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Fig.  1. Th in - l aye r  
c h r o m a t o g r a m  on 
A1203 (CHC13 solvent ,  
development  in iodine 
vapor) :  a) m e s o -  
e ry th r i to l  t e t r a n i -  
t r a te ;  b) d , l - e r y t h r i -  
tol t e t r an i t r a t e ;  c) 
mix tu re  of m e s o -  
and d , l - e ry th r i t o l  
t e t r a n i t r a t e s  (control 
exper iment ) ;  d) n i -  
t ra t ion  product  of 
e ry th r i to l  1 ,2-d in i -  
t r a t e  ( e ry th ro -  and 

In p reced ing  communica t ions  [1, 2] we have desc r ibed  a genera l  method for  p repa r ing  the d in i t ra tes  
of t r a n s -  and c i s - 2 - b u t e n e - l , 4 - d i o l  and some of the i r  de r iva t ives .  Definite in te res t  a t taches  to the p r e v i -  
ously undesc r ibed  s t ruc tu ra l  i s o m e r ,  1 -butene-3 ,4-d io l  d ini t ra te ,  which contains a secondary  ni t ra te  group 
along with a p r i m a r y  one: CH2=CHCHONO2CH2ONO 2. 

The re  is  an indication in the l i t e ra tu re  [3] that one cannot obtain the dini-  
t r a t e  of 1 -bu tene-3 ,4-d io l  by the reac t ion  of 3 , 4 -d i ch lo ro - l - bu t ene  with an ace to -  
ni t r i le  solution of s i lve r  n i t ra te ,  although the synthes is  of c i s -  and t r a n s - 2 -  
bu t ene - l , 4 -d io l  d in i t ra tes  f rom the cor responding  dichloro de r iva t ives  takes  
p lace  smoothly  and in good yield.  Under the exper imen ta l  conditions [3], along 
with the s ta r t ing  m a t e r i a l  there  was i so la ted  a chlorobutenol  n i t ra te  of unknown 
s t ruc tu re ,  and also the dini t ra te  of t r a n s - 2 - b u t e n e - l , 4 - d i o l ,  which, in the au thor ' s  
opinion, appeared  in the synthes is  products  as the resu l t  of an al lyl ic r e a r r a n g e -  
ment .  

In the p resen t  work we descr ibe  the synthes is  of 1-butene-3 ,4-d io l  dini t rate  
by O-ni t ra t ion  of the cor responding  unsa tura ted  glycol .  1-Butene-3 ,4-d io l  dini-  
t r a t e  was i so la ted  in high yield and was cha rac t e r i z ed .  The product  is a c o l o r -  
l e s s ,  mobi le  liquid which dis t i l l s  eas i ly  under  reduced p r e s s u r e .  

The p r e s e n c e  of the t e rmina l  double bond in the compound synthesized was 
identified by i ts  Raman spec t rum,  f r o m  the va lence  s t re tching band of the double 
bond at 1648 cm -1 and the deformat ion  v ibra t ion  band of the t e rmina l  methylene 
group at 1423 cm -1, and was also conf i rmed  by chemica l  reac t ions .  Brominat ion  
of 1 -butene-3 ,4-d io l  dini t ra te  led to fo rmat ion  of 3 ,4 -d ib romo- l , 2 -bu t aned io l  
dinitrate~ Bes ides  th is ,  c i s -hydroxyla t ion  of the double bond in the synthesized 
compound with KMnO 4 [1,2] afforded e r y t h r i t o l - l , 2 - d i n i t r a t e .  Upon O-n i t ra t ion  
of the l a t t e r ,  a mix tu re  Of m e s o -  and d , / - e ry th r i t o l  d in i t ra tes  was isola ted,  which 
was demons t r a t ed  by th in - l ayer  ch romatography  (Fig~ 1). We did not succeed in 
secur ing  comple te  separa t ion  of the spots  in the c h r o m a t o g r a m  obtained. How- 
eve r ,  it is  known that the n i t r a t es  of va r ious  polyhydric  alcohols in mos t  cases  

t h r e o - i s o m e r s ) ,  give v e r y  c lose  Rf  va lues  [4, 5]. F r o m  the mix ture  of d i a s t e r e o i s o m e r i c  e r y -  
thr i to l  t e t r a n i t r a t e s  obtained we succeeded in isolat ing in pure  fo rm both m e s o -  

