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The reac t ion  of epoxides with 3 - n i t r o - 5 - b r o m o - l , 2 , 4 - t r i a z o l e  gave a s e r i e s  of 1- ( f i -hy-  
droxyalkyl) -  3-n i t ro  - 5-bro too- 1 ,2,4- t r  [azoles ,  which, under the influence of bases ,  undergo 
in t r amolecu la r  cycl izat ion with HBr e l iminat ion to give an ew he te rocyc l ic  s y s t e m  - 
2 -n i t ro -5 ,6 -d ihydrooxazo lo  [2,3-e]-  1 ,2 ,4- t r iazole .  

The alkylat ion of N - H  acids of the n i t roazole  s e r i e s  by epoxides has not been sy s t ema t i ca l l y  studied. 
The published communica t ions  with r e g a r d  to this p r o b l e m  touch upon only the synthes is  of N- f l -hydroxy-  
alkyl der iva t ives  of 5 -n i t ro imidazo le  [1] and 5 -n t t ropyr ro le  [2]. The reac t ions  of 3 (5 ) -n i t ro - l , 2 ,4 - t r i a zo l e s  
with epoxides have not been investigated.  

The reac t ion  of 3 - n i t r o - 5 - b r o  me-  1,2,4- t r  iazole (I) with epoxides gives f l -hydroxyalkyl  der ivat ives 
(II-VII), during which the oxide r ing in the unsymmet r i c a l l y  subst i tuted epoxides opens in conformi ty  with 
the Krasuski i  ru le .  Compounds I I -VII  were  obtained as undisti l lable oils and were  identified by synthesis  
of der iva t ives  VIII-XI (Table 1). The format ion  of s econda ry  alcohols was conf i rmed by oxidation of 1-(f i-  
h y d r o x y p r o p y l ) - 3 - n i t r e - 5 - b r o m o - l , 2 , 4 - t r i a z o l e  (III) to the cor responding  ketone (VIII). 

N "NO2 N ~  NO2 N /NO 2 

u I I 11 
CH2--CH (OH) R CH~CR 

1 II-VII 9111 

Xll-XVll CH--C H (ONO 2) R 

IX-Xl 

II. XII R=H; lII,  VIII, IX, XIII R~CH3; IV. X. XIV R=CH2CI; V, XV R=CH.~OH; VI. XVI 
R=CH..ON02; VII, XVII R~CH.-OCH~ 

The alkylat ion of t r i azo le  I with epoxides in aqueous alcohol media p roceeds  both in the p re sence  and 
in the absence  of bases  and is accompanied  by a r egu la r  inc rease  in the pH of the medium,  which is a s s o -  
ciated with consumption of the acidic component.  The buildup of alkylation products  I I -VII ,  the bulk of 
which (up to 60%) is fo rmed  at the instant the pH of the medium reaches  a value that excludes the p re sence  
of the f r ee  NH acid in solution (pH > 5, pK a 3.05}, is s imul taneous ly  noted.* 

* Determined  by poten t iomet ry .  
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TABLE 1. 1- (f l-Nitr  ohydroxya lky l ) -3 -n i t ro -  5-bro  m e -  1,2,4- t r  iazoles 

o R Empirical formula 

Found I Calculated 

' . , !  B~, ! . ,  c, 0ioi., B,,I ~, ' c.o/o:O/o, O/o j o/o M O/o O/o, O/o M ~ 
] , : 

ix ]CH~ 114 ! 
X CH2CI 100 

XI CH~OCHa 69 

/ b 64 i L27,0  23,6!296! 3 CsH6BrNsO5 20,5 2,3 27,5123 13071 03 2,0~ 
C~HsBrC1N~Os 18,o 1,41 -- 121,213261 18,1 i ~,,5 -- [21,2 3301 63 

, 24'5 i 21,5i326] C6HsBrN~ 21,8 1,9] 24,9L 21,6i322[ 22,11 ,52 

&pH 3 
2,8 

2,4 2 1 2,0 

1,6 
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Fig. 1. Change in the pH of the medium 
during the alkylat ion of t r i azo le  I with 
epichlorohydr tn  as the base  (NaOH) concen-  
t ra t ion  (mole / l i te r )  is var ied :  1) 0; 2) 
0.0526; 3) 0.115. The reagen t  concen t ra -  
t ions (mole / l i te r )  were  as follows: I 0.0526, 
epichlorohydr in  1.115 (the medium was 80% 
ethanol). 

