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The UV, IR, and PMR s pec t r a  of N - m e t h y l - 2 - a r y l i m i n o l a c t a m s  and the i r  sa l t s  we re  ex-  
amined.  The ionization constants  of the invest igated amid ines  in aqueous alcohol depend 
subs tant ia l ly  on the ring s ize  (the bas ic i t i es  fal l  in the o r d e r  6 > 7 > 5). On the bas i s  of 
the co r r e l a t i on  dependences of the pK a values  of the amid ines  and the Hammet t  ~ con-  
s tants  it is shown that  the 7r e lec t rons  of the benzene ring a r e  conjugated bo th  with the 
C = N  bond and with the p e lec t rons  of the exocycl ic  n i t rogen a tom.  The angles of rota t ion 
of the benzene r ing with r e s p e c t  to the C = N  bond w e r e  calculated.  

The a im of the p re sen t  r e s e a r c h  was to study the phys icochemica l  p r o p e r t i e s  of 1 - m e t h y l - 2 - a r y l i m i -  
nopyrro l id ines  (Ia-e),  p iper id ines  (IIa-e),  and hexahydroazepines  (IIIa-i) (Table 1), which were  synthes ized  
by r eac t ion  of l ac tam ace ta l s  [2] with a rom a t i c  amines .  

CH a 

I - I I I  

l--Ill n=l- -3 ;  a R=p-OCH~; b R=p-CHa; c R=H: d R=p-CI; eR=n-NO2; f R= 
=p-COOC2Hs; g R =p-COCHa; h R =m-NO2; i R =m-F; j R=p-SO2NH~ 

The c h a r a c t e r  of the UV s p e c t r a  of amidines  I - I I I  depends substant ia l ly  both on the type of subst i tuent  
in the benzene r ing and on the s ize  of the sa tu ra ted  ni t rogen he te ror ing  (Figs. 1 and 2). Moreover ,  the 
s p e c t r a  of II and III a r e  s i m i l a r  to one another  and dif fer  subs tant ia l ly  f r o m  the spec t r a  of amidines  I of 
the pyr ro l id ine  s e r i e s  (these d i f fe rences  become s m a l l e r  when e l e c t r o n - a c c e p t o r  subst i tuents  a r e  present) .  
S imi lar ly ,  the absorp t ion  bands of the C = N  bonds in the IR s p e c t r a  of amidines  1I and III lie at 1600-1612 
cm -1, while for  the analogous I compounds these  bands a r e  shifted apprec iab ly  to the h igh- f requency  r e -  
gion (1630-1640 cm-1).  Di f fe rences  in the IR and UV spec t r a  of f i v e - m e m b e r e d  r ings of this so r t  a r e  a lso  
c h a r a c t e r i s t i c  for  the cor responding  l ac t ams  [3] and a r e  probably  due to pa r t i a l  weakening of the ,,amidine" 
(or amide) conjugation in the pyr ro l idone  de r iva t ives .  A ce r t a in  shift  of the absorp t ion  m a x i m u m  to the 
shor twave  region on pass ing f r o m  dioxane to protogenic solvents  is obse rved  in the UV spec t r a  of amidines  
I - I I I  (see Fig.  3), while the s p e c t r a  in aqueous solut ions,  fo r  example ,  fo r  Ia, IIa, and IIIa, p rac t i ca l ly  coin-  
cide comple te ly  with the s p e c t r a  of these  compounds in 0.1 N HC1. The indicated changes in the spec t r a  
a r e  apparen t ly  a s soc ia t ed  with ionization of the compounds.  In fact ,  according  to the pK a data (see below) 
and the pH values  of the solut ions,  these  amidines  a r e  p rac t i ca l ly  comple te ly  ionized in 50% alcohol (the 
degree  of ionization is 98-99%). 

* See [1] for  communica t ion  X]]. 
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UV spectra of N-methyl-2-aryliminopi- 
peridines (IIa-e) in dioxane. 
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Fig. 2. UV spectra of N-methyl-2 - (4-methoxyphenyl)pyrrolidine 
(Ia), -piperidine (IIa), and -hexahydroazepine (IIIa) in dioxane. 

Fig. 3. UV spectra of IIa in various solvents: 1) dioxane; 2) 0.1 N 
NaOH; 3) 0.1 N ttC1; 4) alcohol; 5) 90% alcohol. 

It is known [4-6] that amidines are  protonated at the imine nitrogen atom to give a cation (A) that is 
stabilized by resonance (in contrast to thermodynamically less stable cation B). 

