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mmol) of hromotrimethylsilane. After 72 h.. the resulting
clear solution was evaporated at 25° C. and the redue
dissolved in 5 mL of 'I'l-IF. To this stirred solution was added

180 mg (1.1 mmol) of dried. finely groundpotassium iodide
and 3 mg (0.01 mmol) of 18-crown-6. The resulting slurry
was heated to reflux for 20 h. evaporated and then stirred for
1 h with 8 mL (4 mmol) of 0.5M potassium hydroxide
solution. The solution was lyophilized and then purified by
MIPLC (2.5>-:20 cm column of Mitsubishi Kasei Sepadbeads
SP-20788 resin): 11.5 mL Emotions. 7 mill-nin flow rate.
eluted with 200 ml. of water and ‘then a gradient prepared
from 400 ml. of water and 450 mL of 2:1 aoetonitrilelwater).
Fractions 20-34 were collected and lyophilized to give title
salt as a white solid. 505 mg. 85% yield.

IR (KBr pellet) 3422. 2959. 2930. 2870. 1653. 1497.
1202. 1080. 968 cm“.

1}! NMIR (D20. 400 MHZ) 57.45 (:1. 2H. l=8.6 Hz) 7.43
(d. 2H. ls-8.6 1-1z)'}'.39 (d. 2H. I=8.1 Hz) 7.15 (d. 2H. I-—-8.]
Hz) 6.44 (m. 2H) 2.98 (dm. 1H. .l=13.2 Hz) 2.87 (In. 11-1,
l=13.6 Hz) 2.68 (m. 1H) 2.44 (t. 2H. J=6.0 Hz) 1.4-6(dq.2H.
J=6.0 Hz) 0.73 (t. 311. J=6.0 Hz) ppm.

Anal. Calc’d for C19!-l,oK3O,,PS.2.2 H._.O: C. 40.45; H.
4.36: P. 5.49‘. S. 5.68 Found: C. 40.11; H. 4.70; P. 5.18; S.
5.95.

MS (FAB. +ions) rule 563 (M+!(). 525 (M-I-H). 487
(M--K+2H).

 7

ot—Pho sphono—4‘—Propy1[ l.1'—bipheny1]—4—
butanwulfonic acid. uipotassium salt

A. o‘.-( Diet]:oxyphosphinyl )-4'—propyl[ 1.1'-biphenyl]-4-
butanesulfonic acid. cyclohexyl ester

To a 11itrogen—p-urged solution of 1.30 mg (2.3? mmol) of
Example6PartBoompoundin50ml.ofethylaoet.ateina
500 mL one-neck round bottom flask was attached a

hydrogen-filled rubber bladder of approximately 1 L capac-
ity. The reaction mixuire was vigorously stirred for 16 11.
purged with nitrogen. filtered through Celite and the filtrate
evaporated. The oily residue was redissolved in
dichlormethane. filtered through a 0.7511 (micron) filter and
re-evaporated to give title compound as a colorless oil. [.28
g. 98% yield. The product was used without further purifi-
cation.

B. ct-Pliosphono-4'-propy1[ 1. 1‘-biphenyl]-4-butanesulfonic
acid. tr1potas' 5:il.l.l'l1 salt

To a stirred solution of 1.14 g (2.06 mmol) of Part A
compound in 10 ml. of didrloromethane under argon at
room ternperaune was added 1.10 mL (8.3 mmol) of bro-
motrimethylsilane. After 24 h. the resulting clear solution
was evaporated at 25° C. and the residue dissolved in 101111.
of THIF. To this stirred solution was added 340 mg (2.1
mmol) of dried. finely ground potassium iodide and 5 mg
(0.02 mmol) of l8—crown-6. The resulting sltury was heated
to reflux for 24 h. evaporated and then stirred for 1 h with
8 mL (8 mmol) of 1.051 potassium hydroxide solution. The
solution was lyophilized and then purified by MPLC (2.S><
20 cm column of Mitsubishi Kasei Sepadbeads SPZOCFSS
resin): 11.5 mL fractions. 7 ml..!'min flow rate. eluted with

200rnLofwater and then agradientpreparedfrom4-00ml..
of water and 450 ml. of 1:1 aoetonitIilc:'waI:er). Fractions
27-31 were collected and lyophilized to give title compound
as a white solid. 450 mg. 39% yield.

IR (KBr pellet) 3432, 2957. 2930. zsro. 1636. 1499.
1198. 1080. 1049. 966 car‘.

‘H NMR (D,0. 400 MHz) 87.47 (cl. 2H. J.-.75 Hz) 1.46
(d. 2H. .l=7.3 Hz) 7.28 (cl. 2H. J-7.5 Hz) 7.21 (d. 2H. .l=7.3
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Hz) 2.86 (dnl. 1H. J=18.4 Hz) 2.58 (In. 2H) 2.49 (t. 2H.
J=7.2 Hz) 1.35 (In. 4H) 1.50 (In. 2H) 0.78 (t. 31-1. I=6.0 Hz)
ppm.

Anal. Calc‘d fa" C,,H,,K,o.,1>s.1.9 11.0: C. 40.68; 1-1.
4.64‘. P. 5.52: S. 5.72 Found: C. 40.69: H. 5.00; P. 5.46; S.
6.00.

MS (ion spray. -I-ions) rule 495 (M—3K-H‘-H+2CH,CN).
492 (M—2K+3H~lCH3CN). 489 (M—-K+2H). 454 (M—3K+
4H-I-Cl-l3CN). 451 (M—2K+3H). 413 (M—3K+-4H),

EXAMPLES

4-(2-Plienylethoxy)-co
phosphonobenzenebulanesulfonic acid. dipotassium

salt

A. 4«-(2-Phenylethoxy)benzenepropanoi-2 acid.
2-phenylethyl ater

To a stirred solution of 5.00 g (30.1 mmol) of
4-hydroxybenzenepropanoic acid. 8.0 ml. of
2-phenylothanol (67 mmol) and 16.3 g (61 mmol) of
triphenyl-phosphine in 50 mL of Tl-[F at —-10° C. under
argon was added a solution 12.0 mL (61 mmol) of d.iiso-
propyl diazodicarboxylate in 50 ml. or TBIF over the course
of 4 hours. The resulting light yellow solution was allowed
to warm to room temperature. stirred 16 h and then evapo-
rated. The oily residue was uiuirated in 500 ml. of hot
hexane until a precipitate formed. The solids were filtered
oif and treated with an additional 100 mL of hot hexane. The
filtrates were combined and concentrated. Purification of the

residue by flash chromatography (5><20 cm column. 3:2
didaloromethanefhexanes as elutent) gave 6.51 g. 58% yield.
of title compound as a colorless oil.
13. 1-(3~Iodo1'.a‘opyl)-4-(2-pheny1ethoxy)benzene

To a stirred solution of 6.20 g (16.6 mmol) of Part A
compound in 50 ml. of THF at room temperature under
argon was added a 1M solution of lithium aluminum hydride
(9.0 ml.. 2.2 equivalents) in THF. After 2 h. the reaction was
quenched with 1M sodium potassium tarlrate solution and
extracted twice with ether. The organic extracts were dried
(MgSO,,) and evaporated.

The residue was stirred in 25 mL of did-dorornethane at 0

° C. under argon with 2.8 mL (20 mmol) of n-iethyl amine.
To this solution was added. over 20 min. 1.3 ml. (17 mmol)
of methanesulfonyl chloride. After an additional 20 min. the
reaction mixttue was diluted with dichlorornethane and

washed twice with 10% citric acid. The organic extracts
were dried (MgS0,) and evaporated

The resulting yellow oil was stirred at reflux under argon
in a solution of 25 mL of acetone oontaining 3 g (20 mmol)
of sodium iodide. After 16 h. the reaction mixture was

cooled and diluted with an iwd solution of 5% aqueous
sodium bisulfite. Afiet two extractions with hexane. the

extracts were dried (MgSO,) and evaporated. Ptrifrcation on
silica gel (520.0 cm column. 1:? diehloromedranelhexanes as
elutent) gave 4.13 g. 68%. of Part 15 compound from Part A
compound
C. ot—( DiethoxyphosphinyI)—4-(2 -p henylethox y)
benzenebutanesulfonic acid. cyclohexyl ester

To a stirred slurry of 120 mg (3.0 mmol. 60% mineral oil
dispasion) of sodium hydride in 3 ml. of DMF under argon
at -20° C. was added a solution of 1.12 g (3 .56 Inmol. 1.3
equiv.) of Example 1A. Part B sulfonale in 1 mL of DMF.
After addition was complete. the reaction was warmed to
room temperature and stirred for 30 min. To the resulting
solution was added a solution of 1.00 g (2.73 mmol) of Part
B compound in 1 mL of DMF. The reaction was stirred for
16 h. diluted with ether and washed once with 10% citric
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acid and thrice with water. The organic phase was dried
(MgS04) and evaporated. Purification by chromatography
on silica gel (5>Q0 cm column) eluted with 1:19 ether!
dichlorornethaue gave title compound as a colorless oil. 935
mg. 62% yield.
D. 4{2-Phenylechoxy)-ct-phosphonohenzenebutanesulfouic
acid. dipotassium salt

To a stirred solution of 648 mg (1.2 mrnol) of Part C

compound in 5 mL of dichlorornethane under argon at room
temperature was added 620 ml. (3.0 mmol) of his
(u-imethylsilyl)uifluoroacetamide and then 620 mL (6.9
mmol) of bromotrirnethylsilane. After 16 h. the resulting
clear solution was evaporated at 25° C. and the residue
dissolved in 6 mLoEl"I'l-IF. To this stirred solution was added

250 mg (1.5 mmol) of dried. finely ground potassium iodide
and 3 mg (0.01 mmol) of 18—crown-6. The resulting slurry
was heated to reflux for 24h. evaporated and then stirred for
1 h with 8 mL (4 mmol) of 0.5M potassium hydroxide
solution. The solution was Iyophilized and then purified by
W (2.5x20 cm column of Mitsubishi Kasei Sepadbeads
HP-20 resin): 11.5 mL fractions. 7 mumin flow rate. eluted
with 200 ml. of water and then a gradient prepared firom 400
ml. ofwater and 450 mL of 2:1 acetonitrilefwata}. Fractions
25-32 were collected and lyophilized to give title salt as a
white solid. 385 mg. 57% yield.

IR (lCBr pellet) 3434. 3088. 2936. 2868. 1636. 1512.
1198. 1076. 966 cm".

in NMR (D20. 400 MHz) 87.21 (m. 5H) 7.09 (:1. 211.
J=8.6 Hz.) 6.76 (d. 2H. .l=8.6 I-1z)4.15 (t. 2H. J=6.4 Hz) 2.91
(t. 21-1. J=6.4 Hz) 2.77 (dm. 1H. .l=18.0 Hz) 2.44 (m. 2H)
1.6? (in. 2H) ppm.

Anal. Calc’d for C,3H:,l(2O.,PS.3.'75 H,0: C. 38.73‘. H.
5.15; P. 5.55: S. 5.74 Found: C. 38.73; H. 5.10; P. 5.24; S.
5.51.

MS (FAB. -I-ions) rule 567 {M+2K-—H). 529 (M-I-K).
EXAMPLE9

6-(Hexyloxy)-ct-phosphono-2
naphtlialenebttanesulfonic acid, dipotassium salt

A. 2-Brorno-6-(hexyloxymaphthalene
To a stirred solution of 4.46 g (20.0 mmol) of 6-t!l'0l'l'|0—

2-naphthalenol (obtained from Aldrich Chemical Company
(#B'}.340-6) and used without purification). in 20 mL of
DMF at room ternpaatuzre under argon was added 480 mg
(20 mmol) of 95% sodium hydride over the course of 15
min. The resulting fight yellow solution was stirred 30 min
and 3.5 ml. (22 mmol) of 1-bromohexane was added- The
reaction was heated to 50° C. and stirred for 60 min. The
reaction was quenched with ice water. the resultings solids
filtered. washed with water and dried in vacuo at 60“ C.
Purilication of the residue by chromatography on silica gel
[5><20 cm column. hexanes as elutant) gave 5.00 g. 81%
yield. of title compound as a colorless oil.
B. tr-Edienyl-(r(hexyloxy)-2—naphthalenem.etl1anoI

To a stirred solution of 2.23 g (7.25 mruo1)ofPart A

compound in 25 mL of THF under argon at —'.'8° C. was
added a solution of 8.5 ml. (145 mmol) of 1.7M

t-butyllitblum in pentaue over 10 min. After 15 min. a
yellow slurry had formed. This was warmed to 0“ C. and the
resulting organic solution was stirred for 30 min. To this
reaction mixture was added 550 ml. (9.5 mmol. 1.3

equivalents) of freshly distilled acrolein at a rate to keep the
tempu-ature below 5“ C. After an additional 30 min. the
reaction was quenched with saturated ammonium chloride
solution. extracted twice with ethu. dried (MgS0.,) and

evaporated Recrystallization from hexanes gave title com—
pound as a white solid. mp 47°—48° C.. 1.83 g. 89%.
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C. :1-Ethenyl-6-(hexyloxy)-2-naphthalenemethanol. acetateester

To a solution of 1.43 g (5.0 mmol) of Part B compound
and1.1m1.(8 rnmol) cf triethylamine in 15 ml. of CHECL,
at room teinperaune under argon was added 0.’? ml. (6.6
mmol) of acetic anhydeide and 20 mg (0.16 mmol) of
4-diruethylaminopyridine. After 10 min. the reaction mix-
ture was evaporated. diluted with ether. washed once with
10% citric acid. once with water. once with saturated sodium
bicarbonate solution. dried [MgS04) and evaporated to give

title compound as a colorless oil. 1.54 g. 94%. The com-
pound was used without further puri.fication for the subse-
quent reaction.
D. (E)-1—(Diethoxyphosp11inyl)-4-[6-(hexyloxy)-2~
naphthalenyll-3-butenesulfonic acid. cyclohexyl ester

To a stirred solution of 1.47 g (4.5 mmol) of Part C
compound. 1.55 ml. (6.6 mmol. 1.5 equiv.) of his
(u-irnethylsilynacetarnide. 1.85 g (5.85 mmol. 1.3 equiv.) of
Example 1A. Part B sulionate and 125 mg (0.5 mmol) of
triphenylphosphine in 10mLofT1-IF unda argon was added
270 mg (0.24 mmol) of tetraltis(tripheny1phosphine)
palladium. The resulting mixttne was heated to reflux for 1
hour. The reaction was cooled. evaporated. diluted with
ether and washed once with 10% citric acid and thrice with
water. The organic phase was dried (MgSO4) and evapo—
rated. Purifica—tion by flash chromatography on silica gel
(5><20 cm column) eluted with 1:24 ether:-‘dichlororuethane
gave title compound as a colorless oil. 1.06 g. 41% yield
E. ct-(Diethcxyphosphiny1)-6-(hexyloxy)-2-
naphthalenebutanesulfonic acid. cyclohestyl ester

To an argon-purged solution of 965 mg (1.66 mrnol) of
Part D compound and 100 mg of10% palladium-on-carbon
in 15 ml. of ethyl acetate in a 500 ml. one-neck round
bottom flask was attached a hydrogen-filled rubber bladda
of approximately 1 L capacity. The reaction mixture was
vigorously stirred for 16 h. purged with nitrogen. filtered
through Celite and the filtrate evaporated. The oily residue
was redissolved in dichlormethane. filtered through a 0.75;:

(micron) filter and re-evaporated to give title compound as
a colorless oil. 950 mg. 98% yield. The product was used
without fu1't.’ner purification.
F. 6—{Hexylouty)-on-phosphono-2—naphthalenehutanesul:fonic
acid. dipotassium salt

To a md solution of 885 mg (1.52 mmol) of Part E

cornpotlnd in 10 ml. of dichloromethane under argon at
room temperature was added 800 ill. (8.9 mmol) of bromot~
rimethylsilane. After 18 h. the resulting clear solution was
eva at 25° C. and the residue dissolved in 15 ml. of
THF. To this stirred solution was added 320 mg (1.9 mmol)
of dried. finely ground potassium iodide and 3 mg (0.01
mmol) of 18-crown-6. The resulting slurry was heated to
reflux for 24h. evaporated andthen stirred for 1 h with 9 ml.
(4.5 mtnol) of 0.5M potassium hydroxide solution. The
solution was lyop-hilined and then purified by MPLC (2.5x
20 cm column of Mitsubishi Kasei Sepadbeads C1-{P-20P
resin): 11.5 ml. fractions. 7 mllrnin flow rate. eluted with
200 ml. of water and then a gradient prepared from 400 ml.
of water and 450 mL of 1:1 acetonitrilefwater). Fractions
44-52 were colleotedand lyophilized to give title compound
as a white solid. 475 mg. 53% yield.

IR (KB: pellet) 3434. 3057. 2932. 2361. 1653. 1605.
1181. HT76. 966 cm“.

‘H NMR (D20. 400 MHZ) 87.60 (d. 1H. J=9 Hz) 7.56 (5.
1H) 7.52 ((1. 11-1. J=8.3 Hz) 7.32 (d. 1H. .l=8.3 Hz) 7.00 (s.
1H) 6.94 (d. 1H. .l=9.0 Hz) 3.78 (t. 2H. J=6.4 1-12) 2.83 (dm.
1H. l=l8.0 Hz) 2.65 (m 2H) 1.89 (m 4-H) 1.48 (m 2H) 1.16
(I'll 2H) 1.07 (in 41-1) 0.67 (t 2H. I=5.5 Hz) ppm.
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Anal. Calc’d for CNH-,.7K¢O-,PS.3.81 H20: C. 40.76; H.
5.92: P. 5.26; S, 5.44 Found: C. -10.76; H. 5.81; P. 5.35; S.
5.35.

MS (FAB. -I-ions) me 559 (M+K). 521 (M+H).

 10

4-[(5-Methyl-4—hexeny1)oxy]-ob
phosphonobenzenebutanesulfonic acid. tripotassiurn

salt

A. 5-Methyl-4-hexenoic acid, 1.1-dimetlrylethyl ester‘
To a stirred solution of 20.0 mL(1-12 mmol) of diiscpro

pylarnine in 160 ml. of THF under argon at —10° C. was
added a solution of 56 ml. (140 Iurncl) of 2.5M
n-butyllilhium in hexane at a rate to keep the temperature
below 0° C. The resulting light yellow solution was stirred
15 min and to this reaction mixture was added 20rul..(115
mmol) d HMPA. After an additional 10 min. the reaction
was cooled to —75° C. and 18.8 ml. (140 mmol) of 1.1-
d.i.methyle‘thanol. acetate ester was added at a rate to keep the
temperattne below —60° C. ‘The resulting colorless solution
was stirred for 3-0 min and 20 g (134 mmol) of 4-bromo-2-
methyl-2-butcne was added over 10 min. The reaction was
stirred at —75° C. for 6 h and then warmed to room

temperature. After 16 h. the reaction was quenched with
saturated ammonium chloride solution. extracted twice with

ether. dried 043504) and evaporated. Plnification by distil-
lation (‘b.p. 64°-67° C. @6mmHg) gave title compound as
a colorless oil. 20.1 g. 82% yield.
13. 5-Methyl-4-hcxcn-1-o1

To a stirred slun-y of 1.71 g (45.1 mmol) of lithium
aluminum hydride in 50 ml. of ether under nitrogen at 0° C.
was added a solution of 15.5 g (84 mmol) of Part A
compound in 20 mLof ether over 20 rn1'n.'I‘hereaction was
warmedtoro0mtemperatt1reandst:'n'ed.Afier24l1,tl1e
reaction was quenched with 1M sodium potassium tartrate
solution. extracted twice with 50 mL portions of ether. dried
(M3504) and filtered. The extract was distilled at atmo-
spheric pressure through a 10 cm Vigreau column until the
head tempcrattnereached 80“ C. The residue was purified by
vacuum distillation (l1.p. '76°—77° C. @143 mrnllg) to give
title compound as a colorless oil. 9.06 g. 94% yield.
C. 4-[(5-Merltyl-4-he1eny1)oxy]benzeneptropanoic acid.
ethyl ester

To a stirred solution of 1.14 g (10.0 mmol} of Part B
compound. 1.94 g (10.0 mmol) of ethyl 4-hyd.roxyphcnyl-
3-propanoate and 2.62 g (10.0 mmol) of m'phenyIpI1cs1:tu'ne
in 20 ml. of'I'I-[F at —l0° C. under nitrogen was added a
solution 2.0 mL (10 mmol) of diisopropyl diazodicarboxy-
latein20mLofTHFovert'nccourseof2hotrrs.'[‘he

resulting light yellow solution was allowed to warm to room so
temperature. stirred 16 h and then evaporated. The oil)‘
residuexvasn-inn-a1edin500mLofhothe3rancun1:ila

precipitate formed. The solids were filtered oil’ and treated
with an additional 100 ml. of hot hexane. The filtrates were

combined and concentrated. Plrrification of the residue by
flash chromatography (5x15 cm column. 1:1
dichlorranethanefhexanes as elutent) gave 2.58 g. 89% yield.
of title compound as a colorless oil.
D. 4-[(5-Methyl-4-hexeny1)oxy |benzenepropanol

To a stirred solution of 2.28 g (7.85 mmol) of Part C
compound in 15 mL of THF at room ternperauue under
nitrogen was added a 1M solution of lithium aluminum
hydride (4.5 mL. 2.4 equivalents) in T1-IF. After 20 min. the
reaction was quenched with 1M sodium potassilnn Iartraae
solution and extraded twice with ether. The organic extracts
were dried (MgS0.,) and evaporated twice from hexanes to
give 1.88 g of title compound. 96% yield. as a colorless oil.
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E. 1-(3-lodopropyl)-4-[(5-methyl-4—hexeny1)oxy]benzene
To a stirred solution of 1.86 g (7.5 mmol) of Part D

compound. 1.96 g (7.5 mmol) of triphenylphosphine and
1.13 g (16.5 mmsol)o1"1.midazo1e in 25 mL of'I‘1IF at room
temperatme under nitrogen was added 1.91 g (7.5 mmol) of
solid iodine. portionwise. over 30 min. Afro: an additional
10 min. the reaction mixture was diluted with hexanes and
washed once with saturated sodium bisulflte solution. The

organic extracts were dried (MgS0..) and evaporated. Puri-
fication by flash chromatography (5x12 cm column. 1:4
dichlctomethanefhexanes as clutent) gave 226 g. 84%. of
title compound
F. o‘.~(Diethoxyphosphinyl)—4—[(5—methyl—4—hexeny1)oxyJ
benzencbutanesulfonic acid. Cyclohexyl ester

'1b a stirred slurry of 120 mg (3.0 mmoL 60% mineral oil
dispersion) of sodium hydride in 3 ml. of DMF under argon
at —l0° C. was added a solution of 1.12 g (3.56 mmol. 1.3
equiv.) Example 1A. Part}! sulfonate in 1mLof DMF. Afler
addition was complete. the reaction was warmed to room
temperature and stirred for 30 min. 'I‘o the resulting solution
was added a solution of 1.00 g (2.79 mmol) of Part E
compoundin1mL of DMF. The reaction was stirred for 16
h. diluted with ether and washed once with 10% citric acid

and thrice with watu. The organic phase was dried (M3804)
and evapcrated. Purification by flash chromatography on
silica gel (5><20 crn column) eluted with 3:4’? ether)‘
dlchlorornethane gave title compound as a colorless oil. 685
mg. 45% yield.
G. 4-[(5-Methyl-4-hexenyl)oxyJ-cr-
phosphonobenzenebutanesulfonic acid. tripotassiurn. salt

A solution of 680 mg (1.25 mmol) of Part F compound in
10 mL of rnetlranol under argon at room temperauue was
saturated with amnlorlia gas. The flask containing the reac-
tion mixture was scaled and heated to 75° C. After 16 h. the

reaction was cooled to room tenperature and evaporated
under dry conditions. The residue was dissolved in 10 mL of
dichloromethane and 1.7 mL (6.4 mmol} of his
(I1'imethy1sily1)o-ifluomacetainide and then 670 pl. (5.0
mmol) of 1:uromotrimethylsilane was added. After 24 11. the
resulting clear solution was evaporated at 25° C. and then
stin'edfor1hwit118mL(4mrnol)of0.5Mpotassium
hydroxide solution. The solution was lyophilized and then
purified by MPLC (2.5><20 urn column of Mitsubishi Kasei
Sepadbeads HP-20 resin): 11.5 mLf1'actions. 7 mlJmin flow
rate. eluted with 200 mL of water and then a gradient
prepared from 400 mL of water and 450 mL of 3:1
acetonitriletwater). Fractions 25-31 were collected and lyo-
philizcd to give title salt as a white solid. 504 mg. 74% yield.