The exper imenta l  data on the alkylat ion of I under var ious  conditions indicate a substant ia l  depen- 
dence of the r a t e  of the p r o c e s s  on the base  concentra t ion (Fig. 1), the r eac t iv i ty  of the epoxide (Fig. 2), 
and the p r o p e r t i e s  of the medium (Table 2). 

The success fu l  a lkylat ion of 3 - n i t r o - 5 - b r o m o - l , 2 , 4 - t r i a z o l e  in aprot ic  and pro ton-donor  solvents  
in the absence  of an externa l  ca ta lys t  a t tes t s  to poss ib le  rea l i za t ion  of the p r o c e s s  during acid ca ta lys is  
(H + or H+A -) via the scheme  adopted in the modern  c h e m i s t r y  of epoxides [3, 4]. In this case ,  the acce l -  
e ra t ion  of the  p r o c e s s  in e ther  as com pa red  with ethanol is evidently explained by the absence  of solvat ion 
of the oxygen of the oxide r ing at which p r i m a r y  a t tack  of the s ta r t ing  acid occurs .  On the other hand, the 
acce le ra t ion  of the alkylat ion in ethanol when base  is introduced (Fig. 1) indicated the par t ic ipa t ion  of the 
anion of I in the reac t ion .  In this case ,  an inc rease  in its concentrat ion should affect  the p r o c e s s e s  ca t a -  
lyzed by both acids (2) and ba se s  (1). 

~,~=c,, + ~N:  [ ~-...c,2-c,d L : . . .c,~-c. ,  [ 
"o" - - ,  + , o r  ' + " "  - -  L < . 0 j - - , c , 2 c . , o , , , + ~ , :  <~1 

L ,a 0 ] 

F 1 ~ 
"~ [.0 

: .  04" + L - -  l . . . . . .  , - - -  , . . . , . . . o : & ,  

Kinet ical ly  speaking,  these  var ian ts  a r e  indisthaguishable,  while the probabi l i ty  of one or the other 
p r o c e s s  is de te rmined  by the acidi ty  of the subs t r a t e  [5]. However ,  the fact  that  propylene oxide proved  to 
be more  r eac t i ve  than epoxides with e l ec t ron -accep to r  subst i tuents  in the r eac t ion  with t r i azo le  I app a r -  
ent ly is evidence in favor  of the scheme  p resen ted  above,  which is more  r ea l i s t i c  for r eagen t  i - a sub-  
st-rate of suff ic ient ly  high acidity.  

Judging f r o m  the identical  cha rac t e r  of the n i t ra tes  obtained in the ni t ra t ion of the crude alkylatton 
products ,  the r eac t ion  of t r i azo le  I with epichlorohydr in  under var ious  conditions leads to the predominant  
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TABLE 2. Alkylation of 3 - N i t r o - 5 - b r o m o - l , 2 , 4 - t r i a z o l e  with Epoxides 
[ RClt--cI~2 (D 0,526 mole / l i t e r ,  epoxide 1.15 mole/ l i te r ]  

\ /  
o 

C om-  
pound 

II 

Ill 

IV 

V 
VI 

VII 

H 
H 
CHa 
CHa 
CH2CI 
CH2CI 
CHaC1 
CH=CI 
CH2C1 
CH20H 
CH2ON02 
CH2OCHa 

Temper- 
ature, ~ Solvent 

H of medium[ ] 
- -  - -  !Time !Tield, NaMOH, i s 

~ t ~ r t  e~d I h % 
I 

80%0 Ethanol 0,0526 
Ether 0 
80% Ethanol 0,0526 
Ether 0 
80% Ethanol 0,115 
80% Ethanol 0,0526 
80% Ethanol 
80% Ethanol 0 0 
Ether 
80% Ethanol 0,0526 
80% Ethanol 0,0526 
80% Ethanol 0,0526 

2,54 5,84 110 
1,25 4,01 120 
2,95 6,08 90 
2,00 5,57 96 
2,88 5,73 69 
2,78 5,91 160 
1,93 2,91 864 
1,91 4,10 55 
1,24 3,35 90 
2,44 5,62 215 
2,53 5,64 145 
2,41 5,41 208 

