n(
HyC CH,
RIe—
: 3 g
Code R, R, B. p/m.p. of inter- M.p./b.p. of Molecutar formula « ’ Analysis K]
KD mediate carbamate . Calc.  Found
. anisole phenol
- 2
1446 2--CyH, H  82-84/06  118—120 195197 (ec) CyHyoN, Oy . CoH,0, N 823 819 2
- oxalate . v
1434 2,3-di-CHy H 83/0.4 97— 98 B34S €, 3HyoN,0, N 1185 12.09 g
1490 23-di-CHy -CHy T 12/006 . CygHLN,0, N 119 1093 4
1447 2,35-i-CHy H O 82/015 91— 92  1—I12  C H,,N,0, N 19 12 £
1435 2,5-diCH, H 80/0.5 110 - 229 C,;gH N0, L HCL ct 1303 ‘12.85 E
* hydrochloride
1458 2,6-0i-CH, H i 13114 8188 C,gHy0N30, N s
1395 2-CHy5--CyH, H  92/05 120125 - 83—84 €, sHpNp0, N 1060 1091
1412 2--CyH,-5-CH, H  85/04 9% 890  C gH,,N,0, N 1060 1097
1413 3-CHg-5-C,Hy H 90—92/0.5 81 163168 C’.‘H‘_,QNZO2 -HCI N 977 9.72
hydrochioride ;
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cylinders and infested with ten young adult aphids. Subsequently the cylinders were
covered with lens paper ‘and incubated in climatically conditioned racks at 24° ¢
and 60—70% R.H., The racks were illuminated by tubular fluorescent lamps for:
16 hours per day. Final mortality counts took place after 5 days.

33. Leptinotarsa decemlineata i

Potato haulms were. dipped in emulsions or solutions and placed in flasks filled
with tap water. They $were further treated like the broad-bean plants menﬁon;ﬂ
under 3.2, with the exception that the plants were infested with ten third-stag
larvae of the Colorsdo potato beetle and that the cylinders were left uncovered

34, Pieris brassicae E

Potted cauliflower seedlings were treated in the same manner as for the broa
beans described above. The plants were infested with 10 third-stage caterpillars, and
further treated like the broadbean -plants mentioned under 3.2. Final mortalit
counts took place after 5 days.

35 Tetranychus cinnabarinus

Potted French beans were dipped like the other plants referred to above. Aﬂc
the plants had been dried, the leaves were provided with plexiglass cages of 2.5 cm:
diameter, in which ten young female mites were placed, Then the plants were in:
cubated in the climatically conditioned racks and treated like the others menhoned
Final mortality counts took place after 5 days.

36. Determination of anticholinesterase activity

Inhibition of fly head cholines.temse' by the compounds involved was determined
as follows. From frozen flies the heads were separated by sieving, and homogenized
at 0° by means of an Ultraturrax homogenizer using 7.5 ml of 0.05 M tris-HCl
buffer of pH 7.5 per gram of fly heads. The homogenate was sonicated during 3 .
10 minutes, using a cooling bath at —10°, The resulting' homogenate was passed,
through cheese cloth aad the filtrate was centrifuged at 25000 g and 4° for 60 -
minutes. The clear supernatant with an average cholinesterase activity of 4 x moles .
of acetylthiocholine per ml per minute was used as the enzyme preparation. It was
usually diluted 100-fold with cold 0.05 M tris HCl-buffer of pH 7.5.

TIncubation with the inhibitors was effected by adding 0.3 ml of inhibitor solution
in 0.05 M tris HCI, containing 5% ethanol. to 0.3 ml of the diluted cholinesterase
preparation. After 30-minutes incubation at 25° the remaining cholinesterase
activity was determined according to Ellman. Courtney, Andres & Featherbone
(1961) by adding 0.3 ml of buffer solution. 0.3 ml of 5.5'-dithio-bis-(2-nitroben-
zoate) reagent and 0.3 ml of acetylthiocholine solution, to a-final concentration of
I mmole/1 and measuring the optical density at 412 nm during 6 minutes, using a
Unicam SP 600 spectrofotometer. The increase in optical density with time follow-
ed a linear course with all the inhibitors tested at all relevant concentrations. The
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inhibitor concentration was taken to be the concentration in the pre-incubation
solution., .

4, Discussion of results -
41, Influence of single-ring substituents on insecticidal
activity

Some examples shown in Table II illustrate the selective activity of the carba-
mates. Acaricidal activity was generally weak. The compounds with the listed sub-
stituents in the para-positiop showed only weak activities. Both the o- and the m-
substituted compounds, however, were active,

Kolbezen et al. (1954), Metcalf et al. (1962), and Kohn et al. (1965) reported
that both insecticidal activity and cholinesterase inhibition are optimum in m-sub-
stituted alkylphenyl N-methylcarbamates. As can be seen from the table, however,
we found a specific effect on aphids, where the o-isopropyl compound was the
most active. In the case of the Colorado potato beetle the activities of the o- and

m-isopropyl derivatives are equal. -
TABLE I
Infl of the position of .n'ng bstil s on the idal activity of pheny! N-methyl-
carbamates
C b
0-C-N ’
R . \CH3

Code R Musca Apbis Leptinot. Pieris Tetran.
KD 12345 12345 12345 1234 123
1154 LCgH, o ++4— + 4+ +4d— - —_
11857 m o4t E— k- ++4= == -
1160 . p — = e - -
1222 C,H;0 o +htkE td—. ft—  — -
1208 m ot — o - —
1224 p — - = - —_
105« N(CHy), o +tttp— e +4— +— +——
1040 m— S — e e -

98 p te—— b L e Fk— -—
1148 o 4x=— Fhp— E £ —
1149 m e b e Fha— -
174 p — - —_ - —
Concentration no: 1 2 3 45

ppm : 1000 300 100 30 10
Mortality T == 90—100%; = = > 50 & 90%; — = < 50%.
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& Fukuto (1965).

With the dimethylaminophenyl N-methylcarbamates there was no sign
difference between the activities of the o- and the m-isomers on aphids, beetl
and caterpillars, In this case, however, the o-isomer was the most active one on
flies and spider mites. With the dimethylaminomethylphenyl N-methylcarbamtg
there was no significant difference between the activities of the o- and the m-iso
on flies, aphids and bectles, In this case, however. the m-isomer was t.he

active one on catggpillars,

In general we can see from the results in Table II that the o- and m-isomers !
superior to the p-isomer. The superiority of o- or m-position depends on the =

insect, however,

42 Insecticidalactivity of mono- and dialkyl substitu

compounds

Table III illustrates the influence of further alkylation by stamng from either,
o- of m-isopropylphenyl N-methylcarbamates. In the case of the o-isomer, introdu:
tion of a methyl group in position 5 annihilated insecticidal activity; introduction
another isopropyl group in the S-position resulted in loss of activity on aphxds and;

Yestles, but not on flies.

TABLE NI

Insecticidal activity of some alkylphenyl N-methylcarbamaies

The alkoxy compounds, however, were most active on all insects examined w]
the alkoxy group was in o-position. This is in agreement with the results of Metes

4

o

s

Code R Musca Aphis Leptin, Pieris .
KD 12345 12345 12345 123 1213
1154 24-CgH, + = Tt~ Ftt— - -
103§ 2--C4H,-5-CHy = — * -— —_
1237 254di-hCgH, 4% - e - -

- 15T 3MCoH, +t = f— +o = o’ -
1070 3--CoH5-CHy ++4+% 44— +4++x —— *
1238 3,5-di--CgHy - ++++% = + 4 4 — -—
1066  3-i-CqH,6-CHy = . - =
Concentration no: 1 2 3 4 5

ppm : 1000 300 100 30 10
Mortality r o+ = 80—100%; = = > 50 < 90%; — = < 50%.
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introduction of a S-methyl group in the m-isopropylphenyl N-methylcarbamate
enhanced insecticidal activity. A second isopropy! group in the 5-position caused an
increase in toxicity to flies and beetles, whereas the activity on aphids and cater-
pillars was diminished. -

Finally. introduction of a methyl group in the 6-posmon dmmaucally reduced
the toxicity to flies. Also the activity on aphids and caterpillars was lessened, but
there was no adverse effect on the activity on beetles and spider mites.

From Tables II and III it is apparent that the response of the various test in-
sects to the’substituents and their positions is different and therefore more or less
selective activities might be xpected within the group of carbamates.

43, Insecticidalactivityof phenyl N-alkyland NN-dialkyl.
carbamates

Several derivatives are listed in Tables IV & V. Tt is apparent that N-methylation
of the carbamic ester enhanced toxicity, but that lengthening of the N-alkyl group
ubolished toxicity. This is in agreement with the findings of Kolbezen et al. (1954).
Furthermore the N,N-dimethy! compounds were less active than their corresponding
V-methyl derivatives. In some cases this decrease in activity was found rather
dramatic, as is illustrated in Table V. This is in accordance with analogous results
of Metcalf et al. (1962). .

44 Insecticidal activity of dimathylaminophe-nyl
N-methylcarbamates
In Table VI the results obtained with the dlmcthyhnnno group in rcspecuve!y
the 0- and m-positions are listed, Of the ortho-compounds the 4- and 5- alky] den-
vatives were the most active. The meta-derivatives showed less activity.

Far greater insecticidal activities were encountered with the coﬁxpounds that have

" the dimethylamino group in p-position, as can be seen in Table VII, Introduction of

all alky! groups shown in the table resulted in a gain of insecticidal activity, if
they were introduced into the 2-, 3-, or S-position. It seems that m-substitution
produces insecticides that are superior to the o-substituted ones. This is in agree-
ment with Kaeding, Shulgin & Kenaga (1965). The high toxicity of most of the
listed compounds to aphids and beetles is in sharp contrast to the weak activity on
flies. In the case of spider mites, too, these compounds showed only little activity,
except the 3-isopropyl-5-methyl derivative, The weak action on flies may be caused
by a lack of contact activity, or it may be the result of the capability of flies to
decompose the compounds rapidly. In the case of the spider mites decomposition
seems more likely, for the compounds concerned possess systemic properties and, if

-182 -

NOVARTIS EXHIBIT 2058

Noven & Mylan v. Novartis & LTS Lohmann
IPR2014-00550

Page 182 of 372



- €81 -

T

<Y

TABLE IV
Insecticidel activity of N-alkyl and N N-dialkylphenylcarbamates

0 R <
X R

Code X R . R Musca Aphis Leptinot, Pieris Tetran,
KD 12345 1234567 1234567 12345 12345
1176 2-i-CgH, H H - 4 o — — —
1154 H CHy ++— +4+4+— ++4+— — -
un CH, CH, fh— _ — -,
1179 H CoHg £ — +E— — —_
1180 H i-CqH, — — —— — —
117 3-4.CgH, H CHy e N - —— -
1204 CHy CHg ++— A S —— * —
1281 3-CHy-5--CgH;-4N(CH,), H CH, FE— bbb e b fb b
1322 CHy CH3 +++— +rtE— 4 +4E—
1321 - H CHy  — | bt +ttt— 44 —
Concentration no: 1 2 31 4 5 67

ppm : 1000 300 100 30 10 3 |
Mortality o = 90-100%; 2 = 3 50 < 90%; — = < 50%.
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TABLE ¥V

Insecticidal activity of N-alkyl and N,N-dialkylphenylcarbamates

Mortality T 4 = 90-100%; £ = > 50 < 90%

X =y
§ /R
0-LoNy Y
Y CHy B
. «
Code X Y H Musca Aphis Leptinot. Pieris Tetran.
K 2 34567 1234567 12 123456
123 12 ) 345
G ICHCHN(CHy), ) H e A tAA— drAAE— kE— Frd4—
I : *— S+ttt fk— — +
1434 4-CH,N(CHg), 2,3-di-CHy - +++++E—+4+++4+— ++++— F++tr—
1490 . C}ls — —_— 4  — —
1312 4CH,N(CHy), 3,5-d1-CH, H e pbbE— bbb — A — EO—
1347 CHy —— — = — —
Concentration no: 1 2 3 4 5 67
1000 300 100 30 10 3 1
s— = < S0%.
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& ! TABLE V1 contact action is
1 ; feeding. As the 8

| ': Insecticidal activity of o- and m~dimethylaminophenyl Nemethylcarbamates not. the latter mu
2 R o M ' .
” H3(:\N 0-C-N 44, Insectici
H3c” \chy N-methyl
Cod : i Table VIIT rec
e Position +R Musca Aphis Leptinot, Pieris T ,
N-methylcarbama
KD Ni o 4 . - X ¢
(CHg), 12345 12345, 12345° 12345 1234 : the housefly was
1105 2 oH Ft et fo—— ot + - = A activity which the
1218 34-CH;  — Fm— nd 3 inesterase (se
1194 4-CH, FE— 4t bpdd— — cholines €
217 5-i-CgH; ++4* +4% bt d— —
1163 6.CH; F—— — — - y
1040 3 H —_ e e fome Insecticida
1166 4-CHy b3 +E— 4 —
sy 4i-CgH;  — E - —
i 1167 6-CHy - e — b —
Concentration no: 1 2 3 4 5
ppm ;1000 300 100 30 10
Mortality P = 90—100%: = = 3> 50 & 0%; — = < 50%. Cod
ode
KD
TABLE VII 174 H

1446 2--CgH,
1434 2,3-di-CE
1447 2,3,5+tri«
1438 2,5-di-CE

Insecticidal activity of P-dimeihylaminophenyl N-methylcarbamates

HAC 0 JH 1458 2,6-di-CE
3 >N-®- ot/ 195 2.CHgS-
HaC! \ 1412 24-CgH,
3V R CHy 1365 3-CHg
’ 1312 3,5-di-CE
Code Musca Aphis Leptinot, Pieris 1413 3-CH,-5-
KD R 123 1234567 1234567 12345
% H e p— v — Cuncenl::'an no:
1137 3-CH, e e A e J— .\Iomlﬁy
1158 3--CgHy +4+E ettt Ftbtb— bt
m7 2-CH,-5-1-C;H, dtew bt t— bt fh— R o e
5 1323 24-C4H,-5-CHy — ot E— e — JrI—— Greatest broad-
g 1336 _S,S-di-CH:, +4+% +4+++E— FF+tdE— ot t— 3 comparison with
1281 IACHpSCHy | Fm— bbbtz dbdbb®— bbbt 44300 2isopropyl-5-met.
™ Concentration no: 1 2 3 4 5 67 b beetles the 2,3,5-t
4 ppm : 1000 300 100 30 10 3 | : methyl-5-ethyl de
kY Mortality 4 = 90—100%; = = > 50 <& 90%; — = < 50%. . compound was st
S-cthyl derivative:
Id
ur
~
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contact action is absent, both aphids and mites must take up the substances by
feeding. As the aphids were killed at low concentrations, whereas the mites were
not. the latter must possess an internal defence mechanism.

44, Insecticidal activity of dimethylaminomethylpheny!
N-methylcarbamates
Table VIII records the insecti€idal activities of the p-dimethylaminomethylpheny!
N-methylcarbamates. The absence of activity of this whole group of compounds on
the housefly was striking, T#is is in sharp contrast to the high anticholinesterase
activity which these compounds possess, as appears from in virro tests with fly-head
cholinesterase (see Table IX).

TABLE VII
" Insecticidal activity of P-dimethylaminomethylphenyl N-methylcarbamates
H 0 H

3C\N‘CH2 o--n/

He! R © “cHy

Code Musca Aphis Leptinot,
KD 123 34567 34567

174 H

1446 2--CgH,

1434 2,3-di-CH,

1447 2,3,5+tri-CHg
1435 2,5-di-CH,

1458 2,6-di-CHy

1395 2-CHg-5+-CgHy
1412 2--CgH,-5-CHy
1365 3-CH,

LB 3,5-di-CH,
1413 3-CHg-5-CoHg

FtE— -
bt ot
s aadBE B
=
FobbE— foptE—
ottt fp—
e
dEem  debdb—
fomr b d—

Congentration no: 1 2 3 4 5 67
ppm 3 1000 300 100 30 10 3 1
Monality o= 90—100%; = = P 50 & 0% — = < 0%,

Ill&lllllllil
[

Greatest broad-spectrum activity was shown by the 2,3-dimethyl derivative. In
comparison with this substance the 2-isopropyl, the 2-methyl-5-isopropyl and the
2-isopropyl-5-methy] derivatives were equally toxic to aphids. On Colorado potato
beetles the 2,3,5-trimethyl compound was even better; the 3,5-dimethyl and the 3.
methyl-S-éthyl derivatives were equal in activity, On spider mites the 2,3-dimethyl
compound was superior to all others, though the 2,3,5-trimethyl and the 3-methyl-
S-ethy] derivatives also showed considerable acaricidal activity.
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46. BEffect of the introduction of a pdimethylamino and
apdimethylaminomethylgroupontheinsecticidaland
the anticholinesterase acnv:ucs of some alkylphcnyl
N-methylcarbamates

When comparing the N-methyl carbamic esters of the alkyl phenols with their
corresponding p-dimethyla.ming and p-dimethylaminomethyl derivatives, we ob-
serve the important effect on toxicity obtained by the introduction.of the latter
£roups.

Al cases listed in Table IXshow a considerable gain in insecticidal activity by the
introduction of the p-dimethylamino or the p-dimethylaminomethyl groups into the
corresponding alkyl phenols, except on flies. In Table IX are also listed the cholin-
esterase inhibition values expressed as the negative logarithms of the dilutions
required for 50% inhibition of fly-head cholinesterase. These values show clearly
that the anticholinesterase activities also are enhanced as a result of the introduction
of a dimethylamino or a dimethylaminomethy! group at the p-position.
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REsuME -

ACTIVITE INSECTICIDE DE N-METHYLCARBAMATES DE.PHENYLE SUBSTITUES

Liactivité insecticide et mcaricide de plusicurs N-méthylcarbamates de phényle substitués
a été inée sur la he d i (Musca d ica), le p noir (Aphis fabae),
le doryphore (Leptinotarsa decemlineata), Ia chenille de la piéride du chou (Pieris brassicae)
ot l’hnunée rouge des serres (Tetranychus cinnabarinus). Les N-méthylcarbamates de phényle

ne qu'une faible ulivité acaricide. Les substances avec des sub-
stitutions en position méta ou ortho montrent une ‘meilleure activité insecticide que celles avec
la substitution en position para. Pour les mouches domestiques l'alcoylation en puidon méts
se trouve donner les composés les plus actifs; pour les pucerons 'alcoylation en position ortho
¢tait 1a plus efficace et pour les doryphores les combinaisons o- ¢t m-étaient d'une activité
¢gale, Les isoméres ortho des dérivés alcoxylés étaient plus efficaces.

En cas de substitution par un groupe diméthylamino il n'y a pas de différence importante
quant & 'activité insecticide entre les positions ortho ou méta. En général il en est de méme
pour les substitutions par dimézhylaminomé!hyle, bien que le m-isomére soit le plus efficace
sur les chenilles,

L'introduction d'un. deuxiéme groupe alcoyle dans un N-méthylcarbamate de o- ou m-iso-
propylphényle change le spectre d'action, Un groupe S-méthyle diminue beaucoup 'activité de
P'o-isomére. Un groupe S-isopropyle diminue l'activité sur les pucerons, mais pas sur les
mouches. Quand un groupe S-méthyle ou S-isopropyle est mtrodult dans un N-méthylcarba-
mate de m-isopropyl-phényle l'activité est général L'introduction d'un groupe
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6-méthyle diminue toutefois l'activité sur les mouches, les pucerons et les chenilles, mais Pas

sur les Coléoptéres ct les araignées rouges. ¥

Le‘ N-méthylcarbamates de phényle s'avérent posséder une meilleure activité que les come-

L N-di ylcar pond: Uae prol ion du groupe N-alcoy
diminue égalemant Pactivité,
Les dérivés de N hylcarb de 2-diméthylamino-phényle ont une plus grande activité
que les isoméres méta correspond On trouve is la meilleure activité dans les N.
" méthylcarb de 4-diméthylamino-phényle alcoylés. Tout groupu alcoyle, & conditi
d'étre introduit en fosition 2-, 3, ou 5- l'activité insecti Les posés méts:

substitués semblent encore un peu plus actifs que les dérivés d'o-alcoyle. La grande activité;
sur les pucerons, Jonl.msle nettement avec Ja faible activité sur les mouckes et les araignées
rouges, Le seul dérivé présentant une bonne activité sur les araignées rouges est le N-mélhy
carbamate de 3-unprapyMvdxmélbylammo-s-mélhylphényle
Les N-méthylcarbamates de p-diméthyt éthyl-phényle alcoylés pré égal
une forte action jcid sauf sur les hes, Le N-mé!bylcaxbamate de 2, 3-diméthyl
diméthyl -phényle p la plus grande activité et le plus Jarge spectre d'actio;
A pzmr des N-mvt.uy b d'alcoylphényle lintroduction d’un groupe p-dlmélhy_‘

ol 4thvl s 3érabl

amino ou p é Y c I'activité anticholi

aussi bien que Vactivité insecticide. k ‘;’5‘
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Short communications

1t 1s tentatively sumled that an effect of the aucmogen may be to causs a delotion of hormunc g

witha ss of 1 activity, If thess receptor proteins are considered;
part  of the protein synv.huls control in the target tissue, then 2 role of carcinogens may be to canse
specific protein deletion as suggested by Miller and Miller.®

Department of Zoology,
The University,
Sheffield S10 2TN
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Biochemical Pharmacology, Vol 20, pp, 3236-3238, Pergamon Press, 1971, Printed in Great Britaia

Acceleration by free carb of the reactivation of carbamylated leholl
(Received 10 March 1971; accepted 13 May 1971)

SEVERAL workers have shown that inhibition of acetylcholi (AChE; EC 34.1.7) by carbe:
mates is adeq! d by the mechanism?-3

E+4+17 k' EI l" E + products

where E is the enzyms, Ia cubumte and £I'a mbunyl enzyme. In vitro the velocity declines to &
steady state at which rates of inhibition and are equal. The forward birnolo-
cular rate is first order because the concentration of inhibitor is greatly in excess of that of enzyme.
Previous workers have estimated inhibition rates by a method which involves discarding some of the
data of progress curves, viz. those beyond the range in which a semilogarithmic plot of velocity against.
time is sensibly linear. Reactivation rates have usually been estimated by greatly diluting enzyme-
inhibitor mixtures and observing the rato of -increase of velocity. Reiner and Simeon-Rudolf?* bave
also estimated them by multiplying the inhibition me com(ant by the “:qudlbnum constant”
obtained by assuming that the steady state method, which
uses all the data from progress curves, and which has not previou.s]y been used in studies of AChE. K
is based on the assumption that the approach to a steady state is kinetically equivaleat to hto -
a true equilibrium, a mathematical treatment for which has been presented.* Since both forward and
reverse reactions are first order the approach to equilibrium is also first order, and is related to the
initial velocity v,, the equilibrium velocity v, and the intermediate velocities v at times ¢ thus:

This rate is aiso the sum of the forward and reverse rates:
ko= k(D) + k. 3)
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Short communications 337

f bormono From each progress curve a value of k and its variance can be call d by described by
Cleland.* When several values of & for different values of (7) are obtained they are used to fit equation
(3), using the inverse variances as weighting factors. Thus estimates of &), &, and thelr standard
errors are found,

Rates of ivation of inhibited particulate AChE preparations were also measured
by washing oﬂ‘ the surplus inhibitor, analogous to the method of great dilution employed for studies
on highly purified solubilized preparations. The estimates were found to differ significantly from those
calculated by the first method, as will now be described.

. Particulate AChE was prepued from dlnphngm muscle by the "shon method” of Berry and
Rutland® and the activity was d by using a twin-syringe
assembly to keep the sut ion The saline medium was 0- 15M KQ, pH 742,
38°, and the substrate was 5-§S mM holine. A typical curve of an inhibi
is lllusmted The normal velocity was first recorded (4B), the slope of AB giving 2 measure of v,
A small volume of carbamate solution was added at B. The trace became curved as inhibition pro-
gressed, and it was ultimately tec@uized that a steady rate had been reached, the straight line CD
providing a measure of v,. Any iate velocity v, is d by the slope of the tangent at the
point J. To avoid the difficulty of drawing tangents, each short portion of the trace IJX, defined by
the points of intersection of the time marks on the chart paper, Is regarded as an arc of a circle of large
radius, the point J being, with suffici , the midpoint of the arc K. The tangent at J is
parallel to the chord IX, the slope of which is the requlwd measure of v, In control experiments in
which no carbamate was added, the traces remained linear during the consumption of more titrants
than was consumed during an inhibition run: no corrections for dllutxon were therefore required.

Direct of ion wa$ made by i ing a portion of p
for 30 min at room temperature with enough carbamate to give 95-100 per cent inh[binon Thee

J

—— Volare of tikonts

yagainst Y .

snzyme- g Fia. 1. Copy of trace of rep ive inhibition i AB, normal velocity; BC diminishing
f? have gﬁ velocity during approach to the steady “equilibrium” velocity CD. Inset, method of drawing tangent
onstant i at J parallel to the chord IX. The curvature has been cxaggerated to show clear separation of chord

and tangent. See description in text,

portion was then washed three times by centrifugation, each with 30-40 vol. of 0-15M KCl. Since in
carlier experiments with intact red ‘cells such washing had caused complete reactivation of physo-
stigmine-inhibited ACRE? it was assumed that washing had effectively removed free carbamate. In
the present experiments washing caused only a little reactivation, which could be accounted for as the
result of the time taken to wash, The washed inhibited preparation was then put up for assay with
acetylcholine and the rate of recovery observed for 1-5-2 hr. Reactivation was assurned to be first
. order with respect to (v,~v), using & washed uninhibited portion to estimate v,.

. In all cases the data were graphed to verify that the appropriste first-order equation was obeyed,
@ before computing the results,
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3238 Short communications

TABLE 1. RATE CONSTANTS OF INHIRITION AND SPONTANEOUS REACTIVATION: CARBAMATES ARD

Biochemical Phart
' DIAPHRAGM PARTICULATE ACETYLCHOLINESTEXASE IN THE PRESENCE OF 5-SmM ACETYLCHOLING ;

Acceleration factor

Carbamate No.*  l.mole~!sec! sec™t x 107 and P that it is unity 4
x 10-3 With carbamate Washed The
1 (Human) 166 = 550(5) 250 £ 037(5) 059 £ 003 28) 42 <0001
1 891 & 018(5) 169 +£008(5) 024 +0028(17) 71 <0001
2 866 & 063(5) 1462£011(5) 038 £ 0032(34) 42 <0001
3 182 * 23(5) 099 £026(5) 090 +0048(38) 11 <005
4 859 £ 108(4) 186 £026(4) 082 0077 (35) 23 <0001 THE PART play
v : 070 & (1)-067 (5) 1460 & gls (5) 033 £0025(23) 49 <o$1 culssgi: sﬁoh:f
854 £ 140 1¢ 43 0225 & 0063 79 <0001 soiu
L v @ 108 * )  Additionally, #:
/ Guinea-pig diaphragm, except where noted. S.E. of estimate, Figures in bmckets—Ccls 2 and 3, gﬂ;‘.&‘ .;;'“:;1"
V J/Nc of k, (I pairs; Col. 4, (oul No. of points from two concordant experiments. . been used in t.
* Names of carb ¢ LT 2, Miotine, 2-dimethylamino-2-(3"-meth andlytical purp
/ carbamoylo: drobroml e, 3. 2~pyn‘0 d ln0~2 (3~ memy carbam oyloxyp o Balb/c mice,
b © etham xhydrobromxdc 4 3-methy car! amoyluxy~u imeth; h bromlde ide,, foF any experin
5. Pyridostigmi thylcarbamoyloxy-N-methylpyridin P! 6., Beazpyrinium, (M.EA)ISOm
Y yloxy-N-p yipy 300 mp/kg; s
Table 1 shows that rates of i don wtshed i ignificantly armllc ?g,:)‘ SH,p
than rates calculated from experiments ln which lhere was an excess of wbnmne. Since all smoasiro-23 Calcutt and D
ments were made in the p of 55 mM holine it may d that decar Caleutt and Tin
was accelerated by the carbamates themseives, An anajogous phenomenon has been described b
Brestkin and Brik:? the hydrolysis of high of butyr by a purified choli
(EC3.1.1. S)Wmonmpldmmwouldhl.vcbocn dicted by the Michaelis-Ment froma:
data at the lowest The p d ion of}
lation by high ions of sub B<
Kitz, Braswell and Ginsburg® used the method of great dilution to measure dua:tnmymxon xlm,
which is equlnlent to the present wuhml method. They found that decarb was '
by certain larizing ing drugs, and that these drugs induced
an allosteric change in configuration. The wealemion fman, 10 8—4 3, were roughly smihrto ho
reported here, §- 1-79 IH: h emp
ism b cart depolari blockifig drugs with such a changs
mnﬂpn'm:m wh:ch mults in accelerated daurbnmyhtion‘ However, the preseat results give ;mnndl
ion is not specific to nondepolarizing drugs, and is indeed produced: B
by the wbmmes them.wlvu. posslbly by a similar allosteric machnm It s thus verydoubtml ify 1
is of AChE. A Telates
eoncamrluon effects, In vitro, thz aaI used 50 M gallamine in many mdxhowed
lhnlthdnc eﬂ‘ecLSmcs!heptnlym'doseofthedmz,mlecuh:wmghtsnunboutl mg/kg® s
10~ without loss, it Is doubtful if & concentration. of S
p.lllmms could be attained in vnhl organs in vivo i high to affect decarbamy '

Chemical Defence Establishmens, - . W. K. Bexxy
Porton Down,
Wilts., UK.
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Title: '

Phenyl Carbamates :

:  Examiner

AMENDMENT UNDER RULE 11

&
r‘:?_

. g 8 &
Hon. Commissioner of Patents and Trademarks D -
Washington, D. C. 20231 S «@ m

. - = -ul
~/ \¢’ Dear Sir: 5 = i
/W
A

This is in reply to the final rejection of October 11,

. 88,
. {) \\({\Please amend the applica?aﬁ as follows:

/ \.}/ IN THE CLAIMi/ /
ﬁ\'llj Claims 23 and” 24 1line 1 cancel -- (Rewritten) --

\

E KS

The claims in the application are claims 14 to 25.

The
allowance of claims 23 and 24 is appreciated.

Attached hereto is a copy of a portion of Volume 29 of
Advances in Behavioral Biology.pages 539 to 549. This article sets

forth the unexpected advantages of the compounds covered by the
claims.

It is true, as the Examiner pointed out, that Aeschlimann
1,905,990 has prepared a compound with a dialkylaminoalkyl

substituent, but he disclosed no such compound wherein, -as in all

the compounds of the present application, the alkyl between the
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Two
phenyl and the amino is branched., Aalthough according to U. S.
patent 2,493,710 he prepared at a later date a compound with such
a branched alkyl, this was not a dialkylamino compound. Thus
present inventor has combined the features of the branched alkyl
bridge and the tertiary nitrogen.

Second, though it is true that miotine as well as the Meltzer
compound (identified in the present apblication uﬁder the code

nunber RA,;) both do present the branched alkyl bridge and the

‘tertiary nitrogen, and thus are structurally closer to the new

compounds than the Aeschlimann compounds, it is stressed that by
introducing for the first time high alkyl substituents than methyl
on the nitrogen of the .carbamate moiety, the applicant has prepared
high homologues of miotine (which bears a hydrogen and a'méthyl)
and the Meltzer compound ‘(which bears two methyls), which
surprisingiy exhibit very significant advantages not only over
physostigmine and the Aeschlimann art, but also over miotine and
the Meltzer compound. It was totally unexpected that the mere
substitution of a methyl by a higher alkyl would significantly
improve the pharmacological profile of these compounds.

It was our intention to file an affidavit under Rule 132
attesting to the superiority of the claimed compounds. It was just
realized that all the aata available for this showing are already
disclosed in the patent or specifications and in a publication of

the inventors, which appeared in the priority year. This data,
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Three

summarized below, appears to be adequate for establishing
superiority not only of RA; versus RA, but also of all the
higher alkyl homologues of the present invention versus RA,
or miotine.’

As mnentioned in the description or the publication,

" physostigmine has serious disadvantages such as a low therapeutic

ratio and.a short duration of action which necessitates frequent

dosing. The known carbamates have similar disadvantages and thus

have never been used as acetylcholinesterase inhibitors: miotine
(used as miotic) has a low therapeuti¢ ratio and a short duration
of action.

The new carbamates with at least one alkyl higher than methyl
on the N of the carbamate ﬁnexpectedly exhibit a higher therapeutic
ratio than miotine and a longer duration of action than miotine and
RA,p. This can be seen in Table 3 of the patent application

specification and Table 4 of the publication as regards the

therapeutic ratio and in Table 2 of the patent application

specification and table 3 of the publication (% inhibited by ED,,
after 3 hours) as regards the duration of action.

The longer duration of action seems to be an advantage shared
by all the higher homologues of RAj, as defined above. This is

very important and totally unexpected.
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Page Four

It is believed that based on this showing the compounds
defined by the claims are patentable over the references. For the
reasons given hereinabove reconsideration of the rejection of the

claims is respectively requested.

Re ully submitted,

hard “T. Laughlin
Attorney for Applicant
Laughlin, Markensohn, Lagani & Pegy
129 Headquarters Plaza
Morristown, New Jersey 07960
(201)-539-0080

IFICATE UNDER 37 CFR 8 (a

I hereby certify that this amendment is being deposited
with the United States Postal Service First class postage prepaid
in an envelope addressed to: Commissioner of Patents and
Trademarks, Washington, D. C. 20231, on December 9, 1988.

ls?