IR (1-{Br pellet) 3432. 2963. 2928, 2866. 1636. 1512.
1242. 1202. 1080. 966 cm“.

‘H NMR (1)20. 400 MHZ) 57.09 ((1. 2H. J=8.5 Hz) 6.77
(d. 2H. J=8.5 Hz) 5.06 (t. 1H. J-6.7 Hz) 3.85 (t. 1H. .l=6.4
Hz) 2.79 {ddd. Ill. J=-4.3. 6.0. 18.0 Hz) 2.45 (m 2H) 1.98 (m
2H) 1.77 (m 4H) 1.61 (In 2H) 1.52 (s 3H) 1.43 (s 3H) ppm.

Anal. Calc'd for C1-,H2,,K3O7PS.1.33 H10: C. 37.49; H.
4.93; P. 5.69; S. 5.89 Found: C. 37.48; H. 5.28; P. 5.62; S.
5.64.

MS (FAB. +ions)mfe 559 (M+1(). 521 (M+H). 483
(M—K+2H).

EK.A.MPl..E 11

l-Phosphono-1-pentadecanesulfonic acid.
tripotassium salt

A. (Diethoxyphosphinyl)methanesu1fonic acid.
1-methylethyl ester

To a rapidly stirred solution of 8.28 g (60 mmol) of
isopropyl me1hanesul:fona1e in 150 mL of THIF at —73° C.
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(internal temp.) was added 25 ml. (60 mmol) of 2.4M
n-buryllithium dropwise over 20 min. The internal tempera-
u.Ire was not allowed to rise above —69° C. throughout the
course of the addition. After an additional 15 min., 5.17 g
(30 mmol) of freshly distilled diethyl chlorophosphate was
added at a rate to lreep the solution temperature below —69°
C. The reaction rnixture was stirred for 0.3 h at —'!3° C. and
for 0.5 h at —40° C. when it was quenched with 125 mL of
saturated N'H..Cl solution. The reaction mass was warmed to
room temperature and the TI-IF removed undu reduced
pressure. The remainder was partitioned between methylene
chloride and water (3><75 mL). The extracts were dried
(Na,S0‘), concentrated. and purified by flash chromatogra-
phy (350 g silica gel] eluting with l:l methylene chloride‘
ether to provide 5.20 g (67%) of title compound as a
colorless oil.

TLC Silica gel (l:l methylene cI1loride.(ethcr) R,=0.3'.".
‘H NMR (cDC1,. 270 MHz) 55.05 (sept. 1H. J=6.0 Hz)

4.20 (quint. 411. J=7.0 Hz.) 3.75 (d. 211. 1:1‘.-.5 Hz) 1.50 (d.
6H. J=6.0 Hz) 1.40 (t. 6H. J=’?.5 Hz) ppm.
B. 1-(Diethoxyphosphiny1)pentadecanesu1fonic acid.
1-rnethylethyl ester

To a suspension of 0.10 g (4.38 mmol) of Nah’. in 7 mL
of dry DMF at 0° C. under argon was added 1.20 g (4.38
mmol) of Part A compound over 5 min. to give a yellow
solution. The reaction was allowed to warm to room tem-

perature and stir for 0.5 h when 0.55 g (2.00 mmol) of
tetradecanyl bromide was added in one portion. The reaction
mixture was stirred for 24 h when it was quenched with 20
ml, of saturated Nacl solution and diluted with 50 ml. of
ether. The layers were separated. the organics dried
(Na,S04) and evaporated to provide a crude oil. Flash
chromatography was performed on 100 g of silica gel
eluting with 3:7 ethyl acetatefhexane to provide 0.30 g
(31%) of title compound in the fonn of a pale yellow oil.

TLC Silica gel (l:l ethyl aeetatefhexanes) .50.
IR (film) 2924. 2853. 1466. 1358. 1260. 1177. 1053.

1024. 930 cm“.
‘H NMR (CDCl,. 300 MHz) 85.05 (sep(.. 1H. l=6.0 Hz)

4.20 (In. 4H) 3.35 (dr. 1H. .l=20.0. 6.4 Hz) 2.10 (m. 2H) 1.45
(in. 21-1) 1.40 (£1. 6H. l=6.5 Hz) 1.30 (L 6H. J=7.3 Hz) 1.20
(In. 2211) 0.85 (t. 311. J=6.5 Hz) ppm.

Mass spec (CI. +-ions) me 433 (M-1-N11,). 471 (M+H).
34? (M+H—S03CgHa).
C. 1-Phosphono-1-pentadecanesulfonic acid. tripotassium
salt

To a stirred solution of 0.25 g (0.53 rnmol) of Part B

eornpoundin5mLofdichlo:romethane at0° C. andinthe
darkwas added 4.24 g (2.12 mmol) of iodotritnethylsflane.
The reaction was allowed to stir for 16 h when the solvent
was evaporated and the semisolid residue pumped (==1 mm
pressure) for 0.5 h. The residue was dissolved by adding 3
ml. of 1M (3.0 mmol) KOH solution and freeze dried to
provide an of white solid. The solidwas purified by MPLC
on a column of CHP20P gel (25 cm di.arn.xl5 cm height]
eluting with water (100 mL) followed by a gradient created
by the gradual addition of 400 mL of acetonitrile to a
reservoir of 250 ml. of water. Approximately '1 tnLfract:ions
were collected. The acetonin-ile was removed under reduced
pressure and the aqueous solution was lyophilized to provide
0.15 g (62%) of title salt as a white lyophilate.

TLC Silica gel (6:3:1 n-propanollconc. amt-noniatwater)

R,=0.40.
IR (KBr) 3443. 2920. 2851. 1653. 1468. 1215. 1163.

10-45. 966 cm".

‘H NMR (D20. 300 MHz) 52.80 (dt. III. J=19.0. 6.0 Hz)
1.85 (In. 2H) 1.50 (m. 2H) 1.20 (In. 2211) 0.90 (1. 3H. I--6.0
Hz) ppm.
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Mass Spec (FAB. +ions) rule 525 (M+K). 437 (mu).
Anal. Calc’d for c,,11,.,o.,1r.,1>s+2. 19 11,0: C. 3424; H.

5.59; p. 5.39; s. 6.09 Found: c. 34.03; H. 6.88: P. 5.57; s.
6.02.
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(E)-10.14-Di.methyl-l-phosphono-9.13-
pentadecadiene-1-sulfonic acid. dipotassium salt

A. Dichloi-o[p-[1-hexanolato(2-3-C6:O,]]diJnagnesiurn
To a stirred solution of 11.00 g (80.0 mmol) of 6-chloro-

l-propanol (Aldrich) in 20 ml. of THF at —20° C. was added
27.0 mL (81.0 mrnol) of 3.0M methylmagnesium chloride in
THF dropwise over 25 nn'.nutes. After 0.5 hours at —-20° C..
the reaction was allowed to warm to room ternperatine and

2.88 g (118.0 mmol) of magnesiurn turnings were added and
the reaction was heated to reflux. The reaction was

by adding a few crystals of iodine at the start of reflux and
after 1 hour ofheating. After 2 hours at reflux the reaction
was cooled to room temperature providing the Grignard
solution. The rnolarity of the reaction mixture was deter-
mined by titration: 5.20 mL (2.60 mmol) of a 0.5M solution
of 2-propanol in benzene was slowly added to a blood red
solution of 2—2'~biquinoline (indicator) in benzene and 2.0
ml. of the freshly prepared Grlgnard solution. The endpoint
color was light green and tire molarity was determined to be
1.3M.

B. (E)-9.13-Dimethyl-8.12-tetradecadiene-1-ol
A solution of 21.5 mL (28.0 mmol) of 1.3M Part A

Grignard reagent in THF and 5.0 ml. of KMPA at 0° C. was
treated dropwise with 1.21 g (7.0 mmol) of geranyl chloride
in 7 mL of THF over 7 minutes. After the addition the
reaction was allowed to warm to room temperature and stir
for 2 hours. at which point the reaction was diluted with
ether and quenched with 50 mi. (50.0 mmol] of 1M I-[Cl
solution. The organic layer was washed two times with
N'H,Cl solution. dried over MgS0¢ and evaporated to pro-
vide a crude oil. Flash chromatography was performed on

125 g of silica gel packed. loaded and eluted with 1:4 ethyl
acetatefhexanes to provide 1.10 (66%) of title alcohol as an
amber oil.

TLC Silica gel (1:9 ethyl acetatezhexancl R,=0.20.

IR; (CC1. solution) 3636. 2923. 2854, 1450. 137?. 1055cm .

‘H NMR (CDC13. 270 MHz): 55.40 (q. 2H. J='?.0 Hz).
3.69 (t. 21-1,J=7.0 Hz). 2.25-1.85 (m. SH). 1.75 (s. H). 1.70
(s. 61!). 1.65 (In. 21-1). 1.39 (s. 7H) ppm.

MS (CI. N1"-I3. +ions) 256 (M+NH4].
C. (E)-9.13-Dimethyl-8.12—tct:1'adecad.ien-1-yl iodide

To a stirred solution of 1.10 g (4.62 mmol) of Part 13
alcohol and 1.40 mL (10.00 mmol) of trlethyrlarnine in 10
mL of methylene chloride at 0° C. was added 0.37 ml. (4.80
name!) of methanesulfonyl chloride dropwise over 15 min-
utes.Afta1hour at 0° C. the reaction was t|.ilutedw1'th ether

and washed with aqueous solutions of NH4Cl. NaHCO,. and
brine. The organic layer was dried (MgS04) and concen-
trated under reduced pressure to provide 1.42 g (~45 mmol)
of the crude mesylate. The residual oil was dissolved in 25
mL of acetone and treated with 3.00 g (20.0 mmol) of NaI.

The resulting suspension was heated to reflux for 4 hotns
and diluted with ether. washed with hrine. dried over

MgS0,_. and concentrated to provide a yellow oil. Hash
chromatography was performed on 100 g of silica gel
packed. loaded and eluted with hexanes to provide 1.10 g
(68% overall yield) of title iodide in the form of a colorless
oil.

TUC Silica gel (hexanes) R,-=0.45.
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IR (CC14 solution) 2962. 2%8. 2854. 1450. 1375. cm-‘‘‘.
‘H NMR (CDC1,, 270 MHz): 55.41 (q. 2H. I='.’.0 Hz).

3.47 (t. 2H. J=7.0 Hz). 2.40—12.20(In. 6H). 2.11 (quint.. 2H.
J=7.0 Hz). 1.97 (5. 31-1), 1.89 (s. 6H}. 1.60 (In. SH} ppm.

MS (CI. NI-1,. -I-ions) 366 (M+N'H.,). 348 (M).
D. (E)-ct-(biethyoxyphosphiny1)-10.14-dimethyl-9.13-
pentadecadiene-1-sulfonic acid. cyclohexyl ester

To a stirred suspension of 191 mg (4.77 mol. 2 151;.) of
soditlmhydride (as a 60% mineral oil dispersion) in 2 mL of
dry dirnethylformatnide (DMF) at 0° C. was added a solu-
tion of 1.50 g (4.7? mmol. 2 eq.) of Example IA Part B
sulfonate in 3 ml. of DMF dropwise over 7 min. The solution
was warmed to RI‘ and stirred for 50 min. To the resulting
clear yellow solution was added a solution of 831 mg (2.39
Inrnol.1eq.)ofPartCiodide 1113 1nLofdryDM§Fdropwise
over5min.There-action was stirreda.tR1'for ltihdiluted
with ether (100 mL) and washed with water (50 mL). The
aqueous layer was extracted with ether (2)610 mL) and the
combined organic layers were washed with brine. dried
(MgSCl,,). and concentrated to afiord 1.7? g of a yellow oil.
Flash chromatography was performed on 300 g of silica gel
eluting with 30% ethyl acetate in hexanes. Fractions (40 ml.
cacti) containing clean product by TLC were pooled and
concentrated to afford, after high vac (0.25 mmflg) removal
of solvent remnants. 782 mg (61%) of title compound as a
dear yellow oil.

TLC Silica gel (10% ether in CH,Cl§): R_,0.50.
E. (E)-10.l4—Dime£hyl-1-phosphono-9.13-pentadecadiene-
1-sulfonic acid, dipotasium salt

To a solution of 515 mg (0.96 mol. 1 eq.) of Part D
compound in 10 ml. of methanol at 0° C. was bubbled
ammonia until the solution was saturateti The reaction tube
was then sealed and heated at 75° C. for 16 h. The reaction
mixture was allowed to cool to RI‘ and th concentrated.

The oily residue was dried by coevaporation with toluene
(2x). High vac (0.25 rn.I:nHg) removal of solvent remnants
afforded 480 mg of light yellow oil.

To a solution of the yellow oil in 4 ml. of dry dichlt»
romethane at RT was adduil 636 |iL (4.81 11111101. 5 eq.) of
2.4.6-collidine all at once. To the resulting clear light yellow
solution was added 890 11L (6.74 mmol. 7 eq.) of biomet-
n'.r|r:thyl.silane (TMSBr) dropwise over 3 min. As the
TMSBr was added a white precipitate formed and upon
completion of TMSBI addition. 1 In]. of dichlorornethane
was added to the thiclrneaction mixture to facilitate stirring.
Afier 17 h at R1‘ the reaction was concentrated and the

resulting semisolid was placed on high vac (0.25 mm Hg)
for 1 h. The residue was dissolved by adding 4.8 mL (5 eq.)
of 1M potassium hydroxide followed by 10 ml. of water and
lyophilizod to afford an olf-white lyophilate. The lyophilate
was purified by MPLC on a column of CI-IP20P (2.5 cm:a<25
cm) eluting with 150 ml. of water followed by a
gradient formed by the gradual addition of 400 mL cf 30%
acetonitrile in water to a reservoir containing 400 mL of
10% acetonitrile in water. Fractions containing dean prod-
uct by HPLC (Method 8) were pooled and concentrated. The
semisolid residue was taken up in wata. filtered. concen-
trated and finally triturated with acetone to afford. afterhigh
vac (0.025 mm Hg) removal of acetone remnants. 207 mg
(43%) of title salt in the form of a white solid.

TLC silica gel (5:4:l n-propanolmrnmonium

hyd.roxide:wa.ter): Rf 0.39

Iii (KBr) 3450(br). 2920. 2851. 1462, 1215. 1080. 1040cm‘ .

‘H NMR (D20. 300 MHz) 55.01 (t. 1H. .l=7.6 Hz) 4.96
(t. 111. J=7.0 1{z)2.8'? (dt. 1H. J=18.l. 5.4 Hz) 1.90 (m. 2H)

- 1.82 (111. 611) 1.4-9(s. 3H) 1.43 (m. 2H) 1.42 (s. 6H) 1.15 (bs.
3H)PPm-
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"C NMR 03,0. 75.6 MHZ) 5135.7 132.7 125.5 124.7
61.0 (d. Jc,.= 126 Hz) 39.4 29.6 29.4 292 (d. J,,,=7 Hz) 29.1
29.1 23.1 272 263 25.3 17.4 15.6 ppm

MS (FAB. +ions) ml: 473 (M+H). 511 (M+K). 549
(M—H+K).

Anal. Calc‘d for C,-,.l{,,05PSK,.1.4 11,0: c. 41.01; 11.
6.84; s. 6.44; P. 6.22 Found: C. 41.19; 11. 6.52; s. 6.30; P.
5.95
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(E.E)-6.10.l4—'I1'i.Inet.hy1-1-phosphono-5.9.13-
pentadecatriene-1-sulfonic acid. phenyl ester.

dipotassiurn salt

A. Methanesulfonic acid, phenyl ester
To a solution of 4-0.0 g (0.42 mol. 1 sq.) of phenol in 250

rnLofdicl1lorornethane at 0° C. was added 250 mL (1.8 11101.
4.2 54;.) of triethylamine. After 5 min. 49.3 mL (0.64 11101. 1.5
sq.) of methanesulfonyl chloride was added dropwise over
20min. Theresulting cloudy yellow solution was warmed to
RT and stirred for 14 h. The reaction was partitioned
between ether (250 n:IL) and water (100 mL) and the
resulting organic layer was washed with cold 6N hydrochlo-
ric acid {2><200 mL). The combined aqueous layers were
extracted with etha (2)-<50 mL) and the combined organic
layers were washed with water (100 mL). saturated sodiuin
bicarbonate (211) mL). la-ine (200 mL). dried (MgS04) and
concentrated. Recrystallization of the orange solid from
isopropanol a1fcrded4-4.94 g (61%) ofthe title compound as
light yellow crystals; mp 58.0°—58.5° C.

TLC Silica gel (25% ethyl acetate in hexanes): Rf 0.29.
B. (Dieti|oxy'phosphinyl)methanesu1fonic acid. phenyl ester

To a turbid solution of 174 ml. (0.174 mol. 1 eq.) of
potassium bis(t::imet11ylsily1)arnide (20% by weight in tet-
rahydrofuran (THY) from Callory Chem.) at -83° C.
(internal temperature) was added a solution of 30.0 g (0.174
mol.1eq.)ofPartAcornpoundin 75 mLofd1'yTl-[Feta
rate to keep the internal temperature below -85” C. (addition
took 20 min). The reaction was stirred for 5 min at -85" C.
then 15.2 mL (104 mmol. 0.6 eq.) of freshly distilled
diethylchlomphosphate was added dropwise at a rate that
kept the temperature below —72° C. (addition tool: 13 min).
After stirring at —65° C. for 1h. the reaction was quenched
at -65” C. by the addition of a solution of 9.97 mL (0.174
1uol,leq.)ofaeeticacidin 25mLotTI-lFover5min. The
resulting solution was warmed to RT and the majority of the
solvent was removed in vacuo. The residue was partitioned
between dichlororuethane (300 ml.) and watt: (100 mL).
The aqueous layer was extracted with dichloroinethane
(2><20 mL) and the combined organic layers wa-e dried
011330.) and concentrated to alford 43.82 g of solidlliquid
mixture. The product: was isolated by flash chromatography
on silica gel (1000 g) eluting with 7:3 ethyl acetate: hexnnes.
Fractions (40 mL each) containing clean product by TLC
were pooled to alford 17.19 g (54%) of title compound as a
white solid; mp. 50.5°—5l.5" C.

TLC Silica gel (10% ether in tlichlor-omet11a.ne): R,0.38.
C. (E.E)- 1-(Diethyoxyphosphlnyl)-6. 10.14-trimethyl-5 .9.
13-pentaziecatriene-1-sulfonic acid. phenyl ester

To a suspension of 333 mg (8.32 mmol. 2 eq.) of sodium
hydride (60% mineral oil dispersion) in 5 mL of dry dim-
ethylformamide (DMF) at 0° C. was added a solution of 2.56
g(3.32mmol.2eq.)ofPartB compoundin S mLofdry
DMF. The hetero-geneous bubbling solution was warmed to
RI‘ and stirred for 30 min. To the resulting homogeneous
yellow solution was added a solution of 1.50 g (4.16 mmol.
lcq.)ofExaxnple1PacrtCiodidein5mLofdryDMFand
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the react.ion was stirred for 41 11 at RI‘. The reaction was
diluted with ether (150 ml.) and washedwith water (50 mL).
The aqueous layer was extracted with other (2x15 ml.) and
the combined organic layers were washed with brine. dried
(MgSO.) and concentrated to afford 3.11 g of a yellow oil.
The product was isolated via flash chromatography on silica
gel (200 g) eluting with 35% ethyl acetate in hettanes.
Fractions (40 ml. each) containing clean product by TLC
were pooled and concentrated to afiortl 1.39 g (62%) Oftitle
compound as a clear light yellow oil.

TLC Silica gel (10% ether in hexanes): Rf 0.66.
D. (E..E)«6.l 0.14-Trimethyl- 1-phosphono-5.9.13 -
pentadecatriene-1-sulfonic acid. phenyl ester. dipotassiumsalt

To a solution of500 mg (0.92 rnmo1.1eq.)of Part C
compound in 4 ml. ofdichloromethane at RT was added 367
pl. (2.8 mrnol. 3 eq.) cf 2.4.6-collidine followed by 488 HL
(3.? mmol. 4 eq.) of brorrvotrimethyisilane (TMSBr). After
28 h an additional 100 pl. (0.76 mmol. 0.8 eq.) of'I'MSBr
was added to consume intermediate rnonoestcr. After 18 h

(46 h total). reaction mixture was concentrated and placed
on high vac (0.25 mmllg) for 2 h. The resulting yellow oil
was dissolved by adding 1.9 ml. (1.9 mmol. 2.1 eq.) of 1M
potassium hydroxide. The resulting cloudy solution (pH
8.42) was lyophilized and the light brown lyophilate was
c.'h.romatographed on a column of CI-IP20 (2.5 crn:-<25 crn)
eluting initially with 150 mL of water then with a gradient
formed by the gradual addition of ml. of acetonitrile to a
reservoir containing mL of water. Fractions containing clean
product by HPLC were pooled and concentrated. The resi-
duewastalren upinaminirnal arnountofwateizlilteredand
lyopl1i1izedtoafford411mgoftitle saltin theforrnofan
ofi-white lyophilate.

TLC Silica gel (7:2:1 n-propanolmmmonium
hydroxidezwater): Rf 0.38.

1R (l{Br): 3410 (br}. 2965. 2924. 1636. 1487. 1339. 1194.
1148. 1098 cm".

‘H NMR (D20. 400 MHZ) 87.10 (m. 4H) 6.99 (t. 11-I.
.I=1.1 11:)-1.97 (t. 1H. 1:6.-4 Hz) 4.74 (m. 211) 3.42 (dr. 1H.
l=l7.1. 5.6 Hz) 2.08 (in. 21-1) 1.98 (m. 1H} 1.88 (£11.. 1H)
1.68-1.47 (rn. 10H) 1.37 (s. 31-!) 1.29 (s. 3H) 1.20 (s. 3H)
1.17 (s. 3H) ppm.

“C NMR (D10. 75.6 MHz) 8148.8 135.7 134.4 130.4
130.0 127.0 124.4 124.3 124.3 122.4 612.3 (d. Ic,.=l0'.' 1-12]
39.8 39.6 29.0 (cl. .l,._—,.=5 Hz) 28.] 27.5 26.8 26.7 25.3 17.3
15.9 15.7 ppm.

MS (FAB. +ions): ml: 523 (M—K+21-1)"'. 561 (M+1-1)*.
599 (M+KJ".

Anal. Calc’d for C,_.H3,O,,PSK.;.0.84 H20: C. 50.05: H.
6.42; P. 5.38; S. 5.72 Found: C. 50.05; H. 6.74: P. 5.11: S.
5.45
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(EJ3)-9.13.17-'I‘rirnethy1-l-phosphono-8.12.l6-
octadecatriene-1-sulfonic acid. tripotassium salt

A. Dicl1loro[u-[ 1—propanolato(2-)-C,:0,]]dirna.gnesium
A modification of the procedure of G. Cahiez et at was

employed (Tetrahedron Letters. 1998. 3013-4): To a stirred
solution of 1.89 g (20 mmo1)of3 01 in 20 ml.
ofTHF undu‘ argon at -20“ C. was added 10 rnL(20 mmol)
of 2M pltenyhnngnesium chloride in T1-[F over 15 minutes.
After 10 minutes at 20° C.. the reaction was allowed to warm

to RT. 730 mg (30 mmol) of magnesiumturnings were added
and the reaction was heated to rellux. Two 40 plrpcrtions of
1.2-dibromoethane were added. the first portion injected at
the start of reflux. and the second after 1 hour. After
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refluxing for a total of2 hours. the reaction was allowed to
coo1toRI'andwasdi1utedwith37mLo1"I‘l-IF1ora
theoretical concentration of 0.3M.

