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An inc rea se  in the C - N  bond s t rength in a s e r i e s  of N-alkyl  subst i tuents  (methyl < ethyl < 
hexyl < butyl) was  es tab l i shed  f r o m  a study of N-dealkylat ion p r o c e s s e s  during the synth-  
e s i s  of subst i tuted 7-azaindoles  f r o m  2 ,6 -d ich lo ro -3 - ( f l - ch lo roe thy l ) -4 -methy lpyr id ine  and 
u n s y m m e t r i c a l  alkylbutylamine s. 

In p rev ious  communica t ions  of this s e r i e s  [2-4] we desc r ibed  the genera l  method for  the synthes is  
of aza -  and diazaindolines based on the reac t ion  of 2 - (o r  4 - )ch lo ro -3 - ( f l - ch lo roe thy l )pyr id ines  and 4-  
ch lo ro -5 - ( f l - ch lo roe thy l )pyr imid ines  with p r i m a r y  or  secondary  amines .  In the p r o c e s s ,  it was shown 
that closing of the pyr ro l ine  r ing in the case  of secondary  amines  p roceeds  with subsequent N-dealkylat ion,  
s i m i l a r  to the Hofmann cleavage of qua te rna ry  sal ts .  

Corre la t ion  of p rev ious ly  published r e su l t s  [5] makes  it poss ib le  to a s s e r t  that a number  of genera l  
p r inc ip les  of the t he rma l  c leavage of qua te rna ry  ammonium sa l t s  a re  obse rved  in the indicated p r o c e s s e s :  
in all cases ,  the C - N  bonds included in the f i v e - m e m b e r e d  r ing are  broken with g r e a t e r  difficulty than the 
exocycl ic  bonds; benzyl r e s idues  a re  c leaved m o r e  read i ly  than alkyl r e s idues ,  and the l a t t e r  a re  c leaved 
m o r e  read i ly  than ary l  r e s idues .  In addition, the direct ion of c leavage of the C - N  bonds when secondary  
amines  with different  alkyl subst i tuents  on the ni t rogen are  used in the reac t ion  has  not been studied at all .  
The dependence of the N-dealkylat ion p r o c e s s e s  on the alkyl chain length has  not been adequately elucidated 
in the c lass ica l  Hofmann cleavage of qua te rna ry  sa l t s .  

In this connection, we invest igated the reac t ions  of 2 ,6 -d ich lo ro -3 - ( f i - ch lo roe thy l ) -4 -me thy lpyr id ine  
(I) with a lkylbutylamines  (IIa-c) .  

/CH2CH2 HN~R ~ + + -}- N + N 

c,/"~1\c, "c4", c, i cH c,- -N" -c, c4.9 .9c/~c,.9 
I II a - c  |I| C4Hg IV R V VI Vii 

II a R=CHa; b R=C2Hs; C R=n-CsH~3 

The s tar t ing  a lkylbutylamines  (IIa-c) were  synthesized via  the genera l  method in [6] f rom butylamine 
by means  of acylation and subsequent reduction of the N-buty lamides  with l i thium aluminum hydride.  The 
reac t ions  of I with a lkylbutylamines  I I a - c  were  ca r r i ed  out in an autoclave at 140 ~ for  7 h using 2 mo le s  of 
amine pe r  mole of I. T rea tmen t  of the react ion  m a s s  accompl ished  the isolat ion and p r epa ra t i ve  s e p a r a -  
tion of subs tances  of nonbasic c h a r a c t e r  - s tar t ing  I and i ts  dehydrohalogenation product ,  2 ,6 -d ich lo ro -3 -  
v iny l -4 -methy lpyr id ine  (V). The quantitat ive ra t ios  of the bases  (H-IV, VI, and VII) in the remain ing  m i x -  
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ture  were  de te rmined  by gas - l iqu id  ch rom a tog raphy  (GLC), a f te r  which they were  p r e p a r a t i v e l y  separa ted ,  
pur i f ied,  and the i r  individual components  were  cha r ac t e r i z ed .  The r e su l t s  of p r e p a r a t i v e  separa t ion  of 
the subs tances  were  compared  with the GLC data.  

