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In previous investigations [1, 2] we have studied the stereochemistry of the addition of bromine to mono- 
substituted acetylenes RC --- CH under various conditions. It was shown that the steric orientation in the reac-,  
tion depends on its mechanism: under conditions of ionic reaction addition is mainly trans, whereas fix photo- 
chemical bromination in a nonpolar medium cis-dibromo olefins are also formed in an amount which depends 
on the size of the substituent R. In the present paper we describe the results of a study of the stereochemistry 
of the addition of bromine to disubstituted acetylenes: diphenylacetylene, 2,5-dimethyl-3-hexyne-2,5-diol,  
and acetylenedicarboxylic acid. 

Under the conditions of photochemical bromination 2-butyne-l,4-diol and 2,5-dimethyl-3-hexyne-2,5- 
diol form the previously described crystalline dibromo compounds of m.p. 114" [3] and 150" [4], whose configura- 
tions have not yet been established. Study of the infrared spectra (absence of a band at 900 cm "t) showed that 
these bromo compounds are cis isomers. Also, the cis configuration of the dibromide of 2,5-dimethyl-3-hexyne- 
2,5-diol, m.po 150", was confirmed by its dehydration to 3,4-dibromo-2,5-dihydro-2,2,5,5-tetramethylfuran: 

Br Br Br Br 

(CH3h cl - -  c = c - ct (CH:,)~ -~ C H 3 . . . C H ~  

OH OH / \ / ~  
CH3 O CH~ 

The photochemical addition of bromine to 2,5-dimethyl-3-hexyne-2,5-diol is less stereospecific than in 
the case of 2-butyne-l ,4,-diol,  and it is accompanied by the formation of about 22~ of the previously undescribed 
trans-dibromide, m.p. 129-130". Still less stereospecific is the photochemical addition of bromine to diphenyl- 
acetylene. When the reaction was carried out in hexane we isolated trans-a,c~'-dibromostilbene in 69% yield 
(m.p. 204-206") and a little of the cis isomer (as a molecular compound with diphenylacetylene, m.p. 76-77"). 

In the study of steric orientation in the ionic reaction, the addition of bromine to 2-butyne-lr and 
2,5-dimethyl-3-hexyne-2,5-diol was investigated in acetic acid in the dark, i.e., under conditions which led 
mainly to trans-dibromides in the case of propargyl alcohols. It was found, however, that acetylenic diols do 
not give dibromides under these conditions, because the addition of bromine is suppressed by the participation 
of the anions of the solvent. Thus, on brominatinn in acetic acid 2-butyne-l,4-diol gives, as the main reaction 
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Steric Orientation in the Addit ion of Bromine to Disubstituted Acetylenes  

Ace ty len ic  
compound 

2 -Bu tyne - l , 4 -d io l  

2 -Butyne-1 ,4 -d io l  
d iace ta te  

Ace ty l ened i ca r -  

boxylic  acid  

2 , 5 - D i m e t h y l - 3 -  
hexyne-2 ,5 -d io l  

Diphenylaee ty lene  

Bromination conditions 

In CC14 with irradiat ion* 
In methanol  in the dark 

In N,N-d imethy l formamide  in 

the dark 
In N,N-d imethy l formamide  in 

' the  dark in presence of LiBr 

In hexane with irradiat ion* 

In ether wRh irradiat ion 

In methanol  in the dark 

In N,N-d imethy l fo rmamide  in 
the dark 

In CC14 with i rradiat ion* 

In N ,N-d imethy l fo rmamide  in 
the dark 

Yield of s tereoiso-  

mer ic  dibromides(~o) 

cis 

84 
67 

51 

48 

78 

82 

12 

In hexane with i r radiat ion* 
In ether in the dark 

78 

trans 

44 

7O 

16 

78 

69 
81 

* Irradiation with a quartz mercury lamp.  

product ,  a substance to which the structure of 4-bromodihydro-3(2H)-furanone must be at tr ibuted on the basis 

of chernical  and spectrum data:  

0 gr 
ttOCHeC ~ CCHeOH > 

CIi~CO0fl i I 

\ /  
0 

Under these conditions 2,5-dimethyl-3-hexyne-2,5-diol gives a mixture of oil i products, which rapidly darken 
in air  with e l imina t ion  of hydrogen bromide.  