Richard T. Laughlin

Dated: ef9/ e
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PHARMACOLOGICAL ACTIVITY OF NOVEL ANTICHOLINESTERASE AGENTS OF POTENTIAL
USE IN THE TREATMENT OF ALZHEIMER'S DISEASE

Marta Heinetock1, Michal Razin1, Michael Chm:'ev2 & Zeev
Tashma

Departments of Phnxvmcology1 and Medicinal Chemist!‘yz
School of Pharmacy, Hebrew University, Ein Kerem, Jerusalem
Iarael ’

INTRODUCTION

In dementia of the Alzheimer type there is a selective loss in the
cerebral cortex of choline acetai ransferase (CAT), the enzyme that
ayntheasizes acetylcholine (ACh)1' « The degree of dementia and memory
impairment that occurs in this condition is y;ell correlated  with the
decrement in cortical cholinergic transmission’. lloreover, scopolamine,
& cholinergic antagonist, can ezuse memory impairment in normal individ-
uvale similar to that in aging®. These findings suggest that impaired
cortical cholinergic transmission may be at least in part responsible
for the symptomatology of Alzheimer disease. In support of this
suggeation it was found that physostigmine, which prevents the
destruction of ACh, can cause memory improvement in Alzheimer patients”.

.The extent of improvement of the aymptomatology was closely related to

the degree of inhibition of acetylcholinesterase (AChE) in the spinal
fluid, and thgs to the amount of physostigmine reaching the central
nervous system”.

As potential therapy for dementia, physostigmine has a number of
disadvantages, the most serious of which is its low therapeutic ratio.
In most studies in which any improvement in symptomatology was reported 2
the dose range in }’hich this occurred was very narrow (1-2,.5mg orally
or 0.25-0.5mg, i.v.'), with higher doses causing a decrement in perform-
ance or distressing side effects due to peripheral chalin%tgic over-
activity. Another disesdvantage is its low chemical stability” and short
duration of action, which necessitate frequent dosing. Its oral bio-
availability is also unpredictable, and it only appears to produce
improvement 1§1 Alzheimer symptomatology by this route if it is given
with lecithin”.

The purpose of the present study was to synthesize anticholin-

esterase agents which readily reach the CNS after parenteral and oral
administration; which have a higher therapeutic ratio than that of phy-
gostigmine, greater chemical stability, and a longer duration of action.
These advantages should make them more suitable than physostigmine for
the long term 'treatment of conditions associated with a deficit in
cholinergic transmission in the central nervous aystem.

Apart from physostigmine, all of the carbemate anticholinesterases
which are used medicinally, have a quaternery N-function and thus do not
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. o .199-

NOVARTIS EXHIBIT 2058

Noven & Mylan v. Novartis & LTS Lohmann
IPR2014-00550

Page 199 of 372



penetrate the CNS to any significant extcntm. Almost all the aynthetic
carbamates with a tertiary N were designed as insecticides, and have o
monomethyl substituent on the N of the carbamate, They are thus
relatively unstable at physiclogical pH and of short durationt®, ?ne

. such carbamate, miotine, has only been used clinically as @ miﬁtic 1.
The dimethyl analogue, has only been used as an insecticide'€, The
effect of other mono or dialkyl substitution on the N of the carbamate
of this structure on AChE activity in vitro or in vivo does not appear
to have Rsen studied. Accordingly we prepared and tested a series of
mono and Yalkyl derivatives of miotine, the activities of some of which
are described: (A patent has been applied for the novel structures).
Particular emphasis io placed on their abilities to inhibit brain AChE
and on their relative toxicities,

METHODS

Preparation of mono- and di-gubstituted phenyl carbamates

The N-monoalkyl and N,N-dialkyl substituted phenyl carbamates were
synthesized from ol -m~hydroxyphenylethyl-dimethylamine (I), which was
itgelf ﬁrcp&red according to the procedure described by Stedman and
Stedman’’ with minor modifications, as shown in the scheme below:

ﬁ R ' ﬁ
o~c-N\R'2 OH 0-C~NH-R,
< RR;NcoC R-NCO
“ZH-NMe, H~NMe, H-NMe,
Malkyy Me Hethod B i T tethod A m-xkn

derivatives .- darivatives

For the synthesis of the monoalkylphenyl carbamates, a 2-3 fold
molar excess of the alkyl isooyanate was reacted with phenol I in dry
benzene at room temperature overnight (see Scheme 1 method A). For the
synthesis of the N,N-dialkyl-substituted phenyl carbamates, 1.5-2 fold
molar excess of the corresponding carbamoyl chloride was allowed to
react with phenol I in dry acetonitrile in the presence of a similar
excess of sodium hydride (see Scheme 1 method B). The weak acidity of
phenol I required the use of a strong base such as sodium hydride to
produce the phenolate which acts as the nucleophile.

. Al)l carbamates were obtained as hydrochloride salts by saturating
their etheral solutions with HC1(g). These salts were purified by re-
oryatallization from ethanol-ether. Purity was assessed by t.l.c. on
precoated silica qel plates, reversed-phase HPLC, elemental microchem~
ical analysis and . H-n.m.r.

Measurement of antiAChE activity in vitro

¥ale mice {Sabra strain) weighing 30-40g werse sacrificed by
cervical dislocation and the whole brain minus cerebellum rapidly
reémoved and weighed. The brains from 10 mice were homogenized in 1ml/
100g wet weight phosphate buffer 0.1M pH 8.0, centrifuged at 12,000 rpm
and the supernatant, discarded. The pellet was mixed with a similer
volume as above of buffer 0.1M pH 8.0 containing 1% Triton using a
Vortex Cenie at maximum speed for 1 min. The mixture was centrifuged and
the supernatant which contained most of the solubilized AChE was used
for subsequent determinations of anticholinesterase activity.

540
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The effect of at least three different concentrations of each
inhibitor was measured on the rate of hydrolysis of 20 ul of 0.075M
acetylthiocholine iodide by 25 pl of solubilized AChE. The enzyme wes
incubated with the inhibitor for periods ranging from 2-180 mina at 37°C
before the addition of the substrate. The rate of hygrolysis was
measured by the spectrophotometric method of Ellman et al.'~”. From these
data the molar concentration of each agent that inhibited the activity
of the enzyme by 50% (IC50) at the time of peak activity (30-120 min)
was calculated.

Heasurement of antikChE activity in vivo

At least three doses of each drug were administered subcutaneously
(s.c.) or orally to mice. Animals were sacrificed at different times
ranging from 0.25 to 7 hours after drug administration, The presence or
absence of aside effects reminiscent of cholinergic hyperactivity
(tremors, salivation, defecation, fasciculations, difficulty in breath-
ing) were noted for each drug. The brain wes rapidly removed at the
given times stated above and the enzyme AChE extracted and solubilized
as described in the previous section. The activity of the enzyme removed
from drug treated mice was measured as described above and compared with
that of mice given saline (control),

Ass t of acute toxicity

Male mice were given one of at least three different dosea of each
drug orally or a.c., a minimum of 10 mice being alotted to each dose.

"The number of animals that died in each group within 3 hours was

determined, and from these data the LD50 (dose in umoles/kg which was le-
thal to 50% of the mice) was computed.

Table 1. Relationship between chemical structure, relative
hydrophobicity end molar refractivity of phenyl carbamates

Drug Rr! r? Capec?ty)fuctot Hol. Refractivity
k' )*
RA2 (miotine) H Me 0.5 5.65
RA6 R Et 0,83 10.30
RA1S H n-Pr . 1.48 14.96
RA13 H i-Pr 1.37 14.96.
RA14 H Allyl 1.33 14.49
RA12 H c-Hexyl 6.17 26.69
RA10 He Me 1.33 11.30
RA7 Ke Et 2.33 15,95
RA8 Et Et 4.33 20.60

# Capacity factor defined as ratio of difference between retention time
of the compound and that of the unretained solute to that of the
unretained solute on a reversed phase (C18) HPLC column (solvent; 70%
of 0.1% aqueous TFA soln. + 30% methanol). This factor is a measure
of the relative hydrophobicity of the compound.
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This experiment was repeated in enimals which had been pretreated
15 minas previously with either atropine me’chxllnitrnte (ATMN Smg/kg)
which block only peripheral muscarinic receptors 4or atropine sulphate,
(5mg/kg) which blocks both central end peripheral muscarinic receptors,
and the anticholinesterase agents were injected s.c.

Measurement of antiAChE activity in different areas of rat brain

Male and female Sabra rats weighing 150-350g were injected s.c.
with either saline, physostigmine 0.15mg/kg, RA6 1.0mg/kg. RAT 0.5mg/ikg
or RA15 0.5mg/kg (six animals were used for each treatment group). The
cercbral cortex, hippocampus, corpus striatum and medulla oblongata were
rapidly dissected on ice, weighed individually, homogenized in phosphate
buffer and extracted and solubilized as described above for mouse brain.
The activity of the enzyme from treated and control rats was also
measured as described above. : .

The percent inhibition of AChE by each drug was computed for the
different brain areas by comparison with the pooled mean of the control
values (n=12) for each area.

Statistical enalyses. Data from the experiment on the effects of
drugs on AChE in different areas of rat brain were analysed by 2-way
annlyais of variance, followed by Neuman Keul's post hoc comparisons.

RESULTS

The relationship between the N alkyl substituents, relative hydro-
phobicity and molar refractivity is shown in Table 1. In general both
the latter parameters increased aB the size of the mono or disubstituted
alkyl groups became larger.

Table 2. The effect of the novel compounds on AChE activity in mouse
brain in vitro and in vivo

Drug IC50 | Relative Potency ED50 ! Relative Potency

h. | to Physostigmine| pHoles/kg | to Physostigmine
Physostigmine} 0.011 100 0.92 100
RA2 0,013 85 0.92 100
RAG 0.40 3 8.47 1M
RA1S 0.1 10 2.80 33
RA13 12.10 0.1 ’ 40.0 2
RAY4 0.43 3 6.0t 15
RAt2 0.093 12 7.24 13
RA1O 0,027 4 1.14 a1
RA7 3.00 0.4 4.20 22
RAB 35.0 0.03 56.0 2
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AntiAChE amctivity in mouse brain

The. inhibitory activities of the novel carbamates and physostignine
on & solubilized preparation of AChE of mouse whole brain in vitro are
summarized in Table 2, The monomethyl substituted derivative, RAZ,
(miotine), was found to be the most potent inhibitor of brain AChE, both
in_vitro and in vivo. It has & rapid onset of action which is of a
relatively short duration (90-120 min in vive) like that of physo-
stigmine (Table 3). Increase in the siza of the alkyl radical to aethyl
(RA6), resulted in a large reduction (>30 fold) in in vitro activity,
but only a 6-fold decrease, in vivo. Larger substituents, n-propyl, and
o-hexyl proved to be more potent inhibitors than N-ethyl, or N-allyl,
but less so, than N-methyl, while introduction of en i-propyl group
resulted in a 1000-fold decrease in AChE activity. In general, all the
novel monosubstituted carbamstes were more active in vivo by factors of
2-20 times, than one would have expected from the activities on the
isolated enzyme when comparod to physostigmine or miotine. [Table 2].

Comparison of the data in Tables 1 and 2, reveals that there is no
correlation between in vitro anticholinesterase activity (IC50) of the
monosubatituted carbamates and any of the physical parameters examined,
e.g» chaln length in extended conformation, methyl (RA2), <ethyl (RA6),
<n-propyl (RA15); molar refractivity, of., c-hexyl (RA12), ethyl and
i-propyl (RA13); hydrophobicity, of n-propyl and i-propyl.

The disubstituted carbamates were generally less active in vitro
than the corresponding monosubatituted derivatives, Among the three
analogues there appeared to be a negative correlation between inhibitory
potency, and both hydrophobicity and molar refrectivity volume,

Introduction of a second methyl group on the N of the carbamate
caused only & asmall reduction in inhibitery activity. However, when one
group was substituted by ethyl, (RA7) in vitro activity fell by 2 orders
of magnitude. Surprisingly, this compound was considerably more potent
than one would have expected from the in vitro data when it was injected
into the whole animal Under these conditions its activity wes only
reduced to 1/3rd of that of the dimethyl derivative.

Table 3. Duration of action of carbamates on brain AChE in mice

Drug Time of peak % inhibition + s.e. ED50 oral

inhibition by ED50 at 3 hrs ——

(min.) ED50 s.c.
Physostigmine 15 0 4.3
RA2 15 0 1.3
RAG 30-120 4741 2.6
RA15 15-30 2645 4.0
RA14 30 4153 3.8
RA12 30-60 3643 3.0
RA10 15 0 3.4
RA7 60-120 3343 1.5
RAB 30-120 - 3116 1.4

543
-203 -

NOVARTIS EXHIBIT 2058

Noven & Mylan v. Novartis & LTS Lohmann
IPR2014-00550

Page 203 of 372



80 & Physo 0.28mgltg
’- * RAg 2.5mgihg
¢ RA7 2.0mgikg

w
5. 6of 3
<
° //& .
.5 40 .;' \\;
ME f . \
- .
i 20} ‘g\
" i i :\\‘4 _» ‘
0 1 2 3 7

Time in hours after s.c.injection

Fig., 13 Duration of inhibition of brain AChE after s.c. Lnd;ctiun of
physoceigmlng, RA6 and RA7 in mice

The diethyl substituted compound, RA8, proved to be a wesk
inhibitor, with an IC50 of only 35 pM. All the compounds having a sub-
stitutent larger than methyl, had a slower onset of action, both on the
isolated solubilized enzyme and in the whole animal, and a longer
duration of action in vivo, than methyl derivatives and physostigmine
(Table 3). The latter drugs ceased to inhibit brain AChE 2-3 hours after
injection, while all the novel compounds with alkyl substituents larger
than methyl caused significant inhibition for 3-7 hours [Fig. 11.

The maximum inhibition of the brain AChE after oral adminiatration
of any dose of physostigmine, did not exceed 50%. This was achieved at
about a 4 times larger dose than the ED50 after s.c. injection [Table
3). Higher doses, caused marked respiratory distress, fasciculations and
tremors. With the possible exception of RA10, a greater than 70%
inhibition of brain AChE was obtained after oral administration of all
the other compounds. The incidence of untoward symptoms due to
cholinergic overactivity was also much lower with these compounds.

Acute toxicity

The acute toxicity of the anticholinesterase agents 1s shown in
Table 4, when these were given alone or after pretreatment with ATMN or
atropine. The therapeutic ratios, defined as the LD50/ED50, of all the
compounds except RA2 were about 3 times greater than that of physos-
tigmine, which was only 3.3. Blockade of peripheral muscarinic receptors

by ATMN, caused a similar increase in LD50 (1.5-2.2 fold) in all the

When inio r ptors in the CNS were alac blocked by

P
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atropine, the LD50 of physostigmine and the majority of the compounds
xose by 2.2-3.5 fold. The disubstitued compounds, RA10 and RA7, however,
ahowed & 6-11 fold increasq in LD50.

AntiAChE activity in different areas of rat brain

The AChE activity of different areas of rat brain is shown in Table
5. Hhile the cerebral cortex, hippocampus and medulla showed
approximately similar amounts of enzyme activity, that in the striatum
was about 10<fold higher.

Fig., 2 shows the effect of physostigmine and three novel carbamates
on AChE activity in 4 areas of rat brain. The doses of the 4 drugs were
chosen which gave the same degree of inhibition of AChE in the cerebral
cortex. At these doses, RA6, RA7 and RA15 caused significantly less
inhibition in the medulla (P<0.05) and RA7 caused a lower effect in the
striatum, than in the cortex. RA6 and RA7 also produced significantly
lesa inhibition in the medulla than did physostigmine. The effect of
RA15 in the hippocampus was significantly greater than that of all the
other drugs when given at a dose that inhibited the enzyme in the cortex
to & similar extent.

DISCUSSION

In the present series of carbamate derivstives in vitro inhibition
(IC50) of brain AChE varied 3000-fold from the most to least potent
drug. In the mono-alkylated derivatives, no correlation was found
between the IC50 values and hydrophoblcity, molar refractivity, or
length of the most extended conformation of the carbemate moliety. Thus,
the largest substituent, c-hexyl, showed a much smaller decrease in
inhibitory potency compared to miotine, than did the monoethyl
derivative. On the other hand, introduction of an i-propyl resulted in a
1000~fold decrease in activity, while n-propyl, which has the same molar
refractivity and hydrophobicity, was only 10 times less potent than
miotine.

Table 4. Acute toxicity of carbamates in mice

LD50 Therapeutic Degree of protection** afforded

Drug - pmoles/kg ratio by pretreatment with
8.0. {LD50/ED50) ATHN® Atropine*

Physo. 3.0 3.3 1.8 . 3.0
RA2 4.50 4.9 1.8 2.4
RAS 95.7 1.3 1.5 2.7
RA15 30.5 10.9 1.5 3.0
RA14 64.8 10.8 1.8 2.2
RA12 41.5 9.8 1.2 3.5
RA1O © 12.4 10.9 1.6 5.8
RA7 46.0 1.0 2,2 10.9
RAS >568 >10.0 -

#+ Drug . injected 15 min. after atropine methyl nitrate 5 mg/kg or
atz‘opina sulphate 5 mg/kg
0_after ATMN or atropine pretreatment
LD50 of drug alone
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Table 5. AChE activity in different areas of rat brain

Brain Area pM of substrate hydrolysed
per ain per mg. tissue + s.e.

Cerebral cortex (11) 2.7340.09

. Hippocampus (12) 3.43+0.09

Hedulla (12) 5.55+0.27

Corpus striatum (11) 27.10+1.10

Furthermore, no oclear correlation could be demonstrated between
antl AChE activity of the carbamates on the iasolated enzyme taken from
mouse brain and that obtained ex vivo after injection of the drug into
mice. All the novel carbsmates were relatively much more active in vivo
in relation to physostigmihe or miotine, than in vitro. This discrepancy
was especially evident in the disubstituted analogues, RA7 and RAS8,
These compounds were 50-60 timea more effective in vivo than one would
have predicted from the data on the isolated enzyme.

The relatively greater activity of the larger monoalkyl and dialkyl
substituted drugs in the whole animal may be due to a greater chemical
stability. It has previously been shown that monomethyl carbuma%as are
much less stable that dimethyl derivatives at physiolgical pH'". The
relatively long duration of enzyme inhibition (>7 hours) of all the
larger alkyl derivatives in vive, (compared with about 2 hours for
physostigmine) suggests that they are chemically more atable at body pH
and are more slowly metabolized.

Another reason for the greater in vivo activity of the RA compounds
may be their higher lipid solubility, which should enable a greater
proportion of the drug to réach the central nervous system. This
property could also explain the more efficlent absorption from the
gastro-intestinal tract of several of these carbamates, particularly RA7
and RA8. . .

Comparison of the acute toxicity of the RA compounds with that of
physostigmine in mice, showed the former to have considerably higher
therapeutic ratios, 10-12, compared with 3.3 for physostigmine and 4.5
for miotine. Furthermore, signs of cholinergic overactivity, fasciculat-
ions, tremors, salivation and defecation were seen at the ED50 dose
(which caused 50% inhibition of the whole brain enzyme) of physostigmine
but not of the other carbamates. The greater therapeutic. ratics of the
RA compounds appears at first sight to be surprising since the mortality
is a direct result of AChE inhibition, end is due to the presence of
excess AChE in the medulla, which causes respiratory arrest °. This was
demonstrated in the present study by pretreating the animals wﬁh
atropine which prevents the centrally induced respiratory depreasion’”,
and which ralses the LD50 of all the monosubstituted carbamates by a

factor of about 3. In the presence of such muscarinic blockade, deasth:

from overdose then results from respiratory muscle paralysis due to
excess ACh at the neuromuscular Junction. At this stage, no antidotes
are effective and only artificial ventilation can prevent losa of life.
The fact that the LD50 of RA7 can be increased 11-fold by muscarinic
receptor blockade, demonstrates a relative lack of effect of this drug
on somatic muscle. This 18 a distinct advantage in terms of its
therapeutic potential.
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Fig, 2. Inhibition of AChE in different areas of rnt brain by
physostigmine and 3 novel carbamates
* Significantly different from physostigmine in same brain area
P<0.05
+ Significantly different from value in cortex for same drug
P<0.05 .

In order to explain the lower toxicity of the RA compounds an
attempt was made to determine whether they have a selective effect in
different brain areas. It was found that physostigmine inhidited AChE to
the same extent in four areas in the rat brain in spite of the fact that
these areas contain different amounts of enzyme. In contrast, RA6, RA7
and RA15 given in dosea which blocked AChE in the cerebral cortex by
35-40%, caused significantly less inhibition in the medulla. The most
striking difference was seen with RA7 which only reduced AChE in the
medulla by 10%. Since the ED50 was determined in whole brain, of which
the cerebral cortex contributes a major portion compared to the medulla,
this differential effect of the drugs serves to explain their higher
therapeutic ratio. .
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The Bselective effect may result from a difference in the
distribution of the drugs to these brain areas. Alternatively, it may be
due to the presence of AChE isoenzymes, which could have different
affinities for +the inhibitors. Such a differential aenaitivita ‘of
multiple forms of AChE has been demonstrated for organaphoephatu1 It
remains to be determined whether multiple forms of AChE are present in
rat brain, and whether they are selectively inhibited by RA compounds.

The data from this study show that larger monoalkyl or dialkyl
derivatives of miotine, possess several advantages over physostigmine
for potential therapeutic application in conditions involving reduced
cholinergic transmission in the cerebral cortex. If the therapeutic
effect of these agents results from inhibition of AChE in this brain
area, compounds RA6, RA15, RA14, RA12, RA10, RA7 and RA8 all have
conasiderably higher therapeutic ratios than physostigmine and show fewer
side effects at ED50 doses., This may be due to a selective inhibition in
cortical areas sparing the medulla. RA7 and RA10 have an additional
advantage in the fact that the lethal effects of drug overdose can be
prevented by atropine. While the duration of significant enzyme
inhibition after physostigmine is less than 2 hours, all the above drugs
{except RA10) act for periods of 7 hours or more after & single
injection. The longer duration is a distinct advantage in the treatment
of chronie conditions such as Alzheimer's disease. Furthermore, RA6, RA7
and RA8 show a significantly more efficient oral absorption since their
potencies when given by this route closely resemble those after
parenteral administration.
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Applicants’' evidence ("Advances in Behavioral Biology,"
Vol. 29, pages 539-549) has not been considered since a good
and sufficient reason has not been presented why the evidence
could not have been presented earlier. Moreover, it does not
appear that such evidence would put the appiication in
condition for allowance. Also, note MPEP 609.

The evidence presented in the specification has been
consldered but not found persuasive of patentability. Fisrct,
while Aeschlimann (USP 1,905,990) refers to physostiqﬁpiné,
thls compound is not representative of the compounds of the
reference, e.g., compound of example 2. 'As such, it is
considered that the compound; of Aeschlimann have not been
compared. Second, it is not seen that miotine and the
compound of Meltzer are structurally closer than the
conpounds of Aeschlimann. Third, the showing is not
commensurate in scope with the claims. While compound RA6 {s
a homologue of miotine, the claims still read on other
compounds that are just as structurally close or closer to
the prior art compounds. For example, homologues and isomers
of the Aeschlimann compounds wherein Rl and R2 are methyl, R3
is hydrogen and R4 and R5 are'ethyl; the homologues of
miotine wherein one or both of R4 and RS is ethyl or R3 is
methyl; and homologues and isomers of the Meltzer compound
wherein R1, R2, R4 or RS ls ethyl or R3 is methyl, Fourth,
the evidence of Talbe 3 would suggest that the Meltzer
compound are comparable to the instantly claimed compounds.
Fifth, the method claims réad on the use. of the prior art

compounds represented by applicants to be inferlior or
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‘compounds structurally closer to the prior art compounds that

have not been compared. Allegations as to duratlon stand

unsubstantiated, -
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_X _other than a small entity-

fee $130.00
small entity-

fee $ 65.00
verified.statement attached.
verified statement filed on

Fee $130.00
Payment

X _ Check attached for the sum of ‘$_130.00 .
Charge Account

for any fee deficiency.
Charge Account ‘the sum of $ ) (and for any
) fee deficiency), dupilic
attached.

e ofythis notice is

Reg No. 17,264 Signaturé of Attorney
Tel. No. (201)539~0080 Richard T. Laughlin _
129 Headquarters Plaza
Morristown, New Jersey 07960
070 01713789 185451 1319 130.00 CK
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. Date:

CERTIFICATE OF MAILING (37 CFR.1.8a)

I hereby certify that this paper (along with along with any

. paper referred to as being attached or enclosed) is being deposited

with the United States Postal Service on the date shown below with
sufficient postage as first class mail in an envelope addressed to

the: Commissioner of Patents and Trademaxks, Washington, D. C.
20231. Q /
’ \ 7

" “Kichard TS L&GgRlin

Laughlin, Markensohn, Lagani & Pegg
129 Headquarters Plaza

Morristown, New Jersey 07960

(201) 539-0080
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UNITED STATES DEPARTMENT OF COMMERCE
Patent and Trademark Office

Address: COMMISSIONER OF PATENTS AND TRADEMARKS
Washington, D.C, 20231

SERIAL NUMBER L FILING DATE I FIRST NAMED APPLICANT | ATTORNEY DOCKET NO.
| &574s] /25788 Rosin
r hl EXAMINER
S /7‘1)"}’1: w
/e 4

DATE MAILED:

EXAMINER INTERVIEW SUMMARY RECORD

Al partici { Y's rap , PTO personnel):
m /h 5’4 uo,b 2 )
) Ca s pe Y @

Date of interview Rl/ 27‘// ??
Type: [ Telephonic %ﬂnﬂ {copy Isgivento (1 B’/ $ repr )

Exhibit shown or demonstration conducted: [J Yes ] No. If yes, brief descripth

Agresment ' (] was raached with respect to some or all of the claims in question. [ was not reached,

Ciaims ¢ , 9/

dentification of prior art dis

Dascription of the general nature of what was qra,d to if an agreement was reached, or any other

< 0.0 ¢ *

4/ 8
TP X A R P S W . o X
-~
.. / o g y . 0,
X At A, PALAAAAN g, Pt G INA D ey
4/ L4
y ", ' Q g .
AL NIRA XA AL L ARG, P LSRN ATl b
d

{A fuller description, if necessery, and a copy of the amendments, if availsble, which the examiner sgreed would rendsr the ciaims aliowsble must be
sttached. Also, whers no copy of the smendments which would rendar the claims aliowable is svailable, a summary thereof must be attached.)

Unless the parsgraphs below have been chacksd to indicats to the contrary, A FORMAL WRITTEN RESPONSE TO THE LLAST OFFICE ACTION IS
NOT WAIVED AND MUST INCLUDE THE SUBSTANCE OF THE INTERVIEW {e.g., items 17 on the reverss side of this farm). If a rasponse to the
{ast Office action has aiready been filed, then spplicant is glven ons month from this Intervisw date to provide a statement of the substance of the interview.

I

[ 1t is not necessary for spplicant to provide a separats recard of the substance of the interview. : .

[ Since the examinar’s interview summary above {including any ) reflects responss to each of the objections, rejections and
raquirements that may ba presant in the last Office action, and sinca the elllrm ars now allowabls, this completed farm Is considered to fulfill the

responss raquirsmants of the last Office action. M’/

Examiner's Signature

PTOL-413 (REV. 1-84)

ORIGINAL FOR INSERTION IN RIGHT HAND FLAP OF FILE WRAPPER
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IN THE URITED STATES PATENT AND TRADEHARK OFFICE . 29

Applicant: M. W. Rosin et al.
Serial No: 185,451 Art Unit: 126

Filing Date: April 25, 1988

Title: PHENYL CARBAMATES
Examiner: Michael L. Shippen
' February 28, 1989 laud5lal

AMENDMENT UNDER ROULE 116

Hon. Commissioner of Patents and Trademarks
Washington, D.C. 20231

SIR:

» This is in response to the Office Action mailed on
October 11, 1988 and setting a.ghortened statutory periou
for res;nonée of three months to expire on January 11, 1989,
Applicants petition that, if required: the time fou
response be extended and the corresponding fee be charge:l
The Commissioner is hereby authorized to charge any
additional f‘ees which may be required to Acct. No, 11-0224,
Applicants further respectfully request that this responsc
be accepted as a bona fide effoit to meet any potential

response requirements outstanding and diue in the above

ﬁc)a‘ptioned matter.
/
—

\/\Q g‘é’\ Please amend the application as follows:
s ’
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IN THE CLAIMS:
Please cancel claims 14 to 17 withcut prejudice to their

reintroduction at a later point in time.

. [or] pharmacologicall

/ :
e (amended) [A cofipoynd of claim 14 which is] N~

ethyer--methyl-ﬂl-(dim hyYéamino)ethyllphenyl carbamate amid

acceptable salts thereof.

Please cancel claims 19 to 22~an€—25 without prejudice to

their reintroduction at a later point in time,

REMARKS

Claims 14 to 25 we.re in the case. The presen=z
amendment cancels claims 14 to 17, 19 to 22 and 25 withoux
prejudice to their reintroduction at a later point in time.

Applicants' attorney thanks the lixaminer Michael
L. Shippen for the interview kindly granted on February 22,
1989, The courtesies exchanged during the interview are very
much appreciated. Dhring tvhe interview the claims and the
references of record were considered. Applicants' attorney
presented arguments distinguishing the composition disclosed
in claim 18 of the instant application from the teachings of

the references substantially as set forth below.
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- It appeared that the application p;ovided sume
statements, which indicate thgt the N-ethyl /N-methyl-31(1-
(dimethylaminolethyllphenyl carbamate of claim 18 is
patentably distinguished over the art of record.

It was noted during the interview that the
closest art of record appeared to be the compound code 1207
- on page 177, first item of Table V of the journal article
"Insecticiﬁal Activity of Substituted Phenyl N-
ﬁethylcarbamates" by J. Meltzer and H. 8. A. Welle in Ent.
'exp.:& appl. 12 (1969), 169 -172. This conpound is N-methyl-
3{1-(dimethylamino)ethyllphenyl éarbamate. Whereas this
reference compound has an active hydrogean atom left at the
nitrogen of the carbamate groupr the present invention has
this hydrogen atom substituteﬁ by ethyl.

The reference "Inhibition of Activated Factors 11y
VII, IXr and X by Synthetic Organic Compounds Directed
against the Active-Site Seryl Residue® by J. A. v. 4. Woerd-
de Lange et al. in Haemostasis 10, 315 =347 (198l1) also
lists as compound #37 on page 332 ithe same compound as the
above reference. that is N-methyl-3[1l~-
(dimethylamino)ethyllphenyl carbamate,

It is suﬁmitted that the compound of claim 18 is

clearly distinguished from the compcund recited in these two
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references by the ethyl group substituting a hydrogen atom
at the carbamate nitrogen atom.

This compound of the referencee is further reciteld
in the specification of the applicants and listed in the
tables of the present'applicatian ay a reference compound
labelled Miotine or Miotine HC1l for the hydrochloric -acid
salt (compare Page 19, Table 1, second item; Page 20, Table
2, Becond item; and Page 21, Table 3, second item).

The same Tables contain the compound of claim 18

designated as RA; HC1l (Table 1) or RAq (Tables 2 and 3). As

stated on Page 17, lines 15 to 25, the acetylcholinesterass
inhibition wga determined after subcutaneous administration.
While the potency of the reference compound miotine ig &
percent on a relative scale of 100 percent referring to the
activity of physostigmine, the invention compound of claiin
18 was found to have a potency of 41 or more than eighec
times as large.

Table 3 compares the acute toxicity of carbamates
in mice. This toxicity was determined as set forth in the
specification on page 17/, line 26 to‘page 18, line 14. The
first data column of Taﬁle 3 shows that the lethal dose of
the reference qompound Miotine was 4.5, whereas the

invention cbmpound of c¢laim 18 exhibited a lethal dose of
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46, which is more than ten times as large. Thus the side
effects of the invention compound of claim 18 appear to be
much less than 'dhgse of the reference compound Miotine.
Furthermore, data column 2 of Table I indicates that the
degree of protection afforded by pretreatment with atropine
_ has only a value of 2.4 for the reference compound Miotine,
whereas the invention compound of claim 18 has a value of
10.4, which is more than four times as large, Data columu 3
"of Table 3 calculates the therapeutic ratio and finds that
the reference compound 'Miotine has a therapeutic ratio of
4.9, whereas the invention compound ¢f claim 18 has a
therapeutic ratio of of 12.4, which is more than 2.5 times
as high.

The applicants!' speéification provides on pages 22
to 26 a comparison of compounds according to the invention
to reference compounds. The last two paragraphs on page 23
show a general superiority of certain compounds including
the compound of claim 18 over the reference compound
Miotine. Page 24, lines 4 and 5 demonstrates that the
invention compoﬁnd of claim 18 shows a longer time
effectivenessas éompared to other ccmpounds considered
including the reference compound Miotine. This leads to

particular advantages in the treatment Gf certain diseases
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as stated on page 24, lines 8 to 14.‘Furthermore¢ page 24,
lines 15 to 23 discloses that there is a more effective
absorption of the invention compound of claim 18 as comparad
to the reference compound Miotine. .