H I / \  
R R R H 

k B ' 

Comparison of the IR and PMR spectra of amidines I-III and their salts indicates that in our case a 
proton also adds to the exocyclic nitrogen atom. Thus, in agreement with the results obtained in [4], a 
shift of the absorption of the C:N group of 25-40 cm -i (which is characteristic for the development of a 

+ 
C=N group) is observed in the IR spectra on passing from amidines Id, lid, and IIId to their hydrochlorides. 
As one should have expected, a weak-field shift of the signals of all of the protons is observed in the PMR 
spectra of the salts of these amidines as compared with the free bases. If it is assumed that structure B 
with a localized positive charge on the cyclic nitrogen atom is realized during protonation, the weak-field 
shift of the signals of the protons of the N-CH3 and N-CH 2 groups should be considerably greater than the 
shift of the signals of the ortho protons of the substituted amidine ring. In fact (see Table 2), the A6 values 

of the signals of these groups are close to one another, and in the case of amidines H and III the weak-field 
shift of the signals of the ortho protons of the benzene ring even exceeds the analogous shifts of the signals 
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TABLE i .  

Coif l  

pound 

Ib 
Ic 
Id 
Ie 

lib 
llc 
IId 
l le  

l l Ie  

tttf 
IIIg 

Ill h 
l l l i* 

.i 
IIlj t .  i 

N- Methyl  -2 - a  r yl  im i n o l a c t a m s  
, ,,,, 

! k ]mp (crys-: 
,[, ~.eac. i '  

emp... Itallization Empirical 
o C t i m e  l . riD?~ .+ ' Isolvent3 or formula 

In- [bp (am) 

60 l 
20 
6o 
60 1,5 

50 1.5 
50 1,5 
40 
60 1 

i 
i 20  l 
i 
i 60 3 
J 6O 3 
I 

F 
I 

35 5 
20 3 

20 2 
I 

Feuad,% i Calc.n% 

[ 
i c H N C H ] N .,~ 

j 
I 

120--121 (3) 1,5794 CI2HI6N2 
117--118 (4) 1,5850 CuHI4N2 
140--141 (3) 1,5991 CuHmN2CI 
(~Ox/le) IC HI3N30, 

1134--135 (5) i 1,5758 C13H~sN2 
i 144--t45 (5) 1 5875iCI~H[+N2 
!153--154 (4) I 1,5966 CI2H sN2C1 
'72--73 C12H15N302 
(hexane) 
107--109 
(heptane) 
198--200 (3) 
190--192 (3) 
101--102 
(petroleum 
ether) 
194--195 (l) 

1177,0--177,5 
(acetone) 
939--240 
(alcohol) 

CIaHITNaO2 

CtaH22N20~ 
CIsH2oN20 

I C13HI7NaO2 
! CIaHITN2F- HC1 

, Ct3HIgN302 

76,6 8,5 
75,9 8,2 
i63,4 62 
!60,4 6,0 19,2 

77,3 9 0 
76,6 816 

] 64,8 6,8 
61,8 6,5 

63,2 58 16.8 

7O I 18'21' IO 3 
7313 8:5 I1:3 

63.2 i 7,0 16,8 
6019 7,1 It,2 

55,4 6,8 15,2 
J I J 

76,6 8,51 60 
75,8 8,1 40 
63,3 6,2 45 
60,3 5,9 19,2 82 

6,7 

77,2 8,9 75 
76,6 8,5 82 
64,7 80 
61,8 6.4 i 87 

100 63,2 6,8 17.0 

70l 1801 I0,2 91 
738 8121 11,5 86 !!  

i17,0 63,2 ] 6,91 86 
60,8 7,0t 10.9 76 

55,5 6,8~ 15,0 54 

1 J 

* T h e s e  d a t a  a r e  f o r  the  h y d r o c h l o r i d e .  F o u n d ,  %: 
l a t e d ,  %: F 7.4,:i 
t F o u n d ,  %: S 11 .2 .  C a l c u l a t e d ,  %: S 11 .4 .  

