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SYNTHESIS OF CYCLIC DIACETALS OF FUMARALDEHYDE, a ,c~ '-DIBROMO- 
SUCCINALDEHYDE, AND BUT-2-YNEDIAL 
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Khimiya Getero ts ik l ichesk ikh  Soedinenii ,  Vol. 5, No. 1, pp. 32-35 ,  1969 

UDC 547.729.07:543.422.4 

A number of cyclic diacetals of but-2-ynedial, fumaraldehyde, and 
a, a'-dibromosuceinaldehyde have been synthesized by the trans- 
acetalation of bis(dimethyl acetal)s of 1,2- and 1,3-glycols. The 
succinaldehyde derivatives have also been obtained by the bmmtnation 
of the corresponding diacetals of fumaraldehyde. 

We p rev ious ly  desc r ibed  the p r epa ra t i on  of cycl ic  
d iace ta l s  of suceinaldehyde by the reac t ion  of 2 , 5 -  
d ime thoxy te t r ahydro fu ran  with 1 ,2 -  and 1 ,3 -g ly c o l s  
[1]. It has been es tab l i shed  that these  compounds pos-  
s e s s  the p r o p e r t i e s  of m y o r e l a x a n t s  [2]. 

It appeared  of i n t e r e s t  to study analogous d e r i v a -  
t ives  conta in ing  double and t r ip l e  bonds:  

R C H - - O \  /O--CHR 
f /CHCH =CHCH~ 

(CH2) n --O / O--(Ctl2 )n 

(CH2)B--O / O--(CH2) n 
n=l ,  2 

As has been shown p rev ious ly ,  fumara ldehyde  
di(e thylene acetal)  is  fo rmed f rom 2 , 5 - d i m e t h o x y - 2 , 5 -  
d ihydrofuran  and glycol with a 6% yield.  In this work 
we p e r f o r m e d  the t r a n s a c e t a l a t i o n  of the b is (d imethy[  
acetal)  of b u t - 2 - e n e d i a l  with 1 , 2 - a n d  1 , 3 - g l y c o l s  in 
the p r e s e n c e  of p - to luenesu l fon ic  acid in to luene .  In 
this  way it was poss ib l e  to r a i s e  the y ie lds  of cycl ic  
d iace ta l s  I - V  (see Table  1) to 60-95%. 

The b i s (d imethy l  acetal)  of b u t - 2 - e n e d i a l  fo rmed  
by a lkoxylat ion of fu ran  under  the act ion of b r o m i n e  
and methanol  [3] p o s s e s s e s  the t r a n s  conf igura t ion  
[4,5]. In i ts  Raman  s p e c t r u m  we obse rved  only one 
abso rp t ion  band of the s t r e t ch ing  v ib ra t ions  of a t r a n s -  
subs t i tu ted  C~---C bond with a m a x i m u m  in  the range  
1682-1690 cm -1, and in tense  bands in the reg ion  of 
the nonp lana r  de fo rmat ion  v i b r a t i o n s  of C--H at 918, 
972, and 997 cm -1. The Raman  spec t r a  of the cycl ic  
d iace ta l s  I and II a lso  have only one absorp t ion  band 
of the s t r e t ch ing  v i b r a t i o n s  of C - - C ,  at 1691 em -~. 

The t r a n s a c e t a l a t i o n  of b u t - 2 - y n e d i a l  b i s (d imethyl  
acetal)  with 1 , 2 -  and 1 , 3 - g l y c o l s  does not differ  in  
p r i nc ip l e  f rom the t r a n s a c e t a l a t i o n  of fumara ldehyde  
b i s (d imethy l  aeetal)  and leads  to the cycl ic  d iace ta l s  
V I - I X  with y ie lds  of 83-95% (see Table  1). The l a t t e r  
a r e  l e s s  s table  than I -  V and p o l y m e r i z e  on long s to rage .  