In view of the clear smtructural difference of tae

" invention compound of claim 18 as compared with what appears
to be the closest reference Mictiner as well as in view of
the advantageous pharmacological properties of the invention
compound of claim 18 over the reference Miotine, it is
respectfully submitéed that the compound of c¢laim iB A=
ethy1,N~methy1—§[1-(dimetﬂylamino)ethyl]phenyl carbamate is
clearly patentable over Miotine and the ant of record.

The present amendment is intended to present
a claim which is deemed to be in better form for appeal.

It is submitted that a large part of the preseat
submission is inherently contained in the application.
Therefores, it was not appropriate tovpresent this focusad
consideration prior to the cancellation of claims 14 to 17,
19 to 22 and 25. ‘

The present amendments were not presenfed earli=r
since they are in response to the specific combination of

references performed in the Filnal Rejection. The way of

combination of references in the Final rejectlon is
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unexpected and new to the Applicants.

The present amendment is deemed to remove and/or
simplify issues -which would othervwise reguire consideration
in an appeal. The present amendment is further submitted t¢

adopt suggestions gathered from the Ofifice Actions.

The present amendment is believed not to present

any new issues since the cléim is substantially based on a
previously presented claim and since the application
pfovides clear support for particular advantages assocliated
with the invention compound of claim 18.

The present amendment is cancelling the finally
rejected claims 14 to 17, 19 to 2 and 25 in order to placec
the application in betterrconditicm for appeal. .

It is submitted that the amendment is a bona fide
attempt to advance the prosecution by amendments to the
claims seeking to overcome rejections based ¢n the applied
prior art.

It is submitted that the present amenﬁment.
complies with observations made in the Final Rejection.

Reconsideration of all outstanding rejections is
reapectfully requested.

Thus, the Applicants believe that this case is now

in condition for allowance and a Notice of Allowance lsg
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solicited. If the Office in any respect finds that this
amendment is not complete to place the application in
condition for allowancer then an interview with Applicants'
attorney is respectfully requested. It is submitted that
such an interview would be particularly appropriate because
"applicants have narrowed the issues substantially during
. prosecution of this application.

Entry of the present amendmen: is respectfully
requested. The claim as presently submitted is deemed to be
in form for alloﬁance and an early notice of allowance is

earnestly solicited.

Respectfully subnitted,

M. W. Rosin et al.

Horst M, Kagper, jheir attorney

13 Forest Driver“Warren, N.J. 07060
(201)757-2839; Reg.No, 28559

Docket MNo.: lau45l

*$FAMEND (lau451 (February 28, 1989 (rep
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Patent and Trade.. .rk Office
Address: COMMISSIONER OF PATENTS AND TRADEMARKS

N % o ) UNITED STATEQ; "ARTM‘E‘NT OF COMMERCE
x"'kfu ﬁj

Washington, D.C. 20231

185, 451 ,
SERIAL NUMBER | FILING DATE | FIRST NAMED APPLICANT |ATTORNEY DOCKET NO.
0771855451 04/25/68 ROSIN M 469-102-1
r RICHARD T. LAUGHLIN B EXAMINER
LAUGHLINy MARKENSOHNy LAGANT & FEGG SHIFFENSM
129 HEADQUARTERS FLAZA
MORRISTOWNy NuJ 07960 ARTUNIT | PAPERNUMEER
126 Iz
DATE MAILED:
03/14/68%9
NOTICE OF ALLOWABILITY
PART |,

1. This I8 to — 2 L?iﬁ%? .

2, %All the claims being allowable, PROSECUTlgN ON THE MERITS IS (OR REMAINS) CLOSED in this application. it not Included

herewith {or previously maiied), a Notice Of Allowance And lssue Fee Due or other appropriate communication wiif be sent In due
course.

3. (&) The allowed ciaims are L& J 23tz

4, [J The drawings flled on = are bl

5, IWAcknowledqmem is made of the clalm for priority under 35 U.S.C. 119, The certified copy has [} been recelived. ?ﬂ not been
recelved, {] been flled in parent application Serial No. filed on

6. [J Note the r's

7. 0 Notethe hed Iner Interview y Record, PTOL-413.

8. (3 Note the Iner's of F for A

9. 01 Note the attached NOTICE OF REFERENCES CITED, PTO-892.

10. (J Note the attached INFORMATION DISCLOSURE CITATION, PTO-1449.

PART Il

A SHORTENED STATUTORY PERIOD FOR RESPONSE to comply with the requirements noted below is set to EXPIRE THREE MONTHS
FROM THE "DATE MAILED" Indicated on this form. Fallure to timely comply will result in the ABANDONMENT of this appllcation,
Extensions of time may be obtained under the provisions of 37 CFR 1,136(a),

1. J Note the attached EXAMINER'S AMENDMENT or NOTICE OF INFORMAL APPLICATION, PTO-152, which discioses that the oath
or declaration Is deficlent. A SUBSTITUTE OATH OR DECLARATION IS REQUIRED.
2, [0 APPLICANT MUST MAKE THE DRAWING CHANGES INDICATED BELOW IN THE MANNER SET FORTH ON THE REVERSE SIDE
OF THIS PAPER.
a. [ Drawing informalities are indicated on the NOTICE RE PATENT DRAWINGS, PT0-948, attached hereto of to Paper No.
. CORRECTION 1S REQUIRED.

b. O The proposed drawing correction filed on has been app | by the CORRECTION (S
REQUIRED. : .

c. OO Approvad drawing corrections are: described by the examiner In the attached EXAMINER'S AMENDMENT. CORRECTION IS
REQUIRED.

d. O Formal drawings sre now REQUIRED,

Any responss to this letter should Inciude in the upper right hand corner, the following information from the NOTICE OF ALLOWANCE
AND ISSUE FEE DUE: ISSUE BATCH NUMBER, DATE OF THE NOTICE OF ALLOWANCE, AND SERIAL NUMBER. '

Attschments: .

- Examiner's Amendment — Notice of informal Application, PTO-152 )
- Examiner Interview Summary Record, FYOL‘»MS — Notice re Patent Drawings, PTO-848

- Reasons for Allowance — Listing of Bonded Drattsmen

~ Notice of References Cited, FTO-882 ~ Other

— Information Disctosure Citation, PTO-1448

MICHAEL L, SHIPPEN
PRIMARY EXAMINER
ART UNIT 126
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OL-85 (REV. 4-86)

f’; :rc% : . o

: ' Y % | uniTeDs ‘

N " TATES DEPARTMENT OF C

T Patent and Trademark Office OMMERCE
kNS

. Add ;. COM
gt rass; CON mg&:fo‘l%;g SS gé\j"ENTS AND TRADEMARKS
NOTICE OF ALLOWANCE
AND ISSUE FEE DUE
| All communications regarding this

KTCHARD To LAUGHLIN ) application shoulq give the serial

LAUGHLIN, MARKENSOHN, LAGANI & PEGG o h s name of

129 HEADRUARTERS PLAZA ’ '

MORRISTOWNy NJ 07960 ' Please direct all communications

to the Attention of “OFFICE OF
: PUBLICATIONS"” unless advised
The application identified below has bean examined and found allowable to the contrary.
. for issuance of Letters Patent. PROSECUTION ON THE MERITS IS CLOSED.

| scisemaino. | runGoaTe  [rotaLcians] EXAMINER AND GROUP ART UNIT | patemawen
07/1B5, 451  04/25/88 003 SHIFPENy M 126 03/14/89
Fust . .
ot ROSTNy MARTA W,
TITLE OF

MVENTION pHENYL. CAREAMATES

] ATTY'SDOCKETNO. | CLASS-SUBCLASS |BATCHNO.] APPLN.TYPE I SMALLENTITY] FEEDUE | DATE DUE

44691021 $560-115,000 KOS UTILITY NO $560.00 06/1.4/09

The amount of the issue fee is specified in 37 C.F.R. 1.18. If the applicant qualified for and has filed a veririéd statemnent of small entity staws in
accordance with 37 C.F.R. 1.27, the issue fee is one-half the amount for non-small entities. The issue fee due printed above reflects applicant’s
status as of the time of mailing this notice. A verified statement of smail entity status may be filed prior to or with'payment of the issue fee,

However, in accordance with 37 C.F.R. 1.28, failure to establish status as a small entity prior to or with payment of the issue fee precludes
. payment of the issue fee in the amount so established for small entities and pracludes a refund of any portion thereof paid prior to establishing

status as a small entity.

THE ISSUE FEE MUST BE PAID WITHIN THREE MONTHS FROM THE MAILING DATE OF THIS NOTICE as indicated above. The application shall
otherwise be regarded as ABANDONED. The issue fee will not be accepted from anyone other than the applicant; a registered attorney or agent;
or the assignee or other party in interest as shown by the records of the Patent and Trademark Office. Where an authorization to charge the issue
fee to a deposit account has been filed before the mailing of the notice of allowance, the issue fee is charged to the deposit account at the time of
mailing of this notice in accordance with 37 C.F.R. 1.311. If the issue fee has been so charged, it is indicated above.

In order to minimize delays in the issuance of a patent based on this application, this Notice may have besn mailed prior to ion of

final processing. The nature and/or extent of the remaining revision or processing requirements may cause slight delays of the patent. In
iti p ion is to be p d, this Notice of Allowance will be vacated and the appropriate Office action will follow
in dus course, If the issue fee has already been paid and prosecution is reopened, the applicant may request a refund or request that the fee be
credited to a deposit account. However, applicant may request that the previously submitted issue fee be applied. If abandoned, applicant may
request refund or credit to a deposit dccount. : .
in the case of each patent issuing without an assignment, the complete post office address of the inventor(s) wilt be printed in the patent heading
and in the Official G if the inventor's add is now differant from the address which appears in the application, please fill in the
information in the spaces provided on PTOL-85b enciosed. If there are address changes for more than two i s, enter the itional
addresses on the reverse side of the PTOL-86b. o
, The-appropriate spaces in the ASSIGNMENT DATA section of PTOL-85b must be complated in all cases. lf it is desired to have the patent issue to
an assignee, an assignment must have been praviously submitted to the Patent and Trademark Office or must.be submitted not ater than the date
of payment of the issue fee as required by 37 C.F.R. 1.334. Where there is an assignment, the assignee’s name and address must be provided on
the PTOL-85b to ensure its inclusion in the printed patent.
Advance orders for 10 or more printed copies of the prospective patent can be made by completing the information in Section 4 of PTOL-85b and
- submitting payment thergwith. if use of a deposit account is being authorized for payment, PTOL-86¢ should also be forwarded. The order must

be for at least 10 copies and must accompany the issue fea. The copies orderad will be sent only to the address specified in section 1 or 1A of
L-85b.
i; i Note attached communication from the Examiner. ) IMPORTANT REMINDER
Patents issuing on applications filad on or after Dac. 12,
This notice is issued in view of
applicant’s communication filed

1.20 (o)~ {j)-
¥ . "ENT AND TRADEMARK OFFICE COPY

i
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LAUGHLIN, MARKENSOHN, LAGANI & PEGG p
A PROFESSIONAL GORPORATION : \p *
PATENTS TRADEMARKS COPYRIGHTS ;
ATTORNEYS AT LAW \ D‘ \'57///}/

ELEVENTH FLOOR NORTH TOWER
120 HEADQUARTERS PLAZA
MORRISTOWN, NEW JERSEY 07960

RICHARD T. LAUGHLIN
MICHAEL F. MARKENSOHN
0\) ANTHONY LAGANI, JR.*
\Y“W]LUAM L. PEGG, JR.
TELEPHONE (201) 638-0080
FAX 889-8418

JUDSON A. PARSONS, JR.*
‘ SPECIAL GOUNSEL

HORST M. KASPER

OF GounsEL o
SM.J. A NY. BARS ' -

April 21, 1989

EDGAR R. GRONIN
TRADEMARK CONSULTANT

COMMISSIONER OF PATENTS AND TRADEMARKS

Washington, DC 20231
U.S. PATENT APPLICATION

SERIAL NO. 185,451
our file No. 469-101

Re:

Dear Sirs:
The enclosed articles have come to our attention in connection

with the above identified application.
We believe the claims are allowed over these references since
indicated

the articles only relate to the compounds we had

previously on Compound I.
ectfully submltted P
. Richard 7. Laughl m

Enclosures

02t dﬂOHf)
UEAIEOga
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DEAR CLIENT: -

" . THIS IS THE BEST COPY AVAILABLE, OF THE

~ ATTACHED PAGE(S), DUE TO THE CONDITION
OF THE SOURCE DOCUMENT.

PLEASE BE ASSURED THAT EVERY EFFORT HAS
BEEN MADE TO SUPPLY YOU WITH THE HIGHEST
QUALITY OF DOCUMENTATION.

SINCERELY, M

FILE HISTORY SPECIALIST

PATENT IMAGING CORP.
(703) 553-0000
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CXLIIl. STUDIES ON THE RELATIONSHIP
BETWEEN CHEMICAL CONSTITUTION
AND PHYSIOLOGICAL ACTION.

IV. THE INHIBITORY ACTION OF CERTAIN
SYNTHETIC URETHANES ON THE
ACTIVITY OF ESTERASES.

By EDGAR STEDMAN axp ELLEN STEDMAN.

From the Department of Medical Chemistry, University
of Edinburgh,

(Received Juie 26th, 1932,)

Part III [Stedman and Stedman, 19317 of this series of communications was
concerned with an examination of the action towards liver esterase of tlie
group of urethanes which had previously been shown to behave pharma-
cologically as “parasympathetic stimulants,” and it was demonstrated that,
while such urethanes posscascil the power of inhibiting the action of this enzyme
to a very high degree, other urethanes and bases did not produce a similar
effect. It was therefore concluded that a relationship between constitution and
inhibitory action towards liver csterase existed analogous to that between
constitution and physiological action in the same group. This result afforded
exceedingly strong, if not conclusive, evidence in favour of Loewi and Nav-
ratil's [1920) views regarding the mechanism of the action of physostigmine on
the heart; and further appedred to indicate the nature of the enzyme which,
according to Engelhart and Loewi [1930] and to Matthes [1930], brings about
the destruction of acetylcholine and of the vagus substance, It is clear from
Loewi's work, however, that the liver is not normally directly responsible for

the destruction of the vagus substance, which, in his original experiments, was'

shown to be caused by aqueous extracts of the frog’s heart. It therefore ap-
peared to be desirable to examine the inhibitory action of the sbove group of
* urethanes towards serum esterase, particularly as Engelhart and Loewi,
Matthes, and Plattner have shown that both whole blood and serum are capable
of destroying acetylcholine, At the same time the actions of the ureth on
twoother enzymes, namely pancreatio lipase and phosphatase, the normal sub-
strates of which are esters, have been examined in order to determine the extent
to which the inhibitory action of the urethanes is specific.
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INHIBITION OF ESTERASKES BY URETUANEN 1215

PANCREATIC LIPARE,

Enzyme preparation. The pancreatic lipawe was peepared from pig's pane
crens according to Willstiitter and Walduchmidt-Leitz's method {1923], The
inced glands were desiceated by successive treatment with acetone and ether
and the fibrous material was separated from the dey preparation by pounding
it in a mortar and then shaking it through a fine sieve. The fine powder a0
obtained was extracted for 4 hours at 30° with 87 %, glycerol (32 ce. for 2 ¢,
of powder), centrifuged, and the extract stored in this form. Immediately
before use, 15 ce. of this extract were diluted to 60 cc. with water, and again
centrifuged to remove a fine precipitate which separuted.
Hydrolysis of dlive oil. The influence of miotine hydrochloride on the hydro-
Iysis of olive oil by pancreatic lipase was first examined, Into cach of two small

“ stoppered bottles 2:5 g. of olive oil were weighed and 2 cc. of ammonin-ammo-

nium chloride buffer (py; 8:9) were then added. The contents of one bottle were
now treated with 11 ce, of the above enzyme extract and those of the other
with 11 cc, of the same extract containing 5 mg. of miotine hydrochloride
which had been dissolved in it one hour previously, Kach bottle was shaken
for 3 minutes to emulsify the oil and then placed in a thermostat at 30° for one
hour, The contents of cach battle were now washed with 100 ce, of rectified
spirit into a flask, 20 ce, of ether added to dissolve the oil and the solutions
titrated with 0-72TN alcoholic potassium hydroxide, using thymolphthalein ay
indicator. In each case 0-8 cc. of the alkali were used. A control, using 11 cc.
of water in place of the enzyme solution, required 2+4 cc. of the alkali. It is
clear that miotine exerted no inhibitory action,

Hydrolysis of tributyrin. In order to follow the hydrolyuis of tributyrin, the
stalngmometric method described in Part I1I was employed, The above
diluted extract (1 cc.) of pancreatic lipase was mixed with 2 ce. of phosphate
buffer (py 7-8) anid diluted to 10 ce, with water. One cc. of this preparation was
treated with 12 mg. of miotine hydrochloride dissolved in 1 ec, of water and
allowed to stand for onc hour, when 1cc. of the mixture was used in a
hydrolysis experiment. For the control, 1 cc. of water was employed in placo
of the solution of miotine hydrochloride. The following figures représent the
diminution in the drop number in successive periods of 20 minutes: control,
15, 28; in the presence of miotine, 14, 23. Miotine is thus without inhibitory
uction on the hydrolysis of tributyrin by pancreatio lipase,

Hydrolysis of methyl butyrate. The method employed was at first identical
with that used in Part III with liver esterase, cxcept that the reaction mixture
contained a high percentage of glycerdl which activates as well as stabilises the
lipase, Into a 100 cc. graduated flask were introduced 50 cc. of a 50 % solution
of glycerol and 20 co. of buffer (1 part 2-5N NH,:2 parts 2.5 NHCI; py; 8:9)
und the mixture was then warmed to 30° in & thermostat. Oue cc. of methyl
butyrate was dissolved as completely as possible in this by shaking, when 20 cc.
of the diluted extract of pancreatic lipase were added and the volume was
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made up to 100 ce. with water. The flask was ugain placed in the thermostat,
20 cc, of the mixture being immedintely withdrawn, run into a mixture of 26 ce.
of 0-2.N hydrochloric acid with 20 ce., of water and titrated with 0-2.V sodinm
bydroxide, using Lromocresol purple us indicator, Similar volumes of the
mixture were withdrawn at intervals of 20 minutes and titrated in the same
way, In the experiment designed to test the inhibitory action of miotine,
12 my, of the hydrochloride were dissolved in 25 ce. of the diluted extruct of the
enzyme and allowed to stand for one hour; 20 ce, of this solution were then
used in u hydrolysis experiment. The following results were obtained, the
figures representing the number of cc, of 02N alkali required to titrato the
acid liberated in 20 ce, of the reaction mixture in 20, 40 and 60 minutes re-
spectively: control, 1475, 2+7, 3+4; in the presence of miotine, 115, 1-85, 235,
A small inhibitory effect is apparent, although it is much smaller in magnitude
than with liver csterase,

Willstatter and Memmen {1924] have shown thut calcium oleate exerts u
marked activating action on the hydrolysis of methyl butyrate by pancreatic
lipase. Another experiment was therefore carried out in the presence of this
activator, The procedure was identical with that outlined above except that
2 cc. each of 2 % sodium oleate and caleium chloride solutions were added to
the reaction mixture after the addition of the enzyme but before making up to
volume, In view of the activation caused by this addition, only 5 cc, of the
diluted glycerol extract of lipase were used. Nevertheless the same amount of
miotine was employed. The following figures ure typical of the results obtained:
control, 2:25, 4-1, 5-05; in the presence of miotine, 1+7, 3-15, 4:25, Owing to the
fact that the hydrolysis of methy! butyrate by pancreatic lipuse does not take
a linear course, possibly because of the changes which occur in the py of the
solution, it is not possible to calculate in & simple wanner the percentage
inhibition produced by the miotine, Nevertheless it is clear from the figures

that the inhibition caused by the miotine in this experiment is of the same
order of magnitude as that produced by the same quantity in the absence of

calcium oleate, although only one fifth of the amount of enzyme was required
in the latter experiment,
Aun experiment siniilar to that lust described was also carried out with the
! hydrochloride of the methylurcthane of m-dimethylaminoplienol, this par-
ticular urcthane being choeen because it had proved to be the most active of
the urethancs examined in inbibiting the hydrolysis of methyl butyrate by
liver csterase. About 10 mg. of the urethane were employed, the remaining
details being identical with those described above. The results are shown by the
following figures: control, 205, 3-9, 4:75; in the presence of the urethane,
1:45, 2+9, 3-85, A small inhibitory effect is again apparent.
Iu view of the possibility that the glycerol, necessarily present in the above
solutions, might diminish the inhibitory action of the urethanes, the influence
of glycerol on the inhibitory action of miotine towards liver esterase was

examined, An acidified and dialysed extract of liver powder, similar to those -
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described in Part 111, was employed, the hydrolysis of methyl butyrate heing
followed under the conditions described in that paper with the modification
that 50 cc, of water were replaced by 50 ce. of 50 %, glycerol, As inhibitor,
101 my, of miotine hydrochloride was employed, The following titration figures
were obtained: control (without glycerol), 185, 38, 5-5; control (with glycerol),
1:85, 365, 5+40; in the presence of miotine (without glycerol), 1155, 145, 242:
in the presence of miotine nnd glycerol, 055, 1-4, 20, It ix evident that the
glyeerol was without influence cither on the activity of the esterase or on the
inhibitory activity of miotine. The experiment further sorves to illustrate the
much greater sensitivity of liver esterase to miotine, With only a thousandth
part of the amotnt used with pancreatic lipase & grenter inhibition was
produced. ) :
KIDNEY MHOSPHATASE,

The preparation of kidney phosphatase emiployed was obtained by Erdt-
man’s method [1927]. 600 g. of pig's kidneys were mineed, suspended in 500 ce,
of water to which much toluene had been added, and incubated for 2 days at
37°. The mixture was then filtered through a fine metal steainer, and the turbid
filtrate treated with 1} litres of rectified spirit, The precipitate so produced
was filtered, stirred with 500 cc. of alcohol and agnin filtered, this process heing

‘repeated twice. It was then similarly treated with 500 ce. of cther, dried in

the air and ground in a mortar. Extracts of the phosphatase were prepared
by shaking 4 g. of this dry powder with 80 ce. of V40 ammonia for 1} hours
und removing the solid 1aaterial in- the centrifuge,

The substrate employed was sodium glycerophosphute. To a mixture of
10 cc. of b %, sodium glycerophosphate, 10 cc. of buffer (ammonia-ammonium
chloride, p;; 8:9) and 60 cc. of water, previously warmed to 30° in a thermostat,
were added 10 cc, of the above solution of phosphatase. The total volume was
then made up to 100 ce, with water and the solution replaced in the thermostat.
20 ce. of the mixture were immediately withdrawn and run into 10 ce. of
10 9% trichloroaectic acid, The free phosphate was then estimated in 25 cc. of
the filtrate by precipitating it as phosphomolybdic acid, dissolving the latter
after filtration in 10 cc, of 0-21N NaOH und titrating the excess alkali with
W099D.N nitric acid, Similar withdrawals and estimations were made at fixed
intervals, A typical experinient will suflice to illustrate that miotine is without
uction on kidney phosphatase. 12 mg. of miotine liydrochloride were dissolved
in 12 ce. of the enzyme solution and, after an interval of one hour, the phos-

phatase activity of 10 ce. of the solution was determined, o control being:

carried out simultancously. The following figures represent the ce. of nitric
acid required to neutralise the excess alkuli in catimations on samples with-
drawn immediately and after-80 minutes respectively: control, 18:2, 89; with
miotine, 13+6, 89,
SERUM ESTERASE.
In order to examine the inhibitory action of the various urethanes towards
scrum esterase, the serum of the guinea-pig was chosen, since the blood of this
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animal is known to contain & relatively high amount of the enzyme. 2-3 co.
of the serum, the exact volume depending upon the esterase uctivity of the
sample employed, were treated with 2 e, of phosphate huffer of py 7-0 and the
mixture was diluted to 10 ce. with water, One ce. of this solution was mixed
with 1ve. of u solution of the urethane under examination and allowed to
stand for about an hour, when the esterase activity of 1 ce. of the mixture was
determined by the stalagmometrio method deseribed in Part 1L In the
coutrol experiment, the solution of the urcthune was replaced by an equal

Table 1. Inhibition of serum esterase by vierious urcthanes,

Sulwteates tribatyein, T=00, pyy =749,

Final cone. of Decrease in drop nunber in
inhibitor oo Tere ey Purrentage
inhibitor® [ RN i 20 ine, #1 min=, inhibition
Phengl acricas
Contral - — i 21 —
m-HC1 4 3 " 4
HU 4 ¥ w 24
a-HCl 4 8 5 M
Control — 1K} B4 —
meMel 400y 3 i} o4
el din ! 4 84
oMl 0 1 K 4]
Mikine serivas
Control - n & —
m-HC) 400 1 2 0
. 40 h) a7
PRITV] N 2 ]
. 40 + a7
o-HCl H) 87
" ’ 0 U] 17
Control — M —_
meMel 4000 2 89
“ 400 u 10
p-Nel {0 1 39
v 4 13 15
oMol RlLLY 1 o3
" 400 v 31
Bensyl acvica:
Control - 12 23 —
mHCE . 40 3 3
N 4 * 18 30
mHC « 3 7 K
" N ) 18 ”n
aHCl 40 . ¢ 12
Coutrol — 2] 1] —
meMel +Hn 3 17 33
Ml 400 4 . [T 14
o-Mel W 7 |8 42

2 e hvle

* Phonyl scrics; methylurethancs of the isomeric dimethvlaminophenals.,
Mictine series; methylurethancs of the isomerio 1.h phenylethykl y
Henzyl merics; methylurethancs of the somerie h,\:t]mxybemyldimﬂ hylamines.

volume of water, The results obtained are given in Table 1. The urethanes
- employid were identical with those used in Part 1II and are indicated by the
same abbreviated names.
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LIVER ESTERANE,

In view of the fact that serum from the guinea-pig was used in the above
experiments it was thought that it would be of interest to exnmine the in.
hibitory actions of the various urethancs on the liver esterane from the same
species. A preparation of this esterase was therefore made from a number of
guinea-pig's livers using the same procedure as was employed in Part 111 in
councetion with liver. esternse from the pig, The activity of the preparation
towards methyl butyrate, however, proved to he much smaller than that from
the pig and it was not, therefore, possible to follow the hydrolysis of simple
esters by the technique employed in Part 111, Despite its smaller activity
towards methyl butyrate, this preparation nevertheless proved ta be at least
as active towards tributyrin as was the esternse from pig’s liver, The experie
ments recorded in Table IT were therefore carried out, using this substance as

Table I1, Inhibition of guinea-piy's liver esterase by
: various urethanes. .

Substrate: tributyrin, T=20° py =80,

Final conc, of  Decreasc in irop number in

inhibitor . . Pervontage
Inhibitor (A x 10r%) 20 mins, 40 mins, inhibition
DPhenyl acricar .

Control — 14 A0 —
m-HCl 4 1} 0 100
wHC 40 " 3 11
o-HCl 40 16 N
Control -— 4 & —_
meMel ) 13 52
el 400 3 8 0
o-Mel 400 7 16 41

Miotine series:

Control n n -—
mHC) 4 4 L3 &4
=HCY H 4 14 38
o-HCl 4 3 ]

Control —_ 3 245 —
meMel 400 3 105 a7
P-Mel 400 L} i A3
o Mel 400 3 {I%) 87

Benzyl serics:

Control - 13 o -
mHCY 40 3 .3 67
p»HC 40 1 1] k]
HCY 0 4 0 [~}
Controt — 4 1 -
m-Mel 440 4 v (24
el W0 ) 12 b
o-Mel 0 4 1K a2

substrate. The preparations of the esteruse employed were obtained by extract-

ing the desiceated liver powder with dilute ammonia, acidifying this extract

with acid and, after removing the- precipitate thus produced, dialysing for

about 3 days in collodion membranes. In the various experiments recorded,
Blochem, 1933 xx71 8
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1:5-3 co. of such an extract were mixed with 2cc, of phosphate huffer of g, 84
and the mixture was diluted to 10 co. with water, One ce, of this solution
was mixed with I cc. of water or of n solution of the urethune under exnmination,
allowed to stand for about an hour, and 1cc. of the mixture used in a hydrolyais
experinient, The results obtained with the various urethanes are recorded in
Table 11.

SUMMARY AND DISCUSHION,

In sa far as they show that the hydrolysis of tributyrin by the csterase
from the liver of the guinea-pix is inhibited by amall concentrations of the
urethanes which have been shown to behave as parasympathetic stimulants,
the above experiments constitute an extension totheliver esterase from asecond
apecies of the results obtained with the pig and reported in Purt III of this

series, While we have not carried out any extensive experiments with liver

esterases from other species, we have nevertheless submitted those from a few
to a preliminary examination and have found in each case that their activity
is inhibited by miotine when present in concentrations of the same order of
magnitude as employed in the above experiments. It would therefore appear

‘legitimate to conclude that the urethanes of the type under consideration in-

hibit the activity of liver esterases in general and lrreupocmo of the species
from which thc) are derived.

Our experiments further demonstrate that the inhibitory action of the
urethanes is not restricted to the liver enzyme but extends to the esterase
which is present in the blood-serum of the guinea-pig and of certain other
speciea, In view of the fact that it has been shown by the authors mentioned
in the introduction that both whole blood and serum are capable of destroying
amall amounts of acetyicholine, a process which is inhibited by physostigmine,
this result was, perhaps, to be expected. Nevertheless, it must be emphasised
that the experiments here recorded have been carried out using tributyrin as
substrate. While it would seem probable that the same enzyme is concerned
in both processes, this cannot at present be regarded as definitely established.
There exists, indeed, some evidence to the contrary. Thus, Takahashi[1930), has
recently compared the lipolytic activities of the scra from a number of species,
using tributyrin as substrate, and has found that they fall in the following
order: rabbit > cat > horse > man > ‘dog > cattie. This order is in general
agreement with the results of enrlier workers and also with some unpublished
experiments which we have carried out. ‘On the other hand, the order in which
the defibrinated blood from a ber of ies dest: ys .cety[c]\ohne 1s,
according to Galehr and Plattner [1927], man > Pig = cattle > dog > horse >
rabbit > cat, The latter series is practically the reverse of that which holds for
the hydrolysis of tributyrin and hence suggests eithor thut different enzymes
are concerned in the two processes or that some other factor, hitherto un-
recognised, is involved. It is unlikely that a solution of this aspect of the
problem will be possible until the blood- -enzymes have. been purified and
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concentrated, Unfortunately such purifieation is attemled with considerable
ditticulty on account of the quantity and ready solubility of the xerum pro-
teins, Wo are nevertheless at present engaged in an attempt to effect thia
purification.

Although the posaibility thus exists that the hydrolysis of tributyrin and
the destruction of acetylcholine are brought about by different serum enzymes,
our results appear quite definitely to indicate that the enzymes, if specifically
different, are of the same gencral nature. We have now established that the
activitiesof both liver and serum esterascs ate inhibited by small concentrations
of urethanes of the miotine type. Nevertheless; the above results show that the
activity of pancreatic lipase, an enzyme which, although it resembles liver
esterase in hydrolysing simple esters, differs from the latter enzyme in attacking
fats relatively more rapidly, is not inhibited by miotine when its substrate in
either a fat, in the form of olive oil, or tributyrin. When, however, its substrate
is methyl butyrate, a simple ester, its action is inhibited by miotine, although a
concentration of the drug which is high compared with that required with
serum or liver esterase is necessary. Similurly, the hydrolysis of glycerophos-
phorie acid by kidney phosphatase, a process involving an ester of a different
type from that attacked by liver esternse, is unaffected by miotine. It thus
appears that the inhibitory action of the urethanes with which we are concerned
is directed mainly towards true csterases, and it is therefore probuble that the
destruction of acetylcholine is brought about by an enzyme of the same nature,

Regarding the nature nf the inhibitory action of the drugs in question,
there appears little to be added to our comments in Part III, It was pointed
out in that communication that the urcthanes are esters and that combination
between them and the enzyme probably involves the same mechanism as with
the normal substrate, in which case the resulting inhibition would be due to the
inability of the enzyme to hydrolyse the urethane. Some chemical evidence
which supports this view may be mentioned, In Part I[1926] of this series it
was mentioned that when aqueous solutions of certain of the urethancs are
boiled, decomposition occurs with the production of methyl isweyanate. This
decomposition was erroneously referred to as hydrolysis, but it is clear, as
pointed out by Aeschlimann and Reinert {1931] in a paper concerned with the
pharmacology of urethanes of the same type, that no hvdrolytic process is
involved, This can be seen from the following equation:

N(CH,);.CH(CH,).C,H,.0.CO.NHCHy = N(CH,);.CH(CH,).CH,.OH
g + CH,CNO.

If, then, despite their structures as esters, these urethanes are not normally
hydrolysed by ordinary chemical reagents but undergo a decomposition of a
different nature, it is not difficult to understand the inability of esterases to
bring about their destruction. The inhibitory action would be a direct con-
sequence of this, provided the urethanes were endowed with high affinities for
the enzyme,

82
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The general relations between the nature of the urethane and its in-
hibitory activity towards liver eaterase observed in Part I1I and discussed in
that paper have again been encountered in the experiments described above
and require no further comment. The order of activity of isomeric urethanes
appears, however, to differ according to the source of the enzyme, While it
would be in accordance with other obscrvations that the enzymes from different
species should exhibit differences in this respect, it is more difficult to under-
stand why the esterascs from the liver and serum of the samo species should
show similar differences. The obvious explanation, that the two latter enzymes
are different substances, may be correct. We feel, however, that it would be
wiser at the present time not to lay too much strcss upon these small differ-
ences, which might conceivably be caused by impurities which are present in
the enzyme solutions.

