
A. Z A I N D O L E  D E R I V A T I V E S  

XXXIV*. THE INFLUENCE OF VARIOUS FACTORS ON THE REACTION 

OF TRICHLOROCOLLIDINE WITH DIMETHYLAMINE 

L .  N.  Y a k h o n t o v ,  M.  S.  S o k o l o v a ,  a n d  
T .  D.  P e r v a c h e v a  UDC 547.821'743.1 

On the bas i s  of a compara t i ve  study of the influence of var ious  f ac to r s  (ratio of the reac tan t s ,  
t empe ra tu r e ,  r eac t ion  t ime,  polar i ty  of the medium,  and the catalyt ic  action of meta l s )  on the 
reac t ion  of 2 ,6 -d ich loro-3- ( f i -ch loroe thy l ) -4 -methy lpyr id ine  ( t r ichlorocoll idine)  with 2 ,6-di-  
methylamine ,  it has  been shown that, in addition to 6 - ch lo ro - l , 4 -d ime thy l -7 - aza indo l ine ,  the 
p r o c e s s  gives  r i s e  to var ious  amounts ,  depending on the conditions of i ts  p e r f o r m a n c e ,  of 
o ther  products:  3- ( f i -d imethylaminoethyl ) -2 ,6-d ich loro-4-methylpyr id ine ,  2 - ch lo ro -3 -  (/3- 
chloroethyl ) -  6 -d imethy lamino-  4-- methylpyr idine,  2 -ch lo ro -  6 -d ime thy lamino-3 -  (f i-dimethyl-  
aminoe thy l ) -4 -methy lpyr id ine ,  and 6 -d ime thy lamino - l , 4 -d ime thy l -7 -aza indo l ine .  The bes t  
method for  d i rec t ing the p roce s s  to the fo rmat ion  of azaindoline de r iva t ives  is the use  of high-  
ly polar  solvents .  

In one of the preceding papers  of this s e r i e s  [2], the synthes is  of 6 - c h l o r o - l , 4 - d i m e t h y l - 7 - a z a i n d o l i n e  
(I) by the reac t ion  of 2 ,6 -d ich lo ro-3- ( f i - ch lo roe thy l ) -4 -methy lpyr id ine  (II) with d imethylamine  was desc r ibed .  

A fu r the r  study of this reac t ion  has  shown that, depending on the conditions of the p roces s ,  var ious  
amounts  of o ther  products  of the reac t ion  of t r ichlorocol l id ine  with d imethylamine  a r e  fo rmed ,  in addition 
to I. The separa t ion  of the subs tances  so fo rmed  was effected by the succes s ive  use  of f rac t ional  d i s t i l l a -  
tion and sal t  fo rmat ion  a t v a r i o u s  pH values .  After  the separa t ion  of the unchanged II, which is prac t ica l ly  
f r ee  f r o m  basic  p rope r t i e s  and is not ex t rac ted  f r o m  benzene by 18 % hydrochlor ic  acid, the mix tu re  of 
bas ic  subs tances  was subjected to f ract ional  vacuum dist i l lat ion.  This gave the high-boil ing 2 ,6-d ich loro-  
3- ( f l -d imethylaminoethyl ) -4-methylpyr id ine  (HI) and 2 - ch lo ro -3 -  ( f l - ch lo roe thy l ) -6 -d imethy lamino-4-methy l -  
pyr idine (IV). The mix tu re  of amines  boiling at a lower t e m p e r a t u r e  was dissolved in e ther  and ext rac ted  
success ive ly  with buffer  solutions having pit 4 and 2, and then with 5% hydrochlor ic  acid.  The following 
subs tances  passed  into the r e spec t i ve  acid solutions:  2 -ch lo ro -6 -d ime thy lamino-3 - ( f l -d ime thy laminoe thy l ) -  
4 -methylpyr id ine  (V) (at pH 4), 6 -d ime thy lamino - l , 4 -d ime thy l -7 -aza indo l ine  (VI) (at pH 2), and the aza in-  
doline I (into the 5 % hydrochlor ic  acid). 
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TABLE i. 

