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STEREOSELECTIVE ISOMERIZATION OF ETHYLIDENE LACTAM FOR
THE SYNTHESIS OF (+)-Z-ISOSITSIRIKINES

Takeaki Naito,* Tetsuro Shinada, Okiko Miyata, and Ichiya Ninomiya
Kobe Women's College of Pharmacy, 4-19-1, Motoyamakita, Higashinada,
Kobe 658, Japan

Summary: Smooth isomerization of stable E-ethylidene group into the
unstable Z-isomer was facilitated in the case of the ethylidene lactams 2
and 6, and provided the total synthesis of Z-isositsirikines 7-10.

Stereoselective preparation of trisubstituted olefins has attracted

much attention offsynthetic organic chemists.1_4

Theoretically, trans-
addition of an appropriate additive to the trisubstituted olefins coupled
with cis-elimination of the adduct or cis-addition and trans-elimination
would furnish the isomerized olefins from either E- or Z-isomer.

This idea has now been visualized in the ethylidene lactam systems in
which thiophenol was stereoselectively added to the ao,B-unsaturated lactam
in the trans manner and then eliminated stereoselectively via cis-
elimination of the resulting sulfoxide.® The utility of this method is
demonstrated by the stereoselective synthesis of both E- and Z-isositsiri-
kines of monoterpenocid indole alkaloids.
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The known vinyllactam 16 was readily converted into the (19E)-
ethylidene lactam 27 as a sole product in 89 % yield by treatment with
sodium hydride. The result shows that the (19E)-ethylidene lactam 2 is
more stable than the (19Z)-ethylidene lactam 6 presumably due to the ab-
sence of steric repulsion between a lactam carbonyl and terminal methyl
groups in 2. Treatment of the (19E)-lactam 2 with 3 equiv. of lithium

thiophenoxide8

in the presence of 3 equiv. of thiophenol in tetrahydrofuran
at 70°C gave stereoselectively the trans-~adduct 39 in 86 % yield in addi-

tion to the cis-adduct 4'0 in only 6 % yvield. Oxidation of 3 with
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m-chloroperbenzoic acid followed by pyrolysis of the resulting sulfoxide11

in boiling toluene gave exclusively the desired (19Z)-lactam 6'2 in 95 %
yield, while the minor adduct 4 upon similar treatment reverted back to the
starting 2 in good yield. Furthermore, similar addition-elimination reac-
tion was successfully applied to the (19Z)-lactam 6 for its stereoselective
conversion into 2. Treatment of 6 with lithium thiophenoxide in the
presence of thiophenol in tetrahydrofuran at 70°C gave three adducts 3, 4,
and 513 in 10, 53, and 10 % yields respectively, of which the latter two
adducts 4 and 5 were converted into the identical 2 by pyrolysis of the
corresponding sulfoxides in good yields.

4 :208-H,198-SPh
5 : 20a-H , 19a-SPh

a) NaH-THF ; b) PhSLi-PhSH-THF ; ¢} i. m-CPBA, ii. A

These selectivities for the predominant formations of the trans-adduct
3 from the (19E)-lactam 2 and the trans-adduct 4 from the (19Z)-lactam 6
can be explained as follows. Lithium thiophenoxide attacks at the 13-
position of the «,R-unsaturated lactams 2 and 6 from the less hindered a-
side and subseguent protonation takes place predominantly from g-side as a
result of the Michael trans-addition.'?
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Thus, we have now succeeded in the synthetically useful interconversion
between 2 and 6, though one-way conversion of 6 into 2 has been illustrated
by Winterfeldt's group.15

This newly developed isomerization reaction has been successfully ap-
plied to the stereoselective total synthesis of Z-isositsirikine group of
alkaloids, (#)-Z-isositsirikine (7),19¢18 (+)_16-epi-z-isositsirikine
(8)17'18 and also two unnatural hydroxyesters 9 and 10. Thus, by a series

of reactions6

including reduction of the lactam carbonyl group, trans-
esterification, formylation, and finally reduction of the formyl group, the
lactam 6 was successfully converted into the hydroxyesters 9 and 10 and

(t)-Z-isositsirikine (7) and (t)-16-epi-Z-isositsirikine (8).

,b' e f,a, c d 6 a,bcd

> Me <«
OH
MeOOC
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7 : 16R* 9:16R"
8:168* 10: 165

a) AlH, ; b) MeOH-H,SO, ; ¢) LDA-HCOOE! ; d) NaBH, ; €) O,-Cu(OAc),-TFA ; f) NaBH,-AcOH

In conclusion, we have now established the synthetically useful method
for the stereoselective construction of both Z- and E-ethylidene compounds6
and succeeded in the total syntheses of all eight stereoiscomers of isosit-
sirikine group of alkaloids.
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