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Reaction of 1-methyl -3 ,  5-din i t ro-1 ,  2, 4 - t r i azo le  with aliphatic amines resu l t s  in the replacement  of the 
ni t ro group in the 5-posi t ion of the t r iazole  r ing by the amino group. Some react ions of the compounds 
obtained have been investigated. 

Nucleophilic rep lacement  react ions  of the aromatic  ni t ro group by amino, hydroxy, and alkoxy groups have been 
fa i r ly  widely investigated in the benzene se r ies  [2, 3]. In the heteroeycl ic  se r ies ,  this react ion has been investigated 
main ly  in the n i t ropyr id ines  [4-6] and a few other ni t rogeneous heteroeycles  [7]. 

The react ion of n i t ro t r iazo les  with nucleophiles has not, as yet, been investigated, although we had previously  
encountered isolated examples [8] of this type of react ion in the attempted es ter i f ica t ion of 3 -n i t ro -5 -ca rboxy-1 ,  2 , 4 -  
t r iazole  with methanol  in presence  of hydrogen chloride,  and in its react ion with phosphorus pentachloride,  both of 
which react ions  led to the rep lacement  of the ni t ro  group by chlorine.  

This paper  deals with the react ion of 1-methyl-3 ,  5-din i t ro-1 ,  2 ,4 - t r i azo le  (I) with aliphatic amines.  Reaction of 
I with ammonia  and p r i m a r y  and secondary amines  resu l t s  in the facile rep lacement  of one of the ni t ro groups. 

In order  to combine with the l iberated ni t rous acid, an excess of amine was used. Water and dioxane were used 
as solvents.  

Reaction of I with t r ie thylamine  in aqueous dioxane resul ted  in the rep lacement  of the n i t ro  group by hydroxyl, 
giving l - m e t h y l - 3 - n i t r o - 1 ,  2, 4 - t r i a zo l -5 -one  (III): 

~----~N NO2BH ,~x'~. N/No2 
+ HNO 2 

/ \ N  / B/'~.N I O2N 
| I 
C H  3 C H  3 
I 11 a - - f  

Compound III was also obtained as a by-product  in the reac t ion  of I with ammonia.  

Reaction of I with nueleophiles can give two i somers  ( replacement  of the ni t ro  group in the 3- or  5-position).  
Thin layer  chromatography of the reac t ion  products  on a lumina showed the p re sence  of one i somer  only in all cases .  
The pur i ty  of the compounds obtained was also conf i rmed by the i r  sharp mp 's .  In order  to de termine  the posit ion of t h e  
ni t ro group which was replaced,  the products  were converted into compounds of known s t ruc ture .  

Deaminat ion of i ia gave 1 - m e t h y l - 3 - n i t r o - 1 ,  2, 4 - t r i azo le  (IV), showing that rep lacement  of the ni t ro group in I 
occur red  at the 5-position: occurred at the 5-position: 

Nu2 H NO2,, N f~---~-~/NO2 
H2N/ H3P02 ~ 

C H  3 CH s 

The amine Ha was acetylated and diazotized. It is in te res t ing  that the react ion with ni t rous acid in acid solution 
gave not the diazonium sal t  but the stable n i t rosoamine  VI. 

The s t ruc tu re  of the alkylamino compounds l ib and lid was proved by their  convers ion into 1 -me thy l -5 -  
subst i tuted t r iazoles  VIIIb and VIIId: 

*For  par t  II, see [1]. 
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N >NH1 N ~---Ti/NO2 H 2 _ ~-------~ _ ~  

CH 3 CH 3 
lib,el Vllb, d 

N~--~ 1 CH3NH2 N~--~ 

Vlllb,d CH3 IX CH3 

iHCOOH 

N(CH3) 2 * 

- -  l ~ = s - c . ~ / I -  

L c.~ J [\N., J 
b R=CH3, R'=i l ;  dR=R'~CH~ X 

NaNO~ 

,:s%.3Po~ 

The  p r e s e n c e  of the e thy lene  im ine  g roup  in IIf was  c o n f i r m e d  by f i s s i on  of the e thy lene  imine  r ing  by t r e a t m e n t  
wi th  h y d r o c h l o r i c  ac id  to g ive  1 - m e t h y l - 3 - n i t r o - 5 - f l - e h l o r o e t h y l a m i n o - 1 ,  2, 4 - t r i a z o l e  (XI). The p r o p e r t i e s  of the 
t r i a z o l e  d e r i v a t i v e s  a r e  g iven  in the  table .  In a l l  c a s e s ,  the n i t r o  group in the 5 -pos i t i on  of the t r i a z o l e  r ing  was 
r e p l a c e d .  

