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

The m a s s  s p e c t r a  of the invest igated compounds were  obtained with an MKh-1303 s p e c t r o m e t e r  with a 
s y s t e m  for  d i rec t  introduction of the s am p l e s  at an ionizing energy of 50 V and an emiss ion  cur ren t  of 1.5 ~A 
at t e m p e r a t u r e s  20-40 ~ below the mel t ing  points of the subs tances .  The h igh- reso lu t ion  m a s s  spec t rum of I 
was obtained with a JEOL JMS-01-SG-2 m a s s  s p e c t r o m e t e r .  The IR spec t r a  of the compounds were  recorded  
with an IKS-22 s p e c t r o m e t e r .  The UV s p e c t r a  were  recorded  with the Specord UV-vis  spec t rophotomete  r. 
Po la rograph ic  reduct ion was c a r r i e d  out under  the conditions descr ibed  in [4]. 
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The react ion  of ~ - ace t amido -p -n i t roace tophenone  with benzenediazonium sa l t s  gave N l - a r y l - N  3- 
a c e t y l - p - n i t r o b e n z a m i d r a z o n e s ,  which a re  cycl ized to 5 - m e t h y l - l - a r y l - 3 - ( p - n i t r o b e n z o y l ) - l , 2 , 4 -  
t r i azo les .  The l a t t e r  a r e  quaternized  at the n i t rogen a tom in the 4 posit ion. 

o~-Acetamido-p-ni t roaeetophenone (I) is used as an in te rmedia te  in the synthes is  of levomycet in  [1]. 
Lit t le  study has been devoted to its chemica l  p rope r t i e s ;  in pa r t i cu la r ,  its reac t ions  at the act ive  methylene 
group have not been invest igated.  

In the p re sen t  r e s e a r c h  we studied the reac t ion  of I with arenediazonium sal ts  and showed that the 
products  a re  N l - a ry l -N3-ace ty l -p -benzamid razones  (i-I}. In the case  of e l ec t ron-donor  subst i tuents  in the 
benzenediazonium sa l t s  the yie lds  of II a r e  close to quanti tat ive,  whereas  in the case  of e l e c t ron -accep to r  
subst i tuents  (chloro and n i t ro  groups) one obs e rve s  the format ion  of a complex mix tu re  of products ,  f rom 
which we were  able to isolate ,  in addition to the amidrazone ,  a side p r o d u c t -  1 ,5 -b i s (p-ch lorophenyl ) -3-  
a ce t amido fo rmazan  (VI I I ) -  in the case  of p -ch lorobenzenediazonium chloride.  

Compound II (Table 1} has the p r o p e r t i e s  of po lymorph i sm and phototropy.  The UV spec t r a  of Ha-h  con- 
tain absorp t ion  m a x i m a  at 230-270 and 380-400 nm. Charac te r i s t i c  bands at 1580-1620 (C = N), 1670 and 1630 
(C = O), and 3280-3340 cm -1 (NH) a re  obse rved  in the IR spec t r a ,  and this conf i rms  the i r  hydrazone s t ruc tu re  
[2]. 
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T A B L E  1. N I - A r y l - N ~ - a c e t y l - p - n i t r o b e n z a m i d r a z o n e s  II  

N eale., Yield, 
Compound mp, *C N found, % Empirical formula % % 

lla 
l ib 
llc 
lid 
II .e  
IIf 

159 
168--170 
165--166 
163--164 
165--166 
166--168 
240--242 
166--167 

17,2 
16,4 
16,4 
16,4 
15,7 
15,4 
18,8 
15,9 

C,sH~,N~O, 
CIrH~6N,O4 
C~rHt6N~O~ 
C,~Ht6N40~ 
C~H,~N~O~ 
C,6HtzCIN40~* 
C~HtzNsO~ 
ClsH18N404 

17,1 
t6,4 
16,4 
16,4 
15,7 
15,5 
18,9 
15,8 

84 
82 

100 
71 
80 
58 
60 

100 

* F o u n d :  C 53.4;  H 3.7;  C1 9.3%. C a l c u l a t e d :  C 53 .2 ;  H 3.6;  C1 9.7g~. 

