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H E T E R O C Y C L I C  N T T R O  C O M P O U N D S  

XX.* KETONES OF THE 1,2,4-TRIAZOLE SERIES 

T .  P .  K o f m a n .  T.  L.  U s p e n s k a y a ,  
N. Yu .  M e d v e d e v a .  a n d  M.  S. P e v z n e r  

U DC 547.792.3.5 : 542.953.943 

A number of t r iazolylpropanones  were  synthesized by oxidation os 1-(2-hydroxypropyl)-3-  
n i t ro -5 -R-1 ,2 ,4 - t r i azo le s  obtained by condensation of 3 -n i t ro -5 -R-1 ,2 ,4 - t r i azo les  with 
p ropylene oxide. Similar t r iazolylbutanones were  obtained by react ion of 3 -n i t ro -5-R-1 ,2 ,4 -  
t r iazoles  with methyl vinyl ketone. 

it has been previously shown that the react ion of 3 -n i t ro -5 -R-1 .2 ,4 - t r i azo les  with substituted a-oxides  
gives secondary alcohols, which can be oxidized with dichromate in sulfuric acid to the corresponding ketones 
[2. 3]. We obtained a number of 1 - (2 -oxopropy l ) -3 -n i t ro -5-R-1 .2 .4 - t r i azo les  in high yields via this scheme 
by using mi lder  oxidation conditions (chromic anhydride in acetone): 

N ~ N O 2  C H ' - - C H E H  3 /NO 2 

H 
CH2CH (OH)CH 3 

l - l l I  

N /NO~ 

I 
CH2CCH 3 

O 
V VII VIII-X 

I.V, VIII R NO1; II, VI, IX R=Br;  I[I, VII, X R=H 

Oxidation with d ichromate  at elevated t empera tu res  gives lower yields of ketones IX and X. 

The alkylation of t r iazoles  T-TIT with propylene oxide to alcohols V-VII occurs  under conditions deter-  
mined by the pK a value of the s tar t ing t r iazole .  A change in the alkylation mechanism and conditions is ob- 
served on pass ing from 3,5-dini t ro-  and 3 - n i t r o - 5 - b r o m o - l , 2 , 4 - t r t a z o l e  (pK a of I 0.66 [4] and of II 3.05 [2]), 
the acidities of which are  sufficient for  real izat ion of the p rocess  in the absence of ex-ternal catalysts  [2, 3], 
to the less acidic 3 -n i t ro - l , 2 ,4 - t r i a zo l e  (pK a of TIT 6.05 [4]). The react ion of t r iazoles  IIT with propylene 
oxide proceeds  in pro ton-donor  (water and alcohols) and aqueous aprotic solvents (acetonitrile and dioxane) 
at room tempera tu re  only in the p resence  of bases .  The mechanism of the alkylation is s imi la r  to that ob- 
served for 3 ,5-dichloro-  1.2,4-tr iazole.  

Alcohols VI and VII [2] were obtained as unerystal l izable oils, which were subjected to oxidation with- 
out purification. 

*See [ 1] for communicat ion XIX. 
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The 3 - n i t r o - 5 - R - 1 , 2 , 4 - t r i a z o l e s  a r e  a c t i v e  in  the  l~.iLchael r e a c t i o n  and g ive  1 - ( 3 - o x o b u t y l ) - 3 - n i t r o -  
5 - R - t r i a z o l e s  on c o n d e n s a t i o n  with m e t h y l  v inyl  ke tone :  

C H,2 ~ C  H - - C - - C H  ~. - ~  /" ~'/~\ 
R~'--~ ''' 0 r ~'L.'Y )n 

" (~.~c.,-~-c.~ 
I I V  " " ; 

0 
I I -X lV  

XI R-NO: ;  Xll R -Br :  x l l l  I (=H; IV, :(15" R=CH2. 

As in the  c a s e  of the  a l k y l a t i o n  of t r i a z o l e s  wi th  s - o x i d e s ,  the  f a c t o r  tha t  d e t e r m i n e s  the  r e a c t i o n  cond i t ions  
i s  the  a c i d i t y  of the  s u b s t r a t e .  Thus  3 , 5 - d i n i t r o - l , 2 , 4 - t r i a z o l e  g i v e s  ke tone  XI in  high y i e l d  on c o n d e n s a t i o n  
with m e t h y l  v inyl  ke tone  in e t h e r  in the  a b s e n c e  of a c a t a l y s t .  The c o n v e r s i o n  of 3 - n i t r o - 5 - b r o m o - l . 2 - 4 - t r i -  
a z o l e  to ke tone  XII u n d e r  the  s a m e  cond i t i ons  does  not exceed  8 -10~ ,  and t r i a z o l e s  IH and W do not r e a c t  at  
a l l  with m e t h y l  v inyl  ke tone  in the  a b s e n c e  of b a s e s .  In the  p r e s e n c e  of c a t a l y t i c  amoun t s  of t r i e t h y l a m i n e ,  
t r i a z o l e s  [ I - W  g ive  the  c o r r e s p o n d i n g  k e t o n e s  in  high y i e l d s  both in a p r o t i e  (acetone)  and p r o t o n - d o n o r  s o l -  
ven ts  (methanol  and e thanol ) .  