The authors desire to thank Dr C. P. Beattie of the Bacteriology Depart-
ment of this University for providing them with the guinea-pig’s serum and
livers used in this work. The expense of this investigation has been largely
defrayed by grants from the Earl of Moray Research Fund of this University.
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CXXIX. STUDIES ON THE RELATIONSHIP
BETWEEN CHEMICAL CONSTITUTION
AND PHYSIOLOGICAL ACTION.

I1I. THE INHIBITORY ACTION OF CERTAIN
SYNTHETIC URETHANES ON THE
ACTIVITY OF LIVER ESTERASE.

By EDGAR STEDMAN axp ELLEN STEDMAN.
" From the Department of Medical Chemistry, University of Edinburgh,”

(Received June 27th, 1931.)

Parts I and II [Stedman, 1926; 1929, 1] of this series of communications
have dealt with s new relationship between chemical constitution and physio-
logical action. It has been shown that certain synthetic urethanes possess in
common with the alkaloid physoatigmine, which is also a urcthane, the power
of producing a constriction of the pupil when instilled into the eye. As s result
of this work, as well as of extensions thereof published elsewhere [Stedman
and Stedman, 1929; 1931}, it has been concluded that substances which can
Le classed as phenyl esters of carbamic acids and which possess a basic group
will, in general, exhibit similar miotic properties. Constitutional factors which
repress, or tend to repress, such properties have already been discussed, Until
recently the pharmacological examination of the synthetic urethanes had not
extended beyond their action on the eye and it was not therefore certain
that they would resemble physostigmine in other physiological properties.
One of the urethanes, namely, the methylurethane of a-m-hydroxyphenyl-
cthyldimethylamine, which had already been shown to possess marked miotio
properties and had been named miotine [Stedman, 1929, 2] on that account,
has, however, now been submitted to a complete, and three others to an
extensive although less complete, pharmacological examination [White and
Stedman, 1931).- Miotine has thus been shown to possess phyziological pro-
perties which are qualitatively identical with those of physcstigmine, and
similar results have been obtained with the other urethanes as far as they
have been examined. The above relati between chemical tit

and physiological action is therefore not lumhd to miotio activity but em-
braces ali the known physiological actions of physostigmine, Now, Loewi
and Navratil [1926] have attributed the action of physostigmine on the heart
to its power of inhibiting the destruction of scetylcholine by an agent which

‘they have shown to be pmont in the heart and in aqueous extracts of this

organ. A similar agent is present in the blood of certain species {Galehr and
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Plattner, 1927]. Loewi and Navratil consider this agent to be an esteraw, o
view which has been disputed by Plattner and Galehr [1928]., The arguinents
of Plattner have, however, been disposed of in u recent paper by Engelhurt
und Loewi {1930], who have brought forward convincing evidence of the
enzymic nature of the substance causing the destruction of acetylcholine,
Evidenco leading to the same conclusion hus also been published by Matthes
[1930]. In view of the similarity between the actions of miotine and physo-
stigmine on the heart, and in particular of the fact that miotine, like physo-
stigmine, sensitises the vagus and potentiates the action of acetylcholine, it
might be expected that miotine would also inhibit the destruction of acetyl-
choline by the agent in question. That this is actually the case has been shown
by Dr Matthes, who kindly compared the action of miotine with that of
physostigmine during his investigation of the inhibition by the latter of the
destruction of acetylcholine by serum. The problém thus arises as to whether
urethanes of the type discussed above, which have been shown to possess
similar physiological properties, also share the property of inhibiting the
action of the serum-enzyme. Another problem is, however, involved. In the
investigations both of Loewi and his co-workers and of Matthes, the destruc-
tion of acetylcholine by the solutions under examination has been measured
by biological methods, and no experiments appear to be recorded which
indicate whether the enzyme which is responsible for this destruction will
hydrolyse simple esters, or whether its action is specific towards acetylcholine.
If the enzyme is a true esterase it should be capable of hydrolysing simple
esters, in which case its activity, as well as the inhibition thereof by drugs,
could be followed by titration methods. It appeared to us that these problems
could be ‘most conveniently, although indirectly, solved by examining the
influence of the urethanes on the activity of the enzyme present in the liver
and which is known to hydrolyse simple esters more readily than glycerides.
, The results of such an investigation are recorded in the present communication.

MATERIALS,

Esterase preparations. All the esterase solutions employed in these experi-
ments have been prepared from pigs’ livers by the method of Willstitter and
Memmen [1924, 2], The liver, obtained direct from the slaughter house, was
finely minced, desiccated by successive treatment with acetone and ether,

and the dry preparation powdered and sieved, Solutions of the enzyme were

prepared, as required, by extracting 2 g. of this fine powder with 100 ce. of
0-025 N smmonia for 1 hour and removing the insoluble material in the

centrifuge. In the earlier experiments no further purification of the esterase
was attempted. In the later work, however, it was found to be advantageous
carefully to acidify the ammoniacal extract with acetic acid, and, after re-
moving the precipitate so produced, to dialyse the clear solution in coliodion
membranes for 3-4 days, a procedure similar to that first described by
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Willstitter, Bamann and Waldschmidt-Graser [1928] and subsequently em-
ployed by othor workers. .

Sub ined for inkibilory action, The urethancs with a phurmaco-
logical action similar to that of physostigmine which have heen examined for
inhibitory action comprise threo scries of isomeric compounds, namely, the
methylurethancs of o-, m- and p-hydroxybenzyldimethylumine, the -, m- und
p-dimethylsminophenyl esters of methylcarbamic acid, and the methyl-
urethanes of the isomeric a-hydroxyphenylethyldimethylamines. The struc-
tures of the m-isomerides in these threc series are represented in formulae
1, 11 aud III respectively. These compounds have been examined both in the

O 0.C0.NHCH, Q 0.0, NHCH, Q 0,00, NHCH,

c N(cH
zl'!::‘u o H—G—CHy
(CHyh Leny,
X i ur

form of their hydrochlorides and methiodides, the preparation of which has
been effected by the methods of Stedman [1926; 1928, 1] and Stedman and
Stedman [1929). In the case of ‘the o-isomerides, the hydrochlorides of which
are hygroscopic, the base was dissolved in the calculated quantity of hydro-
chloric acid immediately before use. It should be noted that the urcthane
represented by formula III is the substance which has been named miotine,
As will be evident from the formula, miotine and its position isomerides contain
an asymmetric carbon atom. Unfortunately attempts to resolve these comn-
pounds have not so far met with success; the examination of their inhibitory
actions towards liver esterase has therefore necessarily been carried out with
the racemic substances. It will be convenient in the following pages to refer
to the isomeric compounds corresponding with formula III as o-, m- and
p-miotine, and to those corresponding with formulae I and II as the methyl-
urethanes of the benzyl and pheny) series respectively,

In addition to urethanes with a physostigmine-like action, the methyl-
urcthane of choline iodide, CH,NH.CO.OC,H N(CH,),I [Stedman, 1929, 1},
has been examined as an example of an-aliphatic urethane. Some tests bave
ulso been made with the following alkaloids: pilocarpine, arecoline, ricinine.
The two former were employed as nitrate and hydrobromide respectively,
these salts being obtained from commercial sources, The ricinine was prepared
from castor-oil seeds; since this alkaloid is soluble in water it was employed
in the form of the free base.

Pilocarpine and arecoline were examined because the pharmacological
uctions of these alkaloids are similar to that of physostigmine. Ricinine does
not exhibit such similarities. It occurs, however, in the castor-oil seed asso-
ciated with a lipase, and since physostigmine also occurs in a seed, the Calabar

Blochem. 1831 xxv ) © T3

-238 -

NOVARTIS EXHIBIT 2058

Noven & Mylan v. Novartis & LTS Lohmann
IPR2014-00550

Page 239 of 372



1150 E. STEDMAN. AND E. STEDMAN

bean, it was thought that if the two alkaloids were found to resemble one
another with respeot to their inhibition of the activitics of enzymes, this might
form the basis of an explanation of the functions of alkaloids in general, Ax
will bo shown below, ricinine does not inhibit the activity of liver esterase; ity
possible influence on the activity of ricinus lipase, the enzyme with which it
is associuted naturally, has not yet been investigated.

EXPERIMENTS WITE METEYL BUTYRATE A8 BUDSTRATE.

Technigue, The activity of the csterase proparations has been determined
by a method essentially similar to that developed by Willstiitter and Memmen
(1924, 1] for pancreatic lipase and subsequently adapted by the same authors
{1924, 2] for use with liver esterase. For convenience of measurement, 1 cc.
of substrate (methyl butyrate) was used for each 100 cc. of reaction mixture,
as recommended by Bamann {1929]. The general procedure was as follows:
20 co.-of ammonia-ammonium chloride buffer (1 part 25 N NH, : 2 parts
2:5 N NH,CI; pg 8+9) contained in a 100 cc., measuring flask were diluted with
G65-70 co. of water, the exact volume depending on the volume of enzyme
solution subsequently added, and the mixture brought to 30° in a thermostat.
1 co. of methyl butyrate was'then added and the flask shaken vigorously
until the ester had dissolved completely. To the clear solution a measured
volume (5 or 10 cc.) of the enzyme preparation was added, the total volume
of the mixture brought to 100 cc. by the addition of water, and the whole
thoroughly mixed. 20 cc. of the mixture were immediately withdrawn, run
into a mixture of 25 cc. of (-2 N hydrochloric acid with 20 cc. of water, and
titrated with approximately 0-2 N sodium hydroxide, using bromocresol purple
asindicator. Similar titrations were made at intervals of 20 minutes. With this
procedure and using & suitable quantity of ensyme the amount of hydrolysis
was approximately proportional to the time.

The enzyme solution consisted, in the earlier experiments, when am-
moniacal extracts of liver powder were employed, of 5 co. of a mixture of

5 cc. of the extract with 1 cc. of water, the latter being replaced by 1cc. of .

a solution of the subetance under examination in the experiments designed to

_test the inhibitory action of this substance. In the later experiments, in which

the acidified and dialysed esterase preparation was employed, 8 ce. of enzyme
solution were mixed with 5 cc. of ammonia-ammonium chloride buffer (of

"above composition but diluted 1 in 10), 3 cc. of water or solution added, and

10 co. of this mixture used for the hydrolysis.

Activity of esterase preparations. The activity of the esterase preparations
made from different livers was fairly constant. The following figures, which
represent the number of cc, of 0-194 N alkali required to titrate the acid
liberated in 20 co. of the reaction mixture in 20, 40 and 60 minutes respec-
tively, using 4'17 cc. of an ammoniacal extract of liver powder in 100 cc. of

reaction mixture, may be taken as typical: 2:3, 4-75, 7-25, This result was
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obtained on May 19th, 1930, with o fresh extract of a liver powder (1.7, 2)
prepared on Apeil 23ed, 1930, and almost identical values were obtained on
June 10th, 1930, with & similar extract from the same powder, Thesn fucts are
revorded in detail beeause of the following remarkable phenomenon which
was observed with an extract of this powder but which has not so far heen
encountered with other preparations, On June 23rd, 1930, & fresh ammoniscal
extract of L.P, 2 was rendered just acid to litmus hy the addition of 055
acotic acidl, The precipitate, which formed slowly, way centrifuged off and the
clour solution tested for activity under precisely the same conditions as those
eniployed for the above ammeniacal extract, when the following figures were
obtuined: 4-45, 825, 895, Owing to the unexpectedly high nctivity of this
extract the hydrolysis of the substrate was virtually complete in the experi-
niental period of 1 hour, with the result that the reaction did not tuke the
usual linear course, It is therefore not possible accurately to compare the
uctivities of the different extracts of L.P. 2, but it is clear from the figures
quoted that the activity of the acidified extract was at lenst twice as great
as that of the ammoniacal extracts previously prepared from the same weight
of the same powder. Dialysis of the acidified extract for 4¢ days was accom-
panied by an apparent slight diminution in activity, as is shown by the
following titration figures: 3-4, 6-7, 8:35; this, however, was mainly due to
the dilution which occurred during dialysis. The increase in activity observed
on acidification can doubtless be explained by the removal of an inhibitory
substance; from the difficulty in reproducing this experiment it appears that
a very critical adjustment of conditions, probably of py, is necessary. for the
precipitation of this inhibitor,

Influence of time of contact between inkibilor and enzyme on inhibitory action,
Rona and Bach {1920], in their studies on the inhibitory action of atoxyl on
various lipases, have shown that the maximum inhibitory effect of this sub-
stunce is not developed unless it is left for a certain period of time in contact
vith the enzyme before the addition of the substrate. A number of pre-
liminary experiments having demonstrated that urethanes of the miotine type
exert & pronounced inhibitory action on the hydrolysis of methyl butyrate
by liver esterase, the influence of this time of contact of the inhibitor with
the enzyme was investigated. For this purpose, 1 cc. of a solution of miotine
hydrochloride, containing 1-2 mg./cc., was added to each of 7 test-tubes con-
taining B ce. of an smmoniacal extract of liver powder, After varying intervals
uf tiue 5 cc, of the mixture were employed for & hydrolysis experiment. The
tesults are given in Table I, The figures indicate that, under the conditions
employed, the maximum inhibitory action of miotine hydrochloride is not
exerted unless it has been in contact with the esterase for 2 hours prior to
the addition of the substrate, The difference between the maximum inhibitory
action and that produced after contact for 1 hour is, however, very small
and ulmost falls within the limita of experimental error. It has therefore been
considered sufficient, when comparing the inhibitory activities of the various

73-2

-240 -

NOVARTIS EXHIBIT 2058

Noven & Mylan v. Novartis & LTS Lohmann
IPR2014-00550

Page 241 of 372



1152 F. STEDMAN AND E. STEDMAN

Table I Influence on inlibitory wetion of time of contact of
: inhibitor with enzyme,
Substrater methyl butyrate, Inbibitors wiotine hydrochloride, =307,

Titention figures (co, of
O HH N NuOH required

Time of contact tu titente avid liberted Peteentage
{minn.) in 20, 40 and ¥ min,) inhibition
Contro} (no inhibitor) 25 515 70 -
U1 . | R 37 B4 28
13 [131] 193 340 (i3]
30 eI s 20 il
43 (1)) 125 9 it
(L) 0-8 |83 17 .
120 o4 (2] I ®1
J30 04 (2] -— 81

urethanes, to allow the inhibitor to stand in contact with the enzyme for
1 hour before use,

The figures in Table I give some further important information, Miotine
is an ester of methylcarbamic acid and might therefore be expected to sufer,
like other esters, a more or less rapid bydrolysis when in contact with liver
esterase, In the above experiments, however, it is clear that no appreciable
hydrolysis has occurred in a period of 6} hours, In this connection it should
be mentioned that, although the hydrolysis experiments were carried out
at 30°, the mixtures of miotine and esterase were allowed to stand at room
temperature before addition to the reaction flask.

Some experiments on the influence of the time of contact of enzyme aud
inhibitor on the inhibitory action of the latter were also made under some-
what different conditions. Although the procedure employed in these experi-
ments was not adopted in much of the subsequent work, the results are re-
corded here since they arc not entirely without interest, In the preceding
experiments the ¢nzyme and inhibitor were in contact under conditions of
concentration widely different from those obtaining in the final reaction
mixture, In order to render these conditions more nearly comparable the
following modified scries of experiments was carried out. A solution of 1-2 my.

_of miotine hydrochloride in 1 cu. of water was added to each of a series of
flasks containing the diluted buffer mixture and enzyme (ammoniacal extract)
previously warmed to 30°, After varying intervals of time, 1 cc. of methyl
butyrate was added and rapidly dissolved by shaking, the volume adjusted
to 100 cc., and the titrations were performed as before. The results are expressed
in Table II. Unfortunately a quantitative comparison cannot be made be-
tween the results of Tables I and II since not only were different enzyme
preparations employed but the amounts of inhibitor used were slightly
different, Nevertheless it is evident that the inhibitory action of miotine
hydrochloride is of the same order of magnitude in the two sets of experiments.
“The most striking point of difference is the definite indication of a destruction
of the miotine in the second set after 4 hours’ contact with the enzyme. We
‘are inclined, however, to attribute this destruction to the alkalinity of the
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Table II. Influence on snhibilory action of time of contuct of
© - duhibitor with enzyme,

Substrates methyl butyrats, Inhibitors nilotine hydrochlorido, T 30%

Titestion figurcs (o0, of
014 ¥ NsOH roquired

Tine of contuct to titrate scld liberated Percentago
mina, in 20, 40 and 60 mina.) inhibition
Cantrol (no inkibitor) 108 400 0O -—
18 7 15 233 0l
30 (1] 128 17 2
43 N 04 10 14 7
60 04 083 13 7
120 046 10 14 74
240 08 105 245 P>

solution, combined with the fact that the enzyme and inhibitor were main-
tained at 30° during the whole period of contact, rather than to the action of
the esterase,

Inhibitory actions of various urethanes. A number of the urethanes ex-
hibiting miotic activity were examined for inhibitory action under fairly wide
ranges of concentration of inhibitor. The results are collected in Table IIL

Table II1. Iuhibitory action of various urethanes with miotic activity.
Substrate: methyl butyrate. T=30% Initial pg =80,

In the throe instances marked (a), 10 co, of the extract were employed owing to the diminu-
tion in the activity of the liver powder.

The solution used in the experiment marked (5) was prepared by extracting only 1-3 g. of liver
powder with 100 ce. of .V/40 ammonia.
Final cone. of
. Liver inhibitor Percontage
Inhibitor . preparstion (mg, per 100 co,)  Titration figures inhibition
»i-Yiotine HQ1 LP.2 Control 235 515 78 —
032 08 09 89
1 . 043 10 145 81
o1 125 26 403 48
001 21 43 635 1
0-001 24 48 T3 [
o-Mjotine HC1 L.P. 5(a) Control 213 435 &3 -
.10 088 140 143 i3
1 16 33 49 23
o1 18 378 &89 1
J~Miotine HC1 LP.3 Control 235 473 71 -—
10 00 03 043 94
023 083 083 83
o1 09 13 248 o4
. 001 185 33 30 2
’ 0-001 235 48 083 4
ni=Miotine Mel LP. 2 Control 248 850 73 -
: 10 023 08 085 90
1 125 34 373 st
K] 18 475 1
001 215 48 74 +
0001 23 8 73 bt
o lictine MeX LT, 8(e) Coatrol 20 43 64 -
10 023 07 11 83
1 13 28 28 +H
01 208 41 632 3
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Table I1I (contd.).

Final cone. of

Liver inhibitor Percentayr
Inbibitor preparation (mg. per 100 ce.)  Titration figures inhibition

p-Miotine Mel LP 3 Control 176 34 53 -

1] o8 035 008 &}

1 083 183 230 o4

01 14 30 443 4

o0l 14 328 50 —_

0-00t 145 33 50 _—

HCl of o.urethane L.P. ¢ Cantrol 25 861 77 —

{phenyl series) 10 o2 04 10 87
1 o4 12 1.8 7

o1 15 305 478 a8

0-01 200 415 04 17

0001 22 466 708 8

HCl of m.urethane LP.2 Control 2486 483 7.8 —_—

(phenyl series) 10 00 01 03 0

1 03B 08 075 1]

o1 118 21 323 &7

0-01 18 353 643 27

0001 2l 46 68 L

HCl of p-urethane L2 Control 23 478 74 —_

(phenyl series) 10 025 05 085 89

1 7 135 20 3

(13} 17 225 393 33

001 22 44 063 1

0-001 22 435 10 [

Mel of m.urethane LP.2 Centrol 248 51 78 —

(phenyl series) 10 075 18 24 69

~ 1 17 235 393 37

o1 215 455 69 11

001 225 4718 73 5

0001 235 +8 73 -

Mel of p.urethane LP. 5(a) Control 21 44 635 —

(phenyl series) 10 08 113 17 74

1 135 265 40 39

(12} 22 43 645 -

Mel of o.urethane LP.2 Control 2:35 478 73 -

(benzyl series) 10 02 048 078 90

1 115 23 34 53

o1 23 46 70 4

001 24 478 728 -

In all these experiments the general technique described esrlier was utilised,
ammonijacal extracts of desiccated liver powder being employed as esterase
solution in each case. Since this work was carried out over an extended period
of time, different liver preparations, as indicated in Table ITY, were necessarily
employed owing to the moderately rapid deterioration which such prepara-
tions undergo. The results demonstrate clearly the marked inhibitory action
which urethanes of the type examined exert upon the activity of liver esterasc.
A detailed comparison of the figures shows further that, in general, the in-
hibitory activity of the hydrochlorides of the tertiary bases is greater than
that of the corresponding quaternary iodides. While this is not universally
the case, particularly in the higher concentrations, the inhibitory activities of
the methiodides consistently decrease, with increasing dilution of the inhibitor,

at & much greater rate than do those of the hydrochlorides of the tertiary
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Duses, with the result that at low concentrations the latter aro uniformly more
active, This differenco between the two types of salts is emphasised hecauso
it is probably related to the mechanism of the inhibitory action.

Examination of other types of compounds for inhibitory activity, The following
compounds were tested for inhibitory activity under conditions similar to
those used in the preceding experiments: methylurethane of cholino iodide,
hydrochloride of a-m-hydroxyphenylethyldimethylamine, pilocarpine nitrate,
arecoline hydrobromide, atropine hydrochloride and ricinine. The titration
figures need not he recorded in detail since in no cass was any inhibitory
action observed in the bighest concentrations examined, namely, 10 mg, per
100 cc. of reaction mixture,

Influence of py on inhibilory action, The technique adopted for the experi-
ments in which methyl butyrate was employed as substrate is not very
suitable for the investigation of py effects. Even when relatively largo
amounts of buffer are employed, the acid liberated during the hydrolysis is
sufficient to cause some change in py; if the solution is thereby brought to
the acid side of neutrality, some loss in the activity of the esterase may occur
with the result that the hydrolysis of the subatrate will no longer proceed at
a constant rate. This eflect was actuslly observed in a number of experiments.
In the experiment quoted in Table IV, which was carried out at py 68, pro-
portionality between the smount of hydrolysis and the time was maintained;

Table IV, Influence of pgy on the inhibilory action of miotine hydrochloride.
Subatrate: methyl butyrate. T=30"

Cone. of
Esterase inhibitor Percentage
Pu preparation {mg. per 100 cc,)  Titration figures inhibition
o8 Acldificed ammoniscal Controt 165 34 30 -—
{phosphate buffer) extract of L.P. § 10 05 123 240 (1]
3 145 290 433 13
o1 16 32 485 3
0-01 198 34 483 —
0-601 17 33 518 -
89 Ammoniscal extrsot Control 185 38 573 -
{ammonia buffer) of L.P. 5 12 005 025 045 02
12 033 078 118 80
012 10 225 33 a0
0012 168 33 49 153
00013 185 36 543 3

this experiment therefore serves to illustrate the general influence of py on
the inhibitory action of miotine bydrochloride. For comparison, the results
of an experiment at py 89 carried out under similar conditions are included
in the same table. The technique described in connection with the experiments
yuoted in Table IT was employed for both experiments, The phosphate buffer
used consisted of a mixture of equal parts of M/3 Na,HPQ, and M/3 NaH,PO,,
70 cc. being employed in each 100 cc, of reaction mixture. When this buffer
was employed, phenolphthalein was used as indicator for the titrations.
Unfortunately the enzyme solutions employed in these experiments, al-
though prepared from the same liver powder, were of different degrees of
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purity; the results are not therefore strictly comparable, Novertheless, two
important conclusions can be drawn from these experimenta: firstly, the jn-
hibitory action of miotine hydrochloride is amaller on the acid than on the alkn
line side of neutrality; secondly, the inhibitory action falls off with decreasiny
concentration of inhibitor much more rapidly in acid than in alkaline solution,
Comparison of the inkibitory activities of {someric urethancs, The urethanes
which have been shown above to inhibit the hydrolysis of methyl butyrate
_ by liver esterase are members of three series of isomeric compounds, with their
corresponding methiodides, The results do not, however, necessarily indicate
the relative inhibitory activities of the position isomerides within a given
series or even of members of different series, for, as previously mentioned, the
inhibitory activities of the various compounds were examined on different
esterase preparations, and since the latter were made from different liver
powders at varying times after their preparation they possessed different
activities and probably contained varying amounts of natural inhibitors. On
the assumption that any natural inhibitors which may be present in the
enzyme preparation enter into competition with the urethanes, it is clear that
in experiments designed to compare the activities of different compounds it
is not sufficient to employ the same esterase activity; the comparison can
only be regarded as valid in those cases where the same esterase extract has

been employed. Some experiments, recorded in Table V, have consequently

been carried out in which a comparison has been made of the inhibitory
activities of the members of each series of urethanes towards the same enzyme
preparation. Finally, the hydrochlorides of the m-isomerides of the three
series have been compared under the same conditions as a measure of the
relative activities of the three series of compounds. In all cases the ammoniacal
extracts of the liver powders were purified by acidification with acetic acid
followed by dialysis.

From the magnitude of the titration figures it is evident that the per-
centage inhibition shown in the last column of Table V must be subject to an
error of a few per cent. Bearing this in mind, the more significant results
revealed by a study of this Table may be summarised as follows.

Miotine series. The inhibitory activities of the hydrochlorides of the -
and p-isomerides are. identical, that of the o-isomeride being considerably
smaller; the inhibition produced by the latter is, in fact, slightly smaller than
that caused by the two former when present in one-tenth of its concentration.

"No very great difference can be observed between the activities of the

methiodides, the m- and p-isomerides showing about equal activity and the
o-compound exhibiting a alightly greater effect. It is noteworthy and excep-
_tional that the inhibitory activity of the hydrochloride of the o-isomeride is
somewhat smaller than that of its methiodide in the same molar concentration.
Phenyl series. The activities of the hydrochlorides are definitely in the
order m > p> 0. The methiodides follow the same order; the m- and p-
compounds show, however, practically identical activities,

-245 .

NOVARTIS EXHIBIT 2058

Noven & Mylan v. Novartis & LTS Lohmann
IPR2014-00550

Page 246 of 372



STRUCTURE & PHYSIOLOGICAL ACTION OF URETHANES 11567

Table V. Comparison of nkibitory activities of various urethanes,
Substrates methyl butyrate, T=30 Initial oy =89,

Fina} cone, of
. Inhibitor Estersss Inbibitor Percentage
(methylurethane) proparation (molar x 107%) Titration figures inhibition
Miotine aeriess LP. 6 Control 178 38 53 —_
»-HCl 1/30 028 065 15 80
1/300 115 24 37 30
pHC 1/30 04 o8 13 17
" 1/300 128 246 385 27
o-HCl 13 o713 185 23 57
1/30 15 205 48 13
medlel 13 o7 13 19 - 63
1/%0 165 32 49 8
pel 13 078 118 185 03
1/%0 14 29 44 17
0-Mel 113 04 08 1-28 7
” 120 145 29 43 19
Phengl seriea: LP.6 Control 18 335 &1 -
w-HC1 1/300 015 048 07 88
»HCl ” 8 165 28 49
o-HCl " 10 205 332 37
m-Mel 1/30 09 178" 2-33 52
p-el " 075 16 2:35 B0
o-del ” 13 24 40 22
Benzyl seriea; . LP.7 Control 24 478 685 —
w-HCQl . 1/300 08 178 288 63
pHG " 135 275 398 42
o-HCl . 183 36 57 17
m-Mel 1/30 145 28 43 a7
p-Mel " 075 18 298 it}
o-el . " 125 235 383 44
All weries: LP.7 Control 215 488 675 -
m-Benzyl. HCY 1/3000 195 38 383 13
m-Phenyl-HC ” 1116 245 36 47
. Miotine-HC1 ”» 5 31 47 30
. LP7 Control 24 475 088 —
in-Benzyl- HCY .1/300 08 178 283 Ty
gul‘henylvllcl ” o1 033 043 )
#-Miotine-HC1 ”» 035 06 08 88

Benzyl series. In this series the order for the hydrochlorides is m> p> o,
und for the methiodides p> 0 > m.

Comparison of (Re three series, The inhibitory activities of the hydrochlorides
of the m-isomerides in equimolar concentrations are definitely different, the
order being phenyl > miotine > bensyl.

‘The results in Table V may be further utilised in order to direct attention
to the varying activities of the urethanes with different esterase preparations.
Thus, to take the most marked case, the itrations of miotine hydro-
chloride required to inhibit the acidificd and dialysed extracts of two est
prepurations (L.P. 8 and L.P.7) to exactly the same extent (30 %) ate in
the ratio 1:10, the extract from L.P.8 requiring s final concentration of
1/300,000 Af and that from L.P.7 one of 1/3,000,000-M. The different re-
sponses of thess enzyme preparations are doubtless related to their histories,
which are as follows: the liver powder L.P. 6 was prepared on January 9th,
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1931. An ammoniacal extract of this was made on January 14th snd its
activity tested by the standard procedure used in this investigation, when the
following titration figurcs were obtained: 23, 4:6, 7:0. Practically identicul
values were obtained on-the same day following tho acetic acid treatment.
The acid solution was then dialysed for B days, the dialysed zolution giving, on
January 19th, titration figures of 2:05, 4:05, 6:05. The diminution in activity
shown by these figures is only apparent and can be accounted for by the slight

. dilution which the extract had undergone during dialysis. On the followiny
day, however, the titration figures for the dialysed extract had fallen to 1-75,

35, 53, Thus, in 24 hours the activity had diminished about 12 %, and it
was this extract with lowered activity which was employed for the comparison
of the inhibitory activities of the urethanes of the miotine series. We are of
opinion that this loss in activity can be attributed to the acidity caused hy
the relatively long period of dialysis, and we have found that, with the bighly
permeable collodion bags which we employ, such losses consistently occur
when the process of dialysis is extended beyond 3 or, at most, 4 days.

The preparation L.P. 7 was made on February 18th, 1931, An ammoniacal
extract was prepared on February 20th, and this was acidified and dialysed
until February 23rd. In view of the fact that this extract, which was more
sensitive to miotine hydrochloride than the one referred to above, proved to
be stable, it appears probable that the presence of inactivated esterase in the
enzyme solutions diminishes the inhibitory activity of urethanes of the type
under discussion,

EXPERIMENTS WITH TRIBUTYRIN A8 SUBSTRATE.

Tecknigue. In order to follow the hydrolysis of tributyrin by liver esterase
the stalagmometric method devised by Rona and Michaelis {1911] and subse-
quently employed by Willstatter and Memmen {1923] in connection with
pancreatic lipase has been utilised. A straight stalagmometer with a water
value of 81 at 20° was employed throughout the experiments.

In using this method it is frequently considered sufficient to work at room
temperature without any special temperaturs control, At the time out ex-
periments were carried out, however, the temperature of our laboratory
fluctuated considerably and tended to be somewhat low, falling at times to
below 10° At such temperatures the activity of the enzyme is naturally
considerably diminished, and it was therefore considered advisable to use a
thermostat. The reaction mixture, contsined in & small beaker, was placed
in a bath at 20°and the stalagmometer supported dircctly over the beaker by
means of a suitable stand. By raising the beaker and applying gentle suction
at the top of the aulagmometer the mixture could be drawn into the latter.
The beaker was then again lowered and the drops from the stalagmometer
allowed to fall into it. By this arrangement fluctustions in the temperature
of the liquid actually in the stalagmometer could not be prevented, but the
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bulk of the reaction mixture was maintained constantly at 20° thereby per-
mitting & uniform action of the esterase,

The remaining procedure was as follows: 50 cc, of a saturated solution of
tributyrin were mixed with B co. of M/8 phoaphate buffer (py; 7+9 or 6:8) and
the mixture brought to 20° 1 cc. of a mixture of 1 co. of esterase solution
with 1 co. of water in the control experiment, or of 1 co, of esterase solution
with 1 cc. of a solution of the urethane in the experiments designed to measure
the inhibitory action of the latter, was then added and the drop number imme-
diately measured. Two further counts were made at intervals of 20 minutes,
As in the experiments with methyl butyrate, the enzyme was left in contact
with the urethane for 1 hour before mixture with the substrate.

