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The p rocesses  of Z,E i somer iza t ion  about the C ~- N bond and re tardat ion of rotat ion about 
the C - N  bond in N-(5-pyr imidyl ) -  and N-(5-pyr idyl ) -acetamidines  were  investigated on the 
basis  of data on the tempera ture  dependence of the PMR spect ra .  The effect of the typ e of 
heteroring,  the volume of the ortho substituents,  and the charac te r  of the solvents on the 
magnitude of the f r e e  energy of activation of Z,E i s o m e r i s m  was analyzed thoroughly. The 
possible mechanisms for the i somer iza t ion  p rocess  are  discussed.  

In an investigation of 6-aminopyrimido[4,5-b] thiazines  and 6-aminopyridothiazines it was observed  that 
the reduct ive desulfurat ion of these compounds gives N- (5-pyrimidyl)-  (I) and N- (5-pyridyl) aeetamidines 
(II) [I]. 

R 
~ . ~  /NH2 

N--C~cH2 R /~'- N~C "/N~2 

~N -'~ -- Cff30~ ~-NJ 

I a - e  i I  

la  R=R'=H; b R=OCHa, R,=H; c R=OCH3, R,=C6Hs;. d R=NH2, R,=li~ 

e R=N(CII3)2, R,=ll 

The s t ruc ture  of the lat ter  compounds was confirmed by the PMR and IR spect ra :  5H~ ~ 7.68-8.24 ppm, 
6CH 3 ~ 1.94-2.01 ppm, 6 NH~ ~ 4.5-4.7 ppm (Table 1, record ing  tempera tu re  above room temperature) ;  
PNH 2 3405-3533 era-to 

A pecul iar i ty  of the PMR spec t ra  of Ia -e  and II is the substantial  t empera ture  dependence of the 
form of the signals.  At high t empera tu res  ( _> + 70~ the signals corresponding to the individual protons 
or  proton-containing groups are  narrow;  as the tempera ture  is lowered, the signals become broader ,  af ter  
which they are  split into doublets (Fig. 1)~ The intensities of the components of the low- tempera ture  doublet 
differ for mos t  of the cases .  Thus the change in the form of the signals in the PMR spec t ra  is apparently 
due to the existence of investigated compounds in two i somer ic  forms,  and this may be associa ted with an 
equilibrium geomet r ica l  i s o m e r i s m  involving the N ~- C bond (A ~ B), tautomeric  t ransformat ions  of the 
imine-amine type, or  rotational i s o m e r i s m  about the C a r - N  single bond (A ~ B). 

The doubling of the signals of the CH 3 groups (Table 2), the NH 2 group (Table 5), and the H 2 proton* 
in the spec t rum of Ia as the tempera ture  is lowered makes it possible to exclude f rom considerat ion ro ta -  
tional i s o m e r i s m  about the C a r - N  bond (A ~ C), inasmuch as such i somers  are identical for it. 

*The A ~H 2 value is 0.09 ppm a t - 3 1  ~ in CDC�89 solution. 
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T A B L E  1. C h e m i c a l  Shifts fo r  I and II (ppm) 

Corn- 6CH~ Or i 6OCH3 
pound t ,  "C 6CH.. I 6H4 6H~ O.t 6N(CH~)~ 

Ib 

l e  
II 

+72 
+74 
+74 

+110  
+ 1O0 
+74 

2,01 
1.95 
3,62 
1.94 
I.,88 
1,97 

8H.~ 8H~ 

8~82 -- 
8,40 
8AI 
8,97 
8,43_ 6~4 

8,24 
- -  7,99 

8,08 
7,91 
7,82 

7S0 7,68 

3~8 
3,97 

,<;6 
3,,89 

6NH.~ Solvent 

4,66 CDCI3 
4,68 CDCI3 
4.50 CDCI3 
--* C~D~N 

* CsDsN 
~.54 CDCla 

*The s igna ls  of the NH 2 p ro tons  a r e  m a s k e d  by  the  s ignals  of  the 
w a t e r  in the so lvent .  