Amount of / 
d imethyl -  l Reaction 
amine  (moles~ temcPerature 
per mole of i 

. . . .  II) I 

3 
20 

3 
3 
3 
2 
2 

20 
2 
3 

The React ion of Tr ich loroco l l id ine  with Dimethy lamine  

140 
140 
140 

140 
140 
140 
140 
140 
120 
190 
190 
140 
140 

Reaction 
t i ~ e ,  

7 
7 

21 
21 

Solvent 

Chlorobenzene 
Ditto 
Ditto (with the  addi- 
t ion of copper) 
ChIorobenzene 
Ditto 
Cyelohexane 

Chlorobenzene 
Ditto 

Yield, % 

II I 

28 20 
27 20 
25 22 

10 25 
10 14 
19 14 
16 18 
14 38 
57 10 
I l 22 

2 t7 
23 

f{II+IV / VI 

37 7 
36 
37 

46 [ 
52 
58 
48 
13 
20 
25 

38 

8 
7 

10 
12 
4 

11 
15 
9 

33 
63 
19 
22 

*The amount of V did not exceed 2% in any of the experiments .  

Compounds IIIand IV have very  s i m i l a r  propert ies ,  and there fore  it was  poss ib le  to separate  their  
mixture  only after dehalogenation,  which gave 3 - ( f l=dimethylaminoethyl ) -4 -methylpyr id ine  (VII) and 3-(fi- 
e h l o r e t h y l ) - 6 - d i m e t h y l a m i n o - 4 - m e t h y l p y r i d i n e  (VIII).  In addition to this ,  pure HI was  i so la ted  after  the 
treatment  of the mixture  of III and IV by boi l ing ethanolic  caust ic  potash, with subsequent  oxidation of the 
dehalogenation product of  I V - 2 - c h l o r o - 6 - d i m e t h y l a m i n o - 4 - m e t h y l - 3 - v i n y l p y r i d i n e  (IX) - to 2 - c h l o r o - 6 -  
d i m e t h y l a m i n o - 4 - m e t h y l n i e o t i n i c  acid (X). 

CI'13 ~,,~.,/C ii = CH 2 ~ C O O l ~  ,CH3 -'CH3 ICH2CH2C l  CH~ ~Ai 3 /~,. /clI2CH2N( 

M 'L'~J j (CH3)2N/ "N" (CH3):N"/~"@/\CI (CH~)2N" "N- "CI 
Vll  VIII IX X, XI 

X R = H ;  XI R = C H  3 

The acid X was charac te r i zed  in the form of its methyl es te r  XI. The azaindoline I formed by the 
react ion of II withdimethylamine was also obtained by the react ion of t r ichlorocol l idine with methylamine.  
In this case,  the yield of I was 55%. It is an interest ing fact that the azaindoline VI is formed not as the 
resu l t  of the react ion of I with an excess of the amine, as was found previously for other 6-amino deriva-  
tives of 7-azaindolines [3-5], but at the same t ime as, or  before, the c losure  of the pyrrol idine ring. In fact, 
in special  experiments  I did not reac t  with an excess of dimethylamine on prolonged heating to 190~ in a 
flask, and it was r ecovered  quantitatively in the unchanged state. 

In o rder  to study the influence of var ious  fac tors  (the rat io of the reactants ,  the tempera ture ,  the 
t ime of the p rocess ,  the polari ty of the medium, and the catalytic action of metals)  on the react ion of II 
with dimethylamine,  we have developed a convenient method for the quantitative determinat ion of com-  
pounds I-VI in the react ion mixture  by gas- l iquid chromatography.  

In the se r i e s  of experiments  d iscussed below, af ter  the separat ion and g rav imet r i c  determination of 
the II that had not reacted,  the mixture of amines formed,  without separat ion,  was subjected to chromato-  
graphic analysis .  The retention t ime of I was 6.5 min, VI 8.5 min, V 9~ min, and a mixture of III and IV 
15.2 min. It was shown by special  exper iments  that the resul ts  of the gas -chromatograph ic  analysis  (see 
Table 1) agreed well with the resul ts  obtained by the prepara t ive  separat ion of the reaction products.  

The composit ion of the react ion mixtures  was investigated on a Frac tovap  gas- l iquid chromatograph.  
The length of the column was 2 m, the s tat ionary phase E-301 e las tomer  deposited in an amount of 20% on 
Chromosorb W with a grain  s ize  of 45/60 mesh with helium as the c a r r i e r  gas at a ra te  of flow of 166 m l /  
rain, with a column tempera tu re  of 190~ 

In an analysis  of the f igures  in the table it can be seen that the react ion of II with dimethylamine is 
not affected by the mater ia l  of the apparatus or  by the addition of the catalyst  - copper  wire. At the same 
time, the react ion depends markedly  on the polari ty of the medium~ On passing f rom cyelohexane t o b e n -  
zene, chlorobenzene,  and fur ther  to ethanol the amount of unchanged II and of the monoaminodichl0ropyr i -  
dines HI and IV fall regular ly ,  and the yields of the azaindolines I and VI r i se  in paral lel .  Apparently,  an 
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TABLE 2. Reaction of Trichlorocoll idine with Dibutylamine 