The in i t ia l  b u t - 2 - y n e d i a i  b i s (d ime thy l  aeetal)  was 
obtained in good yield (83%) by a method somewhat  
modif ied by us [6] involv ing  the dehyd rob romina t i on  
of d ib romosucc ina ldehyde  d iace ta l  with a s u s p e n s i o n  
of powdered p o t a s s i u m  hydroxide  in  t e r t - b u t y l  alcohol .  
An a t tempt  to use  o ther  a lcohols  (ethyl, i sopropy l ,  and 
i soamyl)  did not lead to the de s i r ed  r e su l t .  

In the b r o m i n a t i o n  of fumara ldehyde  b i s (d imethy l  
aee ta l ) ,  it was found that  in  c o n t r a s t  to the i n f o r m a t i o n  

given p rev ious ly  (for example [61), it is not a homo- 
geneous product  that is formed but the two i s o m e r i c  
d ibromo der iva t ives  X and XI. S imi la r ly ,  the b r o m i n a -  
t ion Of the cycl ic  d iaee ta l s  I - IV  in ca rbon  t e t r ach lo r ide  
gave in each case  a mix tu re  of two d ibromo de r iva -  
t i r e s ,  one of which was c r y s t a l l i ne  and the o ther  l iquid,  
which did not yield to c r y s t a l l i z a t i on  and vacuum dis -  
t i l l a t ion .  With the exception of the i s o m e r i c  d ibromo 
de r iva t ives  of the cyclic  diaeeta l  II, the yields of which 
could not be de t e rmined  accura te ly ,  mix ture  of a lmos t  
equal amounts  of the two i s o m e r s  were formed.  The 
c r y s t a l l i ne  i s o m e r s  XII-XV obtained a re  shown in 
Table  2. We a s s u m e  that the h i g h e r - m e l t i n g  i s o m e r  X 
and also the c r y s t a l l i ne  cycl ic  d iace ta l s  XII-XV a re  
the meso  fo rms  and the low-mel t ing  i s o m e r  XI and the 
none rys t a l l i ne  d ibromo der iva t ives  a re  the r a c e m a t e s .  
The IR spec t r a  in ca rbon  t e t r aeh lo r ide  in the 500-650  
cm -1 reg ion  showed that XI has in tense  absorp t ion  
with m a x i m a  of 581 and 641 em - l ,  while X abso rbs  
in t ens ive ly  at 567 cm -1 and only s l ight ly  at 581 cm -1. 
All the c r y s t a l l i n e  i s o m e r s  XII-XV also have in tense  
bands  with a m a x i m u m  at 567 �9 2 cm -1 and a weak band 
at 580-585 em - t .  After  compar i son  of these data with 
the fea tu res  of the Ill spec t ra  of the i s o m e r i c  d ib romo-  
s t i lbenes  [7,8] the abso rp t ion  bands of XI at 581 and 
641 cm -1 mus t  apparen t ly  be a se r ibed  to the s t r e t ch ing  
v i b r a t i o n s  of the C--Br bond of the r a c e mi c  mix tu re  of 
opt ica l ly  act ive fo rms  in the skew conformat ion  and in 
the t r a n s  conformat ion  and the absorp t ion  bands of X 
and XII-XV at 567 cm -1 to the deformat ion  v ib ra t ions  
of the C--H bond in the h indered  conformat ion  of the 
meso  fo rm.  The weak band at 580-585 em -1 shows the 
p r e s e n c e  of only a sma l l  amount  of the skew eon fo rma-  
t ion,  which in this case  is ene rge t i ca l ly  less  favorable ,  

in  the meso  fo rm.  
The d ib romosucc ina ldehyde  b is (d imethyl  aceta l )s  

(X, XI) also undergo the t r a n s a e e t a l a t i o n  reac t ion  in 
the p r e s e n c e  of p - to luenesu l fon ie  acid and glycols .  
Thus ,  by independent  syn thes i s  (method 2), X gave the 
cycl ic  d iace ta l s  XII -XV analogous to those obtained 
above by the b r o m i n a t i o n  of the cycl ic  d iace ta l s  of 

fumara ldehyde  (method 1). 
The PMR spec t r a  conf i rm the s t r u c t u r e  of the com-  

pounds obtained and show the low ra te  of i nve r s ion  of 
the dioxane r ings  and the equa tor ia l  pos i t ion  of the 

br idge  ca rbon  a toms .  