Our  e x p e r i m e n t a l  r e s u l t s  c o n f i r m  the  i n c r e a s e d  nuc leoph i l i c  r e a c t i v i t y  of the 5 - p o s i t i o n  of  the  1, 2, 4 - t r i a z o l e  
r i n g  which is  ind ica ted  by MO LCAO c a l c u l a t i o n s  [9, 10]. 

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

I - M e t h y l - 3 - n i t r o - 5 - a m i n o - 1 ,  2, 4 - t r i a z o l e  (IIa}. F o u r  g r a m s  (0.023 mole)  of I [1] in 100 m l  of 25% aqueous  
a m m o n i a  was  hea ted  in an a u t o c l a v e  at 70 -80  ~ C fo r  4 hr.  The m i x t u r e  w a s  cooled ,  and the  p roduc t  which s e p a r a t e d  
was  f i l t e r e d  off and washed  wi th  w a t e r .  T h i n - l a y e r  c h r o m a t o g r a p h y  on a lumina  ( so lvent  s y s t e m  d i o x a n e - h e x a n e ,  
2 : 3) ind ica ted  the  h o m o g e n e i t y  of the compound.  

1 - M e t h y l - 3 - n i t r o - 5 - a c e t a m i d o - 1 ,  2, 4 - t r i a z o l e  (V). One g r a m  (0.007 mole} of a m i n e  IIa was hea ted  in 15 ml  of 
a c e t i c  anhydr ide  fo r  4 hr ,  and the  m i x t u r e  c o n c e n t r a t e d  in vacuo unt i l  c r y s t a l l i z a t i o n  began,  when benzene  was added 
and the  m i x t u r e  f i l t e r e d .  

1 - M e t h y l - 3 - n i t r o - 5 - n i t r o s o a m i n o - 1 ,  2, 4 - t r i a z o l e  (VI). To 1.2 g (0.0085 mole)  of amine  Ita in 25 ml  of 10% 
H2SO 4 at 0 ~ C was  added d r o p w i s e  a so lu t ion  of 0.65 g of sod ium n i t r i t e  in 10 m l  of wa te r .  The m i x t u r e  was  s t i r r e d  
fo r  30 rain,  the  p r e c i p i t a t e  f i l t e r e d  off, and the so l id  washed  wi th  w a t e r  and d r i e d  in a v a c u u m  d e s i c c a t o r .  The 
compound  exh ib i ted  ac id i c  p r o p e r t i e s ,  and g a v e  a p o s i t i v e  L i e b e r m a n n  r e a c t i o n ,  showing  the p r e s e n c e  of an N-  
n i t r o s o  group .  

D e a m i n a t i o n  of IIa. To 70 m l  of conc H2SO 4 was added in s m a l l  po r t i ons  with s t i r r i n g  and coo l ing  (0 ~ C) 3 g of 
s o d i u m  n i t r i t e ,  fo l lowed by the  d r o p w i s e  addi t ion  of a so lu t ion  of 29 g of sod ium hypophosphi te  in 50 ml  of 30% H2SO 4 . 
To this  m i x t u r e  was  added a s u s p e n s i o n  of 3 g (0.021 mole)  of a m i n e  IIa in 200 ml  of g l ac i a l  a ce t i c  acid.  A f t e r  24 h r  
at  0 ~ C, the m i x t u r e  was p o u r e d  onto. i ce  and e x t r a c t e d  with ethyl  ace ta t e .  The e x t r a c t  was washed  with  w a t e r  and 
sod ium c a r b o n a t e  so lu t ion ,  and d r i e d  o v e r  c a l c i u m  ch lo r ide .  The  so lven t  was r e m o v e d ,  and the  r e s i d u e  r e c r y s t a l l i z e d  
f r o m  e thanol ,  g iv ing  0.5 g (22%), mp  62-63  ~ C. The  compound was  iden t i ca l  in i ts  p r o p e r t i e s  (rap, m i x e d  rap, IR 
s p e c t r u m ,  Rf) wi th  1 - m e t h y l - 3 - n i t r o - 1 ,  2, 4 - t r i a z o l e  (IV) [1]. 

