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2-Methyl-5-vinylpyridine,  which is usually of low reactivity,  pyridylethylates the NIt groups 
of pyrrole ,  indole and its homologs,  carbazole,  ~ -  and a -ca rbo l ines ,  etc.  if the p rocess  is 
ca r r i ed  out in dimethyl sulfoxide containing alkaline agents. 

2-Vinylpyridine or 4-vinylpyridine in alkaline media readi ly pyridylethylates the imino group of in- 
dole compounds (for example, see [2,3]). However, if the vinyl group is bonded to the 3 position of the 
pyridine ring, its polarization is considerably lower, and direct  pyridylethylation of indoles is not possible 
[4], In the meantime,  models of p rec i se ly  this type are of interest ,  since s t ruc tures  that have strong anti- 
histamine action are found among the products of fl -(3-pyridy])ethylat ion [5] .  These compounds must  be 
synthesized by a roundabout path [6, 7]. 

The substantial  effect of solvents on the pyridylethylation of the amino group has already been noted 
[8]. In the present  study, we were able to direct ly  pyridylethylate pyrrole ,  a number of indole compounds, 
carbazole ,  and carboline using the capaci ty  of highly polar  aprotic solvents [of the dimethyl sulfoxide 
(DMSO) type] to activate the anion formed by the action of alkaline agents on the NIt group to such an extent 
that even the re la t ively weak polar izat ion of the bond in 3-vinylpyridine proves to be sufficient for succes s -  
ful react ion.  The activation by DMSO consis ts  in the fact that, in contras t  to proton solvents,  the anions 
formed in this case are less solvated because of the absence of hydrogen bonds and are therefore  more  r e -  
active [9]. 

The react ion proceeds readi ly  with excess  2-methyl-5-vinylpyridine but requires  heating to 100-120 ~ 
(resinification begins at higher t empera tures ) .  We used p r imar i ly  sodium metal or sodium ethoxide as the 
alkaline agent. In individual cases ,  for example for 3 -methy l -6-methoxy- l ,2 ,3 ,4 - te t rahydro-~ / -carbo l ine ,  
it is neces sa ry  to use a s t ronger  alkaline agent of the sodium hydride type. The react ion does not proceed 
without DMSO even on heating for many hours .  According to the IR spectra ,  the compounds obtained do 
not have an NH group (the absorption at 3400 cm -i is absent). Their  s t ructure  was confirmed by e lementa ry  
analysis and compar ison  with samples of known s t ruc ture .  The PMR spect rum (in CHC13) of 9 - [2 - (2 ' -  
methyl -5 ' -pyr idyl )e thyl ]carbazole ,  which was obtained by this route, contains a singlet of a CH 3 group at 
2.5 ppm and tr iplets  of two methylene groups at 3.05 and 4.3 7 ppm (J 8 Hz) ; this is evidence that the addi- 
tion proceeds prec i se ly  at the fi carbon atom of the vinyl group of 2-methyl-5-vinylpyr id ine .  It follows 
f rom the data in Table 1 that the yields in most cases  are completely sa t i s fac tory .  A preparat ion with anti-  
histamine a c t i o n -  dimeboline (compound 7 in Table 1) - can be obtained by this method from the accessible  
3 ,6 -d ime thy l - l , 2 ,3 ,4 - t e t r ahydro -~ -c  arboline [5]. 

It is convenient to follow the react ion by means of th in- layer  chromatography (TLC) on activity II 
aluminum oxide using various solvent sys tems  (see Table 1). The spots were usually developed with iodine, 
but development can be c a r r i e d  out by means of i r radiat ion with UV light (azure fluorescence) in the case 
of pyridylethylated a-carbol ine  and 6 -me thoxy-3 -me thy l - l , 2 ,3 ,4 - t e t r ahydro -y -ca rbo l ine .  

*See [1] for communicat ion XXXII. 
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TABLE 2. 

Compound 

Qualitative Reactions for the Compounds Obtained 

~.N.,,~-- C H3 
I 

R' = R 2 [ 

Ia 

Ic 
Id 
Ie 
If 
ig 
lh 
Ii 
]j 

Ita 
IIb 
IIc 
Ild 

C H2CH2 ~---~'~CH3 

N 
CH2CH2 ~ - ~ - C H 3  

llIa 
IIlb 
Ille 
IIId 

It 

H 

H~ 

H 

R 3 " ~ N  ~--~N--CH3 

Cf H2CH2-T/~ 
~N.Y-cus 

I! 