B. (E13)-8. 12.16-'Il'i.tnsethy1-7.11,15-hentadecatrien-l-ol
Copper (1) iodide (18 mg. 0.097 mmol) was added to a

solution of Example 1 Part C iodide (3.50 g. 9.72 mmol) in
THF (50 ml.) under argon. and the mixture was cooled to 0°
C. The Part A Grignard solution (23.4 ml... 0.5M in THF.
11.? mmcl) was added dropwise over 10 min. and the
resultant cloudy white reaction was stirred at 0° C. for 10
min. The ice bath was removed and the reaction was stirred
at RT for 1 h. Isopropanol (1.5 mL} was added dropwise
slowly to quench the reaction. followed by addition of 1M
ICHSO. (30 mL). The mixture was stirred for 5 min at RT‘.
whereupon two iayas separated. Diethyl ether (250 ml.)
was added. and the organic layer was washed with water (20
mL). saturated N1-1.Cl (50 mL). and brine (50 mL). then
dried over MgS0.,. Evaporation gave a yellow oil which was
purified by flash chromatography on 100 g silica gel eluting
with 15:85 Et0Ac!|1exanes to give title compound (2.62 g.
92%) as a colorless oil.
C. (BE)-1'?~Iodo-2.6.10-tritnedlyi-2.6.10-heptadecauiene

A solution of iodine (861 mg. 3.39 mmol} in THF (4 ml.)
was added dropwise to a solution ofPart B compound (900
mg. 3.08 mmol). 1riphenylphosphine(888 mg. 3.39 mmol).
and imidazole (461 mg. 6.78 mmol) in THF (10 ml.) under
argon at RT.The reaction became slightly exotherrnic dining
addition. The resultant brown reaction mixture was stirred at
Rffor 5 min. diluted with hexane (70 ml.) and washed with

10% aqueous sodium bisulflte and brine (10 mL each). then
dried over MgSO.,. Silica gel (4 g) was added to the filtrate.
and the solvent was evaporated to give a white solid.
Purification by flash chromatography on 50 g silica gel
eluting with hexane gave title compound (1.19 g. 96%) as a
colorless oil.

I). (E.E)-1-(biethoxyphosphinyl)-9.13.17—trimethy1-8.12.
16-octadecatriene-1-sul;ionic acid. cycloheayl ester

Asolution ofExample 1A. Part B sulfonate (958 mg. 3.05
rn.moi)inDMF(2 mL) was added dropwise over 5 minto
a suspension of dry sodium hydride (67 mg, 2.79 mmol) in
DMF at -15° C. under argon (note: H, evolution}. The
cooling bath was removed and the suspension was stirred at
R1‘ for 1 h. whereupon a clear yellow solution was obtained.
A solution of Part C compound (1.02 g. 2.54 mmol) in DMF
(3 ml.) was added dropwise over3 min. and the reaction was
stirred at RT for 2.3 h. The reaction was quenched by
addition of saturated NH_,C.l (2 mL). and the resultant
mixture was partitioned between diethyl ethta (100 mL) and
water (20 mL). The trganic layer was washed with water (10
ml.) and brine (50 1111.). then dried over MgSO4. Evapora-
tion gave an opaque oil which was purified by flash chro-
matography on 125 g silica gel eluting with 20:80 FJOACI
hexane followed by 30:70 EtOAc!he::tane to give title
compound (981 mg. 66%) as a colorless oil.
E. (ELE)-9.13.17—Trirnethy1-1-phosphono—8.12.16-
octadecat1:iene-1-su1.fon.ic acid. tripotassium salt

Ammonia was bubbled a solution of Part D

compound (876 mg, 1.49 mmol) in methanol (20 ml.) at 0°
C. for 15 min. The reaction rnirmrre was then heated at 75°
C. in a sealed tube for 20 h. cooled to RI‘. and conoenn-ated
in vacuo to give a yellow gum. The crude product was
dissolved in CI-I,ClQ (7 mL) under argon. Bis(t:rimet.hy1sily1)
triflnoroacetarnide (2.0 ml... 7.45 mmol) was added and the
reaction was stirred at RT for 10 min. Bromotrimethylsilane

(786 mL. 5.96 mmol) was added dropwise and the resultant
cloudy yellow reaction rniature was stirred at RT for 22 h.
Additional bromotrirnethylsilane (197 mL. 1.49 mmol] was
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added to the clear yellow solution and the reaction was
stirred for another 18 h at RT. 'The reaction was concentrated

invacuo tlienpumpedathighvacuumforlhtogivea
yellow oil. which was dissolved in 1N KOH (7.5 ml... 7.5
mmol) and stirred at RT for 2 h.Theresu1ta.nt heterogeneous
yellow mixture was lyophilized to give a tan solid. which
was purified by chromatography on CE[P20P gel (2.5><20cm
column) eluting with water followed by a gradient created
by the gradual addition of acetonitrile to areseuvoir ofwater.
'I‘he product fractions were concentrated to approxirnately a
10 ml. volume. then lyophilized. The white solid was
dissolved in water (600 mL) and acetone (2 mL) was added.
The white semi-solid which precipitated was washed with
acetone [3x2 rnL) then pumped at high vnmiurn to give title
salt (51? mg. 62%) as a white solid.

TLC Silica gel (6:3:1 n-propanol!NH4OHJ'H2O): R,-0.21
IR (KBr) 2924. 2855. 1624. 1449. 1383. 1213. 1148.

1092. 1044. 966. 714- cm'1.
‘H NMR (D20. 300 MHz) 55.04 (in. 3H) 236 (ddd. 11-1.

J=l8.3. 5.9. 4.9 Hz) 1.84 (111. 121-1) 1.50 (s. 3H) 1.44 (5. 3H)
1.42 (s. 6H) 1.40 (rn. 2H) 1.1? (br s, 611) ppm.

“C NMR (D20. 75 MHz) 5135.15 131.55 125.27 12453
124.44 61.69 (11, J=l23 Hz) 39.54 39.46 29.85 29.72 29.60

29.26 28.71 27.86 26.49 25.29 15.66 ppm.
MS (FAB. +ions) In}: 527 (M+2H—K).. 565 (M+H). 603

fM+K].
Anal. Caic’dfor C2,H35K,05PS. 1.0 equiv H20: C. 43.27;

H. 6.57; P. 5.31:8. 5.50. Found: C. 42.93; H. 6.93; P. 5.03;
S. 5.8”.-'.

 15

(E.E)- 1-(Ethoxyhyd.roxyphosphiny1)-6.10.14-
trhnethyl-5.9.13-pcntadecatriene-1-sulfonic acid.

dipotassium salt

To a solution of 0.44 g (0.80 mmol) of Example IA Part
C compound and 10 mL of methanol in a scalable tube at 0°
C. was added N1-13 (g) until the solution was saturated. The
tube was sealed and placed in an oil bath at 70° C. for 24 h.
at which point the tube was opened and the volatiles
removed under reduced pressure. The remainder was dis-
solved in dry ethanol and evaporated two times (2>-<10 ml.)
leaving an amber oil. The oil was dissolved in 4.0 mL of a
1:1 ethanollwater solution and treated with 0.45 g (8.00
mmol) of potassium hydroxide. The mixnlre was heated to
80° C. for 72 h when the solvent was evaporated and the
residue pumped (~05 mm pressure) for 0.5 h. The remain-
der was purified by MPLC on a column ofC1lCP20Pgel (2.5
cm diam.x20 cm height) eluting with water (150 mL)
followed by a gradient created by the gradual addition of400
tn.'L of acetonitrile to a reservoir of 350 mL of water.

Approximately 7 mL fractions were collected. Pure fractions
were combined and the aceroniuile was removed under

reduced pressure. The aqueous solution was lyophilized to
provide 0.30 g (74%) of title salt as a white lyophilatc.

TLC Silica gel (6:3:1 n—propunoUconc. alnnioniahvatcr)
R,-0.55.

IR (KBr) 3459. 3052. 2969. 2926. 2859. 1636. 1445.
1383. 1221. 1105. 1190. 1055. 1038. 945 cm".

‘H NMR (D20. 400 MHz) 55.19 (1, 1H. l=7.0 Hz) 5.11 (q.
211. J=6.S 1-12) 3.90 (In. 2H) 3.00 (dt. 1H. J=18.4. 6.0 Hz)
2.10-1.80 (In. 121-1) 1.61 (s. 3H) 1.56 (s. 3H) 1.54 (s. 6H}
1.55 (in. 21-1) 1.17 (t. 3H. .l=7.2 Hz) ppm.

Mass Spec (FAB. -t-ions) mic 551 (M-t-K). 513 (M+I-I). 55

Anal. Cale’d for C,.,H,,O5K,PS: C. 46.85: H. 6.88; P.
6.04: S. 6.25 Found: C. 46.26; H. 6.89: P. 5.67; S. 6.60.
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(E)-8.12-Dimefliyl-1-phospthono-7.1l—lridecadiene-
1-sulfonic acid. dipotassium salt

5 A. (E)-7,11-Dimethyl-6.10-dodecadienoic acid. 1.1-
dirnethylethyl ester

To a stirred solution of 1.10 mL (7.71 mmol) of freshly
distilled diisopropylemine in 7.0 mL of THF under argon at
—78° C. was added 3.20 1'n.L (5.14 mmol) of 1.6M
n-butyllithium in hexanes to give a pale yellow solution. The
solution was allowed to warm to 0° C. for 15 minutes then

cooled again to -78“ C.. at which time 693 [IL (5.14 mmol)
of I-butylaoetatc (t-Bu0Ac) was added neat. After an addi-
tional 15 minutes at —T8‘’ C.. 1.79 ml. (10.28 mmol) of
HMPA was added followed by the addition of 1.50 g (5.14
mmol) offlxarnple 2. Part Fiodide in 5 m1..ofT1{Fdropwise
over 5 minutes. The reaction was stirred at —78° C. for 2

hours at which tirne it was wanned to room teroperatuzre.
diluted with 50 ml. of ether and quenched with saturated
N'H4C1. The organic layer was washed with water. brine.
dried ('MgS0,) and evaporated to provide 139 g of a pale
yellow oil. Flash cdiroanatography was performed on 100 g
of silica gelelutzing with hexane (1 L) and 9:1 hexane.-'EtOAc
(1 L). Produa fractions were combined and evaporated to
provide 1.15 g (92%) of title compound as a pale yellow oil.

TLC Silica gel (9:1 hexanelethyl acetate) R,=0.'}'0.

II: (CCL) 2976. 2928. 2857. 1732. 1454. 1368. 1155cm‘ .

'H NMR (270 MHz. CDC13): 65.20 (t. 1H. .1=6.9 Hz).
5.18 (L 11-1. J=6.9 Hz). 2.30 (L 21-1. J=7.3 1-12). 2.14 (m. 21-1).
2.08 (in. 41-1). 1.77 (s. 3H). 1.69 (m+s. SH). 1.53 (s. 91-1). 1.47
(m- 2H) ppm

MS (Cl-NI-1,. +ions) mic 298 (M+Nl-1,). 281 (M+H).
B. (E)-7.11-Dimethyl-6.10-dodecadien-1-o1

To a. stirred solution of 234 mg (6.16 mmol) of lithium
aluminum hydride in 10 in]. of ether at 0° C. under argon
was added dropwise over 10 minutes 1.15 g (4.10 mmol) of
Part A ester. The reaction was stirred for 1 hour at which

time it was quenched by the following: 234- 11L of water. 2214
1.11.01‘ 15% NaOH in water and 700 pl. of water. The granular
mixture was stirred and dried (Na,S04) for 0.5 home at
which time the mixnne was filtered through a eelite cake and
the cake was washed with ether followed by dichlo-
rometbnne. The filtrate was evaporated to provide 834 mg of
a colorless oil. Flash chromatography was performed on 100
g of silica gel eluting with 1:1 hexaneJEtOAc (1 L). Pure
product fractions were combined and evaporated to provide
824 mg (96%) of title alcohol as a colorless oil.

11.13 Silica gel (9:1 hexaneletiiyl acetate) 15.
IR (CC1.) 3300. 2928. 2856. 1450. 1377. 1151. 1107.

1055 cm".

‘H NMR (270 MHZ. CDC1,): 55.13 (1. 1H. J=7.0 Hz].
5.10 (I. 111. l=7.0 Hz). 3.63 (t. 2H. I=6.5 Hz). 2.10 (In. 2H].
2.01 (m. 4H). 1.68 (s. 3H}. 1.60 (s. 611). 1.56 (in. 21-1). 1.36
(In. 41-1) ppm.

MS (CI-N113) me 228 (M+NH,,).
C. (E)-12-Iodc—2.6—dimethy1—26dcdecadiene

To a stirred solution of 820 mg (3.90 mmol) of Part B
alcohol in 8 ml. of THF under argon at room temperature
was added 3.07 g (11.21 mmol) of triphenylphosphine. 797
mg (11.71 mmol) of irnidaeole and 1.93 g (7.31 mmol) of
iodine. After 1 hour. the brown solution was diluted with
ether and washed with saturated sodium sulfine. brine. dried

(MgSO,,) and evaporated. Flash chromatography was per-
formed on 100 g of silica gel eluting with hexane. Pure
product frarations were combined and evaporated to provide
913 mg (73%) of title iodide as a colorless oil.
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TLC Silica gel (Hexane) %0.46.
IR (CC1,) 2922. 2853. 1449. 1383 cm“.
‘H NMR (271: MHz. CDCl;.,): 55.22 (1. 111. l=6.5 1-12).

5.19 (1. 11-1. J=6.5 Hz). 3.29 (t. 2H. I=7.o Hz). 2.14 (m. 21!).
2.09 (in. 41-1). 1.93 (quint. 2H. l=7.0 Hz). 1.78 (s. 31-1}. 1.70
(s, 61-1). 1.45 (In. 41-I) ppm.

MS (Cl-N11,. +ions) mfe 338 (M+NI-1.). 320 (M).
D. (E)-1—(Diethoxyphosphinyl)-8.12-tiimethyl-7.11-
tridecadiene-1-sulfonic acid. cyclohexyl ester

To a stirred suspension of 187 mg (4.68 mmol. 1.5 eq.) of
sodium hydride (as a 60% mineral oil dispersion) in 1.5 mL
of dry dilnetllylforrnnmide (DMF) at 0° C. was added a
solution of 1.47 g (4.68 mmol. [.5 eq.) of Example IA Part
B compound in 2 mL of DMF dropwise over 5 min. The
solution was warmed to RI‘ and stirred for 30 min. To the
resulting clear yellow solution was added a solution of 1.00
g (3.12 1nmol.1eq.)of Part C iodide in 3 mL ofdry DMF
dropwise over 5 min. The reaction was stirred at RT for 70
h. diluted with ether (100 ml.) and washed with water (50
mL). The aqueous layer was extracted with ether (2xl5 ml.)
and the combined organic layers were washed with brine.
dried (MgSO,,). and concentrated to afford 1.14 g ofa yellow
oiL Flash chromatography was performed on 250 g of silica
gel eluting with 30% ethyl acetate in hexanes. Fractions (40
ml. each) containing clean product byT'LC were pooled and
concentrated to afford. after high vac (0.25 mmllg) removal
of solvent remnants. 410 mg (26%) of title compound as a

clear yellow oil.
TLC Silica gel (10% ether in CH,Cl-2): R,-0.49.

E. (E)~B. l2-Dimethyl- l-phosphono-7. l l-tridecadiene- l-
sulfonic acid. dipctassium salt

To a solution of 400 mg (0.79 mol. 1 eq.) of Part D
compound in 8 ml. of methanol in a scalable tube at 0" C.
was bubbled ammonia until the solution was saturated. The
reaction tube was then sealed and heated at 75° C. for 17 h.
The reaction mixture was allowed to cool to RT and then
concentrated. The oily residue was dried by coevapcration
with toluene (2><). High vac (0.25 mml-lg) removal of
solvent remnants a light yellow oil.

To a solution of the yellow oil in 5 mL ofdry dichlo-
rornethane at R1‘ was added 522 pl. (3.95 mmol. 5 eq.) of
2.4.6-collidlne. To the resulting clear light yellow solution
was added 729 pl. (5.53 mmol. 7 eq.) of brornotrirnet.hylsi-
lane (TMSBr) dropwise over 4 min. As the TMSBr was
added a white precipitate fortmd and the reaction became
exoflrumic. An ice bath w used to cool reaction n:|.ixtt.n'e
until addition ofTMSBr was complete. Afier 16 11 at K!‘ the
reaction was concentrated and the resulting semisolid was

placed on high vac (0.25 mm Hg) for 2 h. The residue was
dissolved by adding 4.95 mL (6.3 eq.) of 1M potassium
hydroxide followed by 5 ml. of water and lyophilized to
alford an oif-white lyophllate. The lyophilate was purified
by MPLC on a column of CI-IP20? (2.5 cmx25 em) eluting

with 150 mLof water followedbvy a gradient formed
by the gradual addition of 400 ml. of 50% acetonitrile in
water to a reservoir containing 400 ml. of 10% acetonitrile
in water. Fractions containing clean product by HPLC were

pooled and concentrated. The semisolid residue was taken
up in water. filtered. concentrated and finally triturated with
acetone to afiord. afta high vac (0.025 mm Hg) removal of
acetone remnants. 305 mg (77%) of title salt asawhite solid.

TLC silica gel (5:4:1 n-propanoltammoniurn

hydroxidetwate-r): Rf 0.39
IR (lCBr): 3450(hr).2924. 2855. 1653. 1447. 1209. 1143.

1044 etc“.
‘H NMR (D20. 300 MHZ) 65.10 (L 11-1. I-—-6.9 Hz) 5.03

(t. 1H. l=6.5 Hz) 2.73 (ddd ll-1. l=l7.9. 6.5. 4.6 Hz) 1.95
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(m. 211) 1.86 (m. 4H) 1.75 (m. 211) 1.52 (s. 311) 1.46 (s, 611)
1.41 (m. 211) 1.13 (m. 411) ppm.

‘3 C N1-tR(D,0. 75.6 MHz) 5136.4 133.7 125.6 124.7
6.18 (d. .1.,,.=121 1-12) 39.0 29.5 (d. lc,,=7 1-12) 29.2 29.0 23.7
275 26.0 25.0 172 15.5 ppm

MS (FAB. +ions): mi: 445 (M+I-1). 433 (M+K). (M—1-I+
21:;

Anal. Calc’cl for C1,H2,05PSK¢.3.2 11,0: c. 35.37; 11.
6.70-, s. 6.38: P. 6.17 Found: C. 35.91; 11. 6.30; s. 6.11; P.
6.10

 l7

ct-Phosphono[ 1.1’-biphenyl]-4-hqatanesulfonic acid.
tripotassium salt

A. 4-(6-Iodohexyl) 11.1‘-hip-he-ny1]
A(1). 6-(I 1.1‘-Biphenyl] -4-ylyérhexyn-l-ol

Tb suspension of 0.361 g (2.04 mmol. 0.02 eq) of palla-
dium chloride and 1.0? g (4.08 mmol. 0.04 eq) of triph-

enylphosphine in 300 ml. of diethylarnine at room tempera-
ture was added 26.1 g (112 mmol. 1.1 eq) of
4-bromobiphenyl (from Aldrich) followed by 0.766 g (4.08
mmol. 0.04 eq) of cqaper (I) iodide (99.999% pure. from
Aldrich). Aftu 5 min. 10.0 g (102 mmol. 1.0 eq) of
5-hexyn-1-ol (from Aldrich) was added neat. After 43 h. the
reaction was concentrated and the residue was partitioned
between water (250 mL) and CH2(.‘.l2 (250 ml.). The aque-
ous solution was extracted with CH,C1, and the combined

organic solutions were concentrated. To remove the catalyst
the residue was filtered through silica gel (40 g) eluting
initially with CHZCI2. then with CH,C1, containing 2%
Et0Ac. Concentration aficrdcd 31.9 g of a brownish orange
solid which was cIn'orna.tographed on silica gel (400 g)
eluting with 2% EOAC in Cl-I-_.Cl2 (4 L). then 4% EtOAc in
CHQCI2 (2 L). The isolated solid was then recrystallin-.d
from chloroformlhexanes to aiford 16.2 g (64%) of the title

compound as a white solid; mp. 64.0°—64.5° C.
TLC Silica gel (25% Et0Ac in hexanes): R, 0.14.

A(2). [l,l‘-Biphenyl]-4—hexa.nol
To a solution of 9.0 g (36 mmol. 1 eq) of Part A(l) alcohol

in 100 ml. of THF was added 300 mg (0.36 mmol. 0.01 eq)

of 10% palladium on activated carbon. The resulting het-
erogeneous mixture was placed under an H, atmosphere at
RI'Afier 67 h. the reaction was filtered through Celite and
the filter cake was washed with E20 and CH,C1,. Concen-
tration afforded 9.07 g (99%) of the title compound as a

fluffy white solid: mp. 77.o°—77.5° C.
TLC Silica gel (25% Et0Ac in hexanes): R, 0.19.

A(3). 4—(6-Iodohexyl) [l.1‘-biphenyl]
To a solution of 7.00 g (28 mmol. 1.0 eq) of Part A(2)

biphenylhexancl in 30 ml. of dry'I‘l-IF were added 8.66 g (33
mmol. 1.2 eq) of triphenylphosphine and 4.50 g (66 mmol.
2.4 eq) of imidazole. To the resulting homogeneous solution
was added dropwise a solution of 8.38 g (33 mmol. 2.4 eq)
cfiod.inein40mLofdryTHF over25 mln.Afte-r45 min.
the reaction was diluted with E20 and washed with 10%

aqueous sodium bisulfite. brine and dried (MgSO4) The
solution was filtered and the volume was reduced approxi-

mately by 50%. Silica gel (35 g) was added and the
remainder of the solvent was removed. The product
adsorbed onto silica gel was loaded onto a pre-equilibrated
column (hexanea) Cd’ silica gel (20 g) and eluted with
hexanes. Fractions containing clean product were pooled
and concentrated to alford 9.40 g (94%) of the title com-

pound as a clear. colorless oi].
TIE Silica gel (25% EtOAc in hexanes): R, 0.69.
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B. ct-(Diethoxyphosphinyl)[ 1.1 '-bip11enyl]-4-
hcptanesulfonic acid. phenyl ester

To a stirred suspension of 329 mg (8.23 mmcl. 2 eq.) of
sodium hydride (as a 60% mineral oil dispersion] in 3 mL of
dry dimethylformamide (DMF) at 0° C. was added a solu-
tion of 2.54 g (3.23 mmol. 2 eq.) of Example 13 Part B
compound in 6 ml. of DMF dropwise over 10 min. The
solution was warmed to RT and stirred for 30 min. To the

resulting clear yellow solution was added a solution of 1.50
g (4.12 mmol, 1 eq.) of Part.-1 iodide in 6 mL of dry DMIF
dropwise over 5 min. 'I'he reaction was stirred at R1‘ for 43
IL diluted with ether (200 ml.) and washed with water (100
DJL). 'I‘l1e aqueous layer was extracted with ether (2><25 mL}
and the combined organic layers were washed with brine.
dried (MgSO.,). and concentrated to aflord 3.36 g of a yellow
oil. Flash chromatography was performed on 400 g of silica
gel eluting with 40% ethyl acetate in hexanes. Fractions (40
mL each) containing clean product by TLC were pooled and
concentrated to alford. after high vac (0.25 mII:IHg) removal
of solvent remnants. 1.06 g of a clear yellow oil. as well as
742 mg of tlie desiredpnoduct contaminated with dialkylated
material. The contarninated material was rechromalo-

graphed on 200 g of silica gel and the clean product was
combined with the previously isolated product to zIfl°ord
1.375 g (61%) of title compound as a clear light yellow oil.