As in other  c a se s  [2], when I was  r eac t ed  with s t rong base s  such as a lkylbutylamines ,  closing of the 
azaindole r ing was accompanied  by compet i t ive  dehydrohalogenation.  The yields  of the 2 ,6 -d ich lo ro -3 -  
v iny l -4 -me thy lpyr id ine  (V), fo rmed  as a r e su l t  of dehydrohalogenat ion,  were  46.3-47.5% for  all of the II  
studied. In addition, definite amounts  of I were  r e c o v e r e d  unchanged under  the reac t ion  conditions se lec ted.  
The s t e r i c  h indrance to nucleophil ic  a t tack  of II at the ~ posit ion of I i nc rea sed  with lengthening of the 
alkyl chains ,  and the amount of r e c o v e r e d  I i nc reased  f r o m  24.5~ for  I Ia  to 30% for  IIb and 33~ for  IIc .  
The yields  of 7-azaindol ine de r iva t i ve s  d e c r e a s e d  accordingly.  

It was mos t  in te res t ing  to elucidate the d i rec t ion of c leavage of the C - N  bonds during c leavage of 
the u n s y m m e t r i c a l  qua te rna ry  sa l t s  obtained as the i n t e rmed ia t e s  in the synthes is  of 7-azaindol ines .  A 
study of this p r o c e s s  by means  of GLC and p r e p a r a t i v e  separa t ion  of the reac t ion  products  indicated that 
in the case  of methylbutylamine  (Ha) and ethylbutylamine {IIb) the lower  alkyl groups  a re  p rac t i ca l ly  unam-  
biguously c leaved,  and the single azaindoline der iva t ive  in these expe r imen t s  was 1 - b u t y l - 4 - m e t h y l - 6 -  
ch loro-7-aza indol ine  (III). In the r eac t ion  of I with hexylbutylamine (IIc), the N-dealkylat ion was  ambigu-  
ous: c leavage of both the N-butyl and the N-hexyl  bonds was observed .  The p r e sence  of both poss ib le  aza -  
indolines - III  and 1 - h e x y l - 4 - m e t h y l - 6 - c h l o r o - 7 - a z a i n d o l i n e  (IVc) - was  es tab l i shed  in the products  by 
GLC; the amount of III was ,  on the ave rage ,  twice that of IVc. The s t ruc tu re  of IVc was conf i rmed by an 
independent synthes is  of this compound f r o m  I and hexylamine .  

The r e su l t s  of GLC ana lys i s  of the t e r t i a r y  al iphatic  amines  a re  in ag reemen t  with these data.  The 
l a t t e r  compounds a re  fo rmed ,  as p rev ious ly  shown [7], by the reac t ion  of the a lkylchlor ide ,  fo rmed  during 
the N-dealkyla t ion,  with exce s s  secondary  amine.  In fact ,  both poss ib le  t e r t i a r y  amines  - d ibuty lhexylam-  
ine (VIIe) and dihexylbutylamine ( V I c ) -  we re  detected by GLC in the p roduc t s  of the reac t ion  of I with IIc.  
Compound VIc was identical  to an authentic sample  obtained f rom IIc by acylat ion with caproyl  chlor ide 
and subsequent  reduct ion of the N-hexy l -N-bu ty l cap roamide  with l i thium a luminum hydride .  At the same  
t ime ,  the fo rmat ion  of only one cor responding  dialkylbutylamine (Via or  VIb) occu r r ed  with the lower  a lkyl -  
butylamine (IIa, b). 

These  inves t igat ions  indicated that for  these p r o c e s s e s  the s t rength  of the N-alkyl  bonds i n c r e a s e s  
in the o rde r  methyl  < ethyl < hexyl < butyl .  The lower  alkyl r e s idues  a re  c leaved more  read i ly  than the 
butyl r e s idue .  On pass ing  to a hexyl snbst i tuent  the d i f ference  in the C - N  bond s t rength  between N-alkyl  
r e s idues  d e c r e a s e s .  Neve r the l e s s ,  the N-hexyl  group is c leaved somewhat  m o r e  read i ly  than the N-butyl  
group.  The explanation of this phenomenon r equ i r e s  fu r the r  invest igat ion.  

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

GLC ana lys i s  was c a r r i e d  out with a F r a c t o v a p  ch romatograph  with a the rmal -conduc t iv i ty  de tec tor ;  
the column length was  2 m,  and the s t a t ionary  phase  was E-301 si l icone e l a s t o m e r  applied in 20% quanti-  
t ies  on C h r o m o s o r b  W; the gas  c a r r i e r  was  hel ium,  and the flow ra te  was 12 l i t e r s / h ;  the column t e m p e r a -  
ture  was 190~ the sens i t iv i ty  of the method was l e s s  than 1% of substance .  