EXPERIMENTAL 

The in i t ia l  fumara tdehyde  b is (d imethyl  acetal) ,  ob- 
ta ined as de sc r ibed  by Makin and Te leg ina  [3], was 
subjec ted  to two vacuum d i s t i l l a t ions  through a W i d m e r  
co lumn  50 em high. F r a c t i o n s  with the cons tan ts  given 
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Table 2 

R - - C H - - O \  / O - - c B - - R  
I xCHCHBrCHBrCH( I 

(CH2) n--O "/ " O  --{CH 2 )n 

Com- 
pound 

XII 
XlIl* 
XIV 
XV* CH3 

Mp, ~ Empirical formula 

Fo,.,d, ~ Ca,culated, ~ i Yi~!~: % 
imeth- meth- 

C H Br C H Br I o d [  od 

131--132 
68---73 

155--156 
123--130 

CsH~Br~O4 
CjoH~sBriO4 
CIoHI~Br~O4 
CI~H2oBrgO4 

29.22 383 4880[2900 48.401 4'5544"39333013.62 50 
33331~9/ 4161441383313014.47447144'39[ 4430 5221 
3718t 5.32 140.98137.10] 5,19 ]41.18[ 45 " [ 

75 
80 
73 
87 

*Mixture of stereoisomers, the existence of which is d u e  t o  the presence of two asymmetric carbon 
a t o m s  in the acetal rings. 

in the literature [9] were collected: bp 103-105 ~ C 

(25 ram), n B 1.424-1.426. 
Genera l  p rocedure  for  obta in ing  the cycl ic  d iace ta l s .  

A mix tu r e  of 0.1 mole  of a b i s (d imethyl  acetal) ,  0.2 
mole  of the appropr ia te  glycol ,  and 0.1 g of p - t o luene -  
sulfonic acid in 200 ml  of to luene  was heated in a 
Wood's  meta l  bath in a f lask  fit ted with a s t i r r e r  and 
a c o n d e n s e r  for  downward d i s t i l l a t ion .  With v igorous  
s t i r r i n g  at a bath t e m p e r a t u r e  of 100 to 120 ~ C, 20 -25  
ml  of a m ix tu r e  of methanol  and to luene was d i s t i l l ed  
off. Af ter  cooling,  the m a i n  solut ion was washed with 
an aqueous solut ion of p o t a s s i u m  ca rbona te  and dr ied ,  
and the to luene  was d i s t i l l ed  off unde r  a gent le  vacuum.  
The r e s idue  was c r y s t a l l i z e d  f rom methanol  or  ethanol 
o r  d i s t i l l ed  in vacuum.  

Bromina t ion  of the methyl  d iace ta l  of fumara ldehyde .  
With s t i r r i n g  and cool ing,  88.0 g (0.55 mole) of b ro -  
mine  in 50 ml  of ca rbon  t e t r a ch lo r i de  was added over  
2 hr  to a solut ion of 88.0 g (0.5 mole) of fumara ldehyde  
b i s (d imethy l  acetal)  in 100 ml  of ca rbon  t e t r ach lo r ide ,  
the t e m p e r a t u r e  be ing kept at 0 to +10 ~ C. The m i x t u r e  
was s t i r r e d  at room t e m p e r a t u r e  for  a f u r t h e r  1 hr  
30 rain,  and the solvent  was d i s t i l l ed  off in vacuum in 
a c u r r e n t  of n i t rogen .  The r e s idue  was t r ea ted  with 
100 ml  of p e t r o l e u m  e ther ,  and the p rec ip i t a t e  that 
deposi ted was f i l t e red  off and washed with 50 ml  of 
cooled pe t ro l eum e ther .  This  gave 4 5 - 5 0  g (27-30%) 
of X. Mp 94-95  ~ C (from 50~6 methanol) .  Found,  %: 
C 28.71; H 4.80; Br  47.49. Calcula ted for  CsHlsBr204, 
~6: C 28.50; H 4.76; Br  47.60. Another  100 ml of pe-  
t r o l e u m  e ther  was added to the f i l t r a te ,  and the m i x t u r e  
was cooled to - 5 0  ~ C and f i l t e red .  The r e s idue  was 
washed with cooled p e t r o l e u m  e ther .  This  gave 70 - 76  g 
(42-45%) of XI. Mp 42 -43  ~ C (from 50% methanol ) .  
Found,  %: C 28.52; H 4.66; Br  47.18. Calcula ted for  
CsHI6Br204, %: C 28.50; H 4 . 7 6 ;  Br  47.60. 