TLC Silica gel (10% ether in Cl-l,Cl,): R,0.57.
C. ct-Phosphonol1.1‘-biphenyl]-4-heptanesulfonic acid, iri-
potassitnn salt

To a solution of 600 mg (1.1 mmol. 1 eq.) of Part B
compound in 5 mLctf dioxane atRI'was added 1.1 mL(l.l
mmol. 1 eq.) ca‘ 1M potassium hydroxide. The initially
turbid solution became homogeneous within 2 h. After 19 h.
starting material was still evident byTLC as well as a lower
Rf spot (presumably due to over hydrolysis). An additional
1.1 mL (1.1 mn1ol.1eq.)of K01-I was added and reaction
was stirred for 16 h (35 h total) atKl'. The reaction mixture
was concentrated and the residual yellow oil was
co-evaporated with toluene (4:»<) to remove water and placed
on high vac (0.25 mmHg) for 2 h to afiord a yellow solid.

To a heterogeneous solution of the yellow solid in 5 ml.
of dry dichloromethane at R!‘ was added 1.45 mL (11.0
mmol. 10 eq.) of broniotlzimetliylsilane (TMSBr) dropwise
over 3 min. As the TMSBr was added the solution began to
clear and upon completion of TMSBI addition like reaction
was nearly homogeneous. After 17 h. an additional 750 1.1.1..
(5.7 mmol. 5.1 eq.) of TMSBr was added to complete
consumption of the intermediate monoester. After 22 11 (39
in total) at R1". the reaction was concentrated and the resulting
oil wasplacedonhighvac(0.25mrnHg)for 13 h.'I‘he
residue was dissolved by adding 4.4 ml. (4.4 mmol. 4 eq.)
of 1M potassium hydroxide followed by 20 mL of water and
sonicating at 40° C. for 10 min. The crLu:le product was
purified by MPLC on a column of CI-IP20? (2.5 cmx2S cm)
eluting initially with 150 mL of water followed by a gradient
fonned by the gradual addition of 400 ml. of aoetonitrfle in
water to a reservoir containing 4120 mL of water. Fractions
containing clean product were pooled and concentrated. The
semisolid residue was taken up in water. filtered and lye-
philized to alford 243 mg (39%) of a white lyophilate.

TLC silica gel (5:4:l n-propanol: ammonium

hydroxidezwater): Rf 0.38.
IR (Knr): 3403(br). 2928. 2857. 165 1. 1202. 1163. cm“.
‘H NMR (D20. 300 MHZ): 87.52 (d. 211. I=‘?.8 Hz) 7.45

(:1. 21-1. .l=8.0 Hz) 7.35 (t. 2H. .1:-0.5 Hz) 7.24 (t. 1H. J=8.0
Hz) 7.22 (d. 2H. .l=8.0 Hz) 2.73 (ddd. 11-I. .|"—-17.8. 6.6. 4.4
Hz} 2.51 (t. 2H. J=7.5 Hz) 1.74 (In. 2H) 1.48 (111. 21-1) 1.39
(tn. 21-1) 1.20 (bs. 411.’) ppm.
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“C NMR 03,0. 75.6 MHZ): 5143.4 140.6 137.9 129.4
1293 127.6 127.0 126.9 61.8 (cl. .'lC,.=12l Hz) 34.7 30.9
29.5 (d. J¢_..=6 Hz) 29.] 28.7 28.5 ppm.

MS (FAB): am 439 (M—K+2H)". 527 (M+H)*.
Anal. Calcd for c,,H,.o.PsK..2.31 11.0: C. 40.15: H.

4.72: S. 5.64: P. 5.45 Found: C. 40.15; H. 4.89; S. 5.60: P.
5.47

 l8

(E)-4-{4'-Pentyll 1 .1‘-biphenyll-4-yl)- l-phosp|1ono-3-
butene-1-sulfonic acid. tripotassium salt

A. 0:-Ethenyl-4'-pentyl[1.1‘-bipilenyll-4-methanol. acetate
ester

To a stirred solution of 3.03 g (10.0 mmol) of 4-hromo-
4‘-pentyl{1.1'-biphenyl] in 20 mL of THF under Hgon at
-78” C. was added a solution of 12.5 mL(2l.2 mmol) of 1.7
M t—butyl.lithium in pentane over 1 h. A darlocolored slurry
had formed. This was warmed to 0° C. and the resulting
organic solution was stirred for 25 min. To this reaction
mixture was added 0.8 mL (12 mmol. 1.2 equivalents) of
freshly distilled acrolein at a rate to keep the ternpunture
below 5° C. After an additional 30 min. the reaction was

quenched with saturated ammonium chloride solution.
extracted twice with ether. dried (MgSO,,) and evaporated
The resulting yellow solid was dissolved in 50 mL of
dichloromethane and stirred under argon. To this solution
was added 2.5 mL (18 mmol) of triethylamine. 1.5 mL (15
mmol) of acetic anhydride and 20 mg (0.16 mmol) of
4~N.N-dirnflhylarninopyridine at room temperaunre. Alta‘
14 h. the reaction mixture was evaporated. redissolved in
ether. washed once with 10% citric acid. once with water and
once with saturated sodium bicarbonate solution. The

extract was dried (MgS0,) and evaporated. Purification by
flash drromatograpliy on silica gel (SXZS cm column, 2:3
dichloromell1ane.l'hexanes as elutent) gave title compound as
a colorless oil. 2.20 g. 68% yield.
B. (E)-1-(l}iethoxyphosphinyl}—4-(4'-pcntylll.1‘—biphenyl-
4-yl)-3-butene-1-sulfonic acid. l-tnethylethyl ester

To a stirred solution of 1.50 g (4.65 mmol) of Part B
compound. 2.’? ml. (10.? mmol. 2.3 equiv.) of bis
(u-inziethylsilynacetamide. 2.5 g (9.3 mmol. 2.0 equiv.) of
Example 11. PartA sulfonate and 125 mg (0.5 mmol) of
triphenylphosphine in 10 mL ofTl-IF undo‘ argon was added
270 mg (0.24 mmol) of tetraltisfiripheuylphosplline)
palladium. The resulting mixture was heated to 45° C. for 2
hour. The reaction was cooled. evaporated. diluted with
ether and washed once with 10% citric acid and thrice with

water. The organic phase was dried (143504) and evapo-
rated Puriftcation by flash clnomalography on silica gel
(SX20 cm column) eluted with 4:96 etherfdichlo-romethane
gave title compound as a colorless 01']. 1.65 g. 66% yield
C. (E)-4-(4'-Penty1[ l. 1'-bipbenyll-4-yl)-l -phosphono-3v
but.ene—1—sulfon.ic acid. tripotassium salt

A solution of 670 mg (1.24 mmol) of Part 13 compound in
10 mL of methanol under argon at room temperature was
saturated with ammonia gas. The flask containing the reac-
tion mixture was sealed and heated to 75° C. After l6 h. the

reaction was cooled to room tempuature and evaporated
under dry conditions. The residue was dissolved in 10 ml. of
dichloromethane and 560 1.1L (6.4 mmol) of his
(trinie-thylsilyl)tn'fluoroaceta.Inide and then 670 pl. (5.0
m.mo1)of brtxnouimetltylsilane was added. After 24 h. the
resulting clear solution was evaporated at 25° C. and then
stirred for 1 h with 3 mL (4 mmol) of 0.5M potassium
hydroxide solution. The solution was lyophilized and then
purified by MPLC (2.5><20 cm column of Mitsubishi Kasei
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Sepadbeads HP-20 resin): 11.5 mL fractions. 7 mllmin flow
rate. eluted with 200 ml. of water and then a gradient

prepared from 400 rnL of water and 450 ml. of 3:1
acetonilrilelwater). Fractions 42-50 were collected and lyo-

philizedto givetitle salt as a white solid. 505 mg. 85% yield.
IR (KB: pellet) 3430. 2928. 2855. 1636. 1497. 1202.

1078. 968 cm“.

‘H NMR (D20. 400 M112.) 87.28 (m. 4H) 7.21 (d. 21-].
J='!.l Hz) 6.88 (d. 211. l=7.3 Hz) 6.4-0(1:n. 21-I) 2.94(d.m. ll-1.
l=1T.1 Hz) 2.82 (rn. 1H) 2.67(1n. 1H) 2.25 (t. 2H. J=5.5 Hz)
1.27 (dq. 2H. J=6.0 Hz) 0.98 (In. 41-!) 0.58 (t. 3H. J=6.8 Hz.)
ppm.

Anal. Calc‘d for C,,1-Iz,,K,0gPS.2.2 H20: C. 42.58: H.
4.83; P. 5.23; S. 5.41 Found: C. 42.18; H. 5.19‘. E’. 5.63; S.
5.42.

MS (FAB. -I-ions) male 591 (M+K). SS3 (M+I-I). S15
(M—K+2H).

 19

or-Phosphono—-1'-Pentyll 1.1‘-biphenyl]-4-
butanesulfonic acid. tripotassium salt

A. or-(Diethcxyphosphinyl)-4'-propyll 1. 1'-biphenyI]-4-
butanesulfonic acid. 1-methylethyl ester

To an argon-purged solution of 550 mg (1.02 mmol) of
Example 18 Part B compound and 100 mg of 10%
palladium-o.n-carbon in?.5 rnLofethy1aoetatein 32001111.

10

88
nxammnzo

4-(2+Naphthalenyl)-tr-

phosphonobenzenehutanesulfonic acid. tripotassiurnsalt

A. 2-(4—Bromophenyl]napzht.halene
To a stirred solution of 4.14 g (20.0 mmol) of

2-tromonaphdlalene in 50 mL of THF at -78“ C. under
nitrogen was added a solution of 23.5 rn.L(-1-0.0 mmol. 1.7
M in pentane) of t-butyllithiurn over 10 minutes. The
resulting slurry was stirred for 30 minutes and then warmed
to 0° C. for 15 minutes. To this deep indigo solution was
added a solution of 3.50 g (25.6 mmol] of thrice-fused zinc
chloride in 25 ml. of THF. The resulting light yellow
solution was warmed to room temperature and stirred for 1
hour. After cooling to --78° C.. a solution of 5.66 g (20.0
mmol) 1-bromo-4-iodobenzene and 300 mg (0.26 mmol) of
tetra.i:is(tn'.phenylphosphine)palladium in 20 ml. ofTI-IF was
added over the course of 15 minutes. After an additional 20

min. the cooling bath was removed. the reaction stirred at
room temperature for 16 hours and then quenched with 50
ml. of 2M hydrochloric acid. The mixture was extracted
thrice with ether. the extracts combined. washed once with
saturated sodium bicarbonmc solution and once with 10%
sodium thicsulfate. The organic extract was dried (MgS04]
and evaporated. The crude product was purified by flash
chromatography on silica gel (S><25 cm column. hexanes as
elutent) to give 4.05 g (72%) of title compound as a white
solid. mp l2l°—12.3° C.

one-neck round bottom flask was attached a hydrogen-filled so B. ct-Etheuyl-4-(2-naplithalen-yl)benzenernethano1. acetate
rubber bladder of approximately 1 L capacity. The reaction ester
mixture was vigorously stirred for 16 h. purged with To a stirred solution of 2.59 g (9.13 mrnol} of Part A
nitrogen. filtered through Celite and the filtrate evaporated. compound in 20 rnL of "I'I-IF at —78° C. under nitrogen was
The oily residue was triturared in hexane: and re-evaporated added a solution of 10.8 mL (18.4 rnrnol. 1.7M in pentane)
to give title compound as a colorless oil. 545 mg. 99% yield. 35 of t-bntyllithiurn over 20 minutes. The resulting magenta
The product was used without further purification. slurry was warmed to 0° C. and stirred for 1 h. To the
B. (1-Phosphono-4'-pentylll .1’-biphenyl]-4-butanesulfonic resulting solution was added 0.8 mL (14 rm-nol) of freshly
acid, u-ipocassium sa]: distilled over 5 mm. The resulting light yellow

To 3 smmi sflluflon of 520 mg (Log m_mD1}°f pm A solution was stirred for 1'hour and then quenched with
compound in 5 ml. of dichloromethane under argon at room 4° 5‘“_"““°‘} 3-mm°m“"_1 °h1°“d°° Th’-7 m-ix“-"9 was °’m"_“t°d
temperature was added 400 yr. (4.5 mmol) of br~cmotri.m- WIFE with ethdn dndd (Ms?-04) and evaporated to we a
erhylsilane. After 18 h. the resulting clear solution was “'h"’° 5°:-‘£° _ ed _ _ch-I
evaporated at 25° C. and the residue dissolved in 10 mLol _Th° 5 d "E5 d155°1" 1-“ 59 "L °f d‘ °'°"1°‘1W1_'=-
THF. To tltis stirred. solution was added 330 mg (2 mmol) of stirred under mcrosen at yoomtenppcraune and treated wnth
dl-icd_ finely ground potassim-n iodidc and 3 m_g(O‘01 mmol) 45 2.0 IEIJLU4-.4 rnrnol) of tnethylarnrne. 1.23 mL (13 mmol) of
or 18—I::rown-6. The resulting slurry was heated to reflux for acme dnhyfinde and 50 ms (0-4 mmol) of PMAR dfter 16
241:. evaporated and then stirred for 1 h with 6 mt. (4.5 11- ‘he mcfimmimlre W5 °V§P_°m=_d~ r°dI5=§°1V=d1d =0“
n1In_0l)°f0_5Mpota5s]'_uIn hydroxide mm-mn_-1-hc solution and washed once_w1lh 10% C1tl'lC'aI:lCl solution. once with
was ly and men pwified by MEL (23.29 cm brine and once with saturated sodium bicarbonate solution.
column of Mitsubishi Knsei s CHP-20P resin): 50 The organic phase was dned (M3800 and evaporated The
11.5 ml. fractions. 7 mllmin flow rate. eluted with 200 ml. cgude product was purified by _flash ddromatosmvhy on
of water and then a gradient Pmpawd from 400 mL of wad srhca gel (S>f20 crn column. 1:1 dichloromednaneflrexanes as
and 450 ml. of ncetonilrile). Fractions 26-31 were collected clutenti to we 1-3? s (66_% from Parmoompduddi of mid
and lyopltilized to give title salt as a white solid. 400 mg. compound as} white solid. nap 61°-63° C-
M 55 :3.;..§.‘?.:*.‘:.‘..‘3.;*:.‘:°;*:*.*:.:';:.:£“.:.:*.2.'3’:*.:;:.;§,%.;'.:.:.':':.‘:::°“=*“

IR (KBr pellet) 3424. 3088. 2928. 2859. 1663. 1499. ' . '. '
1202 mm. 1049- so .:° * ;:_“;*e;°:.*":“z'.;;1.~‘..58

‘WMR (D=‘3‘~ ‘*°°”“*”-)73‘‘(‘’- 1*‘ ‘=7-7 “Z3731”, rmflhyisnyryacetmae 2 si '3 31012 mrncl 2 0
1H. l=7.8 Hz) 7.18 (d. 1H. J=?.8 Hz) ?.02(d. lH.J-=73 H2) 60 équivalems) of Example 11' Pa}: A sulfonéie and 155
2.80 (dt. 1H. J=l?.B. 5.1 Hz) 2.35 (t. 1H. J=7.0 Hz) 1.81 (m. - ' - »4“) 136 (m 2H)106(m4H)063(L2H 1:68 Hz) (0.48 mrrrol)ofu1plrenylpl1osph1ne 1n l0mL ofTlIF under‘ ' ' ’ ‘ ppm‘ nitrogen was added 270 mg (0.24 mmol) of tetralris

Anal. Ca1c‘d for Cu]-I, ,05PS.l.42 H20: C. 43.46; H, (u-iph¢ny]phospmn3).Pan,djm-n_ 1-hc msumng mixture was
5.01; P. 5.34; S. 5.52 Found: C. 4-3.46:1-I. 4.93: P. 5.37; S. [mama to 45° C_ fat 2 [L The macfion was coolad and
5-35» 55 evaporated andpumped atroomtemperature @ 0.2 Torr for

MS (FAB. +ions) rule 593 (M+K). 555 (M+H). 5l7(M— 24 hOl.tl'S.Thc residue was diluted with diclaloromethane and
K+2I-1). evaporated onto 5 g of silica gel. Purification by flash
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chromatography on silica gel (5><20 cm column) eluted with
1:16 cttterfdidtloroinetltane gave title compound as a yellow
oil. 950 mg. 36% yield.
1). ct-(Diethoxyphosphinyl)-4-(2-naphthalenyl)
benznenebntanesulfonic acid. 1-methylethyl ester

To a nitrogen-purged solution of 950 mg (1.85 mmol) of
Pa.rtCocruponndancl350rngof10%Pd!C in 25 rnLofethyl
acetate in a 200 ml. oneneclr round bottom flask was

attached a hydrogen-filled rubber bladder of approximately
1 L capacity. The reaction mixture was vigorously stirred for
I6 h, purged with nitrogen. filtered through Celite and the
filtrate evaporated. The oily residue was redissolved in
dichlormethane. filtered through a 0.75 In filter and

re-evaporated to give title compound as a colorless oil. 960
mg. 100% yield. The product was used without further
pm-ification.
E 4-(2-Naphthalenyl)-or-phosphonobenzenebutanesnlfonic
acid. tripotassinm salt

To a stirred solution of 950 mg (1.81 mural} of Part D
compound in 10 mL of dichlorom-ethane under nitrogen at
room temperature was added 1.4 mL (10.5 mmol) of bro-
motrimethylsilanc. After 24 h, the resulting clear solution
was evaporated at 25° C. andthe residue dissolved in l0mL
of THF. To this stirred solution was added 0.5 g (3 mmol) of

dried. finely ground potassium iodide and 6 mg (0.02 mmol)
of 18-crown-6. The resulting slurry was heated to reflux for
20 h. evaporated and then stirred for 1 h with 12 mL (6
mmol) of 0.5M potassium hydroxide solution. The solution
was lyophilined and then purified by MPLC (2.5x20 cm
column of CI-1P20P resin): 115 mL fractions. 7 mumin flow
rate. eluted with 200 ml. of water and then a gradient

prepared from 400 ml. of water and 450 mL of 2:1
acetonin-ilefwater]. Fractions 6642 were collected and lye-

plfilizedtc git-etitle salt as a white solid. 560 rng.55% yield.
[R (ICBI pellet) 3418. 3055. 2934. 2864. 1661. 1503.

1339. 1196. 1078. 966 cm“.

‘H NMR (D20. 400 MHz) 57.68 (5. 11-1) 7.57 (In. 3H)
7.37 (dd. 1H. hl.3, 8.6 112) ‘I31 (cl. 1H. .l=8.l Hz) 7.27 (m.
211) 7.14 (d. 1H. l=8.l Hz) 2.82 (ddd. 11-I.l=2.1. 6.4. 17.5
Hz) 2.56 '[JIL. 2H) 1.74 (m. 4H) ppm.

MS (FAB, +ions) me 573 (M+K). 535 CM+H), 497
(M—K+2H).

Anal. Calc‘d for CmH,3K._,PS06.l.3H20: C. 43.04‘. H.
3.72; P. 5.55; S. 5.74 Found: C. 43.04; H. 3.86; P. 5.79; S.
6.09.

 2l

4-Phenoiry-or-phosphonobencenebntancsulfonic
acid. tripotassium salt

A. tr-Ethenyl-4-phenoxybcnzenernethanol
tort-Butyllithitlm (24.5 IIIIL. 1.7M in pentane. 42.2 mmol)

was added dropwise over 30 min to a solution of
4—l:ro.u:todiphenyl ether (5.00 g. 20.1 mrnoll inT1-IF (50 ml.)
at -78“ C. under argon. The cooling bath was removed and
the bright yellow reaction rnixttue Wm warmed to 0° C. over
20 min. The reaction was stirred at 0° C. fill: 30 min. at which
time a tan-colored solution developed. Freshly distilled
acrolein (1.6 ml... 24 mmol) was added dropwise over 5 min.
The colorless reaction mixture was stirred at 0° C. for 15

min. then quenched by addition of saturated NILC1 (10 mL).
The mixture was diluted with diethyl ether (200 mL) and the

organic layer was washed with water (20 ml.) and urine (50
mL). then dried over MgS04. Evaporation gave a crude oil
which was purified by flash chromatography on silica gel
(400 g) eluted with a step gradient of 10:90 EtOAo"heatane
to 15:85 EtOAc)‘hexane to 20:80 Et0Ac!hexane to provide

title compound (3.31 g. 73%) as a colorless oil.
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B. nt»Etheny1-4-phenoxybenzenemethanol. acetate ester
Acetic anhydride (1.7 mL. 18 mmol] and

4-dirnethylarninopyridine ( 1 8 mg. 0.15 rnrnol) were added to
a solution of Part A alcohol (3.30 g. 14.6 mmol) and

triethylarnine (4.1 mL. 29.2 mmol] in C-H201: (50 mL). and
the reaction was stirred at El‘ under argon for 1.5 h. The
reaction mixture was diluted with CHECIQ (50 mL) and
washed with water (10 rn.L) and brine (20 mL). then dried
over MgS0_,. Evaporation gave a yellow oil which was
purified by flash chromatography on silica gel (100 g) eluted
with 30 10:90 EtDAcJ'l1exa.ne to give title compound (3.83 g.
98%) as a pale yellow oil.
C. (E)- l-(Diethoxyphosphinyl) -4-(4-phenoxyphenyl)-3 -
bntene-1-sulfonic acid. 1-rnethylethyl ester

Tetrakisttriphenylphosphinapalladinm (200 mg. 0.1’?
mmol) was added to a nnixuire of Part B compound (1.50 g.
5.60 mmol). Example 11. Part A compound (3.07 g. 11.2
mmol). bis(trime1hylsilyl)acetarnide (2.76 mL. 11.2 mmol).
and u-iplrenylphosphine (73 mg. 0.28 mmol) in THF (20
mL). 'l1ie reaction was heated atretlux its 45 min. cooled to
RT. and concentrated in vacuo to give a gold-colored oil. The

crude product was purified by flash chromatography on
silica gel (150 g] eluted with a gradient of 40350 Ex0ArJ
hexane to 50:50 EOAcJ'hexane to afford title compound

(914 mg. 34%) as a colorless oil.
D. or-(Diethoxyphosphiny1]-4-

phenoxybenzenebntanesnlfonic acid. 1-methylethyl ester
A mixture of Part C compound (900 mg. 1.87 rnruol) and

10% palladium on carbon (50 mg) in Et0Ac (6 mL) was
stirred at RI‘ under an atmosphere of H, (balloon) overnight
(18 It). then was filtered through a pad of Celite with the aid
of E.0Ac. Evaporation gave title compound (855 mg. 94%]
as a colorless oil.

E-L 4~Phenoxy-ct-pbosphonot:-enzenehutanesnlfonic acid. tri-
potassium sall

Ammonia gas was bubbled through a solution of Part D
compound (730 mg. 1.61 mmol] in methanol (15 mL‘; for 15
min at RI‘. Dining the saturation. the solution turned yellow
and became slightly exothermic. The reaction mixture was
heated at 75° C. in a sealed ‘tube ovemigltt (17 h). then was
cooled to RT. The reaction was concentrated in vacuo. and
the residue was azeotroped with toluene (zxltl ml.) to give
a thick yellow syrup.

The dude pa-odnctwas dissolved in CHZCI, (5 mL) under
argon and bromotrimethylsilane (1.5 mL. 11.3 mmol] was
added dropwise. The cloudy yellow reaction was stirred at
RI‘ overnight. concentrated in vacuo. and pumped at high
vacuum for 3 h.

The crnderesidue was dissolved in IN K01! (8.1 mL. 8.1
ininr>l)andstirredatR'l?foa-30rtn'.n.'1'hereaction was
heterogeneous. Additional IN KOH (1.6 ml... 1.6 rnrnol) was
added along with water (5 mL). The still heterogeneous
reaction mixture was lyophilized to give a beige solid. which
was purified by chromatograpliy on CHIP20P gel (2.5x20 an
column) eluted with water followed by a gradient created by
the gradual addition of acetonitrile to a reservoir of water.
The product fractions were concentrated to approximately a
5 mLvo1t.nne. then lyophilized to provide title salt (488 mg.
61%) as a white solid.

TLC (silica gel) (6:3:l n-propanol.I'NH,0HIlI,0):
.15

IR (1CBr) 3042. 2936. 2864. 1663. 1589. 1507. 1489.
1240. 1198. 1076. 966 cm".

