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Abstract' Ethyl 2-methyl-Z-trimethylsilyl-3-butenoate (2) undergoes reaction selectively at 
carbon 4, upon treatment with a Lewis acid and carbonyl compounds, acetals/ketals, acid 
chlorides, and chloromethyl phenyl sulfide. This overall converslon represents a highly 

selective gamma substltutlon on an cl,8-unsaturated ester. 

Lithium dienolates derived from @.,&unsaturated carbonyl compounds undergo alkylatlon 

predominantly at the o-carbon 132 . Because, in many cases, the gamma-substituted product would 

be more useful synthetically, numerous attempts have been made to derive a general method for 

gamma-selective alkylation of dienolates' We have demonstrated selective gamma-alkylation of 

copper dienolates of cc,&unsaturated esters 
3 

and acids 
4 
, and Mukaxyama' and Fleming6 have 

reported that 0-sllyl dlenyl ethers derived from a,&unsaturated carbonyl compounds undergo 

substitution with high gamma-selectlvlty, although cl-substitution is observed In some cases. 

We felt that placement of a silyl group at the cl-posltlon of a B,y-unsaturated ester rmght 

ensure that the attack of an electrophlle would proceed with very high gamma-selectlvlty, 

because of the known gamma directing effect of allylsllanes. In this report, we describe the 

synthesis of ethyl 3-methyl-2-trimethylsllyl-3-butenoate (2) and report the clean gamma-selec- 

tive substitution of this ester via Lewis acid-mediated reactlon with electrophlles. 

The sllyl ester ,$was prepared via a nickel-catalyzed reactlon of 2-bromopropene (k) with 

the llthlum enolate of ethyl trlmethylsllylacetate (z), according to the method of Rathke7. 

The product was obtalned as a colorless 011 m 62% yield after dlstlllation (78" C at 44 Torr) 

1 
H NMR 3 (CC14) 4.83-4.70 (m, 2H), 4.03 (q, J=7.2 Hz, 2H), 2.78 (s, lH), 1.78 (s, 3H), 1.22 

(t, ~=7.2 Hz, 3H), 0.07 (s, 9H), IR (CC14) 
-1 

1772, 1637, cm ; Mass spectrum (10 eV) m/e 

(rel. mt,) 200 (M+, 5). In contrast to the lsomeric dlenol sllyl ether systems, the ester 
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Table 1. Reaction of Ethyl 2-Trimethylsllyl-3-Butenoate, 2, With Various Electrophiles.a 

Electrophile 

Yield (X) 
Temp ("C) 

Promoter Time (h.) Products (ratio)b 
(crude, 
purlfiedc) 

?H 
C5H11CH0 TiC14 -78", 12 h., 

-3O", 3 h. 

Me0 Tic14 -78", 24 h. 

O2B 
CHO TiC14 -78", 16 h. 

5 Me2C(OMe)2 

TiC14 -78O, 22 h., 
O", 8 h. 

TMSOTf -78", 26 h. 

MeO@'H(O-gBu)2 TMSOTf -78', 2 h. 

TlCl4 r.t., 24 h. 

I 

C5HllCHCH2y=CHC02Et 

CH3 

(E.2 = 92*sd) 

86, 22e 

Me+Hf2i;C02$ 72, *f 

2 

(E,E:E,~ = 82.18) 

PH 
CHCH C=CHC02Et 

21 
89, 65 

CH3 
(E = >95)g 

OMe 
I 

Me2CCH2F=CHC02Et 

CH3 

UOO,h *f 

(E:.Z = 91:9) 

PMe 
Me2CCH C=CHC02Et 

21 

CH3 
(E Z = 86 14) 

UOO, 83 

FBu 
MeO@HCH2~=CHC02Et 

CH3 

~100, 81 

(E-Z = 97.3) 

OH 
I 

Me2CCH2 H 

CH3 
x 

71, *f 
(76) 

C02Et 

0 

h (10) 
Me 

Me Me 

Cl 

I 
Me2CCH2 H 

x 
(14) 

cH3 
C02Et 
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Yield (X) 

