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Abstract: The effect of amines on the selective bromination of some 
P-substituted-2-butenoic esters is described. The bromination of methyl (2)- 
4-t-butyldiphenylsilyloxy-3-methylbutenoate 2 in the presence of DIPEA (N ,  N- 
diisopropylethylamine) and the successive treatment of the obtained dibromide 
with potassium r-butoxide afford the desired Z bromide selectively. But the 
corresponding E bromide forms exclusively when 2, 6-di-t-butyl-4- 
methylpyridine is used in the bromination. 

We present here a short report on an interesting result obtained when we 
prepared methyl (Z)-2-bromo-4-t-butyldiphenylsilyloxy-3-methylbutenoate 1, 
which is the starting material in our taxolTM synthesis'. 

The selective preparation of the bromide l (Z form) was examined starting 
from methyl (Z)-4-t-butyldiphenyIsilyloxy-3-methyl-2-butenoate 22 by the 
standard bromination and dehydrobromination procedure. In the early stage of 
the conversion of 2 to 1, the alkene 2 was simply brominated and the resulting 
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dibromide was treated with potassium t-butoxide in MeOH4. Under these 
conditions, however, the yield of the bromoalkene 1 was low and a considerable 
amount of the E isomer formed5. This result was assumed to arise from 2 to E 
isomerization of the alkene 2 by H' in the bromination step because the 
dehydrobromination with potassium t-butoxide must proceed by the well-known 
anti-elimination mechanism. 

Hence, the bromination condition was screened, focusing on the buffer to 
keep the reaction medium nonacidic. Thus, the bromination of 2 was carried 
out in the presence of various bases to scavenge H', which was assumed to exist 
in the used bromine. The results are summarized in Table 1. 

Table 1. Effect of Amines on the Selective Bromination of 2 

])BIZ (1.Ocq.)*,CHgl2 

additive, 0"C-rr.t. - Meoo+oBp: Meoo+ 

2) KOrBu (1.5 eq.), MeOH 
2 0oC-tr.t. Br 1 (E form) Br 1 (2 form) 

Additive (eq.)* 
NON 

Time(h)** Yield of 1 (%) E I 2 
36 45 33 I67  

2,4,6-trimetylpyridine (2.0) 36 62 50 150 
2,6-di-t-butyl-4-methylpyridine (2.0) 36 56 94 I 6 
N, N-diisopropylethylamhe (2.0) 48 94 0 1100 

*The amount of bromine and additive indicated is the initially added amount. 
**Time for bromination. 

The bromination was very sluggish in the presence of a base6, whereas 
bromination of 2 proceeded immediately without a base. Therefore, an 
additional amount of the base and then bromine (the mole ratio = 2 : 1) was 
added to complete the bromination. When insoluble salts, such as CaCO,, 
NaOAc, were used, the reaction proceeded but also formed many byproducts that 
caused difficulty in the isolation of the final product. The yield of the 2-step 
reaction was good to excellent when a bulky base was used. It is interesting 
that the E / 2 ratio of the final product varied with the base used. Thus, E I Z 
= 1 I 1 mixture of the final product was obtained in the case of 2, 4, 6- 
trimethylpyridine, but predominant formation of the E isomer (E 12 = 94 I 6)was 
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observed when 2, 6-di-t-butyl-4-methylpyridine was used. Finally, the 
bromination was controlled as expected using DIPEA (N, N- 
diisopropylethylamine) as the additive, and only the desired Z isomer was 
obtained in excellent overall yield. 

In the case of E alkene 3 DIPEA was also effective for the selective 
bromination (Table 2). The formation of the undesired 2 isomer was perfectly 
suppressed in the presence of DIPEA comparing with the case of using no base. 

Table 2. Effect of Amines on the Selective Bromination of 3 

1) Brz (1.0 eq.)*, CH2CI2 
EtOOC&OBPS additive, 0"C-rr.t. w 

B&oBps + B JoBps 
I I 
COOEt COO Et 2) KOBu (1.5 eq.). MeOH 

4 ( E  form) 4 (Z form) 

Additive (eq.)* Time(h)** Yield of 4 (%) E I Z  
NON 36 48 68 1 3 2  

0"C-tr.t. 

N, N-diisopropylethylamine (2.0) 48 94 1001 0 
*The amount of bromine and additive indicated is the initially added amount . 
**Time for bromination. 

The bromination condition has been successfully optimized. However, 
it is difficult to explain why the E isomer formed predominantly with the use of 2, 
6-di-t-butyl-4-methylpyridine. One rational explanation is to assume the 
formation of the pyridinium ion intermediate. That is, 2, 6-di-t-butyl-4- 
methylpyridine attacked the initially formed bromonium ion to afford the 
pyridinium ion, which was then attacked by the bromide ion to give the formal 
syn bromine adduct, and which was finally converted to the E bromide' by 
potassium t-butoxide. If this mechanism worked, 2, 4, 6-trimethylpyridine 
would also exhibit the same effect. However, the result is inconsistent with 
this explanation and further study of the mechanism is needed. 

It is expected that the selective bromination of other alkenes will be also 
achieved by the use of amine as the additive. For an example, alkene 5 was 
selectively brominated in the presence of DIPEA and successfully converted to 
the Z bromide (Table 3). 
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Table 3. Effect of Amines on the Selective Bromination of 5 

1) Br2 (I.Oeq.)*, CHC312 

additive, O"C+r.t. + Bnoo+ + B n O O q  

Br Br COOBn 2 )  K(YBu (1.5 eq.), MeOH 

Q(Elorm) 6 @ form) ooc+r.t. 