62 
60 
62 
72 
68 
67 
28 
46 
42 
52 
62 
65 

I ApH 
4,0b 

2 
3,5 5 4 $' 

! X 
3~0 3 

2,5 

2jO 

%5 

I pO 

C~5 

2o ~o 6o 8o ~oo ~2o ~o ~6o ~so 2oo 

Fig. 2. Change in the pH during the alkylatton of t r i -  
azole I with epoxides: 1) propylene oxide; 2) ethylene 
oxide; 3) epichlorohydrin;  4) glyctdol; 5) nitroglycidol;  
6} methoxyglycidol [the reagent  concentrat ions {mole/ 
liter) were as follows: I 0.526, NaOH 0.0526, and 
epoxide 1.16]. 

formation of vic[nal halohydrin IV, the s t ructure  of which might have been proven by dehydrocMorination to 
the corresponding epoxide. However,  the substance that we obtained upon alkaline t reatment  of IV did not 
cor respond  to the target  epoxide with respec t  to its chemical  proper t ies  and spect ra l  and analytical data. 
Similar compounds that do not contain a hydroxyl group and bromine were obtained by react ion of other 
1- (fi-hydr oxyalkyl)-3 -nt t r  o-  5-br  o m o - i  ,2,4-tr  iazoles with bases.  

On the basis of the data obtained in this study and considering the known tendency of bromine in 3-ni-  
t r o - 5 - b r o m o - l , 2 , 4 - t r i a z o l e  derivatives to undergo nucleophilic substitution [6], we concluded that alcohols 
II-VH undergo [ntramolecular  cyclizat ion with HBr elimination to give a new heterocycl ic  sys tem - 2-n[ t ro-  
5 ,6 -d ihydrooxazolo- [2 ,3-e ] - l ,2 ,4 - t r i azo le  {Table 3). An example of analogous cyclization to give a two-r ing 
s t r  ucture is known for 1- ( f l -hydroxyethyl) -2-acyl-  5 -n i t ropyrro le  der[vatives [2 ]. 

The formation of different two-r ing derivatives - 2 -n i t ro-6-hydroxymethyl -5 ,6-d ihydrooxazolo  [2,3-e]- 
1 ,2 ,4- t r tazoles  (XV) when the secondary  hydroxyl group part icipates  in the react ion and 2 -n i t ro -6 -hydrexy-  
5,6,7-tr  thydro-  1,3-oxaz ino [2,3-e ] -1 ,2 ,4- t r  iazole (:<VIII) for react ion with the pri mary  hydroxyl group - is 
fundamentally possible in the cyelization of dtol V. 

_ (O"~Ny NO2 

V uo ''~-,/N-N 

XVII! 
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T A B L E  3. 2 - N i t r o - 5 - R - 5 , 6 - d i h y d r o x a z o l o  [ 2 , 3 - e ] - l , 2 , 4 - t r i a z o l e s  

XI! 
XIII 
XIV 
XV 

XVI 
XVII 

Crystallization 
solvent 

cHHa 141 Ethanol 
85 ]CCI4--Hexane (1 : 2) 

CH2CI* I 153 CCI4--CHCla, (1:1) 
CH2OH } 1291CH2C12 
CH2ONO~ 124 Ethanol 
CH2OCH3 113 CCI4 

Empirical 
formula 

Found, % 

C r H  

C4H4N4Oa 31,2 2,2 
CsH6N4Oa 34,71 3,6 
CsHsC1N4Os 29,3' 2,6 
CsH4N404 131,91 3,1 
CsHsNsO6 26,2 1,7 
C6HsN404 35,8 3,7 

Calculated. % 

. . . . .  IV N c H I N  

35,2 30,8 2,6 35.9 85 
32,8 35,3 t 3,5 32,91 86 
26,9 / 29,31 2,41 27,4i 89 
30,0/32,3 3,2 30,1 7S 
304!260 2,2 30,3 81 

4,0 27,6 36,0 ]28,0/85 
i t  

* Found :  C1 17.39%. C a l c u l a t e d :  C1 17.36%. 