T A B L E  2. 5 - M e t h y l - l - a r y l - 3 - ( p - n i t r o b e n z o y l ) - l , 2 , 4 - t r i a z o l e s  I I I  

Com- 
pound 

IIIa 
IIIb 
IIIe 
Illd 
l l Ie  
l l l f  

rap, *C Found, % 

172 62,3 
133--134 63,5 

115 63,5 
142--143 63,3 

127 60,0 
151 53,4 

1 3 4 - - 1 3 5  - -  

180--181 

3,6 
4,3 
4,2 
4,3 
4,0 
3,7 

Empirical Calc., % 
C H N formula 

18,2 C18Hz~N~O~ 
17,1 C~7H~N~O~ 
17,5 CI7HI~N40 ~ 
17,2 CITHI4N~O~ 
16,6 C~TH~N~O~ 
15,4 C~6H,~CIN~O~ 
19.9 C,~HnN~O~ 
16,5 C~HteN~O~ 

62,4 3,9 
63,4 4,3 
63,4 4,3 
63,4 4,3 
60.3 / 4~61 
53,2 

18,2 
17,4 
17,4 
17,4 
16,6 
J5,5 
t9,8 
16,5 

Yield, 
$o 

100 
99 
98 

100 
98 
60 
98 
99 

T A B L E  3. 5 - M e t h y l - l - a r y l - 3 - ( p - n i t r o b e n z o y l ) - l , 2 , 4 - t r i a z o l i u m  
I - I y d r o c h l o r i d e s  

I [ Yield, Corn- rap, *C CI found, Fznpirical formula C1 cale., % 
pound % % 

IVa 
IVb 
IVe 
IVd 

156--157 l 10,1 179--180 9,8 
167--169 9,3 
151--152 10,8 

CI~H~zCIN~Oz 
CIzHt~CIN4Oz 
CI7HI~CIN,O4 
CIsHlrCIN403 

I 
10,3 [ 73 
9,9 } 84 
9,5 100 

10.9 48 

CH3CON H CH2COC6H4NO2-p RCaH4NHN ~N. 
CH3CONHCCOC~H~NOz- p + CN HGOGH~ 

eC6U,~.NC q / NNXC6H4R RC6M~N=N/ 
II a-h VIII 

- ~  
II a,c-g i .e4. ~ 

N_..~-C/COC6H'~NOz'p KoCO a H~--C/COC6H4NO2"p 

/C~N~N CH~/C~N/N CI- c.  n3 I 
C~H,kR C6H4R 

III a-h Iva-d 

II. (CH~)zSO4 
~2, KI 

CH:~.~ + /COC~ H,~NO~'P CH3\~ c/COC6H4NO:~ "p 
t[ ,'I " 11 f/ 

C HZ/C,..N~ N /C~.N~N I- (CH~)2NC6H4 CH~CH [ 
I- C6H4R C6~'R 

VI VII 

1I I l Ia  R=H; b I?=o-Ci%; c R=m-CH3; d t~=p-CH~.; e R=p-CH30; f R=p-C1; g R= 
='p-NO.o;h R=2,4(CH~.)2; tVa R= ; b R=p-CH~; c R=p-CH30; d R=2,4(CH3)2; 

�9 VIII R=p-CI 
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When I I a , c -g  a re  heated in alcohol or  dioxane they spli t  out a molecule  of wa te r  and a r e  readi ly  converted 
to the p rev ious ly  undescr ibed  5 - m e t h y l - l - a r y l - 3 - ( p - n i t r o b e n z o y l ) - l , 2 , 4 - t r i a z o l e s  (Table 2): However,  Ilb,h 
undergo cycl izat ion only in the p r e s e n c e  of a lkal ines  or  acids; this  is due to the s t e r i c  hindrance crea ted  by 
the subst i tuents  in the ortho posi t ion of the cor responding  amidrazone  molecule ,  as seen f rom Stuar t -Br ieg leb  
models .  T r e a t m e n t  of I Ia ,d ,e ,h  with thionyl chlor ide in benzene gave, instead of the expected imidoyl  chlorides,  
5 - m e t h y l - l - a r y l - 3 -  (p -n i t robenzoyl ) - l ,2 ,4 - t r i azo l ium hydrochlor ides  (Table 3), which were  conver ted  to bases  
IVa-d.  

The UV s p e c t r a  of I l Ia -h  contain one absorpt ion  m a x i m u m  at 270-275 nm (log e 4.05-4.29); this is 
cha r ac t e r i s t i c  for  t r i azo le  de r iva t ives  [3]. The IR spec t r a  of the t r i azo les  do not contain bands of the s t r e t ch-  
ing v ibra t ions  of an NH bond at 3280-3240 cm -1, and there  is only one band at 1670 cm -1 in the region of c a r b -  
onyl group absorpt ion.  Bands at 1400-1450 and 1100-1150 cm -1 a re  cha r ac t e r i s t i c  for  the v ibra t ions  of the 
t r iazo le  r ing [4]. 