1 - M e t h y l - 3 - n i t r o - 5 - m e t h y l a m i n o - 1 ,  2 , 4 - t r i a z o l e  (IIb). To i g (0.0115 mole)  of I in 25 ml  of d ioxane  at 20 ~ C 
was added 3.6 m l  of a 20% aqueous  so lu t ion  of m e t h y l  amine .  A f t e r  hea t ing  fo r  1 hr  at 75 -80  ~ C, the  m i x t u r e  was  
coo led ,  and the r e a c t i o n  p r o d u c t  which  s e p a r a t e d  was  f i l t e r e d  off. A f u r t h e r  quant i ty  of p r o d u c t  was obta ined  by 
c o n c e n t r a t i n g  the  f i l t r a t e .  T h i n - l a y e r  c h r o m a t o g r a p h y  on a l u m i n a  ( so lven t  s y s t e m  d i o x a n e - h e x a n e ,  3 : 2) showed that  
the compound  was homogeneous .  

:The amino  compounds  IIc,  d, e and g w e r e  obta ined  s i m i l a r l y  to IIb, by r e a c t i o n  of the c o r r e s p o n d i n g  a m i n e s  
with I in aqueous  d ioxane .  

1 - M e t h y l - 3 - n i t r o - 5 - e t h y l e n e i m i n o - 1 ,  2, 4 - t r i a z o l e  (IIf). To so lu t ion  of 2.4 g (0.0139 mole)  of I in 30 m l  of 
d ioxane  was added d r o p w i s e  1.7 ml  of e thy lene  imine .  The t e m p e r a t u r e  of the  m i x t u r e  r o s e  to 4 0 - 4 5  ~ C, and gas  was 
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1, 2 ,  4 - T r i a z o l e s  

t 

Com- 
pound R' 

IIa NO= 

l ib  NO2 

Ilc NO2 

l id  NO= 

l ie  NO2 

I I f  NO2 

IIg NO2 

V NO~ 

VI NO2 

VIIh NHe 

VIId NH~ 

VflIb* H 

VIIId* H 

XI NO~ 

NH~ 

NHCHs 

NH-CH=CH 

N(CHs)2 

N(C2H~)2 

N<i 

�9 
NHCOCHs 

NHNO 

NHCHa 

N (HC~) 2 

Mp, ~ 
(solvent 
for cryst- 

allization) v NO~ 

tR spectra [ 11 ], cm "I 
v fo~ r amino groups [ 

/ 
r 

Valency ~ "~ "~ / Other 
vibrations ~ ~ ~ ] 

254-256 1510 
Ethanol 1320 

207-208 1520 
Ethanol 1310 

68-69 1533 
(ether-hexane, 1313 

2 : 1, at -70 ~ i l 
155o[ 109 (Ethanol) 1315 I 

47.S-48 1560 [ 
(ether-light 1315 

petroleum, 
-70 ~ C) 

(Ethanol) 

120.5-121.5 t553 
(carbon 1315 

tetrachloride- 
heptane, 1 : 3) 

172-173 1330 
(Ethanol) 1313 

78 (Ethanol) t570 
1320 

170 (isopropanof- - -  
light petroleum, 
S : I )  

136.5 (light 
petroleum- 
chloroform, 
S: 1) 

NHCHa 211-21:~ 
I (Ethanol) 

N(CHa)2 lS2-153 

ethanol, 6 : 1) 

NHCH~CH2Clil30 (Ethanol) 

3445; 
3300--3180 

3420 

3240--3380 

3300; 3180 

3320; 3180 

3290 1 5 4 0  
1315 

1660 

1600 

t570 1644--1650 
(C=C) 

- -  1600 (not 
assigned) 

1795 
( c = o )  

1450; i085 
( - N = O )  

166o;I 
156o 

1640; - -  
1580 

7~0 (C--El) 