All the esterase solutions employed were prepared from ammoniacal
extracts of liver powders acidified with acetic acid; in some cases the extracts
were dialysed. In each case, 1 to 5 co. of the enzyme preparation, the actual
volume depending on its activity, were mixed with 2 cc. of M/3 phosphate
buffer of the same py as that employed in the hydrolysis experiments, and
diluted to 10 co. with water,

Willstitter and Memmen [1923] have pointed out that commercial pre-
parations of tributyrin frequently contain an impurity, with a saponification
number corresponding with that.of dibutyrin, which renders them unsuitable
for use, without extensive purification, in the stalagmometric estimation of
lipolytic activity. As a criterion of purity they recommend the preparation
of two saturated aqueous solutions of the sample, one by shaking 5 to 10 g.
of the tributyrin with 200 cc. of water, and the other by shaking 3 drops with
a similar volume of solvent. If the tributyrin is pure, the two solutions should
give the same drop number, The experiments recorded in this communication
have been made with one delivery of B.D.H. tributyrin, When this was
submitted to the test described above, the two saturated aqueous solutions
gave identical drop numbers. According to the above criterion the sample
was therefore quite pure and was employed in our experiments without further
treatment. )

Influence of py on inkibitory action. The study of the inhibition of the
hydrolyais of tributyrin by liver esterase by urethanes of the type considered
in this series of communications has been carried out partly with the object of
ascertsining if the inhibitory astion of such urethanes is independent of the
type of substrate employed and partly because, owing to the sensitivity of
the stalagmometric method, only relatively small amounts of tributyrin need
be employed as subatrate, This renders the method eminently suitable for a
study of the influence of py on the inhibitory process, since no difficulty is
experienced in buffering the small amounta of acid which are liberated by
the action of the enxyme. The inhibitory activities of the hydrochlorides and
miethiodides of each member of the three series of urethanes mentioned above
have therefore been examined, using a range of concentrations of ihibitor,
at two different acidities, namely, pg 7+9 and 6:8, Table VI gives some typical

- 248 -

NOVARTIS EXHIBIT 2058

Noven & Mylan v. Novartis & LTS Lohmann
IPR2014-00550

Page 249 of 372



160 ~ E STEDMAN AND E STEDMAN

Table VI. Influence of py on the inhibitory action of varivus urethuanes,
Subatrates tributyrin, T=20%

m79 FTRR ]
Decrease in drop Deoreaso in drop
Fina) cone, of numberin number in
inhihitor e - ~ A
Inhibitor {mg. per 56 cc.) 20 mins, 40 mins. 20 mins, 40 mins,
m-Miotine HCI 0 14 25 12 20
10 0 i 1 1
1 1 1 8 8
01 0 15 9 1
001 8 17 10 18
0-001 ] 4. - -
m-diotine Mel 0 06 10 0 18
10 0 1 55 1
1 2 4 8. 10
01 78 108 —_ —_
HCl of p-urothane 0 10 20 11 20
(benzyl seriea) 10 [] 0 (1} 0
1 ] 08 08 1
o1 15 3 ] 13
001 8 15 ? 17
Mel of p.urethane 0 5 185 83 15:5
(benxy] scries) 10 0 ] 0-5 1-5
i 1 13 2 35
[123 5 10 -] 16
HC! of m-urethane 0 12 170 7 145
{phenyl series) 1. 1 1. 1 1-3
0l i 15 0 1
00l [ 1 1 2
0001 1 3 2 4
0-0001 4 9 7 14
Mel of m.urethane 0 ] 19 85 135
(pheny! series) 10 0 0 2 2
1 0 0 5 9
131 2 4 - -
00 1 14 — _—

results, Similar results were obtained with the isomerides of the urethanes
mentioned in Table VI; since, however, the same enzyme preparation was
not employed with all the compounds, these results do not necessarily indicate
correctly the relative inhibitory activities of the various compounds and are
not therefore quoted. It should be mentioned in connection with these results
that the same enzyme preparation was always employed in the experiments
with s given urethane, although, owing to the smaller activity of the esterase
at py 68 a greater volume of the enzyme preparation was used in the more
acid solution. Thus in the experiments with the hydrochloride of the-methyl-

“urethane of p-hydroxybenzyldimethylamine in which the enzyme showed the

same activity, corresponding with a decrease of 20 in the drop number in
40 minutes, at the two acidities, 33 % more enzyme was employed at py 6-8
than at 7-9. In every instance quoted in Table VI the inhibitory activity of
a given urethane is smaller at py 6:8, i.c. on the acid side of neutrality, than
&t py 7+9, and the same effect was consistently obscrved with the remaining
urethanes, As an example, the results with the hydrochloride of the methyl-

urethane of p-hydroxybensyldimethylamine, mentioned above, may be taken,
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sinco identical esterase activities, as shown by tho control experiments, were
employed at the two acidities. In this case, the amounts of inhibitor required
to diminish the activity of the enzyme by 26 %, i.c. to diminish the decreusm:
in drop number from 20 to 15, werc 0-01 and 0-1 mg. at py 7-0 and 6-8 respec.
tively, The inhibitory activity of the urcthane at p;, 6-8 was thus only one-
tenth of that which it exhibited ot py 7-0. Ratios of the same order of
mognitude were obtained with the other urcthanes, To what extent the partial
_ inactivation of the enzyme which takes place in ucid solution, and which
nccessitated the employment of larger volumes of the preparation at py 6-8,
contributes to this result cannot at present be determined.

Attention should further be directed to the results obtained with the
hydrochloride of the methylurethane of m-dimethylaminophenol, Reference
to Table VI will show that 0-0001 mg. of this substance produced, at py 79,
an iohibition of the activity of the liver esterase of approximately 50 %,.
Since, in the final reaction mixture, the inhibitor was contained in a volume
of about 50 cc., the final concentration of this substance required to diminish
the activity of the esterase by this amount was about 1:500,000,000. This is
the greatest activity which has been observed with any of the urethanes o
far examined, It agrecs with other results obtained with the same urethane,
which has, in fact, proved to be the most active inhibitor amongst the three
serica of compounds investigated,

Comparison of the inhkibilory activities of {someric urethanes. In order to
obtain a direct comparison of the activities of the members of a given serics
of urcthanes, it was necessary, for reasons stated in connection with the
similar experiments carried out with methyl butyrate as suhstrate, to measure
the inhibitory activities on the same enzyme preparation. The results are
recorded in Table VII. Different esterase solutions were employed for the
three series, so that the figures recorded do not necessarily give a comparison
of the activities of members of different series. In the benzyl and phenyl
series, an interval of some days elapsed between the experiments with the
hydrochlorides and methiodides, The enzyme had meanwhile undergone slight
dleterioration, as shown by the figures for the second control.

The order of inhibitory activity of the various isomerides on liver eaterase,
using tributyrin as substrate, is, according to the results of Table VII as

fullows. .

Miotine series. The hydrochloridea do not show large differences in activity.
Nevertheleas they appear to be definitely in the order m > 0> p. With the
wiethiodides, which are considerably less active, the o-compound exhibita the
Kreatest activity; the m- aud p-isomerides are, within the limits of experi-
mental error, equally active.

Benzyl series. The hydrochlorides of this series show greater differences in
activity, the order being quite definitely o> m > p. The methiodides again
sh(l\\; little difference in activity; the order p> 0> m is indicated by the
results, :
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Table VII. Comparison of the inhibitory activitica of isomeric urethanes,
Hubetratos tributyrin, T=20° py=70.
Final cano, of Doorease in drop number in

{nhibitor P e —— Peseentaye

Inhibitor (molar x 10~7) 20 mins, . 40 minw, inhibition
Miotine serica: Control 1n .22 -
m-HCl ! 40 0 3 o
" + 8 19 [
p-HCl 40 36 78 o8
. 4 '] 2 . 47
o-HCl 40 1 35 50
" 4 5 106 52
m-el 400 2 3 87
p-Mel 400 2 4 #53
o-Mel 400 0 15 ol
Benzyl seriea: Control 12 23 -
m-HCl 400 1 2:5 87
» . 40 8 16 30
pHO 400 4 85 o1
N 40 10 20 13
oHet 400 [ 1 08
» 40 3 [} 84
Control 11-8 21 —
m-Mel 400 7, 13 29
p-Mel 400 3 12 43
o-Alel 400 65 13-8 8
Phenyl seriea: Control 13 27 _
m-HCl 4 1 2 00
HO 4 5 10, 63
o-HCl 4 ] 103 59
Control 118 21 —
m-Mel 40 8 18 24
p-3lel 40 ] 18 24
o-Mel 40 3 7 67

Phenyl series. In this series the m-hydrochloride is considerably more
active than the o- and p-compounds, which can scarcely be distinguished from
one another in activity, Of the methiodides, the o-compound is the most
active, the m- and p-isomerides poasessing the same activity. It should be
noted that the order of inhibitory activity of both the hydrochlorides and
methiodides of this series is identical with that of the miotine series.

Discussion.

The foregoing results have established definitely that urethanes of the type
which have been shown in earlier papers to poasess very specific physiological
- properties also posseas the common property of inhibiting in low concentration
the activity of liver esterase, Of the nine urethanes examined, all exhibit this
property to a marked degree, and not only do they do so in the form of their
hydrochlorides but their methiodides are similarly, although usually some-
what less, active, It appears legitimate to conclude that a relationship exists
between chemical constitution and inhibitory activity towards liver esterase
analogous to that between constitution and physiological action in the same
group., In conformity with this conclusion, the methylurethane of choline
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jodide, » substanco containing many structural features in common with the
active urcthanes but lacking the essential phonyl group, is inactive, Similarly,
the hydrochloride of a-m-hydroxyphenylethyldimethylamins, the phenol from
which miotine is prepared and which contains the pheny! and basic but not
the urethane group, produces no inhibition in relatively high concentration,
Whethor these results hold for the enzyme, present in blood-sera from
certain specics and in tissue extracts, which is normally responsible for the
destruction of acetylcholine, has not yet been determined. Nevertheless, the
fact that urethanes of the type which possess physiological properties similur
to those of physostigmine also inhibit, in minute concentration, the hydrolysxis
by liver csterase of a simple cater such s methyl butyrate, affords substantial

support to the view that the above-mentioned serum-enzyme, the activity of

which towards acetyloholine has been shown by Loewi and his co-workers and
by Matthes to be inhibited by physostigmine, is a true esterase such as is
present in the livez and is not one which acts specifically towards acetylcholine,
It is not proposed to discuss in detail the question, which now arises, as to
whether the physiological activity of urethanes of the miotine type is an
indirect result of the inhibitory action which they exert upon csterases, since
this problem has already been considered from many aspects by White and
Stedman {1931], who have pointed out that while much of the activity of
miotine, in particular its toxicity, may probably be attributed to its inhibition
of the destruction of acetylcholine, other mechanisms are possibly also in-
volved, One fact, which supports the suggestion, originally made by Loewi
and Navratil [1926], that the action of physostigmine on the heart is due to
its inhibitory action on the acetylcholine-destroying enzyme, may, however,
be mentioned. It has been shown above that arecoline, in relatively high
concentration, does not inhibit the activity of liver esterase. Now this alkaloid
belongs, pharmacologically, to the physostigmine group of drugs and might
thercfore be expected to resemble physostigmine in its behaviour towards
esteruses, That it does not do so is in complete accord with some unpublished
phurmacological experiments by Dr A. C. White, to whom we are indebted
for information regarding his results, according to which arecoline, unlike
physostigmine, does not potentiate the action of acetylcholine on the vagus.
It is not to be expected, even on the assumption that the whole of the
physiological activity of urethanes of the miotine type is attributable to the
resulting acoumulation of acetylcholine in the organiam, that an exact
parallelism will exist between the maguitude of their physiological activities
sud that of their inhibitory activities towards esterases, for the drugs will be
subject to many influences in the organism which are eliminated in s vitro
experiments with enzymes, Thus, a property of a drug, such as adsorbability,
which may render it particularly efficient in inhibiting the activity of an
esterase, may actually prevent it from reaching the enzyme in the organism.

Similarly, stability will be of greater influence in s vivo than in in vitro -

experiments, since in the former case the drug is subjected to the action of
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more destructive agents. That no such parallelism does, in fact, exist follows
from our experiments; the order of the inhibitory activity of various urethunes
towards liver esterase in no way corresporids with the previously published
provisional order for their miotic activities,

Perhaps the most interesting questions which call for consideration in
counection with our experiments aro those concerning the nature of the in-
hibitory action and its bearing on the mechanism of the normal action of
esterases, Of o group of compounds possessing a common structural feature,
every member which has been examined has heen found to inhibit, in minute
coucentration, the activity of liver esterase. These inhibitory substances, like
the normal substrdtc of the enzyme, are esters. Nevertheless they are either
not attacked, or arc only hydrolysed extremely slowly, by the esterase, The
suggestion thus ariscs that the urethanes combine with the esterase in the
same way and by nieans of the same mechanism as do simple esters, but that
the affinity between urethane and enzyme is enormously greater than that
between simple ester and enzyme, Hence the esterase-urethane compound is
formed preferentially and, owing to the inability of the enzyme to decompose
the urethane, the hydrolysis of the normal substrate is prevented, The latent
period which occurs in the hydrolysis of ethyl mandelate by liver esterase
when esters of certain keto-ucids are present has been similarly explained by
Willstatter, Kubn, Lind and Memmen [1927], and further experiments in
support of this explanation have been published by Bamaon and Schmeller
{1930). On the above basis the relative inhibitory activities of the various
urethanes will be a measure of their affinities for the esterase, and any regu-

larity which is observed between inhibitory and other properties should give -

a clue aa to the nature of the affinity between the urethanes and esterase, and
hence of the nature of the forces normally responsible for the formation of
enzyme-subatrute compound. Now, the follomng regulsnhes have, in fact,
been noted in our expenmenu.

(1) In a given series of urethanes the uomendu show inhibitory activitics
which, although usually different, are of the same order of magnitude.

(2) Of the three series examined, the hydrochlorides of the phenyl series
are outstanding with respect to their high inhibitory activities.

(3) The methiodides are, in general, considerably less active than the
hydrochlorides of the corresponding textiny bases.

(4) The inhibitory activity of a given urethane is considerably smaller ot
P 68 than in slightly alkaline medium,

We believe that these results can be best interpreted by assuming that
the affinities in question are, in the first instance, of the nature of adsorptive
forces, If we postulate (a) that the urethane group confers high adsorbabilitics
on the mlnbltnry substances, () that the adsorbability and therefore in-
hibitory activity is increased by any factor which tends to lower the solibility,
(c) that the free bases and not the salts are the active inhibitors, our reasons
. for this belief will be at.once clear. In nccordnnce with postulates (b) and ()
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any fuctor which tends to convert tho readily soluble salta into the sparingly
soluble bases, thus diminishing the solubility and increasing the concentration
of the-active constituent, would be expected to assist adsorption and hence
increase inhibitory activity. Increase in alkalinity is such a factor, and ns
shown above this increases the inhibitory activity, Similarly diminishing the
basio strength of the compounds would constitute another such factor; corre-
spouding with this the compounds which are the woakest hases, namely, the
methylurcthanes of the phenyl serics, show the greatest inhibitory activity.
Further, solubility is inoreased by converting the tertiary bases into their
quaternary ammonium salts, the freo bases of which are readily soluble in
water, This should diminish adsorbability and hence inhibitory activity, as is
actually the case.

Nevertheless, adsorption is clearly not the only process involved, The
possession of surface activity of a high order will not necessarily confer upon
a compound the marked inhibitory activity shown by the above urethancs,
Moreover, it has been shown by Willstitter, Kubn and Bamann [1928) that
esters of d- and I-mandelic acids exhibit different affinities towards esterases,
while Murray and King [1930] have demonstrated that certain enantiomorphic
alcohols inhibit the activity of liver esterase to different degrees. Optical
isomerides would be expected to possess identical adsorbabilities; it is there-
fore almost certain that some factor other than adsorption is also involved.
We are of opinion that, following adsorption, the inhibitor enters into especial
relation with the enzyme, the exact nature of which is not at present clear,
and it is probably this second stage of the combination process which is the
cause of the different inhibitory activities of isomeric urethanes. One fact
which has been elicited in our experiments tends to support this view. In
examining the inhibitory activities of the various urethanes towards liver
esterase, it has been found that the general effect of those factors which we
have interpreted above as exerting their influence by producing changes in
adsorbability is the same whether the substrate is methyl butyrate or tri-
butyrin, The relative activities of isomeric urcthanes vary, however, with
the nature of the substrate, a result which cannot be explained on the basis
of adsorption.

SuMaaRY,

1. Urethanes of the type which have previously been shown to possess
physiological properties of the same kind as physcstigmine have been found
to possess the common property of inhibiting the activity of liver esterase.
A relutionship thus exists between chemical constitution and inhibitory action
towards liver esterase analogous to that between constitution and physiological
activity in the same group.

2. This inhibitory action is exerted in high dilution, Thus, the hydro-
chloride of the m-dimethylaminophenyl ester of methylcarbamic. acid, which

Biochem, 1991 xxv ' %
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is the most activo urothane examined, produced an inhibition of 50 %, in the
hydrolyais of tributyrin by liver estcrase when in o final concentration of
about 1:500,000,000. The same urethane inhibited the hydrolysis of methyl
butyrate to about the snme extent when in o final concentration of § x 10-¢ },
which corresponds with one of about 1:13,000,000,

3. Three scries of isomeric urethanes, which have been termed the methyl.

urcthanes of tho phenyl, benzyl and miotine series respectively, have heen

examined for inhibitory activity in the forms both of their hydrochlorides and
methiodides. Therelative activities of the isomerides, when methyl butyrate is
cmployed as subatrate, are as follows.

Hydrochlorides. Phenyl series; m > p> o; benzyl series: m> p>o;
miotine serics: m = p > o,

Methindides. Phenyl serics: m 8 p > o; benzyl series: p> 0 > m; miotine
series: 0> p Zm. )

Using tributyrin as substrate the following orders, which differ from those
above, are obtained:

Hydrochlorides. Phenyl series: m> p % 0; benzyl series: o> m> p;
miotine series: m > o > p. :

Methiodides, Phenyl series: 0 > p = n; benzyl series; p > o> m; miotine
series: 0> p = m.

4. The inhibitory activity is, in every case, greater.in slightly alkaline
medium than at py 68,

5. In general, the methiodides exert 8 considerably smaller inhibitory
effect than do the hydrochlorides.

‘6. The relative inhibitory activities of the various urethanes do not corre-
spond with their relative miotic activities, It is pointed out that such
correspondence is not to be expected even on the assumption that the whole
of the physiological activity of the urethanes is due to.their inhibitory action
on esterases,

7. The mechanism of the inhibitory action is discussed,

Part of the eipenu of this investigation has been met by grants from the
-Earl of Moray Research Fund of this University.
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Case 118-6848

PHENYL CARBAMATES

The present invention relates to novel phenyl carbamates which
are useful as pharmaceutical compositions. The invention further
relates to pharmaceutical compositions having anticholinesterase
activity.

- Acetylcholine is a major neurotransmitter which is found in all
parts of the body. Any reduction in its activity, either as a
result of neuronal damage, degeneration etc. or as induced by
drugs or toxins, causes.marked changes'in the function of the
organism. Acetylcholine itself has an extremely short half life,

_since it is rapidly hydrolysed at its site of action and in
‘plasma by specific cholinesterase enzymes, Drugs that inhibit
acetylcholinesterase, markedly increase and prolong the action of
écetylcho]ine, thereby enhancing cholifergic transmission. Three
such agents are used clinically, i.e., physostigmine, a naturally
occurring alkaloid, and two synthetic analogues, neostigmine and
pyridostigmine. The latter two agents are strongly fonised at
physiological pH and therefore are only poorly absorbed from the
.gastro-intestﬁna! tract, and do not penetrate the central nervous
system to any significant extent., Physostigmine is absorbed after
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oral administration and readily enters the brain. As a thera-
peutic agent it has Several disadvantages, It is chemically

unstable and must be prepared in solution with an antioxidant,
and protected from light. It has a-relatively short half-life

" (20-40 mins) thereby necessitating frequent administration. The

latter is of particular importance when the drug is to be admi-
nistered chronically. It has a low therapeutic ratio, a value of
3-5 being reported in the majority of studies in laboratory ani-
mals, and a small therapeutic window, i.e. small range of dose in
which it can be given without the accompaniment of side effects.,
Altnough physostigmine is absorbed from the gastro-intestinal .
tract, this is reportedvto be irregular and unpredictable, and
therefore it is usually preferred to administer the drug par-
enterally. This is a serious drawback if it is to be used chroni-
cally on an outpatient basis,

There are a number of clinical and pathological conditions which
‘dre associated with cholinergic under-activity which can be
improved by the administration of an anticholinesterase agent.
These include reduction in cholinergic transmission induced by a
variety of exogenous substances acting in the peripheral, or
central nervous system, Peripherally acting agents are gallamine,
d-tubocurarine and pancuronium, which are used as muscle re-
Jaxants. Their action can readily be overcome by an anticholin-
esterase drug. Drugs which interfere with central cholinergic
transmission are numeroué, anticholinergic, atropine-like drugs
including antiparkinson drugs, tricyclic antidepressants, neuro-
leptics, opiate analgesics, benzodiazepines and some types of
general anaesthetics. So far the only agent that has proved to be
of any value in reversing the effects of the latter group of
“drugs is physastigmine. In all reported cases of drug overdose or
ldck of recovery when the agent was used peri-operatively, physo-
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stigmine is usually administered parenterally, and administration
is repeated every 20-30 minutes as required.

Chronic treatment with neuroleptics often results in tardive dys-
kinesias, The widespread use of agents having anticholinesterase
activity for the treatment of schizophrenia makes this side
effect an ever increasing possibility. Physostigmine injected
1ntravennus1y produces a significant but short lived improvement
in a proportion of patients.

A number of pathological and degenerative diseases has also been
shown to be associated with a reduction or loss of cholinergic
transmission. This includes myasthenia grav1s and Eaton Lambert
‘syndrome in which there isan 1nterference with neuromuscu1ar
transmission,

A seléctive-loss of choline acetyltransferase (the enzyme that
synfhesises acetylcholine) has been found in specific brain
regions of patients-wifh pre-senile dementia-of the Alzheimer
type. These include the frontal and tempdral cortéx, hippocampus,
amygdala, caudate nucleus, substantia innominata. Degeneratidn of
cholinergic neurons in some of these areas appears to be asso-
ciated with the aphasia, apraxia, agnosia and loss of short term
memory that occurs in Alzheimer's disease, A simiiar'type'of
‘dementia is also found in patients with Down's syndrome that
survive to the age of 40 yedrs and show similar cholinergic
"deficits. There is also a loss of cholinergic transmission in the
caudate nucleus and putamen of patients with Huntingdon's
chorea. Physostigmine injections. have also been of some benefit
in this condition. Treatment with a centrally acting antjcho11n~
“esterase should ajso prove to be beneficial in Friedrich's
ataxia. ’ '
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There are two major classes of potent inhibitors of the enzyme
cholinesterase. The first group was modelled primarily on the
natural alkaloids physostigmine (a carbamate) and an inhibitor of
cholinesterase, and d-tubocurarine, an antagonist of acetyl-
choline. The second group consists of various organophosphorus
compounds, such as diisopropylfluorophosphonate, paraxon etc. The
vast majority of the compounds of both these series were designed
primarily as insecticides., In the first group of carbamate deri-
vatives, almost all of the potent insecticides are monomethyl
carbamates lacking a charged nitrogen function. This enables the
molecule to penetrate rapidly the insect cuticle and fatty nerve
sheath. The dimethyl derivatives are slightly less potent but are
particutarly toxic to houseflies and aphids. The mohomethyl deri-
vatives tend to be unstable in solution and hydrolyse readily at
physiological pH, This gréatly 1imits their biological action in
mammals and makes them less suitable as pharmaceutical or thera-

peutic agents.

The organo-phosphorus group of'compounds causes irreversible
inhibition of cholinesterase and other serine containing enzymes,
which, together with their nigh relative toxicity, virtually
brecludes their use in pharmaceutical preparations. The only
exception is echothiopate, a quaternary ammonium organo-
phosphorus compound, employed in eye drops for the treatment of

‘glaucoma.

The synthetic anticholinesterase agents currently employed as
pharmaceuticals all contain a charged nitrogen function and can
be broadly classified into 3 groups. :

1) Reversible inhibitors which contain a charged nitrogen
function attached to an aromatic ring, e.g. edrophonium.
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2) Dimethyl carbamates with an aromatic of heterocyclic ring
containing a charged nitrogen, neostigmine, pyridostigmine,

3) Bisquaternary structures, e.g. Demacarium, Ambenonium. These
agents tend to be more selective inhibitors of acetylcholin-
esterase than butyrylcholinesterase, compared with the mono-
guaternary molecules.

The pharmaceutical application of the quaternary antichelin-
esterase agents is limited because of their poor penetration
through cell membranes, They are therefore used for actions
outside the central nervous system, and are usually given par-
enterally, since they are not reliably absorbed from the gastro-

intestinal tract. Edrophonium, neostigmine and pyridostigmine and

the bisquaternary analogues are used in anaesthetic practice for
the reversal of the action of muscle relaxants, They are also
used for the treatment of myasthenia gravis, and paralytic ileus.

Physostigmine is the only potent anti-cholinesterase agent which
has been used clinically to treat conditions in which an ele-
vation of brain acetylcholine activity is desired. These include,
Alzheimér's disease, tardive dyskinesia, Down's syndrome and
Huntingdon's chorea. Physostigmine is also used to reverse the
effects of overdose of antichol1nergié agents, anti-Parkinson
drugs, benzodiazepines and opiate analgesics.

Physostigmine is a natural alkaloid extracted from calabar beans

" and the seeds of the vine Physostigma venenosum and.has the
formula :
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CH CH
3w 3
N | N
0
H
\ I
“/N-c- '
CH
3
CHy

There is a need to provide new carbamate derivatives which show
greater chemical stability than physostigmine,

Furthermore there is a need to provide new compounds which
inhibit acetylcholinesterase in the brain for periods exceeding
3 nours but not more than 12 hours after a single administration,

There is also a need to provide new compounds which will be .
completely and reliably absorbed after oral administration.

There is also a need to provide new compounds which will be
relatively less toxic than physostigmine, This means that-the

therapeutic ratio, defined as

dose to produce therapeutic effect

dose to produce mortality in 50 % of animals

ShouId be significantly higher than those of physostigmine and
that the incidence and severity of side effects should-be less
than those of physostigmine at therapeutic doses.

There is also a need to provide new compounds which can be given -
orally or -parenterally to treat chronic conditions in which it is
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desired to raise cholinergic activity in the central nervous
system, These include, Alzheimer's disease, Down's syndrome,
Huntingdon's chorea, Friedrich's ataxia.

There is also a need to provide compounds that can be given ﬁar-
enterally at the end of operations, and anaesthetic procedures,

© to restore wakefulness, respiration and cardiovascular parameters

to normal, after the use of anticholinergic, opiates, benzo-
diazepines, neuroleptics and general anaesthetics, thereby
shortening the stay of patients in the recovery room,

There is also a need to provide compounds that can be given
together with narcotic analgesics to patients suffering from
severe pain, e.g. traumatic, post-operative, or due to carcino-
matosis etc. in order to reduce the side effects (respiratory
depression, somnolence, copstipation and urinary retention)
commonly encountered with narcotics, without impairing their
anélgesic potency.

There is also a need to provide compounds that can be given to
patients receiving antipsychotic drugs, which have developed

tardive dyskinesias, in order to diminish or abolish the latter

syndrome, without exascerbating the psychosis.

According to the present invention it has now been surprisingly
found that certain novel and known phenyl carbamates also inhibit
acetylcholinesterase in the mammalian brain after administration
to provide systemic activity, e.g. oral or parenteral admini-
stration, ’

Thus according to the present invention there is now provided a
pharmaceutical composition adapted to produce anticholinesterase
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activity in the central nervous system of mammals comprising a
compound of the general formula I

“ //R]
O-C-N\\

/-3<R4

i
R
CH, 9

wherein _

Ry 1is hydrogen, lower alkyl, cyclohexyl, allyl or benzyl,

Rz is hydrogen, methyl, efhy] or propyl, or

Ry and Ry " together with the nitrogen to which they are attached-
form a morpholino or piperidino radical,

R3 1s hydrogen or lower alkyl,

Rg and Rg are the same or different and each is a lower alkyl,
and the dialkylaminoalkyl group is in the ineta, ortho or para
position,

or a pharmacologically acceptable salt thereof and a physiologi-
cally acceptable carrier therefor, Hereinafter these compounds
are called compounds of the invention,

Especially preferred are pharmacéutical compositions having anti-
cholinesterase activity in the central nervous system of mammals,
wherein the dialkylaminoalkyl group is in the meta position, and
R4 and Rg are both methyl.
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Certain compounds falling within the above formula have pre-
viously been described i.e. the m disubstituted compound in which
Ry and R3 = H and Rz, R4 and Rg = methyl which is known as
Miotine(R) was claimed to be an insecticide and a myopic agent
for use in eye drops. The m disubstituted compound in which Ry
and R2 are methyl, R3 is H and R4 and Rg are méthy1 has been |
described as an insecticide. The p and o disubstituted deri-
vatives in which R] and R3 = H and Ry, R4 and Rg = CH3 have been
shown to inhibit a preparation of liver cholinesterase. The m
disubstituted derivative in which Ry = H and R2, R3, R4 and Rg =
CH3 has also been shown to inhibit liver cholinesterase.

The remaining compounds are believed to be novel and thus the
present inventidn also provides novel phenyl carbamate deriva-
tives of the general formula I'

1!

wherein

Ry ¥s hydrogen, lower alkyl, cyclohexyl, allyl or benzyl,

Rz is hydrogen, methyl, ethyl or propyl, or . -

Ry and Ry together with the nitrogen to yhich they gre attached
form a morpholino or piperidino radical,

R3 is hydrogen or lower alkyl,

-275 -

NOVARTIS EXHIBIT 2058

Noven & Mylan v. Novartis & LTS Lohmann
IPR2014-00550

Page 276 of 372



- 10 - : 118-6848

R4 and Rg are the same or different and each is a lower alkyl,

and the dialkylaminoalky! gréup is in the meta, ortho or para
position,

and pharmacologically acceptable salts thereof, provided that for
compounds wherein R4 and Rg are both methyl and having the
dialkylamino group in the meta position, when Ry is methyl and R3
is hydrogen, R} ¥s neither hydrogen nor methyl, and when Ry and
R3 are methyl, Ry is not hydrogen, and for compounds wherein R4
and Rg are both methy] and having the dialkylamino group in the

ortho or para position when R1 and R3 are both hydrogen Rz is not
methyl.

preferred compounds of the above formula are N-ethyl-3-[1-(di-
methylamino)ethy!Jphenyl carbamate, N-propyl-3[1-(dimethyiamino)-
ethyl Jphenyl carbamate, N;a11y1-3-[1-(dimethy1amino)ethyl]pheny1
carbamate; N-ethyl, N-methyl-3{1-(dimethylamino)ethylJphenyl
carbamate, N,N-diethyl-3[l-ﬁd1methy]amino)ethy1]phenyl carbamate,
‘N-buile3-[1-(dimethy1amino)ethyl]pheny1 carbamate, N-methyl,
N-propyl-3[1-(dimethylamino)ethyl Jphenyl carbamate and N-ethyl,
N-methy\-S[l-(dimethylamino)isopropy1]phenyl carhamate,

As indicated, the invention also includes the pharmagologically
acceptable salts of these compounds such as the acetate, salicy-
late, fumarate, phosphate, sulphate, maleate, succinate, citrate,
tartrate, propionate and butyrate salts thereof,

The compounds of formula 1 can be prepared by amidating a
. 3 .
> .

compound of formula 11
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OH

R Il
3

NG

| R

CHq

wherein R3, R4 and Rg are as defined above. h

The process can be effected in conyentibnal manner, e.g. by
reacting the compound of formula Il with an appropriate iso-
cyanate if a compound wherein Ry is hydrogen is desired, or with
an appropriate carbamoyl halogenide, e.g. as described below in
processes A and B. '

" PROCESS A:
. A ﬁ
oH ' O-C-NH-R,
Ry ¢+ R,~N=C=0 ———_» R '
# _N/CH, 2 = é’ /CH:
~ . =N
cH, M T &, oM
PROCEss.a: '
, .0
OH o—g—N::!
R R~ NaH ?
' _cH, N-CO-Cl — ", Re
T Niew ¢ - :CH:
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PROCESS A:

A stirred suspension of a-m-Hydroxyphenylethyldimethylamine or
a-m-hydroxyphenylisopropyidimethylamine in benzene (0.2 -

0.3 g/ml) is treated with 2.5 - 3 fold molar excess of the iso-
cyanate, After stirring for 15 ~ 24 hours at ambient temperature
the reaction mixture {s connected to a rotovaporator (20 mm Hg).
The residue obtained is dissolved in dry ether (25 ml) and the
solution, which is ice cooled, is saturated with dry HC1 (g). The
formed precipitate (the anticipated carbamate) is filtered off,
washed with dry ether (25 mi) and dried to constant weight in a
dessicator over KOH pellets under high vacuum (0.1 mm Hg).