Amount of dibutyi. 
amine, moles 

Reaction 
temperature 

140 
140 
140 
140 
180 

Reaction time 
hr 

7 
7 
7 

16 
7 

43 
43 
42 

Yield, 7o 
XII I XIII [ XIV 

17 29 6 
17 25 8 
18 26 7 
28 25 I i2 
20 44 4 

*The resul ts  of the preparat ive  separation of the substances a re  
given by the method descr ibed previously [2]. 

increase  in the polari ty of the solvent promotes  the replacement  of halogens in the ~ position of the pyr i -  
dine ring by amines with subsequent c losure  of the pyrrol ine ring. The same process  is observed with a 
r i s e  in the tempera ture ,  the amount of the azaindoline VI r is ing par t icular ly  markedly.  The yields of VI 
also r i se  with an increase  in the react ion t ime and in the amount of amine taken. At lower t empera tu re  
(140~ an increase  in the amount of amine also increases  the yield of monoamine-subst i tuted diehlorocol-  
lidine. 

Simpler relat ionships a re  observed in the react ion of II with dibutylamine (see Table 2). In this case,  
the amount of side react ions  is considerably smal le r  [2,6,7]; the main products a re  1 -bu ty l -6 -ch l0 ro -4 -  
methyl-7-azaindol ine  (XII) and the product of the dehydrohalogenation of ]3 - 2 ,6 -d ieh lo ro -4 -methy l -3 -  
vinylpyridine (XIII). The magnitude of the excess of dibutylamine used in the react ion has pract ical ly  no 
effect on the rat io of these products ;  conversely,  with t ime the process  changes in the direct ion of the 
azaindoline derivat ive XII and 2-ehloro-3-( f l -chloroethyl ) -6-dibutylamino-4-methylpyr id ine  (XIV). A r i se  
in the t empera tu re  leads to an increase  in the yield of the unsaturated compound XIII. In all Oases, the 
yield of XIV does not exceed 127o. 

A considerat ion of the react ions of II with dimethylamine and with dibutylamine permits  the conclu-  
sion that in both cases ,  the replacement  of the u-halogen atoms in the t r ichloroeoll idine by a secondary 
amine res idue is the slowest  stage of the reaction,  determing the ra te  of formation of azaindoline der iva-  
t ives,  and an increase  in the excess of amine has little effect on this p rocess .  

The most  expedient method of direct ing the react ion to the formation of azaindoline derivat ive is the 
use of highly polar solvents.  

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

Reaction ofTr ichloroeol l id ine  (II)with Dimethylamine. A mixture of 84.8 g (0.377 mole) of II and 42 g 
(0.933 m o l e ) 0 f d i m e t h y l a m i n e  was heated in an autoclave at 140oc for 7 hr .  Then 200 ml of benzene was 
added to the react ion mixture,  and the benzene solution was washed with water, t rea ted  with 18 % hydro-  
chloric acid (3 x 50 Inl), dried with potassium carbonate,  and evaporated in vacuum. The res idue  was d is-  
tilled at 174-177~ (14 mm). This gave 21.3 g (2570) of II that had not reacted.  The hydrochlor ic  acid 
solution was made alkaline with potassium carbonate and the l iberated base was extracted with ether.  The 
residue af ter  the evaporation of the ether (54 g) was distilled at a residual  p r e s s u r e  of 9 ram. Two f r a c -  
tions were collected: 1) bp 150-170~ 32.1g; 2) bp 170-177~ mp 67-68~ 21.1 g. 

The second fraction consis ted of a mixture of the two i somer ic  substances III and IV (found, 70: 
C 51.5; H 6.0; C1 30.8; N l l . 9 .  Calculated for Ci0HI4C12N~, 70 : C 51.5; H 6.0; C1 30~ N 12.0), which 
could not be separated by fractional  distillation, recrys ta l l iza t ion  f rom petroleum ether or  other solvents, 
or  even by virtue of their  bas ie i t ies  or the different solubilit ies of their  sal ts .  