R~ i Prochazka h~arlieh 

R z ~ - ' - C H 3  

It 
III 

Reagents 

Fischer 
2,6-Diehloroquinone- 
4-chloroimide 

H 
CH3 
CHa 
CHs 
CH3 
H 
CHs 
CHs 
CHs 
H 

H 
CHz 
3Hs 

C6H~ 

CH~CN 
CsH~ 
C2H~ 

H 
H 

Rose 

Yellow 
Yellow 

Yellow 

Rose 

m 

m 

Bright-rose 

Crimson 

Light-azure 

Violet 
Crimson 

Azure 

m 

Crimson 

Light-azure 

Cherry-red 

Gray 

Light-yellow 
Rose 
Dark-yellow 

Rose 

Rose 

Light-yellow 

Light-brown 
Light-brown 
Light-brown 
Dark-brown 

Greenish 

Chegy-red 

Light-green 

Cherry-red 
Light- violet 
Blue 
Violet 

Dark-red 
Cherry-rod 
Dark-red 
Dark-gray 

Light-brown 
Light-brown 
Light-brown 

Cherry-red 

Violet 

m 

Rose 

Cherry-red 

All of the pyridylethylated compounds give the charac te r i s t i c  (for pyridines) o range - red  co lor  with 
the Dragendorff  reagent,  which the s tar t ing indoles do not give. However, a -ca rbo l ine  and 1 ,2 ,3 ,4- te t ra-  
hydro-  T-ca rbo l ines ,  which have a pyridine or piperidine ring, are not colored by the action of this reagent .  
The Proch~zka reagent  gives a b r igh t - rose  color  with compounds that have unsubstituted 2 and 3 positions 
of the pyrrole  r ing.  If one of these positions is substituted, the color  given is yellow; it is pract ica l ly  ab- 
sent for 2,3-disubstituted compounds.  The introduction of a pyridylethyl group into the nitrogen atom does 
not affect the charac te r  of the colorat ion and al ters  the sensit ivity of the reagent  only slightly. Similarly,  
the Ehrl ich reagent  gives a bright color  f rom c r imson  to violet or even azure with unsubstituted indoles or 
indoles substituted only in the 2 and 3 posit ions.  The F i scher  reagent  and 2,6-dichloroquinone 4 -ch lo ro -  
imide proved to be just as unspecific with respec t  to the introduction of a pyridylethyl group, although it was 

193 



difficult to e s t ab l i sh  a co r r e l a t i on  between the s t ruc tu re  and color  for  t hem.  The data in Table 2 may be 
useful  in the s e a r c h  for  methods for  the qualitative detect ion of these so r t s  of s t r u c t u r e s .  

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

Pyr idyle thyla t ion  (General  Method). A 0.02-mole sample  of finely ground sodium meta l  was added in 
smal l  port ions to a m ~ e  of 0.02 mole of a compound with a py r ro le  r ing,  0.22 mole of 2 - m e t h y l - 5 -  
vinylpyridine,  20 ml  of DMSO, and a smal l  amount of hydroquinone, and the mixture  was heated at 90-120 ~ 
with constant  s t i r r ing  for 5-10 h. It was then cooled, and 8 ml  of alcohol was added. The mixture  was then 
worked up v ia  one of the methods indicated below. The reac t ion  conditions yields,  physica l  constants ,  and 
analyt ical  r e su l t s  are  p resen ted  in Table 1. 

Method A. The DMSO and vinyl  pyridine were  r e m o v e d  f rom the reac t ion  mix ture  by vacuum d is t i l l a -  
t ion (1 mm),  and the res idue  was r ec ry s t a l l i z ed  f rom pe t ro leum e ther  (70-100 ~ or heptane.  P r e p a r a t i v e  
separa t ion  on act ivi ty II a luminum oxide in a b e n z e n e - m e t h a n o l  (9 : 1) s y s t e m  (elution with ethyl acetate) is 
r equ i red  in the case  of indole. 

Method B. The res idue  resul t ing f rom the r e m o v a l  of DMSO and pyridine by vacuum dis t i l la t ion was 
ex t rac ted  with e ther  or  ch loroform,  the ex t rac t  was evapora ted ,  and the res idue  was r e c r y s t a l l i z e d  twice 
f r o m  hexane and pe t ro leum e the r .  

Method C. At the end of the reac t ion ,  the mixture  was poured into wate r ,  and the aqueous mixture  
was ex t r ac t ed  with e the r .  The ex t rac t  was dr ied  with calcined magnes ium sulfate and vacuum evapora ted .  
The exces s  2 -methy l -5 -v iny lpyr id ine  was r emoved  f rom the res idue  by dist i l lat ion,  and the res idue  was 
c rys t a l l i zed  f rom heptane.  