7 .5 .  C a l c u -  

T A B L E  2.  
m d  a n d  T h e i r  H y d r o c h l o r i d e s  

Compound 

Id 
Id. HCI 
IId 

IId-HCI 
IIId 

IIld. HCI 

D a t a  f r o m  t h e  P M R  S p e c t r a  of  A m i d i n e s  Id,  I Id,  and  

A& 6CH:_N,  A6, 
ppm ppm ppm 

0,57 3,35 0,47 
3.82 

0,7 3,22 0,33 
3,55 

0,72 3.35 0,38 
3,73 

60 for aryl 
ring protons, 
;ppm 

6,75 
7,32 
6,63 
7,33 
6,60 
7,32 

6('H3--N' I A6, ppm ppm ---; _ 

2,93 0,6 
3,53 ! 
2,97 ] 0,63 
3,6 : 
327 ! 3.63 i 0'56 

63 CH2, 
ppm 

2,35 
2.93 
2,2 
2.47 

I 2,38 
p 2,72 

2p m 

0,58 

0,27 

0,34 

T A B L E  3 .  P K a  V a l u e s  (50% E t h a n o l )  f o r  t -  
M e t h y l - 2 - a r y l i m i n o p y r r o l i d i n e s  ( I ) , - p i p e r -  
i d i n e s  (II), a n d  - h e x a h y d r o a z e p i n e s  (HI} 

H 
p-CH3 
p-OCH3 
p-C1 
p-NO= 
m-NO2 
m-F 
p-COOEr 
p-COCH~ 

R n=3  I n=2 n= 1 

8,91 
9,44 
9,61 
8,12 
6,31 
6,90 
7,89 
7,44 
7,21 

9,28 
9,61 
9,86 
8,69 
6,96 

8,73 
9,13 
9,23 
8,12 
6,41 

of  t he  p r o t o n s  of  t h e  N - - C H  3 and  N - C H  2 g r o u p s ;  t h i s  i s  in  a g r e e m e n t  w i t h  t he  t y p e  A r e p r e s e n t a t i o n  of  t h e  
s t r u c t u r e  of  t h e  c a t i o n .  

T h e  e l e c t r o n i c  i n t e r a c t i o n  of  s u b s t i t u e n t s  w i t h  t h e  p r o t o n a t i o n  c e n t e r  w a s  i n v e s t i g a t e d  b y  a s t u d y  of 
t h e  c o r r e l a t i o n  d e p e n d e n c e  of  t h e  i o n i z a t i o n  c o n s t a n t s  of  t he  i n v e s t i g a t e d  a m i d i n e s  ( T a b l e  3) w i t h  H a m m e t t  

c o n s t a n t s .  T h e  c o r r e l a t i o n  o f  t he  pKa v a l u e s  o f  I I I a - d ,  h,  i ,  w h i c h  do  no t  h a v e  s u b s t i t U e r i t s  t h a t  a r e  c a -  
p a b l e  o f  d i r e c t  p o l a r  c o n j u g a t i o n ,  w i t h  t h e  ~r c o n s t a n t s  i s  e x p r e s s e d  b y  the  e q u a t i o n  

pK a = 8 .88- '2860 (},0.998, S o 0.076). (1) 
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Fig. 4. Dependence of the pK a values 
of N-methyl-2 - a ry l im inohexahydroaz e-  
pines (IIIa-i) on the ~ constants.  

As seen f rom Fig. 4, points corresponding to amidines 
I I Ie -g  do not fit the line of this dependence, and the basic i t ies  
of these amidines a re  lower than the values calculated f rom 
Eq~ (1). This indicates the existence of a contribution of d i -  
r ec t  polar  conjugation to the interaction between the e lec t ron-  
acceptor  substituents (p-NO2, p-COCH 3, and p-COOC2H 5) and 
the p electrons of the exoeyclic ni t rogen,  which is the r e a c -  
tion center .  On the other  hand, when ~- constants are  used 
for the indicated substituents,  the corresponding points proved 
to lie above the line corresponding to Eq. (1) (Fig. 4), i .e. ,  the 
effect  of d i rec t  po lar  conjugation is rea l ized  only part ial ly.  
Consequently, the phenyl r ing in the investigated amidines 
does not lie i n the  plane of the C~N bond but r a the r  is turned 
at a cer ta in  angle in such a manner  that its ~r e lectrons are  
s imultaneously in conjugation with both the ~r e lectrons of the 
C~N bond and the p electrons of the nitrogen atom. Similar  

rotat ion of the benzene ring was previously observed in an investigation of azomethines (for example,  see 
[7, 8])~ It also follows f rom construct ion of molecular  models (Dreiding and S tua r t -Br i eg leb )  that the 
p resence  of a benzene ring in the place of the C : N  bond leads to pronounced s te r ic  interact ions,  and t r a n -  
soid orientat ion of the aryl  r ing with respec t  to the N-CI-I  3 group is mos t  probable.  The data obtained 
f rom the cor re la t ion  make it possible to calculate Cref f for the p-NO2, p-COOC2Hs, and p-COCH 3 groups,  
and the equation [9] 

Cos 2 0 = c~.ff. - o 
O - - - G  

was used to calculate the angles of ro ta t ion of the phenyl r ing, which proved to be 60, 6t ,  and 63 ~ respec-  
t i ve ly .  Inasmuch as this angle is pract ica l ly  independent of the e lec t ron-accep tor  s trength of the substi tu-  
ents, it might be assumed that this sor t  of rotat ion of the a ry l  ring is also charac te r i s t i c  for  other  a m i -  
dines of the hexahydroazepine ser ies .  