Unlike ace ty len ic  diols,  ace ty lened ica rboxy l ic  acid does not react  with solvent anions when t rea ted  with 

bromine in an ace t i c  acid  med ium,  but gives a mixture of dibromofumaric  and d ib romomale ic  acids containing 
not less than 75% of the trans isomer. In presence of two molecular  proportions of l i th ium bromide the react ion 
becomes stereospecif ic  and leads to pure dibromofumaric  acid.  We found that  d ibromofumaric  ac id  and the 
t rans-d ibromide  of 2 , 5 - d i m e t h y l - a - h e x y n e - 2 , 5 - d i o l  are formed in satisfactory yields in the brominat ion of acet 'y-  
l ened icarboxyl ic  ac id  and of 2 , 5 - d i m e t h y l - 3 - h e x y n e - 2 , 5 - d i o l  in N,N-d imethy l fo rmamide .  Though more polar 
than ace t i c  ac id ,  N ,N-d ime thy l fo rmamide  does not give anions which interfere in the brominat ion react ion.  In 
the  case of 2 , 5 - d i m e t h y l - 3 - h e x y n e - 2 , 5 - d i o l  and ace ty lened ica rboxy l ic  acid  the polar i ty  of the solvent is suff ic i -  
ent ly  high to suppress, apparent ly  comple te ly ,  homolyt ic  brominat ion.  The react ion becomes s tereospecif ic ,  

and there is scarcely  any formation of c is -d ibromides .  

Unlike these ace ty lenes ,  2 - b u t y n e - l , 4 - d i o l  reacts with bromine in N ,N-d imethy l fo rmamide  with forma-  
tion of c i s -d ib romide  together  with a l iquid product,  which possibly contains the trans form. Addit ion of large 
amounts of l i th ium bromide does not change the sterie orientat ion in the reac t ion ,  though in this case the amount 

of l iquid product becomes greater.  
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On the basis of data on the isomerizat ion of monosubstituted t rans-dibromoethylenes  to c is -d ibromides  

under the conditions of photochemical  react ion [1, 2] it  may  be assumed that  in the case of disubstituted a c e t y -  

lenes the primary products of photochemica l  react ion are again t rans-dibromides.  However,  our at tempts to 

isomerize  t r a n s - g , 5 - d i m e t h y l - 3 - h e x y n e - 2 , g - d i o l  and dibromofumaric  acid  in a short i r radiat ion at room t e m -  
perature in presence of traces of bromine were not successful. Thus, these disubstituted t rans -d ibromo ole.fins 
do not pass into the cis isomers under the conditions of photochemical  brominat ion.  This confirms our previous 

conclusion [2] that  c is -d ibromides  can be formed in the photochemical  bromination of acetylenes  as a remi t  
of " tree" cis addit ion of bromine.  

As will  be seen from the t ab le ,  in the disubstituted acety lenes  RC --- CR the tendency for the formation of 
c is -d ibromides  under the conditions of photochemical  react ion falls with increase in the size of the substituent R. 

Such an effect  of the substituent on steric orientat ion in the photochemical  react ion may  be expla ined if we as-  

sume  that  this react ion has the character  of a chain process: 

R Br 

/ . - = C  
\ 

/ R 
RC =- CR + B r ' ~ <  (t) 

F 

% 

\ 
\ 

\ 

\ R  R 
\ / B~o 
.C=C J - 

\ 

(II) 

R Br 
\ / 

~ - ~  C = C + Br ~ 
/ \ 

Br R 

Br 

R 
\ / 

C = C  + B r "  
/ \ 

Br Br 

The s tereoehemistry of this process is de termined in the main  by the thermodynamic  stabi l i t ies  of the radicals  
(I)  and (II) ,  which depend in their  turn on the re la t ive  mutual  repulsion of two R substituents (R ~-+R) on the one 
hand,  and that  of a bromine a tom and an R substituent (R+-~ Br) on the other. When R~-, Br > R~--~R, the radical  
(II) may  be found to be more stable than the radical  (I) ,  and the ove r -a l l  result of the react ion will  be cis a d -  
di t ion.  If, however ,  the  mutual  repulsion of two R substituents exceeds the repulsion R ~-" Br ( e . g . ,  when the sub- 

st i tuent  R is greater  in s ize) ,  trans addi t ion will predominate .  In accordance  with this the substituents may  be 

arranged in the following series,  in which the tendency for the disubstituted ace ty lene  to undergo trans addi t ion 
of  bromine increases 

CHzOH < C O O H  < (CHa)z C (OH) < CoH~ < (CH,)aC * 

Tendency  for trans addit ion 

Hence,  the size of a substituent has a specif ic  effect  on steric orientation in the photochemica l  addi t ion 
of bromine to disubstituted ace ty lenes ,  and this is in the opposite direct ion to that  observed in series of mono-  
substituted acety lenes  [1, 2]. 