e ry th r i to l  t e t r a n i t r a t e  (mp 61.0-61.3 ~ and also d , / - e ry th r i to l  t e t r an i t r a t e  (mp 30-30.5 ~ [1]). Upon ace ty l a -  
tion of the e ry th r i to l  1 ,2-dini t ra te  we also obtained a mix ture  of 3 ,4 -d iace ta tes  of m e s o -  and d , / - e ry th r i to l  
d in i t ra te .  Fo rma t ion  of the ni t ra te  or  aceta te  groups  is accompanied  by breaking  of the O - I t  bond in the 
s ta r t ing  hydroxyl -conta ing  molecule ;  that i s ,  the configurat ion of the s ta r t ing  molecule  r e m a i n s  unchanged. 
Consequently,  the e ry th r i to l  1 ,2-dini t ra te  f r o m  which the mix ture  of m e s o -  and d , / - e ry th r i t o l  d in i t ra tes  
was p r e p a r e d  is  also a mix tu re  of i s o m e r s  of this s e r i e s  ( e ry th ro -  and t h r e o - i s o m e r s ,  r espec t ive ly ) .  

Actually,  the c rys ta l l ine  compound - d , / - e ry th r i t o l  dini t ra te  (mp 49-50 ~ was i so la ted  f r o m  the m i x -  
tu re  of m e s o -  and d , / - e ry th r i t o l  d in i t ra tes .  On ni t ra t ion of this compound, d , / - e ry th r i to l  t e t r an i t r a t e  was 
obtained; and on acetylat ion with acetyl  chlor ide ,  d , / - e r y t h r i t o l - l , 2 - d i n i t r a t e - 3 , 4 - d i a c e t a t e  was obtained. 
The liquid pa r t  of the mix ture  of m e s o -  and d , / - e ry th r i t o l  d in i t ra tes ,  which was apparent ly  concent ra ted  
e ry th ro  i s o m e r s ,  was n i t ra ted  to m e s o - e r y t h r i t o l  t e t r an i t r a t e  in high yield.  
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We have previously shown that glycerol mononitrate can be prepared by cis-hydroxylation of allyl 
nitrate [7]. Having available l-butene-3,4-diol dinitrate, in the present work we have prepared still another 

partial nitrate with vieinal primary and secondary hydroxyl groups. This permits suggesting that the method 

of cis-hydroxylation of the nitrates of unsaturated alcohols with terminal double bonds is general and is so 
far the only one described in the literature for preparing partial nitrates of polyhydric alcohols with the 

structure indicated. 

EXPERIMENTAL 

Synthesis of l-Butene-3,4-diol Dinitrate (1). To a nitrating mixture of 31.5 g of 100% HNO 3 and 51 g 
of acetic anhydride at 15-20 ~ was added ii g of l-butene-3,4-diol (bp 95-96 ~ at 14 mm; nD2~ 1.4630). After 
stirring for 40 min the reaction mixture was poured into ice water. The organic portion was extracted with 
ether, washed with water, 5% Na2CO 3 solution, and with water once more, and was dried over MgSO 4. After 
removal of the ether there was obtained 20.7 g (93%) of I, bp 55-56 ~ (i ram); nD2~ 1.4563; d42~ 1,3398. Found 
%: C 26.97; H 3.44; N 15.86. MR 36.15. C4H60~N 2. Calculated %: C 26.98; H 3~ N 15.73. MR 36.17. 

Synthesis of 3,4-Dibromobutane-l,2-diol Dinitrate. A solution of 4.2 g of Br 2 in i0 ml of CHCI 3 was 
added dropwise, with stirring, to a solution of 4.0 g of I in i0 ml of CHCI3, at a temperature of about 0~ The 

reaction mixture was kept at 0-i0 ~ for 30 h, and at about 20 ~ for 40 h. After removal of the solvent and ex- 
cess bromine there was obtained 7.3 g (96%) of 3,4-dibromobutane-l,2-diol dinitrate, bp 97-99 ~ (0.5 ram); 
nD2~ 1.5275; d42~ 2.0002. Found %: C 14.13; H 1.62; N 8.44; Br 47.43. MR 51.98. C4H606N2Br 2. Calculated%: 
C 14.22; H 1.79; N 8.29; Br 47.29. MR 52.07. 

Synthesis of Erythritol 1,2-Dinitrate (Erythro- and Threo-isomers) (I I) . To a solution of 30 g of I in 
300 ml of ethanol, with stirring at about 20 ~ was added dropwise a solution of 20.4 g of KIVInO 4 and 15.3 g 
of MgSO 4 in 420 ml of water. The reaction mixture was filtered, the filtrate was evaporated under vacuum, 
the residue was extracted with ether, and the extract was dried over MgSO 4. There was obtained 22.9 g 
(64.5%) of If; nD 2~ 1.4805; d42~ 1.5127. Found %: C 23.01; H 4.06; N 13.23. MR 39.89. C4HsOsN 2. Calculated 
%: C 22.65; H 3.80; N 13.21. MR 39.68. 

