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On the bas i s  of t h e r e s u l t s o f P M R  and m a s s  spec t r a  it has been shown that  the pyr id iny l -  
ethylat ion at the indole ni t rogen a tom of t e t r a h y d r o - y - c a r b o l i n e s  in the protonated fo rm 
gives r i se  to c h a r g e - t r a n s f e r  c o m p l e x e s .  The UV s p e c t r a  of the t e t r a h y d r o - y - c a r b o l i n e s  
and the i r  pyr idinyle thyla ted analogs have been invest igated.  

In view of the p romis ing  nature  of the use in medicine as ant ihis tamine agents of the 9- [2 - ( 2 - m e t h y l -  
p y r i d i n - 5 - y l ) e t h y l ] - l , 2 , 3 , 4 - t e t r a h y d r o - y - c a r b o l i n e s  and the i r  b road  spec t rum of physiological  action [1,2], 
it appeared  of i n t e re s t  to study their  fine s t ruc tu re  by spec t r a l  means ,  as this could throw light on the 
mechan i sm of the i r  biological  act ion.  

The p r e se nce  in a single s y s t e m  of the e lec t ron-donat ing  indole s y s t e m  and the e l ec t ron -accep t ing  
pyridine s y s t e m  pe rmi t t ed  a suggest ion of the poss ib i l i ty  of thei r  interact ion through space in the manner  
of a c h a r g e - t r a n s f e r  complex (C TC).  It  was found that a n e c e s s a r y  condition for  the appearance  of such 
in terac t ion  is the protonat ion of the molecule ,  leading to an enhancement  of the accep tor  p r o p e r t i e s  of the 
pyr idine nucleus .  
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Fig.  1. PMR s p e c t r u m  of (IIlb): a) in c a r -  
bon disulfide ; b) in t r i f luoroace t ic  acid; c) 
in deu te ro t r i f luoroace t ic  acid.  
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I, II, l l l  a R = H ; b  R=CI t3 ;C R=OCH3;d  R=Br III a - d  

In actual  fact ,  while in the PMR spec t rum of (IIIb) 
in carbon disulfide solution the a romat i c  protons of the 
benzene and pyridine r ings give an unreso lved  mult iplet  
in the 6 7.2-7.6-ppm region [the s ignals  of the benzene 
protons of the model  s t ruc tu re  (IIb) lie in the same  region] 
and the chemica l  shift  of the s - p r o t o n  of the pyridine r ing 
is 8.6 ppm, in t r i f luoroace t ic  acid the spec t rum of (IIIb) 
changes sharp ly  (Fig. 1). In place of the unreso lved  
a romat i c  mult iplet ,  a c l e a r  pa t te rn  of all the a romat i c  
protons of both the benzene and the pyridine r ings  appea r s .  
The signals  of the a romat i c  protons  of the benzene r ing 
fo rm a doublet with 6 6.2 ppm (8-H J87 = 8 Hz), a quar te t  
at 6.8 ppm (7-H, J78 = 8 Hz, J75 = 2 Hz) and a broadened  
(through me ta  coupling) s inglet  in the 7.0-ppm region (5-H). 
While for  the model  s t ruc tu re  (IIb) passage  f rom carbon 
disulfide to t r i f luoroace t ic  acid causes  no shift  in the s ig -  
nals of the benzene protons,  for  s t ruc tu re  (IIIb) it b e -  
comes  e x t r e m e l y  cons iderable  for the 7-H and 8-H 
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protons ,  amounting to A5 0.2 and 0.8 ppm, r e spec t ive ly .  A. doublet at 7.5 ppm co r r e sponds  to the fi proton 
of the protonated pyridine ring (J~B = 8 Hz), and a quar te t  with 6 7.9 ppm to the u proton (J~ = 8 Hz, 
J 7 ~  = 2 Hz).  However ,  the s igna l 'o f  the ~ -py r id ine  proton is located in anomalous ly  s t rong ' f i e lds  (7.8 ppm, 
quartet) ,  while for  the model  s t ruc tu re  of 5 -e thy l -2 -me thy lpyr id ine  (in t r i f luoroace t ic  acid) it  appea r s  at 
9.3 ppm. F u r t h e r m o r e ,  in addition to the coupling of the ~ proton with the y proton of the pyridine nucleus 