PROCESS B:

A solution of a-m-hydroxyphenylethyldimethylamine or d-m-hydroxy-
ﬁheny]isopropyldimethyiamihe in dry acetonitrile (0.1 - 0.5 M) is
reacted with 50 - 70 % molar excess of the corresponding carba-
moy! chloride in the presence of 200 % molar excess of NaH dis-
persion (50 - 80 % in mineral 0il). The reaction mixture is left
to stir at ambient tempeéature for 15 - 24 nours. Removal of the
acetonitrile under reduced pressure (20 mm Hg) is followed by the
addition of watér (10 - 25‘m\). The pH of the aqueocus solution is
adjustéd to pH = 11 by the éddition of the appropriate amount of
NaOH 0.1 N followed by extraction with ether (3 x 25 m1). The
combined organic phases are washed with brine (25 ml) dried over
MgSO4 anhydride which is then filtered off. The ice cooled
etheral filtrate is saturated with a stream of HC1 (g) resulting
in the formation of a heavy precipitate (the anticipated carba-
‘mate) which is collected by fi!;ration, washed with dry ether

(20 m1) and dried to constant weight in a desiccator under high
vacuum (0.1 mm Hg) over KOH pellets.
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The compounds of the invention e.g. in free form or salt form can

be utilized by formulating one or more of them in compositions
such as tablets, capsules or elixirs for oral administration or
in sterile solutions or suspensions for parenteral admini-
stration, A compound or mixture of compounds of formula (I) or
physiologically acceptable salt{s) thereof is compounded with a
physiologically acceptable vehicle, carrier, excipient, binder,
preservative, stabilizer, flavor, etc., in a unit dosage form as
called for by accepted pharmaceutical practice. The amount of
active substance in these compositions or preparations is such
that a suitable dosage is obtained, '

I1lustrative of the adjuvants which may be incorporated in
tablets, capsules and the like are the following: a binder such
as gum tragacanth, acacia, corn starch or gelatin; an excipient
such as dicalcium phosphate; a disintegrating agent such as corn,
starch; potato starch, alginic acid and the like; a lubricant
such as mangnesium stearate; a sweetening agent such as sucrose,
lactose or saccarin; a flavoring agent such as peppermint, oil of
wintergreen or cherry. When the dosage unit form is a capsule, it
may contain in addition to materials of the above type a liquid
carrier such as a fatty oil. Various other mterials méy be
present as coatings or to otherwise modify the physical form of
the dosage unit. For instance, tablets may be coated with
shellac, sugar or both. A syrup or elixir may contain the active
compouhd, sucrose as a sweetening agent, methyl and propy)
parabeéns as preservatives, a dye and a flavoring such as cherry
or orange flavour, ' '

Sterile compositions for injection can be formulated according to

conventional .pnarmaceutical practice by dissolving orvsuspending
the active substance in a vehicle such as water for injection,
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Buffers, preservatives, antioxidants and the like can be incorpo-~

rated as required.

Preferred antioxidants for use with the compounds of the present
invention include sodium metabisulphite and ascorbic acid.

While the invention will now be described in connection with
certain preferred embodiments in the following examples, it will
be understood that it is not intended to limit the invention to
these particular embodiments. On the contrary, it is intended to
cover all alternatives, modifications and equivalents as may be
included within the scope of the invention as defined by the
appended claims, Thus, the following examples which include

‘preferred embodiments will serve to illustrate the practice of

this invention, it being understood that the particulars
described are by way of example and for purposes of illustrative
discussion of preferred embodiments of the present invention only
and are presented in the cause of providing what is believed to

‘be the most useful and readily understood description of proce-

dures as well as of the principles and conceptual aspects of the
invention, '
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EXAMPLE 1

0.5 g (3.03 mmole) of a-m-hydroxyphenylethyldimethylamine are
dissolved in 15 ml of dry acetonitrile and 0.70 g (5.2 mmole) of
diethylcarbamyichloride are added to the mixture with stirring.
This is followed by NaH 150 mg (50 %) of dispersion. The reaction
mixture is stirred overnignt at 25 - 30 ° C. Removal of acetoni-
trile under reduced pressure is followed by addition of water

(10 ml) and adjustment of the pH to 11. The product is extracted
in ether, which is washed by brine, dried over MgSOs and fil-
tered. Upon addition of HCI (g) precipitation occurs immediately,

- the product is filtered off, washed by dry ether and dried, in a

desiccator under high vacuum over KOH pellets.

The garbamate is obtained as: a white powder 640 mg (80 %)
mp. 137 - 138 * and identified as N,N-diethyl-3-[1-(dimethyli-
amino)ethy1jpheny1 carbamate, having the formula

o"g'N(ﬂ)z

?H-N(Me)z

CH,
EXAMPLE 2.
0.75 g {4,55 mmol) of a-m-hydroxyphenylethyldimethylamine are
suspended in benzene (3 ml) and 0.838 g of ethylisocyanate are

added to the mixture with stirring. After stirring 12 hours at
room temperature the solvent is removed under reduced pressure.
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The residue obtained was dissolved in dry ether. Introduction of
dry HC1 gas into the reaction mixture causes a heavy precipi-
tation. The product is filtered off,.washed with ether and dried
in a desiccator over KOH pellets. The carbamate is obtained as a
white powder 800 mg (75 %) mp. 177 - 179 ° C and identified as

N-ethyl-3({1-(dimethylamino)ethyl Jphenyl carbamate having the
formula

0-CO-NH-Et

C'.H-N(Me)z
CH,

The compounds of the present invention are useful as pharmaceuti-
“cals, In particular they show the following activities in vitro
and in vivo in the tests specified below.

The values are correct when taken in comparison with the standard
drug physostigmine, '

IN VITRO EXPERIMENTS:

Tests for anticholinesterase activity

A solubilized preparation of acety]cholfnesterase was prepared
from mouse whole brain (minus cerebellum). The brain was homo-"
genized with (100 mg/ml) phosphate buffer; pH 8.0, cenirifuged,
the supernatant discarded, and the pellet mixed with a similar
“volume as above of buffer hH 8.0 plus 1 % Triton; mixed, centri-
fuged and the supernatant which contained most of the solubilized
enzyme, was used for .the subsequent determinations of anti-
cholinesterase activity.
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The activity of the enzyme (rate of hydrolysis of substrate,
acetylthiocholine) was measured using at least 4 different con-
centrations of substrate, and at least 3 different concentrations
of each inhibitor. The enzyme was incubated with inhibitor for
periods ranging for 2 - 180 mins. at 37 ° C, substrate was then
added, and its rate of hydrolysis measured by the spectrophoto-
metric method of £11lman et al. (1961).

The molar concentration of each agent that inhibited the activity

of the enzyme by 50 % (ICsg) at the peak time of activity (15 -
60 min) was calculated from this data a‘nd recorded in Table 1
hereinafter. The compounds in general produce a signifi-
cant inhibition from about 10™° to about 108 molar.
IN VIVO EXPERIMENTS:

a) Assessment of acetylcholinesterase inhibition

The effect of each compound on brain acetylcholinesterase
in vivo was measured, after subcutaneous or oral admini-
stration to mice, Animals were sacrificed, at different times
ranging from 0.25 - 8 hours after drug administration, The
brain was rapidly removed, and the enzyme acetylcholin-
esterase extracted and solubilized with 0.1 % Triton, and its
ability to hydrolyse acetylthiocholine assessed as described
above (in vitro experiments), in comparison with the enzyme
removed from mice injected with normal saline, The compounds
have in general a potency of from about 2% to about 90% that of
b) E?ges?ssn%%mg‘fe'acute toxicity

Mice were given one of at least three different doses ‘of each
compound, orally or subcutaneously, a minimum of 10 mice
allotted to each dose. The number of animals which died at
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each dose within 3 hours was determined., From these data, the
LDsp (dose in mg/kg which was lethal to 50 % of the mice) was
computed,

This experiment was repeated after the animals had been pre-
treated with atropine sulphate, which blocks both peripheral
and central muscarinic receptors. The data from these experi-
ments enabled the assessment of the relative degrees of toxi-
city of the carbamates which resuit from excessive activation
of muscarinic receptors, and from respiratory muscle para-
lysis, which is insensitive to this blocking agent.

Tne incidence and degree of side effects was noted for each
dose of drug, starting with the lowest that caused any
significant (> 20 %) inhibition of whole brain acetylcholin-
esterase.

Antagonism of the somnolent and respiratory:depressant

.effects of obiates

Different doses of the carbamate compounds were injected
intravenously with morphine in rabbits. Respiration rate,
arterial blood gas tensions and pH were monitored conti-
nuously before and after drug administration for 4 -

§ hours, In another series of experiments the effect of the

- anticholinesterase drugs was assessed on the analgesic effect

of opiates in rabbits after application of a nociceptive
stimylus, i.e. electrical stimulation of the sciatic nerve.

All specific examples of formula I! mentioned

"hereinbefore, e.g. on specification page.l0, .and

after especially Tables 1 to 3, are’érepared in
analagous manner to Example 1 when Rl and R2 are
each other than hydrogen and Example 2 when one

of Rl and R, are hydrogen. .They. are thus obtained-
as hydrochloride salts (except where otherwise
specified).. The specific compounds have metal
substitutions.
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s
Anticholinesterase activity of compounds in mouse brain compared
to that of physostigmine

Compound fRelative potency |Relative potency {% cholinesterase
. to physostigmine [to physostigmine |inhibition
after subcut, after oral 3 hours after
$.C,) administration s.C.
administration . administration
Physo- 100 100 0
stigmine . .
Miotine 100 300 5
RAg 11 19 35
RA 5 33 32 37
RA14 15 22 35
RA13 2 5 -
RAg 36 29 30
RA12 13 17 37
RA10 81 92 7
RA7 25 57 41
| RAg 2 5 32
RA4 13 29 25
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Acute toxicity of carbamates in mice

Compound LDS.C’ ——- Degree of* Therapeutic [LDsg -oral

ymoles/kg |protection ratio

s.C. afforded by  |LDs5q/EDsg

With atrapine | 80 s

‘Physostigmine 3.0 3.0 3.3 4,1
Miotine 4.5 2.4 4.9 1.2
RAG 9% 2.6 11.9 2.1
RALS 31 4.1 1.1 4,5
RA14 69 8.0 11.5 4.4
RA13 65 4.5 1.6 1.1
RAs " 19 5.8 7.6 | 5.0
RA 42 3.8 5.8 3.6
RALQ 14 5.0 12.7 9.7
RA7 46 10.4 12.4 1.2
RAg > 568 . > 10.0 -
RA4 72 4.9 10.0 1.7

*Ratio of LDgg after pretreatment with atropine sulphate 5 mg/kg

to LDgg of drug

alone.
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The data in Tables 1 and 2 demonstrate that somewhat larger
quantities are required of all the drugs of the RA series than of
physosf1gm1ne to inhibit the enzyme acetylcholinesterase.
However, a comparison of the data in Table 1 with that in

Table 2, shows that compounds RAg, RAg, RA15, RA1a, RA1p, RA7 and
RAg are all relatively more active in vivo compared to physo-
stigmine than one would expect from the in vitro data, This
greater in vivo potency is particularly marked when the drugs are
administered orally, This relatively greater in vivo activity may
be due to: ‘

a) greater chemical stability
b) ‘a slower metabolic degradation or/and excretion

c) a higher lipid solubility, enabling a greater proportion of
the drug to gain access to the enzyme in the central nervous
system

d) more efficient absorption from gastro-intestinal tract.

For the purposes of their therapeutic application it is of little
jmpdrtance if one needs to give the drug (to human subjects) at a
dose of 1 - 2 mg (physostigmine) or 2 - 50 mg that may be
required of the compounds of the RA series. What is important is
the safety of the drugs and the presence and severity of side
effects that may occur at therapeutic doses. A commonly-used
measure of drug safety is the therapeutic index - or LD59/EDsg

Dose to kill 50 % of animals’

Dose to cause the desired the%apeutic effect
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The duration of significant brain enzyme inhibition (> 30 %)
induced by physostigmine (EDsg dose) is less than 2 hours,
Compounds RA4, 5, 6, 7, 8. 12, 14, 15 all act for more than

3 hours at their respective ED5g doses and RAg and RA7 still
causes significant inhibition (36 %) after 7 hours. Since none of
these drugs caused noticeable side effects at the ED5p doses, an
even longer duration of action may be achieved by giving between
50 and 100 % larger doses, The longer duration of action is a
distinct advantage, particularly if the drugs are to be admi-
nistered chronically to subjects suffering from neurological and
behavioural conditions associated with a deficit in cholinergic
transmission in the central nervous system, e.g. Alzheimer's
disease, tardive dyskinesias, Huntingdon's chorea, Down's
syndrome and Friedrich's ataxia. -

The better the absorption of the drug after oral administration
the more closely the LDgg given by this route resembles that
after subcutaneous injection. Table 3 shows that RAg, 13, 7 and 4
are more efficiently absorbed from the gastro-intestinal tract
than is physostigmine, The EDsg of ‘RAg after oral administration
is the same as that after S.C. injection, indicating a much
better oral bﬁoavailability than that of physostigmine. The
higher oral bioavailability of these compounds may be a consi-
derable advantage for their clinical use,

RA1g, RAg, RA14 and RAjg produce significant antagonism of the
respiratory depressant effects of morphine in rabbits for periods
lasting between 3 - 5 hours depending on the drug and the dose
administered. The analgesic activity of morphine.is not reduced
by the RA compounds. Muscle fasciculations are not evident at the
doses ‘'of drugs administered. Physostigmine (0.1 - 0.2 mg/kg)
antagonizes the respiratory depressant effect of morphine for
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30 - 60 mins only and fasciculations are marked at the higher
dose,

These findings show that the RA compounds may be given together
with morphine to obtain adequate analgesia without significant

degrees of respiratory depression,

The most preferred compounds of the RA series are RA4, RAg, RAg,

RA15, RA14, RA7 and RAg, all of which produce inhibition of brain

acetylcholinesterase after parenteral administration of signifi-
cantly longer duration than that induced by physostigmine or
miotine, These compounds also have a greater safety margin
(therapeutic ratio) than physostigmine, RAq, g, 7 and g also show
better bioavailability after oral administration than physo-
stigmine, In addition, the acute toxicity (lethality) induced by
RA7 can be decreased more than 10-fold and that of RAj4 more than
8-fold by tne antidote atropine, compared to only a 3-fold

‘decrease for physostigmine and miotine.

The compounds of the invention are therefore useful for the
treatment of senile dementia, Alzheimer's disease, Huntingdon's
chorea, tardive dyskinesias, hyperkinesia, mania, acute confusion
disorders, Down's syndrome and Friedrich's ataxia.

For these indications, the exact dosage will of course vary
depending upon the compound employed, mode of administration and

‘treatment desired. The compounds may be administered by any

conventional route, non-oral or preferably orally.
In general, satisfagtory'resu\ts are obtained when administered

at a daily dosage of from about 0.05 to 10 mg/kg animal body
weight, For the larger mammals, an indicated total daily dosage
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is in the range from about 0.5 to about 25 mg of the compound,
conveniently administered in divided doses 2 to 4 times a day in
unit dosage form containing for example from about 0.1 to about
12 mg of the compound or in sustained release form,

The compounds may be administered in similar manner to known
standards for use in these utilities. The suitable daily dosage
for a particular compound will depend on a number of factors such
as its relative potency of activity.

The compounds according to the invention may be administered in
free base form or as a pharmaceutically acceptable acid addition
- salt. Such salts may be prepared in conventional manner and
exhibit the saine order of activity as the free forms,

It will be evident to those skilled in the art that the invention
is not limited to the details of the foregoing illustrative
embodiments and examples and that the present invention may be
embodied in other specific forms without departing from the
éssential attributes thereof, and it is, therefore, desired that
the present embodiments and examples be considered in all
respects as illustrative and not restrictive, reference being
made to the appended claims, rather than to the foregoing
description, and all changes which come with the meaning and
range of equivalency of the claims are, therefore, intended to be
embraced therein, )
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WHAT IS CLAIMED IS:-

1.. A pharmaceutical composition adapted to produce anticholin-
esterase activity in the central nervous system comprising a
compound of formula I ’

wherein.

Ry 1s hydrogen, lower alkyl, cyclohexyl, allyl or benzyl,

Rz is hydrogen, methyl, ethyl or propyl, or

Ry and Ry together with the nitrogen to which fhey are
attached form a morpholiﬁo or piperidino radical,

R3 1is hydrogen or lower alkyl, .

Rg and R are the same or different and each is a lower
alkyl, and the dialkylaminoalkyl group is in the meta,
ortho or para position,

or a pharmacologically acceptaple salt thereof and a physio-
logically acceptable carrier therefor.
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2. A method of treating a subject suffering from senile
dementia, Alzheimer's disease, Huntingdon's chorea, tardive
dyskinesias, hyperkinesia, mania, acute confusion disorders,
Friedrich's ataxia and Down's syndrome, which comprises
administering a therapeutically effective amount of a
compound of formula I

whereiﬁ .

Ry is hydrogen, lower alkyl, cyclohexyl, allyl or benzyl,

Rz is hydrogen, methyl, ethyl or propyl, or

Ry and Rz together with the nitrogen to which they are

" attached form a morpholing or piperidino radical,

Ry is hydrogen or lower alkyl,

Rg and Rg are the same or different .and each is a Tower
alkyl, and the dialkylaminoalkyl group is in the meta,
ortho or para position,

or a pharmacologically acceptable salt thereof.
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3. A phenylcarbamate of formula [’

wherein

Ry is hydrogen, lower alkyl, cyclohexyl, allyl} or benzyl,

Rz s hydrogen, methyi, ethyl or propyl, or

R] and-Rz ‘together with the nitrogen to which they are
attached form a morpholino or piperidino radical,

R3 is hydrogen or lower alkyl,

Rg and R5 are the same or different and each is a lower
alkyl, and the dialkylaminoalkyl group is in the meta,
_ortho or. para position,

and phafmacologically acceptable salts thereof, provided
that for compounds wherein R4 and Rg are both methyl and
having the dialkylamino group in the meta position, when Ry

- is methyl and R3 is hydrogen, R} is neither hydrogen nor
methyl, and when Ry and R3 are methyl, R} is not hydrogen,
and for compounds wherein R4 and Ry are bbth'methyl and
having the dialkylamino'grohp in the ortho or para position
when Ry and R3 are both hydrogen Ry is not methyl,
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A compound of claim 3 wherein the-dialkylaminoalkyl group is
in meta position and R4 and Rg are both methyl.

A compound of claim 3 which is N-ethyl-3-[1-(dimethylamino)-

ethyllphenyl carbamate or a pharmacologically acceptable
salt thereof.

A compound of claim 3 which is N-propyl-3[1-(dimethylamino)-
ethyllpheny! carbamate or a pharmacologically acceptable
salt thereof.

A compound of claim 3 which is N-ethyl, N-methyi-3{1-(di-
methylamino)ethylJphenyl carbamate or a pharmacologically
acceptable salt thereof.

A compound of claim 3 which is N,N-diethyl~3[1-(dimethyli-
amino)ethyllphenyl carbamate or a pharmacologically
acceptable salt thereof,

A compound of claim 3 which is N-cyclohexyl-3[1-(dimethyl-
amino)ethyl]phenﬂ carbamate or a pharmacologically
acceptable salt thereof.

A compound of claim 3 which is N-allyl-3[1-{dimethylamino)-
ethyllphenyl carbanmate or a pharmacologically acceptable
salt thereof, ’

A compound of claim 3 which is N-butyl-3(1-(dimethylamino)-

ethyllphenyl carbamate or a pharmacologically acceptable
salt thereof,
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A compound of claim 3 which is N-methyl, N-propyl-3[1-di-
methylamino)ethylIphenyl carbamate or a pharmacologically
acceptable salt thereof.

A compound of claim 3 which is N-methyl, N-ethyl-3(1-di-

methylamino) isopropylJphenyl carbamate or a pharmacologi-
cally acceptable salt thereof.
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PHENYL CARBAMATES

Abstract of the disclosure

Phenyl carbamates of the general formula

wherein R] to Rg are as defined in the claims, are useful as
pharmaceuticals, . :

3700/WY/ER
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Case 469-104

~

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Names Applicant: Rosin
U. S. Serial No.: Art Unit 126
Filed: ., 03/08/89 Michael ‘L. Shippen

Examiner

e 4o su 4s we 4v oo oo

" Title: Phenyl Carbamates

AMENDMENT

Hon. Commissioner of Patents and Trademarks
" Washington, D. C. 20231

Dear Sir:

Please amend the above identified application as
IN THE CLAIMS ’ -

=
£

0 ‘)-9’ Cancel 1 to 13 and substitute the following:

b } - -
/'l(t? A phenylcarbamate Qf formula/
i

g’

'wherein
R, 1is hydrogen, flower alkyl, cycolohexyl, allyl or benzyl,

R, is'hydrogen methyl, ethyl or propyl, or
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Page-'Two

i
R, and R, together with nitrogen to which/ they are attached

form a morpholine or piperidino radical,

R; is hydrogen or lower alkyl,
R, and R; are the same or different and/each is a lower alkyl;
ana the dialkylaminoakyl group isv in/the meta, ortho or para
position,
pharmacologically acceptable salts thereof, prov'ided that for
hoth methyl and having the

dialkylamino group in the meta position, when R, is methyl and R,

“is hydrogen, R; is neither hydroges nor methyl, and when R2 and R;

are methyl, R, is not hydrogen, ant for compounds wherein R, and R5
are both methyl and having the diajkyl amino group in the orthe or

para position when R, and/R bSth hydrogen and R, is not methyl.

27 v ;
¥5. The compound of claim 14 wherein the dialkylaminoalkyl
group is in meta position and R, and R; are both methyl.
5 . . '
6. The compound/ of claim 14 which is N-ethyl-3-[1-
(dimethylamino)~ethy1] vhenyl carbamate or a pharmacologically
acceptable salt thereof)
21 , _
a7. The compgund of claim 14 which is N—propyl-:ﬁ-[l-
(dimethylamino) -ethyl] phenyl carbamate or a pharmacologically

acceptable salt thg¢reof.
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;5 The compound of claim 14 which is N-ethyl, N-methyl-3-
[1- (diméthylamino)-ethyl] phenyl carbamate gr a pharmacologically

acceptable salt thereof.

Jfé. The compound of claim 14 ich is N,N-diethyl-3-[1-
(dimethylamino)~ethyl] phenyl carbamdte or a pharmacologically
acceptable salt thereof.

(14

206. The compound of clAim 14 which is N-butyl-3-[1-
(dimethylamino)-ethyl] phenyl farbamate or a pharmacologically

acceptable salt thereof,

(dimethylaminoy-ethyl] phenyl carbamate or a pharmacologicélly

acceptable salt thereof.

-301 -

NOVARTIS EXHIBIT 2058

Noven & Mylan v. Novartis & LTS Lohmann
IPR2014-00550

Page 302 of 372



Friedrich's ataxia and Down's

Page Four

2«2 The compound of claim 14 which is N-allyl-3-[1-
(dimethylamino)-ethyl] phenyl carbamate dr a pharmacologically

acceptable salt thereof,
37
5. A method of treating a subj¢ct suffering from senile
dementia, Alzheimer's disease, Huntfingdon's chorea, tardive

dyskinesias, hyperkinesia, mania, cute confusion disorders,

syndrome, which comprises

administering a therapeutically effective amount of a compound of

the formula

wherein R, is hydrogen, lgwer alkyl, cycolohexyl, allyl or benzyl,
R, is hydrogen, methyl, ethyl or propyl, or R, and R, together
with nitrogen to whic ‘they are attached form a morpholino or
piperidino radical, R/ is hydrogen or lower alkyl, R, and R; are
the dialkylaminoakyl /group is in the meta, ortho or para position,
pharmacologically ceptaﬁle salts » thereof, provided that for
compounds wherein R, and R, are both methyl and having the

dialkylamino group in the meta position, when R, is methyl and R,
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is hydrogen, R, is neither siydrogen nor methyl, and when R2 and Ry

e’
[P g

REMARKS
The claims in the application are claims 14 to 25. Claims 23
and 24 were indicated as allowable in the parent application.
Volume 29 of Advances in Behavioural Biology brought to the

attention of the Examiner was published approximately the middle

of 1986. The Weinstock et al. afticle, p. 539 to 549, was reported

at the 30th OHOLO Biol. Conference in Eilat, Israel on March 24 to
25, 1985, This conference had previously been mis-identified as
the 3rd. and the daée 6f Noveﬁbervinstead of March.

The article in "Adv;nces in Behavioral Biology" is not prior

: .
art. The evidence of this article has not been presented earlier

because it is basiély the‘same data as is included in the patent
application specification. The article is cited now in order to
show that the datal was presented in a recognized scientific
pﬁblication.

The compounds.of Aeschlimann have’noﬁ been compared because
it is believed that they are not as close to miotine and to the
Meltzer compound than the RA compéunds of Table 1 which all have
the dialkylaminoalkyl groﬁp.in the meta position, whereas the only

compound specifically mentioned in Aeschlimann with a dialkyl group
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. Page Six

has the ortho configeration. The therapeutic ratio of RA10 is

comparable to the claimed compounds as can be seen.by reference to

Table 3 but RA10 has a short duration of action compared to all the.

other RAs tested as can be seen by reference to Table 2.
For the reasons given hereinabove it is believed that all of

. the present claims are allowable.

Re 1y submitted,

TRichard T. LakdgHlin
- Attorney for Applicant

CERTIFIC UNDER 37 CF a

N

I hereby certify -that this correspondence is being
depcsited with the United States Postal Service as first class mail
in an envelope addressed to: Commissioner of -Patents and
Trademarks, Washington, D. C. 20 7 March 8, 1989.

RicKard T. Laughlin
Dated:__/#ecws &, (78}

304 -

NOVARTIS EXHIBIT 2058

Noven & Mylan v. Novartis & LTS Lohmann
IPR2014-00550

Page 305 of 372



bt ey 4y e

T TION

This is to certify that the attached copy is a true copy of.
United States patent application Ser. No. 185,451 filed April 25,

1988, entitled PHENYL CARBAMATES as filed in the United States
Patent and Trademark Office on that day.

O()Wa, OZD /@M«d

Loretta L. Dascoll
Notary Public

Dated: March 8, 1989 : LORETTA L. DASCOLL
’ A Notary Pubfic of New Jersey
My CDmmmion Expires June 3, 1981
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UNITED STATES DEPARTMENT OF COMMERCE
Patent -and Trademark Office

Address : COMMISSIONER OF PATENTS AND TRADEMARKS
Washington, D.C. 20231

[ “semiaL NumBer | REcCEIPTOATE |- FIRST NAMED APPLIGANT | ATTORNEY DOCKET NO. |
07/320,700 03/08/8%9 ROSIN M 4691022 .
- 7

AN fess must be patd pursuang
to the new fee schedule
published at 84 F.R. 6803
effective April 17, 1989,

000
05/09/89

RICHARD T, LAUGHLIN
LAUGHLIN, MARKENSOHN: LAGANI & FEGG
129 HEADQUARTERS PLAZA .
L_HDRRISTONN; NJ 07960 - -

DATE MAILED: -

NOTICE OF IMPROPER FWC FILING UNDER 37 CFR 1.62
NO FILING DATE GRANTED

The above identified application was déposited under 37 CFR 1,62 as a
file wrapper c_:ontinuing application but is. improper and has not been
granﬁed a filing date for the reasons shown below: i

1. The application does not include the éorrect serial number
including filing date or series code of the prior application,

2. The application, which is not a continuation-in-part, was not

: filed by the same or less than all the inventors named in the
prior application and no petition for correction of inventor-
ship was filed.

3. The application, which is a continuation-in-part, does not
identify the names of all the inventors (37 CFR 1.41 (a)).
The application uses "et.al" but only one inventor was named
in the prior application, o

V// 4. The filing included a new specification or copies of a specifi-
) cation from the prior application. Under 37 CFR 1.62, all
changes are required to be made in the form of an amendment
to the prior application as it exists at the time of filing
the application undetr 37 CFR 1.62. Therefore, it is unclear
whether filing under 37 CFR 1.60 or 1,62 was intended. !

5. The request does not include an orginal signature of the in-
. ventor(s), assignee of the entire interest, or registered
~attorney or agent. ’ '

6. The application was not filed before the payment of the issue
fee, abandonment of, or termination of proceeding on the
prior application:

: a) The issue fee.was paid on the prior application on

b) ‘The prior application was abandoned, .or proceedings
terminated on : . ’

c¢) The prior application was abandoned by the filing of
application serial number . )
on , under 37 CFR'1.62.

7. The brior application was not complete as set forth in CFR
1.51(a). ) ) :

Any request for review of this matter should be made by way of petition
directed to the attention of the Office of the Assistant Comm;ss;onzr

: . ' ition must be accompanied by the appropriate fee
f?? g?ﬁeg?§7 (ﬁ??? p%% thg petition alleggs that %o defegg eg}sts, a
request for refund of the petition fee may be included. Applicant has
TWO MONTHS from the date of this notice to submit a petition to avoid
‘furthér processing as an improper application with no filing date granted.

{ 4 )
Brafich 4 : ' -306 -
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i

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE. s

e

Office of Assistant
Commissioner For Patents

" Commissioner of Patents and Trademarks

" Washington, D. C. 20231

PETITION FOR_ASS ING A FI G _DATE T

By a letter dated May 9, 1989 Applicants were informed that
a filing date of the subject patent application would not be

granted because:

The filing included a new specification or copies of a

specification from the prior application. Under 37 CFR

1.62, all changes are requlred to be made in the form of

an amendment to the prior applicatmn as it exists at the

time of £iling the application under 37 CFR 1.62.

Therefore, it is unclear whether filing under 37 CFR 1.60

or 1.62 was intended.

This Petition request that the filing date be granted.

As applicants understand the basis for refusal it is grounded
on the belief that applicants did not indicate whether it was the
intention of applicants to abandoned the parent application and
therefore the new application be an application under 37 CFR 1.62
or to keep the parent application pending under 37 CFR 1.60. It
is applicants position that the_application meet each of the

requirements of 37 CFR 1.62 and that it was clearly indicated in

040. 05/26/89 320700 ‘1 124 120.00 CK
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the bapers filed fhat this was the intention of applicants. It is
not seen how the application could be refused the filing date.

At the time of filing, applicants, through theif attorney,
filed a certified copy _c:f the parent application (See the attached
Exhibit a) aloﬁg wi'éh an amendment amending the claims of the

- parent application. Further the document filed at that time
entitled "REQUEST FORM FdR FILE WRAPPER CONTINUING APPLICATION
UNDER 37 CFR 1.62" would seem to clearly indicate that it was the
intention to file under 37 CFR 1.62 and not 1.60. Further in the
paragraph which appears in the middle of page 2 of that document
vapplican‘ts request thebabandonment of the paz;ent appliéation. In
view of these filings the application had to be under 37 CFR 1.62
and not under 37 CFR 1.60. still further in the amendment
a'ccompanied the application it was also clear that the provisions
;:t; 37 CFR 1.62 were' being followed. Additionally in paragraph
Ax.mumbered 6 in :the conveying form it was requested to amend the
speéifiéa‘;ion to state that the application is a "continhuation" of
-‘thebparent application.‘ In view of these filings it is not seen
wﬁat Ielse applicants could have done to .meet the requirements of
37 CFR 1.62 and it is believed that they did comply with all of the

requirements.
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Tt is respectively requested that in view of the aforesaid
comments that this petition be granted and that the application be
‘given the filing date of March 8, 1989. In view of the fact that

all of the requirements were meet, it is requested that the

Pétition fee be refunded.

Res

Laugklin
Attorney for Applicants
Laughlin, Markensohn, ‘Lagani & Pegg
129 Headquarters Plaza

Morristown, New Jersey 07960
,201-539-0080

CERTIFICATE OF MAILING (37 CFR.1.8a)

I hereby certify that this paper (along with along with any
paper referred to as being attached or enclosed) is being deposited
with the United States Postal Service on the date shown below with
sufficient postage as first class mail in an envelope addressed to.

the: Commissioner of Patents a marks, Washington, D. C.
20231, /l}j‘
Date: May 19, 1988 ~“Kichard T. Laughlin

Laughlin, Markensohn, Lagani & Pegg
. 129 Headquarters Plaza . :
Morristown, New Jersey 07960

(201) 539-0080 -
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CERTIFICATION

This is to certify that the attached copy.is a true copy of
United States patent application Ser. No. 185,451 filed April 25,
1988, entitled PHENYL CARBAMATES as filed in the United States
Patent and Trademark Office on that day.

‘SCLiZZa; b A9444upéﬁ

Loretta L. Dascoll
Notary Public

Dated: March 8, 1989 LORETTA L DASCOLL
; A Notary Public of New Jersey
My Commission Expires June 3, 1991

Ex e A"
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Patent and Trademark Office

% # | ASSISTANT SECRETARY AND GOMMISSIONER
ey of ¥ OF PATENTS AND TRADEMARKS
Washington, 0.C. 20231

JUL 19 1989

GUPY MAILED
Richard T. Laughlin : 'JUL 161989
Laughlin, Markensohn, Lagani & Pegg
129 Headquarters Plaza CoMM ASSISTANT
Morristown, NJ 07960 ' ISSIONER'S OFFicE

In re Application of

. Marta W, Rosin et al
Serial No. 07/320,700
Filed March 8, 1989
For: PHENYL CARBAMATES

DECISION ON PETITION

“ on es oo 4o

This is a decision on the petition filed May 24, 1989 requesting
that the above-identified application be treated as a proper
continuation application under 37 CFR 1.62,

When the application was filed, it included a form requesting a
continuation under 37 CFR 1.62 but the proper procedures were nhot
followed for filing a FWC application. :

Accordingly, in response to a Notice of Improper FWC Filing Under
37 CFR 1.62 mailed May 9, 1989, the present petition was filed
requesting the PTO to accept the application as one filed under
37 CFR 1.62.

When petitioners originally filed a request for a continuation
‘application under 37 CFR 1.62, they submitted a certified copy of
the prior application along with the request. Such a copy is

usually filed with a request for an application under 37 CFR 1.60

(see 37 CFR 1.60(b)). 37 CFR l1.62(a) states that

“"An application filed under this section will utilize
the file wrapper- and contents of the prior
application to constitute the new continuation...”

Therefore, petitioners' intentions were unclear and resulted in
the need for special handling of the application. Thus, the
present petition and petition fee were necessary to correct
applicants' filing error.

