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Highiy Regioselective Palladium-Mediated Synthesis of Stere&omerically 
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Absfraet: StereoisomccicaUy pure (z)_ and (E)-alkyl2-~omo_3_(hetero)~l~n~~s, (.Z)- and (E)-2. have 
been efticientty aud sslsctivsly m by W(O)-me&ted B smctioa b&vssn (bsteso@ylxisc halibes. 
5. aad easily available (z)_ and Q-alkyl 2,3dibromopqenoaksproparoates. Q- and (E)4. respectively. Cempouads (z)- 
and (E)_2 serve as useful precursors to ste.nxGsomerically pure trisubstituted (IT)- and (Z)-a,g-uasatursted astus. 
respcctiVt?ly. 

In the context of recent work on the synthesis of stereoisomorically pure Q- and (E)-a-aryliidclK;r- 

butyrolactones, (Z)- and (I?)-12, we required pure 3-(hetero)aryl substituted (Z)- and (E)-alkyl Z- 

bromopropenoates, Q- and (Q-2, in considerable amounts. 

(FG = H or a functional group) 

Surprisingly, we found that these a-bromo-a,JGunsatumted esters have rarely been used in the literatum5 

and apparently no systematic investigation exists on their synthesis4. Thus, we dcvclopcd simple methods 

which allowed us to prepare under mild conditions, in high overall yields and multigram quantities, 
stereoisomerically pure compounds Q- and (m-2 starting from commemially available materials. In this 

communication we describe these methods as well as the stcmospecigc and efficient conversion of compounds 

(Z)- and (Ej2 to steteoisomerically pun trisubstituted (IQ- and (Z)-a&unsaturated esters, respectively. 

Compounds (Z)-2 were synthetixed according to the reaction squence depicted in Scheme 1. In 

particular, allcyl propynoatcs, 3. wore macted with 1.1 quiv. of bromine in CCJt at 70 ‘C! f& 1.5 h to afToxd 
pure (Z)-alkyl 2,3-dibromopropenoatess. (Z)-4. in 75 - 83 96 isolated yield after purification of the cm&e 

reaction mixtures by chromatography on silica gel. These compounds were then treated with 1.2 quiv. of 

(hetero)arylxinc halides, 5. in THF solution at 20 T for 16 - 25 h, in the presence of 5 mol 96 of Fd(PFQ, 

to give stereospecifically and in 77 - 85 % yield compounds (Z)-2 not contaminated by the corresponding 
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U9-~~ %3-~-Oletao)~lpropenoates, 6. or Q-~y~3-bromo-2-(noates, 7. 

H-_=-COOR 
Brz. CCI, FG-Arznx (5) 

70°C + Pd(PPh&+. THF, 20 OC 

3a: R-Et 16-25h 

3b: R= Me Q-4b: R = Me 

H 

FG-Ar ’ + 
COOR 

a: Hi&= c& RI Et 
b: FGAr= 2-Thienyi; R= Me 

Br c: FG-b4= 4-F-C& R- Me 

(Z)-2a-d d : FG-Ar - 3,4-(methylenedbxy)pMnyl; R = Me 

Scheme 1 

H 

“OR 

6 
bG-Ar 
7 

On the other hand, compounds (a-2 were synthetized using the reaction sequence illusfrated in Scheme 

2. Thus, ethyl propynoate, 3a, was treated with a slurry of 1.3 equiv of pyridinium bromide perbromidc in 

CH2C12 at 20 OC for 40 h to give pure @)-ethyl 2.3-dibromopropenoate, (E)-4a. in 81 96 isolated yieldsa, 

The cross-coupling reaction between (E)-4a and 1.2 equiv of 5 in THF at 20 OC for 2 - 6 h, in the presence of 

5 mol % of Pd(PPh&, gave selectively and stereospecifically the desired esters (a-2 in 52 - 79 % yield. The 

results of some Pd(O)-mediated reactions between compounds 5 and (Z)- or (Q-4 are summarized in the 

Table . 