\ +  
(J = 2 Hz) the spli t t ing of the ~ - H  signal  on the proton at / / N - - H  of the pyridine r ing is observed,  which 

shows a r e t a rded  exchange of the N - H  proton under  these condit ions.  The PMR spec t rum in deu t e ro t r i -  
f luoroacet ic  acid comple t e ly  con f i rms  the ass ignment  of the signal of the ~ -py r id ine  proton that we have 
made ,  this proton giving a broadened  s ingle t  in this c a se .  Thus,  on the bas i s  of what has been said above, 
it may  be a s sumed  that  in teract ion of the CTC type main ly  a f fec ts  the 8-H and ~ - H  protons ,  since the 
chemica l  shifts  of these protons  in t r i f luoroace t ic  acid undergo the g r e a t e s t  change as compa red  with the 
spec t rum in an aprot ic  so lvent .  

The hypothesis  of the exis tence  of a CTC is conf i rmed  by an invest igat ion of the t e m p e r a t u r e  depend-  
ence of the PMR s p e c t r u m  of (IIIb) in t r i f luoroace t i c  acid.  As was to be expected,  ra i s ing  the t e m p e r a t u r e  
( f rom 20 to 50~ leading to a weakening of the complex ,  causes  a downfield shif t  of the ~ - H  signal  (A6 
0,2 ppm).  Lowering the t e m p e r a t u r e  leads to the comple te  r e s to ra t ion  of the s p e c t r u m .  

Since the mo lecu l a r  ion fo rmed  on e lec t ron  impac t  (in a m a s s  spec t rome te r )  is the prototype of the 
protonated molecule ,  we studied the m a s s - s p e c t r a l  behavior  of compounds (IIIa-d).  

If the predominant  conformat ion in these compounds was that  in which the pyridine nucleus l ies above 
the indole nucleus and a CTC exis t s ,  it is to be expected that this conformat ion will be p r e s e r v e d  in the 
molecu la r  ion, and the s tabi l i ty  of this ion (WM) should r i se  with an inc rease  in the e lec t ron-donat ing  
p rope r t i e s  of the a romat i c  ring of indole. 

We have shown prev ious ly  [3] that in the s e r i e s  of compounds (IIa-d) the s tabi l i ty  of the molecu la r  
ion fal ls ,  i .e. ,  the introduction of any subst i tuent  into the benzene ring leads to the appearance  of additional 
f ragmenta t ion  pathways and to a dec rea se  in the value of W M. 

It can be seen f rom Table 1, which gives the m a s s  spec t r a  of compounds (IIIa-d) that in this sequence 
of compounds the s tabi l i ty  of the molecu la r  ion does not fall but r i s e s  sha rp ly  on pass ing f rom (IIIa) (W M 
12.3) to (IIIb-d), and while for (IIIc) and (IIId) the s tabi l i ty  i n c r e a s e s  [as c o m p a r e d  with (IIIa)] by 35~ (tel .) ,  
the introduction of a methyl  group into the benzene nucleus leads to a vise in the s tabi l i ty  of the molecu la r  
ion by 55%. The reduced value of W M for (IIIc) as compa red  with (IIIb) is explained by the l a r g e r  number  
of decomposi t ion pathways in the case  of the methoxy group.  

Thus, the fea tures  of the PMR s pec t r a  have found good conf i rmat ion by an invest igat ion of m a s s  
s p e c t r a .  

r ~ ~ c . 2  1 -c.3~.3~-c.2 ~'~T-Tlfc"- ~ 
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TABLE 1. M a s s  S p e c t r a  of the T e t r a h y d r o - y - c a r b o l i n e s  

- -  Intensity, % 'of maximum ion * hate mity, % of maximum ion * 

role I I I a 

81 5,8 
83 11,6 
84 
85 9,3 
95 5,3 
97 10,6 

I l l  5,8 
119  6,0 
120 16,6 
121 
1 2 8  9,3 
129 14,6 
143 35,9 
1 4 4  9,6 
154 
155 5,3 
156 90,0 
157 11,1 
158 
161 
170 
171 
172 
183 5,8 
186 
187 
1 9 7  6,8 
199 10,~ 
213 
221 
222 