Time(h)** Yield of 6 (70) E / 2 

Zb- 
Additive(eq.) 
NON 5 43 31 163 
N, N-diisopropylethylamine (2.0) 48 91 0 I100 
*The amount of bromine and additive indicated is the initially added amount. 
**Time for bromnatlon. 

In conclusion, the selective brominations of some butenoic esters are 
achieved by the use of amine as the additive. The bromoalkenes reported here 
and another ones that could be prepared by the method described here will be 
good starting materials for the isomerically pure tetrasubstituted alkenes. 

Hence, the effect of amines on the selective bromination of some alkenes is 
now being studied and the results will be reported in due course. 

Experimental 
All reactions were carried out with continuous stirring under an 

All 'H NMR spectra were recorded on a E O L  AL 
'H chemical shifts (6) are given 

All IR spectra 
All HRMS were run by the 

atmosphere of dry argon. 
300 and EX 270, using CDC13 as the solvent. 
in ppm relative to tetramethylsilane as the internal standard. 
were recorded on a Perkin-Elmer 1640 FT-IR. 
Materials Characterization Central Laboratory, Waseda University. 
Methyl (Z)-2-bromo-4-t-butyIdiphenylsilyloxy-3-me~yl-2-bu~noate (1). 
To a solution of 2 (15.5 mg, 0.042 mmol) in CH,CI, (1.0 ml) was added DIPEA 
(0.022 ml, 0.13 mmol) under Ar, and the solution was cooled by an ice bath. 
Bromine (0.022 ml, 0.042 mmol) was added dropwise to this stirred solution 
under Ar and the ice bath was removed. The reaction mixture was stirred at 
room temperature for 24h, and DIPEA (0.022 ml, 0.042 mmol), then 
bromine(0.022 ml, 0.13 mmol) was added at 0°C because the starting material 
remained. After 48h the starting material disappeared, and then the reaction 
mixture was poured into a sat.NaHC0, aq. solution containing N&O,. The 
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organic layer was separated and the aqueous layer was extracted twice with EbO. 
The combined organic layer was washed with brine, dried with anhydrous 
NqSO,, evaporated, dried further under vacuum. The crude dibromide 
obtained was dissolved in dry MeOH (2.0 ml) under Ar, cooled with an ice bath, 
and to this solution was added KOt-Bu (7.1 mg, 0.063 mmol) portionwise with 
stirring. After stirring the reaction mixture at r.t. for lomin., sat.NH,Cl aq. 
was added and MeOH was evaporated. The residue was extracted with EbO, 
and the separated aqueous layer was extracted with CH,Cl,. The organic layer 
was combined and washed with brine, dried with anhydrous NqSO,, evaporated, 
dried further under vacuum. The crude 1(Z form) obtained was purified by 
silica gel column chromatography (hexane : EtOAc = 20 : 1) to afford pure 1(Z 
form) (17.7 mg, 0.040 mmol, y.94%) as a colorless oil: 'H NMR 6 7.64-7.74 (m, 
4H). 7.35-7.44 (m, 6H), 4.42 (s, 2H), 3.81 (s, 3H), 2.26 (s, 3H), 1.08 (s, 9H); IR 
(neat, cm-') 3072, 2960, 2860, 1722, 1428, 1250, 1114, 1066, 824, 740, 702; 
HRMS(FAB+; Matrix: Diethanolamine) m/z (M+-H) calcd 445.0835, obsd 
445.0840. 
Methyl (E)-2-bromo-4-t-butyldiphenylsilyloxy-3-methyl-2-bu~noate (1). 
1(E form) : 'H NMR 6 7.64-7.61 (m, 4H), 7.35-7.43 (m, 6H), 4.56 (s, 2H), 3.61 
(s, 3H), 2.17 (s, 3H), 1.06 (s, 9H); IR (neat, cm-') 3076, 2960, 2860, 1724, 1430, 
1250, 1114, 822, 740, 702; HRMS(FAB+; Matrix: Diethanolamine) m/z (M+-H) 
calcd 445.0835, obsd 445.0840. 
Ethyl (E)-2-bromo-4-t-butyldiphenylsilyloxy-3-methyl-2-butenoate (4). 
4(E form) : 'H NMR 6 7.66-7.55 (m, 4H), 7.35-7.43 (m, 6H), 4.55 (s, 2H), 4.06 
(q, 2H, J = 7.3Hz), 2.17 (s, 3H), 1.15 (t, 3H, J = 7.3Hz), 1.06 (s, 9H); IR (neat, 
cm.') 3076, 2964,2936,2900,2860, 1728, 1474, 1446, 1428, 1392, 1368, 1250, 
1216, 1114, 1064, 824, 808, 740, 702; HRMS(FAB+; Matrix: Diethanolamine) 
m/z (M+-H) calcd 459.0991, obsd 459.0973. 
Phenylmethyl (E)-2-bromo-3-methyl-2-pentenoate (6). 
6(E form) : 'H NMR 6 7.60-7.20 (m. 5H), 7.35-7.43 (m, 6H), 5.23 (s, 2H), 2.41 
(q. 2H, J = 7.3Hz), 2.10 (s, 3H), 1.07 (t, 3H, J = 7.3Hz); IR (neat, cm-') 2967, 
1714, 1456, 1276, 1232, 1208, 1108, 1014, 756, 698; HRMS(FAB+; Matrix: 
NBA) m/z (M++H) calcd 283.0334, obsd 283.0321. 
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