Br 

H -_=-COOEt 
C5H,NH+ Bq- FG-ArZnX (5) ) 
CH2C12, 20 “C 

Br 
w(Pfi3)z,, TRF, 20 “C 

3a (&I-4a 
2-6h 

FG-Ar 
H , 

+ 
COOEt 

Br a : FG-AI = C5H5 

0-2u 
d: FG-Ar- CC&OOC-C& 

Scheme 2 

IntesestingIy, the stereochemical outcome of these reactions was Merent from that of the aikynylation of 

(Z)- and (E)-4a under the Sonogashira conditions 5a. In fact, this reaction was stereoconvergent and 

pmduced Q-coupling products5? 
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Table. Synthesis of Q- and (E)-Alkyl2-Bromo-3-(ates. O- and (B-2. 
by Pd-Mediated Reaction between (Hetero)Arylzinc Halides, 5, and (z)- or Q4 3V 

AUcyl2,3-ditxomo- 
propenoate, 4 

(Z)-4b 

VI-@ 

Q-4b 

Organozinc halide, 5” 
RtNtioti 

time(h) 

ZnCl 
@a) 25.0 

&” (Sb) 16.0 

ZnCl 
(SC) 

F 

&a “” (5d) 

ZnCl 
@a) 

23.0 

16.0 

2.0 

CH,O 

ZnCl 
(Se) 2.5 

6.0 

Product 
2 

Gwa 

GWb 

Gwc 

Q-2d 

(El-% 

(E)-2e 

(E)-2f 

Is+lted 
yield(%) 

77 

85 

84 

84 

79 

68 

52 

These reactions were performed by treatment of a slimzd slurry of compound 5 in THF cooled to -20 “C with 5 mol % of 
F’dPE’l13)4 followed by fast addition of compound (z)- or (E)-4. The resulting mixtuns werr stirred at -20 Oc for 15 min, at 
O”Cfor15minandthenatZOeCfortheperkdoflimerepor&dinTabk.b’ Compounds Sa-Se. which were used in a 0.3 
M THF solution. were prepared by reaction of tie ccnresponding (hetem)aryl magnesium bromides with a slurry of ZnCl2 in 
THF at 0 T. Compound SC, which was used as 0.11 M THF solution. was prepamd from emyl4-bm~nobenzoak according 
tothepmcedurereportdinRef.6 

It is also worth noting that compounds Q- and (E)-2 proved to be able to undergo stereospecific Pd- 

mediated cross-coupling reactions either with compounds 5 or vinyltributylstannane, 8. For example, 

treatment of Q-2b with 1.2 equiv of 3,4-(methylenedioxy)henylzinc chloride, Sd, in THF at 20 “C for 16 h 

and at 50 “C for 7.5 h. in the presence of 5 mol %I of Pd(PPh&, gave pure (E)-9 in 73 96 yield. On the other 

hand, reaction between (E)-2a and phenylzinc chloride, 5a, in THF at 20” C for 3 h, in the presence of 5 mol 

% of Pd(PPh&. afforded stereoisomerically pure Q-10 in 88 % isolated yield. Moreover. treatment of Q- 

2a with 1.2 equiv of 8 in N-methylpyrrolidinone, in the presence of 3 mol 9 of PdCl2(PhCNh, 10 mol % of 

CM and 10 mol % of AsPh3 for 46 h at 20 T, gave pure (e-11 in 85 96 isolated yield78. 

Thus, the coupling reactions involving compounds Q- or (E)-2, even though not optimized, allowed to 

prepare in satisfactory yields multigram quantities of stereoisomcrically pure trisubstituted a&unsaturated 

ester&‘, which include (Z)- and (E&a&y1 2.3~diarylpropenoates 10. On this subject it seems useful to mention 

that these last compounds cannot he synthetized in pure form by the Homer-Wadsworth-Emmons reactiontt. 
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