1,95 1,97 1,98 2p03 2,13 '1~ 2t18 1,~8 2,221,91 2,2,; 1~ <~, p p m  

+7.; +54 § *9  0 -11 -15 -33 T,*C 

Fig.  1. Change in the f o r m  of the s ignals  of the CH 3 g roup  

in Ib as the t e m p e r a t u r e  changes  (in CDC13 solut ion) .  

:N.=C/CX3 = /NX2 /C"3  
N N=C\NtI2 

B A C 

f 
c,-" 

D 

These facts also cannot  be explained by tautomerism. First of all, it follows from the IR data that 
the heterylamidines in both the crystalline state and in solution exist only in a single-amine-tautomeric 
form: the intense v s and Vas bands.of NH 2 groups 3405-3425 and 3510-3533 cm -i in CHC13) and the 6 NH 2 
band (1650-1690 em -i both in the crystal state and in solution in CHCI 3) are observed in the spectra. A 
further proof against tautomerism as a reason for the observed effects is the retention of the double set 
of signals of the compounds in CF3COOH (Table 2), in which the compounds should exist only in the form 
of cation D. 

The observed dependence of the form of the signals in the PMR spectra on the temperature is in good 
agreement only with the concept of equilibrium Z,E isomerism (A = B).* It follows from an analysis of 
the Spectra that the maximum difference in the chemical shifts (during doubling of the signals) is observed 
for the CH 3 group (Table 2), NH 2 group (Table 5), and H6, t which is natural for geometrical isomerism. 

The signals of the CH 3 group of the two isomers are observed at 1.88-1.93 and 2.16-2.24 ppm in 
CDCI 3 solution) and at 1.93-2.01 and 2.31-2.32 ppm (in CsD 5 N solution in the PMR spectra of la,b,d,e and 
II (Table 2), and the weak-field signal is always more intense. An examination of molecular models of the 
amidines shows that the pyrimidine or pyridine ring and the amidine residue in the 5 position cannot exist 
in a single plane because of the presence of strong steric hindrance arising between the CH 3 (or NH 2) groups 
of the acetamidine chain and the H 6 and H 4 (or R) hydrogen atoms of the heteroaromatic ring. Elimination 
or weakening of the steric interaction may be achieved through rotation of the aromatic ring about the Car-  
N bond. This should cause an increase in the shielding of the cis-CH 3 group (E isomer) as compared with 
its shielding in the Z isomer, in which the heteroaramatic ring and the methyl group are trans-oriented 
relative to one another. Similar changes will also be observed for the signals of the protons of the NH 2 group 
in the investigated compounds: the cis-NH~ group (Z isomer) should be more shielded than the trans-NH 2 
group (the E isomer). 

*Structure A is the syn isomer (E) and B is the anti isomer (Z). 
t The difference in the chemical shifts for H 6 is 0.05-0.30 ppm for I and If. 
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TABLE 2. Data f rom the PMR Spectra and AG ~ Values for  Z,E Iso-  

mer iza t ion  in I and II 

C o m -  
pound 

Ia 

Ib 

Isomer ~CH~, ppm I% ~ rcoal ~ 

--33 +50 

+20 +36 

+25 +40 

--33 +9 

--35 +28 

--22 +36 

-33 +25 

-31 ~ +33 

--31 >+55 

--37 +65 

+25 >+77 

-3t --9 

lc 

ld 

1r 

Percent- 
age of' 
isomers, 

g 

73 
45 
55 
26 
74 
t7 
8,3 
25 
75 
26 
74 
26 
74 
23 
77 
13 
87 
22 
78 

AG ~, 
kcal/ 

i mole 

16,4 
16.6 
155 
15~9 
16,0 
16,6 
14,1 
14,2 
15,0 
1.5.6 
15,8 
16,8 
15.0 
15,6 
15,5 

Nt6,1 
> 16,6 
>17.9 

17.l 
17.g 

>t7,8 
>1<1 

13,. ~ 
13. c 

Solvent" 

CDCI3 

CsD~\ 

CF3COOH 

CDCI~ 

CsDsN 

CF3COOH 

CDCIa 

CsD~N 

CDCI3 

CsD~N 

CF3COOH 

CDCh 

*This is the t empera tu re  for which the chemical  shifts of the methyl 

groups are  given. 
fThe accuracy  in the determination of the Tcoal and AxG ~r values was 
• 3 ~ and s= 0.15 k c a l / m o l e  - l ,  respec t ive ly .  

