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The .~:eaction of methyl 4-bromo-3-butynoate (1) with primary and secondary amines which results 
in the formation of 3, 4-disubstituted derivatives (IV) o f  m e t h y l  c r o t o n a t e , *  p r o c e e d s  v i a  t h e  s c h e m e  

ZI-I 
BrC ~ CCH~CO~CH3 ~ BrCH=C=CHCO~CH3 - ~  [BrCH = CCH~CO~CH~] 

(i) (~i) [ zh 
zg  J, 

ZCH2C = CHCO~CH3 ~ - -  BrCH~C = CHCO2CH~ 
f (IV) I (i i i)  
z z 

In this communication it is shown that a similar sequence of transformations also occurs during the 
nueleophilic addition of alcohols to aeetylenic ester I. In the presence of aleoholates, the simplest alcohols 
(CH3OH and C2HsOH) readily react with isomeric esters I and II to form a mixture of V-VIII, the composi- 
tion of which depends on the amount of alcoholate used and the reaction temperature, which determine the 
stability and rate of the interconversions of these compounds. The composition of the mixture was deter- 
mined by gas--liquid chromatography, while the structures of the substances were proved from the UV, 
IR, and PMIR spectra (Table i). The chief product in the reaction of I with methanol in the presence of 
20-50 mole % of sodium methoxide at low temperatures (--5 to --20~ is methyl 4-bromo-3-methoxycro- 
tonate (V), which is formed as a mixture of isomers (Va and Vb). The PMR spectrum of one of these iso- 
mers (the liquid orte) contains signals of protons from a BrCH 2 group at weaker field, on the basis of which, 
configuration Va was assigned to it. In contrast to this, the signal of the proton of the vinyl group in the 
crystalline isomer is shifted to weak field, which confirms configuration Vb for it [I]. Liquid isomer Va, 
to which the crystalline product is converted on standing and heating, was more stable: 

CH~0 H BrCH~ H 
\ / \ / 

(I)~(II)  - - 4  C=C + C=C 
I / \ / \ 

BrCH'2 COOCH8 CH30 COOCH3 
(Va) (Vb) 

l 
CH30CH--CCH~.C00CIts ~_ CH~0CH2C=CHC00CHs 

0CHa 0CHa 
(vi) (v i i )  

CH~O CH.,C(OCH3).,CH~COOCH3 
(WlI)  

If the reaction of I or Vb with methanol is carried out under more severe conditions (excess sodium 
methoxide and 20-40~ isomeric compounds V cannot be detected by gas--liquid chromatography in the 
product formed. Instead, a mixture of three new substances is formed, from which a fraction of the com- 
position C7]I1203 was isolated by preparative gas--liquid chromatography, and, according to gas--liquid 
chromatography and the PMR spectra, is an equilibrium mixture (7:3) of the dimethoxyvinylaeetie (VI) and 
dimethoxycrotonic (VII) esters. The third product, being more polar, is converted into a mixture of VI and 

~* A special communication will be devoted to this reaction. 
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TABLE 1. Spec t ra l  Data for the Compounds Obtained 

Compound 

BrCH2\ /H 
CHs0 / C=C(xco~cH 3 

BrCH2\ /CO2CHa 
CH,O/c=c %H 

BrCH2~c~CHC0zCoH s 
C2H~0/ 

CH~OCH2~c=CHCO2CH 3 
CH30 / 

CHaOCH~CCH~COsCH3 
I 
OCH~ 

BrCH~\ 
C~H~0ff C=CHCO~CH3 

C6HsOCHzC=CHCO2CHs 
L 
0C,H5 

PMR spectum, ppm 

~cz 

3,82 

4,42 

3,72 

3,54 

4,29 

3,74 

4,52 

a~ 5 of the other group 

3,58 (COOCH3) 
3,93 (OCHa) 

3,60 (COOCHs) 
3,65 (OCH@ 

3 ; 95 (COOCH2) 
4, t2 (OCH~,) 