‘HNMR (D20. 400M]-lz) 57.27 (t. 2H. J=7.9 Hz) 7.19 (d.
21-L l=8.3 Hz) 7.04 (t. 1H. J=7.5 Hz) 6.91 (ct. 2H. J=7.7 Hz)
6.87 (d.. 2H. .l=8.3 Hz) 2.79 (din. 1H) 2.52 (in. 21-1)
2.00-1.63 (In. 41-1) ppm.
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13CNMIR(D,0.75 MHZ) 5157.22 154.56 138.96 130.15
130.08 123.66 119.04 118.57 61.69 (d. l=l20 Hz) 34.74
3153 (d. l=7 Hz) 28.61 ((1. .1=2 Hz) ppm.

MS (FAB. +ions) me‘: 463 (ll-‘1+2l-1-K). 501 (M+H). 539
(hr{+K).

Anal. Calc’d for C 15H 15K30-,PS. 1.0 equiv 1120: C. 37.05:
H. 3.50: P. 5.97; S. 6.13. Found: C. 36.77; H. 3.86; P. 6.42;
S. 6.48.

EXAMIPLE22

1—Pl1osphono-7-(4-propylphenoxy)-1-
heptanesulfonic acid. tripotassium salt

A. 1-[(6-Brornohexy1)oxy]~4-propylbcnzene
A solution of diisopropylazodicarboxylate (2.12 g. 10.5

mmol) in THF (25 mL) was added via syringe pumpover 1.5
h to a mixnne of 4-propylphenol (purchmed from Aldrich
Chemical Co.) (1.36 g. 10.0 mmol). 6-bromo-1-hexanol
(purchased from Aldrich Chemical Co.) (1.81 g. 10.0
mmol). and triphenylphosphine (2.75 g. 10.5 mmol) in'I'H§F
(25 mL) at 0° C. under argon. The slightly yellow reaction
was stirred at 0° C. for 30 min. whereupon additional
triphenylphosphine (262 mg. 1.00 mmol] was added. foI~
lowed by addition of diisopropylazodicarboxylatc (200 ml.
1.0 mmol] over 30 min. The reaction was allowed to wan:
to R1‘, at which time silica gel (15 g) was added. The mixnne
was concentrated in vacuo and the white powder obtained
was ptnifled by flash chromatography on silica gel (150 g)
eluted with a step gradient of hexane to 2 :98 Et0Ac!hexane.
The slightly impure product obtained was rech.romato-
graphed on silica gel (150 g) eluted with 1:99 Et0Ac)‘hexane
to give title compound (2.00 g. 67%) as a colorless oil.
B. 1-[(6-Iodohexy1)oxy]-4-propylbenrene

A mixture of Part A compound (1.85 g. 6.19 mrnol).
sodium iodide (4.65 g. 31.0 mmol). and anhydrous sodium
bicarbonate (520 mg. 6.19 mrnol) in methyl ethyl ketone (15
mL) was brought no reflux and maintained at that tempera-
ture for 2 h. then allowed to cool to RI‘. The solvent was
removed from the colorless reaction in vacuo and the residue

was partitioned between diethyl ether (70 ml.) and water (20
mL). The organic layer was washed with water (10 mL) and
brine (10 mL). then dried over MgS04. Evaporation gave
title compound (2.09 g. 98%) as a opaque oil.
C. 1-(Diethoxyphosphiny1)-7-(4-propylphenoxyy1-
heptanesulfonic acid. cyclollexyl ester

A solution of Example 1A. Part B su1fonate(4.65 g. 14.8
mmol) in DMF (5 mL) was added dropwise over 5 min to
a suspension of dry sodium]-iydride (283 mg. 11.8 mmol) in
DMF (5 IIIL} at -15“ C. under argon (note: H2 evolution).
‘The cooling bath was removed and the suspension was
stirred at RT for 30 rnin. whereupon a clear yellow solution
was obtained A solution of Part B iodide (2.04 g. 5.90
rnrno1)in DMF(l0mL)was at|t|.edd1'o1:Iwiseover5n1in.and
the reaction was stirred at RT overnight. The reaction was
quenched by addition of saturated NH..Cl (10 mL). and the
resultant mixture was partitioned between diethyl ether (50
ml.) and water (50 mL). The aqueous layer was extracted
with diethyl ether (50 mL). The organic extracts were
combined and washed with water (20 ml.) and brine (2x20
mL). then dried over MgSO,. Evaporation gave ayellow oil
which was pl.1l'1fiOd by flash chromatography on silica gel
(200 g) eluted with 30:70 BIOAcfhexane to glve title com-
pound (2.12 g. 68%) as a colorless oil.
I). 1-Phosphono-7-(4-propylphenoxy)—1—heptanesu1fonic
acid. tripotassinm salt

Ammonia gas was bubbled through a solution of Part C
compound (810 mg. 1.52 mmol) in methanol (15 mL) for 10
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min at KI‘. During the saturation. the solution unned yellow
and became slightly exothermic. The reaction mixture was
heated at 75° C. in a sealed mbc overnight (20 h). then
cooled to RT. The reaction was concentrated in vacuo. and

the residue was anecnoped with toluene (2><10 mL) to give
a white semi-solid.

The crude prodllct prepared above was dissolved in
CH,C12 (8 mL) under argon and brotnotrimethylsilane (1.4
mL. 10.6 mmol) was added dropwise. The cloudy yellow
reaction was stirred at RT overnight (19 h). concentrated in
vacuo. and pumped at high vacuum for 3 h.

‘The crude residue prepared above was dissolved in 1N
KOH (7.6 mL, 7.6 mmol) and stirred at RT for 15 min.
diluted with water (5 mL). then lyophiiized to give a white
solid. Purification was performed by chromatography on
CHP20P gel (2.5x20 on: column) eluted with water followed
by a gradient created by the gradual addition of aeetonitrile
to a reservoir of water. The product fractions were concen-
trated to ya 5 ml. volume. then lyophilined to
provide title salt (4-06 mg. 53%) as a white solid.

TLC {silica gel) (6:3:1 n—propanol!NH..0HfH,O):

R,.—~0.21
1R (KBr) 2932. 2863. 1636. 15 12. 1200. 1074. 966 cm".
‘H NMR (D10. 300 MHz) 87.05 (:1. 2H. J=8.4 Hz) 6.79

(d. 2H. l=8.4 Hz) 3.90 (t. 2H. .1=6.6 Hz) 2.72 (ddd. 111.
.l=4.5. 6.3. 17.8 Hz] 2.37 (t. 2H. l=7.5 Hz) 1.93 -1.10 (In.
12H) 0.71 (L 31-1. l=7.3 Hz) ppm.

“C NMR (D20. 75 MHz) 8156.24 136.23 129.78 115.03
69.14 61.76 (d. la-120 Hz) 36.41 29.42 (d. l=7 Hz) 28.92
28.63 28.54 25.24 24.31 13.07 ppm.

MS (FAB. -I-ions) ml: 509 (la-1+1-I]. S47 (M+K].
Anal. Ca1<:‘d for C1.-,H:41(30-,PS. 1.6 equiv H20: C. 35.75;

H. 5.10:1’. 5.76; S. 5.97. Found: C. 35.79; H. 5.49; P. 5.54;
S. 5.95.

tr-Phosphono-4-(4-propylphenoxy)
benzenebutanesulfonic acid. tripotassiurn salt

A. 4-(4-Propylphenmtfibenzaldehyde
Anhydrous potassium carbonate (14.9 g. 0.12 mol) was

added to amixltlre of4-prtpylphenol (13.6 g. 0.10 mol) and
4—fluorobenza1dehyde (12.4 g. 0.10 11101) in N.N-
dimethylacetarnide (100 mL) under argon. The heteroge-
neous mixture was brought to reflux. maintained at that
temperature for 5 h. then cooled to RI‘. Water (100 mL) and
CHZCI2 (100 mL) were added. resulting in a tri-phase
system. The bottom layer was removed; the middle layer
was dried over MgSO4; and. the top layer was extracted with
CH,C.l2 (100 mL) and dried over MgS0_,. The dried layers
were combined and concentrated in vacuo at 50° C. to give
an orange oil. The crude product was pu.ri.fied by distillation
to give title compound (16.6 g. 69%) as a colorless oil. bp
133°—150° C. (0.2 mm Hg)
B. ct-F.t.henyl-4-(4-propylphenoxy)benzenemethanol.
acetate ester

A solution of Part A compound (2.00 g. 8.33 mmol) in
Tl-lF(l5 mL) was added dropwise over 10minto a solution
of vinylmagnesium bromide (9.2 mL. 1.0M in THE 9.2
mmol) in'l"1-1]-‘I’ (15 mL) at -40” C. under argon.The reaction
was warmed to -20“ C. over 30 min. whereupon the
heterogeneous tnixture went to clear yellow. Additional
vinylmagnesium bromide (1.5 mL. 1.0M in THF. 15 rnrncl]
was added dropwise. The reaction was stirred at —20° C. for
10 min. then quenched by addition of saturated NH4C.l (10
mL). The solvent was removed in vacuo. and the mixture
was diluted with diethyl ether (50 mL). The organic layer
was washed with water (10 mL). IN HCl (10 mL). and brine
(20 mL). then dried over MgS0... Evaporation gave the
alcohol (2.6 g) as a yellow oil.
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Acetic anhydride (0.94 mL. 10.0 mmol). lriethylamine
(23 mL. 16.7 mmol). and 4-dirnethylaminopyridine (10 mg.
0.08 mmol) were added to a solution of the crude alcohol in
Cl‘[2Cl; (30 mL) under mgon. The yellow reaction was
stirred at RT for 2.5 h. diluted with Cl-I,Cl3 (50 mL), and
washed with Watt: and brine (20 1111. each), then dried over
MgS04. Evaporation gave a heterogeneous yellow oil.
which was purified by flash chromatography on silica gel
(150 g) eluted with 3:97 EtOAclhexane to give title com-
pound (1.85 g. 72%) as a pale yellow oil.
C. (E)- 1-(Died-1oxyphosphinyl)-4- [4—(4-propylphenoxy)
pheny1]-3-butene- 1-sulfonic acid, l-methylethyl ester

Tetrakis(tripheny1phosphine)pa1ladiurn (196 mg. 0.17
mmol) was added to a mixture of Part]! compound (1.74 g.
5.61 mmol). Example 11. Part A compound (3.07 g. 11.2
rnznol). his(trimethy1si1yl)acetamide(2.8 mL. 11 mmol). and
lriphenylphosphine (73 mg. 0.28 mmol) in THF (20 1111.).
The reaction was heated at 45° C. for 3 h. cooled to RI‘. and

concentrated in vacuo to give a yellow oil. The crude
product was purified by flash chromatography on silica gel
(200 g) eluted with a step gradient of 30:70 Et0Ad’hexane
to 40:60 EtOAc)hexane to afiord title compound (706 mg.
24%) as a colorless oil.
D. 1-(Diethoxyphosphinyl)-4-(4-propylphenoxy)
bennenebutanesulfonic acid. 1-methylethyl ester

Amixture ofPa1t C compound (700 mg. 1.34 mrool) and
10% palladium on carbon (40 mg) in Et0Ac (5 ml.) was
stirred at RT under an atmosphere of I12 (balloon) ovetnigit.
then was filtered through a pad of Celite with the aid of
Cl‘l._.Cl2. Evaporation gave title compound (669 mg. 95%) as
a colorless oil.

E. ct—Phosphono-4~(4-propylphenoxy]
benzenebutanesulfonic acid. tripotassium salt

Ammonia gas was bubbled through a solution of Part D
compound (610 mg. 1.16 mrnol) in methanol (10 mL) for 10
min at RT. During the saturation. the solution turned yellow
and became slightly 10 exothermic. The reaction mixture
was heated at 75° C. in a sealed tube overnight (20 h). then
cooled to RI’. The reaction was concentrated in vacuo. and

the residue was azeotroped with toluene (2><l0 mL) to give
a pale yellow oil.

The crude product prepared above was dissolved in
CH—_.Cl2 (6 mL) under argon and tn-ornotrimetl-nylsilane (1.1
mL. 8.1 mmol) was added dropwise. The cloudy yellow
reaction was stirred at RI‘ ovanight (19 h), concentrated In
vacuo. and pumped at high vacuum for 3 h.

The cmde residue prepared above was dissolved in 1N
KOH (5.8 mL, 5.3 mmol) and stirred at RT for 15 min,
diluted with wa1a'(5 mL). then lyophflized to give a white
solid. Pu:ril"1cation was performed by chromatography on
CHPQOP gel (2.5><20 cmcolumn) eluted with water followed
by a gradient created by the gradual addition of acetonitrile
to a reservoir of water. The product fractions were concen-
trated to approximately a 5 1'n.l_. volume. then lyophilized to
provide title salt (445 mg. 71%) as a white solid.

TLC (silica gel) (6:3:l n-propanoIl'NH,OHl'H2O):

R,=0.l8
IR (lCBr) 2959. 2870. 1503. 1240. 1200. 1078. 966 cm“.
‘H NMR (D20. 400 MHZ) 57.16 (11. 211. J=8.6 Hz) 7.10

(d. 2H. J=8.6 Hz) 6.83 (241. 411. J=6.4. 6.8 Hz) 2.79(dd.d. ll-I.
I=4.3. 6.2,. 16.9 Hz) 2.50 (In. 21-!) 2.42 (1, 2H. l=7.5 Hz)
1.97 -1.62 (In. 4H) 1.45 (sextet. 2H. .f=7.S Hz) 0.73 (t. 3H.
I=7.5 H.z)pp1-n.

"C1~1M1z(o,o. 75 MHz) 8154.93 138.64 130.01 118.70
118.63 61.54 (cl. l=l20 Hz) 36.56 34.73 31.51 (d, 1:’? Hz)
28.52 24.27 13.06 ppm.

MS (FAB. 1-ions) miz 543 (M+H). 581 (M+K).
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Anal. Calc’d for C,9I-]22I(,0-,PS.2.0 equiv H20: C. 39.43:
H. 4.53; P. 5.35; S. 5.54. Found: C, 39.63; H. 4.70:1’. 5.18:
S. 5.50.

EXAMPLE24

(E.E)-1-(Diedmxyphosphinyl)-6. 10.14-t:riJ11et.hyl-5.9.
13-pentadecatzriene-l-sulfonic acid. sodium salt

To a solution of 0.50 g (0.91 mrnol) of Example 1A Part
Coompou.ndand10mLofmethanolinasea.Iahletubeat0°
C‘. was added NH, (g] until the solution was saturated. The
tube was sealedandplaoedin anoil bat:l'1at70° C. for 24 h.
at which point the tube was opened and the volatiles
removed under reduced pressure. The rernainderwas dis-
solved with 1.20 mL (1.20 mmol) of 1N sodium hydroxide
solution. 'l11e compound was purified by MPLC by loading
the basic solution on a column of CHPZCP gel (2.5 on
diam.x20 cm height) and eluting with water (150 ml.)
followed by a gradient created by the gradual addition of400
n:1L of acetonin-lle to a reservoir of 350 mL of water.

Approximately 7 mL fractions were collected. PUIB fractions
(1930-34) were combined and the acetonitrile was removed
under reduced pressure. The aqueous solution was tyc-
philized to provide 0.39 g (87%) of title salt as an amber oil.

TLC Silica gel (6:3:1 n-propanoliconc. alnrnoniafwater)

1z,=0.s0.
m (c:ac,,) 3459. 2969. 2926. 2359. 1647. 1445. 1236.

1165. 1098. 1069. 1034. 970 cm“.

‘H NMR (CD,0D. 300 MHz) 55.15 (m. 4.18 (quint.. 411.
l=7.0 Hz) 3.22 (111. 1H. .l=18.4. 6.0 Hz) 2.10-1.80 (m. 1211)
1.70 (s. 311) 1.65 (s. 3H) 1.60 (s. 6H) 1.60 (m. 2H) 1.30 (1.
3H. I=7.0 Hz) ppm.

Mass Spec (FAB. -I-ions) mle 509 (M+Na].

AnaL Calc’d. for c,,11,,,,o.,Nn>s-0.73 H10: c. 53.91; 11.
3.31; P. 6.32: S. 6.54 Found: C. 53.91; 1-1. 323-, P. 6.17; s.
6.33.
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(E)-6-Methyl-l0-phenyl—1-phosphono-5-decene- l—
sulfonic acid. tripotassiu1'n salt

A. S-Methyl-9-phenyl-no11—4-en-l-ol
Tba solution of 1.5 g (4.26 mmol) ofthe Example 35. Part

B iodide in 10mLof"I'HFat0° C. was added 12.9 mL(2S.8
mmol) of benzyhnagnesium chloride in Tl-IF (purchased
from Aldrich Chemical) followed by 10 mg (catalyst) of
copper(I)iod.ide.'I‘hereacti.on was stimeda10° C. for 1 h.
and at room temperature for 3 h. The reaction was diluted
with ether and aqueous NH,C1 solution. The organic fraction
was washed with water and brine. dried (MgSO4) and
concentrated to provide 2.70 g of a crude oil. The oil was
purifiedby flash ehrornatography (250 g of silica gel) eluting
with 3:2 ethyl aoetatelhexane to provide 1.10 g (99%) of title
compound as a colorless oil.

TLC Silica gel (8:2 hexaneiethyl acetate) R,=0.29.
B. (E)-{9-Iodo~5—met:hyl—5-nonenyhbenzene

A solution of 980 mg (4.22 mmcl) of Fan A alcohol in 10
ml. of methylene chloride and 0.76 ml. (5.49 mmol] of
triethylamineat 0° C. was treatedwith 0.39 mL(5.07 mmol)
of methanesulfonyl chloride dropwise over 0.2 h. The reac-
tion mixttne was stirred fen" 1.0 h when it was quenched with
sat:.1rat.ed aqueous K]-{S04 solution and diluted with ether.
The layers were separated and the organic fraction was
washed with solutions of NaHCO, and brine. dried
(MgSO,) and evaporated to 1::rovi.de the mesylate as a pale
yellow oil.
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The crude mesylate was diluted with 100 mL of acetone
and treated with 3.65 g (24.39 mnaol) of Na] at room

temperature for 48 11.. The mixture was diluted with 200 mL
of a hexanefwater mixture. The organic fraction was
extracted with NaHSO,. brine. dried (MgS04) and concen-
trated to provide a colorless oil. The oil was purified by flash
cluoniatography (50 g of silica gel) cluting with 3:2 ethyl
acetatelherane to provide 105 g (76%) of title compound as
a colorless oil.

TLC Silica gel (32 hertanefethyl acetate) R,-0.64.
C. (E)-1-(Diethoxyphosphinyl)-6-rnethyl-10-phenyl-5-
decene-1-sulfonic acid. cyclchexyl ester

To a stirred solution of 0.93 g (2.95 mmol) of Example IA
Par-tB eompoundin 3 mLDMFal—20° C. was added5lmg
(2.13 mmol) of sodium hydride. After the hydrogen evolu-
tion diminished. the reaction was brought to RT and stirred
for 10 minutes. When hydrogen evolution subsided

completely. 0.56 g (1.64 mrnol) of Part B iodide was added
and the reaction stirred 24 hours before storing at —80° C. for
30 hours. The reaction was quenched with 10 mL of satu-

rated aqueous annnonitun chloride solution. diluted with
ether (150 mL) and water (75 ml..). The aqueous layer was
removed and the organics washed with saunated sodium
chloride. The combined aqueous layers were back extracted
with ether and the combined organic fractions dried (over
sodium sulfate) and evaporated. The (rude material was
pu.ri.fied by flash darornatography on silica gel (60g). packed.
loaded. and eluted with 60:40 hexaneiethyl acetate. The pure

fractions (#8-18) were combined and concentrated to yield
0.55 g (64%) of title compound as a clear oil.

TLC Silica gel (60:40 heitanelethyl acetate) l§,=0.25.
MS (C1. +ions) rule 529 (M+H). 5-16 (M+N1L,).
IR (lCBr) 2934. 2853. 1452. 1454. 1260. 1194. 1053.

1024. 928 cm“.
‘H NMR (400MH2. CD03) 57.18 (t. 1211. J=7.5 I1z)7.08

(d. 3H. J=7.5 Hz) 5.128 (t. 11-I. J=7.0 Hz) 4.76 (In. 11-1) 4.14
(In. 4-H) 3.35 (d:r. 1H. J=19.'?. 6.5 Hz) 2.53 (t. 2H. J=7.7 Hz)
2.05 (In. 2H) 1.95 (In. 5H) 1.77-1.17 (to. 1611) 1.50 (s.3H)
1.28 (1. 611. J=8.0 Hz] ppm.
D. (E)-6-Methyl-l0-phenyl-1-phosphono-5-decene- 1-
sulfonic acid. tripotassium salt

To a solution of 0.496 g (1.93 mmol] of Part C Iriester in
10 mL methanol in a scalable tube was added ammonia gas
at 0° C. until saturamd. The tube was then sealed and heated
at 65° C. for 24 hours. The tube was opened and the solution

evaporated to a glassy oil which was evaporated from
toluene two times and dried under high vacuum. leaving an
amber oil. The residue was dissolved in 3.5 ml. methylene
chloride and treated sequentially with 1.53 mL (1 1.55 mrnol)
of collidine and 1.78 ml. (13.47 mrnol) of b1'ornotrirnethyl-
silanc bromide. The reaction mass was sti.rred at RT under

argon for 24 hours. at which point an additional 0.254 mL
(13.47 mrnol) of collidine and 0.508 ml. (3.86 mrnol) of
bromon-imethylsilane were added. After 45 hours at room
temperature. the reaction was quenched with 6.95 ml. (6.95
mrnol) of 1N KOH and lyophilized. The remainder was
purified by MIPIJC on a column of CHIP-20!’ gel (2.5 cm
diameter>C21 cm height). eluting with water (100 ml.).
followed by a gradient formed by the gradual addition of 400
ml. acetonitrile to a reservoir of 350 mL water. Approxi-

mately 10 mL fractions wa:e collected. Pure fractions
(#30—32) were combined. concentrated to 0.36 g. and passed
through a coluron of 30 g (153 meq) AG 50W-XG (1? form)
with water. The potassium sah eluted in fractions 1 to 4.
which were lyo-philized. providing a granular powder. The
lyophilate was diluted in 150 11L water and triturated with 2
mL portions of acetone three times. The product was dried
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under high vacuum for three days. yielding 259 mg (26%)
of title salt as a pale beige powder.

m (Ker) 3424. 2932. 2857. 1653. 1200. 10110. 966 an“.
MS (Ion Spray. +ions) 429 (M—2K+3H). 467 (1-1—K+21-I).

505 (M+H).
‘H NMR (300 M111. D10) 87.25 (m. 5H) 5.25 (t. 1H.

J=6.5 Hz) 2.85 (dr, 1H. J=19.0, 6.0 Hz) 2.60 [t. 21-1. J=3.5
Hz) 2.00{m. 611) 1.53 (s. 311) 1.53 (um. 4H) 1.40 (quint. 2H.
J=6.4 112) ppm.

Anal. Calc’d. for C”H,4K,PO5S-2.1 H20: C. 37.64; H.
5.24: P. 5.71; S. 5.91 Found: C. 37.64; H. 5.19; P. 5.34; S.
6.09

EXAMPLE26

4—(3-Phenylpropyl)-ob

phosphonobenzenebutanesulfonic acid. tripotasslum
salt

A. 4-( 1 —Hydroxy—3—pheny1-2—propynyl)benzoic acid. methylester

To a stirred solution of 4.40 mL (40.0 mmol) of phenyl-

propyne in 30 mL of THIF under nitrogen at -75“ C. was
added a solution of 16 ml. (40 mrnol) of 2.5g n-butyllithium
in hexane over 20 min. The resulting light yellow solution
was warmed to 0° C. and stirred for 30 min. This solution

was added via syringe to a slurry of 6.25 g (38.0 mmol) of
methyl dhforrnylbeuzoate in 30 ml. of THF at —30° C. over
20 min. The resulting light yellow solution was warmed to
room temperature and stirred for 30 min. The reaction was
quenched with saturated ammoniutn chloride solution.
extracted twice with ether. dried (MgS04) and evaporated.