A s imi la r  calculation for  the pyrrol idine and piperidinc amidines (disregarding the points fo r  p-ni t ro 
der ivat ives  Ie and He) leads to the equation pK a = 8.68 - 2.3cr (r 0.99, S O 0.077) and pK a = 9.24 - 2.3~ 
(r 0.99, S o 0.037), respect ively.  The angles of rotat ion (0), which proved to be 49 ~ for  Ie and 50 ~ for IIe, 
were  calculated f rom these equations and formula  (2). 

It should be noted that an attempt to obtain amidine Illj, which contains a sulfamido group in the para 

position, was unsuccessful. Just as in the reaction of lactim ethers with sulfanilamide [i0], the reaction in 

this case took place at the sulfamido group to give 'an acylamidine (IV): 

C H  a 

IV 

Evidence in favor  of the sulfanilamide s t ruc ture  of IV is its markedly  depressed  basici ty  as compared  with 
the basici t ies  of amidines III (for IV, pK a < 2). The above direct ion of the react ion is understandable if one 
takes into account the fact  that the 1-methyl -2-a lkoxy-7H,3,4 ,5 ,6-hexahydroazepinium cation and the a l -  
koxide anion [11], which s t r ips  a proton f rom the sulfanilamide group, a re  in equilibrium with the aceta ls  
in solution. The react ion then proceeds at the anionic SO2NH- center.  

As seen f rom Table 3, the basicit ies of the investigated amidines depend on the ring size. P iper i -  
dine derivat ives  II have the highest pK a values; this is due to the high stabilization of cation A in s ix-  
membered  amidines,  as was previously shown [3] in a compar i son  of the basici t ies  of butyro- ,  va lero- ,  and 
capro lac tams.  

EXPERIMENTAL 

The IR spect ra  of mineral-oi l  suspensions and CHC13 solutions of the compounds were  r ecorded  with 
a P e r k i n - E l m e r  457 spec t romete r .  The UV spect ra  of solutions of the compounds in dioxane, 95% hex- 
ane -5% dioxane, alcohol, aqueous alcohol mixtures ,  and aqueous and alcoholic 0.1 N HC1 and 0.1 N NaOH 
were  r ecorded  with an  EPS-3 spect rophotometer .  The PMR spect ra  were  r ecorded  with a JNM-4H-100 
spec t rome te r  with te t ramethyls i lane  as the internal standard.  The basici ty constants were  calculated f rom 
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the cu rves  of po ten t iomet r ic  t i t ra t ion  of 0.001 M solutions of the subs tances  in 50% (by volume) ethanol [12]. 
The pH values  were  m e a s u r e d  with a PHM-26 p H - m e t e r  with g l a s s  (G 222B) and ca lomel  e l ec t rodes  (Ra- 
d iomete r ,  Denmark) .  A tota l  of two to th ree  t i t r a t ions  were  made  fo r  each compound, and eight to nine 
constants  we re  examined in the region of 15-85% neutral izat ion.  The s tandard  e r r o r  in the de te rmina t ion  
of the bas ic i ty  constants  did not exceed 0.05 pK a units. 

1 -Methy l -2 - (p - to lu idy l imino)pyr ro l idone  (Ib). A 4.5-g (26 mmole)  sample  of N-methy lpyr ro l idone  di-  
e thylaceta l  was  added to 2.7 g (26 mmole)  of p- toluidine in 20 mI of d ry  ch loroform,  and the mix tu re  was 
s t i r r e d  a t  60 ~ for  1 h. The solvent  was then evapora ted ,  and the res idue  was dist i l led.  The yield of a m i -  
dine Ib with bp 120-121 ~ (3 ram) was 2.9 g (60%). "Compounds Ib-e ,  I Ib-e ,  and I I Ie- i  (see Table  1) we re  s i m -  
i l a r ly  synthes ized  f r o m  the app rop r i a t e  ace ta l s .  Compounds Ia, IIa, and I I Ia-d  were  p rev ious ly  descr ibed .  
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