E X P E R I M E N T A L  

Bromination was carr ied out under the conditions described in a previous paper [ t] .  In the case of ~l-butyne- 
1 ,4-d io l  and ace ty lened ica rboxy l ic  ac id ,  whose bromides are read i ly  soluble in water,  the react ion mixture was 
not washed with water and thiosulfate solution, but the solvent and smal l  excess of bromine were driven off in a 
vacuum at 25-30 ~ The spectra of 3 , 4 - d i b r o m o - 2 , g - d i m e t h y i - 3 - h e x e n e - 2 , 5 - d i o l s  were determined in chloro-  
form, and the spectrum of 2 , 3 - d i b r o m o - 2 - b u t e n e - l , 4 - d i o l  was de termined in dioxane.  As in the case of mono-  
substituted dibromoethylenes ,  the spectra of disubstituted t rans-dibromides  have intense bands at 900 cm "1, which 

*Addit ion of bromine to d i - t - b u t y l a c e t y l e n e  in carbon disulfide gives only the t rans-d ibromide  [5]. 
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Fig. 1. Infrared spectra of c i s - 2 , 3 - d i b r o m o - 2 - b u t e n e - l , 4 - d i o l  and of c is-  

and t r ans -3 ,4 -d ib romo-2 ,5=d ime thy l -3 -hexene -2 ,5 -d io l s .  

are absent in the spectra of the cis isomers. The spectra of the c is -d ibromides  have an intense absorption band 

in the region of 1600 cm -1 and bands of various intensit ies at 700 cm "l ,  which are absent in the spectra of t rans-  

dibromo olefins* (Fig. 1). 

Bromination of 2 - g u t y n e - l , 4 - d i o l .  In carbon te t rachlor ide .  A solution of 19.5 g of bromine in 30 ml of 
carbon te t rachlor ide  was added dropwise to an i r radiated stirred solution of 10 g of 2 - b u t y n e - l , 4 - d i o l  (m.p.  68") 

in 900 ml of dry carbon te t rachlor ide  at  55 ~ When the solution was cooled ,  crystals were prec ip i ta ted  and were 

f i l tered off. Two crystal l izat ions from a 4 : 1 mixture  of benzene and alcohol  gave 18.5 g of c i s - 2 , 3 - d i b r o m o - 2 -  

b u t e n e - l , 4 - d i o l ,  m.p.  115-117 ~ After  d is t i l l ing solvent from the mother  l iquor we isolated a further 6.3 g of 
the c i s -d ibromobutenedio l ,  m.p .114.5-116"  [3]. The to ta l  y ie ld  of the c is -d ibromobutenedio l  was 66.890. After 
the  evaporat ion of the mother  liquors there remained  a pa l e -ye l l ow  oi l ,  nD 2z 1.5110, which probably consisted 

main ly  of 3 ,4-dibromo-2,g=dihydrofuran.  Found: Br 69.68; 69.809o. C4H4OBr 2. Calcula ted:  Br 70.179o. When 
lef t  in the air ,  the oil darkened in color; when vacuum-d i s t i l l ed ,  it decomposed.  

In ace t i c  acid.  2 - B u t y n e - l , 4 - d i o l  (30 g) was brominated in 95% ace t i c  acid  (two hours). Ace t i c  acid  
and unchanged bromine were dist i l led off under the vacuum of a water pump at 30-35". The residue consisted 
of crystals (58 g) and a l iquid which rapidly darkened in color. After  three crystal l izat ions from a 3 : 1  mixture 
of a lcohol  and hexane we obtained 43 g (70.590) of a substance of m.p.  59.5-61", to which on the basis of analysis 
we may at t r ibute  the structure of 4-bromodihydro-3(2H)- furanone .  Found: C 28.63; 28.67; H 2.92; 2.97; Br 
48.70; 48.719o. C4HsOzBr. Calcu la ted :  C 29.11; H 3.05; Br 48.449o. Mol. wt. 163 (ca lcu la ted  value 165). 

The  substance did not give a crysta l l ine  2 ,4-dini t rophenylhydrazone.  Its infrared spectrum contained a 
charac ter i s t ic  carbonyl  absorption band in the region of 1700 cm "1, a very intense band at 1500 cm "1, and an 

absorption band at 600 cm -1, character is t ic  for the C - O - C  grouping (Fig. 2). 