16 , I ,[i] 
! .  

'r ]d 

J 
210 2~0 

Fig. 2. 
~o " ~ �9 3~ x. nm 

UV spec t ra  in di- 
oxane; 1) N-(4-methoxy-5-  
pyrimidyl) acetamidine (Ib); 
2) 4-methoxy-  6-aminopy-  
r imido [4,5 -b] -  1,4- thiaz ine 
(III); 37 4 -me thoxy-5 -amino-  
pyrimidine (IV); 4) 4 - m e t h o x y -  
5- amino-6-methyl th iopyr i -  
midine (V). 

Thus the s t rong-f ie ld  signals of the CH 3 group (or of CH 2 in Ic) 
can be assigned to the E i somers ,  and the weak-field signals can be 
assigned to the Z i somers .*  The assignment of the signals will be just  
the opposite for the NH 2 groups.  

It might have been assumed that the higher intensity of the weak- 
field signals of the methyl  groups is associated with the preferableness  
of the Z i somers ,  inasmuch as the NH 2 groups are  smal le r  in volume 
than the CH 3 groups.  This is confirmed by the fact  that when the CH 3 
group is replaced by the more  bullq benzyl group (Ic), the difference 
in the intensities of the signals of the protons  of the benzyl groups of 
the two i somers  increases  (the rat io of thee and Z forms in Ib and Ic 
are  45 :55  and 25 :75 ,  respect ively) .  

The difference in the chemical  shifts of the signals of the methyl 
and benzyl groups in the E and Z i somers  is ~ 0.26-0.32 ppm for the 
investigated compounds. Proceeding  f rom these data and using the 
J o h n s o n - B o v e y  Tables [4] we made art approximate evaluation of the 
angles of rotat ion of the aromat ic  ring relat ive to the plane of the double 
bond of the amidine res idue (the r ing cur ren t s  of the pyrimidine ring 
were  assumed to be equal to those of the benzene ring).  It was found 
that the angle of rotation should be ~ 60-70 ~ Close values of the angle 
of rotat ion were also obtained on the bas is  of the chemical  shifts of the 
NH 2 group. The agreement  between the angles of rotation calculated 
f rom the chemical  shifts of the CH3, CH2C6FIs, and NH 2 groups makes it 
possible to speak of the close values of the r ing cur ren ts  of the py r imi -  
dine and beuzeue r ings .  

*This ass ignment  of the s t rong-f ie ld  methyl  signals to the cis  groups 
is in agreement  with the ass ignment  o f  t h e  s i g n a l s  m a d e  i n  [2 ,  3 ] .  
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TABLE 3. AG ~ 
c o r r  

mole  -1) 

Compound 

Base 
Ia 
Ib 
le 

II 
Salts 

la 
Ib 
le 

Values* for  In, b, e and The i r  Salts and II (in k c a l /  

CDCI3 CsDsN 
16,6 15,9 
14,2 15,6 

>17,2 17,9 
13,9 

16,6 
16,8 

>19,1 

AGcorr 

CDC13 CsDsN 
16,6 15,9 
12,8 14,2 

>15.6 16,3 
t3,4 

16,6 
15,4 

> 17,5 

*The A G c o r r  value is the di f ference in the f ree  energy  of act ivat ion 
without allowance for  the e lec t ron ic  effect  of the OCH 3 or N(CH3) ~ 
groups (the value of the co r rec t ion  was taken f r o m  [3]). 
t The A G ~ v a l u e s  for  the Z i s o m e r s  a re  p resen ted .  