�9 223 
224 

llIb 

'2,6 
8,7 

t )o ,o  l 
[3,4 1 

[3,4 

I I I C  

9,0 
12,0 
5,0 

7,0 
10,0 
6,0 
5,1 
7,0 

l 1 ,0 

9,0 

34,0 

100,0 
7,0 

iHd 

14,7 
59,0 

7,7 

14,6 
27,0 
5,1 

88,3 
5,8 

86,1 
5,4 

m/e I l i a  [ I I I  b I l l  C l l I  d 

229 
234 
235 
236 
237 
238 
246 
261 
262 
263 
276 
277 
279 
290 
292 
304 
305 
306 
318 
319 
320 
334 
335 
336 
34O 
341 
342 
343 
382 
383 
384 
385 
387 

M 
m 

m 

7,3 

5,0 
6,3 

5,0 

7,0 
,4,0 
4,0 

12,3 

5,1 

36,3 
8,1 

35,0 
57,8 
12,0 

19,1 

9,0  

- -  1 0 0 , 0  
7,68 
95,6 

~,0 --6'7 

5,7 

5,1 

8,0 

34,0 

40,0 
96,0 
14,0 
--  26,6 
- -  5,7 
--  25,9 
- -  5,4 
- -  39,0 
--  72,2 
--  48,6 
--  66,3 
- -  7,7 

16,7 I6,7 

* The t ab le  i nc ludes  the ions  having  i n t e n s i t i e s  g r e a t e r  than 5 . 0 ~ .  

The f u r t h e r  d e c o m p o s i t i o n  of the m o l e c u l a r  ions  of compounds  ( I I Ia-d)  i s  shown in the s c h e m e  and 
i n c l u d e s  the  two m a i n  c h a r a c t e r i s t i c  t y p e s  of p r i m a r y  d i s s o c i a t i v e  i on i za t i on :  in  the f i r s t  p l a c e ,  f r a g -  
m e n t a t i o n  of the "y  -c  a r b o l i n e  type"  [3], i . e . ,  the r e t r o d i e n e  d e c o m p o s i t i o n  of the t e t r a h y d r o - y - c a r b o l i n e  
n u c l e u s  wi th  the s p l i t t i n g  out  of  the n e u t r a l  f r a g m e n t  CH 2 ~ N - C H  3 (43 amu} (the ion r  and,  in the  s e c o n d  
p l a c e ,  the "fl d e c o m p o s i t i o n "  of the p y r i d i n y l e t h y l  r e s i d u e  tha t  is  o b s e r v e d  in a l l  s y s t e m s  con ta in ing  a ~ - 
a l k y l p y r i d i n y l  g r o u p i n g  [4, 5], l e a d i n g  to  the f o r m a t i o n  of  the ion r (M - 106). In th i s  p r o c e s s ,  the i n -  
t e n s i t y  of the ion r e x c e e d s  the i n t e n s i t y  of the ion r  The ion r then d e c o m p o s e s  by two r o u t e s .  The 
m a i n  rou te  is  t ha t  of the "/3 d e c o m p o s i t i o n "  of the p y r i d i n y l e t h y l  cha in ,  l e a d ing  to the  m a x i m u m  ion 4)3, o r ,  
u n d e r g o i n g  a r e a r r a n g e m e n t  of the M c L a f f e r t y  t ype ,  the  ion r  l o s e s  a m o l e c u l e  of  2 - m e t h y l - 5 - v i n y i -  
p y r i d i n e ,  g iv ing  the s e c o n d  m o s t  i n t ense  ion r  The ion r can a l s o  be f o r m e d  f r o m  the ion r  

The o n e - s t a g e  n a t u r e  of the p r o c e s s e s  of the f o r m a t i o n  of the ions  r  r  and r is  c o n f i r m e d  b y  the 

c o r r e s p o n d i n g  m e t a s t a b l e  p e a k s .  

I t  is  e a s y  to s ee  tha t  in the m a s s  s p e c t r a  of compounds  (IHa-d) bo th  the p r e s e n c e  of the  p y r i d i n y l -  
e thy l  c h a i n  and of the  t e t r a h y d r o - ~ - c a r b o l i n e  r i ng  is  c l e a r l y  shown.  