The f i rs t  f ract ion f rom the distillation was dissolved in 150 ml of ether  and extracted with a buffer 
solution having pH 4.18 (2 x 50 ml). The aqueous layer  was made alkaline with potassium carbonate and the 
base was extracted with ether.  After the solvent had been evaporated off, the res idue was distilled at 138- 
140~ (5 mm), nD 2~ 1.5437. The yield was 1.6 g (270) of V in the form of an oily substance readily soluble 
in the usual organic solvents.  H y d r o c h l o r i d e -  color less  c rys ta l s ,  mp 175-176~ (from ethyl acetate).  The 
substance is readily soluble in wafer and alcohols,  and sparingly soluble in ether, aeetone, and ethyl ace-  
fate. Found, %: C 51.7; H 7.6; Cl 25.6; N 15.2o Calculated for C12H20C1N3-HC1 , 70; C 51.8; H 7.5; C1 
25.5; N 15.1. 
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The e therea l  solution a f t e r  the separa t ion  of the V was ext rac ted  with a buffer  solution having pH 2 
(2 • 50 ml). The aqueous l aye r  was t r ea ted  in the s ame  way as in the isolat ion of V. After  dist i l lat ion at 
128-130~ (3 mm),  7.4 g (10%) of VI was obtained. The subs tance  c rys ta l l i zed .  Color less  c ry s t a l s ,  mp 
54-55~ (from aqueous ethanol). Soluble in e ther ,  benzene,  acetone,  ch lo roform,  and alcohols,  and insolu-  
ble in water  and pe t ro leum ether .  Found, %: C 69.3; H 8.5; N 22.3. Calculated for  CllH17N3, %: C 69.1; 
H 8.9; N 22.0. 

The e therea l  solution a f t e r  the separa t ion  of the VI was ex t rac ted  with 5% hydrochlor ic  acid (2 • 50 
ml).  The hydrochlor ic  acid solution was made alkal ine with po tass ium carbonate ,  and the b a s e  was ex-  
t r ac t ed  with e ther .  The solvent  was evapora ted  off and the res idue  was dis t i l led at  149-150~ (9 mm).  This 
gave 9.1 g (13 %) of I, mp 66~ 

The e therea l  solution a f t e r  the separa t ion  of the V, VI, and I was dr ied with po ta s s ium carbonate  and 
evapora ted .  This  gave 12 g of II with bp 170-173~ (3 mm) .  The total yield of II was 33.3 g (39%). 

6 - C h l o r o - l , 4 - d i m e t h y l - 7 - a z a i n d o l i n e  (I). A mix tu re  of 35 g (0.156 mole)  of II and 10.2 g (0.330 mole) 
of methy lamine  was heated in a s t a in less  s teel  bomb at 140~ for  7 hr .  Then 50 ml  of wa te r  was added to the 
the reac t ion  mix tu re  and it was ex t rac ted  with benzene.  The benzene solution was sepa ra t ed  off and the I 
was ex t rac ted  f r o m  it with 18~0 hydrochlor ic  acid. Af te r  the separa t ion  of the I, the benzene solution was 
dr ied with po ta s s ium carbona te  and evapora ted  in vacuum. Vacuum dist i l lat ion of the res idue  yielded 0.4 g 
(2%) of XIII with bp 140-143~ (14 mm),  nD2~ 1.5726 [8], and 12.8 g (36%) of II with bp 174-177~ (14 ram), 
mp 69~ [9]. The hydrochlor ic  acid solution was made alkal ine with po ta s s ium carbona te  and the base  I was 
ex t rac ted  with e ther .  Af ter  the solvent  had been evapora ted  off, the r e s idue  was dis t i l led at  149-151~C 
(9 ram), giving 15.8 g (55%) of I with mp 66~ The subs tance  gave no depress ion  of the mel t ing point in 
admix ture  with an authentic s am p l e  of I. 