It  is natural  to expect  that an inc rease  in the volume of the ortho 
~ , ~  s subst i tuent  (R) in the he t e ro r i ag  should lead to an inc rease  in the angle 

5 of rota t ion of the a romat i c  r ing re la t ive  to the plane of the N = C bond, 
T which may  lead to an inci 'ease  in the difference in the chemical  shif ts  of 

the methyl  groups of the i s o m e r i c  f o r m s .  In fact ,  ASCH 3 = 5 Z - b E ; 0.28 
2,~ 1,9~ and 0.20 p p m  for  Ia and i ts  sal t ,  r e spec t ive ly ,  while the A5 CH 3 values a re  

0.32 and 0.27 ppm for  Ie and its salt ,  r e spec t ive ly .  A s i m i l a r  i nc rease  in 
the A6 CH 3 values in the spec t r a  of the E and Z i s o m e r s  was p rev ious ly  

. ~  ~ obse rved  in phenyl imines  and ketene aminals  [2, 3]. 

2 When the he t e roa roma t i c  r ing and the amidine s y s t e m  of bonds do 
not fi t  into a single plane, 7r- ~ conjugation between them is disrupted,  

~ and conjugation of the f ree  pa i r  of e lec t rons  of the ni t rogen a tom of the 
amidine s y s t e m  with the ~ e lec t rons  of the pyr imidine  r ing appears ;  this 

Fig.  3. Change in the inten- should be re f l ec ted  in the UV spec t r a .  In fact ,  a compar i son  of the sp ec t r a  
s i ty  of  the s ignals  of the of the amidines  under invest igat ion with the spec t r a  of pyr imidoth iaz ines  
methyl  group in the s pec t r a  III, which are  model  compounds with p lanar  s t ruc tu res ,  and with subst i tuted 
of In: 1) in CDC13 solution; 5 -aminopyr imid ines  IV and V,* in which there  is only p -  r conjugation with 
2) in solution in CDC13 + the amino group, conf i rms  this point of view. 
CD3OD; 3) in the sample  in 

R R R 
sp ec t rum (2)to which m o r e  N~/N____~NH 2 N..~.NH2 N..~NH 2 
CDC13 has been  added; 4) ~N I/[-.s/j [~Nfl "-/-[~N lisc,3 
in CD3OD solution ( recording 
t e m p e r a t u r e  - 33 ~ m iv v 

[|I, IV R=OCH 3, NH2, N(CH3)2 

The UV spec t r a  of the invest igated amidines  I and II differ  apprec iab ly  f rom the spec t r a  of III-V: only one 
b road  absorpt ion band, which is  of low intensi ty  and is  shifted to lower  wavelengths as  compa red  with the 
longwave absorpt ion of the model  compounds (Fig. 2), is  obse rved  in them.  The fact  of the shift  of the ab -  
sorpt ion bands to lower  wavelengths as  com p a red  with the spec t r a  of  the models  can be cons idered  to be  
a conf i rmat ion of deviation of the amidine s y s t e m  f rom the plane of the he teror ing ,  and owing to this,  the 
cons iderab le  weakening of each type of conjugation. 

I t  should be noted that solvents affect  the ra t ios  of the i s o m e r i c  fo rms  of the invest igated a c e t a m i d i -  
nes.  For  I Ia in  CDC�89 solution the ra t io  of the Z and E fo rms  is 58:42 a t - 3 3  ~ and the percen tage  of the E 
i s o m e r  dec rea se s  when CD3OD is added; only 6% of the E i s o m e r  is p r e sen t  in methanol solution. These 
changes in the concentrat ions of the E and Z i s o m e r s  a re  r eve r s ib l e :  when the percen tage  of CDC13 in the 
alcohol is inc reased ,  the concentrat ion of the E fo rm i n c r e a s e s  (Fig. 3). The effect  of pe rdeu t e ro -N ,N-  
d imethyl formamide  on the ra t io  of the E and Z i s o m e r s  is s im i l a r  to the effect  of alcohol.  This pheno- 
menon is apparent ly  assoc ia ted  e i ther  with the high probabi l i ty  Of the format ion  of a s o l v e n t - a m i d i n e  
complex due to hydrogen bonds for the Z i s o mer ,  as compared  with the E i somer ,  or  with the fact  that a 
po la r  so lvent  s tabi l izes  the format ion  of the i s o m e r i c  fo rm with a l a rge  dipole moment .  
. 

