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Diphenyl- and t r i f luoromethylphenylket imtnes  undergo the D i e l s - A l d e r  react ion with amidtnes 
of benzoic and t r i eh lo ro -  and t r i f luoroace t ic  acids to give d ihydro - sym- t r i az ines  through in ter -  
mediate  azadienes,  The s t ruc tures  of the synthesized compounds were proved by means of their  
IR, PMR, and mass  spectra .  

In [ t ,  2] we established that d ihydro - sym- t r i az ines  are  obtained in the react ion of amidines with 8ehiff 
bases .  It might be assumed that,  by analogy, ketimines should react  with amidines to give d i h y d r o - s y m - t r t -  
azines through intermediate  azadienes,  which undergo cyelizat ion via a [4 + 2] eycloaddition scheme.  

In the present  r e s e a r c h  we studied the react ion of benzoic and t r t eh lo ro -  and t r t f luoroace t ic  acid amidines 
(IIa-d) with diphenyl- and t r i f luoromethylphenylket imines  (Ialb).  Benzoic and t r ich loroace t te  acid amtdines 
(IIa-c) reac t  with ketimtnes [a ,b  to give d ihyd ro - sym- t r t a z tne s  {IIIa-e). 
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[ a R ~ R I = C 6 H h ;  b R=C6H~, R I = C F , ,  II a R2=C6Hh; b R2=4-CHaC~H4; c R2=CCI~; 
d R2=CFa;  III a R = R t = R = = C G H ~ ;  b R = R I = C 6 H h ,  R2=4-CHaC6H4; c t~=~2=C6H5,  
RI=CFa; d R=C6Hh, Rt=CFa, R==4"CHaC6H4; e R=C6H~, RI=CFa, R2=CCla; f R=C6H~. 

R t =R==CFa 

Tr i f luoroace t ic  acid amidine reac t s  with ketimine Ia to give azadiene IV, which does not undergo eycl iza-  
tion to d ihyd ro - sym- t r i az ine  II[. The presence  of two phenyl groups attached to the t e rmina l  C atom and of a 
CF a group attached to the C 2 atom of azadiene IV determines  its conformation,  which hinders eyeloaddition. 

Amidtne IId reac t s  somewhat differently with ketimtne [b - a stable product of addition to the C = N bond 
is formed.  The react ion in this ease stops at this stage because of stabil ization under the influence of e lec t ro -  
negative substi tuents.  Ammonia is split out in the case of heating under severe  conditions, and cyclizat ion 
with the production of salt VI takes place through an azadiene intermediate .  The format ion of ammonium salt 
VI is explained by the fact that under the influence of three acceptor  t r t f luoromethyl  groups d i h y d r o - s y m - t r i -  
azine ItIf is a r a the r  s t rong NH acid. Compound IIIf is l iberated by acidification of a solution of ammonium 
salt VI. 

The s t ruc ture  of III is confirmed in the case of d ihydro - sym- t r i az ine  IIIa, which is identical to the com-  
pound obtained by the method in [3]. Multtplets of protons of a romat ic  r ings at 6.6-8.6 ppm, singlets of methyl 
groups for d ihyd ro - sym- t r i a z ine s  Illb, d (2.3-2.4 ppm), and broad singlets with an intensity of 1H at 9.2-11.4 
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pprn, which vanish when t r i f l u o r o a c e t i c  acid  is added (which makes  it pos s ib l e  to a s s i g n  them to s igna ls  of 
the NH group),  a r e  obse rved  in the PMR s p e c t r a c f  IIIa-f .  

Absorp t ion  bands of NH groups  (3380-3450 crn -1) and of t r i a z i n e  r ing  C = N bonds,  which a r e  found at 
1640-1740 cm - i ,  depending on the subs t i tuents  in the r ing,  a r e  obse rved  in the IR s p e c t r a  of IIIa-f .  The 19F 
NMR s p e c t r a  contain s igna ls  of a C F 3 group in the 2 pos i t ion  (3-5 pprn) and in the 4 and 6 pos i t ions  ( - 2 . 5  ppm).  

