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Abstract: Reaction of stabilized ylide 1 with carbonyl partners can be promoted via anionic
activation of the ylide; the presence of~charge is responsible for the high Z-selectivity in
the direct formation Of conjugated enones.

Despite the fact that efforts to fully understand the mechanism of the Wittig reaction

still continue, 1 its application for stereoselective synthesis of alkenes has long ago become

of paramount importance in synthetic practice.
2

In general, non-stabilized phosphonium ylides

react with aldehydes to produce predominantly Z-olefins whereas stabilized phosphonium ylides

afford predominantly E-olefins in such reactions. While in the former case that ramification
3can be conveniently circumvented via equilibrating procedure of Schlosser, the apparently

lacking complementary solution for the reversal of stereoselectivity in the latter case has not

been offered as yet. UndOUbtedly, direct route to the labile Z-alkenes would be of great

synthetic importance. Most of the efforts along this line, however, were diverted rather to the

corresponding phosphonate reagents, in which the search for Z-selectivity was focused mainly on

,the modification of the phosphorus ester groups, and/or judicious choice of reaction condi-

tions.
4

We wish to demonstrate for the first time that high yields of conjugated Z-enones can

be achieved directly in reactions involving carbonyl stabilized ylide 1 and aliphatic aldehydes.
r-

Our approach takes advantage of changing the reactivity of the ylide via simple in situ trans-

formation of the stabilizing carbonyl group into its enolate counterpart:. The overall con­

version is outlined below.
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Under neutral conditions yl ide 1 is poorly reactive and does not react with aldehydes

even after prolonged hea ting i n r efl:xing tetrahydrofuran . 5 However, when equ imola r amounts

of the yl i de and an a l dehyde wer e mixed together with 2 equivalents of NaH in t e t r ahydro fur an

and a small amount of water was then added t o activate NaH, 7 a ve ry facil e r eaction occur ed

l eading to the expected conjugated a-keto ester 3 wi t h considerabl e preference for the fo rma­

tion of the Z isomer. A shor t series of model exper iment s (Table) revealed further that in

such reactions the selectivity was substantially higher f or a l dehyde s bearing large a lky l sub­

stituents and was practically complete fo r the sterica11y most demanding pivalaldehyde. This

observation resembles closely trends pr evi ous l y noted only in re actions of highly reactive

(non- s tabil i zed) y1ides 1e ,j ,2,8 and demons tra t es explici t ly t he ef f icacy of t he presented

approach .

Tablea

Aldehyde Yie ld of ~,
%b Z isomer, {

CH3CHO 15 60

CH
3CH2CH

O 65 85

CH3 (CH2)9CHO 91 86

(CH3)2 CHCHO 90 84

(CH3 ) 3CCHO 42 98

a - Reaction conditions ar e given in ref. 9. b - Yiel ds are f or isolated and di still ed

mat er ia l . 10 c - Is omer ratios are GLC values; pure E i somers f or comparison wer e
11ava i l abl e f ro m our ea r l i er work on the corresponding phosph onate reagent.

Contrary to expectations ,2, 12 the addi t ion of ~~A a s co -solvent to tetrahydrofuran di d

not r esult in t he in crease of the Z/ E ratio a l t hough , in this medium, addition of water to

pr omote gene r a t ion of 2 was no l onger necessary. Analogously, admi xture of 15-cr own-5 which ",.,.
pr oved advan t ageous in some annul a tion reactions of th e yl ide anion 2, di d not exibit s i mil ar

'"effect t hLs t~me.1 3 S h d i (K CO l' DMF) 1L orne a t e r ca n 1.t1.ons 2 3' ower r eact 1. on temperatures, were a so

briefly examined but eventual l y th e original procedure9 pr oved t o be the most sa t isf actory and ,

a t th e same time, mild enough to t olerate the presence of additional functionalitie s in th e

car bonyl substrate (Sch eme). In thi s cont ext , the stereosel ective elaboration of opt ica l ly
14active ta r t ar i c acid derived al dehyde is noteworthy.

The high efficienc y of the yl ide anion ~ in pr oducing a preponderance of Z-alkene s i s a t

f irst sight surprising, cons ider i ng a f ormal s t r uc t ura l analogy of ~ to the well known B-ox ido

yl i des. 2,3 However, extensive internal stabilization of th e ace toace t a t e an i on in ~ may be

sug gested to expl a i n thi s drama tic di ff er enc e in stereochemical behaviour of t he t wo sys tems.

In cont ras t to the above ca ses , only small percentage of Z-isomers coul d be detected

(GLC) in the crude reaction mi xture of pro duct s derived froml and aromatic a l dehydes; th e

corres pond i ng number s fo r benzaldehyde , p-ni trobenza ldehyde and p-methoxybenza ldehyde be i ng

25.5 , 10.4 and 13. 4%, r e spectively. The true pattern of sel ectivity in these r eac t i ons is
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probably obscured by rapid isomerization of the final products and/or by "stereochemical

drift" during the reaction. 1a,c

73%

62%

75%

(64.1)

(51.2)

(65)

Scheme
a

a - In all presented cases the selectivity was - 9:1 in favor of the Z isomer.

Yields are given for isolated material. The numbers in parentheses represent

yields of separated and distilled pure Z isomer. 10

In summary, it has been demonstrated that poorly reactive phosphonium ylides can be

effectively utilized in valuable stereoselective transformations after simple activation by
16charge. The presented approach complements our previous findings on the E-selective syn-

11thesis of substituted Nazarov reagents; both Z and E isomers have now become readily and

directly available.
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