T A B L E  4. 
3 - n l t r o - 5 - b r o m o -  1 , 2 , 4 - t r  [ azo l e s  and T h e i r  N i t r a t e s  

P a r a m e t e r s  of the  PMR S p e c t r a  of 1 - ( f l - H y d r o x y a l k y l ) -  

Corn- ] pound*'~ R 8C:H.~ 6CH 6CH~O 6OCHa 0CHa 6 CH2CI 

H 4,35 (t)l" 
J=6 Hz 

CH3 4,45 (d) 
J=6 Hz 

CH2OH 5,20 (d) 
J=5 Hz 

CH2OCHal 5,20 (d) 
! ]=6Nz 

CH3 i 4,75 (d) 
7=5 Hz ! CH2CI 4,98 (d) 

' ] = 6  Hz 
CH2OCH3 4,92 (d) 

t 1=6 Hz 

3,85(m)? 

4,5o (m) 

4,50 (m) 

5,72 (m) 

6,02 (m) 

5,90 (m) 

4,50(t) 
/=6 Hz 

4,05(d) 
]=6 Hz 
3,65(d) 

]=5 Hz 

3,90 (d) 
J=5 Hz 

3,40 (s)'~ i 

3,40 (s) 

1,2o(d) 
Y=7Hz 

1,52(d) 
]=7 Hz 

It 

Ill 

V 

VII 

IX 

X 

XI 

4,22(d) 
]=5 Hz 

* The s p e c t r a  of  I I ,  V, and  VH w e r e  ob t a ined  f r o m  n i t r o b e n z e n e  
s o l u t i o n s ,  wh i l e  the  s p e c t r a  of  the  r e m a i n i n g  compounds  w e r e  ob -  
t a i n e d  f r o m  ace tone  so lu t i ons .  
, S y m b o l s :  s i s  s i n g l e t ,  d is  doub le t ,  t is  t r i p l e t ,  and  m is 
mu l t i p l e t .  

The f o r m a t i o n  of s t r u c t u r e  XV w a s  p r o v e d  b y  c o n v e r s i o n  to the  c o r r e s p o n d i n g  n i t r a t e ,  which  was  
i d e n t i c a l  to p r o d u c t  XVI o b t a i n e d  b y  e y c l i z a t i o n  of  VI. 

I t  shou ld  be no ted  tha t  i n t r a m o l e c u l a x  c y c l i z a t i o n  of N - s u b s t i t u t e d  f l - h y d r o x y a l k y l - 3 - n i t r o - 5 - b r o m o -  
1 , 2 , 4 - t r i a z o l e s  w i th  HBr  e l i m i n a t i o n  to g ive  XI I -XVII  is  p o s s i b l e  on ly  if a l k y l a t i o n  of t r i a z o l e  I wi th  e p o x -  
ides  p r o c e e d s  at  the  N(9 h e t e r o a t o m .  Subs t i tu t ion  at  the  o t h e r  r i n g  n i t r o g e n  a t o m s  iN(2 ) and N(4 )] du r ing  
c y c l i z a t i o n  would  l e a d  to e l i m i n a t i o n  of  the  m o r e  l a b i l e  (as c o m p a r e d  wi th  ha logen)  n i t r o  g roup  [7]. 

The s t r u c t u r e s  of the  compounds  o b t a i n e d  w e r e  c o n f i r m e d  b y  m e a n s  of t h e i r  PMR s p e c t r a .  The s p e c -  
t r a l  p a r a m e t e r s  of  a l c o h o l s  II ,  III ,  V, and VII and  n i t r a t e s  IX-XI  a r e  p r e s e n t e d  in Tab le  4. 

A r i g i d  s y s t e m  of  r i n g s  is  f o r m e d  du r ing  d o s h n g  of the  d i h y d r o o x a z o l e  r i n g  (XII-XVII),  and  th i s  l e a d s  
to a c o m p l e x  PMR s p e c t r u m  of the  ABX o r  A A ' B B '  type  due to the  nonequ[va l ence  of  the  p ro tons  of the  
m e t h y l e n e  g roup .  In the  a l c o h o l s  and n i t r a t e s  in wh ich  f r e e  r o t a t i o n  of  the  m e t h y l e n e  g roup  is p o s s i b l e ,  i ts  
p r o t o n s  a r e  e q u i v a l e n t  and  g ive  s i m p l e  f t r s t - o r d e r  PMR s p e c t r a .  