Substituted 5 -amino-6-methy l th iopyr imid ines  V were  used for  the evaluation of the effect of sulfur  in the 
pyr imidothiaz ines  on the UV spec t r a .  
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TABLE 4. Dependence of the AG ~ Values  for  
Ia on the P o l a r i t y  of the Solvent  

AG~, k c a l /  
Solvent 

mo le - i  * 

Dioxane 
Chloroform 
~r ridine 

thanol  
Dimethyl formamide  

*The AG e 

2.2 16,8 
4,7 16,6 

12,5 1,5,9 
32,6 14,2 
36.7 I3.7 

values  a r e  given for  the Z i s o m e r s .  

r, ~ 
- ~ ' ~ ' ~ ' ~ .  +25 

o 

- 2 4  

- 3 5  

- 43 

,,,I,,,,I,,,,I .... i,,,,I 

6 5 ~ d, ppm 

Fig.  4. Change in the fo rm of the 
s igna ls  of the pro tons  of the NH 2 
group in the s p e c t r u m  of Ic (in 
CDC13 solution) as the t e m p e r a -  
tu re  changes.  

It is  known [3] that Z,E i s o m e r i z a t i o n  r e l a t i v e  
to the N = C bond for s y s t e m s  s i m i l a r  to those under  
inves t iga t ion  he re  may  p r o c e e d  both v ia  a m e c h a n i s m  
of ro ta t iona l  i s o m e r i z a t i o n  and by means  of i nve r s ion  
of the imine ni t rogen a tom.  It has been shown [3] 
that  h indrance  of the i s o m e r i z a t i o n  p r o c e s s  as  the 
s ize  of the or tho subs t i tuents  i n c r e a s e s  is  c h a r a c -  
t e r i s t i c  for  the ro ta t iona l  mechan i sm,  while Z,E 
i s o m e r i z a t i o n  is  f ac i l i t a t ed  in the case  of an i n v e r -  
sion m e c h a n i s m .  On the other  hand, dependence of the 
the r a t e  of the i s o m e r i z a t i o n  p r o c e s s  on the p o l a r i t y  
of the solvent  is  c h a r a c t e r i s t i c  for  a ro ta t iona l  
m e c h a n i s m  of i s o m e r i z a t i o n  [5]; the more  p o l a r  the 
solvent ,  the more  r ap id ly  the i s o m e r i z a t i o n  p r o -  
ceeds ,  whereas  this  dependence should not ex i s t  
for  the inve r s ion  m e c ha n i s m .  In this  connection,  
we found the f ree  ene rg ie s  of ac t iva t ion  for  the 
i s o m e r i z a t i o n  p r o c e s s  (AG e) as a function of the 
p r e s e n c e  of subst i tuents  in the ortho pos i t ion  of the 
py r imid ine  r ing  and on the po la r i t y  of the so lvent  
(Tables  2-4) .  The AG ~ values  were  ca lcu la ted  f rom 
the fo rmulas  in [6]. 

It follows f rom an examinat ion of the A G ~ 
values  that  the py r id ine  r ing  fac i l i t a t es  Z,E i s o -  
m e r i z a t i o n  as  c o m p a r e d  with the pyr imid ine  r ing  
(AAG a = 3.2 k c a l / m o l e  - i )  (Table 3). 

Ortho subs t i tuents  have a s m a l l e r  effect ,  but one mus t  take into account  the fact  that  i t  is a s s o c i a t e d  
not only with the s t e r i c  effect  but a l so  with the e l ec t ron ic  effect  of the subst i tut ing group.  In o rde r  to i s o -  
la te  the s t e r i c  effect  in pure  fo rm we used  data on the magni tude of the c o n t r ~ u t i o n  of the e lec t ron ic  effect  
to the A G e  value of Z,E i s o m e r i z a t i o n  p r e s e n t e d  by K e s s l e r  and c o - w o r k e r s  [3] for  p - subs t i t u t ed  t e t r a -  
phenylguanidines .  The co r r e spond ing  AAG e va lues  a re  1.6 and 1.4 k c a l / m o l e  -1 for  N(CH3) 2 and OCH 3 g roups ,  
r e spec t ive ly .*  

*It was a s sumed  that  the e l ec t ron i c  effects  of p a r a  and ortho subst i tuents  a r e  equal  in the s y s t e m s  under  
study [31. 