Purification by flash cbrornato-graphy (5x15 crn column.
1:19 etherldichlorornethane as elutent) gave tide compound
as a white solid. mp 43°—50° C.. 9.36 g. 88% yield.
B. 4{3—Pheny]propyl)beuzoic acid. methyl ester

A 500 mL Parr vessel was diarged with 3.11 g (11.7
mrnol) ofPartAcompoundin 100rnLofmerhanol and
purged with a rapid so-earn of nitrogen for 15 min. The
solution was treated with 0.5 g of Pea.rlman's catalyst (20%
Pd(OH)2 on carbon. 31% H10). This mixture was agitated
for 16 h at an initial hydrogen pressure of 42 psi. Total
hydrogen uptake was 15 psi. The reaction was purged with
nitrogen. filtered through Celite and evaporated The oily
residue was dissolved in dichloromethane. dried (MgS04)
and filtered to give title compound as a colorless oil. 2.85 g.
97% yield. The rnataial was used without ftulhcr purifica-
tion.

C. 4-(3-Phenylprvopyhbenzaldehyde
To a stirred solution of 2.80 g (11.0 mmol) of Part B

compound in 20 mL of methanol under nitrogen at room
tetnperature was added 22 mL (22 mmol) of 1M NaOH
solution. The milky solution was heated to 60° C. for 2 h.
The resulting clear solution was coded and 1M HC1 solution
was added to bring the reaction mixture to pH 2. The
resulting solids were collected. washed with water and dried
in vacuo at 60° C. to give 2.55 g (96%) of the carboxylic acid
of the Part B compound.

‘This solid was dissolved in 25 ml. of dichloromethane

under nitrogen and 1.4 ml. (15 mmol) of oxalyl chloride
followed by 0.1 ml. of DME The resulting vigorously
bubbling solution was st1'11'ed for 1 h and then evaporated
The semi-solid residue was dissolved in 25 mL of benzene

under nitrogen and 170 mg (0.15 mmol) of tetrakis
(triphenylphosfirinexnalladium was added To this stirring
solution at room temperature was added 11.1 mi. (34 mmol)
of tributyltin hydride over 20 min. The solution turns yellow
and warms autogenously to 40° C. After 1 h. the reaction
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was treated with 40 mL of 10% aqueous potassium fluoride
and stirred vigorously fax 30 min. The reaction mass was
filtered. the filtrate diluted with etlter. washed with water.

and the organic layer separated. dried (MgS04) and evapo-
rated onto 10 g of silica gel. Purification by flash chroma-
tography (5 x20 cm column. 45:55 dichlorolnefltandltexanes
as elutent) gave 2.15 g. 37% yield (84% yield from Part B
compound]. of title compound as a colorless oil.
D. 0'.-E.henyl—4—(3-p1'Lenylpropyl)benz.enemethanol. acetate
ester

To a stirred slurry of 1l.0rnL(ll.0 mmol, 1M in'I'H'F)of
vinyl magnesium bromide in 20 ml. ofTHF at -40° C. under
argon was added a solution of 1.95 g (8.7 mmol) ofPart C
compound in 10 mL ofTHF over 20 min. The resulting pale
yellow solution was warmed to room temperature. stirred for
2 h and then quenched with saturated ammonium chloride
solution. The reaction mixture was extracted twice with

ether. The extracts we-e combined. dried (MgS04) and
evaporated. The resulting yellow oil was dissolved in 20 mL
of dichloromethane at room ternpe.ratI.Ire under nitrogen and
2.2 ml. (16 mmol] of triethylamine and 1.4 mL(15 mmol)
of acetic anhydride were added. followed by 100 mg (0.4
mmol) of DMAP. After 30 minutes. the reaction mixture was
diluted with ether. washed twice with 10% citric acid. once
with brine and once with saturated sodiurn bicarbonate. The

organic phase was dried (1615804) and evaporated onto 10 g
of silica gel. Puiificaiion by flash chromatography (Sx25 cm
column. 2;’! dichlorometlianeiliexanes as elutent) gave 7.12
g. 92%. of title compound as a colorless oil.
E. (E)- 1 -(Diethoxyphosphinyl )—4-[4- (3 -phenylpropyl)
phenyl]-3-butene-1-stdfonic acid. 1-rnethylelhyl ester

To a stirred solution of 1.33 g (4.52 mmol) of Part D
compound. 2.5 mL (10 mmol. 2.2 equiv.) of bis
(l:'iJnefl1ylsilyl)aoeta1'n:ide. 2.43 g (9.0 mmol. 2.0 equiv.) of
Example 11 Part A sulfonate and 125 mg (0.5 mmol) of
triphenyl-phcsphine in 20 mL of THF under argon was
added 270 mg (0.24 mmol) of tetralr:is[h-iphenylphosphiue)
-palladium. The resulting mixture was heated to reflux for 30
min. 'I‘he reaction was cooled. evaporated. diluted with ether
and washed once with 10% citric acid and thrice withwater.

The organic phase was dried (MgS0,,) and evaporated
Purilication by flash chromatography on silica gel (5725 cm
column) eluted with 2:23 etherfdichloro-mefltane gave title
compound as a colorless oil, 1.10 g. 55% yield.
F. o.-(Diethoxyphosphinyl]-4-(3-phenylpropyl)
benzenebutanesulfonic acid. 1-methylethyl ester

To an argon-purged solution of 890 mg (1.75 mmol) of
Part E compound and 100 mg of 10% palladium-on-carbon
in2.0rnLo2fethylaoeta.teina500mLcne-neckrcund
bottom flask was attached a hydrogen-filled rubber bladder
of approximately 1 L capacity. The reaction mixture was
vigorously stirred for 16 h. purged with nitrogen. filtered
through Celite and the filtrate evapcrated. The oily residue
was redissolved in didilcrmethane. filtered through a 0.75;:
filter and re-evapcrated to give title compound as a colorless
oil. 865 mg. 99% yield. The troduct was used without
further purification.
G. 4—(3-Pheuylpropyl}or-phosphonobenzenebutanesulfonic
acid. lripotassium salt

To a stirred solution of 860 mg (1.7 mmol) of Part F
compound in 10 ml. of dichlorornethane under argon at
room temperature was added 700 llL(5.3 n1rnol)ofbromot-
rintethylsilane. After 24 h. the resulting clear solution was
evaporated at 25“ C. and the residue dissolved in 10 ml. of
THF. To this stirred solution was added 560 mg (3.4 mmol)
of dried, finely ground potassium iodide and 3 mg (0.01
mmol] of 18-crown-6. The resulting slurry was heated to
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refluxfoer24h. evaporanedandthen stirredfcr 1 hwith 6m].
(6 mmol) of 1.0M potassiurn hydroxide solution. The solu-
tion was lyophilized and then purified by MPLC (2.5x20 cm
column of Mitsubishi Kasai Sepadbeads HP-20 resin): 11.5
ml. fractions, '7 mllmin flow rate. eluted with 200 ml. of

water and then a gradient prepared from 400 mL of water
and 450 mL of 2:1 acetonitrllelwater). Fractions 3848 were
collected and lyophilized to give title salt as a white solid.
640 mg. 69% yield.

IR (ICBI pellet) 3428. 3084. 2934. 2859. 1659. 1514.
1196. 1107. 1084. 966 cm“.

‘H NMR (D20. 400 MHz) 57.10 (m. 91-[) 2.75 (din, 1H.
.l=l7.3 Hz) 2.45 (m. 6H) 1.74 (m. 6H:)ppnL

Anal. Ca1c‘d for Cml-I,,K30gPS.1.1 H30: C. 41.77; H.
4.46; P. 5.67; S. 5.87 Found: C. 41.77: H. 4.63: P. 5.46;
5.15.08.

MS (FAB. 4-ions) rule 565 (M-1-K). 52'? (M+H]. 439
(M—K+2H).

 27

(EB)-1-(Ely(hoxymell1ylphospl1inyl)~6.10.14-
trimethy1—5.9.13-pentadecatriene-1-sulfonic acid.

dipotassinm salt

A. Claloromethylphosplfinic acid. ethyl
ester

To a solution oat‘ 15.0 g (98.6 mmol. 1 eq] of diethyl
Inethylphosphonate in 20 mL of dry benzene at room
taupe:-alnre was added 20.5 g (98.6 mmol. 1 eq) of phos-
phorus penlachlctide as a solid all at once. The reaction
became very exothermic and began to reflux. Stirring was
discontinued and the flask was cooled to 0° C. After 5
minutes. the ice bath was removed and the reaction mixture
was warmed to room temperature and stirred for 2 hours.
then heated at reflux fee‘ 1 hour. After cooling to room
temperaulre. the reaction mixture was concentrated. High
vacuum (0.1 rnmllg) removal of phosphorus oxychloride
(P0C,3. a volatile by-product of the reaction; Note 1) and
any solvent remnants for 13 h alforded 3.42 g of a cloudy
yellow liquid which was used without purification or char-
acterization.

Note 1: The product is volatile and the lengthy high vacuum
exposure resulted in loss of a significant amount of the
desired chlcrophosphcnalze.
B. (Ethoxymelhy1pl1csphiny1)rnet|1anesulfonic acid. cyclo-
hexyl ester

To a solution of 8.55 g (48.0 mmol. 1 eq) of Example 1A
Paltltmcsylate in 200ruLofdry"I'l-IF at -75“ C. was added
.192 nil. (48.0 mmol. 1 eq) of n-buty1lithiurn(2.5M hexane
solution) dropwise at a rate that h:-pt the temperature below
-72“ C. {addition time 35 min). The resulting clear light
yellow solution was stirred for 10 min at —'I4° C. A solution
of3.42gofPartAchltxidein 20m.Lofdry'I‘l-IFwasadded
dropwise at a rate that again kept the temperature below
—72" C. (addition time 40 min). The resulting brown reaction
mixture was stirred for 90 min at -74“ C. and then quenched
by addition of a solution of 2.75 mL (48.0 mmol, 1 eq) of
glacialacetic aeidin l0mL(f'I'BIFover5mi.n.'I‘he solution
was warmed to room temperature and concentrated The
viscous brown residue was taken up in dichloromethane
(200 mL). washed with water (100 mL), brine (100 mL).
dried (MgSO..) and concentrated to alford after high vac
removal of solvent remnants 9.26 g of a viscous brown oil.
The desired pmauc: was isolated by flash chromatography
on silica gel (1000 g) eluting initially with ethyl acetate (5
L) followed by 10% ethanol in ethyl acetate (2 L). Fractions
(40 ml.) containing the clean product were pooled and
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concentrated to afford 3.91 g of tit.le compound as a viscous

yellow oil (57% assuming starting phosphonyl chloride was
pure).

TLC Silica gel (Ethyl acetate): 111,036.
C. (E.E)-I-(Efltoxymetltylphosphinyl)-6.l0.14—trilnethyl—5.
9.13~pentadeca1:-iene-1-sulfonic acid. cyclohexyl ester

To a suspension of 222 mg (5.6 rnmol. 2 eq) of sodium
hydride [as a 60% mineral oil dispasion) in 1 mL of dry
dimettiylforntamide (DMF) at 0° C. was added dtopwise a
solution of 1.53 g (5.6 mmol. 2 eq) of Part B compound in
3 ml. of dry DMZF. ‘I1-1e vigorously bubbling solution was
stirred for 5 min at 0° C. followed by 30 min at room

temperature. To the resulting homogeneous brown solution
was added a solution of 1.0 g (2.8 mmol. 1 eq) ofExample
lPartCiod.idci.t13m.LofDMF.Afte: l6hat:oorn
temperature. the reaction was quenchcdby adding 25 mL of
warm. The heterogeneous solution was partitioned between
other (100 mL) and brine (25 mL). The aqueous layer was
extracted with ether (4><20 mL) and the combined organic
layers were dried (MgSO,,) and concentrated to alford afier
high vac (0.25 rnrnl-lg) removal of solvt remnants L49 g
of crude product as a light brown oil. The desired product
was isolated via flash chromatography on silica gel (250 g)
eluting with 9% isopropanol in hexanes. Fract:ions (40 ml.
each) containing clean product were pooled and concen-
trated to afford 813 mg of title compound (56%) as a light.
yellow oil.

TLC Silica gel (15% i ol in hexanes): 0.34.
D. (E.E)-1-(Hyd:roxymethylphosphjny1)-6.l0.l4- yt-
5.9.13-pentadecatriene-l-sulfonic acid. dipotassium salt

Into a solution of 800 mg (1.55 mmoL 1 eq) of Part C
compound in 10 mL of dry methanol (MeOH) at 0° C. was
bubbled gaseous ammonia until the solution was saturated
The tube was sealed with a threaded teflon cap fitted with an

()-ring and heated at 75° C. for 17 h. The volatiles were
removed in vacuo and the oily residue was co-evaporated
twice with toluene before placing on high vac (0.25 mmHg)
for three hours. To the resulting clear yellow oil was added
3 mt. of an cH,c1, followed by 2.04 Inn (15.5 mmol. to
eq) cf dry 2.4.6-collidine. To the resulting light yellow clear
solution was added 2.04 (15.5 mmol. 10 eq) of bromo1rim-
ethylsilane (TMSB1-) and the resulting white heterogeneous
mixture was stirred at room temperature. After [6 h. the
reaction mixture was concentrated and placed on high vac

(0.25 mrnI-lg) for 3 h. The resulting yellow white solid was
dissolved by adding 7.3 mL (7.3 mmol. 4.7 eq) of 1M
potassium hydroxide (pl-I 12.35), frozen and lyophilized.
TI1e light brown lyophilate was dissolved in water and
chromatographed on a column of Cl-IP20!’ (2.5 cm><Z5 cm)
eluting initially with water (150 mL) followed a gradient
formed by the gradual addition of acetonitrile (400 ml.) to
a reservoir containing water (400 mL). No fractions (10 mL
each) containing clean product by were obtained The frac-
tions containing approximately 2% of an imptn-ity (which
eluted just before the desired product) were pooled. concen-
trated and rechromatographed using the same conditions.
Fractions containing clean product by HPLC were concen-
trated and the residual waxy residue was trittn-ataed with
acetone to aflord 274 mg of title salt (37%) as a white solid.

TLC Silica gel (7:2:l n—propanol:ammonium
|1yd.roxide:water): R,0.47.

‘H NMR (D20. 300 MHz): 85.09 (1. 11-1. .l=6.8 Hz) 5.01
(t. 1H. J=6.9 Hz) 4.98 (t. 1H. J=6.8 I-1z)2.75(dr, IH. J=l5.0.
5.6 Hz) 1.90 (m. 1011) 1.76 (m, 211.) 1.51 (s 311) 1.47 (s 3H)
1.44 (s. 6 P1,) 1.43 (m. 2H) 1.21 (d 3H. J=14.3 Hz) ppm.

“C NMR (n,o. 75.6 MHz): 8136.7 136.3 133.0 124.3
124.8 124.7 63.0 (d. J":-81 Hz) 39.4 39.3 29.6 (d. J5-,=5
Hz) 27.8 26.9 26.4 26.3 25.3 17.4 16.0 (<1. Jc,.=98 1-12) 15.7
ppm.
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nz (1115:) 2922. 2857. 1213. 1188. 1033. 1034 cm".
MS (FAB. +ions) mi: 483 (M+H). 445 (M+2H—K). 407

(M+3H—2K).
Anal. Calcd. for C,9H,3O,PSK2: C. 47.28; H. 6.89; P.

6.42; S. 6.64 Found: C. 47.30‘. Hg 59;‘. P. 6.04; S. 6.94

EXAMIPLE28

(E.E)- l-(I-lydroxyphosphinyl}-6.10.14-trimethyl-5.9.
13-pentadecatriene-1-sulfon.ic acid. dipotassitun salt

A. (E.E)-6.10.14-Trimethyl-5.9.13-pentadecatriene-l-
sulfonic acid. ethyl ester

n-Butyllithium (11.1 mL. 2.5M in hexane-s. 27.8 mmol)
was added dropwise over 15 min to a solution of ethyl
methanesulfonate (5.17 g. 41.7 mmol) in THF (50 mL) at
—78° C. under argon. The clear colorless reaction mistture
was stirred at -78" C. for 20 min. whereupon a solution of
Example 1 Part C iodide (5.00 g. 13.9 mn1ol)ln THF (10
ml.) was added dropwise over 10 min. The reaction was
warmed to —60° C. (internal ternperauue) and stirred at that
temperature for 1.5 h. The reaaion was then wanned to -20”
C. over 2 h. then quenched by addition of saturated NH_,Cl
(20 mL). Diezhyl ether (300 mL) was added. and the organic
layer was washed with water (2><50 mL) and brine (10 mL).
then dried over MgS0,,. Evaporation gave a yellow oil.
which was purified by flash chromatography on silica gel
(200 g) eluting with a step gradient of 5:95 to 8:92 EtOAc1
hexane to provide title compound (3.61 g. 73%) as a
colorless oil.

B. (E.E)-l -(Ethoxyphosphinyl)-6.10. 14~t:rimet.hyl—5.9. 13-
pentadecan-iene~l-sulfonic acid. ethyl ester

n-Butyllithium (2.7 mL. 2.5M in hexanes. 6.7 mmol) was
added dropwise to a solution of Part A compound (2.00 g.
5.62 mmol) in THF (15 mL) at —78° C. under argon. The
yellow reaction was stirred at —78° C. for 30 min. where-
upon diethyl chlorophosphite (2.4 m.L. 16.9 mmol) was
added rapidly in one portion. The colorless reaction was
stirred at -78” C. for 1 h. then allowed to warm to R1" over
2.5 h. The reaction was diluted with anhydrous dierhyl ether
(50 mL). Water (10 mL) was then added. and the resultant
biphase mixtme was stirred vigorously at RT for 1 h. The
aqueous layer was removed, and the organic laya was
washed with water (10 mL) and brine (15 mL). then dried

over MgS0,,. Evaporation gave a colorless oil. which was
purified by flash chromatography on CC, buffered silica gel
(250 g) eluting with a step gradient of 25:75 to 35:65 to
45:55 Et:()Acihexane to give title compound (2.07 g. 82%)
as a colorless oil as a 1:1 mixtmeof diastaeomers.

C. (E.E)- l-(Hyciroxyphosphinyl)-6.10.14 -1:rimet'hyl—5 .9. 13-
pentadecatriene-l-sulionic acid, dipotassium salt

Potassium iodide (317 mg. 1.91 mmol) was added to a
solution of Part B compound (816 mg. 1.82 mmol) in
acetone (10 ml.) under argon. As the mostly insoluble
potassium iodide reacted. the product precipitated out of the
reaction mixture. The white heterogeneous reaction was
stirred at RI‘ overnight. concentrated in vacuo. then pumped
at high vacuum to give a white solid.

The crude sulfonate salt was dissolved in IN KOH (3.6
ml... 3.6 mmol). then chromatographed on Cl-IP-201’ gel
(2.5><20 cm column) eluting with wata followed by a
gradient created by the gradual addition of acetonitrile to a
reservoir of water. The product fractions were concentrated
in vacuc to give an opaque white gum Acetone (2 mL) was
added and the product was precipitated out as a solid. The
solid was filtered. washed with acetone (2)-6 mL). then

pumped at high vacuum to give title salt (507 mg. 60%) as
a white solid.
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TLC (silica gel) ('.r':2:l n-propanollNM4OHfH,0):
.43

IR (lCBr) 2928, 2857. 2288. 1202. 1094 cm".
‘H NMR (D20. 400 MHZ) 87.02 (cl. 1]-1. J=548 Hz) 5.12

(t. 1H. J=6.8 Hz) 5.06 (t. 1H. I:-6.8 Hz) 5.04 (t. 1H. .l=6.8
Hz) 2.85 (dr. 11-I. J=6.4. 13.7 Hz) 2.03-1.85 (In. 1011) 1.78
(In. 211) 1.54 (S. 3H) 1.49 (s. 31-1) 1.4-? (s. 61-1) 1.44 (111. 21-1)
will

“C NMR (D20. 100 Mm) 8136.53 135.96 132.6?
124.60 124.55 124.47 62.42 (d. l=81 I-Iz) 39.29 39.18 28.4]
(d. .1=6 Hz) 27.56 26.23 26.19 25.15 24.93 112415.55 ppm.

MS (ES. +ions) mfz 393 (M+3H—2K). 410 {(M+2H—2K)
+Nl-14]. 427 [(M+2H—2K)+N.H,+NH4]. 431 (M+2H—IC).
448 [(M+2l-I~K)-I-N1-1,]. 469 (M+H).

Anal. Calc'd for C.,}l3,K¢0,PS: C. 46.13: H. 6.67; P.
6.61: S. 6.84. Found: C. 46.13; H. 6.68; P. 6.23; S. 7.17.

EXAMPLE 29

4-(Pheny1n:|ethy1)«ot~
phosphonobenzenebutanesulfonic acid. tripotassiurn

salt

A. 1-Bron1o-4-(phenylmethyhbenzene
To a stirred solution cf 21 ml. (42 mmol. 2.0MinTl-IF)

of bcnzylmagnesiurn chloride at room ten:IperatLn'e under
nitrogen was added a solution of 6.80 g (50.0 mmol) of
thrice-fused zinc chloride in 50 ml. ofTHF. The rcsI.Lll:ing tan
slurry was stirred for 1 hoI.n'. To this slutry was added 10.0
g (35.3 mmol) 1-hromo-4-iodohenrene and 450 mg (0.4
mmol) of tetra.leis(tri-pheny1phosphine)pal1adiurn in 30 mL
of THIF. The reaction was stirred at room temperature for 16
hours and then quenched with 50 mL of 2M hydro-chloric
acid. The mixture was extracted thrice with hexanes. the

extracts combined. washed once with saturated sodium
bicarbonate solution and once with 10% sodium tltlosulfate.

The organic extract was dried (MgS0.) and evaporated The
crude product was purified by flash chromatography on
silica gel (5><25 cm column. hexanes as e1utent)to give 7.05
g (80%) of title compound as a colorless oil.
B. oz-Ethenyl-4-(phenyl.I'nelhy1)benzenemethanol. acetate
ester

To a st:iJ:red solution of 2.47 g (10.0 mmol) of Part A
oompound in 30 ml. ofTHF at -60“ C. under nitrogen was
added a solution of 12 mL (20 mmol. 1.7M in pentanc) of
t-butyllithiurn over 20 minutes. The resulting deep red
solution was warmed to 0° C. and stirred lot 30 min. To the

resulting solution was added 1.0 ml. (18 mmol) of freshly
distilled aczrolein over 5 min. The resulting light yellow
solution was stirred for 30 min. quenched with saturated
ammonitun chloride. The mixture was extracted twice with

ethezr. dried (1143804) and evaporated to give a colorless oil.
The solid was dissolved in 30 mL of dichloronuethane.

stirred under nitrogen at room temperature and treated with
2.2 mL (15.8 mmol) of triethylamine. 1.3 ml. (14 mmol) of
acetic anhydrlde and 50 mg (0.4 mmol) of DMAP. After 30
min. the reaction mixture was evaporated. redissolved in
ether and washed once with 10% citric acid solution. once
with brine and once with saturated sodium bicarbonate

solution. The organic phase was d.r.ied (MgSO4) and evapo-
rated. The crude product was purified by flash chromatog-
raphy on silica gel (5)<l5 cm column. 1:1 dichloromethand
hexancs as elutent) to give 2.51 g (94% from Put A
compound) of title compound as a colorless oil.
C. (E)-1-(Dicthoar.yphosph.iny1)-4-{4-(phcnylrnethy1)pheny1}
-3-butane-l-sulfonic acid. cyclohexyl ester

To a sti.rred solution of 1.45 g (5.44 mmo1)of Part B
compound. 2.5 mL (11.7 mmol. 2.15 equivalents) of his
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(trimethylsilynacetamide. 3.14 g (10.0 mmol. 1.8
equivalents) of Example IA Part B sulfonate and 270 mg
(1.0 rnrnol) of triphenylphosphine in 15 mL of THF under
nitrogen was added 600 mg (0.53 mmol) of tetraltis
(triphenylphosphine)pa1ladium. The resulting mixture was
heated to reflux for 1 h. The reaction was cooled and

evaporated andpumpedatroomtemperature @ 0.2Torr for
24 hours. The residue was diluted with didnloromethane and

evaporated onto 5 g of silica gel. Purifrcation by flash
chromatography on silica gel (5><25 cm column) eluted with
1:13 etherldichloaoruethane gave title oompotmd as a yellow
oil. 1.65 g. 58% yield.
D. oz-(Diethoxyphosphinyl)-4-{phenylmethyl)
henzenchutanesulfonic acid. cyclohexyl ester

To a nitrogen—purged slurry of 1.15 g (2.2 mmol) of Part
C compound and 120 mg of 10%PdJ'C in 50 mL of ethyl
acetate in a 200 ml. one-neck round bottom flask was

attached a hydrogerkfilled rubber bladder of approximately
1 Lcapacity. The reaction mixture was vigorously stirred for
16 h. purged with nitrogen. filtered through Celite and the
filtrate evaporated. The oily residue was redissolved in
dichloromclhane. filtered through a 0.751.: filter and
re-evaporated to give title compound as a oolorless oil. 1.15
g. 99% yield. The product was used without further purifi-
cation.