3,05 (tOOtHy) 
3, i7 (OCH3) 
3,33 (OCH~) 
3,05 (COOCH@ 
3,22 (OCH3) 
3,50 (OCH@ 
3,42 (C00CHa) 
6,8--7,0 (OCsgs) 

3,48 (COOCga) 
6,6--7,2 (2C~H50) 

IR spectrum, 
.I 

U, C1TI 
C=O C=C 

t7t0 t626 

t7t0 t628 

t710 1626 

t7t8 t640 

t74~ t640 

t71( t660 

t7t4 1650 

VII on a t t empts  to i so la te  it. This  fact  p rov ides  a b a s i s  for  assuming  for it the methyl  3, 4, 4 - t r i m e t h o x y -  
bu ty ra t e  s t r uc tu r e  (VIII). 

S imi l a r  r e s u l t s  were  obtained in a study of the reac t ion  of I with sodium ethoxide in phenol. Methyl 
4 -b romo-3 -phenoxyc ro tona t e  (IX) and an equi l ibr ium m i x t u r e  of diphenoxy de r iva t ives  (X and XI) were  i soI -  
ated f rom the reac t ion  mix ture ;  the mix tu re  of X and XI could be p a r t i a l l y  s epa ra t ed  by  chromatography  on 

A1203: 

C, HsONa 
(I) ~ BrCH2C=CHC00CHs 

1 I 
OCeH5 (IX) 

CaHaOCH2C=CHCOOCHa ~ C~HsOCH=CCH~,COOCHa 
I I 

OCsHa (X) (XI) OC6H5 

The s t r u c t u r e s  of these  p roduc ts  follow quite unambiguously  f rom the i r  IR and PMR s pe c t r a  and 
ana ly t ica l  data.  

E X P E R I M E N T A L  S E C T I O N  

The reac t ion  produc ts  were  analyzed and ident if ied by  gas - - l iqu id  ch romatography  with a ch roma to -  
graph with a g l a s s  v a p o r i z e r  and a f l ame- ion iza t ion  de tec to r  on a colunm containing 10% SE-30 s i l icone  or 
10% polyethylene glycol-3000 on s i l an ized  Chromoso rb -W.  The IR s pe c t r a  were  obtained with a UR-10 
s p e c t r o m e t e r ,  and the NMR s p e c t r a  were  obtained with an HA-60-1L s p e c t r o m e t e r .  

Addition of Methanol to Methyl 4 - B r o m o - 3 - b u t y n o a t e  (I). A) About 6 ml  of 2% sodium methoxide  in 
methanol  was added dropwise  at --10 ~ to a solution of 1.8 g of e s t e r  I in 40 ml  of methanol  until  the s ta r t ing  
e s t e r  comple te ly  d i sappea red  (as moni to red  by  gas - - l iqu id  chromatograph ic  ana lys i s ) .  The mix tu re  was 
decomposed  with d ry  ammonium chlor ide ,  the methanol  was removed  in vacuo, and the r e s idue  was ex-  
t r a c t e d  thoroughly  with e ther  and dr ied  with CaC12 . The r e s idue  (2.1 g) r emain ing  af te r  evaporat ion of the 
e ther  p a r t i a l l y  c r y s t a l l i z e d ,  and 0.9 g of c ry s t a l l i ne  i s o m e r  Vb with mp 59.5-60 ~ [ e the r - -pe t ro leum e ther  
(1:6)] and k m a  x (heptane) 245 nm (~ 11,000) was i so la ted .  The IR and PMR s pe c t r a  a r e  given in Table  1. 
Found%: C 34.53; H 4.40; Br  38.0. CsH9BrO 3. Calc.%: C 34.47; H 4.34; Br  38.23. The l iquid r e s idue  (1.2 g) 
contained no m o r e  than 5% Vb accord ing  to gas - - l iqu id  chromatograph ic  data and, f rom its PMR spec t rum,  
c o r r e s p o n d s  to i s o m e r i c  e s t e r  Va with bp 65 ~ (0.4 ram),  n}~ 1.5016, and k m a x  (in heptane) 243 nm (~ 9800). 

