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Abstract: PReaction of stabilized ylide 1 with carbonyl partners can be promoted via anionic
activation of the ylide; the presence of “eharge 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
can be conveniently circumvented via equilibrating procedure of Schlosser,3 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.
Our approach takes advantage of changing the reactivity of the ylide VEQ simple Zn situ trans-—
formation of the stabilizing carbonyl group into its enolate counterpart g. The overall con-

version is outlined below.
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Under neutral conditions ylide 1 is poorly reactive and does not react with aldehydes
even after prolonged heating in refluxing tetrahydrofuran .5 However, when equimolar amounts
of the ylide and an aldehyde were mixed together with 2 equivalents of NaH in tetrahydrofuran
and a small amount of water was then added to activate NaH,7 a very facile reaction occured
leading to the expected conjugated B-keto ester 3 with considerable preference for the forma-
tion of the Z isomer. A short series of model experiments (Table) revealed further that in
such reactions the selectivity was substantially higher for aldehydes bearing large alkyl sub-
stituents and was practically complete for the sterically most demanding pivalaldehyde. This

observation resembles closely trends previously noted only in reactions of highly reactive

(non-stabilized) y1ides1e’J’2’8 and demonstrates explicitly the efficacy of the presented
approach.
Table®
Aldehyde Yield of 3, 20 Z isomer, 2°
CH3CHO 15 60
CH3CH2CHO 65 85
CH3(CH2)9CHO 91 86
(CH3)2CHCH0 90 84
(CH,) ,CCHO 42 98

a - Reaction conditions are given in ref. 9. b - Yields are for isolated and distilled

10

¢ - Isomer ratios are GLC values; pure E isomers for comparison were
1"

material.
available from our earlier work on the corresponding phosphonate reagent.

2,12 the addition of HMPA as co-solvent to tetrahydrofuran did

Contrary to expectations,
not result in the increase of the Z/E ratio although, in this medium, addition of water to
promote generation of 2 was no longer necessary. Analogously, admixture of 15-crown—5 which
proved advantageous inN;ome annulation reactions of the ylide anion E; did not exibit similar
effect this time.13 Some other conditions (K2C03, lower reaction temperatures, DMF) were also
briefly examined but eventually the original procedure proved to be the most satisfactory and,
at the same time, mild enough to tolerate the presence of additional functionalities in the
carbonyl substrate (Scheme). In this context, the stereoselective elaboration of optically
active tartaric acid derived aldehyde is noteworthy.14

The high efficiency of the ylide anion % in producing a preponderance of Z-alkenes is at
first sight surprising, considering a formal structural analogy of E‘to the well known B-oxido
ylides.z’3 However, extensive internal stabilization of the acetoacetate anion in 5 may be
suggested to explain this dramatic difference in stereochemical behaviour of the two systems.

In contrast to the above cases, only small percentage of Z-isomers could be detected
(GLC) in the crude reaction mixture of products derived from 2 and aromatic aldehydes; the
corresponding numbers for benzaldehyde, p-nitrobenzaldehyde and p-methoxybenzaldehyde being

25.5, 10.4 and 13.47%, respectively. The true pattern of selectivity in these reactions is
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probably obscured by rapid isomerization of the final products15 and/or by '"stereochemical

. . . la,c
drift" during the reaction.
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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
charge.16 The presented approach complements our previous findings on the E-selective syn-—

11

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

directly available.

Acknowledgement: K. Michal Pietrusiewicz wishes to thank the Council for the Internationel
Exchange of Scholars for a Fulbright Award in 1983/1984. He also wishes to express his grati-
tude to Professor Barry M. Trost for stimulating advisorship and many helpful discussion.

We are also indebted to Profs. E.L. Eliel and R. Bodalski and Drs. Bruce and Cynthia Maryanoff

for advice and comments.

References and Notes

1. For some recent contributions see: (a) Maryanoff, B.E.; Reitz, A.B.; Mutter, M.S.; Inners,
R.R.; Almond, Jr. H.R. J.A4m.Chem. Soc. 12§§, 107, 1068. (b) Maryanoff, B.E.; Reitz, A.B.;
Duhl-Emswiler, B.A. J.Am.Chem.Soc. lggi, 107, 217. (c¢) Reitz, A.B.; Mutter, M.S.;
Maryanoff, B.E. J.Am.Chem.Soc. 12§é, 106, 1873. (d) Olah, G.A.; Krishnamurthy, V.V. J.Am.
Chem. Soc. lggz, 104, 3987. (e) Schlosser, M.; Schaub, B. J.4m.Chem.Soc. 1982, 104, 5821.