In N,N-d imethy l fo rmamide .  A solution of 19.5 g of bromine in 30 ml of N ,N-d imethy l fo rmamide  was 
added dropwise in the dark to a solution of 10 g of 2 - b u t y n e - l , 4 - d i o l  in 30 ml of N,Ndimethyl formamide ,  After  
two hours, when the solution had almost  become deco lor ized ,  solvent was dis t i l led off at 1 ram. Water was 
added,  and the prec ip i ta ted  crystals (m.p .  96-98 ~ were recrys ta l l ized  from ether.  We obtained 15.3 g (51a]o) 

*The spectra were de te rmined  and interpreted by g. V. Lopatin. 
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Fig. 2. Infrared spectrum of 4-bromodihydro-3(2H)-furanone .  

of c i s - 2 , 3 - d i b r o m o - 2 - b u t e n e - l , 4 - d i o l ,  m.p.  114-116 ~ On evaporat ion of the aqueous mother  liquor under re -  

duced pressure there remained a sirupy substance which decomposed when dist i l led.  When 10 g of the butynediol  

was brominated  under the same condit ions,  but in presence of two moles  of l i thium bromide,  12.9 g of the c is -  

d ibromobutenediol  was obtained.  

Br0mination of 2 -Bu t~ne - l , 4 -d io l  Diace ta te .  2 - B u t y n e - l , 4 - d i o l  d iace ta te  (17 g, 0.1 mole)  was brominated 

under standard conditions [1] with irradiat ion in 700 ml  of hexane.  The pa l e -ye l l ow  liquid react ion product 

(29.2 g) obtained after  dis t i l l ing off the hexane under reduced pressure crys ta l l ized on standing. Recrys ta l l iza-  

t ion from a 3 : 1 mixture of benzene and hexane gave 26.1 g (78%o) of c i s - 2 , 3 - d i b r o m o - 2 - b u t e n e - l , 4 - d i o l  d i ace -  

t a t e ,  m.p.  62-63 ". Found: C 29.02; 29.18; H 2.93; 2.90; Br 48.36; 48.28%0. CsH1004Br2. Calcula ted:  C 29.12; 
H 3.05; Br 48.44%. 

Ace ty la t ion  of c i s -2 ,3 -d ib romo-2 -bu t ene - l , 3 -d / . o l .  Ace t i c  anhydride (24 g) containing p- toluenesulfonic  
acid (0.1 g) was added in portions to 11 g of c i s - 2 , 3 - d i b r o m o - 2 - b u t e n e - l , 4 - d i o l .  The mixture was heated for 

one hour at 50* and lef t  overnight at room temperature;  75 ml  of water was then added,  the mixture was heated 
for 90 minutes in a water bath,  the oil  layer  was separated,  and the aqueous layer  was ext rac ted  with ether. The 
combined  ether solution was washed with sodium carbonate solution and with water,  and was then dried with m a g -  
nesium sulfate.  Ether was dist i l led off, and crys ta l l iza t ion of the residue from a 1 : 3 mixture of benzene and 

hexane gave 12.2 g of the d iace ta t e ,  m.p.  62 ~ A mixture with the d iace ta te  obtained by the bromination of 
2 - b u t y n e - l , 4 - d i o l  d iace ta te  mel ted  without depression. 

Bromination of 2 , 5 - D i m e t h y l - 3 - h e x y n e - 2 , 5 - d i o l .  In carbon te t rachlor ide .  The d imethylhexynedio l  (15.7 g) 
was brominated  with i rradiat ion in carbon te t rachlor ide  (600 ml).  When the solution was left  in a refr igerator ,  
5.8 g (19%) of crystals of the t rans-d ibromide  were precipi ta ted;  after recrys ta l l iza t ion  from ether they mel ted  
at 120-130" (see below). After the usual t rea tment  and evaporat ion of the f i l t ra te  under reduced pressure to 
100 ml ,  22.6 g (78%) of crystals of c i s - 3 , 4 - d i b r o m o - 2 , 5 - d i m e t h y l - 3 - h e x e n e - 2 , 5 - d i o l  was precipi ta ted;  m.p.  
149-150 ~ (from benzene).  Found: C 32.11; 32.01; H 4.65; 4.56; Br 53.08; 52.81qo. CsH14OIBrz. Calcula ted:  
C 31;81; H 4.64; Br 52.93%. The mother  l iquor was evaporated by dis t i l la t ion of the residue under reduced pres- 
sure, and a substance of b.p. 84.0-86.6 ~ (1O ram) was obtained; on standing in a refrigerator this y ie lded  crystals. 
Three  crystal l izat ions from alcohol  gave 4.8 g of 3 ,4 -d ib romo-2 ,5 -d ihydro -2 ,2 ,5 ,5 - t e t r amethy l fu ran ,  m.p.  49.3-  
49.5" [4]. 