Two m e t h y l e n e  t r i p l e t s  at 3-5 p p m  a r e  c h a r a c t e r i s t i c  for  the  PMR s p e c t r a  of k e t c h e s  X I - X W .  The  s t a -  
b i l i t y  of the  s igna l  at  ~ 3.3 p p m  m a k e s  i t  p o s s i b l e  to a s s i g n  it to  the  CH, g roup  bonded  to the  e a r b o n y l  g roup .  
The  s i gna l  at  w e a k e r  f ie ld  (4-5 ppm)  c o n s e q u e n t l y  be longs  to  the  m e t h y l e n e  g roup  s i t u a t e d  in  the  t r i a z o l e  r ing ,  
and t h i s  c o n s t i t u t e s  e v i d e n c e  fo r  the  c o n s i d e r a b l e  a c c e p t o r  ef fec t  of the  l a t t e r .  In the  s p e c t r a  of k e t o n e s  VIH-  
X the  s igna l  of the  CH 2 g roup  i s  sh i f t ed  to  5 .6 -6  p p m  as  a r e s u l t  of the  o v e r a l l  a e c e p t o r  e f fec t  ef the  c a r b o n y l  
g roup  and the  t r i a z o l e  r i ng .  

EXPERIME NTA L 

The PMR spectra of deuteroacetone solutions of the compounds were recorded with a Perkin-E!mer 

R-12 spectrometer (60 MHz) with hexamethadisiloxane as the internal standard. The IR spectra of films of 
the compounds were recorded with a UR-20 spectrometer. 

l-(2-Hydroxypropyl)-3-nitro-l,2,4-triazole (VII). A solution of 1.06 g (26 mmole) of sodium hydroxide 

in i0 ml of water and 26 ml (252 mmole) of propylene oxide were added to a solution of 20 g (158 mmole) of 

t r i a z o l e  IE [6] in 100 ml  of e thanol ,  and the  m i x t u r e  was  a l lowed  to s t and  in a s e a l e d  c o n t a i n e r  with p e r i o d i c  
m o n o t o r i n g  of the  pH of the  m e d i u m .  When  the  pH r e a c h  7 .5 -8 .0 ,  the  m i x t u r e  was  d i lu t ed  to  t w i c e  i t s  vo lume  
with  w a t e r ,  the  e thanol  was  e v a p o r a t e d ,  and the  r e s i d u e  was  e x t r a c t e d  with  e thyl  a c e t a t e .  The  e x t r a c t  was  
d r i e d  o v e r  a n h y d r o u s  m a g n e s i u m  s u l f a t e ,  the  so lve n t  was  r e m o v e d ,  and the  r e s i d u e  was  s u b j e c t e d  to  ox ida t ion .  

1 - ( 2 - O x o p r o p y l ) - 3 - n i t r o - 5 - R - 1 , 2 , 4 - t r i a z o l e s  (VIII-X).  A p r e v i o u s l y  p r e p a r e d  so lu t i on  of 7 g of c h r o m i c  
a n h y d r i d e  in s u l f u r i c  ac id  (14 ml  of w a t e r  and 6.1 m l  of c o n c e n t r a t e d  H~SO~) was  added  d r o p w i s e  with s t i r r i n g  
at  25-30 ~ to  a s o l u t i o n  of 75 m m o l e  of a l c o h o l s  V [3], V[ [2], and VIi  in  190 ml  of ace tone ,  and the  m i x t u r e  was  
then  s t i r r e d  at 25 ~ fo r  1.5 h. A few d r o p s  of i s o p r o p y l  a l coho l  w e r e  added ,  and the  m i x t u r e  was  f i l t e r e d .  The  
so l id  m a t e r i a l  was  w a s h e d  with a c e t o n e .  The  f i l t r a t e  was  s t i r r e d  with  10 g of s o d i u m  b i c a r b o n a t e  and f i l t e r e d ,  
and the  ace tone  was  e v a p o r a t e d  f r o m  the  f i l t r a t e .  The  r e s i d u e  was  p u r i f i e d  b y  c r y s t a l l i z a t i o n .  

1 - ( 2 - O x o b u t y l ) - 3 - n i t r o - 5 - R - t r i a z o l e s  (XT-XW). A 4 . 5 - m i  (54 m m o l e )  s a m p l e  of m e t h y l  v iny l  ke tone  and 
1 m l  of t r i e t h y l a m i n e  w e r e  added  at  r o o m  t e m p e r a t u r e  to a so lu t i on  of 44 m m o l e  of t r i a z o l e  II [6], EI [6], o r  
IX [6] in 100 m l  of m e t h a n o l ,  and the  m i x t u r e  was  a l l owed  to s tand  in  a c l o s e d  vo lume  fo r  2 d a y s ,  a f t e r  which  
the  so lven t  was  e v a p o r a t e d ,  and the  r e s i d u e  was  p u r i f i e d  by  c r y s t a l l i z a t i o n .  

