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(R)-(-) and (S)-(+)-3-phenyl butanones have been obtained by a 20% stereo- 

specific palladium catalyzed 8-phenylation of the corresponding chiral bute- 

nols, the catalyst acting preferentially, through an alkoxide complex, by one 

face of the alcohol double bond, e.g. the 6i face of (R)-(-)3-butene-Z-01(1). 

The palladium catalyzed arylation of olefins, a C-C bond formation (l), 

proceeds by a mechanism not completely known, although a cib-addition of 

l'ArPdX1t followed by a cib-elimination of "HPdX" is generally accepted (2). 

This reaction has been extended to the arylation of allylic alcohols (3) 

leading to arylated ketones. 

PdX,/Base/Solvent 

OH + 
0 

Ph + Vh 

0 

(1) III) (III) 10% (I\:) 90% 

In a previous study of the stereochemistry of the isomerization of ally- 

lit alcohols to ketones (4a), we have shown that a RuC13-NaOH catalyst is able 

to differentiate the two diastereofaces of the starting double bond and this 

stereoselective interaction has been attributed to the existence of a Iruthenium 

aekoxidc compecx. 

In this context and because of the preparative interest of palladium ca- 

talyzed arylation (4b) we undertook the phenylation of (R)-(-) and (S)-(+)- 

3-butene-2-01s (I), in which the 8-prochiral carbon atom can serve as a conve- 

nient probe for detection of an eventual stereoselective 8-phenylation yiel- 

ding the branched ketone (III). 3-Butene-2-01 was chosen for this study be- 

cause of the known structure (S), specific rotation (5,6) and C.D. curve (7) 

of the minor reaction product, namely (S)-(+)-3-phenyl-butanone (III). 

First attempts, using the Melpolder-Heck procedure (3a)(PhI, Pd(OAc)2, 

Et3N, DMF) were unsuccessful whereas the Chalk-Magennis technique (3b, 8)(PhI, 

PdC12, HNaC03, DMF) affords the optically active branched ketone (III)(g). 
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TABLE : STEREOSPECIFIC 8-PHENYLATION OF CHIRAL BUTENOL(1) 

Starting Chemical (a) Ketone(II1) Opt ical 
butenol yield % yield % 

(s)-(+)(b) 

70(b) PJD 33.9’(C 4.8 ether) 12.5 

(S)-(+)(1) 0.p. (h) 9.2%(f) 

L!JD ZS.l’(neat). 

0.p. (h) 74%(e) (S) - (+) (c) 

70(c) MD 63.3’(C 4.5 ether) 23 

o.p.(h) 17.2%(f) 

(R)-(-)-(I) (R) - (-) (d) 

MD 19.S0(neat) 61(d) p]D 38.S”(C 4.8 ether) 18 

0.p. (h) 57.540(e) o.p. (h) loe5%(f) (g) 

(a) _The chemical yield of isolated products includes the linear ketone. (b) 3.5 h at 
130°C and work-up by steam distillation. (c) lhour at 130°C and work-up by extractizn. 
(d) 1 hour at 13O’C and steam distillation. (E) calculated from the value [IX] 33.8 
[;yat)i13). (f) calculated frfm the value 368 (benzene) (5). (g) C.D. curve G$!g5-3,980. 

o. .: optical purity = [CX~ obs./@l max.x 100. 

Each enantiomer of chit-al butenol leads to optically actiye 3-phenyl-bu- 

tanone (III) having preferentially the same configuration (Table). The optical 

purity has been calculated from the value 368O(benzene)(S) for the specific 

rotation of (S)-(+)-(III) (10). The C.D. curves of the two enantiomeric ketones 

obtained are mirror images; the one corresponding to (S)-(+)-3-phenyl-butanone 

is identical to that already described by Djerassi (7). In order to exclude a 

possible racemization during H.P.L.C. we submitted repeatedly the branched ke- 

tone (S)-(+)-(III) with [elD 70°(C 4.8 ether) to the isolation procedure and 

did not observe any loss of optical rotation. Nevertheless, the actual asym- 

metric induction ocurring in this reaction should be higher than the one ob- 

served because of racemization due to the experimental conditions as shown by 

the decrease of the rotation observed with increasing periods of heating 

(footnotes b and d in the table). 

The stereochemistry observed in this paper debars the exclusive forma- 

tion of a decomplexed enol, as an intermediate, in the multistep-1,2 addition- 

elimination mechanism which has been proposed (3a, b) to explain the phenyla- 

tion in B-position. It is in agreement with a palladium alkoxide complex lea- 

ding to a II-ally1 complex (V) from which the transfer of the phenyl group in 

B or y position and of the hydrogen atom in y or B position affords the ke- 

tones (III) and (IV) via the palladacyclobutane (VI) (12) and the complex (VII) 

respectively . The asymmetric induction observed in this study allows us to 
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Scheme : Pathway followed by the stereospecific E-phenylation 

of 3-butene-Z-01 (I). 
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conclude that the catalyst interacts preferentially with the bi face of ally- 

lit alcohol (R) and that the phenyl group is transferred with retention from 

the II-ally1 complex (V) (11). 

The existence of such a complex derives fl;om our previous data with the 

RuC13-NaOH system (4a) and is supported by the negative results obtained with 

the Melpolder-Heck procedure in this work. The failure in this last case may 

be attributed to the presence of the triethylamine, which strongly coordinates 

the palladium intermediate, preventing its interaction with the hydroxyl group 

We wish to thank Dr. Bollard for the c.d.measurements and Dr. C. Agami 

for helpful discussion. We are indebted to Mrs. Fusey for her technical assis- 

tance and to M. Vijayakumaran for a sample of the semicarbazone of (S)-(+)- 

(III) ketone. 
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