2 -Bu tyned ia l  b i s (d ime thy l  aceta l ) .  A mix tu r e  of 
33.6 g (0.1 mole) of X o r  XI, 28 g (0.5 mole) of pow- 
dered  caus t i c  potash ,  and 150 ml  of t e r t - b u t y l  alcohol 
was boiled with s t i r r i n g  for  6 hr .  The cooled so lu t ion  
was decanted  off, and this  was followed by washing 
with wa te r ,  ex t r ac t ion  with e ther ,  d ry ing ,  and d i s t i l -  
la t ion.  This yielded 14.5 g (83%) of 2-butynedial bis(di- 

methyl acetal), bp 96-98 ~ C (ii ram), n B 1.4345 [ac- 

cording  to the l i t e r a t u r e  [10]: bp 97.5 ~ C (11 ram), 
2o 1.43447]. n D 

Cyclic d iaze ta l s  of d ib romosucc ina ldehyde  (XII--XV). 
Method 1. At 0 ~ C, 8.8 g (0.055 mole) of b r omine  in 
10 ml  of ca rbon  t e t r ach lo r ide  was added to a solut ion 
of 0.05 mole  of one of the d iace ta ls  I - IV  in 20 ml  of 
ca rbon  t e t r aeh lo r ide ,  and the mix tu re  was then kept 
at room t e m p e r a t u r e  for  2 hr .  The d ibromo de r iva -  
t ives  XII and XIV so formed c ry s t a l l i z ed  out and were 
f i l t e red  off. The ca rbon  t e t r ach lo r ide  was d is t i l led  off 
f rom the r eac t ion  mix tu re  conta in ing  the XIII, and the 
r e s idue  was c ry s t a l l i z ed  at about 0 ~ C and was then 
f i l t e red  off. The ca rbon  t e t r ach lo r ide  was also d is -  
t i l led off f rom the reac t ion  mix tu re  conta in ing the 
d ibromo der iva t ive  XV, and then 15-20  ml  of pe t ro -  
l eum e ther  was added to the r e s idue  to p rec ip i t a te  the 
XV, which was f i l t e red  off. All the d ibromo de r iva -  
t ives  were  r e c r y s t a l l i z e d  f rom ethyl acetate  with dry  
ice cooling. 

Method 2. The d iace ta l s  XII -XV were  obtained by 
the t r a n s a c e t a l a t i o n  of X by the genera l  method.  After  
the mix tu re  of methanol  and toluene had been  d r iven  
off, ac t ivated ca rbon  was added to the hot solut ion and 
it  was f i l t e red .  On cool ing,  the d ibromo de r iva t ives  
XII and XIV c r y s t a l l i z e d  out, and they were  f i l te red  
off. The toluene was distilled off from the solutions 

containing the dibromo derivatives XIII and XV in vac- 
uum. The residue was treated with petroleum ether 

and the mixture was cooled to -50 ~ C and filtered. 

Reerystallization was carried out in the same way as 

before. Mixtures with the corresponding dibromo de- 
rivatives obtained by method I gave no depression of 

the melting point. 
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