B. 4-(Phenyhnethyl)-oz-phosphonobenzencbntanesulfonic
acid. tripotasisum salt

To a stirred solution of 1.15 g (2.20 mmol) of Part D
compound in 10 mL of dichloromethane under nitrogen at
room tempaattue was added 1.0 mL (7 .5 mmol) of hromot-
rimethyisilane. After 24 h. the resulting clear solution was
evaporated at 25° C. and the residue dissolved in 10 ml. of
THF. To this stirred solution was added 830 mg (5 mmol) of
dried. finely ground potassium iodide and 6 mg (0.02 mmol)
of 18-orown—6. The rewlting slurry was heated to reflux for
20h.evaporareda.ndthen sti1:redfor1hwith7 ml..('i' mmol)
of 1M potassium hydroxide solution. The solution was
ljrophilized and then purified by MPLC (2.5><20 cm column
of Mitsubishi Kasei Sepadbeads CI-lP20P resin): 11.5 ml.
fractions. 7 mlJ1'uin flow rate. eluted with water. Fractions

29-55 were collected and lyophilized to give title salt as a
white solid, 840 mg. 116% yield.

IR (l(Br pellet) 3426. 3063. 2934. 2864. 1636. 1193.
1074. 966 cm"‘.

‘H NMR (1)20. 400 MHZ) 87.16 (m. 5H) 7.03 (I1.
2|-l..l=8.3. H,) 7.05 (d. 2H..i=8.3. Hz) 3.78 (S. 21-1) 2.72 (ddd.
1H. .l=3.9. 6.4. 18 Hz) 2.45 (m. 2H) 1.75 (m. 4H) ppm.

MS (FAB. +ions) mic 536 (M+K). 499 (IM+I-1). 461
(M—K+2H).

Anal. Ca1c'd for CHI-l,,,K_.,PSO6.1.1H30: C. 39.33; H.
3.94; P. 5.97; S. 6.18 Found: C. 39.33; 1-1. 4.06; P. 5.71; S.
5.89.

 30

(E.E)-1-[Hydroxy(rnethoxyrnethyl)phosphinyl)-6. 10.
14—u-imetlzyl-5.9.13-pentadecauiene-1-sulfonic acid.

dipotassium salt

A. (Methoxymetl1y1)phosphonic acid. diethyl ester
To a sample of 17.90 ml. (0.104 mol) of triethylphosphite

at —78° C. under argon was added dropwise 8.50 :mL (0.104
mol) of hrornornethyl methyl ether. The mixture slowly
warmed to RI‘ and stirred for 24 h. when it. was fractionally
distilled (hp 100° C.. 5 l'l1I'I:1)1.0p1'0Vide 16.22 g (98%) of title
compound as a pale yellow oil.

TIC Silica gel (Ethyl acetate) R_,=0.50.
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B. Chloro(rnethoxyrnethyl)phosphinic acid. ethyl ester
To a solution of 5.0 g (27.6 mmol. 1 eq) of Part A

compound in 5 ml. of dry bennene at 0° C. was added 5.75
g (27.6 mmol. 1 eq) of phosphorus pentachloride as a solid
in one portion. The resulting heterogeneous solution was
stirred at 0° C. for5 min. then warmedtoroom temperature
and stin'ed for 5 min. The resulting homogeneous solution -
was heated at reflux for 1 h. cooled to room temperature and
concentrated. The residue was co-evapcrated twice with
benzene followed by exposure to high vacuum (0.25 mm]-lg)
for 1 h to atford 4.52 g (95%) of title compound as a yellow
liquid which was used in the next step without pin-ification.
C. lEthoxy(rnethoxymetl1yl)phosphiny1]rnethanesulfonic
acid. cyclohexyl ester

To a solution of 9.84 g (55.2 mmol. 2.1 eq) of Example
IA Part A mesylate compound in 200 mL of dry tetrahy-
drofuran (TI-IF) at —75° C. (internal temperature) was added
dropwise via syringe 22.1 mL(55.2 mrnol, 2.1 cq) of in 2.5M
n-butyllltliiurn solution in hexanes at a rate that kept the
temperature below -71° C. (over 40 min). The resulting
solution was stirred for 5 min at —75° C. A solution of 4.52

g (26.2 mrnol. 1 eq) of freshly prepared Part B compound in
20 mL of THF was added dropwise at a rate to keep the

temperature below —71° C. (own 30 min) and the resulting
light brown solution was stirred at -75“ C. for 1 It. The
reaction was quenched by addition of a solution of 3.16 ml.
(55.2 mmol. 2.1 eq) of glacial acetic acid in 15 ruI.ofTl-IF
over 5 min. then allowed to warm to room temperature. The
solution was concentrated and the viscous residue was taken

up in dichloromethane (250 ml.). washed with water (100
1111.). brine (100 ml..). dried (MgSO.,) and concentrated to
afford 12.4 g of a light brown oil. The denied product was
isolated by flash chromatography on silica gel (250 g)
eluting with ethyl acetate. The fractions containing product
by TIJC were combined and concentrated to afiord a solid
which was contaminated by an unknown irnpm-ity as evi-
denced by extraneous peaks in the ‘H NMR spectrum. The
solid was recrystallized from hexanesichloroform to afiord
5.04 g (61%) of the title ccanpound as a white solid. mp.
78.5°—79.5" C.

TLC Silica gel (ethyl acetate) R,.0.40.
D. (E.E)- 1- [Ethoxy(IncthoJtymcthy1)phosphiny1]-6.10.14-
trimethyl-5.9.l3-pentadecatl'iene-1-sulionic acid. cyclo-
hexyl ester

To a suspension of 222 mg (5.6 mmol. 2 eq) of sodium
hydride (as a 60% dispersioninmineral oil) in l mLofdry
dimethylforrnarnide (DMIF) at 0° C. was added a solution of
1.74 g(5.6mrnol. 2eq) ofPart C compound in4 rnLof DMF
dropwise over 10 min. The bubbling heterogeneous mixture
was allowed to warm to room temperature and stir for 30
min. To the resulting homogeneous solution was added a
solution of 1.0 g (2.8 rnrnoil. 1 eq) of Example 1 Part C
iodidein 3 mL of DMF.After 20 h. the reaction was diluted
with brine (25 mL). The resulting cloudy solution was
extracted with ether (1x100 ml.. 3:-<15 mL). dried (MgS04)
and concentrated to alford 1.64 g of a yellow oil. The desired

product was isolated by flash chromatography on silica gel
(250 g) eluting with 40% ethyl acetate in hcxanes. Fractions
containing clean product by TLC were pooled and concen-
trated to afford 801 mg (52%) of title compound as a viscous
yellow oil

TLC Silica gel (1:1 ethyl acetate:hexanes): R,0.23.
F. (EB)-1-[Hydroxy(methoxy1nethyl)phospbiny1)-6.10.l4-
trimcdiyl-5.9.13-pentadecautiene-l-sulfonic acid. dipotas-
sium salt

To a solution of600mgofPartD compoundin12mLof
dry methanol at 0° C. was introduced arnmonia until the
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solution was saturated. The tube was sealed with a ttneaded

teflon cap fitted with an {)-ring and heated at 75° C. for 16
h. The volatiles were removed in vacuo and the oily residue

was co-evaporated twin: with toluene before placing on high
vac (0.25 mtnl-lg) for three horns. “lo the resulting clear
yellow oil was added 7 ml. of dry CI-l2Cl, followed by 806
uL(6.l mrnol. 4.5 eq) of dry 2.4.6-collidine. To the resulting
light yellow clear solution was added 1.25 mL (9.5 mmol. 7
eq) of brornotrimethylsilane (TMSBI) and the resulting
white heterogeneous mixture was stirred at room tempera-
ture. After 21 h. the reaction mixture was concentrated and

placed on high vac (0.25 mrnllg) for 30 min. The resulting
yellow white solid was dissolved by adding 7.0 ml. (7.0
mmol. 5.2 eq) of 1M potassium hydroxide. and the resulting
solution was frozen and lycphilized. The light brown lyn-
philate was dissolved in water and chromatographed on a
column of CHP20P (2.5 cm><25 cm) eluting initially with
water (150 ml.) followed a gradient formed by the gradual
addition of a 63% solution of acetonitrile in water (400 mL)
to a reservoir containing water («$00 ml..). No fractions (10
ml. each) containing clean product by HPLC were obtained.
The fractions containing approximately 2% of an imptnity
(which eluted just before the desired product) were pooled.
concentrated and rechromatographed using a step gradient.
After eluting with water (150 mL) the column was eluted
with 15% acetonitrile in water (300 ml.) followed by 20%
acetonitrile in water (500 mL). Fractions containing pure

product by HPLC were concentrated and the residual waxy
residue was tri1t.n-ated with acetone to alford 245 mg of title
salt (35%) as a white solid.

TLC Silica gel (7:2:l n-propanolmmmonium
hydroxide:water): R’. 0.42.

‘H N1vl2R(D20. 300 MHz): 35.06 (t. 1H. l:6.8 Hz) 4.98
(t. 1H, J=6.9 Hz) 4.96 (t. 1H. l=7.2 Hz) 3.56 (dd. 1H. J=l2.9.
6.9 Hz) 3.40 (dd. 1H. J=12.9. 7.5 Hz) 3.23 (s. 3H) 2.99. (In.
C...) l.83(1n. 12H) 1.49 (s. 3H) 1.46 (s. 3H) 1.43 (In. 211)
1.41 (s. 6H)pptn.

“C NMR (o,o. 75.6 MHz): 5136.3 135.7 132.3 124.6
70.9 (d. J,;.,=l16 Hz) 60.8 (d. 1.;-,.~—— 12 Hz) 59.9 (d. lc.,.=8]
1-12) 39.5 39.4 29.5 (d. lc,=5 Hz) 27.7 26.5 26.4 26.3 (d.
lc-,=4 Hz) 25.3 17.4 15.7 ppm.

IR (KBr): 3437, 2996. 1449. 1200. 1076. 1030 cm“.
MS (FAB. -t-ions) ml: 551 (L'l+K). 513 (M+H).
Anal. Calc'd for CmH3,05PSK2.0.55 11,0: C. 45.96; H.

6.96; P. 5.93; S. 6.13 Found: C. 45.96: H. 6.80: P. 5.54: S.
6.50

 3l

(E.E)-1-IHydroxy(hydroxymethyl)phosphiny1)-6.10.
14-trirnethyl-5.9.13-pentadecatriene-1-sulfonir: acid.

dipotassium salt

Potassium iodide (370 mg. 2.23 mmol) was added to a
solution of Example 28 Part B compound (950 mg. 2.12
mmol) in acetone (10 ml.) under argon. As the mostly
insoluble potassium iodide reacted. the product precipitated
out of the reaction mixture. The white heterogeneous reac-
tion was stirred at RT overnight. concentrated in vscuo. then
pumped at high vacuum to give a white solid.

Aheterogeneous mixture of the sulfonate salt paraform-
aldehyde (254 mg, 8.48 mmol). and diisopropylethylarnine
(184 ml.. 1.06 mmol) in absolute ethanol (7 mL) was heated
at 60° C. under argon. After 15 min. the reaction went. from
milky white to clear and colorless. After 7 h at 60° C.. the
reaction was allowed to cool to R1". The reaction was
concentrated in vacuo. then pumped at high vacutun to give
a white semi-solid.
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Aqueous KOH (6.4 ml... IN. 6.4 mmol] was added to the
mono-ester prepared above. The initially white foamy dis-
persion was stirred at El‘ under argon overnight. afterwhich
time the reaction was clear and colorless. The reaction

mixture was chromatographed on CHPZDP gel (2.5>(20 an
column) eluting with water followed by a gradient created
by the gradual addition of aoetonitrile to a reservoir ofwater.
The product fractions were concentrated in vacuo to give an
opaque while guru. Acetone (5 mL) was added and the
lxoduct was precipitated out as a solid. The solid was
filtered. washed with acetone (3>6 rnL). then pumped at
high vacuum to give the title product (520 mg. 49%) as a
white solid.

TLC (silica gel) (7:2:1 n—propa.uolJNI-I,.O}lfH2O):

R,=0.36
IR (KBr) 3430. 2926. 1636. 1449, 120-1. 1078. 1024 crn".

1}! NMR (D30. 400 M112.) 85.12 (t. 1H. .l=6.6 Hz) 5.05
(t. 1H. l=6.8 Hz) 5.03 (t. 1H. I=7.7 Hz) 3.76 (dd. 1H. Jfl.3.
14.4 Hz) 3.53 (dd, 1H. l=6.6. 14.4 Hz) 2.98 (ddd. 11!. l=4.7.
6.8. 13.3 Hz.) 1.88 (In. IDH) 1.75 (m. 2H) 1.55-1.35 (m. 2H)
1.53 (5. 31-1) 1.48 (s. 311) 146 (s. 6H.) ppm.

"C NMR (D20. 100 1.1112) 8136.35 135.78 132.37
124.56 60.65 (I1. I=l09 Hz) 60.49 (d. l=78 Hz) 3934 39.24
2930 (d. l=6 Hz) 27.69 26.35 26.28 26.10 25.17 17.24
15.56 ppm.

Mass Spec (FAB. -t-ions} ml: 499 (M+I-1). 537 (M+l{).

Anal. Ca1c’d for C1,H33K2O¢,PS: C. 45.76; H. 6.67: P.
6.21; S. 6.43. Found: C. 45.41; H. 6.92; P. 6.47; S. 6.77.

 32

(EB)-7. 11.15-'Il'irnefl1y1-2-phosphono-6,10.14--
hexadecanriene-2-sulfonic acid. tripotassiurn salt

A. (HE)-7,11.15-Trin1ethyl-2-(diethoxyphosphinyl)-6.10,
14-hexadecatriene-2-sulfot:I.ic acid. cyclohexyl ester

To a suspension of 47 mg (1.2 mmol. 1.1 eq} of sodium
hydride (as n 60% rnineral oil dispersion) in l IIIL of dry
DMF at 0° C. was added a solution of 580 mg (1.1 mmol,
1eq)ofExamp1e1APartCoornpoundin2 1nLofDM2Foven-
1 min. The bubbling solution was allowed to warm to RI‘
and stirred for 30 min. To the resulting yellow homogeneous
solution of anion at RT was added 264 uL (4.2 mmol. 4 eq)
of methyl iodide over 1 min. After 16 h. the turbid yellow
reaction Inixture was diluted with etha (100 ml.) and
washed with brine (50 mL). The aqueous layer was extracted
with ether (2x15 ml.) andthe combined organic layers were
dried (MgSO4) and concentrated to atford 583 mg of a light
yellow cloudy oil. ‘H NMR of the crude oil indicated no
unallrylated starting margin] was present The desired prod-
uct was isolated via flash chromatography on silica gel (75
g) eluting with 35% ethyl acetate in hexanes. Fractions
containing the desired product by TLC were pooled and
concentrated to afford 418 mg (68%) of title compound as a
clear viscous oil.

TLC Silica gel (10% ether in CI-l,Cl,): RJ.0.46.
B. (E.E)-7.11.15-Trirnethyl-2-phosphono-6.l0.14-
hexadecatriene-2-sulfonic acid. tripotassiurn salt

Toasolution of-403mgofPa1'tAcompoundi.n 8mL0f
dry methanol at 0° C. was introduced ammonia until the
solution was saturated. The tube was sealed with a threaded

teflon cap fitted with an O—ring and heated at 75° C. for 17
h. The volatiles were removed in vaeuo and the oily 10
residue was co-evaporated twice with toluene befrxe placing
on high vat: (0.25 mmHg) for three hours. To the resulting
clear yellow oil was added 4 mL of dry CH,C1, followed by
769 LIL (5.8 name]. 8 eq) of dry 2.4.6-collidine. To the
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resulting light yellow clear solution was added 768 LIL (5.8
mmol. 8 eq) of brornotrimethylsilane (TMSBr) and the
resulting white heterogeneous mixttlre was stirred at room
ternperature. After 84 h. the reaction mixtme was concen-
trained and placed on high vac (0.25 mm]-lg) overnight. The
resulting yellow white solid was dissolved by adding 5.0 ml.
(5.0 mmol. 6.8 eq) of 1M potassium hydroxide (on 12.45)
and 5 mLof water and the resulting solution (pH 12.35) was
frozen and lyophilized. The light brown lyophilate was
dissolved in water and dtromarographed on a column of
CHPZOP (2.5 cmx25 cm) eluting initially with water (150
ml.) followed a gradient fomied by the gradual addition of
acetonitrile (400 ml.) to a reservoir containing water (400
mL). Fractions (10 mL each)wt1'e collected and analyzed by
HPLC (Method 8). One fraction contained material .E:98%
pure.'l11is fraction was concentrated. taken up in aminimum
volume of water. filtered and preciptated using acetone. The
resulting solid was dryer! on high vac to afiord 134 mg of an
oil’-white solid which did not pass elemental analysis. The
>95% rnataial from the column above was rechrornato~

graphed on Cl-IIEOP undrr lsotzratrie conditions with 20%
acetonihile in water. Fractions containing 298% material
were combined with the >-98% material obtained from the
first column. dissolved in water and ooncennated. The

resulting glassy solid was triturated with acetone to afiord.
after high vacuum removal of the acetone remnants. 94 mg
title salt in the form of an olf-white solid (24%).

TLC Silica gel (5:4:l n-propa nolmrnrnonium
hydroxidemrater): 0.24.

‘H NMR (D20. 00 MI-12): 85.08 (m. 1H) 4.93 (m. 1H)
4.95 (In. 1H) 1.86 (In. 12H) 1.49 (s. 3H) 1.45 (s. 3H) 1.43
(m) 1.42 (s. 61-!) 1.28 (d. l=l3.6 Hz) ppm.

“C NMR (D20. 75.6 MHz): 5136.2 135.8 132.3 125.1
124.7 62.3 (C1. Jc_'_p=l26 Hz) 39.5 39.4 34.2 28.8 26.5 26.4
25.3 24.9 (d. l,._.,=3 Hz) 18.2 17.4 15.8 15.7 ppm.

[R (lCBr): 3434. 2928. 1452. 1202 cm“:
MS (FAB, 1-ions) m/z 499 (M+2H —K). 521 (M~—K+Na+

H). 537 {M+I-I).
Anal. Calc’d for C.91-I32O,,PSK,.0.S H20: C. 41.81: H.

6.09‘. P. 5.67 Found: C. 42.20; H. 6.41:1’. 4.94.

 33

4'-(2-Mefl1yl-l-p1'openy1)-a-p11osphono[1.1’-
biphenyl]-4—butanesulfonic acid. tripotasslum salt

A. 1-Bromo—4—(2—n1othyl—l—1:n'openyl]bennene
To a stirred slurry ti 17.29 g (40.0 mmol) of isopropyl-

niphenylphosphoniurn iodide and 500 mg (2 mmol) of
18-crown-6 in 100 mL of THF under nitrogen at 5° C. was
added 4.50 g (40.0 mmol) of potassium t-butoxide over 5
min. the resulting deep red-orange slurry was stirred 10 min
and then a solution of 6.50 g (3 5.0 mmol)
4-bromobenzaldehyde in 40 mt. of THIF was added at a rate
to keep the ternperamre bdow +10‘ C. The resulting hright
yellow slurry was stirred for 20 min and then poured into
300 rnL of hexanes. The solids were filtered ofl‘ and the

filtrate evaporated. This residue was purilied by flash chro-
matography (5><15 cm column) and eluted with hexanes to
provide 5.66 g (77%) of title bromide as a colorless oil.

TLC Silica gel (hexanes) R,=0.32.
‘H NMR (CDCl_.,. 270MHz) 57.40 (:1. 2H. J=8.4 Hz) 7.05

(d. 211. I=8.-4 Hz) 6.17 (s. 1H) 1.88 (5. 11-1’) 1.81 (s. 1H) ppm.
Anal. Calc‘d for Cmrlunr: C. 56.90; H. 525 Found: C.

56.83; H. 5.22.

MS ((H—NI-1,, —ions) mle 209 (M—H}.
B. 4'-(2-Methyl-1-propenyl)[1.1’-biphenyl]-4-carhoxylic
acid. methyl ester

To a stirred solution of 52 mL (88.4 mmol. 1.7M in
pcntane) oft-butyllithiurn at —78° C. unda argon was added
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a solution of 7.92 g (37.5 rnmol) of PartAbromide in 15 ml.
of THF over 10 minutes. The resulting deep red slun'y was
stirred for 1 hour. warmed to —22° C. and a solution of 6.16

g (45.2 mmol) of thrice-fused zinc chloride in 40 mL of'l‘1-1F
was added over 20 minutes. The light yellow. faintly turbid
solution was stirred for 1 hour and then cannulated into a
stirred solution of 7.04 g (26.9 mmol) of methyl
4-iodobenzoate and 600 mg (0.52 mmol) of tetralris

(triphenylphospl1ine)palla.d.ium in 30 ml. ofTl-IF at -22“ C.
under argon. After the addition was complete. the reaction
was warned to room ternptnatttre and stirred for 16 hours.
The reaction mixture was diluted with ether. washed suc-

cessively with 1M hydrochloric acid. saturated sodium
bicarbonate and saturated sodium snltite solution. The

organic extract was dried (1913804) and evaporated to give
a dark hrown solid. Recrystallization from methanol gave
title ester as a lightyellow solid. mp 66“-68° C.. 6.13 g. 86%
yield.