B) S imi l a r ly ,  1.8 g of e s t e r  I was added at 20 ~ to sodium methoxide (from 0.4 g of Na) in 20 ml  of 
methanol ,  during which the t e m p e r a t u r e  of the reac t ion  mix tu re  ro se  to 40 ~ The mix tu re  was held at this  
t e m p e r a t u r e  for  2 h, cooled,  and worked up as  desc r ibed  above. Dis t i l la t ion  yie lded 1.8 g of a f rac t ion with 

o 22 5 bp 50-70 (bath t empera tu re )  (0.12 mm) and n D" 1.4342. According to gas - - l iqu id  chromatography ,  the 
mix tu re  contained 60% VI, 15% VII, and 25% VIII. A mix tu re  of 70% of VI and 30% of VII, which did not 
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contain the )ther substances (according to gas--l iquid chromatography and IR and PMR spectroscopy),  
which was not separable on this column, was obtained by prepara t ive  gas--l iquid chromatography (silicone 
e las tomer  on Chromosorb-W at 150~ n~ 1.4310. Fotmd%: C 52.28; H 7.68. CTHI203. Calc.%: C 52.49; 
H 7.55. 

Addition of Phenol to Methyl 4 -Bromo-3 -bu tyaoa t e  (I). A total of 2.0 g of es te r  I was added at 40 ~ 
to sodium phenoxide in phenol (from 0.1 g of Na and 4 g of phenol); the tempera ture  of the reaction mixture rose  to 
120 ~ in the process .  The react ion product was allowed to stand for 2 h and was then dissolved in ether and washed 
with 4 N NaOH. Removal  of the ether gave 2.4 g of a r e s  idue which par t ia l ly  crysta l l ized to give 0.4 g of methyl 4- 
b romo-3-phenoxycro tona te  (IX) with mp 80-80.5 ~ (from hexane) and Xma x (in alcohol) 216,2 59 nm, (~ 14,200, 
7350). The [R and PMR spect ra  a re  given in Table 1. Fotmd%: C 48.69; H 4.27; Br  29.40. CtIHiiBrO 3. 
Calc.%: C 4~L72; H 4.08; Br  29.47. The liquid mixture  of products  obtained after  removal  of IX was chro-  
matographed on A1203. Elution with e ther - -pe t ro leum ether (1:4) yielded 0.3 g of IX and 0.9 g of methyl 
3 ,4-diphenoxycrotonate  (X) (see Table 1 for the spectra l  data) as an oil containing a small  amount of a 
contaminant, apparent ly the (1, 2-diphenoxyvinyl)acetic es ter  (XI). The IR spect rum contains an absorp-  
tion band at 1746 cm -1 (COOCH3), while the PMR spectrum contains a singlet of low intensity at 6.28 ppm 
(=CHOCGHs). 

Similarly,  35% of a crystal l ine i somer  of ethyl 3 -e thoxy-4-bromocro tona te  with mp 45.5 ~ (from 
petroleum e~her) and k m a  x (in heptane) 247 nm (e 11,000) could be obtained by the react ion of ethyl 4 -b ro -  
too-2,3-but~.dienoate [2] with an equivalent amount of sodium ethoxide in ethanol at --10 ~ The IR and PMR 
spect ra  are  given in Table 1. Found%: C 40.3; H 5.32; Br 33.02. CsHt3BrO 3. Calc.%: C 40.5; H 5.5; Br  
33.75. The ~ubstance changed ve ry  readi ly  on storage.  

C ONC L U S I O N S  

The regular i t ies  of the nucleophilie addition of alcohols and phenols to methyl 4-bromo-3-butynoate  

were studied. 
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