It is well  known that 1 ,3 ,5 - t r ime thy l - subs t i tu ted  t r i a z o l e s  a r e  methylated in the 4 posit ion by methyl  
iodide [5]. We have es tabl ished that methyla t ion  of 5 -me thy l - l - pheny l -3 - (p -n i t r obenzoy l ) - l , 2 , 4 - t r i a zo l e  with 
dimethyl  sulfate yields V, which f o r m s  the cor responding  iodide VI when it is t r ea ted  with po tass ium iodide. 
P r o o f  for  the fo rmat ion  of this product  is provided by the introduction of a methyl  group in the 5 posi t ion on 
condensation with p-d imethylaminobenza ldehyde  to give VII. 

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

The IR s p e c t r a  of KBr pe l le t s  of the compounds were  recorded  with a UR-10 s p e c t r o m e t e r .  The UV 
s p e c t r a  of 3.6 �9 10 -5 M alcohol solut ions of the compounds were  m e a s u r e d  with an SF-4 spec t rophotomete r .  

N 1- (p-Chlorophenyl)-N3-acetyl-p - n i t robenzamidrazone  (]If). An equivalent amount  of p -ch lo robenzene -  
diazonium chlor ide,  obtained by the usual  method,  was added slowly at 0 ~ to a solution of 0.03 mole  of p -  
ace tamido-p-n i t roace tophenone  and 25 g of sodium aceta te  in 75 ml of a mix tu re  of pyridine and wa te r  (1 : 2), 
and the mix tu re  was s t i r r ed  for  2 h. The p rec ip i t a te  was removed  by f i l t ra t ion,  washed with water ,  dilute 
HC1, and water ,  and dried.  Reerys ta l l i za t ion  f rom ch loroform gave b r igh t -o range  c ry s t a l s  with a meta l l i c  
lus te r .  Compounds I Ia -e ,g ,h  we re  obtained by  a s i m i l a r  method.  

1 ,5 -B i s (p -ch lo ropheny l ) -3 - ace t amido fo rmazan  (VIII). The ch loroform mothe r  l iquor f rom the c rys t a l -  
l izat ion of IIf  was ch romatographed  on A1203 [elution with c h l o r o f o r m - a l c o h o l  (50:1)], and the second zone was 
collected and worked up to give orange c r y s t a l s  with mp 195 ~ Found C 51.6; H 3.8; C1 20.1; N 20.4%. CtsH13- 
C12N~O. Calculated:  C 51.4; H 3.7; C120.2; N 20.2%. 

5 - M e t h y l - l - p h e n y l - 3 - ( p - n i t r o b e n z o y l ) - l , 2 , 4 - t r i a z o l e  (IIIa). A 0 .01-mole  sample  of I Ia  was refluxed in 
20 ml  of dioxane for  30-45 min,  and the resu l t ing  solution was cooled to give a p rec ip i t a te  of co lo r l e s s  c r y s t -  
a ls .  The yield was quanti tat ive.  Compounds I I I c -g  were  obtained under  s i m i l a r  conditions. The cycl izat ion of 
IIb,h to IIIb,h was c a r r i e d  out for  I h in the p r e s e n c e  of a few drops  of H2SO 4. 

5 - M e t h y l - l - p h e n y l - 3 ( p - n i t r o b e n z o y l ) - l , 2 , 4 - t r i a z o l i u m  Hydrochloride(IVa).  A 25-mmole  sample  of 
f r e sh ly  dist i l led thionyl chlor ide  was added to 5 mmole  of IIa  in 15 ml  of benzene,  and the mix tu re  was refluxed 
for  35-40 rain. The benzene was then removed  by dist i l lat ion,  and the res idue  was c rys ta l l i zed  f rom acetone 
to give IVa in 73% yield. Compounds IVb-d were  s imi l a r ly  obtained. T r e a t m e n t  of IVa-d with aqueous NaHCO 3 
solution gave the f r ee  bases ,  which did not dep re s s  the mel t ing  points of IIIa,d,e,h.  

4 , 5 - D i m e t h y l - l - p h e n y l - 3 - ( p - n i t r o b e n z o y l ) - l , 2 , 4 - t r i a z o l i u m  Metasulfate  (V). A 1-g  (3 mmole)  sample  of 
IIIa was mixed with 3.7 g (21 mmole)  of d imethyl  sulfate,  during which the mix tu re  heated up marked ly ,  and an 
oily product  fo rmed.  To comple te  the react ion,  the mix tu re  was heated on a wa te r  bath for  1 h. The oily prod-  
uct was t r i tu ra ted  throughly with benzene,  washed with absolute e ther ,  and dr ied to give co lo r l e s s  c ry s t a l s  of 
V, with mp 65 ~ in 70% yield. Found: N 12.2; S 7.6%. C18HIsN4OTS. Calculated: N 12.9; S 7.4%. 