C. 4'-(2-Methyl-1-propenyl)[1.1‘-biphenyl]-4-methanol
To a stirred solution of 3.00 g (11.3 mmol) ofPart B ester

in 10 rn.L of THF at room temperature under nitrogen was
added 6.0 ml. of lithium aluminum hydride solution (1.0

M in THE 6.0 mmol). After 1 horn: the reaction was
quenched with 1 mL of brine and then suflicient 1M hydro-
chloric acid to bring the solution to pH 1. The resulting
mixun-e was extracted twice with ether. the combined
extracts washed with saturated sodium bicarbonate solution.

dried (MgS04) and evaporated Purification by flash duo
matography on silica gel (5:-<10 cm column. 3:97 ether}
dichlorornethane as elutent) gave title alcohol as a colorless
011. 2.42 g. 90% yield.
D. 4-(Brornomethyl)-4'—(2-rnethyl-l-propenyl)[l.1‘-
biphensll

To a stirred solution of 2.82 g of tripheny1phospltinc(8.4

mmol) and 2.33 g (9.79 mmol) of Part C alcohol in 30 ml.
of dichlorornethane under argon at -40” C. was added 1.92
g (11.7 mmol) of N-brornosuocinimide over 20 minutes.
After 1 hour. the reaction mixture was evaporated onto 10 g

of silica gel. Purification by flash chromatography on silica
gel (5 X20 crn column, 12% C1-l,Cl, in hexanes as the
elutent) gave title hrornide as a colorless oil. 2.75 g. 93%
yield.
E. 4‘-(2-Methyl-1-propenyl)[ 1,1‘-biphenyl]-4-propanoic
acid. 1.1-dinrethylethyl test:

To a stirred solution of 1.01 rnl.. (7.2 rntnol) of d.iisopt‘o-

pylamine in 15 mL ofTI-IF at —5° C. under argon was added
2.8 mL (7.0 rnrnol. 2.5M in hexane) of n-butyllithium at a
rate to keep the temperature below 0° C. After stirring the
resulting pale yellow solution for 15 minutes. 3.0 mL (17
mmol) of hexarncthylphosphoramidc was added. Aft: an
additional 15 minutes. the deep yellow solution was cooled
to -78° C. and 0.98 mL (7.2 mmol) of t-butyl acetate was
added over the course of 5 minutes. The solution was stirred
for 30 minutes and then a solution of 1.75 g (5.8 mmol) of
Part D lztotnide in 10rnLofTl-IFwas addedover5miuutes.
The reaction mixttue was stirred for 8 hours at —78° C..

quenched with 10% citric acid solution and extracted twice
with ether. The extracts were combined. washed twice with
water. once with saturated sodium bicarbonate solution.
dried (MgS0,,) and evaporated Purification by flash chro-
matography on silica gel (5300 cm column, 1:1 hexanesi
dichlorornetltane as elutent) gave title ester as a white foamy
solid. 1.85 g. 95% yield

F. 4'-(2-Methyl-1-propenyl)[1.1'-bipheny1]—4-propanol
To a stirred solution of 1.03 g (3.20 rmnol) of Part E ester

ins rnLofTHFatroomt.emperatureunder nitrogenwas
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added 2.0 ml. of lithitnrt aluminum hydride solution (1.0
M inTl-IF. 2.0 n:m1o1).'l‘he reaction was heated to reflux for
1 hour. quenched with 1 mL of brine -and then suflicient 1
M hydrochloric acid to bring the solution to pH 1. The
resulting mixture was extracted twice with ether, the com-
bined extracts washed with saturated sodium bicarbonate
solution. dried (MgSO,,) and evaporated. The oily residue
was passed tluough a 2 cm high pad of silica gel. eluting
with dichlorornetltane to give title alcohol as a white solid.
0.824 g. 91% yield
G. 4-(3-lodopropyl)-4'-(2-rnethyl-1-propeny1)[l.l'-
bivhcrryll

To a stirred solution of 813 mg (3.05 rnrttol} of Part F
alcohol. 882 mg (3.36 mmol) of triplrenylphospltine and 440
mg(6.4 mmol} ofirnidazole i.n20mI..ofTt{F was added a
solution of 813 mg (3.2 mmol) of iodine in 10 ml. ofTl-IF
over 20 min.A.ftcr 10 min. the light yellow reaction mixture
was diluted with hexanes and washed once each with 10%
sodium hisullite solution. water and lxine. The organic layer

was dried (MgS0,,) and evaporated onto 5 g silica gel.
Ptnilication by flash drromatography on silica gel (5><5 cm
column) eluted with dichloromethane gave title iodide. 1.11
g (97%) as a white solid. mp 58°—61° C.
1-1. 4'~(2-Methyl-1-propenyl)-or-pbosphono-[l.l'-bipheny1]-
4-butanesulfonic acid. cyclohexyl ester

To a stirred slurry of 85 mg (2.1 mmol. 60% mineral oil
dispersion) of sodium hydride in 3 ml. of DMF under argon
at -10” C. was added a solution of 670 mg (2.4 mmol. 1.3

equiv.) of Example 1A Part B compound in 1 mL of DMF.
After addition was complete. the reaction was warmed to
room temperature and stirred for 30 min. To the resulting
solution was added a solution of700 mg (1.86 rnrnol} of Part

(3 compound in 1 mL of DMF. The reaction was stirred for
16 1t. diluted with ether and washed once with 10% citric
acid and thrice with water. The organic phase was dried

(MgSO,,) and evaporated. Purification by flash chromatog-
raphy on silica gel (5:-:20 cm column) eluted with 1:24
etlterldichloromethane gave title salt as a colorless oil. 610
mg. 62% yield.
1. 4‘-(2-Methyl-1-propcnyl)-ct—phosphono-I l.l'-bipheny1]-
4-butanesulfonic acid, tripotsssium salt

A solution of 500 mg (0.89 mmol) ofPa1t H ester in 15
ml. of methanol under argon at room tetnperaune was
saturated with ammonia gas. The flask containing the reac-
tion mixture was sealed and heated to 75° C. After 16 h, the
reaction was cooled to room temperature and evaporated

undadryconditions. The residue was dissolvedin 10 ml. of
dittltlotornedtane and 0.59 m.l..(-1.5 mmol) of 2,4,6-oollidine
and then 940 ml. (7.1 mmol) of bromotrirnetltylsilane was
added. After 24 h. the resulting clear solution was evapo-
ratedaI25°C.ant:ll11ens1:irredf0t'lhwi.th8mL(4-mrnol)

of 0.5M potassium hydroxide solution. The solution was
lyophilized and then purified by MPDC (?_5><20 cm column
of Mitsubishi Kasei HP-2.0 resin): 11.5 mL
fractions, 7 mllrnin flow rate. eluted with water and then a

gradient prepared from 400 rnL of water and 450 mLof 2:1
acetoninilelwater). Fractions 39-48 wue collected and lye-
philized to give title salt as a white solid. 310 mg. 62% yield

IR (KBr pellet) 3403. 2967. 2932. 1653. 1497. 1184.
60 1051. 966 c1n‘1.

65

In NMR (1)20. 400 MHz.) 87.45 (d. 2H. l=8.l Hz) 1.44
(d. 2H. J=8.1 Hz) 725 (ct. 21-1.J=8.1 1-12) 7.19 (:1. 211. 1=s.1
Hz} 5.17 (s. 1H) 2.73 (dr, 111. J=5. 18 Hz) 254. (m. 2H)
1.77-1.91 (m. 4H) 1.74 (s. 311) 1.69 (s. 3H}1:Ip:In.

Anal. CtIlc'd for c,.,H,,K,o..,r-s.1.5 H20: C. 42.46: H.
4.45; P. 5.47-. s. s.s7 Foutul: C, 4235; n. 4.30; P. 520-, s.
6.06.
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Mass Spec (FAB. -t-ions} rule 577 (M+K). 539 (M+1-1).
501 (M—K+2H).

 34

4'—Butyl-(1-phosphono[1.1‘-biphenyl]-4~
butane-sulfonic acid. tripotassium salt

A. 4‘-But}-*1[1.1’-biphenyl]-4-propanoic acid. ethyl ester
To a stirred solution of 3.20 g (15.0 mmol) of 1~l:|‘omo-

4-butylbenzene (Aldrich Chemical Company #33. 576-2) at
-78” C. under argon was added. dropwise over 30 mJ'tI.18.0
mL (30.6 mmol. 1.7M in pentane) of t-butyllithittm solution
The resulting light yellow solution was warmed to 0° C. and
stirred for 1 h. To this solution was added 3.4 g (25 mmol)
of thrice-fused zinc chloride in 20 rnL ofTHF. The resulting
slurry was stirred for 30 min and then a solution of 2.0 g (6.5
mmol) of 4-iodobenzenepropanoic acid. ethyl ester
(Example 43. Part B) and 0.4 g (035 mmol) of tetraltis
(triptrenylphosphine)-palla.dium(0) in 5 mL of 'l‘I-TF was
added. The reaction was stirred for 16 h. diluted with etha-
and washed once with 10% citric acid. The organic phase
was dried (MgSO4) and evaporated. Purification by flash
chromatography on silica gel (5><20 om column) eluted with
1:1 hexanesldichlorcmethane gave title compound as a
colorless oil. 1.79 g . 91% yield.
B. 4‘-Butyl[1.1'-biphenyll-4-propanol

To a stirred solution of 1.72 g (5.54 uunol} of Part Aester
in 10 mL ofTHIF at room temperature under argon was
added. over the course of2 min. a solution of 4 mL (4 nunol.
1M in THF) of lithium alurninurn hydride. The resulting
solution was stirred for 16 11. The reaction was quenched
with 1M soditnn potassium taru-ate and extracted twice with
ether. The ether extracts were dried over MgS0,. filtered and
evaporated. Recrystallization from hex-anes provided title
alcohol as a white solid. 1.19 g. 80% yield. mp 62°-64° C.
C. 4‘-Butyll1.l'-biphenyl]—4—propyl iodide

To a stirred solution of 1.19 g (4.43 mmol) of Part 1!
alcohol. 1.16 g (4.43 mmol] of tripheny1phosphine.and 0.66
g (7.4 mmol) of imidazole in 15 ml. of THF under argon at
room tempaature was added a solution of 1.12 g (4.7 mmol)
ofiodinein 5 mLof'I'HF.dropwise over20rni.n.Aftcr
addition was complete. the reaction was diluted with heat-
anes and washed once with saturated sodiuznt bisulfite solu-

tion. The organic phase was dried (MgSO..) and evaporated
Purilication by flash chromatography on silica gel (5><20 cm
column) eluted with dichlorotnethane gave title iodide as a
white waxy solid. 1.52 g. 91% yield.
1). 4'-Butyl-u-(dieythoxyphosphinylfl1.1‘-biphenyl]-4»
butanesulfonic acid. cyclohex}-1 ester

Toastir-red s1urryof190mg(4.75
dispersion) of sodium hydride in 5 mL of DMF under argon
at —10° C. was added a solution of 1.66 g (5.28 mmol) of
Example 1APart B sulfonate in 2 mL of DMF. After addition
was complete. the reaction was warmed to room temperature
and stirred for 30 min. To the resulting solution was added
a solution of 1.00 g (2.64 mmol) of Part C iodide in 5 mL
ost'DMF. The reaction was stirredfor 16 h. diluted with other
and washed once with 10% citric acid and thrice with water.

“me organic phase was dried (M3804) and evaporated.
Poflflcation by flash chromatography on silica gel (5)<25 cm
column) eluted with 3:4’? etheridichloromcthane gave title
compound as a colorless oil. 0.825 g. 55% yield.
E. 4'-Butyl-ct-Phosphonofl.l'-biphenylj-4-butanesulfonie
acid. tripotassium salt

To a stirred solution of 0.82 g (1.55 mmol) ofPart F ester
in 5 mL of didtlonornethane under argon at room tempera-
ture was added 0.62 mL (4.7 mmol) of hromot:ri.n:tethylsi-
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lane. Mter 24 h. the resulting clear solution was evaporated
at 25° C. and the residue dissolved in 10 mL ofTI{F. To this

stirred solution was added 0.8 g (5 tunnel) of dried. finely
ground potassium iodide and 5 mg (0.015 mmol) of
18—crown-6. The resulting slurry was heated to reflux for 24
h. evaporated and then stirred for 1 h with 5 ml. (5 mmol)
of 1.0121 potassium hydroxide solution. The solution was
lyophilized and then purified by MPLC (2.5x20 cm column
of CHP-201’ resin): 11.5 mL fractions. 6 mutnin flow rate.
eluted with 250 1111.. of water. then a gradient of 450 mL of
3:1 acetonitrilefwater into 450 mL of water). Fractions

32-40 were collected and iyophilized to give title salt as a
white solid. 425 mg. 49% yield.

IR (KBr pellet)3-124. 30272957. 2930. 2859. 1653. 1499.
1200. 1078. 966 cm'1.

‘H NMR (D20. 400 MHZ) 57.47 ((1. 211. I=8.1 Hz) 7.46
(:1. 21-1. J=8.1 Hz) 7.27 (d. 2H. J=8.1 Hz) 7.21 (d. 21-1. J=8.6
Hz) 2.79 (ddd. 11-I. J-—-17.5. 5.6. 3.8 Hz) 2.55 (m. 4H) 1.92
(m. 41-!) 1.46 (In. 21-1) 1.19 (m. 4H) 0.75 (t. 311. J=?.5 Hz)
ppm.

Anal. Ca.lc‘d for C2oI'I,..K,Cl5PS.0.75 1120: C. 4334; 1-1.
4.64; P. 5.59; S. 5.78 Found: C. 43.01; H. 4.88: P. 5.16; S.
6.21.

Mass Spec (FAB. -1-ions)tn!e 5'79 ('M+K). 541 (M+H). 503
(M—K+2H). 465 (1r{—2K+3H).

 35

(E)-5-Methyl-1-pl1osphot1o—9-(4-p1'op}'lpl1on)fl)-5-
nonene—1-sulfonic acid. trip-otassium salt

A. Bromo(4-propyl.pheny1)m.agnesitun
A solution of 30.80 rnL (0.20 mol) of 1-bromo—4-

prqaylbenzene in 50 mL dr:.rTl{F was added to 9.60 g (0.40
mol) of magnesitnn turnings in 200 InL T1-IF at a rate to
maintain low reflux. After the addition was complete. the
reaction was heated to 55° C. for one hour. The Tl-[F solution
was transferred via cannula to a sin-e-seal bottle and sealed

for storage. Titration of 3.00 ml. of the title Grignard reagent
with IN isopropanol in toluene against 2.2‘-biquinoline as an
indicator required volumes of 5.4 and 5.3 mL. indicating the
concentration to be 1.7-4N.

B. 2.2-Dirnetlrylpropanoic acid. (E)-8-iodo-5-metliyl-=1w
octen-1-yl ester

The above iodide is prepared as described in Example 35
Part A.

C. (E)-S-Methyl-8-(4—propylphenyl)-4-octen-1-ol
A solution or 2.15 g (6.10 Ilillnol) of Part B iodide in 10

1nL"l‘I-1Fat0°C.was n'eatedwit.h10mg(1rnsol%)o:fcoppt:-
iodide and 21.00 rnL (36.60 mmol) of the 1.74-N solution of
Part A Grignard reagent. The mixture was stirred for one
hourat0°C.andflfteenhotn-sat1ZI‘.atwhic:hti.rnean

additional 7.00 ml. (12.00 mmol) of Part A Grignard reagent
were added. After twenty four hours. the reaction was
chilled to 0° C. and quenched with 105 ml. ammonium
chloride and diluted with 200 mL ether and 1.00 mL

ammonium hydroxide. The aqueous fraction was removed
and the organics were washed with atnmonimn chloride
solution (3><i0 mL). water (2)60 m.L). saturated sodium
chloride (30 mL). dried (sodium sulfate). and concentrated.
The resulting oil was purified by flash chromatography on
silica gel packed. loaded. and eluted with 85: 15 hexandethyl
acetate. Pure fractions (tl67- 100) were combined and con-
centratedto yield 1.11 g (69%) of title alcohol as a clear oil.

TLC (7:3 hexandedtyl acetate) R_,.=0.l8.
MS ((1 N11,. +ions) mfe 261 (M+H). 278 (M+NH,,).
IR (neat) 3335, 2959. 2932. 2861. 1898. 1669. 1539.

1456. 1379. I059. 802 cm“.
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‘l-I NMIR (CDCI3. 400 MHZ) 57.11 (5. 41-1) 5.19 (t. ]H.
l=7.5 Hz) 3.66 (t. 2H. J=6.4 Hz) 2.58 (m. 41-1) 2.12 (q. 21-L
J=7.5 Hz) 2.05 (t. 2H. .l=7.5 Hz) 1.76 (111. 211) 1.64 (111. 41-1)
1.63 (s. 3H) 0.97 (t. 3H. l=7.5 H2) ppm.
D. (E)-1-(8-Iodo-4-methyl-4-octen-1-yl)-4—propy1benzene

A solution of 1.11 g (4.20 mmol) of Part C alcohol in 5
mL CH,C1, at 0° C. was treated sequentially with 10 mg (2.5
mol 9:) of 4-dimethylarninopyridine. 0.36 ml. (5.50 mmol)
of triethylamine. and 0.77 ml. (4.70 mmol) of rnetl1anesu1fo-
nyl chloride. The reaction was allowed to stir at room
ternperature for 30 minutes befcre diluting with ether. The
organic solution was washed with water: (2x25 mL). satu-
rated sodium chloride. dried (sodium sulfate). and evapo-
rated to a clear oil. The oil was dissolved in 20 mL acetone

and stirred with 1.92 g (12.80 rnmol) of sodium iodide for
fifteen hours. The reaction was driv to completion by

heating at 50° C. for three more hours. then concentrated to
a slurry. which was redissolved solved in hexane and water.
The aqueous layer was removed. and the organic layer was
washed with water. saturated sodium sulftte. satlnated
sodium chloride. dried (sodium sulfate). and evaporated

The resulting yellow oil was purified by flash chromatog-
raphy on silica gel (100 g). packed. loaded. and eluted with
hexane. Pure fractions were combined and concentrated to

yield 1.04 g (67%) of title iodide as a clear oil.
TLC (85:15 hexanelethyl acetate): R,=0.70.
MS (CI. N113. +ions) mfe 270 CNHH).
IR (film) 2957. 2930. 2859. 1514. 1456. 1445. 1379.

1341. 1316. 1227. 1202. 1165. 1092. 1020. 839. 820. 802.
739 cm“.

‘H NMR (CDCI3. 400 MHz) 57.24 (s, 411) 5.24 (t. 1H.
J=‘!.5 1-12) 333 (t. 21-I. J=7.0 Hz) 2.69 (q. 41-I. l=6.0 Hz) 2.26
(q. 2H. .i=7.2 Hz) 2.18 (t. 2H. l=7.5 Hz) 2.01 (quint. 2H.
J=7.0 Hz) 1.86 (rn. 2H) 1.78 (s. 3H)1.77(rn. 2H) 1.09 (t. 3H.
J=?.2 Hz) ppm.
E. (E)-1-(Diethoxyphosphinyl)—6-n1cthyl-9-(4-
propylphenyl)-S-nonenesulfonic acid. cyclohexyl ester

To a solution of 1.53 g (4.87 mmol) of Exarnpie IA Part
B sulfonaCe in 4.00 ml. DMF at —20° C. was added 84.5 mg

(3.25 mmol) of sodium hydride. The reaction was stirred at
-20“ C. until hydrogen evolution diminished. and at RT until
gas evolution subsided completely. when 1.0 g(2.7l mrnol)
ot”PartDiodidein1.0mLDM;Fwasadded.Afterst.ining
at RT for 23 hours. the reaction was quenched with 5 mL
ammonium chloride and diluted with ethtr and water. The

aqueous layer was removed and the organic layu was
washed with saturated The combined aque-
ous fractions wue beck extracted with ether. and the com-

tained organic fractions were dried (sodium sulfate) and
concentrated to an oil (1.84 g). The crude product was

purified by flash chromatography on silica gel (140 g].
packed. loaded. and eluted with 70:30 hexandethyl acetate.
Pure fractions (1157-103) were combined and concentrated to
yield 0.58 g (38%) of title compound as a clear oil.

TLC (7:3 hexane-Jethyl acetate) -0.18.
MS (CI. NH3. +ions) mic 557 +11). 574 (M+NH4).
IR (film) 2934. 2863. 1614. 1452. 1354. 1262. 1175.

1053. 1024. 972. 930. 866. 828. 802. 758 cm“.
'11 NM]! (CDCI3. 400 M112) 67.01 (5. 41-1) 5.05 (t. 1H.

1=6.6 Hz) 4.76 (In. 111) 4.15 (111. 41-1) 3.35 (£11.. 111. 1=l9.6
1-12. 6.2 Hz) 2.46 (m. 4H) 2.04 (In. 21-1) 1.94 (tn. 61-1) 1.62 (to.
31-1) 1.52 (s. 3H) 1.43 (In. 1H) 1.31 (1121, 5H) 1.27 (t. 6H.
J=6.E Hz) 0.86 (t. 3H. l=7.3 I-Iz) ppm.
F. (E)-6-Methyb1-phosphono-9-(4-propylphenyl)-5-
nonene-1-sulfonic acid. tripotassiurn salt

A solution of 0.57 g (1.02 mruol) ofPat't E compound in
10 mL methanol in a scalable tube was chilled to 0° C. and
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saturated with ammonia gas. The tube was then sealed and
heated at 65° C. for twenty four hours. Afier cooling. the
tube was opened and the methanol evaporated. The residue
was dissolved in toluene and evaporated twice (2><l0 mL).

leaving a glassy oil. The oil was dissolved in 2.00 mL of
methylene chloride and treated sequentially with 1.38 mL
(5.20 mmol) of bistrimethylsilyl trifluoroacetamidc and 0.83
mL (6.24 mmol) of ttime-thylsilyl bromide. The reaction
stirred for hours. at which point the crganics were removed
under vacuum. and the residue treated with 6.00 mL (6.00
mmol) of 1N K011 and lyophilized. The crude product was
purified by MPLC on a column of C1-[P-20P gel (2.5 cm
dia.tn.><25 cm height) eluting with wa.t.er(l00 rnL) followed
byagradientcreatedbytl1egradualadditionof400mL
acetonitrile to a resevoir of 350 ml. water. Approximately 7
1:nL fractions were collected. Pure fractions (#41—4S) were
combined and concenttatedto yield 348 mg (64%) of a waxy
solid. which was triturataed with acetone (3x2.00 ml.) and
dried on high vacuum to yield 270 mg (50%) of title
compound. as an ofi"—white solid.

TLC (5:4:1 n-propanollannnonium hydroxiddwater)
R,=0.22.

MS (FAB. fions) 533 (M+H). 457 (M-I-H—K).
IR (roar) 3235. 2934, 2872. 1653. 1458. 1144. 1098.

1052. 954 cm“.

‘H NMR (CDCl,. 400 MHz) 67.07 (s. 411) 5.16 on 111)
2.75 (111. 111) 2.42 (m. 4H) 1.79 (m. 6H) 1.53 (m. 211) 1.43
(s. 3H) 1.43 (m. 211) 0.74 (1. 21-1. .l=7.3 112) ppm.

Anal. Ca1c’d for c.,H,..o,,t>s1(,-H,o: C. 41.43; H. 5.49;
s. 5.32; P. 5.62; Found c. 41.43; H. 5.72; s. 5.23; P. 5.29.

EXAMPLE 35A

2.2-I}imel:hy1propanoic acid. (E)-8-iodo-5-methyl-L
oct.en—1-yl ester

(1). 2.2-Dimethylpropanoic acid. (E)-5.9-dimethyl-4.8-
decadienyl ester

To a solution of 10.00 g (54.94 mmol) of Example 2 Part
D alcoholin 50 mL of clichlorornethane at 0° C. was added

0.67 g (5.50 mmol) of 4-dimethylarninopyridine (DMAP)
and 11.49mL (82.41 mmol) of ttiethylamine followed by the
addition of 8.12 ml. (65.93 mmol) of n-imethylacetyl chlo-
rideover 15 min. The re-aeti.cn mixture was stirred for 1 h at
0° C. and 2.5 h at room temperature. The suspension was
diluted with 200 mL of dichloromethane and 300 ml. of

water. 'I‘he layers were separated and the organic fraction
was washed with solutions of K1-ISO‘. Na]-ICO3 and NaCL

d:ried (M380) and concentrated to provide title compound
as a colorless liquid.

TLC Silica gel (8:2 hexanesfethyl acetate) Rf-0.25.
(2). 22-Imnethylprqsanoic acid. (E)-8-bromo-9-hydroxy-5.
9—dimethy14—de-eenyl ester

To a solution of 10.00 g (37.59 mmol) of Part (1) ester in
100 ml.. of a solution of 7:3 t-butanoliwater at 0° C. was
added 6.69 g (37.59 rnml) of N-brornosuccinimide portion-
wisc with the aid of a solid addition funnel over 0.5 h. The
reaction mixttn-e was stirred at 0° C. for 3 h. diluted with 300
ml. of ether. washed with solutions of K,C0-3 and NaCl.

dried (M3501) and concentrated. The residue obtained was
purified by flash chrornatography (800 g of silica gel) eluting
with 9:1 hexaneslediyl acetate to provide 1130 g (63%) of
title alcohol as a colorless oil.

TLC Silica gel (8:2 hexanesfethyl acetate) R,.=0.42.
(3). 2.2-Dimethylpropanoic acid. (E)-8,9-epoxy-5.9
dimethyl-4-decenyl ester

To a stirred solution of 11.00 g (30.30 g) of Part (2)
alcohol in 100 mL ofTl-IF at —78° C. was added 21.68 mL

PENN EX. 2205

CFAD V. UPENN

lPR20l5-01836


