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Abstract: The manipulation of the mode of reaction of 4-(phnsphcranylidene)-3-oxobutanoates 

;z?hxls and a resulting nea synthesis of ethyl B-safranare have been explored. 

1 

A recent literature report on the anionic activarioc of ethyi 4-(triphenylphospboranylidene). 

3-oxobutanoate (1)') 3 and its utilization for Z-stereoselective Xlttig olefinations of ali- 

phatic aldehydes, prompted us to disclose some of oar o:'n findings in a related investigation 

E'h$w C02R + Ph,,P+ + C02R - 

0 0 

(1) (R=Et) (3-1 (4) - 

This investigation is directed at the manipulation of the mode of reaction of phosphonium 

ylides (1) and (z), and the corresponding phosphonate anions, trith a,i?-unsaturated carbonyl 

compounds. These ambident nucleophiles have the intrinsic strucLura1 prsperties tnat migllt 

lead to Cu-Cl, Cc,-C3, Cy-C,' or C,,-C3 interaction with appropriate a,B-unsaturated carbonyl 

systems (4). 
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Condensation of the phosphonium ylide (!j -6ith an excess of 3-methylbut-Z-enal (5) produced _ .- 

a complex product mixture which was separated by chromatography into four major frscricnn I 

Accordin:< to ‘H and 
13 

c n.m.r. analyses thesc fractions consisted of the pure ketodicster 

(6) (122) and 66 : 34, 75: 25 and 82: 18, equilibrium mixtures - of the esters (rj &nd (I;) (l:‘z). _ 

(2) and (10) (6X), and (Ii) and (12) (18X), respectively.4 by independent synthesis we - - 

were able to show that condensation (PhCO /TEBAC) oi the keto-enol mixture of esters (2) and 
2 

(10) with aldehyde (5) produced tlxc crlnle cqcrlrbrium mrxture of (11) and (12) as above. - - - - 

whlcn reacted with ylide (1 j in a Michael-Wittig condensation 3.0 yield the dicster (6) and - - 

a 66~34 tautomeric mixture of (7) and (8). In close resemblance to the chemical behaviour _ 

of t!le corresponding phosphcnate anicn, i 1: is believed that ~11;~ ketodiestzr (6) is formed __ 

by an initial Michael addition of y-ylidc (3) (R=Et) to the enonr ta.!toxer (12) &C CY-C3 - 

interaction, followed by transylidation and intramolecular Wittig condensatrcn. Not to our 

surprise, no reaction product that could be related to C,>-C t 
3 

interaction ‘v:as fsr;lled in a 

detectable quantity. In order to establish the relationship between ketodicstei (G!, (l), _ 

and (5) a pure sample of (6) and one molar equivalent of ylide (1) vereheated (75°C) in _ - _ 

benzene to produce a product mixture which consisted of the ester (6j (52%) and 33% of the _ 

same rautozric F:ixture of (7) and (8) as above. _ _ 

In an effort to enhance the nucleophilic character’ and perhaps also the likeli.hood for Xi- 

chael-Kittig condensations with enals, the ylide (2) was treated with lithium diisopropyia- - 

mide in THF/TMEDA and the ensuing dianion (13) condensed with enal (5) at room temperature. - - 

Under these circumstances the reaction proceeded rapidly to produce a 741 yield of ketoesrers 

(14) and (16) as a I:1 E/Z mixture after ten minutes. No indications could however be found - - 

that the Michael-Wittig product (i8) was fcrmed in a significant quantity,while the stereo- - 

chemicai outcoir~e of this Ijittrg condensation resemblns the reaction pattern of noixsta_ii;ned 

phosphonium yl ides with aldehydcs. 6 The effect of soluble lithium ions in the reaction mix- 

ture, which is known to frivour trans-oxaphosphetane formation, 7 
was probably largely seques- 

tered by the solvating power of the solvent (THF/TMEDAj. Condensation of the dianion (13) - 

Ph3: v C02R 

0 

(2) (R=He) 

C02K (5) 
--=---+ 

THP/TMEDA 

(14) (R=Me) 
( 16) (R=Me) 

(15) (R=Et) 

\ 

Q 
0 

CO,R 

(s, (R=Me) 

(I 9) (R=Et) - 

CO,R CHO CHO 
‘. 

(201 (!:=::e) - 

(2 1 j (!:=Et) _- 

(22) (13) - - 

with crotonaldchyde which possesses a steri~cally less hindered i3-carbon atom, gave a 31% yieLd 

of the :lichael-Wittig reaction product (20) while the corresponding open-chain (Ej- and (Zj-S- - 

ketoesters were formed in a combined yield cf only 1,5X. Crotonaldehyde undervent an apprecia 
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ble amount of self-condensation in the stronger basic reaction medium, which was demonstrated 

by isolation of the dimer (22) in 15% yield. - 

It vas recently communicated* that ylide (L), after treatment with two molar equivalents cf 

sodium hydride followed by the addition of a few drops of water, condensed with nt6-unsatura- 

ted aldehydes in a Michael-Wittig fashion to produce a series of 6-carboalkoxycyclohex-Z-en- 

l-ones, e.g. (I), in modest yields. Yowever, we found that ylide (I) underwent a smooth - 

Nichael-Wittig condensation with crotocaldehyde in the presence of dry, powdered sodium hy- 

droride ir. THF to produce the cyclic ketoester (21) in a significantly higher yield of 66%. - 

Condensation under the same reaction conditions of the ylide (l) xith enal (i), which is 

sterically more hindered at the B-carbon atom, yielded for the first time co our knowiedge 

the cyciic ketoester (19) in a modest yield (21%), together with a I:1 mixture of the keto- - 

esters (15) and (17) in a combined yield of only 13% and toe enal dimer (23)(15Z). - - - 
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‘the synthetically important diverse chemical outcome of the reactions of the enal (5) with 

ylides (L) and (2)) after initial treatment of the latter compounds with powdered sodium 

hydroxide and lithium diisopropylami.?e, respectively, can at least partially be ascribed 

to the marked difference in ionic character of the intermediate sodium and lithium enol- 

atrs (24) and (25). Condensation of the relatively mare covalent lithium enolate (25) - - - 

with enal (5) can be expected to proceed wiL _ +h substantially enhanced reactivity via C&-C, 

attack, to produce the normal Ilittig olefination products (14) and (16). In contrast, - - 

the ionic sodium enolate (24) reacted with enal (5) viir a Michael-Wittig condensation - _ 

(Cy-C3 attack) to yield the cyclic ketoester (19) as the majcr rracti.on product. - 

Successive treatment of the ketoester (19) with sodium hydride and dirthyl chloropho.,phate - 

gave the pure enolphosphate (26) in high yield.’ The enolphosphate (26) reacted with lithium - - 

dimethyicuprateg at low temperature to produce the important synthetic reaction intermediate, 

ethyl B-safranate (z), which can be converted by standard reaction procedures ta E-damascenone, 

a constituent of Bulgarian rose oil and a useful compound for the creation of modern frsgrau- 
ces 10911 Ketoester (28), which may formally be regarded as a reduction product of the enol- .-- 

phosphate (26), was formed as a minor byproduct. Formation of related reduction products was - 
encountered as a general side reac tion when a series of conjugated enolphosphates was treated 

with lithium dimethylcuprate under similar reaction conditions. 12 
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