4 , 5 - D i m e t h y l - l - p h e n y l - 3 - ( p - n i t r o b e n z o y l ) - l , 2 , 4 - t r i a z o l i u m  Iodide (VI). This  compound was obtained by 
an exchange reac t ion  of V with a sa tu ra ted  aqueous solution of po ta s s ium iodide. The yield was quanti tat ive.  
The product  had mp 170 ~ (from water) .  Found: I 28.0; N 12.4%. CI?HI5IN403. Calculated: I 28.2; N 12,4%. 

4 - M e t h y l - l - p h e n y l - 3 -  (p-n i t robenzoyl ) -5-  (p -d ime thy laminos ty ry l ) - l , 2 ,4 - t r i a zo l ium Iodide (VII). A mix -  
ture  of 5 mmole  of VI, 5 mmole  of p -d imethylaminobenza ldehyde ,  5 mmole  of dry  t r ie thylamine ,  and 5 ml  of 
acet ic  anhydride was heated until  the p rec ip i t a ted  t r i azo l ium iodide vanished (3.5-4 h), and the oily product  
was separa ted  and washed repea ted ly  with w a t e r  until it was neutra l .  The product  was t r i tu ra ted  for  a long 
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t ime with water,  as a result  of which light-brown crystals with a metallic lus ter  and mp 140-142 ~ [from 
aqueous alcohol (1:10)] formed. Found: C 55.4; H 4.5%. C20H~IINsO 3. Calculated: C 54.7; H 4.1%. UV spec- 
trum, ~max: 265 (340 rim). 

1. 

2 .  

3. 
4. 
5. 

L I T E R A T U R E  C I T E D  

Principal Trends in the Research of the S. Ordzhonikidze All-Union Scientific-Research Pharmaceutical-  
Chemistry Institute (Review of the Actix(ity from 1920 to 19575 [in Russian), Moscow (1959), pp. 341. 
Yu. 1 a. Kitaev and B. I. Buzykln, Hydrazones [in Russian], Nauka, Moscow (19745. 
R. Elderfield, (editor), Heterocyclic Compounds, Vol. 7, Wiley. 
W. Ottig, Ber. ,  89, 2887 (1956). 
K. T. Potts, Chem. Rev., 61, 112 (19615. 

Q U A N T U M - C H E M I C A L  A N A L Y S I S  OF THE T A U T O M E R I S I M  OF 

1 , 2 , 4 - T R I A Z O L E  AND ITS  AM INO AND D I A M I N O  D E R I V A T I V E S  

V. y .  M a k a r s k i i ,  V. A. Z u b k o v ,  
V.  A. L o p y r e v ,  and  M. G. V o r o n k o v  

UDC 547.792.3:541.67'623 

Calculation of the dipole moments and heats of formation for 1,2,4-triazole confirmed that it 
exists pr imari ly in the unsymmetrical  form, while similar  calculations for 3-amino- and 3,5- 
diamtno--1,2,4-triazoles showed that the amino tautomers with a hydrogen atom attached to the 
N - N  bond are the prefer red  forms. 

Despite the relatively large number of publications devoted to the tautomerism of 1,2,4-triazole (I), 
3-amino-l ,2 ,4- t r iazole  (II), and 3,5-diamino-l ,2,4-tr iazole (III), it is not completely clear  which of the possible 
tautomerie forms of these compounds are actually realized. This is part icularly true for the amino and di- 
amino derivatives of 1,2,4-traiazole. This problem was studied in the present research by the methods of 
quantum chemistry. 

X-ray diffraction analysis of 1,2,4-triazole (I) provides evidence [1, 2] that in the crystalline phase, of 
the two possible tautomeric forms, planar unsymmetrical  form IA is realized. Dipole moments ranging from 
2.7 to 3.27 D have been obtained [3-5] for 1,2,4-triazole. The quantum-chemically calculated [5] dipole moment 
for IA is 3.07 D and is close to the experimental value. For solutions of 1,2,4-triazole in hexamethylphosphoric 
tr iamide, both the NMR data [6] and the method of fixed structures [7] provide evidence that form IA predom- 
inates. 

H 

IS IA 

The situation is less definite for amino derivatives II and III (there are five tautomeric forms with amino 
and imino structures;  see below). The research  involving the establishment of the structure of triazole II is 
of qualitative character  and indicates the high probability of an amino structure ffIA-S) [8, 9]. An amino- imino 
form (IIIC or n '~)  has been proposed for guanazole III from the UV spectra [10]. It was later  proposed that it 
has a diamino structure 0IIE) [11]. Infrared spectroscopy of guanazole before and after deuteration of the 
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