Molecular formula 

C~H~N~O~ 

C4HvN~O~ 

CsHgNsO~ 

CsHoNaO2 

CTHI~NsO2 

CsHvN~O2 " 

CsHIaN~O~ 

Found 

C,%H,% N,% M 

, I 

Calculated 

C,%H,% N,% M 

I ) 

140 25.15 349 4890 143 

4.47 44.65' 
159 30 50 4,92 38,24 157 

193 39_33 183 
i 

171 

199 

185 CsHTNsO~ 

C3H4Nr 

C4H~Ns 

C~H~tN5 

172 

127 

141 

169 

211 

C4HsN4"C~HaNsO7 

CsHIoNi'CsHsNsO7 

CsHsCtNsO~** 

*Pierate, 
**Found,%: CI 17.16. Calculated,%: Cl 17.35. 
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evolved. After  1 hr, the mix ture  was f i l tered,  the dioxane removed, and the res idue crys ta l l ized  from ethanol. 

1 -Me thy l -3 -amino -5 -me thy lamino -1 ,  2, 4 - t r i azo le  (VIIb). A 3.7 g (0.0236 mole) amount of the methylamino 
compound IIb, dissolved in 200 ml  of ethanol, was placed in a hydrogenation flask with 1.5 g of catalyst  (palladium on 
charcoal). Ai r  was displaced f rom the f lask with carbon dioxide gas, and hydrogen was introduced from a gasometer  
while the f lask was shaken continuously. When uptake of hydrogen had ceased, the solution was fi l tered,  the alcohol 
removed, and the res idue  crys ta l l ized  f rom i sopropanol - l igh t  pe t ro leum (5 : 1). 

1 -Methy l -3 -amtno-5 -d ime thy lamino-1 ,  2, 4 - t r iazo le  (VIId) was obtained in a s i m i l a r  way to VIlb. 

1 -Methy l -5 -methy lamino-1 ,  2, 4 - t r l azo le  (VIIIb) picrate .  A) To a solution of 2 g (0.0158 mote) of 1 -me thy l -3 -  
a m i n o - 5 - m e t h y l - a m i n o - 1 ,  2, 4 - t r iazo le  (VIIb), 8.35 g of sodium hypophosphite, and 9.8 ml  of eonc H~SO 4 in 40 ml  of 
water  was added at room tempera tu re  2.4 g of sodium ni t r i t e  in 6 ml of water. The mix ture  was kept for 30 min  at 
20" C, 1 hr at 40 ~ C, and allowed to stand overnight.  The acid was neutra l ized with NaOH solution, the mixture  
evaporated to dryness  on the water  bath, the res idue dried and extracted with diehloroethane. The solvent was 
removed,  and the res idue  was dissolved in 20 ml  of isopropanol .  The solution was t reated with a solution of 3.2 g of 
p ic r ic  acid in isopropanol.  The p ic ra te  of VIIIb which separated was f i l tered off, washed with benzene and dried to 
give 2 g (37.3%), mp 211-212 ~ C (from ethane1). 

B) To a solution of 1.28 g (0.01 mole) of 1 -me thy l -5 -n i t ro -1 ,  2 ,4 - t r i azo le  (IX) [12] in 15 ml of dioxane was added 
25 ml  of 25% aqueous methyl amine.  The mix ture  was heated for 10 hr at 70-75 ~ C, kept overnight,  the dioxane 
evaporated,  the res idue  evaporated with isopropanol {to remove  water),  and dried in a vacuum desiccator .  The 
res idue was dissolved in 15 ml  of isopropanol,  and a solution of 2.66 g of p i c r i e  acid in fsopropanol was added. The 
p ic ra t e  which separa ted  was f i l tered off to give 1.65 g (48.5%), mp 211-212 ~ C (from ethanol). The ma te r i a l  gave no 
depress ion  of mp on admixture  with the product obtained by method (A), and was identical with it  by e lemental  
composi t ion and IR spectrum.  

1-Methyl -5-d imethylamtno-1 ,  2, 4 - t r i azo le  (VIIId) p icra te .  A) Obtained s i m i l a r l y  to VIIIb f rom i - m e t h y l - 3 -  
a m i n o - 5 - d i m e t h y l a m i n o - l ,  2 ,4 - t r i azo le  (VIId) (method a), mp 152-153 ~ C (from benzene-e thano l ,  6: 1). 