C o n f i r m a t i o n  of  the e x i s t e n c e  of a C TC b y  m e a n s  of e l e c t r o n  s p e c t r o s c o p y  is a s s o c i a t e d  wi th  t e c h -  
n i c a l  d i f f i c u l t i e s .  The p r o t o n a t e d  c o m p o u n d  i s  i n s o l u b l e  in n o n p o l a r  s o l v e n t s ,  and p o l a r  s o l v e n t s  d e c o m -  
pose  the c o m p l e x  c o m p l e t e l y .  H o w e v e r ,  s o m e  qua l i t a t i ve  c o n f i r m a t i o n  can  be ob ta ined  b y  c o m p a r i n g  the 
UV s p e c t r a  of the h y d r o c h l o r i d e  of (lib) and  of the d i h y d r o c h l o r i d e  (IIlb) in the s o l i d  s t a t e .  In a c t u a l  fac t ,  
in the s p e c t r u m  of  the  l a t t e r  a c o n s i d e r a b l e  i n c r e a s e  in the i n t e n s i t y  of the  a b s o r p t i o n  c u r v e  can be  s e e n ,  
p a r t i c u l a r l y  in the l o n g - w a v e  r e g i o n .  

S ince  t h e r e  is  p r a c t i c a l l y  no i n f o r m a t i o n  in the l i t e r a t u r e  on the UV s p e c t r a  of the t e t r a h y d r o - ~ -  
c a r b o l i n e s ,  we u n d e r t o o k  a c o m p a r a t i v e  i n v e s t i g a t i o n  of  t h e m  for  the s t r u c t u r e s  (Ha-d)  and ( I I I a -d ) .  J u s t  
a s  for  the i ndo le s  ( Ia-d)  [6], the UV s p e c t r a  of c o m p o u n d s  ( I Ia-d)  a r e  c h a r a c t e r i z e d  by  the p r e s e n c e  of  two 
g r o u p s  of a b s o r p t i o n  b a n d s .  The f i r s t ,  s h o r t - w a v e  and s t r o n g e s t ,  band  i s  in the 225-228-nm r e g i o n  and 
u n d e r g o e s  p r a c t i c a l l y  no in f luence  f r o m  e l e c t r o n - d o n a t i n g  s u b s t i t u e n t s  in p o s i t i o n  6. The second ,  l e s s  i n -  
t e n s e ,  band  wi th  a r e s o l v e d  fine s t r u c t u r e  u n d e r g o e s  a r e g u l a r  b a t h o c h r o m i c  sh i f t  w i th  a change  in R in the 
s equence  CH3, Br ,  OCH 3 f r o m  285 to 306 n m  (F ig .  2). S i m i l a r  l aws  of s p e c t r a l  b e h a v i o r  can  be o b s e r v e d  
fo r  (Ia-d} [6-8] .  On the b a s i s  of the a s s u m p t i o n  tha t  the b e h a v i o r  of ha loge n  s u b s t i t u e n t s  in the b e n z e n e  
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Fig. 2. UV spectra of 6-substituted 1,2,3,4- 
tetrahydro-o/-carbolines (IIa-d) in methanol: 
1) (Ha) ,  R = H; 2) ( l ib) ,  R = CH3; 3) ( l i c ) ,  R = 
OC H 3; 4) (IId), R = Br .  
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Fig .  3. UV spectra:  1) (l ib) in methanol ;  2) 
(liIb) in methanol ;  3) (lib) in concent ra ted  
sulfur ic  acid; 4) hydroehlor ide  of (lib) in 
methanol .  

r ing of (I) and (II) in the UV and m a s s  s p e c t r a  fit  into the 
sequence of donor subst i tuents ,  it may  be concluded that  
the i r  p redominant  influence in these s y s t e m s  is that  of 
a posi t ive m e s o m e r i c  ef fec t .  The only difference of the 
UV s p e c t r a  of (IIa-d) f r o m  the s p e c t r a  of (Ia-d) is the 
p re sence  of a low- in tens i ty  m a x i m u m  in the 350-360-nm 
region with loge  0.74, 1.20, and 1.80 for  compounds (IId), 
(lib), and (IIc), r e spec t i ve ly .  

Pyr id inyle thyla t ion at  the indole ni t rogen a tom 
(compounds IIIa-d) does not lead to substant ia l  changes 
in the UV spec t rum and causes  only an inc rease  in the 
intensi ty of absorpt ion in the 2 75-300-nm region,  a p p a r -  
ently due to the superpos i t ion  of the absorpt ion band of 
the pyridine ch romophore  (Fig.  3). The UV s p e c t r a  of 
(II) and (Ill) s c a r c e l y  change on pass ing  f rom a nonpolar  
solvent  (isooctane) to a polar  one (methanol).  