A m o l e c u l a r - i o n  peak (M +) with m / z  276 is obse rved  in the m a s s  s p e c t r u m  of azad iene  IV, and two ab -  
sorp t ion  bands of C ---N bonds (1660 and 1550 crn -1) and a band of C F  3 group (1150-1250 crn -I)  a r e  ident if ied in 
the IR spec t rum.  A s inglet  of an NH group with an in tens i ty  of 1H at 9.3 pprn and a rnult iplet  of pro tons  of 
benzene r ings  with an in tens i ty  of 10H cen te red  at 7.5 pprn a r e  p r e s e n t  in the PMR s p e c t r u m .  The lSF NMR 
s p e c t r u m  contains a s inglet  of a C F  3 group (--5.3 pprn). 

A rnult iplet  of protons  of a benzene r ing  with an in tens i ty  of 5H at 7.7 pprn and two broad s ing le t s  with 
an in tens i ty  of 2H at 6.1 and 2.7 pprn a r e  obse rved  in the PMR s p e c t r u m  of V. The s ignal  at 2.7 pprn was a s -  
signed to the NH 2 group at tached to C 4 in analogy with the s ignal  at  2.3 ppm of the NH 2 group of diarninobis  ( t r i -  
f luorornethyl)methane [4].  The s ingle t  at 6.1 pprn can be a s s igned  to the NH z group of the -N=C(CF3)NH2 
f ragmen t ,  s ince  it is shif ted to weak f ie ld  as a consequence of the desh ie ld ing  effect of the C --- N bond. 

The s ignal  at 3.1 pprn in the tSF NMR s p e c t r u m  was a s s igned  to  a C F  3 group a t tached  to  a C ~ N  bond, 
while the s inglet  at  4.4 pprn was as s igned  to a C F 3 group a t tached to a q u a t e r n a r y  carbon a tom.  A complex 
absorp t ion  band of NIt 2 groups at 3300-3420 crn -1 and an intense band of a C = N bond at  1690 crn -1 a r e  obse rved  
in the IR spec t rum of V. 

The data f rom IR s p e c t r a  conf i rm the s t r u c t u r e  of sa l t  VI. The intense band at 1630-1640 crn -1 c o r r e -  
sponds to the v ibra t ions  of an anion that  has a r o m a t i c  c h a r a c t e r  as  a consequence of de loca l i za t ion  of the nega-  
t ive charge .  This so r t  of band is absent  in the  s p e c t r u m  of IIIf, but the s p e c t r u m  does contain an intense ab -  
sorp t ion  band of a C ~ N - C - - - N  f ragment  (1740 cm- t ) .  The s p e c t r a  of IIIf and VI contain NH {3400 crn -1) and 
NH4 + (broad 3400 crn - l)  absorp t ion  bands,  r e s p e c t i v e l y .  

The IR s p e c t r a  of al l  of the compounds that  contain a C F3 group contain an in tense  abso rp t ion  band at 
1200 crn -1. 

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

The PMR s p e c t r a  of the compounds were  r e c o r d e d  with a T e s l a  BS-467C s p e c t r o m e t e r  (60 MHz) at 
25~ with hexarnethyld is i loxane  as  the ex te rna l  s t anda rd .  The igF NMR s p e c t r a  were  r e c o r d e d  with a Tes l a  
BS-487C s p e c t r o m e t e r  (80 MHz) at  25~ with CF3CO2H as  the ex te rna l  s t anda rd .  The IR s p e c t r a  of KBr 
pe l l e t s  of the compounds were  r e c o r d e d  with a UR-20 s p e c t r o m e t e r .  The m a s s  s p e c t r u m  was obtained with 
DS-50 and MS-1302 s p e c t r o m e t e r s  at  i o n i z i n g - e l e c t r o n  ene rg i e s  of 70 and 50 eV. The individual i ty  of the 
compounds obtained was moni to red  by means  of t h i n - l a y e r  ch romatography  (TLC) on Al203 (activity ID in a 
b e n z e n e - m e t h a n o l  s y s t e m  (5:1) with development  by iodine vapors  or  in UV l ight .  