B) (a) S-Methyl-N, N-dimethyl i so th iourea  hydriodide (X). 13.1 g (0.14 mole) of N, N-dimethyl th iourea  [13] was 
boiled in 75 ml  of absolute ethanol with 24 ml of methyl iodide for 2 hr, the alcohol removed in vacuo, and the 
res idue  c rys ta l l i zed  from a mix tu re  of ether and alcohol, giving 27.5 g (89%), mp 97-98 ~ C. Found, %i N 11.09; 
mol ~ 249. Calculated for Cr HI, %: Iq 11.38; reel wt 246. 

(b) 1, 1, 3 -Tr ime thy l -3 -aminoguan id ine  hydriodide and 1 -methy l -5 -d imethy lamino-1 ,  2, 4 - t r iazo le  (VIIId) picrate .  
27 g (0.115 mole) of X and 5.6 g of methylhydrazine  were  boiled in 100 ml  of absolute ethanol for 16 hr, and the 
alcohol removed in vacuo. The resu l t ing  1, 1, 3 - t r ime thy l -3 -aminoguan id ine  hydriodide was used without fur ther  
pur i f ica t ion for the cyclization.  The sal t  (5.2 g) and 5.6 ml  of 88% formic  acid were heated for 40 hr at 105-110 ~ C. 
The mix ture  was then evaporated on the water  bath, the res idue  dissolved in hot isopropanol,  and a hot solution of 5 
g of p ic r ic  acid in isopropanol added. The p icra te  of VIIId which separated on cooling was rec rys ta l l i zed  from 
benzene-e thanol  (6: 1) to give 6 g (79%), mp 152-153 ~ C. The compound was identical (rap, mixed rap, IR spectrum) 
with the compound prepared  by method (A). 

1 -Methyl -3-n t t ro -5- f~-eh loroe thy lamlno-1 ,  2, 4 - t r iazo le  (XI). A 0.3 g (0.00178 mole) amount of IIf Was dissolved 
in 5 ml  of dioxane, and 1 ml of conc H2SO a added. After 1 hr, the solvent was removed,  and the res idue  crys ta l l ized  

from ethanol. 

1 - M e t h y l - 3 - n i t r o - l , 2 , 4 - t r i a z o l - 5 - o n e  (IH). A) To a solut ion of 1 g ( 0 . 0 0 5 8 m o l e ) o f I i n l 0 m l  of aqueous dioxanewas 
added 0.9 ml of t r ie thylamine,  and the mix tu re  heated at 75-80 ~ C for 4 hr. The dioxane was removed, and the 
res idue  t reated with 25 ml  of cold (0 ~ C) H2SO 4. The c rys ta l s  which separated were f i l tered off and washed with cold 
water ,  mp 229 ~ C (decomp.,  f rom ethanol) (this compound was obtained [14] after this paper  had gone to press) .  Yield 
0.4 g (48%). Found, %: C 24.80; H 2.87; N 38.94; molwt  148. Calculated for C3H4NaO 3, %: C 25.00; H 2.78; N 38.90; 
molwt  144. IR spec t rum,  cm-i :  1690--1710 (C~O group); 1550, 1360-1340 (nitro group) [11]. 

B) The f i l t ra te  after  isolat ion of the amine IIa, obtained by react ion of I with aqueous ammonia,  was 
evaporated to dryness ,  t reated with 5% HzSO 4, and the resu l t ing  precipi ta te  f i l tered off, mp 229 ~ C (decomp., from 
ethanol). The compound was identical (rap, IR spectrum,  analysis)  with the compound obtained by method (A). 
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Chromatography  was c a r r i e d  out on thin l a y e r s  of "chromatography"  g rade  alumina.  No b inder  was used. The 
solvent  s y s t e m s  were  d ioxsne -hexane (2 : 3) and a c e t o n e - h e p t a n e  {1 : 1). The c h r o m a t o g r a m s  were  v i sua l i zed  in UV 
light (Brumberg  u l t r achemiscope ) .  

IR Spec t ra  were  r e c o r d e d  on a UR-10 ins t rument ,  as f i lms  o r  as vase l ine  oil suspens ions .  
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