Since compounds (II) f o rm hydrochtor ides  at the 
piper idine ni t rogen a tom (which is conf i rmed  by the 
doublet  spli t t ing of the protons  of the 3-CH 3 group in the 
PMR s p e c t r a  in t r i f luoroace t i c  acid),  the nature  of the 
UV spec t rum,  which is de te rmined  by the a romat i c  pa r t  
of the molecule ,  is re ta ined  on pass ing  f rom the sp ec t r a  
of the bases  (II) to the i r  hydrochlor ides  (Fig. 3). 

CH 3 CH 3 
+ 2 H + - - - - -  I :  I ~ - - - ~  'i ~ . " ~ / / ' - .  / \ C H a  

v ~N- v 
H H 

A B 

However ,  when a s t ronge r  protonat ing agent such 
as concent ra ted  sulfur ic  acid is used,  the UV s p e c t r u m  
becomes  c h a r a c t e r i s t i c  not for  the indole but for  the in-  
dolenine s y s t e m  [9] (Fig. 3), i .e. ,  in this case  p ro tona -  
tion takes  place not only at N(3 ) but also at C(4a). But, 
in c o n t r a s t  to the s p e c t r a  of the indolenines,  in the 

s p e c t r a  of the compounds B there  is a ba thochromic  shift  of the long-wave absorpt ion band (with full r e t e n -  
tion of the r a t ios  of the intensi t ies  of the maxima)  which is connected with fea tu res  of the s t ruc tu re  of the 
cycl ic  s y s t e m  of B as c o m p a r e d  with the open indolenine s y s t e m .  

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

The synthes is  of the 9 - [ 2 - ( 2 - m e t h y l p y r i d i n - 5 - y l ) e t h y l ] - l , 2 , 3 , 4 - t e t r a h y d r o - f / - c a r b o l i n e s  was effected 
by the d i rec t  pyr idinylethylat ion of the cor responding  t e t r a h y d r o - T - c a r b o l i n e s  with 2-methyl-5-vinylpyridine 
[10]. 

The PMR s p e c t r a  were  taken on T-60  and XL-100 ins t rument s  in sulfur  dioxide, t r i f luoroace t ic  acid, 
and deu te ro t r i f luo roace t i c  acid, and the UV s p e c t r a  were  taken on a C a r y  ins t rument .  The m a s s  spec t r a  
were  r e c o r d e d  onanMKh-1303 ins t rument  with a modif ied s y s t e m  for  the introduction of the substance  
d i r ec t ly  into the ion sou rce .  The ene rgy  of the ionizing e l ec t rons  was 35 eV, the emi s s ion  c u r r e n t  150 mA, 
the acce le ra t ing  voltage 2 kV, and the t e m p e r a t u r e  100-120~ 

1, 

2. 

3. 

LITERATURE CITED 

E .  V. Vinogradova,  I .  K. Danusevich,  A. N. Kost ,  and K. S. Shadurski i ,  Zdravookhr .  Beloruss i i ,  9, 
38 (1963). 
I .  A.  Oivin, L.  I .  Uklonskaya,  and P.  Ya. Gaponyuk, Exper ien t i a ,  23, 555 (1967). 
A. B. Belikov, P .  B. T e r e n t ' e v ,  M. A. Yurovskaya ,  A. No Kost,  and N. F.  Kucherova,  Khim.  
Ge te ro t s ik l .  Soedin.,  1047 (1973). 

977 



4. R . A .  Khmel'nitskii, P.  B. Terent'ev, A. A. Polyakova, and A. N. Kost, Dokl. Akad. Nauk SSSR, 167, 
1066 (1966). 

5. A.N.  Kost, P.  B. Terent'ev, and L. V. Modyanova, Vestn. Mosk. Univ., No. 3, 273 (1970). 
6. R. Andrisano and T. Vitoli, Gazz. Chim. Ital., 87, 949 (1957). 
7. G. Pappolardo and T. Vitoli, Boll. Sci. Fac. Chim. Ind. Bologna, 15, 131 (1957). 
8. G. Pappolardo and T. Vitoli, Gazz. Chim. Ital., 88, 581 (1958). 
9. R . L .  Hinman and J.  Long, J.  Amer. Chem. Soc., 86, 3746 (1964). 

10. A.N.  Kost, M. A. Yurovskaya, T. V. Mel'nikova, and O. I. Potanina, Khim. Geterotsikl. Soedin., 207 
(1973). 

978 


