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STEREOSPECIFIC CONSTRUCTION OF EXO-TETRASUBSTITUTED OLEFINS.
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Swmmary: Cyano-carbacyelins (2 and 3) were efficiently synthesized using the
stereospecific 1,4-hydrogenation of the corresponding conjugated diene e
catalyzed by the arene-Cr(CO)3 complex as a key step.

Recently we have shown in the synthesis of carbacyclins2 that the 1,4-
hydrogenation of 1,3-dienes catalyzed by arene-Cr(CO)3 complexes is an excellent
method for the stereospecific construction of exo-trisubstituted olefins.
Following and extensive investigation of new functions of arene-Cr(CO)3
complexes as hydrogenation catalysts3 has led us to find that the 1,4-
hydrogenation of 1,3-dienes carrying a cyano functionality at the C-2 position
also works smoothly, providing a useful method for the stereospecific
construction of exo-tetrasubstituted olefins with a cyano functionality which
can be easily converted to a variety of exo-tetrasubstituted olefins.4 It is
the purpose of this communication to show one application of the above-mentioned
method in a stereocontrolled synthesis of cyano-carbacyclins (2 and é).s Cyano-
carbacyclins (2 and ») are expected to have similar biological profile to that
of %. Nileprost (%) may be of therapeutic value for gastric ulcer because of its

potent antiulcer effects with weak antiaggregatory and vasodilating activities.6
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In order to accomplish the stereocontrolled synthesis of cyano~carbacyclins
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(2 and A) by using the 1,4-hydrogenation as a key step, the requisite 1,3~diene
9 with the cyano functionality at the C-2 position was efficiently synthesized

from 4 as shown in Scheme I. The «,B-unsaturated aldehyde 4 prepared from the

Corey lactone7

8 . .
» (DIBAH or NaBH4) in 98% yield. After conversion of ® to the bromide Qs (PPh

and CBr4 in CH2Cl2 at -60n-25 °C, 89% yield), it was treated with KCN and

in ca. 70% overall yield was first reduced to the allylic alcohol
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18-crown-6 in CH3CN to give the allylic cyanide Zg in 99% yield. The a-chain

was regiospecifically introduced by the coupling reaction of 7 with the
4"

aldehyde 89 (LDA in THF at -78 °C, then 8), furnishing a diastereoisomeric
N 4"

mixture of the cyano-alcohols 98
N

in 64% yield based on conversion of 7 (36%
recovery of 7). Subsequently these cyano-alcohols 9 were treated with%methane—
sulfonyl chlgride (4 eq) and triethylamine (12 eq)win CH2C12. Under these
reaction conditions elimination occurred spontaneously to afford a easily

separable mixture of the diene lOa8 (83%) and 10b8 (6%) . Stereochemistry of
ATV ATV 10

both 10a and 10b was determined on the basis of their NMR spectra (Ha, 6§ 6.10
LAvAVLAV) VAV V)

, t, J =7 Hz; Hb, 8§ 6.20, t, J = 7 Hz). Furthermore chemical reactivity of 10a

e

and 10b for the 1,4-hydrogenation reaction supported the above-mentioned
vy

stereochemistry.

The crucial 1,4-hydrogenation of %22 proceeded smoothly via the transition
state like %% by using (methyl benzoate)Cr(CO)3 as a catalyst to afford the
stereochemically homogeneous Z-tetrasubstituted olefin %%8'11'12 in
quantitative yield (20 mol 3 of the catalyst, degassed acetone solvent, 70
kg/cm2 of H2 pressure, 120 °C, 15 hr). It was also found that the hydrogenation
proceeded under the milder conditions by the use of naphthalene-Cr(CO)3 as a
catalyst (20 mol % of the catalyst, degassed THF solvent, 70 kg/cm2 of H2
pressure, 45 °C, 21 hr) to give %% stereospecifically in 97% yield (Scheme II).
On the other hand, the 1,4-hydrogenation of %Q% available in a very low yield
remained unchanged under the various 1,4-hydrogenation conditions probably due
to steric hindrance around the diene moiety.13

Introduction of the w-chains to the hydrogenation product %% was
accomplished according to the general procedure (Scheme III), and cyano-
carbacyclin (%)8 and its 16-methyl analogue %8 were obtained in 36 and 32%
overall yields from 12 respectively.14’15

The absence of the 5-E-stereoisomer %% in cyano-carbacyclin was confirmed
by the following experiments. Irradiation of %% in benzene at room temperature
for 37 hr using a high pressure mercury lamp resulted in the formation of a
easily separable mixture of the 5-E-stereoisomer &%8 and 12 in a ratio of ca.

1 : 1. Subsequently the isolated 5-E-isomer 13 was transformed into 5-E-cyano-
carbacyclin (%%)8 by the same procedure as described above (Scheme IV). Careful
TLC analysis of both %% and % showed clearly that cyano-carbacyclin (%) was
stereochemically homogeneous, indicating that isomerization of the a,B8-
conjugated cyanide functionality didn't occur during w-chain introduction.

On the basis of the arguments presented above, it is concluded that the
1,4-hydrogenation of 1,3-dienes bearing a cyano functionality at the C-2
position provides a useful method for the stereospecific construction of

versatile exo-tetrasubstituted olefins.
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