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Dehydrobromination of the appropriate vinyl halides is one of the possible routes to the synthesis of 
allenes [1]. However, in a number  of aliphatic allenes, this method, which requires  the application of 
strong bases  and high tempera tures ,  often leads to rear rangements  and isomerizat ions.  These side t r ans -  
formations can be avoided by increasing the rate  of dehydrobromination either by using dimethyl sulfoxide 
as the solvent [2,3] or by using unsaturated sys tems activated by electron-accept ing groups in this reaction. 

In this paper it is shown that the second route can be successful ly used for the synthesis of conjuga- 
ted a -b romoa l l enes  starting from the readi ly accessible f l ,7 -ace ty lenic  alcohols. 

The bromination of acetylenic alcohols Ia ,b  in acetic acid resul ts  in the formation of vicinal t r ans -  
dibromoalkenes (IIa,b) [4], which can be converted in sa t i s fac tory  yields to acid IIIa or t rans-ketonelIIb,  
respect ively,  by oxidation with the Jones reagent [5]: 
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The latter,  on t rea tment  with tr iethylamine in a suitable solvent, is readi ly  dehydrobrominatedfur ther  at 
0-10~ to 1-bromo-1,  2-pentadien-4-one (VI), which decomposes at room temperature .  

Acid esterif icat ion of l I Iabya lcohols  leads to quantitative yields of the corresponding es ters .  It was 
shown by means of gas--l iquid chromatography and PlvnR spect roscopy that all of these es ters  are  mixtures  
of cis and t rans  i somers  of dibromovinylacetic es te r s  (IVa-c) .The NMR spectra  of the cis i somers  have a weak- 
field signal which corresponds  to the =CHBr group, for which a large spin - s p i n  interaction cons rant is usually 
observed [6] (Table 1). 

The corresponding ~-bromoal lenic  es te rs  (Va-c) were obtained in 40-60% yields by t reatment  of the 
i somer ic  mixture of dibromo es te r s  (IVa-c) with excess tr iethylamine at 40-60 ~ for 20-40 rain. It was ob- 
served that the cis i somers  (IV) a re  converted to allenes at a lower rate.  This is in agreement  with data 
regarding the fact that allenes are  formed direct ly by splitting out of HBr at the expense of the allyl hydro-  
gen and not by isomerizat ion of the tr iple bond, which should have more  preferably  been formed from the 
cis i somers  by t rans-dehydrobrominat ion [2,3]. 

Bromoallenic  es te rs  V are readi ly brominated under the usual conditions (Br 2 in chloroform) to form 
t r ibromovinylacet ic  es te rs  (VII), which, from their  PMR spectra,  probably consist  of only the cis i somer:  
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T A B L E  1. S p e c t r a l  Data  for  D i b r o m o v i n y l a c e t i c  E s t e r s  and B r o m o -  
a l l e n e s  

Compound 

IIIb 
trans- IVa 
cis- IVa 
trans- IVb 
ciS-IVb 
trans- IVc 
cis- IVc 

Va 
Vb 
V c. 
Vt 

5:r 

3,68 
3,68 
3,54 
3,58 
3,48 
3,57 
3,45 
5,62 
5,6 
5,53 
5,5 

PMR spectrum (CC14), ppm 

5,~ 50CH2 

6,45 2,14(CH3) 
6,65 3,74 (CH~O) 
6,86 3,70 (CH~O) 
6,6 4,08 
6,84 4,08 
6,50 4,0 
6,82 4,0 
6,35 3;48 (CH~O) 
6,4 4,12 
6,33 4,06 
6,45 2,18 (CH3) 

IR spectrum, v, cm -I 

Ja,-r, Hz C=O C=C 

0 
o 
t , t  
0,6 
t,1 
0 
1,t 
6,0 
6,0 
6,0 
6,0 

1722 
t745 
1745 
1742 

1746 

1720 
t718 
t718 
t692 

1600 
1630 
t632 
16t2 

i6i2 

t959 (C=C=C) 
1958 (C=C=C) 
1958 (C=C=C) 
1948 (c=C=c) 