2 , 2 - D i p h e n y l - 4 , 6 - d i a r y l - l , 2 - d i h y d r o - s y m - t r i a z i n e s  (IIIa,b).  A rnixture  of 18 rnrnole of arnidines  IIa, b 
and 18 rnmole of ket irnine Ia was heated at 120~ fo r  50 h, a f t e r  which the e x c e s s  ke t imine  Ia was r emoved  by 
vacuum d i s t i l l a t ion .  The r e s idue  was t r e a t e d  with e ther ,  and IIIa, b we re  r emoved  by f i l t r a t ion  and c r y s t a l l i z e d  
f rom ethanol .  

2 - T r i f l u o r o r n c t h y l - 2 - p h e n y l - 4 , 6 - d i a r y l - l , 2 - d i h y d r o - s y r n - t r i a z i n e s  (IIIc, d). A m i x t u r e  of 10 rnmole of 
arnidines  IIa, b and 10 rnrnole of ketirnine lb was heated at  120~ until ammonia  evolution ceased  (5-6 h). The 
so l id i f ied  m a s s  was f i l t e r ed ,  and the c r y s t a l l i n e  r eac t i on  product  was washed with e the r .  Compounds IHc, d 
were  c r y s t a l l i z e d  f rom cthano] or  benzene.  

2 - T r i f l u o r o r n e t h y l - 2 - p h e n y l - 4 , 6 - b i s ( t r i c h l o r o r n e t h y l ) - l , 2 - d i h y d r o - s y r n - t r i a z i n e  (IIIe). A solut ion of 7 
mrnole of amine  IIc and 7 rnrnole of ket irnine Ib in 4 rnl of dry  ch lo ro fo rm was ref luxed for  5 h, a f t e r  which the 
solvent  and excess  ke t imine  Ib were  r emoved  by vacuum d i s t i l l a t ion .  The r e s i d u e  began to  c r y s t a l l i z e  when it 
was t r i t u r a t e d  with e ther .  

The r e s u l t s  of e l e m e n t a r y  ana ly s i s ,  the mel t ing  points ,  and the y i e lds  a r e  p r e s e n t e d  in Table 1. 

1 , 3 - D i a z a - 2 - t r i f l u o r o r n e t h y l - 4 , 4 - d i p h e n y l - l , 3 - b u t a d i e n e  (IV). A m i x t u r e  of 1.75 g (15 rnrnole) of arnidine 
IId and 2.7 g (15 rnrnole) of ketirnine Ia was hea t -d  at  110~ for  30 h, a f t e r  which it was cooled,  and c r y s t a l l i n e  
IV was washed with heptane and removed  by f i l t r a t i on  to give 3 g (70%) of a product  with rnp 94-95~ ( f rom 
heptane).  Found: C 65.0; H 3.9; F 20.2; N 9.9%. C15HI1F3N 2. Ca lcu la ted :  C 65.2; H 4.0; F 20.6; N 10.1%. 
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TABLE I. D i h y d r o - s y m - t r i a z i n e s  I I Ia-e  

Com- 
pound 

IIIa [31 
IIIb 
IIIc 
IIId 
IIIe 

rap, ~ 

191--192 
212--213 
207--208 
221--222 
114--115 

I Found, % 

C / H F I N  

�9 83,71 5,9 lO,O I 
69,6 4,2 ~,2 11,21 
71,7 4,8 13,8110,5 
3t,6 1,4 12,31 9,2 

Empirical ]. Calculated 

formula C I H t F 

C27H2~N383,869,683'7 I] 5,5 ] -- C~gH25N3 [ 6,0 
C~H,6FaNa 4,2 ~,0 
C~4HeoFaNa 70,7 4,9 I 13,9 
CI2H6C16FaN~ 31,2 1,3 I 12,3 