Temp ("C) (crude, 

Electrophile Promoter Time (h.) Products (ratio)b purifledc) 

n 0 
ii 

8 PhCCl 

s 
9 Me3CCCl 

TlC14 
II 

r.t., 33 h. PhCCH C=CHCO2Et 
21 

CH3 

Ph 

TlC14 
8 

r.t., 23 h. Me3CCCH2F=CHC02Et 

CH3 

10 PhSCH2Cl TlC14 0", 24 h. PhSCH 
2 
CH 

21 
C=CHC02Et 

CH3 

(E:Z = 44 56) 

W= 'LlOO, 49 

(72) 

(8d 86, 58 

(18) 

"~100, 52 

a = In a typical procedure, 1.1 equivalents of an electrophlle is added to a solution of T1C14 
(0.181 mL, 1.65 mmol, 1.1 eq.) or TMSOTf (17 mg, 0.05 eq.) in 2 mL of CH2C12 at -78'C, followed 
by a solution of 2 (301 mg, 1.5 mmol, 1.0 eq.) in 2 mL of CH2C12. The reaction was stirred at 
-78°C for 15 minutes, then stIrred under the conditions stated m the table. All new compounds 
exhibited 1H NMR, IR, and MS consistent with the asslgned structures and gave satzsfactory 
elemental analysis. b = Determined by GLC. c = Sum of yields of all components after isolation 
by chromatography. d = The Z Isomer was Isolated as the dlhydropyrone analogous to that 

obtained In entry 10 e = No attempt was made to maxlmlze yield. f = Not determlned. g = Only 
one Isomer detected by NMR. h = Crude material contalned s.m. and other unldentlflable compo- 
nents. 1 = fixture of isomers containd a non-separable, unidentified component. 

2 1s quite stable and can be handled in an open atmosphere. To examine the scope of reaction 

of ester 3, a variety of electrophlles were allowed to react with ? In the presence of tltanlum 

tetrachlorlde (T~cl~)~ or trlmethylsllyl trlfluoromethanesulfonate (TMSOTf).' The results are 

summarized In Table 1. 

Facile, gamma-selective reaction of 2 was observed with aldehydes and ketones (entries 

1-3 and 7) ketals and acetals (entrles 4-6), acid chlorides (entrles 8 and 9), and chloromethyl 

phenyl sulfide (entry 10). The ester 2 appears to have moderate reactivity, so reactions pro- 

ceed at reasonable rates between -78°C and room temperature, and products could be Isolated 

convenrently by preparative thin layer chromatography. In all cases, only products resulting 

from attack of the electrophlle on the gamma carbon ($J, and $,,Q were observed, no a-substituted 

products could be detected by GLC or 1H NMR. Chloromethyl phenyl sulfide, an electrophlle 

shown to give low y c1 ratros when reacted wxth trlmethylsllyl dlenol ethers, 
6,lO 

also gives 

clean gamma-selectlvlty with ester ,3, albelt with lower stereoselectlvlty (entry 10, E 2 sl 1) 

than 1s observed In most cases (entries 1-7, E z %9 1). 
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The products Isolated from the reactlons of $ with aldehydes, ketones, and acetals pro- 

moted by TlC14 appeared, In some cases, to arlse from subsequent converslon of the lnltlally- 

formed products (chlorlnatlon (entry 7) and bls-substltutlon (entry 2)11). In contrast, these 

further transformations were not observed with acetals and TMSOTf as catalyst. Products 

arising from the reactlon of z with acid chlorides or aldehydes and ketones were often found 

partially cycllzed to the 6-ketoq-pyrones (entries 8 and 9) or d-hydroxy-dihydro-a-pyrones 

(entry 7), respectively. In the former case, the readily-enolizable 6-ketoenoates can be 

converted to the a-pyrones in high yield by treatment with NaOEt. 

The method we have described provides a means for a highly regioselective, silicon- 

directed gamma-substitution of a&-unsaturated esters, with high stereoselectlvlty for the 

E-isomer. Further investigations of the utility of this and other a-silyl-g,y-unsaturated 

esters are currently underway. 
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