React ion of 2 ,6 -Dich lo ro -3 - ( f i - ch lo roe thy l ) -4 -me thy lpy r id ine  (I) with Methylbutylamine (IIa). A mix -  
ture  of 4.48 g (0.02 mole) of I and 3.48 g (0.04 mole) of I Ia  [6] was  heated for  7 h in an autoclave at 140 ~ 
Benzene (100 ml) was then added, and the bas ic  subs tances  we re  ex t rac ted  with th ree  50-ml  por t ions  of 
18% hydrochlor ic  acid. The benzene l a y e r  was separa ted ,  dr ied with po t a s s ium carbonate ,  dr ied in vacuo,  
and dis t i l led.  Two f rac t ions  were  col lected:  the f i r s t  f rac t ion  was  2 ,6 -d i ch lo ro -3 -v iny l -4 -me thy lpy r id ine  
(V) in the f o r m  of a c o l o r l e s s  liquid with bp 140-143 ~ (14 mm) and n~  1.5696 [the yield was 1.9 g(47.5%)]; 
the second f rac t ion  [1.1 g (24.5~c) ] was  s ta r t ing  I with bp 174-177 ~ (14 mm) and mp 68-69 ~ 

The hydrochlor ic  acid solution was made alkaline with 50% po ta s s ium carbonate .  The base  was  ex-  
t r ac ted  with e ther ,  dr ied  with po t a s s ium carbona te ,  and, a f t e r  GLC analys is ,  was  evapora ted  and dist i l led 
in vacuo to give 0.8 g (17.8%) of 1 - b u t y l - 4 - m e t h y l - 6 - c h l o r o - 7 - a z a i n d o l i n e  (III) [2] with bp 149-153 ~ (1.5 
mm) ,  n~ 1.5507, and re tent ion t ime  12.2 rain (GLC). 1 ,4 -Dime thy l -6 -ch lo ro -7 -aza indo l ine  (IVa) was  not 
detected in the reac t ion  p roduc t s  by GLC. 
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Reaction of I with Ethylbutylamine (IIb). This  reac t ion  was c a r r i e d  out as above with 5 g (0.02 mole) 
of I and 4.5 g (0.04 mole) of IIb to give 1.9 g (46.3%) of V, 1.5 g (30%) of I, and 0.6 g (12.6%) of III .  1 -Ethy l -  
4 -me thy l -6 - ch lo ro -7 - aza i ndo l i ne  was not detected in the reac t ion  products  by GLC. Dist i l lat ion of the 
bas ic  subs tances  in this exper iment  gave 1.5 g of a mix ture  of ethylbutylamine (IIb) and diethylbutylamine 
(VIb) with bp 109-137 ~ The mix ture  was ref luxed for  3 h with 10 ml  of acet ic  anhydride,  25 ml  of e ther  
was added, and VIb was ext rac ted  with three  10-ml  por t ions  of 10% hydrochlor ic  acid. The e the r  l a y e r  
was washed with wa te r  and 50% po tass ium carbonate ,  dr ied with po tass ium carbonate ,  evapora ted ,  and the 
res idue  was vacuum dist i l led to give 1 g of N-acetyle thylbutylamine in the f o r m  of a co lo r l e s s  liquid with 
bp 127-129 ~ (50 mm) and n~  1.4486. The compound was quite soluble in the usual organic  solvents  and 
sl ightly soluble in water .  Found %: N 9.7. CsH17NO. Calculated %: N 9.8. The hydrochlor ic  acid solu-  
tion of VIb was made alkaline,  and the base  that fo rmed  was  ex t rac ted  with e ther  and conver ted  to the p ic -  
ra te  by addition of an alcoholic solution of p ic r ic  acid. The p ic ra t e  (VIb) obtained had mp 46-47 ~ (from 
methanol) and was  identical  to that p rev ious ly  descr ibed  [8]. Found %: N 15.8. CsHIgN �9 CsH19N307. 
Calculated %: N 15.6. 

Hexylbutylamine (IIc). A mix ture  of 23.8 g (0.32 mole) of butylamine and 22 g (0.16 mole) of caproyl  
chloride [9] was ref luxed for  3 h in 200 ml  of anhydrous benzene and 100 ml  of wa t e r  was added. The 
benzene l a y e r  was  separa ted ,  dr ied with magnes ium sulfate,  and evapora ted .  The res idue  was dist i l led,  
and the f rac t ion  with bp 165-167 ~ (20 mm) was collected to give 26 g (95%) of N-buty lcaproamide  in the 
fo rm of a co lo r l e s s  liquid that was quite soluble in the usual organic  solvents .  Found %: C 69.8; H 12.2; 
N 8.2. C10H21NO. Calculated %: C 70.1; H 12.2; N 8.1. A solution of 24 g (0.14 mole) of N-bu ty lcapro -  
amide in 250 ml  of absolute e ther  was added to 16 g (0.42 mole) of l i thium aluminum hydride in 200 ml  of 
absolute e ther ,  and the mix tu re  was ref luxed for  15 h. The usual workup gave 20 g (91%) of IIc with bp 81- 
83 ~ (10 mm) ,  n~  1.4250,* and re tent ion t ime 2.0 min (GLC). 