Since the petition clearly states that it was applicants'
intention to file the application under 37 CFR 1.62, the copy of
the prior application filed on March 8,.1989 is considered
withdrawn and will not be entered or used in the prosecution of
the present case. :

The petition is granted.
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Serial No. 07/320,700 . ' Page 2

The application is being forwarded to Application Branch for
further processing as a continuation application under 37 CFR
1.62 of application Serial No. 185,451, with a f£iling date of
March 8, 1989.

. Franklin Burnett
pecial Assistant to the
Assistant Commissioner for Patents
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- 320700 %
CERTIFICATION UNDER 37 CFR 1.i0 e /;ST

I hereby certify that this transmittal form and the documents
referred to as enclosed therein are being deposited with the United
States Postal Service on this March 8, 1989 in an envelope as
"Express Mail Post Office to Addressee" Mailing Label Number

B14219802 addressed to the "Commige of Patents and Trademarks,
Washington, D. C. 20231.

pate: /TAgcis 51}‘_&?

REQUEST FORM FOR FILE WRAPPER CONTINUING APPLICATION
UNDER 37 CFR 1.62

469-102-2

Prior Application: Ser. No. 185,451
Filed 04/25/88

Entitled: Phenyl Carbamates S0/

Group Unit 126
Examiner: Michael L. Shippen

Commissioner of Patents and Trademarks
Box FWC
wWashington, D. C. 20231

This a Request for filing a [] continuation-in-part [x]
continuation [] divisional application under 37 CFR 1.62 of prior
application Serial No. 185,451, filed on 04/25/88, entitled Phenyl
Carbamates which in tern was a continuation of application Ser. No.
835,466 filed March 3, 1986 with the same title, by the following
named inventor(s):

Full Name |Family Name |First Given Name [Second Given Name
of Rosin ({00 = Marta W.

Inventor : ]

Residence/Post| . City State/Foreign Country of

Ofice IL)( .

9 Herzog Str., Jerusalem, . Israel

Citizenship. | Isreal
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Full Name  |Family Name  [First Given Name '|Second Given Name

of Shorev
Inventor o)
Reiidence/Post City State/Foreign Country of
Ofice

135/4 Feihstein, Jerusalem, Israel

Ccitizenship ' Isreal

, | ‘

Full Name | Family Name |First Given Name |Second Given Name
of Tashma Zeev '

Inventor (/Q§OU

Residence/Post City A State/Foreign Country of

Ofice ’

2 Shahal Jerusalem -IJ‘X Isreal

Citizenship | Isreal

The above identified prior application in which no payment of
the issue fee, abandonment of, or termination of proceedings has
occurred, is hereby expressly abandoned as of the filing date of
this new application. “Please use all the contents of the prior
application file wrapper, including the drawings, as the basic
papers for the new application. (note: 37 CFR 1.60 may be used for
applications where the prior application is not to be abandoned.)

1. [1 Enter the amendment previously .= filed on
under 37 CFR 1.116 but unentered,
in the prior application. . .

2, [X] A preliminary amendment is enclosed.

The filing fee is calculated on the basis of the claims existing
in the prior application as amended at 1 and 2 above.

CIAIMS|(1)FOR | (2)NUMBER FILED | (3)NUMBER EXTRA | (4)RATE 1 (5)
CALCULATIONS

-| TOTAL ]

) ‘CLA_IMS ‘ -20= | lx $12.00=| $

l |

_3,,'.|

INDEPEN-
DENT
CLAIMS

X $34.00=
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I l | -
//// [MOLTIPLE DEPENDENT CLAIM(S)(IF‘APPLICABLE)[+$li0.00=[
| | | BASIC FEE $340.00

Total of above $340.00

Reductions by 1/2 for filing by small entity
(Note 37 CFR 1.9, 1.27, 1.28). If applicable, -
verified statement must be attached.

TOTAL = $340.00

3.[] The Commissioner is hereby authorized to charge fees under 37

CFR 1.16 and 1.17 which may be required, or credit any overpayment
to Deposit Account No,

4, [X] A check in the amount of §$ 340.00 is enclosed.

is a continuation-in-part which discloses and claims

5.[] A new oath or declaration is included since this application
\I' additional matter.

6.[X] Amend the specification by inserting before the first line
the_sentence: )

;Z "?(, . This application is a continuation of application Serial No.
s '.’.6 185,451, filed on 04/25/88, ‘entitled Phenyl Carbamates which in
.7;"’2

U 1986 o

! A

/40 tern was ontinuftioa of; application Ser. No. 835,466 filed March

7.0} A verified statement claiming small entity status is
enclosed. ' (necessary even if a statement was filed in the prior
application).
/\/’ 8. [X] Priority of application Serial No. 74497 filed on 5/5/85
2 in Israel is claimed under 35 U.S.C. 119.

and the assignment is recorded in the U. S. Patent and Trademark

9. [X] The prior application is assigned of record to Proterra AG
f Office at reel 4545, Frame 863.

10.(] The power -of attorney in the prior application is to:
/ ‘Richard . T. Laughlin. o

(\ 11.[{)] Also enclosed

Address all future communications to: (May only be completed by
applicant, or attorney or agent of record)

/ Richard T. Laughlin, Esq. (00/
\ ) - Laughlin, Markensohn, Lagani & Pegg (poc.?/

3
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129 Headquarters Plaza 70/\ 20
Morristown, New Jeérsey 07960 / 4
Tel. No. (201) 539-0080

It is understood that secrecy under 35 U.S.C. 122 is hereby waived
to the extent that if information or access is available to any one
of the applications in the file wrapper of a 37 CFR 1.62 appli-
cation be it either this application or a prior application in the
same file wrapper, the Patent and Trademark Office may provide
gsimilar information or access to _all the other applications in the

same file wrapper. ﬁ

LaGgfilin
Attorney of Record

DATE March 8, 1989
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In re application of: Rosin

Serial No. 320,700 Group Art Unit: 128 Jc:
B ey

M. Shippen P
Examiner weond

Filed: 03/08/89

et oo e o4 4o we ae

For: Phenyl cCarbamates .1
[Wp)

AMENDMENT

Commissioner of Patents and Trademarks
Washington, D. C. 20231

Dear Sir:

: Plgase amend the abové,identified applicatioﬁ as follows:

\ THE CLAIMS
\. . Cancel all of the claims and substitute the following claims:

R

N~-cyclohexyl-3[1-(dimethylamino)ethyl]phenyl carbamate
2 "y
and pharmacologically acceptable salts thereof.

2

%. N-allyl-agl-(dimethylamino)ethyl{,]phenyl carbamate and .
/ pharmacdl,\ogically a::.ceptable salts ‘thereofl. '
6 . . 5. ‘ N-ethyl, N-—methyl-:s"[l-(dimethylamin_o)ethyl]phenyl
ci;bamate and phérmacologicallybaiéeptable salts there_of.I
. A method of treating a subvj'ect suffering from senile
dementia, Alzhéimerls disease, Huntingdonls chorea, tardive
dyskinésias, hyperk;nesia, mania, acute c;nfusion disorders,
Friédrich;s ataxia and Down's syndrome, which‘ ‘ccmprises
. administe;ing to such a subject a therapeutically effective amount )

of a compound selected from the group consisting of N-cyclohexyl-

" 3[1-(dimethylamino)ethyljphenyl carbamate, N-allyl-3 [“1&~

L
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(dimethylamino)ethyljphenyl carbamate, N-ethyl,
3

. . |
(dimethylamino)ethyl]phenyl carbamate, and pharmacologizally

aécaptable saltsvthéreof.. - ;J 'q

; ;
/ T

P —— S G

2]
Claims 14, 15 and 16 were allowed in the parent applicagion.

Claim 17 is a method claim directed to the use of the compounds of

' the other claims and should be allowable for the same reasoné that

the product claims were allowed.

- It is respectfully requested that the claims remaining in the
application be allowed.

Respectfully submitted,

- Richard T. Laughlin(J
Attorney for Applicants
129 Headquarters Plaza
Morristown, New Jersey 07960
201-539-0080

CERTIFICATE OF MAILING (37 CFR.1.8a)

I hereby certify that this paper (along with along with any
paper referred to as being attached or enclosed) is being deposited

- with the United States Postal Service on the date shown below with

sufficient postage as first class mall in an envelope addressed to
the: Commissioner of Patents and Trademarks,-Washington, D. G.

20231. t

Date: July aé ,1989 Helen S. Lowenstein

Laughlin, Markensohn, Lagani & Pegg
129 Headquarters Plaza
Morristown, -New Jersey 07960

(201) 539-0080

n
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| uNITED STATES DEPARTMENT OF COMMERC
.Patent‘'and Trademark Office ~ - " - "

- Address: COMMISSIONER OF PATENTS AND TRADEMARKS ° .
. Washington, 0.C. 20231 | R

[ SERIAL NuuBER I FILNG DATE | | FIRST NAMED INVENTOR
S BG4S RESTIN

[ ATTORNEY DOCKET NO. |

L) . TOY.LU&.'C‘
RICHARD T+ LALGHLIN o L EXAMINER }
LAUGHLXNy MARKENSOMN: LAGANT & FEGG SHIPPENsM
29 HEADBUARTERS PLAZA.
MORRISTOMNy NJ 07940 [ arTuMT | PAPERNUMBER |
- jypx)

20

DATE MAILED:  (9/26/89

This is a communication from the examiner In charge of your appiicaton.
COMMSSIONER OF PATENTS AND TRADEMARKS

3 [€/€5

ﬂ This application has been examined /@ Responslve to communicatlon filed on [ this action 18 made final.,
. e t— \
A shortened statutory period for response to this action ia set to expl month{s), .. days from the date’of this letter,
Failure to respond within the period for résponse will cause the ' tob b d 35U.8.C. 133

Part ‘THE FOLLOWING ATTACHMENT(8) ARE PART OF THIS ACTION:

1. g‘Notlco of References Cited by Examiner, PTO-892. 2. O Notice re Patent Drawling, PTO-948,
3, Notice of Art Cited by Appiicant, PTO-1449. 4 [ Notice of Informal Patent Application, Form PTO-152,
s, [ information on How to Effect Drawing Changes, PTO-1474, s O - '

Partht SUMMARY OF ACTION

1 g Claims - 3&—' L// . are pending In the

PP

Of thie above, clalrr‘u are di from atlon.
2. [0 claims have been lled
'8, O Claims are allowed.
K p Claims 38"' L// » are rejected.
8. [J claims are objected to.
e, [ Claims are subject to restriction or election requirement,

7. O m™is application has been filed with Informal drawings under 37 C.F.R. 1.85 which are acceptabie for examination purposes.

s, [J Forma drawings are required in response to this Office action.

9. [ The corrected or substitute drawings have been d on . Under 37 C.F.R, 1.84 these drawings
we [J D I not (se0 h or Notice re Patent Drawing, PTO-848),
10; [ e proposed additional or substitute sheet(s) of ings, filed on has (have) been m] approved by the

examiner, [J disapproved by the examiner (see expianation),

. D The proposed drawing correction, filed on has been (] approved. ] disapproved (see explanation),

12 ﬁ Acknowledgment is made of the claim for priority under U.S.C. 118. The certified copy has 3 been recolvodﬁ not been received
O been filed In parent serlal no. ; filed on .

13, [J Sincethis application appsars to be in condition for aliowance except for formal matters, prosecution as to the merits Is closed In
' accordance with the practice under Ex parte Quayle, 1835 C.D. 11; 453 0.G. 213,

1. (J other
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gerial No. 320,700 -2~
Art Unit 126

The claims presented in the papers filed March 8, 1989 .and
July 31, 1989 have been renumbered in accordance with 37 CFR
1.126.

The following is a quotation of the appropriate paragraphs
of 35 U.8.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.

(b) the invention was patented or described in a printed

publication in this or a foreign country or in public use or

on sale in this country, more than one yvear prior to the
date of application for patent in the United States.

Claims 38-41 are rejected under 35 U.S,C. § 102(a or b) as
being anticipated by Weinstock, or the 30th OHOLO Biol Conference
wherein the Weinstock paper was presented, or any published
abstract of the paper presented at that conference. Applicants
state in the paper filed March 8, 1983 that the Weinstock article
was published "approximately in the middle of 1986." The instant
application is entitled to the benefit of a parent application
filed on Maxch 3, 1986. From applicants' statement the actual
publication date of the Weinstock reference is unclear. It may
in fact be earlier than the effective filing date in the United
States making it prior art under 35 USC 102 (a). The conference
was'clearly held before the effective filing date of the instant

application make it prior art under 35 USC 102 (a), note

Massachugetts Institute of Technology v. AB Fortia, 227 USPQ 428.
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Serial No. 320,700 -3~
Art Unit 126

Any abstract of the article presented at the meeting would also
constitute prior art under 35 USC 102 (a) and if published more

‘-than one year before the United States effective filing date
would it would be prior art under 35 USC 102 (b). In their
response applicants should indicate the earliest actual
pubiication date of the Weinstock article known to them. They
should also identify any such abstracts cited abéve and the
actual publication dates thereof {(a copy should also be
supplied) .

Applicants' priority date is noted; however, the right of
priority has hot been perfected under 35 USC 119 and as such the
claims are not entitled fo the priority date, also note MPEP
201.15.>

The following is a quotation of 35 U.8.C. § 103 which forms
the basis for all obviousness rejections set forth in this Office
action:

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.

Subject matter developed by another person, which qualifies
as prior art only under subsection (f) or (g) of section 102
of this title, shall not preclude patentability under this
‘section where the subject matter and the claimed invention
were, at the time the invention was made, owned by the same
person or subject to an obligation of assignment to the same
person.
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Serial No. 320,700 -4~

Art Unit 126

Claims 38-41 are_rejected under 35 U.8.C. § 103 as being
unpatentable over Weinstock, or the 30th OHOLO Biol Conference
wherein ﬁhe Weinstock paper was preéented, or any published
abstract of the paper presented at the conference. The
references are applied as above. If they do not anticipate the
claims they at least regder the claims cbvious.

The remaining references are cited as of interest. It is
noted that the rejections of the claims over such prior art was

overcome in the parent application USSN 185,451,

A L

MICHAEL L. SHIPPEN

PRIMARY EXAMINER
MShippen . ART UNIT 126
September 25, 1989

-322-

NOVARTIS EXHIBIT 2058

Noven & Mylan v. Novartis & LTS Lohmann
IPR2014-00550

Page 323 of 372



TO SEPARATE H"‘"'\{OP AND BOTTOM EDGES, SNAP—APART AND "”" 5

— > .-
[FORM PTO-892 U.S. DEPARTMENT OF COMMERCE SERIAL NO. - JUPARTUNIT
(REV, 3-78) PATENT AND TRADEMARK OFFICE

ATTACHMENT
T0

326700 | (26 waer 120

NOTICE OF REFERENCES CITED - [APRLicaNTES]

Posiw, eTal

U.S. PATENT DOCUMENTS

. DOCUMENT No. oaTe Name cuass | Ak [AremormaTe
NallBlsr 20 \4-1232 | Beschlimaunn - Hsto|32
. 1312210 HAS | 71942 l?-(’go[\!:w‘.amn Seoll36
'\)XC;‘L/QZ 20101 /=1950 | Aesclylinann A TEAA
,7("'23(9 2151018 |/ fg et | Shvens _1S=l/3e
E . , .
F "~k
- .
H
i
J
K .
FOREIGN PATENT DOCUMENTS
. bocumenTno. | oAt counTRY nae~ " [eunss | U %E%éis*
N Lo 3225131 94958 | Germany .(f“?f—'afca‘j; SToll 3¢
™ . —
- : -
0
Nl
B o

v OTHER REFERENCES {Including Author Title, Date, Pertment Pages, Etc.)

,,‘ S'{?c\.m‘uv\ 51051&0\/\/;1 u‘,/ 'Tm.w-wnf LU m 7/?-3% (192¢0)

Wassev‘mbLn Yroc. Natl, Aeud SL:' US‘ﬁ 27 y)‘-/X-/z) ¢ cref2)

o‘v WB.AM Tﬁzm Bod Cliow, [3 ") 200~sf Cl?z )

ﬁﬂrrv gm.me ﬂmm«aw/ za ;/3;34 ~3 ((F7L)

I3

rHein vameos 1w Beh,ﬂwwww gu){a;,/v 24

oss? 4g [ (986D

_,,_Lawwe Ha?mbs/zzsm {0 W?/S"/? ((g¢1)

<X >‘<“7<2$-><_?€_

EXAMINER

7 '
Mt’/?LL{’r" Batoms!, DE’C&%#M?,,,}; 2 ([767)
K /Ii S[/“’fap{“’\ : Q/ZZ'/%

* A copy of this reference is not being furnished with this office action,
(See Manual of Patent Examining Procedure, section 707.05 (a).)

-323.-

NOVARTIS EXHIBIT 2058

Noven & Mylan v. Novartis & LTS Lohmann
IPR2014-00550

Page 324 of 372



oul Hicheat Shippe
1ZL

LA
In re application of: Rosin

Serial No. 320,700 Group Art Unit: 126

s o4 os os sa 2o ee

. | Clnea
Filed:  03/08/89 M. shippen ~&
. Exanminer
For: Phenyl Carbamates
‘ AMENDMENT
Commissloner of Patents and 'I’rademarks o
Washington, D. C¢. 20231 R
e o
Dear Sir: . ™
N

This is in response to the Official Action of September 26,
1989.

The article appearing i'n Advances in Behavioral B‘“iolégy, 29
p 539-49 (1986) was a report of an oral lecture delivered by
Professor Weinstock-Rosin at a Congress which took place in Eilat
dﬁring the period of March 24th through March 27, 1985 which wa‘s
three weeks after the convention date. There is no publication
date of the article and the only information is the copyright.date
of 1986 appearing in the volume. Professor Weinstock-Rosin has.
examined Volume 29 and can give no better date. No written
material or abstracts were distributed at or bef‘orevthe conference
and the first written material was the aforementioned article.

In Viéw of tﬁis information it is submitted that the

references relied on are subsequent to the convention date of the

Israéi pateﬁiegmﬁaﬁ%%iﬁi‘ise on March 5, 1985, and therefore can
Moy 2
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Page Two - Ser. No. 320,700

not anticipate the invention as defined in the claims. For these

reasons reconsideration of the rejection is

spectfully Z&mZd .

Richard T. Laughlin
Attorney for Applicants

129 Headquarters Plaza
Morristown, New Jersey 07960
201~539-0080

respectively
requested.

CERTIFICATE OF MAILING (37 CFR.l.8a)

I hereby certify that this paper is being deposited with the
United States Postal Service on the date shown below with
sufficient postage as first class mail in an envelope addressed to
the: Commissioner of Patents
20231, ;

Date: November 15, 1989

h
. Laughlin, Markensohn, Lagani & Pegg
129 Headquarters Plaza
Morristown, New Jersey 07960
(201) 539-0080
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os ae en

Serial No.: 320,700

Group No.: Art Unit 12%

Filed: 03/08/89 Examiner: Michael L. Shippen

os ae oo e

For: Phenyl Carbamates
Commissioner of Patents and Trademarks

Washington, D. C. 20231

AMENDMENT - o)

This is in further response to the Official Act{énbpdf

September 26, 1989. -

Attached hereto are the priority documents which Hs a
certified copy of the priority application which was filed in
Israel.

It is believed that the filing of this document overcomes the
date of the references and acéordingly it is respectively requested
that the application be passed to issue.

For the reasons given .hereinabove reconsideration of the

rejection of the application €a stly solicited.

Attorney For applicant

Richard T. Laughlin
Ribis, Graham and Curtin
4 Headquarters Plaza
P.O. Box 1991 .
Morristown, New Jersey 07960
(201) 292-1700
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I hereby certify that this paper (along with along with any
paper referred to as being attached or enclosed) is being deposited
with the United States Postal Service on the date shown below with
sufficient postage as first class mail in an envelope addressed to

. the: Commissioner of Patents Trd ks ) Washington, D. C.
20231.
— .,
Date: December 18, 1989 ~ Richard’?. Laughlin
sl
“
"
o]
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PHARMACEUTICAL COMPOSITIONS AND PHENYL CARBAMATE DERIVATIVES

DRIRATD 5735 AV MThPIn MAYTwn

-330-

NOVARTIS EXHIBIT 2058

Noven & Mylan v. Novartis & LTS Lohmann
IPR2014-00550

Page 331 of 372



AP Y

The present invention relates to novel phenyl carbamates
which are useful as pharmaceutical compositions. The invention further
relates to phannaceut1§a1 compositions having anticholinesterase activity.
Acetylcholine is a major neurotransmitter which is found in all

parts of the body. Any reduction in tts activity, either as a result

of neuronal damage, degeneration etc. or as induced by drugs or toxins,
causes marked changes in the function of the organism., Acetylcholine
itself has an extremely short half life, §ince it is rapidly hydrolysed
at 1ts site of action and in plasma by specific cholinesterase enzymes.
Drugs that inhibit acetylcholinesterase, markedly increase and prolong
the action of acetylcholine, thereby enhancing cholinergic transmission.
Three such agents are used clinically, i.,e., physostigmine, a naturally
occurring alkaloid, and two synthetic analogues, neostigmine and pyri;
dostigmine, The latter two aggnts are stongly ionised at physiological
pH and therefore are only poorly absorbed from the gastro-intestinal
tract, and do not penetrate the central nervous system to any s1gn1f1can;'
extent, Physostigmine is absorbed after oral administration and readily
enters the brain, As a therapeutic agent it has several disadvantages.
It is chemically uﬁstab1e and must be prepared in solution with an anti-
oxidant, and protected from light. It has a relatively short half-1ife
{20-40 mins) thereby necessitating frequént administration. The latter

is of particular importance when the drug is to be administered chronically.

1t has a low therapeutic ratio, a yaTue of 4-5 being reported in the majority

of studies in laboratory animals, and a small therapeutic window, 1.e,
small range of dose in which it can be given without the accompaniment
of side effects. Although physostigmine s absorbed from the gastro-

1ntestina1 tract, this is reported to be 1rfegu1ar and unpredictable, -

) and therefore it is usually preferred to administer the drug parenterally.

This is a serfous drawback if 1t is to be used chronically on an outpatient

basis.

-2
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There are a number of clinical and pathological conditions which.
are associated with chol1ner§1c under-activity which can be improved by
the administration of an ant{choline;terase agent, These include
reduction in cholinergic transmission:induced by a variety of éxogenous
susbtances acting in the peripheral, or central nervous.system.

Peripherally acting agents are gallamine, d-tubocurarine and pancuronium,

‘which are used as muscle relaxants, Their action can readily be overcome

by an.antichoHnesterase drug. Drugs which interfere with central
cholinergic transmission are numerous, anticholinergic, atropine-

1ike drugs including antiparkinson drugs, tricyq1ic antidepressants,
neuroleptics, opiate analgesics, benzodiazepines and some types of general

anaesthetics, So far the only agent-that has proved to be of any value

_in reversing the effects of the latter group of drugs is physostigmine.

In aH'reported cases of drug overdose or lack of recovery when the agent
was used peri-operatively, physostigmine is usually administered
parenterally, and administration is repeated every 20-30 minutes as
required,

Chronic treatment with neuroleptics often results in tardive
dyskinesias. The widespread use of agents having anticholinesterase

activity for the treatnent of schizophrenia makes this side effect an

-ever increasing possibility. Physostigmine injected 1ntravenous1y'

produces a significant but short lived improvement in a proportion of
pat,ien"cs.

A number of pathological and degenerative diseases has also been

shown to be associated with a reduction or loss of cholinergic transm1ssion.

This includes myasthenia gravis and Eaton Lambert syndrome in which there

is an interference with neuromuscular transmission,

w3
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A selective Toss of choline acetyltransferase (the enzyme that

'synthesises acetylcholine) has been found in specific brain regions of

patients with pre;senfle dementia of the Alzheimer type, These include
the frontal and temporal cortex, hippocampus, amygdala, caudate nucleus’
substantia  innominata. ' Degeneration of cholinergic.neurons in some of
these areas appears to be associated with the aphasia, apraxia, agnosia
and loss of short term memory that occurs in Alzheimer's disease. A
simitar type of dementia is also found in patients with Down's syndrome
that survive to the age of 40 years and show similar cholinergic
deficits. There s also a loss of cholinergic transmission in the
caudate nucleus and putamen of patients with Huntington's chorea.
Physostigmine injections have also been of some benefit iﬁ this
condition. Treatment with a centrally acting ant1cho?1nestérase should
also prove to be beneficial in Friedrich's ataxia.

There are two major classes of potent inhibitors of the enzyme
cholinesterase, The first group was modelled primarily on the natural
alkaloids physostigmine (a carbamate) and an inhibitor of cholinesterase,
and d-tubocurarine, an antagonist‘of acetylcholine, The second group
consists of various organophosphorus compounds, such as diisopropyl-

fluorophosphonate, paraxon etc. The vast majority of the compounds of

‘both these series were designed primarily as insecticides. In the first

group of carbamate derivatives, almost all of the potent insecticides
are monomethy! carbamates lacking a charged nitrogen function. This
enables the molecule to penetrate rapidly the insect cuticle and fatty

nerve sheath, = The dimethyl derivatives are slightly less potent but are
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barticu]ar1y toxic'to houséfljes and aphids, The monomethyl derivatives
‘tend to be unstable in solution and hydrolyse readily at physiological pH.
This greatly limits their Siological action "in mammals and makes them less
suitable as pharmaceutical or therapeutic agents.

The organo-phosphorus group of compounds causes irreversible inhibition
of cholinesterase and other- serine containing enzymes, which, together with
their high relative toxicity, virtually precludes their use in pharmaceutical
preparations. The only exception is echothiopate, a quaternary ammonium

organo-phosphorus compound, employed in eye drops for the treatment of
v glaucoma,

The synthetic anticholinesterase agents currently employed as
pharmaceuticals all contain a charged nitfogen function and can be
broadly classified into 3 groups. '

1) Reversible inhibitors which contain a charged nitrogen function
attached to an aromatic ring, e.g, edrophonium.

2) Dimethyl carbamates with an aromatic or heterocyclic ring
containing a charged nitrogen, neostigmine, pyridostigmine.

3) Bisquaternéry structures, e.g. Demacarium, Ambenonium, These
agents tend to be more selective inhibitors of acetylcholinesterase than
butyrylcholinesterase, compared with the monoquaternary molecules.

' The pharmaceutical application of the quaternary anticholinesterase agents
is limited because of their poor penetration through cell membranes. They
are therefore used for actions outside the central nervous system, and are
usually given parenterally, since they are not reliably absorbed from
the gastrointestinal tract, Edrophonium, neostigmine and pyridostigmine
and the bisquaternary analogues are used in anaesthetic practice for the
reversal of the action of muscle relaxants. They are also used for the

treatment of myasthenia gravis, and paralytic ileus.

-5-
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Physostigmine is the oniy potent anti-cholinesterase agent which
has been used clinically to treat conditions in which an elevation of
brain acetylcholine activity is desired., These include, Alzheimer's
disease, tardive dyskinesias, Down's syndrome and Huntingdon's chorea,
Physostigmine is leo used to reverse the effects of overdose of
Eanticho1inergic agents, anti-Parkinson drugs, benzodiazep1ne§
and opiate analgesics.

Physostigmine is a natural alkaloid extracted froﬁ calabar beans
and the seeds of the vine Physostigma venenosum and has the formula

CH CH

N TN
LT
\'N-c- J

: CHy

cu3/

An object’ of the present %nvention is to provide new carbamate
derivatives which show greater chemical stability than physostigmine.
Another object of thelpresent invention is to provi&e new compounds
which inhibit acetylcho1iﬁesterase in fhé brain for priods exceeding 3 .hours
but not more than 12 hours after a single administration, -
Another object of the present invention is to provide new comeunds
which will be completely and reliably absorbed after oral administration,
Another object of the pre‘s;nt invention is to provide new compounds )
which will be re1ativé1y less toxic than physostigmine, Th-1s means that

the therapeutic ratio, defined as

. dose to produce therapeutic effect

dose to produce mortality in 50% of animals

6=
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should be significantly higher than those of physostigmine and that
the incidence ‘and severity of side effects should be less than those of
physostigmine at therapeutic doses.

Another object of the present invéntion is to provide new compounds
which can be given orally or parenterally to treat chronic conditions in
which it 1s desired to raise cholinergic activity in the central nervous
system. These include, Alzheimer's disease, Down's syndrome, Huntingdon's
chorea, Friedrich's Ataxia.

It is also an object of this invention to provide compounds that can be
given parenterally at the end of operations, and anaesthetic procedures,
to restore wakefulness, respiration and cardiovascular parameters to normal,
after the use of anticholinergic, opiates, benzodiazepines, neuroleptics
and general anaesthetics, thereby shortening the stay of patienté in. the
recovery room, , '

It is also an object of this invention to provide compounds that can L
be{given together with narcotic ana]gesiés to patients suffering from
severe pain, e.g. traumatic, post-operative, or due to carcinomatosis etc.
in order to reduce the side effects (respiratory depression, somnolence,
;onstipation and urinary retention) commonly encountered with narcotics,
without impairing their 5na1gesic potency. o

It is also an object of this invention to provide compounds that can be
given to patients. receiving antipsychotic drugs, which have developed
tardive dyskinesias, in order to dihinish or abolish the latter syndrome,
without exascerbating the psychosis.

According to the present invention it has now been surprisingly
found that certain novel and known phenyl carbamates also inhibit
écety1cho1inesterasevﬁn the mammalian bra1nvafter oral or parenteral

administration,
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Thus according> to the present invention there is now provided
a pharmaceutical composition having antichlorinesterase activity

comprising a compound of the general formula I

1o
o

2
cH !
H-n—""23
!
CH3
Ch,

vherein
Ry is hydrogen, lower alkyl, cyclohexyl, allyl or benzyl,
R2 is hydrogen methyl, ethyl or propyl,:or
R1 and R2 togethgr with the nitrogen to which they are attached form
a morpholino or.piperjdino radical .
or a pharmacologically acceptable salt thereof and a physio]ogiéa1iy
acceptable carrier therefor, |

Two compounds of the above formula, i.e,, the N-methyl and dimethy!l
derivatives have previously been described in thé 1iteratu}e. The former
which is known as Miotine(R) was claimed to be an insecticide and a myopic
agent for use in eye dropg, and the latter has only been described as an
insecticide,

The remaining compounds are believed to be novel and thus the

present invention also provides novel phenyl carbamate derivatives

vo}f the general formula I

-8-
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Said article is however an academic wérk which comes to no conclusions
and does not teach or suggest structural changes in the carbamates
discussed therein.

In an article by Meltzer, CA-71-111828M there are disclosed two
compounds with the code numbers KD 1207 and 1261 which fall under the
proviso of the present invention and provides results as to their
insecticidal activity. There is also a general statement mentioning
that the anticholinesterase activity of alkylphenyl N-methylcarbamates
can be improved by introducing a p~dimethylaminomethyl group. There is
however no alkyli group in addition to the dia]ky]aminda'lky] group in
the compounds of formula I, Thus said article does not teach the

specific compounds of the present invention.

The present invention also provides novel phenyl carbamate derivatives

of the general formula I
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CH
CH- N3

e,

CH3

wherein

R1 is hydrogen, lower alkyl, cyclohexyl, allyl or benzyl

RZ is hydrogen, methyl, ethyl or propyl, or ‘

RT and R2 together with the nitrogen to which they are attached
form a morpholino or piperidino radical and pharmacologically
acceptable salts fhergof. provided that when R2 is methyl, R1 is
neither hydrogen nor methy1.

Preferred compounds of the above formula are N-ethyl-3-[1-(dimethylamino)
ethyl]phenyl carbamate, N-propy1-3[1-(Dimethylam1no}ethyl]pheny1 carbamate,
N-ally1-3-[1-(dimethylamino)ethyllphenyl carbamate, N-ethyl,N-methyl-3[1-
(dimethylamino)ethyl]phenyl carbamate, N,N-diethyl-3[1-(dimethylamino)ethyl]
phenyl carbamate, N-cyclohexyl-3[1-(dimethylamino)ethyl]pheny} carbamate,
NsN-dimethyl-2ll-{dinethytamine tethyHpheny-corbamate, and 3-[1-(dimethylamino)
ethyl] morpholino carbanmoyl phéno]ate.

As indicated, the invention also includes the pharmacologically
acceptable salts of these compounds such as. the acetate, salicylate
fumarate, phosphate, su]bhate, maleate, succinate, citrate, tartrate,
propionate and butyrate salts thereof.

The compounds.of-the present invention can be prepared by the following
processes which processes can be summarized and represented by the following

reactions:

-9
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PROCESS A:

— 0
OH : 0-C-NH-R,
. + R,~N=C=0 ——»
_N-CHs R , cH-NCEMs
THN e L. CH
CH; ! CHJ
.PROCESS B:.
—— (o]
o eon R
OH ‘R,
R1\Iﬂ"c<)"0l _jigﬁi___)- _CH,
~CH, R . CH-N
?H—N\ CH 2 T “CH
H 3 CH, ?

3
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PROCESS A:
A stirred suspension of a-n-Hydroxyphenylethyldimethyl
amine in benzene (0.2 -0.3 g/ml) is treated with 2,5-3 fold molar
éxcess of the isocyanate, After stirring for 15-24 hr at ambient tempera-
ture the reaction mixture is connected to rotovaporator (20 mm Mg).
Thg residue obtained is dissolved in.dry ether (25 ml) and the
soiution. which is ice cooled, is saturated witﬂ dry HC1 (g). The
formed precipitate (the anticipated carbamate ) is filtered

off washed with dry ether (25 ml) and dried to constant weight in N

a desiccator over KOH pellets under high vacuum (0.7 mm Hg).