A d e t a i l e d  s t e r e o c h e m i c a l  a n a l y s i s  of  the  PMR s p e c t r a  of the  d i h y d r o o x a z o l o t r i a z o l e s  wi l l  be  p r e -  

s e n t e d  in our  nex t  c o m m u n i c a t i o n .  

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

The PMR s p e c t r a  w e r e  r e c o r d e d  wi th  a P e r k i n - E l m e r  s p e c t r o m e t e r  wi th  an  o p e r a t i n g  f r e q u e n c y  of  
60 MHz. The i n t e r n a l  s t a n d a r d  was  h e x a m e t h y l d i s i l o x a n e  (HMDS). The IR s p e c t r a  w e r e  r e c o r d e d  wi th  a 

U R - 2 0  s p e c t r o m e t e r .  

1 - ( f l - H y d r o x y a l k y l ) - 3 - n i t r o - 5 - b r o m o - l , 2 , 4 - t r t a z o l e s  (II-VID. A mix[tare of  5 g (26.3 mmole )  of  t r i -  
a z o l e  I [8], 0.106 g (26 mmole )  of  s o d i u m  h y d r o x i d e ,  and 52.6 m m o l e  of the  epox ide  was  p l a c e d  in a 5 0 - m l  
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volumetr ic  flask and diluted to the mark with 80% ethanol. The react ion mixture was maintained in a sealed 
volume with periodic monitoring of the pH of the medium. When the pH was grea te r  than 5.5, the mixture 
was diluted to twice its volume with water ,  the ethanol was evaporated, and the res idue was extracted with 
ethyl acetate. The extract  was dried over anhydrous magnesium sulfate, the solvent was removed,  and the 
res idue was subjected to far ther  t rea tment  without purification. 

1 - ( f l -Ni t rohydroxya lky l ) -3 -n i t ro -5 -b romo- l ,2 ,4 - t r i azo les  (IX-XI). A total of 5 g of III, IV, or VII was 
added with cooling and s t i r r ing  to 20 ml of an acidic mixture p repared  f rom equal volumes of concentrated 
H2SO 4 and HNO 3 (sp. gr. 1.51), after which the mixture was held at 5-10 ~ for 4 h. It was then poured over 
ice, and the resul t ing precipitate was removed by fil tration, washed with water ,  and purified by c rys ta l l i za -  
tion (Table 1). 

1 - ( f l -Oxopropy l ) -3 -n i t ro -5 -b romo- l ,2 ,4 - t r i azo le  (VIII). A solution of 1 g of alcohol III in 3 ml of con- 
centrated H2SO 4 was added to a mixture of 10 ml of water ,  4 ml of concentrated sulfuric acid, and 1 g (6.5 
mmole) of potass ium dichromate heated to 60 ~ and the mixture was held at 60 ~ for 30 rain. It was then 
cooled, and the precipitate was removed  by fi l tration and washed with water  to give a product with mp 123- 
124" (from chloroform) in 60% yield. Found: C 24.4; H 2.1; Br 32.6; N 23.0%. CsHsBrN403. Calculated: 
C 24.1; H 2.0; Br 32.1; N 22.5%. IR spect rum:  1560, 1315 (nitro group), 1100, 1745 cm -I  (C =O). 

2 -Ni t ro -5 -R-5 ,6 -d ihydrooxazo lo [2 ,3 -e ] - l ,2 ,4 - t r i azo les  (XII-XVII). A 10% solution of sodium hydrox-  
ide [1.2 mole per mole of s tar t ing 1 - ( f i -hydroxya lky l ) -3 -n i t ro -5 -b romo- l ,2 ,4 - t r i azo le ]  was added in po r -  
tions with cooling to 5 g of alcohols II-VII in 50 ml of dioxane. After 2 h, the react ion mixture was diluted 
to twice its volume with water and extracted with ethyl acetate.  The solvent was removed,  and the product- 
was purified by crysta l l iza t ion (Table 3). 

2 -Ni t ro-5-n i t roxy-5 ,6-d ihydrooxazolo  [2 ,3-e] - l ,2 ,4- t r iazole  (XVI). This compound was also obtained 
by nitration of XV under conditions s imi lar  to those used in the synthesis  of IX-XI. 
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