I.n N ,N-d imethy l fo rmamide :  A solution of 8 g of bromine in N ,N-d imethy l fo rmamide  was added to a solu-  
t ion of 7 g of the d imethylhexynedio l  in 30 ml of N,N-dhaaethylformamide at  50 ". The mixture  was kept for 

20 hours at 50 ~ and then diluted with water and ext rac ted  with four 100-ml  portions of ether. After the usual 
t r ea tment  and drying with magnesium sulfate,  the ext rac t  was vacuum-evapora ted  to 150 ml .  This led to the 
prec ip i ta t ion  of 11.7 g (78%) of t r a n s - 3 , 4 - d i b r o m o - 2 , 5 - d i m e t h y l - 3 - h e x e n e - 2 , 5 - d i o l ,  which mel ted  at 129-130" 
a f te r twocrys ta l l i za t ions  from ether.  Found: C 32.11; 32.01; H 4.65; 4.56; Br 53.08; 52.81a/o. CsHl4OzBrz. C a l -  
cula ted:  C 31:81; H, 4.64; Br 52.93~ At room temperature  the react ion mixture was not comple t e ly  decolor ized 
in the course of five days. 

999 



I3romination of Acetylene dicar_boxylic Acid. In methanol. A solution of 8 g of bromine in 40 ml of 
methanol was added to a stirred solution of 2.8 g of acetylenediearboxylic acid in 65 ml of methanol. The 
bromine was added over a period of one hour, during which the temperature of the mixture was kept at 0-8% 
The mixture was left for 12 hours at room temperature, and methanol and unchanged bromine were then distilled 
off at 80 ram. Five crystallizations of the residue from a 5 : 1 mixture of benzene and ether gave 4.8 g (44~ 
of dibromofumaric acid, m.p. 231-232" (decomp.). The mother liquors were evaporated, and the liquid residue 
was distilled at 0.9 mm (bath temperature 130-135~). The liquid distillate (5.95 g) yielded crystals, which were 
filtered off and recrystallized from a 1 : 2 mixture Of hexane and benzene. Four crystallizations gave 1.2 g of 
dibromomaleic acid, m.p. 139-140" (in sealed capillary). The liquid part of the distillate (3.75 g) did not 
crystallize when left for two months. 

In ether. A solution of 2.8 g of acetylenedicarboxylic acid and 8 g of bromine in ether was kept in the 
light for 12 hours at room temperature. The mixture was shaken with dry thiosulfate, ether was distilled off, 
and the residue was fractionated by crystallization from a 1 : 2 mixture of hexane and benzene. We obtained 
8.9 g (82%) of dibromomaleic acid, m.p. 133-139", and 0.9 g of dibromofumaric acid, m.p. 228-234*. 

Bromin_ation of Diphenylacetylene. In hexane with irradiation. The dibromide obtained after the usual 
treatment [1] from 9 g of diphenylacetylene was extracted with hot alcohol, in which the trans isomer is poorly 
soluble [6]. The residue was crystallized from propyl alcohol. We obtained 9.1 g of trans-a,o~'-dibromostilbene, 
m.p. 204-208" [5]. When the alcoholic extract was cooled, a further 1.7 g of the trans isomer was precipitated 
(total yield 6990). The filtrate was evaporated, and crystallization of the residue from methanol gav e 2.7 g of 
the molecular compound of diphenylacetylene with eis-a,a '-dibromostilbene, m.p. 77" [6]. 

In ether in the dark. From 9 g of diphenylacetylene we obtained 9.8 g of trans-a,a'-dibromostflbene. 

Attempts to Isomerize trans-Dibromides. The experiments were carried out in a quartz vessel. A solution 
of 1 g of trans-3,4-dibromo-2,5-dimethyl-3-hexene-2,f-diol,  m.p. 129-130", in 10O ml of carbon tetrachloride 
containing one drop of bromine was irradiated for 30 minutes at 20" with a PRK-4 quartz mercury lamp. The 
mixture, which had darkened appreciably, was vacuum-evaporated. We recovered 0.82 g of the original trans- 

dibromide, m.p. 128-129.5 ~ 

A solution of 1 g of dibromofumaric acid in 50 ml of ether was irradiated with a quartz mercury lamp for 
one hour at 20*. After the solvent was distilled off the original dibromofumaric acid was recovered in almost 

quantitative yield. 

SUMMARY 

In the photochemical addition of bromine in nonpolar solvents, 2-butyne-l ,4-diol,  its diacetate, and 
2,5-dimethyl-3-hexyne-2,5-diol form mainly cis-dibromides, whereas diphenylacetylene gives mainly the 
trans-addition product. Under these conditions the tendency for disubstituted acetylenes to undergo cis addition 

of bromine fails with increase in the size of the substiruent. 
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