% Yield, 
% 

N 

10,8 30 
t0,1 34 
11,0 89 
10,3 90 
9,0 35 

TABLE 2. Spectral  C h a r a c t e r i s t i c s  of D i h y d r o - s y m - t r i a z i n e s  g I a - e  

Corn- IR spectrum, cm -1 
pound 

Ilia 
IIIb 
IIIc 
IIId 
III e 

NH 

3400 
3445 
3445 
3450 
:3380 

C=N CF3 

1640 
1650 
1640 1170--1140 
1640 1180--1150 
1680 1210--1160 

PMR spectrum,*ppm 

NH Ar CHs 

9,2 6,6--8,3 
9,5 7,3--8,6 

11,4 7,75--8,25 
9,7 7,1--8,1 .~5 

10,5 7,5 

*In (CD3)2CO (in d6-DMSO in the case of II[b, e). 

I6F NMR spec 
trum,* ppm, 
2-CF~ 

3,0 
4,6 
3,14 

3 - A z a - 2 , 4 - d i a m i n o - l , l , l , 5 , 5 , 5 - h e x a f l u o r o - 4 - p h e n y l - 2 - p e n t e n e  (V). A) A 2.1-g (20 mmole)  sample  of 
amidine IId was added to 3.2 g (20 mmole )  of ket imine Ib, and the solution was heated at 75~ for  4 h. The 
c rys ta l l ine  V was r em oved  by f i l t ra t ion  and washed on the f i l t e r  with heptane go give 4 g (77%) of a product  
with rap 67-68.5~ (from heptane).  Found: C 42.2; H 3.1; F 39.8; N 14.7%. C10HgF6N 3. Calculated:  C 42.1; 
H 3.2; F 39.9; N 14.7%. 

B) Equimolar  amounts  of ke t imine  Ib and amidine IId were  mixed,  and the solution was allowed to stand 
at 20~ After s ev e ra l  days,  the r eac t ion  m a s s  began to c rys t a l l i ze .  Workup gave the product in 75%yield. 

2 , 4 , 6 - T r i s ( t r i f l u o r o m e t h y l ) - 2 - p h e n y l - l , 2 - d i h y d r o - s y m - t r i a z i n e  Ammonium Salt (VI). A 2-g (7 mmole)  
s ample  of V was heated at200~ until ammonia  evolution ceased .  Crys ta l l ine  VI was r emoved  by f i l t ra t ion and 
washed on the f i l t e r  with ch lo ro fo rm to give 1.1 g (84%) of a product  with mp 142-144~ (dec.). The product 
was purif ied by subl imat ion  at 130-140~ Found: C 37.8; H 2.2; F 44.7; N 14.0%. C12H6FgN 3 �9 NH 3. Calcu-  
la ted:  C 37.9; H 2.4; F 44.9; N 14.7%. 

2 ,4 ,6 -T r i s  ( t r i f l u o r o m e t h y l ) - 2 - p h e n y l - l , 2 - d i h y d r o - s y m - t r i a z i n e  (IIIf). A solution of 0.6 g (16 mmole)  
of sa l t  VI was acidif ied to pH 6 with 2 N HC1, and d i h y d r o - s y m - t r i a z i n e  IIIf was ex t rac ted  with e ther  {three 
10-ml port ion) .  The e ther  ex t rac t s  we re  dr ied with calcined magnes ium sulfate,  and the e ther  was r emoved  
by dis t i l la t ion to give 0.5 g (83%} of an oily product  with nap 122-124~ and n~ 1.4262. [R spec t rum:  3390 (NH), 
1740 (C--N) ,  and 1150-1250 cm -1 (CF3). PMR spec t rum in (CD3)2CO: 7.4 (SH, m) and 5.0 (1H, s). 19F NMR 
s p e c t r u m :  5.4 (2-CF~ s) a n d - 2 . 5  (4,6-CF3, s).  Mass s p e c t r u m :  M + 3 6 3 m / z .  Found: C40.1;  H 1.9; F46 .7 ;  
N 11.5%. C12H6F9N 3. Calculated:  C 39.7; H 1.7; F 47.0; N 11.6%. 
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