3 -Me thy l -6 -me thoxy- l , 2 ,3 ,4 - t e t r ahyd ro -~ - - ca rbo l ine .  A solution of 24.6 g (0.2 mole) of p-anis id ine  
in 380 ml  of concent ra ted  HC1 was diazotized by adding a solution of 13.8 g (0.2 mole) of NaNO 2 at 0-3 ~ . A 
solution of 120 g (0.53 mole) of SnC12 �9 2H20 in 100 ml  of wa te r  (0-8 ~ was then added to the cooled (0-8 ~ 
solution of the diazonium sal t ,  and the mix ture  was allowed to stand at r o o m  t e m p e r a t u r e  for  4 h. The p r e -  
cipi tate  was r emoved  by f i l t ra t ion,  washed with a sa tu ra ted  sal t  solution, and shaken with 30~ aqueous 
sodium hydroxide (without cooling). The alkaline solution was ex t rac ted  with e ther ,  and the ex t rac t  was 
dr ied  with magnes ium sulfate and vacuum evapora ted .  A 16.5-g (0.146 mole) sample  of 1 - m e t h y l - T -  
piperidone was added to the res idue  (21 g), and the mixture  was ref luxed with benzene with azeotropic  r e -  
moval  of wa te r .  The benzene was vacuum evapora ted ,  and 300 ml  of absolute alcohol sa tu ra ted  with HC1 
was added to the res idue .  The mixture  was allowed to stand overnight .  The alcohol was vacuumevapora t ed ,  
and the res idue  was dissolved in wa te r .  The aqueous solution was made alkaline with po tass ium carbonate ,  
and the alkaline solution was ex t rac ted  with e the r .  The ex t r ac t  was dr ied  with calc ined magnes ium sulfate 
and vacuum evapora ted .  The res idue  was r ec rys t a l l i z ed  f rom benzene to give 19.25 g (54~) of 3 - m e t h y l - 6 -  
m e t h o x y - l , 2 , 3 , 4 - t e t r a h y d r o - ~ - c a r b o l i n e  with mp 170-171 ~ Found,~  : C 72.5; H 7.6. C13HIsN~O. Calcu-  
l a t ed ,%:  C 72.2; H 7.5. 

9- [2-(2'-Methyl-5'-pyridy•)ethy•]-6-meth•xy-3-methy•-••2•3•4-tetrahydro-T-carbo•ine. A solution 
of 2 g (0.01 mole) of 6 - m e t h o x y - 3 - m e t h y l - l , 2 , 3 , 4 - t e t r a h y d r o - ~ - c a r b o l i n e  in 15 ml  of DMSO was added 
by  d rops  to a suspens ion of 500 mg (0.02 mole) of sodium hydride in 20 ml  of DMSO, a f te r  which 17 ml  of 
2 -methy l -5 -v iny lpyr id ine  was added and the mixture  was heated at 90-95 ~ with constant  s t i r r ing  for  15 h. 
It was then cooled, and the excess  sodium hydride was decomposed  by the addition of 5-10 ml  of alcohol.  
The mixture  was poured into water ,  and the aqueous solution was ex t rac ted  thoroughly with e the r .  The ex-  
t r a c t  was dr ied with calcined magnes ium sulfate and evapora ted ,  The unchanged vinylpyridine was r e -  
moved  by vacuum dist i l lat ion,  and the res idue  was r ec ry s t a l l i z ed  f rom pe t ro leum e the r  (bp 30-70 ~ to give 
350 mg (10%) of 9 - [2- (2 ' -methy~-5 ' -pyr idy~)e thy~]-6-methoxy-3-methy~-~ '2~3~4- te t rahydr~-~-carbol ine  
with mp 103-105 ~ Found,%: C 75.3; H 7.3. C~lH25N30. Calcula ted,Z:  C 75.2; H 7.1. 

I. 

2. 

3. 

LITERATURE CITED 

A. N. Kost,  R .  S. Sagitullin, T.  V. Mel 'nikova,  and G. V.  Kaplun, Khim. Getero ts ik l .  Soedin., 1368 
(1972). 
A. A. Ar tamonov,  V. A. Rozenberg,  and A. K. Sheinkman, in: Reak ts i i  i Metody Iss ledovaniya  Organ.  
Soedin.,  14, 175 (1964). 
F.  A. Trof imov ,  A. N. Kost ,  N. G. Tsyshkova ,  K. S. Shadurskii ,  and E ~ V. Vinogradova,  Khim. -  
F a r m a t s .  Zh., No. 3, 22 (1967). 

194 



4. A.N.  Kost, E. V. Vinogradova, Kh. Daut, and A. P. Terent'ev, Zh. Obshch. I<him., 3_.22, 1550 (1962). 
5. EoV. Vinogradova, I. I<. Danusevich, A. N. Kost, and K. S. Shadurskii, Zdravookhr. Belorussii, 9, 38 

(1963). 
6. E .V .  Vinogradova, Kh. Daut, A. N. Kost, and A. P. Terent'ev, Zh. Obshch. Khim., 3_22, 1556 (1962). 
7. A.N.  Kost, E. V. Vinogradova, Kh. Daut, and A. P. Terent'ev, Zh. Obshch. Khim., 3.~2, 2050 (1962). 
8. S . I .  Suminov and A. N. Kost, Zh. Obshch. Khim., 3_.44, 2421 (1964). 
9. J .  Parker ,  Quart. Rev., 163 (1962). 

195 