TABLE 5. Chemica l  Shifts of the P ro tons  of the NH 2 Groups and AGr 
Values  for  Rotat ion about the C - N  Bond in I and II 

I Percentage ~G ~, k~M / 
Compound Isomer ~XH:*, ppm Teoal,  *C isomers, % T ~, ~ mo le - I  

5.09 
5.99 
5.30 
5.50 

a25 
6.00 
5.32 
5,70 

4,86 
6,00 

�9 5 . 7 7  
4,95 

5.08 
5.47 

5 , 2 5  
5,78 

--11 

- 3 5  

-11  

--35 

--11 

--35 

--14 

--31 

42 

58 

45 

55 

25 

75 

74 

78 

-33 

-61  

- 3 3  

- 5 8  

- 3 3  

- 6 l  

-31  

-61  

E 
Ia 

Z 

E 
Ib 

Z 

E 
Ic. 

Z 

I e  Z :1: 

II Z:I: 

*In CDC13 solut ion.  

12,5 

12.0 

1%.6 

11,7 

12,4 

l l . 4  

12.8 

1 1 , 8 -  

This  i s  the t emperature  for which the c h e m i c a l  shifts  of the protons 
of the NH 2 group are  g iven.  
~We w e r e  unable to e s t i m a t e  the AG ~ values  for the E i s o m e r s  of Ie 
and 1I. 
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It follows f rom the data in Table 3 that a distinct dependence of the AG ~ value on the size of ortho 
c o r r  

subs t i tuen t sRis  not observed ei ther  for salts Ia, b, e or  for their  bases ,  in cont ras t  to the data in [3]. This 
makes it impossible to unambiguously assign the type of mechanism of the i someriza t ion p rocess  in the in- 
vest igated compounds. 

The dependence of the AG ~ values that we found (Ia) on the dielectr ic  constant of the solvent (c) is 
presented in Table 4. It follows f rom the data that the AG ~ value decreases  as the polari ty of the solvent 
increases ,  and the i someriza t ion at the N ---- C bond proceeds more  readily.  This sor t  of dependence is 
charac te r i s t i c  for rotational isomerizat ion [5]. 

In addition to this, a different mechanism that includes a step involving tautomeric  conversion can 
also be proposed for this c lass  of compounds: 

N~,~ , ,N%c( 'C% ~ \  .~ . , , /  . c% 

N~.N~'.. / N H 2  N/ / '~ '~> /NH ,. %11 
L..~. J CH3 "~'-'' ': l~.~,.~J 'i "C:" (~H3 

According to the IR spect ra l  data presented above, I and II exist  in the amino form.  However, for the 
realization of isomerizat ional  t ransi t ion through a step involving tautomeric  conversion it is sufficient 
to assume the presence  in solution of a relat ively low percentage of the imine forms (in which rotation also 
occurs)  that is not detectable by IR spectroscopy.  

A change in the form of the signals of the NH 2 protons,  which indicates re tardat ion of rotation of the 
NH 2 group about the C - N  single bond, was detected for  the investigated compounds when the tempera ture  was 
lowered to - 6 0  ~ (Fig. 4). The cer tain increase  in the b a r r i e r  to rotation about this bond as compared with the 
C - N  bond of amines is evidently due to the contribution of s t ruc ture  VI to the ground state,  which is natural 
for  amidine sys tems  [7-9] . . . . . . . .  

The differences in the free energ ies  of activation of this p rocess  for both i somer ic  forms of I and II 
are  presented in Table 5. 
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It foUows f rom these data that re tardat ion of rotation is somewhat more  pronounced (the AG ~ values are 
higher) in the E i somers  than in the corresponding Z i somers .  This is in agreement  with the l i tera ture  
data for tetramethylphenylguanidines [3]. 

E X P E R I M E N T A L  M E T H O D  

The PMR spect ra  were recorded  with a JNM 4H-100 spec t rometer  with tetrmmethylsilane as the 
internal s tandard,  The IR spec t ra  were obtained with a Pe rk in -E lmer  457 spec t romete r .  The UV spect ra  
were recorded  with an EPS-3 spectrophotometer .  
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