BrCH=C=CHCO2R" ~ BrCH=CBrCHBrCO2W' ~ [BrCH=C=CBrCO2R"] 
(V) ('VII) ('VII]i) 

C o m p o u n d s  VII a l s o  u n d e r g o  d e h y d r o b r o m i n a t i o n  on t r e a t m e n t  wi th  t r i e t h y l a m i n e ,  but  the  d i b r o m o a l l e n i c  
e s t e r s  (VIII) f o r m e d  a r e  e x t r e m e l y  l a b i l e  and d e c o m p o s e .  

EXPERIMENTAL SECTION 

The products were analyzed and identified by gas--liquid chromatography with a chromatograph with 

a glass vaporizer and a flame-ionization detector on a column filled with 10% SE-30 silicone on silanized 

Chromosorb-W. The IR spectra were obtained with a UR-10 spectrometer, and the PMR spectra were 

ob ta ined  w e b  an H A - 6 0 - 1 L  s p e c t r o m e t e r .  

B r o m i n a t i o n .  An equ iva l en t  amoun t  of b r o m i n e  was  added  with s t i r r i n g  to  a so lu t ion  of a l c o h o l s  Ia,  
b in 70% a c e t i c  a c i d  [4] a t  _< 30-35  ~ The  m i x t u r e  was  d i lu ted  with  e t h e r ,  w a s h e d  with w a t e r  and sod ium 
b i c a r b o n a t e  so lu t ion ,  d r i e d ,  and d i s t i l l e d  to  g ive  70-80% of d i b r o m o a l k e n e s .  T r a n s - l , 2 - d i b r o m o - 1 - b u t e n -  
4 -o l  (IIa) had bp 86-89 ~ (3 ram) and n}~ 1.5560. A c c o r d i n g  to g a s - - l i q u i d  c h r o m a t o g r a p h y  and the PMR s p e c -  
t r a ,  IIa con ta ined  a t r a c e  of t r a n s - 1 , 2 , 4 - t r i b r o m o - l - b u t e n e ;  PMR s p e c t r u m  (CC14), 5 ,  ppm:  2.9 ( t r i p l e t ,  
J =  6 Hz,  C]?I2), 4.16 ( t r i p l e t ,  J =  6 Hz,  CH2Br) , 6.57 (=CHBr) .  

T r a n e ; - 1 , 2 - d i b r o m o - l - p e n t e u - 4 - o l  (IIb) had  bp  87-89 ~ (2.5 ram) and n}~ 1.5436. PMR s p e c t r u m  (CC14), 
6 ,  ppm:  1.1 8 (doublet ,  J =  6 Hz,  CH3), 2.64 and 2.72 (AB s p e c t r u m  of the  CH 2 g r o u p ,  J =  6 Hz), ~- 3.12 (OH), 

4.09 (quar te t ,  J =  6 Hz,  OCH), 6.47 (=CHBr) .  

Ox ida t ion  of D i b r o m o  A l c o h o l s  I I a , b .  The  ox ida t ion  was  c a r r i e d  out b y  the  m e t h o d  in [5] a t  12-14 ~ 
Ac id  IIIa  was  s e p a r a t e d  f r o m  the  n e u t r a l  f r a c t i o n  b y  t r e a t m e n t  wi th  s a t u r a t e d  sod ium b i c a r b o n a t e  so lu t ion ,  
d r i e d ,  and,  wi thout  a d d i t i o n a l  p u r i f i c a t i o n ,  s u b j e c t e d  to  e s t e r i f i c a t i o n  with  a l c o h o l s  (at ,~20 ~ for  3 -4  days  
in the  p r e s e n c e  of s u l f u r i c  ac id) .  M e t h y l  3 , 4 - d i b r o m o - 3 - b u t y n o a t e  (IVa) (a 1:1 m i x t u r e  of e i s  and t r a n s  

i s o m e r s ~  had bp  90-94 ~ (3.5 ram)  and n}~ 1.5258. 

