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ABSTRACT: Reaction of g-chloromethyl aryl cuprate g with optically active ammonium salt 7
regio- and stereospecifically affords vinyl sulfone 8. Conjugate-addition of acetylenic anion
9 followed by in situ cyclization provides sulfone 10 which is refunctionalized to provide two
sets of carbacyclin analogs, 15-17 and 25-27. 1Cgg values of these six compounds for
inhibition of collagen-induced platelet aggregation were 0.18, >100, 0.33, 0.33, >100, and

2.2uM, respectively.

As part of our program to evaluate metabolically-stable prostacyclin analogs,2 we have
synthesized two sets of computationally-designed cyclopent[ajindenes 15-17 and 25-27.
The aryl portion of these targets was prepared from p-tolylacetic acid 1 in 31% overall yield
using the following sequence. Bromination of 1 in carbon tetrachloride3 at reflux gave p-
bromomethylphenylacetic acid 2 in 57% yield. Reduction of the acid 2 with borane/THF over
16 h followed by protection of the alcohol as the silyl ether afforded 3 in 84% vyield. The
benzyl bromide was converted to the corresponding N,N-dimethylbenzylamine in 96% yield
by bubbling dimethylamine in a THF solution of 3 at -15°C followed by warming to 25°C and
stirring for 22 h. Amine-directed metalation4 of the aromatic ring with t-butyllithium in a 1:1
solution of pentane/ether for 2 h followed by quenching the reaction with 1-chioro-2-
iodoethane® afforded the aryl iodide in 75% yield. The synthesis of 4 was completed by
conversion of the N,N-dimethylbenzylamine moiety to a benzyl chloride with ethyl
chloroformate and triethylamine4 in methylene chloride starting at -78°C and allowing to
warm to room temperature over 10 h providing 4 in 90% yield.
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Halogen-metal exchange of aryl iodide 4 with p-butyllithium at -100°C in THF generated
aryllithium 5.6 To the solution of 5 (1.75 eq) was added a preformed solution of copper]l]
bromide- dimethylsulfide complex (1.50 eq), excess lithium bromide (6 eq) and copper metal
(0.05 eq) in THF cooled to -100°C to generate aryl "bromocuprate” 6.7 Addition of a
methylene chloride solution of homochiral ammonium salt Z (1.0 eq) to the solution of 6 at -
100°C afforded adduct 88 in 89% yield as a single regio- and sterecisomer.? Treatment of a
solution of 8 in ether at 25°C with 1.9 equiv. of lithium acetylide 92 and 3.0 equiv. of HMPA
for 9 min. gave 1Q in 97% yield as a mixture of THP diastereomers. Selective deprotection
of the TBDMS ether of 10 with TBAF at -10°C for 2 h afforded alcohol 11 in 75% yield.

Oxidation of the phenethyl alcohol of 11 either directly to the acid or via the aldehyde and
then to the acid in a two-step sequence proved to be extremely difficult. A variety of reagents
and conditions were tried with the best sequence being Swern oxidation with TFAA0 which
afforded the aldehyde 12 in 43% yield; 58% based upon recovered starting material.
Oxidation of the aldehyde was then accomplished with a solution of sodium chlorite and
hydrogen peroxide in acetonitrile/THF/water for 30 min.1! Crude THP-aldehyde 12 was
deprotected using catalytic TsOH in {-buty! alcohol at 50°C for 16 h to provide carboxylic acid
13 (66% overall from aldehyde 12).
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Desulfonylation'2 of 13 was achieved with lithium in ammonia/THF/t-butyl alcohol followed
sequential addition of isoprene and ammonium chloride, affording 14 in 83% yield.
Completion of the synthesis involved removing the t-butyldiphenylsilyl ether with excess
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TBAF at room temperature for 16 h providing pseudoindynaprost 158 in 69% yield (14%
overall from homochiral ammonium salt 7). Partial hydrogenation of the acetylene moiety in
15 to the Z-olefin was accomplished using a 5% palladium on calcium carbonate catalyst,
poisoned with lead (Aldrich 20,573-7) in ethyl acetate at ambient temperature under one
atmosphere of hydrogen in a Brown hydrogenator for 2.5 h. This procedure afforded a 92%
yield of Z-pseudoindenaprost 16.8 The final analog in this set, pseudoindanaprost 17, was
obtained by hydrogenation of 15 in a Brown hydrogenator with 5% palladium on alumina
catalyst in ethyl acetate at room temperature for 4.5 h affording 178 in 68% yield. ICsq
values of these compounds for inhibition of collagen-induced platelet aggregation? are
given in the scheme below.
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26 (n=2); ICsp > 100 uM 25 (n=2); ICsp =0.33+0.02uM 27 {n=2); 1Csp=2.2+0.2uM

Synthesis of the second set of analogs 25-27 began with alcoho! 11. The alcohol
was converted to mesylate 18 with mesy! chloride and diisopropy! ethyl amine in methylene
chloride at ambient temperature. Attempts to displace the mesylate with cyanide were
unsuccessful, so the mesylate was converted to iodide 19 with a large excess of sodium
iodide in acetone at room temperature for 16 h. This procedure partially removed the THP
protecting group giving some 20, so the mixture obtained from the Finkelstein reaction was
stirred in a 1:1 methanol/methylene chloride solution with p-TsOH for 2 h at room
temperature affording the completely deprotected alcohol 20. Reaction of the crude iodide
with sodium cyanide in DMSO at 50°C for 20 min gave nitrile 21814 in 94% from alcohol 11
along with a 6% yield of styrene 22 obtained from cyanide-induced elimination of the iodide.
With 21 in hand, attempts were made to hydrolyze the nitrile to the acid giving an
intermediate which would parallel the synthetic sequence described above; however, no
hydrolysis conditions were found, possibly due to the elimination of the homobenzylic
sulfone moiety under the basic conditions. Desulfonylation of 21 was accomplished with 6%
sodium amalgam affording 23 in 57% yield.'S Removal of the sily! ether of 23 with excess
TBAF at 40°C for 16 h gave 24 in 77% yield. Hydrolysis of 24 was easily achieved with
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methanolic sodium hydroxide heated to reflux for 5 h providing homopseudoindynaprost 258
in 86% yield (23% overall from homochiral ammonium salt 7).
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11 X=(CHp)s0H, Y=THP 21 X=CN, Y =SO,Ph, Z=TBDPS 22
18 X'=(CHp),0Ms, Y =THP 23 X=CN, Y=H, Z=TBDPS
19 X = (CHa)al, Y =THP 24 X=CN, Ys=H, Z=H
20 X =(CHb)zl, Y=H 25 X=COsH, Y=H, Z=H

Conversion of 25 to Z-homopseudoindynaprost 26 and homopseudoindanprost 27 was
accomplished as described for 16 and 17, affording a 73% yield of 268 and a 75% yield of

27.8 respectively.16.17
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