PROCESS B:

A solution of a-m—hydroxypheny}ethy]d1methy]vamine in dry acetonitrile
(0.1-0.5 M) is reacted with 50-70% molar exéess of the corresponding
carbamoyl chloride in the presence of 200%_mo]an excess of Nah
dispersion (50-80% in mineral 0i1), Reaction mixture is left to stir
at ambient temperature for 15-24 hr, Removal of the acetonitrilé under
reduced pressure (20 mm Hg) is.followed by the addition of water (10-25 mi),
The pH of tﬁe aqueous solution is adjusted to pH = 11 by the addition of the
appropriate amount of NaOh 0.1N followed by extraction with ether (3 x 25 ml),
The conbined organic phases are washed with brine (25 ml) dried over
Mgs0, anhydride which {s then filtered off. The {ce cooled etheral filtrate
is saturated with a stream of HC1(g) resulting in the formation of a heavy
precipitate (the anticipated carbamate) which is collected by filtration
washed with dry ether (20 ml) and dried to constant weight in a desiccator

under high yacugm (0.1 mm Hg) over KOH pellets,

=11=
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The compounds of the invention can be utilized by formulating
one or more of them in compositions such as tablets, capsules or
-elixirs for oral administration or in sterile solutions or
suspensions for parenteral administration, A compoﬁnd or mixture
of compounds of formula (I) or physiologically acceptable salt(s)
thereof is compounded with a physiologically acceptable vehicle, carrier,
excipient, binder, preservative, stabilizer, flavor, etc,, in a unit
dosage form as called for by §ccepted pharmaceutical practice. The
amount of active substance in these compositions or preparations is
such that a suitable dosage is obtained,

I1lustrative of the adjuvants which may be 1ncorporatéd in tablets,
capsules and the like are the following: a binder such as gum tragacanth,
acacia, corn stafch or gelatin; an excipient such as dicalcium phosphate;
a disintegrating agent sucﬁ as corn starch, potato starch, alginic acid
and the Tike; a lubricant such as magnésium stearate; a sweeten1hg agent
sﬁch as sucrose, lactose or sacchariny a flavoring agent such as
peppermint, oi1 of wintergreen or cherry, When the dosage unit form is
a capsule, it may contain in addition to materials of the above type a
Tiquid carrier such.as a fatty oil, Various other materials may be present
as coatings or to otherwise modify the physical form of the dosage unit.
For instance, tablets may be coated with ghe]lac, sugar or both., A
syrup or elixir may contain the active compound, sucrose as a sweetening
agent, methyl and propyl parabens as preservatives, a dye and a flavoring

such as cherry or orange flavor,

-12- )
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' Sterile‘compositions for injection can be formulated according to
conventional pharmaceutical practice by dissolving or suspending the
active substance in a vehicle such as watervfor injection. Buffers,
preservatives, antioxidants and the 1ike can be incorporated as required.

Preferred antioxidants for use with the compounds of the present
invention include sodium metabisulphite and ascorbic acid,

While the invention will now be describéd in connettion.with certa;n
preferred embodiments in the following examples, it will be understood
that it is not intended to 1imit the invention to these particular
embodiments. On the contrary, it is intended to cover all alternatives,
modifications and equivalents as may be included within the scope of
the invention as defined by the appended claims. Thus, the following
examples which include preferred embodiments will serve to illustrate
the practice of this invention, it being understood that'the particulars
descrﬁbedvare by way of gxahp]e and for purposes of illustrative discussion
of preferred embodiments of the present invention only and are presented
in the cause of providing what {s believed to be the most useful and
readily understood description of procedures as well as of the principles

and conceptual aspects of the invention,

-13-
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© EXAMPLE 1
0.5g (3.03 mrﬁole) o - a—m-hydroxyphenylvethyldimethy1am1ne are dissolved
in 15 m1 of dry acetonitrile and 0.70g (5.2 mmole) of diethylcarbamylchloride
are added to the mixture with stirring. This is followed by NaH 150 mg
(50%) of dispersion. The reaction mixture is stirred overnight at
25-30°C, Removal of acetonitrile under reduced pressure is followed
" by addition of water (10 m1) and adjustment of the pH to 11. Tﬁe
product is -extracted in ether.which is washed By brine, dried over
MgSO4 and filtered., Upon addition of HC1(g) precipitation occurs
immediately, the product is filtered off, washed by dry ether and dried

in a desiccator under high vacuum over KOH pellets.

The carbamate is obtained as a white pbwder 640 mg (80%) mp. 137-138° and
identified as N.N-diethy1-3-[1_—(dim_ethylamino)ethyl]phenyT carbamate,

having the formula

i
o-c-N(Et),

@ (‘ZH¥N(Me)2

CH,

-14-
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EXAMPLE 2

0.75 g (4.55 nmo1) of &—m-Hydroxypheny]ethy]dimethylamine are suspended
in benzene (3 m1) and 0.898 g of ethylisocyanate are added to the mixture
with stirring. After stirring 12 hr at room temp. the sclvent is

removed under reduced pressure. The residue obtained was dissolvéd in
dry ether. Introduction of dry HC1 gas into the reaction mixture causes
a heavy precipitation, The product is filtered off, washed with ether
and dried in a desiccator over KOH pellets. The carbamate is obtained

as a white powder 800 mg (75%) mp. 177-179°C and identified as N-ethyl-
3[1-(dimethylamino)ethyl]phenyl carbomate having the formula

0~-CO-NH-Et

_ <|:H~N(rv|e)z
CH,

In a similar manner and following either the procedure of process A or B
described hereinbefore, the following compounds were prepared and coded

for testing as follows:

Compound Ry o Ry gzgggzgtion
Miotine H- CHy- A
RAg He o N Chy=Clly- A
RA 5 H- _ Cli3-CHy=CHp- A
RA{% - (FH3),CH- A
R4 - CHp=CH-CHp- CA
RAqo- Gl CHay B
RA; ciy CHy-fHy- R
RAg - Cll3~CHy - Cll3-Clly- R
RA) H- CeMyy- A
o Sllg=Cllay X
= O\ru ot/
Ha-tll
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EXAMPLE 3

Tests for anticholinesterase activity in vitro

A solubilized preparaﬁon of acety]chorlinesterase was prepared from mouse
whole brain (minus cergbeﬂum). The brain was homogenized (100 mg/m1)
phosphate buffer, pH 8.0), centrifuged, the supernatant discarded, and
the peliet mixed with a similar volume as above of buffer pH 8,0 plus 1%
Triton; mixed, centrifuged and the supernatant which contained.most of
the solubilized enzyme, was used for the subsequent determinations of

anticholinesterase activity.

The activity of the enzyme (rate of hydrolysis of substrate,

acetylthiocholine) was measured using at least 4 different

concentrati‘ons of substrate, and at least 3 different concentrations
A of each iphibitor. The enzyme was incubated with inhibitor Br peri_pds

ranging for 2-180 mins. at 37°C, substrate was then added, and its rate

of hydrolysis measured by the spectrophotometric method of Ellman et al,

(1961),
The-molar concentration of each agent that inhibited the activity of

the enzyme by 50% (I_cso_) at the peak time of activity (15-60 min)

was calculated from this data and recorded .in' Table I hereinafter,

«16~

- 346 -

NOVARTIS EXHIBIT 2058

Noven & Mylan v. Novartis & LTS Lohmann
IPR2014-00550

Page 347 of 372



IN VIVO EXPERIMENTS:

a) Aséessment of acetylcholinesterase inhibition

The effect of each compound on brain acetylcholinesterase in vivo was
measured, after subcutaneous or oral administration to mice. Animals were 5acr1-
f'ic":ed, at different times ranging from 0.25-8 hours after drug administration.
The brain was rapidly removed, and the enzyme acetylicholinesterase extracted and
solubilized with 0.1% Triton, and its ability to hydrolyse acetylchiocheline
assessed'as described above (in vitro experiments), in comparisen with the

enzyme removed from mice injected with normal saline.

b) Assessment of acute toxicity

Mice were given one of at Teast three different doses of each compound,
orally or subcutaneously, a minimum of 10 mice allotted to each dose. The numﬁer )
of animals which died at each dose within 3 hours was determined. From these

data, the LDgg (dose in mg/kg which was lethal to 50% of the mice) was. computed.

This experiment was repeated after the animals had been pretreated with
with atropine sulphate, which blocks both peripheral and central muscarinic
receptors. The data from these experiments enabled the assessment of the relative
degrees of toxicity of the carbamates which result from excessive activation of
muscarinic receptors, and from respiratory muscie‘ paralysis, which is insensit-

ive to.this blocking agent.

=17~
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The incidence and degree of side effects was noted for each dose of drug,
starting with the lowest that caused any significant (>20%) inhibition of whole

brain acetylcholinesterase.

c) Antagoni;m of the somnolent and respiratory depréSSant effects of opiates

Different doses of the carbamate compounds were injected 1ntra(venvously with
morphine in rabbits. Respiration rate, arterial blood gas tensions-and pH were
moni tored continuously before and after drug administration for 4-5 hours. In
another series of experiments the effect of the anticholinesterase drugs was
as-seséed on the analgesic effect of opiates in rabbits after application of a

nociceptive stimulus, i.e. electrical stimulation of the sciatic nerve.

-18-
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Table 1

In vitro activity on solubilfzed mouse brain enzyme

Compound . Ry Ry ICg0(M) Time of peak
activity (mins) -
Physostigmine H CHy 1.1x10-8 30
Miotine H CHy 1.3x1078 30
RAg - H CoHs 4.0x1077 120
RA15 H C4liy 1.1x1077 120
n-propyl
RA4 H CqHg (allyl) 4,3x1077 120
RAj3 H isopropy1 1.2x107° 120
RA, H cyclohexyl. 9.3x1078 120
RA1g CHs CHy— 2t 126
RA7 CHy Colts © 3.0x10°0 120
RAg CoHg . CoMg 3.5x107 30
RATY morpholino > 2x107° 30,
~19-
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Table 2

In vivo activity of compounds on brain acetylcholinesterase in mice

EDgg % fnhib.

Compound | | [~ EDgg [ EDgqg oral
| umoles/kg | after 3hrs | umoles/kg | .
| sub-cutaneous | ! oral | EDgg sub-cutaneous
| { | !
! | ! |
Physostigmine | 0.91 | 0 | 3.6% | > 4.0
Miotine | 1.13 | 5 | 2.3 | 2.0
RAg | 10.6 { 35 | 19.1 | 1.8
RA5 I sl 2 S U N 3.9
- RAyq [ 6.1 |33 | 162 | o2
RAy3 | 40.0 | - | 80.0 ( 2.0
RA1, | 8.7 |37 | 20.8 | 2.4
RA1g | 1.04° I 7 | 8.3 | 8.0
RA; | 6.8 | a1 } 12.0 ] 1.8
RAg - | 56.8 | 32 | s68 | 1.0

*Maximum inhibition obtainable 35%, Higher doses caused very marked side

effects, fasciculations, tremors, diarrhoea, etc.

-20-
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Table 3

Relative potency in vitro and in vivo of compounds compared to that of

physostigmine
Drug | Relative potency | Relative potency | Relative potency
| in vitro | in vivo s.c. { in vivo oral
| A l B 1 ¢
| t .
! | |
Physostigmine| 100 | 100 | 100
Miotine | 85 | 8l i 156
RAg [ 3 | 9 | 19
RA5 1 10 | 30 | 30
RA14 ] 3 1 15 | 22
RA 3 | 0.1 | 2 [ 5
RA; | 12 ] 9 [ 17
RA1q | 41 | 88 | 43
RA; | 0.4 I 13 | 30
RAg N 0.3 | 2 I 6

«21-
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Jable 4

Acute toxicity of carbamates in mice

Therapeutic |  LDgq

Drug | 1) Wbgg | 2) LDgy | Degree of |
: |umoles/kg | wmoles/kg | protection | ratio | umoles/kg -

| s.c. |  after | afforded by | LD50 s.c. | oral

| | atropine* | atropine | EDS5O s.c. ‘|

| I |2)=1) | l

|- I l | |
Physostigmine | 5.09 |  16.4 | 3.2 | 5.6 | 12.0
Miotine | 4.50 | 10.8 | 2.4 | 4.2 | 5.9
RAG | 95.7 | 256.3 | 2.7 | 9.0 | . 206.4
RALS | 28.6 | 139.4 | 4.9 | 9.2 | 1115
RA14 | 64.8 | 147 | B S B U | 161.9
RA13 | 64.3 | 2r18.9 | .3 | 2.1 | 95.6
RAL2 [ 41.5 | 1853 | 35 | 4.8 [ 134.9
RAL0 s | 705 | 57 | 120 | 913
RA7 | 46.0 | 500 | 0.9 | 6.8 | 54,0
RAS |

>568 | -2 | - | >10.0 |-

*/\tropiné sulbhate, 5mg/kg was injected subcutaneously 15 mins before the drugs.
Toxicity 6f this drug' was not tested in the presence of atropine because the

LD5q had ‘ot been reached in the absence of atropine.

The data in Tables 1-3 demonstrate that somewhat larger quantities are

required of all the drugs of the RA series than of physostigmine to fnhibit the

22
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enzyme acetylcholinester'a'ée. However, a comparison of the data in columns B and

-

© € with that in column A in Table 3, shows that compounds RAg, RAy5, RA14, RAyg,

RA; and RAg are all 2-75 times relatively more active in vivo compared to.physo-

stignine than one would expect from the in v_itro data, This greater in vivo

- potency 1is particularly -marked' when the drugs are administered orally, This
rel-aﬂve]y greater in vivo activity may be due to:

a) greater chemical stability

b) a sTower metabolic degradation or/and excretion

c) a higher 1ipid solubility, enab]iqg» a greater propotion of the drug to gain
&cces-s,zto the enzyme in the central nervous system

d) more efficient absorption from gastro-intestinal tract.

For the purposes hof their therapeuﬂq application it is of little import-
éﬁce if one neéds to ‘give the dru.g (to human .subjec.t;) at .a dosé of:I:QInQ (phy~
sostigmine) or 2-50mg thé't may be required -of the compounds of the RA series.
What 1s important is the safety of the drugs and the presence and severity of
side effects that may occur at therapeutic doses. A commonly-used measure of
drug safety is the therapeutic index - or LDSO/EDSd

Dose to kill 50% of animals

Dose to cause the desired therapeutic effect

It 1s assumed that the therapeutic effect of these anticholinesterase

agents results from an elevation of brain cholinergic activity. Thjs in turn,

should be related to the degree of. inhibition of acety]cﬁo]inesterase. For the

-23-
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purpose of the computation of the denominator of the therapeutic ratio, there is
used the dose of drug that inhibits the activity of acetylcholinesterase by 50%.
This is based on the observation by Thal et al. (Ann. Neurology 13: 491, 1983)
that the maximum dfmprovement in short term. memory obtained 1in a series of
'pat1ents with Alzheimer's disease was achieved with a dose of physostigmine
‘which blocked the acetylcholinesterase in the cerebro-'spinal_ fluid by. 50%. The
numerator is the dose found to kill 50% of the animals within 4 hours of a sub-

cutaneous injection.

The therapeutic ratios of compounds RA6,15,14,10 and 8 are all significant-
1y higher than that of physostigmine (see Table 4). This indicates that all
t_hese.corn_pounds have a wider margin of safety than that of physostigmine.
Moreover, these RA compounds do not produce any significant undesirable side
_effects such as defagcation, 1acﬁrymation, fasciculations or tremor at the doses
which inhibit the brain enzyme by 50%, while the former 3 side effects are

clearly evident when physostigmine is given at the appropriate dose (EDgg).

The data in Table 4 show that atropine can afford considerably greater
protection'against the lethality of thg deriva‘,t'lves RA10' RATS‘ RA]éjand RA7..
This 1s particularly important in the treatment of drug overuuse since the
respiratory muscle paralysis which is not affected by atropine and which is the
. cause of death induced by excess drug administration in the presence of atropine

cannot be satisfactorily reversed by specific antidotes.

-24-
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The .duration of significant brain enzyme inhibition (>30%) induced by phy-
sostigmine (ED50 dose) s less than 2 hours. Compounds RAgs RA1g, RA14, RAyp,
RA; and RAg all act for more than 3 hours at their respective EDgy doses and RAg
still causes significant inhibition (36%) after 7 hours. Since none of these
drugs caused noticeable s1debeffects at the EDgy doses, an even longer duration
of action may be-ach1evéd by giving between 50 and 100% larger doses. The longer
du}ation of action is a distinct advantage, particularly if the drugs are to be
admin1stered chronically to subjects suffering from neurological and behavioural
conditions assocfated with a deficit in cholinergic transmission in the central
nervous system, e.g. Alzheimer's disease, tardive dyskinesias, Huntingdon's

chorea, Down's syndrome an Friedrich's ataxia.

The better the absorption of Fhe drug after Oﬁal administration the more
closely the EDgg given by this route resembles that after subcutaﬁeous inject-
1on{ Table 2 shows that all the drugs of the RA series except RAiy are more
efficiently absorbed from the gastro-intestinal tract than is physostigmine. The
higher oral bioavailability of these compounds is a considerable advantége for

their clinical use.

Ay RAg, RAyq and RApg produce significant antagonism of the respiratory
depressant effects of morphine in rabbits for periods lasting between 3-5 hours
depending on the drug and the dose adminﬁstered. The analgesic activity of moE-
phine is not reduced by the RA compounds. Muscle fasciculations are not evident

at the doses of drugs administered. Physostigmine (0.1-0.2mg/kg) antagohizes the
<25
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respiratory depressant effect of morphine for 30-60 mins only and fasciculations

are marked at the higher dose.

These findings show that the RA compounds may be given together with mor-

phine to obtain adequate analgesia without significant degrees of respiratory

depression.

The most preferred compounds of the RA series are RAg, RAjg, RAy,, RAy and

RAg, all of which produce inhibition of brain acetylcholinesterase after parent-
eral administration of significantly longer duration than that induced by physo-
stigmine or miotine. These compounds also have a greater safety margin (thera-
peutic ratio) and show a better biocavailability after oral administration than
physospigmipe. In adqition,‘the acute togicity (Tethatity) 1nduceq by RAy can-RE
decreased more than 10-fold by the antidote atropine, compared to only a 3-fold

increase for physostigmine and miotine.
The next preferred compounds are RA), and RAyp. RAp, has a longer duration
of action and higher oral bioavailability than physostigmine, while RA;q, has a

much higher margin of safety with and without atropine than either bhysostigmine

_or miotine.

-26-
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It.will be evident to those skilled in the art that the invention
is not limited to the details of the foregoing illustrative embodiments
and examples and that the present invention may be embodied in
other specific forms without departing from the essential attributes
thereof, and it is, therefore, desired that the ﬁresent embodiments
and examples be considered in all respects as illustrative and not
restrictive; referencé being made to the appended claims, rather
than to the foregoing description, and all changes which come
with the méaning and range of equivalency of the claims are,

therefore, intended to be embraced therein.
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WHAT 1S CLAIMED IS:

Y. A pharmaceutical composition having anticholinesterase activity

comprising a compound of the general formula I

A
?-C-N/V
N\ &,

\ eH
CH-n" 3

CH
CHy 3

wheréin

R] is hydrogen, lower alkyl, cyclohexyl, aHy.1 or benzyl,

' R2 is hydrogen, methyl, ethyl or propyl, or

R] and R2 together with the nitrogen to which they are attached form
*a morpholino or piperidino radical

or-a pharmacologically acceptable salt thereof and a physiologically

acceptable carrier therefor,

2, A pharmaceutical composition having anticholinesterase activity

according to claim 1 wherein R2 is hydrogen or methyl,

-28-
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3. A phenylcarbamate of the general formula I

0 R
- L
W
2
CH !
g
] CH3' \C”a

wherein

R1 is hydrogen, lower alkyl, cyclohexyl, allyl or benzyi

R2 is hydrogen, methyl, ethyl or propyl, or

R] and RZ togéther with the nitrogen to.which they are attached
form a ‘morpho11no or piperidino radical and pharmacologically
acceptable salts thereof, pvfovide'd that when Ré is methyl, Ry is

neither hydngen nor methyl,

S

. N-ethyl-3-[1-(dimethylamino)ethyl]phenyl carbamate,

5, N-propyl-3[1-(dimethylamino)ethyllphenyl carbamate,

6. N-ethyl, N-n.:ethyl-a[l-(dimethy]amino)ethyl]phenyl carbamate.
7. N,N‘-d1ethy]-B[l-(diméthylamino)ethyl]pheny] carbamate..

8. N-cyclohexyl-a[l-(dimethy]amino)ethyl]phenyl carbamate.

-29.
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9, N-a\1y1-3[1-(d1methylam1no)ethyl]phenyl carbama;e.

10, N-isopropy1§3[1-(diméthylamino)ethy1]pheny1 carbamate.

1. N.N'—Qinxethy]—a[l-(dimethﬂamino)ethy.l]phenyl carbamate.
12, 3-[1-{dimethylamino)ethyl] morpho‘Hno carbamoyl phenolate,

13. A phenyl carbamate substantially as hereinbefore described and

with reference to the examples.

FOR THE APPLICANT
WOLFF, BREGMAN AND GOLLER

LBy | J M\
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Patent and Trademark Office

Address: Box ISSUE FEE
COMMISSIONER OF PATENTS AND TRADEMARKS

Washington, D.C. 20231

r— RICHARD T. LAUGHLIN _—‘ ’
' LAUGHLIN, MARKENSOHN, LAGANI & PEGG
129 HEADRUARTERS PLAZA NEJIDCFSSOSEA:;éEOY)VSSCE
MORRISTOWN, NJ 07950
I£ Note attached communication from the Exariner
3 This niotice Is Issued In view of fied
SERIES CODE/SERIAL NO. [ FiNG DATE [ TotaLclams | EXAMINER AND GROUP ART UNIT [ oatEmareD
07/320,700 03/08/99 004 SHIPPEN, M 126 03/07/90
Fust Named
Appiicent  RDSIN, MARTA W.
THLE OF : )
INVENTIOHENYL. CARBAMATES
] arvsoockerno,  [otass-susciass | maTcnno. | appN.TYPE | - smaLLenTiTy T reeove | DATE DUE
1 4691022 514-484,000 D51 UTILITY NQ $620,00 06/067/30

THE. APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT,
PROSECUTION ON THE MERITS IS CLOSED.

THE ISSUE FEE MUST 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.

HOW TO RESPOND TO THIS NOTICE:

I. Review the SMALL ENTITY Status shown above.

If the SMALL ENTITY is shown as YES, verify your

current SMALL ENTITY status:-

A. If the Status is changed, pay twice the amount of the
FEE DUE shown above and notify the Patent and
Trademark Office of the change in status, or

B. I the Status is the same, pay the FEE DUE shown

" above. . :
II. Part B of this notice should be completed and returned to the Patent and Trademark Ofﬁce (PTO) wnh your ISSUE FEE.

. Even ifthe ISSUE FEE has already been paid by a charge to deposit account, Part B should be completed and returned.
It you are charging the ISSUE FEE to your deposit account, Part C of this notice should also be completed and returned.

IH -All communications’ regardmg this application-must give series code (or filing date), serial number and batch number.
Please direct all communications prior to issuance to Box ISSUE FEE unless advised to the contrary.

if the SMALL ENTITY is shown as NO:

A. Pay FEE DUE shown above, or

B. File verified statement of Small Entity Status before, or with,
payment of 1/2 the FEE DUE shown above,

IMPORTANT REMINDER: Patents Issulng on applicauons filed.on or after Dec 12, 1980 may require payment of
maintenance fees.

2L-85 (REV 12:88]{OMB Chearance s pending) PATENT AND TRADEMAHK.OFFICE COPY

. .
-362 -

NOVARTIS EXHIBIT 2058

Noven & Mylan v. Novartis & LTS Lohmann
IPR2014-00550

Page 363 of 372



PART B - ISSUE FEE TRANSMITTAL
(5.00501

MAILING INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE. Blacks 2 through 6 should ba completed whers apprapriate

All further correspondence including the Issue Fee Receipt, the Patent, advariced orders and notification of maintenance fees will be malled to addressee

[ ck 1 unless you diract otherwise, by: (a) spacifying a new dd in Block 3 below; or {b) providing the PTO with a separate
@ﬁi " ror malntenance fee notifications with the payment of Issus Fes or thereafter, See reverse for Certificate of Malling.

1. dtd\hkspouoﬁucs AODRESS

b

2. INVENTOR(S) ADDRESS CHANGE (complote only If there is a change)
INVENTOR'S NAME

Stregt Address

City, State and ZIP Code
RICHAPD T. LAUGHLIN

LAUGHL IN, MARKENSOHN,
. LE7 HEADRUARTERS PLAZA
MORRISTOWN, NJ 07380

! o e

FILING DATE

LAGANT & PEGH " CO-INVENTOR'S NAME

§mt Address

Cly, State and ZIP Code

[[] check it additiona! changes are on raverse side

SERIES CODE/SERIAL NO, ‘ | TOTALCLAIMS | EXAMINER AND GROUP ART UNIT | DATE MAILED
( . . .
Q7,320,700 33/08/99 a04 T SHIFFEN, M . o 126 NA/97/90
Firat Named ” - i :
At RS T, MARTA W,
TLE OF
INVENTIONMENYL. CARBAMATES
[ ATTVS DOGKETNO, | CLASS.SUBCLASS | BATCHNG, | APPLN.TYPE | SMALLENTTY |  FEEDUE DATE DUE
1 AEFITRR G14-494, 000 51 - UTILITY N FELO, 00 UE/NTSR0
. 3. Further corréspondence to be malled to the foliowing: 4, For printing on the patent front RIBIS, GRAHAM, VERDON
RICHARD T. LAUGHLIN page, list the names of not more than & 4 w
RIBIS, GRAHAM, VERDON & CURTIN 3 registored patant altomeys or RTCHA
4 ’ i %A, P.0. BOX 1991 agents OR alternatively, the name ota 3 RICHARD T. LAUGHLIN
'HEADQUARTERS PLAZA, b firm having as a member a registered
MORRISTOWN, N.J. 07962 attorney or agent. If no name Is .
: - listed, no name will be printed. 3
DO NOT USE THIS SPACE
130 JM 06/12/90 07320700 1142 620.00 CK.
130 JM 04/12/90 07320700 1 501 15.00 CK -
5. A§SIGNMEm DA"i’A JOBE PRIP:{TED ON THE PATENT (pririt or typs). i 6a. Tt!gsfollowlng faes ara enclosed:
(1) NAME OF ASSIGNEE: . Issue Fes Advanced Order - # of Copies 10
i) RRA .
Jﬁ) ] ADDRESSPI(Z(:Y'I;ESHN o ccfm// . '/ 8. The tollowing faes should be charged o: (Minimum of 10)
{ {fPosTsTrRASSE 9, CH-63002UC,. SWITZERLAND B o P UNT NUMBER

—Tﬁ—'—ﬁ"—'——'———T—"——_-_
(3) STATE OF INCORPORATION, IF A.SSIGNEE IS‘k ‘CORPORATION , issue Fee D Advanced Order - # of Copies

SWITZERLAND ‘[ Any Deficiencles in Enclosed Fees (Minimum of 10)
A, 1 This application is NOT assigned R v i
+ [ Assignment previous! 10 the Patent and Trademark Office, i o SO ”’;T. D A DMARKS I roquaslad 1o
[0 Assignment is being submitted under separate cover. Asslgnments should be (S@nature of party nlsrosto (Date) .
directed to Box ASSIGNMENTS. j /}1 /7/‘, y 27 /}}
PLEASE NOTE: Uniess an assignee I$ identified.in Block 5, no assignee data wlil appear <

on the patent. Inclusion of assignee data is only appropriate when an assignment has been

NOTE: The Issue Fee WMOI 6 accapled from anyone other than the

previously submitied to the PTO or Is belng submitted under separale cover, Cx
this form is NOT @ substitute for fling an assignment.

PTOL-868 (REV 12-88)(OMB Clearance is pmdng)

TRANSMIT THIS FORM WITH FEE-CERTIFICATE OF MAILING ON REVERSE

el e

attorney or agent: or the assignes or other party

of 8
In interest as shown by the records of the Patent and Tmmmmk Office.
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. Certificate of Mailing

| hereby certify that this correspondence is being deposited with
- the United States Postal Service with sufficlent postage as first class
. mail in an envelope addressed to:

Box ISSUE FEE
Commissioner of Patents and Trademarks
Washington, D.C. 20231

on — [1AY 37 197
AT ' (Ddte) -
, [Ciciaee T Lavgpern

(Nai pers kin?ep%
£ /31/9,

(Date)

Note: If this certificate of mailing is used, it can only be used to transmit the
Issue Fee. This certificate cannot be used for any other accompanying
papers. Each additional paper, such as an assignment or formal drawings,
must have its own certificate of mailing.

A3 00.058 SHL X ONTOSETC OONSINAG M, 0%t
A2 00.81 1oe X OORORESO OV\SINGD HlL 0Lt

This form is estimated to take 20 minutes to complete. Time will vary
depending upon the needs of the individual applicant. Any comments on
the amount of time you require to complete this form should be sent to the
Office of Management and Organization, Patent and Trademark Office,

" Washington, D.C.. 20231 and to the Office of Information and Regulafory
Aftairs, Office of Management and Budget, Washington, D.C. 20503.

*, ' REVERSE PTOL-35B (REV 12-88OMB Cisarance ¢ panding) ~ * ™ . ) sOTEIE L e
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PTO UTILITY GRANE
Paper Number

The Commissioner of Patents
_and Trademarks

Has received an application for a patent
Jfor a new and useful invention, The title
and description of the invention are en-
closed. The requirements of law have
been complied with, and it has been de-
termined that a patent on the invention
shall be granted under the law.

Therefore, this

United States Patent

Grants to the person or persons having
title to this patent the right to exclude
others from making, using or selling the
invention throughout the United States
of America for the term of seventeen
Jears from the date of this patent, sub-
Ject to the papment of maintenance fees
as provided by law,

Commissloner of Patents and Trademarks

‘PTO-1584 AR -365-

NOVARTIS EXHIBIT 2058

Noven & Mylan v. Novartis & LTS Lohmann
IPR2014-00550

Page 366 of 372



somm PTO-878 U'S DEPARTMENT OF COMMERCE | stmayno: o
ey 188 CATENT ANO TRADEMAMK ORRICE
PATENT APPLICATION FEE DETERMINATION [ 320 :700 03,/ 0 {’/ﬁ
. RECORD - NT (FIRST NaMED! '
Oﬂp’/ A/sz ') w' ‘Md/

[ \poho frlerg Qa0 orf ~

CLAIMS AS FILED - PART |

~ y

OTHER THAN A
SMALL ENTITY SMALL ENTITY
Tror: NO. FILED NO. EXTRA RATE  |FEE on |RATE |ree
sasic st s170 oR : 3340
p— =
[ ToTAL CLAms / -20- xse |8 on X12e |8
i INGEP, CLAIMS / -3e | x11e |8 on x34e {8
= MULTIPLE DEPENDENT CLAIM PRESENT x88a |8 ar xt10- |3
* 1 the diterenes m o, 1 18 lens than Sars, eter 0" un onl, 2 TOTAL |3 OR ‘toraL |*
CLAIMS AS AMENDED - PART I
OTHER THAN A
. m ) 2y @ . SMALL ENTITY SMALL ENTITY
8 CLAIMS )
< REMAINING HIGHEST NO. | pRESENT ! AQDIT. 400!
155 AFTER PREVSUSLY | TExTAA RATE | Tree | 98 ) RaTe ) AT
2B AMENDMENT
uw
S "
o |rota MINUS - s s 0. |3
o ; - ; < ;
s | ot . MINUS i - 5. s 30. 18
< - - .
. : HAST - PRISINTATION OF MULTIPLE D.l’ CLAIM 30w 3 . «100e 1 §
TOTAL {? | o TOTAL |}
ADOIT. FEE — D At—
CLAIMS ; ’ '
° Sl R — are | 4987 | on | mare | agor
s AMENOMENT . PAIDFOR EXTRA
]
g ToTAL MiINUS - ' - R be |8 0w |8
-8 . . .
W | » .- g i
S |woir. minus | - ase |s .30- |3 Lt
< - P . ”
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3
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4
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< - - : i .
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TSTAPLE AREA

A
B . : L,
. - W U.S. GOVERNMENT PRINTING OFFICE; 1983-236-812 :
| " PATENT NUMBER, - S % ORJGINAL CLASSIFICATION ___ “}we
. APPLICATION SERAL OB . . Lo caoss REFERENCE(S) i
3;2 % 70 0 K cass |- (ONE SUBCLAGS FER BL0e N
T S| 2571 330 967 Y70
/Qos/n et « / SYJ/1 /62 i
; 5 (/ é D2bL BE
} IFREISSUE, OR)GINALPATENT NUMBER  / - — F
f? \ . /s.'w 32 /15 126 | 1
i | - INTERNATIONALCLASSIFICATION uﬁ‘r cL4) SLY 2373 - 3
v 72v1ld "L f2asV ¢ 7 . - ,
".'-'-. ﬁé , K ? )/-2 L7 GROUP ASSISTANT EXAMINER (PLEASE STAMP OR PRINT FULL NAME)
[V e O I / ART UNIT P
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