3- (~-Dimethylamino ethyl )- 4 -methy lpyr id ine  (VII) and 3- (/3- Chloroethyl )- 6- d ime thy lamino-4 -  methy l -  
pyr idine (VIII). A solution of 6 g (0.026 mole)  of a mix tu re  of III and IV in 150 ml of ethanol was t r ea ted  
with a boiling solution of 6 g of pal ladium chlor ide  in 60 ml of 18 % hydrochlor ic  acid and hydrogenat ion was 
c a r r i e d  out at r o o m  t e m p e r a t u r e  and an o v e r p r e s s u r e  of 15-20 c m  water .  Af te r  the separa t ion  of the pa l -  
ladium, the reac t ion  mix tu re  was evapora ted  in vacuum, made  alkal ine with 50% po ta s s ium carbonate  so lu-  
tion, and ex t rac ted  with e ther .  The r e s idue  f r o m  the evapora t ion  of the e ther  (4.6 g) was dis t i l led in vacuum. 
Two f rac t ions  were  col lected:  1) bp 116-120~ (4 mm),  nD 2~ 1.5401, 1.6 g - VII. Oily subs tance  readi ly  
soluble in the usual  organic  solvents  and spar ingly  soluble in water .  Found, %: N 17.1. Calculated for  
Ci0H16N2, %: N 17.1. H y d r o c h l o r i d e -  co lo r l e s s  c r y s t a l s ,  mp 167-168~ (from acetone).  The subs tance  
was readi ly  soluble in water  and alcohols ,  and insoluble in e ther ,  benzene,  and acetone.  Found, %: C 59.5; 
H 8~ Cl17 .8 ;  N13.7 .  Calculated for  C, 0tt16N2-HCI, %: C59 .8 ;  H 8.5; C l17 .7 ;  N13.9 .  F rac t ion  2) 
2.7 g, bp 132-140~ (4 ram), mp 39-40~ (f rom pe t ro l eum ether)  - VIII. Color less  c r y s t a l s ,  read i ly  soluble 
in e ther ,  benzene,  acetone,  ch lo ro fo rm,  and alcohols ,  spar ingly  soluble in pe t ro l eum ether ,  and insoluble 
i n w a t e r .  Found, ~ :  C 60.5; H 7~ C1 18.1; N14.2 .  Calculated for  C10tt15C1N 2, %: C 60.5; H 7.5; C1 
17.9; N 14.1. H y d r o c h l o r i d e -  co lo r l e s s  c r y s t a l s ,  mp 165-166~ (from dioxane). The subs tance  is readi ly  
soluble in alcohols and water ,  and spar ingly  soluble  in acetone,  ch loroform,  dioxane, and benzene.  Found, 
%: C130.3; N l l . 7 .  Calculated for  C10tt15C1N2.HC1, %: C130.2; N l l . 9 .  

2 ,6 -Dich lo ro -3 -  ( f i -d imethylaminoethyl ) -4-methylpyr id ine  (III) and Methyl 2- Ch lq ro -6 -d ime thy lamino-  
4-methyln icot ina te  (XI). 4 g (0.017 mole)  of a mix tu re  of III and IV and 1.06 g (0.025 mole) of caust ic  potash 
in 50 ml  of absolute  ethanol were  boiled for  5 h r .  A prec ip i ta te  of KC1 deposi ted.  Then the ethanol was 

evapora ted  off, 10 ml  of water  was added to the res idue ,  and the mix tu re  of organic  ba se s  was ex t rac ted  
with benzene.  Af ter  the solvent  had been dist i l led off, this mix tu re  contained about 30% of IX, according  to 
the e l emen ta ry  analys is  for  chlor ine  and ni t rogen.  3.2 g of this ma t e r i a l  was d isso lved  in 50 ml of acetone 
and, with s t i r r ing ,  2.1 g of po ta s s ium pe rmangana te  was added in por t ions .  The p rec ip i t a te  of manganese  
dioxide that deposi ted was f i l te red  off and washed with acetone.  The combined acetone solutions were  
evapora ted ,  and the res idue  was t r ea t ed  with 15 ml  of water ,  and the compound III, which had not r eac ted  
with the caus t ic  potash and po ta s s ium permangana te ,  was ex t rac ted  with ether .  Dist i l lat ion of the e ther  
yielded 2.2 g of III in the f o r m  of co lo r l e s s  c r y s t a l s  with mp 67-68~ Ths subs tance  is readi ly  soluble in 
the major i ty  of common organic  solvents  and l e s s  readi ly  in pe t ro leum ether ,  and it is insoluble in water .  
Found, %: C 51.6; H 6.3; C130.2. Calculated for  C10H14Cl~N~, %: C 51.5; H 6.0; C1 30.5. 

The aqueous solution containing the po t a s s ium sa l t  of the acid X was evapora ted  to d ryness .  The 
r e s idue  (1 g) was es te r i f i ed  by boiling it th ree  t imes  for  3 hr  each t ime  with 30 ml of a 5% methanolic  
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solution of hydrogen chlor ide  with subsequent  evaporat ion in vacuum. After  the third dist i l lat ion of the 
methanol ic  solution of hydrogen chloride,  the res idue  was t r ea ted  with an excess  of a 50% aqueous solu-  
tion of po tass ium carbonate  and the XI was ext rac ted  with ether .  The e therea l  solution was dr ied with 
po tass ium carbonate  and evapora ted  in vacuum. This gave 0.4 g of XI in the f o r m  of co lo r l e s s  c r y s t a l s  
with mp  102-103~ (from cyclohexane).  The subs tance  is readi ly  soluble in the major i ty  of the usual  o rgan -  
ic solvents  and is  insoluble in water .  Found, %: C 52.7; H 5.9; N 12.4. Calculated for  C10H13C102N2, %: 
C 52.5; H 5.7; N 12.2. 
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