~ oo



742

10.

12.

13.

14.

15.

16.

(f) Vedejs, E.; Meier, G.P.; Snoble, K.A.J. J.4m.Chem.Soc. 1981, 103, 2823. (g) Bestmann,
H.J. Pure Appl.Chem. 1980, 52, 771. (h) Bestmann, H.J. Pure Appl.Chem. 1979, 51, 515. (1)
Thacker, J.D.; Whangbo, M.H.; Bordner, J. J.Chem.Soc.Chem.Commun. 1979, 1072, (i) Vedejs,
E.; Snoble, K.A.J. J.A4m.Chem. Soc. 1973, 95, 5778.

. Gosney, I.; Rowley, A.G. In "Organophosphorus Reagents in Organic Synthesis"; J.1.G.Cadogan,

Ed.; Academic Press, New York, 1979; pp. 17-153.
(a) Schlosser, M. Angew.Chem. Int.Ed.Engl. 1968, 7, 650. (b) Schlosser, M.; Tuong, H.B.;

Schaub, B. Tetrahedron Lett. 1985, 26, 311 and references cited therein.

. Still, W.C.; Gennari, C. Tetrahedron Lett. 1983, 24, 4405.

More forcing conditions together with acid catalysis may however induce condensation of 1
with benzaldehyde but they were shown too destructive in the case of simple aliphatic alzé—
hydes.6 Our experiments with isobutyraldehyde (1 equiv. of 1, trace of p-toluenesulfonic
acid, 14 h reflux in tetrahydrofuran or benzene) have confg}med this observation. The yield
of conjugated B-keto ester was less than 107 in both cases with Z isomer content of 18 and
21%, respectively (GLC).

Serratosa, F.; Sole, E. Annales Real.Soc.Espan.Fis.Quim. Ser. B, 1296’ 62, 431; Chem.Abstr.
1967, 66, 2623. N

. The role of water in these reactions may be either the simple washing of the NaH surface or

in gitu production of NaOH forming subsequently the stronger complex base with unreacted
NaH. See also ref. 13 for a brief discussion.
(a) Bergelson, L.D.; Barsukov, L.I.; Shemyakin, M.M. Tetrahedron 1967, 23, 2709. (b) Schlo-

~ e

sser, M. Top.Stereochem. 1970, 5, 1.

. Procedure: To a stirred solution of the ylide 1 (4 mmol) in tetrahydrofuran. (ca.30 mL) were

added 2 equiv. of NaH followed by addition of an aldehyde (4 mmol). Practically no reaction
was observed until 2 drops of water were added to the mixture and then the flask was immersed
in a bath preheated to 35-40°C for about 0.5-1 h. When the ylide was completely consumed the
reaction was quenched with diluted HCl and then patitioned between ether and brine. The

ethereal layer was washed twice with diluted NaHCO,, then twice with distilled water, dried

3)
(MgSOA) and evaporated <n vacuo. The crude products were purified by distillation and separa-
tion of isomers was realized by flash chromatography using CH2C12 or Hexanes-EtOAc as eluents.

GLC, YH MMR and MS data for all products are in agreement with the proposed structure.

. Bodalski, R.; Pietrusiewicz, K.M.; Monkiewicz, J.; Koszuk, J. Tetrahedron Lett.1980, 21, 2287.

Sonnet, P.E. Org.PTep.EToced.Int.12]3, 6, 269; J.Org.Chem.l%]é, 39, 3793.

Pietrusiewicz, K.M.; Monkiewicz, J.; Bodalski, R. J.0rg.Chem. 1983, 48, 788,

For a recent application of analogous Z and E systems in stere;;elective synthesis of highly
functionalized ribofuranoses and ribopyranoses see: Freeman, F.; Robarge, K.D. Tetrahedron
Lett. 12?2, 26, 1943.

Complete isomerization to the more stable E isomer during isolation and distillation of the
products was observed in all three cases.

For similar observation in the area of sulfur ylides see: Adams, J.; Hoffman, J .L.; Trost,

B.M. J.0rg.Chem. 1970, 35, 1600.

A~

(Received in UK 30 October 1985)



