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Abrtrect: The ellylic phosphate 4s has been shown to racemixe -4-62 upon 
elkylation with the sodium lactone enolates of lc and ent-lc in the presence of 
Pd(Ph3P14. The acetate 4d raoemizes 11%. 
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The Claisen rearrangements of lectone 1e2D3 (via its diethyl ortholactone) with alcohols 

4a-e4 afford only the lactones 2e-8, respectively. while the diestereomeric reactions (le + 

ent-48-c) give an -50150 mixture of lactones Sa-ol6a-c, respectively. 5 When the lactone bears 

an alkyl snbstitnent et C-4 (lb). attempted ortholactone formation with triethyloxonium 

tetrafluoroborate3 provides a complex mixture of desired product end unsaturated ethyl esters 

arising from ring cleavage. 6 

The Claisen rearrangement may be considered an intramolecular, suprafacial, SN2’ 

alkyletion. The operational equivalent (Scheme) of the rearrangement is the palladium- 

catalyzed alkylation of the activated ellylic alcohol with the carbomethoxylated lactone 

enolate followed by decarboxyletion. This type of alkyletion has been studied extensively by 

Tsuji,‘l Trost,* and Bosnich: 9 and Keinan” has demonstrated high regioselective addition of 

sodiomalonic ester at the methyl terminus of acetate ret-4d. Bacemization of n-ally1 

complexes during alkylations has been observed by Tsoji, l1 Bosnich,gb and Hayashi.‘l The 

racemization arises by palladium(O) displacement on the n-ally1 complex, a prooess which is 

catalyst concentration dependent. We report in this Letter the extent of recemixation in the 

pslladium-catalyzed alkylation and the suitability of the alkylation as an alternative to the 

Claisen rearrangement. 

The purity of lactone 

integration (electronic) of 

(+ee=98.6).13 as described by 

la (kee=96.4) and ent-18 (%ee=97.4) was determined by hplc 

the diestereomerio hydroxyamides from R-(+)-phenethylamine 

Helmchen.14 Carbomethoxy lactones lo end ent-lc were prepared 
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la, RI =H, RS=H 
b, R, = alkyl, R2 = H 

c, RI = H, R2 = C02Me 

4aj RI q Me, R2 = H 

b, R, = n-Bu, R2= H 

c, Rl q i-Pr, R2 = H 

d, RI = i-Pr, R2 = AC 
e, R, = i-Pr, R2 = PO(OW2 

Me Me 

0 

I 5 6 

a, RI = H, R,= Me; b, RI = H, R2= n-Bu; 

c, RI = H, R, = i-Pr; d, RI = CO,Me, R2 = i-l+' 

Table* 
_--_--___---_-___-_--_-.~~-~~~ _________________________________---___---~___~~_~--~~~~~~-- 
Entry Laotone Conditions Temp(‘Cjb Tine(hjb Products’ Rat iod Waoe 
______________________________-__________-_--___---_--__-__---_____________---_~_-------- 

1 ent-18 4c.to1uene. 110 48 1/3/ent-5/ent-6 98.1/1.3f - 
ll+ 1.3/O/53.6/45.1 

2 ent-le 4s. 2.0 aqniv. 
;; ;; (pph3P) 4 

3 

3 ent-lo 4e. 2.0 equiv. 
;Ox& Fhy13Pj4 

3 

4 ent-lo 46. 2.5 eqniv. 
:g ;;(F3P)4 

10% 153crown-5 

5 1C 40, 2.0 eqniv. 

25 2 eat-(2/3/S/6) 95.1/4.3g 6.2 
3.4/0.9/79.3/16.4 

25 2 ent-(2/3/S/6) 96.113.98 5.4 
3.0/0.9/18.8/11.3 

65 18 eat-(2131516) 93.116.98 11.4 
5.8/1.1/19.4/13.1 

25 2 21315/6h 96.113.9’ 4.4j 
94.8/1.3/3.9/0 

a) TRF solvent: yields are in excess of 8(n, b) required for complete reaction. 0) 

values reflect kinetic dsoarboxylation products; capillary gc. Carbowar 2OR. 25 m. 
3 injection average, d) see footnote 18. e) %rac=200[(98.l-(ert-S+~t-6)lI(98.7- 
1.3). f) ratio=(ent-5+ent-6)/(2+3), g) ratio=ent-C(5+6)/(2+3)1. h) After t-hOKlt_ 
BnOE equilibration, i) ratio=(2+3)/(5+6), j) la/art-la=98.2/1.8; %rac=200[98.2- 

(2+3)1/(98.2-1.8). 
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by the method of blander” using 2 eqnivalents of IDA, and were converted into their anions 

with sodium hydride. Decarboxylation was accomplished by the method of Krapcho (LiCl. aq. 

DMSO. 190°C).16 The Table presents the results of the study. 

The Claisen rearrangement of lactone at-la with alcohol 4c (entry 1) reveals a ratio of 

diastereomeric products, (ant-Sent-O/(2+3), of 98.711.3. Since this ratio is the same as 

the ratio of enant iomer ic lactones ent-18/l& the alcohol 4c is virtually 100% 

enantiomerically pure. This diastereomer ratio is the optimum ratio that can be obtained in 

the palladium-catalyzed alkylations employing activated esters of alcohol Ic. The increased 

reactivity of phosphate esters over acetates mandated the former ester as the activator of 

choice.l’l The comparison of entries 2 and 3 with entry 4 confirms the greater reactivity of 

the allylio phosphate over the acetate. In the latter case, orown ether is required to 

solabilize the ester enolate, whereas the phosphate alkylation does not require the complexing 

agent. Entries 2 and 3 demonstrate that increased catalys: concentration does not increase 

the extent of racemization, while entry 5 shows that the absolute homochirality of the lactone 

has no bearing upon the extent of racemization. The phosphate 4s suffers -4-6s racemization 

while the elevated temperature and extended reaction time required for complete reaction of 
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entry 4. employing acetate 4d, cause 11% racemfaation. 

The following Letters illustrate synthetic applications of this methodology. 
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