Ethyl  3 , 4 -  d i b r o m o - 3 - b u t y n o a t e  (a 62:38 m i x t u r e  of the  c i s  and t r a n s  i s o m e r s )  had bp 60 ~ (0.4 ram) 
a n d n 2 ~  1 5124. Found%:  C 24.3; H 2.42; B r  60.4.  C6H8Br202. C a l c u l a t e d  %: C 24.6; H 2.74; B r  61.6.  

n-Bu~yl  3, 4 - d i b r o m o - 3 - b u t y n o a t e  (IVc) (a 35:65 m i x t u r e  of c i s  and t r a n s  i s o m e r s )  had  bp 80-84 ~ 
(0.2 ram) and n}~ 1.5038. Found  %: C 30.2; H 3.6; B r  55.8. CsHl2Br202. C a l c u l a t e d  %: C 30.0; H 3.7; B r  

56.3. 

1,2-E4bromo-l-penten-4-one (IIlb) had bp 73-75 ~ (3 ram) and n~ 1.5412-1.5436 and contained a small 
amount of starting alcohol (IIb) and bromoallene ketone VI. The 2, 4-dinitrophenylhydrazone melted at 156 ~ 

(from acetoaitrile). Found %: C 31.17; H 2.36; N 13.84; Br 36.86. CI3HIoBr204N 4. Calculated %: C 31.2; H 

2.40; N 13.24; Br 37.5. 

Dehycrobromination. The dibromo derivatives (0.05 mole) were gradually added under nitrogen with 

stirring to it solution of 0.1-0.12 mole of triethylamine in 50 ml of ether (or another solvent) and the mix- 
ture was held at 40-60 ~ for 30-60 rain (the mixture was monitored by gas--liquid chromatography). The 

mixture wa~q then washed with three 20-ml portions of water and dried with calcium chloride. Distillation 
yielded 45-60% of the (~-bromoallenie esters (90-92% purity). Methyl ester Va was described previously in 

[7]. 
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Ethyl 4 -bromo-2 ,3-bu tad ienoa te  (Vb) had bp 47 ~ (0.8 ram) and n~ "5 1.5158. Found %: Br  41.1. 
C6HTBrO 2. Calculated %: Br 41.8. 

n-Butyl  4 -bromo-2 ,3-butad ienoa te  (Ve) had bp 63-65 ~ (0.4ram) and n2i~'5 1.5052. Found %: Br  35.00 
CsHI1BrO 2. Calculated %: Br 36.8. 

Ethyl 2 ,3 ,  4 - t r ib romo-3-bu tenoa te  (VII, R = C2H5) was obtained in 86% yield and had bp 80-85 ~ 
(0.08 ram) and n~  1.5396. IR spectrum,  v, cm-l:  1746 (COOR), 3084, and 1626 (BrCH=C). PMR spec-  
t rum (CC14) , 6, ppm: 4.17 (OCH2-) , 5.76 (CHBr), and 6.7 (=CHBr). 

n-Butyl  2 ,3 ,4 - t r i b romo-3 -bu tenoa te  (VII, R = N-C4H~) was obtained in 80% yield and had bp 150 ~ 
(bath tempera ture)  (0.2 ram) and n~ 1.5340. IR spect rum,  v,  cm-l:  1744 (COOR), 3090 and 1612 (BrCH=C). 
]?MR spectrum (CC14), 6,  ppm: 4.18 (OCH2), 5.82 (CHBr), 6.76 (=CHBr). 

CO N C L U S I O N S  

A convenient method has been developed for  the synthesis of conjugated bromoal lenes  s tar t ing f rom 
fl -acetylenie  alcohols.  
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