1 - ( 2 - O x o b u t y l ) - 3 , 5 - d i n i t r o - l . 2 , 4 - t r i a z o l e  (XI). A so lu t i on  of 5 g of the  s o d i u m  sa l t  of 3 , 5 - d i n i t r o - l , 2 , 4 -  
t r i a z o l e  [5] in  15 m l  of w a t e r  was  added  to 60 m l  of 10% H2SOt, and t r i a z o l e  III  was  e x t r a c t e d  with f ive  5 0 - m l  
p o r t i o n s  of e t h e r .  The  e x t r a c t  was  d r i e d  o v e r  a n h y d r o u s  m a g n e s i u m  s u l f a t e .  Me thy l  v iny l  ke tone  [2.5 m l  
(30 mmole ) ]  was  added  to the  e t h e r  so lu t ion ,  and the  m i x t u r e  was  a l lowed  to s t and  at  r o o m  t e m p e r a t u r e  fo r  
24 h. The  p r e c i p i t a t e d  ke tone  was  r e m o v e d  by f i l t r a t i o n .  An add i t i ona l  amoun t  of the  ke tone  was  ob ta ined  
a f t e r  e v a p o r a t i o n  of the  f i l t r a t e .  The  p r o d u c t  was  p u r i f i e d  by c r y s t a l l i z a t i o n .  

1 o  
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TRANSAMINATION OF AZOMETHINES WITH o-ALKYLISOUREAS 

AS A METHOD FOR THE SYNTHESIS 

OF 1,2-DIHYDRO- sym-  TRIA Z INE S 

N. A. Kapran  and V. M. C h e r k a s o v  UDC 547.872'854:542.958.3 

The react ion of o-a lkyl i soureas  with azomethines leads to the formation of 4,6-dialkoxy- 
2 -a ry l -  1-N-amidino-  1,2-dihydro- sym- t r i az ines .  4, 6- Dialkoxy- 2-phenyl- 1- N- (4, 6-di-  
hyd roxy-2 -py r imid iny l ) - l , 2 -d ihydro - sym- t r i az ines  were  obtained by cyclizat ion of these 
compounds with malonic es ter .  

The t ransaminat ion of azomethines with carboxylic acid amidines, which gives 1 ,2 -d ihydro - sym- t r i -  
azines, was previously  studied in [1]. In the present  paper  we descr ibe  the t ransaminat ion  of azomethines 
with O-alkyl isoureas ,  which can be considered to be analogs of amidines.  Instead of the expected dihydro- 
sym- t r i az ines  (I), we obtained 4 , 6 - d i a l k o x y - 2 - a r y l - l - N - a m i d i n o - l , 2 - d i h y d r o - s y m - t r i a z i n e s  ([I). 

OAlk OAlk " I 
] -C6HsNH2 r -NH 3 N~'~' .~ H 

HN=C--NH~ "+ C6HsN=CHAr HN = C - N ~ C H A r  ~.~.  ! / H  
AIkO / "<N//'- Ar 

I 

OAlk 
AIkOC~ N" / ~ , , . . , / C ~  NH 

~Nn~ N ~ ?  ~Nn 2 

OAIk ~__~OH 

�9 2 .2  o .  
CO2C2H5 Ar 

III a -d  

oA, k ,;__{o. 

~v a-d 

HNO 3 

(CH3COOH) 

II--IV a AIk=CHa, Ar=C6tt~; b AIk=CH3, Ar=p-(CHa):NC6H4; c AIk=CH3, 
Ar=p-O2NC6H4; d Mk=C2Hs, Ar=C6Hs; e Alk=C2Hs, Ar=p-(CH3)2NC~H4 

The react ion evidently proceeds  in the same way with acid amidines, but the result ing d ihydro-sym- t r i az ines  
(I) undergo fur ther  react ion as nucleophiles with O-alkyl isoureas  to give TI (Table 1). 

Compounds II a re  color less  crys ta l l ine  substances that a re  unstable in air .  Like amidines, aqueous 
solutions of II give a s trongly alkaline reaction. 

Absorption bands of NH and NH 2 groupings at 3200-3500 and 1550-1590 cm -1, which confirm the presence  
of an amidine grouping, are  observed in the IR spect ra  of 4 , 6 - d i a l k o x y - 2 - a r y l - l - N - a m i d i n o - l , 2 - d i h y d r o - s y m -  
t r iaz ines  II. The same bands are  also present  in the spectrum of benzamidine. 
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