On storage in the cold, the erythritol 1,2-dinitrate begins to partially crystallize. The crystalline 
portion is the 1,2-dinitrate of d,/-erythritol (the threo-isomer, III), mp 49-50 ~ Found %: N 14.39o C4HsOsN 2. 
Calculated %: N 13.21. 

The liquid portion is meso-erythritol 1,2-dinitrate (the erythro-isomer, IV) with an impurity of Ill 
dissolved in it. 

Synthesis of Erythr i to l  Te t ran i t ra te  [Meso- (V) and d , l -  (VI) i somers ] .  To a ni t rat ing mixture of 3.8 
g of 100% nitr ic  acid and 6.1 g of acetic anhydride at about 15 ~ was added 2.45 g of II. After s t i r r ing  for  
40 rain, the react ion mixture  was poured onto chopped ice.  The organic port ion was dissolved in ether ,  
washed with water ,  with 1% Na2CO 3 solution, and with water  again, and the ether  solution was dr ied over  
MgSO 4. There  was obtained 3.1 g (89%)of (V+VI) (Rf = 0.71 and 0.64, respect ively ,  see Fig. 1). The c r y s -  
talline par t  was removed and washed with cold ether .  There  was obtained 1.2 g of V, mp 61-61o3 ~ (from 
CC14) [2, 6]. The liquid par t  was t rea ted  at room tempera tu re  with CC14. Compound VI was isolated f rom 
the solution on cooling, mp 30-30.5 ~ [1]. 

Synthesis of Meso-e ry th r i to l  Te t ran i t ra te ,  (V). Similar ly ,  upon react ion of a nitrat ing mixture com-  
posed of 3 g of 100% HNO 3 and 4.9 g of acetic anhydride with 1.99 g of IV (containing some III as impurity) 
there  was obtained 2.47 g (87.5%) of V, mp 61-61.3 ~ (from CC14). 

Synthesis of d , / -Ery thr i to l  Te t ran i t ra te  (VI). Upon react ion of a ni trat ing mixture  f rom 3.8 g of 100% 
HNO 3 and 6.1 g of acetic anhydride with 0.23 g of III there  was obtained 0.30 g (92%) of VI, mp 30-30.5 ~ 

Synthesis of E ry th r i t o l - l , 2 -d in i t r a t e -3 ,4 -d i ace t a t e  (Er:c-thro- and T h r e o - i s o m e r s ) .  To 10.5 ml of 
CH3COC1 was added 1.55 g of II. After 10 min the excess  CHsCOC1 was removed  under vacuum.  There  was 
obtained 2.01 g (93%) of e ry th r i t o l - l , 2 -d in i t r a t e -3 ,4 -d i ace t a t e  (e ry thro-  and t h r eo - i somer s ) ;  riD20 1.4580; 
d42~ 1.3819 (after passage  over  a l ayer  of A1203). Found %: C 32.70; H 3.88; N 9.66. MR 58.480 CsH12010N 2. 
Calculated %: C 32.44; H 4.08; N 9.46. MR 58.30. 

Synthesis of d , / -E ry th r i t o l - l , 2 -d in i t r a t e -3 ,4 -d i ace t a t e  (VII). To 3 ml of CH3COCI was added 0.47 g 
of tII." After the vigorous evolution of HC1 had ceased,  the react ion mixture was heated for 20 min at about 
40 ~ The excess  CH3COC1 was removed under vacuum. Compound VII (0.65, quantitative yield) was obtained; 
nD2~ 1.4600 (after passage over a l ayer  of A1203). Found %: C 32.13; H 3.88; N 9.40. CsH12010N 2. Calculated 
%: C 32.44; H 4.08; N 9.46. 
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C O N C L U S I O N S  

1. 1-Butene-3,4-diol dinitrate, a starting material  for preparing a number of meso-  and d , / -e ry thr i -  
tol derivatives,  has been prepared.  

2. The possibility of preparing partial nitrates of polyhydric alcohols containing vicinal pr imary  and 
secondary hydroxyl groups has been demonstrated in the case of synthesis of the diastereoisomeric 1,2- 
dinitrates of erythri tol  by cis-hydroxylation of 1-butene-3,4-diol dinitrate. 
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