S imi la r ly ,  6 g (69%) of hexylamine with bp 60-61 ~ (70 mm) and n~ 1.4255 was obtained by reduction 
of 10 g (0.08 mole) of caproamide  [11] with 9.5 g (0.25 mole) of l i thium aluminum hydride in 300 ml  of 
e the r - t e t r ahyd ro fu ran  (1 : 3) (refluxed for  16 h) .? 

React ion of I with Hexylbutylamine (IIc). The method was s i m i l a r  to that used for  the reac t ion  of I 
with methylbutylamine (IIa) and gave 3.5 g (46.6%) of V, 3 g (33.3%) of I,  0.9 g of IIc;  a mix tu re  of t e r t i a r y  
amines  (0.4 g) consis t ing,  according to GLC, of dihexylbutylamine (VIc), with re tent ion t ime 5.5 min,  and 
dibutylhexylamine (VIIc), with re tent ion t ime 2.8 min; and 1 g of a mix tu re  of 7-azaindol ines  IVc and III. 
According to GLC, the overa l l  yield of III  was  7.2%, while that of IVc was  3.5%. 

Dihexylbutylamine (VIc). Caproyl  chloride [5.4 g (0.04 mole)]  was added to a solution of 6.3 g (0.04 
mole) of hexylbutylamine and 8.1 g (0.08 mole) of t r i e thy lamine  in 200 ml of anhydrous benzene.  The mix -  
ture was refluxed for  3 h, and the t r ie thy lamine-hydrochlor ide  prec ip i ta te  was f i l te red  and washed with 
benzene.  The benzene solution was  ex t rac ted  with two 50-ml  por t ions  of 2% hydrochlor ic  acid followed by 
two 40-ml  por t ions  of 50% po tass ium carbonate ,  washed with wate r ,  and dr ied with magnes ium sulfate.  The 
benzene was evapora ted ,  and the res idue  was dist i l led to give 8.3 g (81.3%) of N-bu ty l -N-hexy lcap roamide  
in the f o r m  of a co lo r l e s s  liquid with bp 167-172 ~ (5 mm) and n~  1.4491, which was quite soluble in the 
usual organic solvents .  Found %: C 75.5; H 12.8; N 5.5. C16H33NO. Calculated %: C 75.3; H 12.9; N 5.5; 
O 6.3. A solution of 7.6 g (0.3 mole) of N-bu ty l -N-hexy lcaproamide  in 150 ml of absolute e ther  was added 
to a suspension of 3.5 g (0.9 mole) of l i thium aluminum hydride in 75 ml  of absolute e ther ,  and the mix ture  
was ref luxed for  10 h. The usual workup gave 6 g (84.5%) of VIc with bp 139-142 ~ (10 mm) and n}~ 1.4405 in 
the f o r m  of a co lo r l e s s  liquid that was  quite soluble in the usual organic  solvents .  Found %: C 79.7; H 
14.4; N 5.8. Ci6H35N. Calculated %: C 79.6; H 14.5; N 5.8. 

1 -Hexy l -4 -m e t hy l -6 - ch l o ro -7 - aza i ndo l i ne  (IVc). A mix tu re  of 4.2 g (0.018 mole) of I and 3.8 g 
(0.036 mole) of hexylamine was heated in an autoclave for  7 h at 140~ the bas ic  and nonbasic subs tances  
were  separa ted ,  and the benzene solution yielded 0.7 g (19.8%) of V and 1.5 g (36.7%) of I.  Workup of the 
hydrochlor ic  acid solution a f te r  r emova l  of I and V yielded 1.3 g (28%) of IVc with bp 135-137 ~ (1 mm) .  
Compound IVc was an oily substance with n~ 1.5361 and re tent ion t ime 27.3 m i n  (GLC) that was  quite so l -  
uble in the usual organic  solvents  and insoluble in water .  Found %: C 66.5; H 8.0; C1 13.9; N 11.3. 
CI4H21C1N2. Calculated %: C 66.5; H 8.3; C1 14.0; N 11.1. 

* The synthes is  of this compound by a m o r e  complex scheme f r o m  benzylhexylamine was descr ibed  in [10]. 
Hexylamine  was p rev ious ly  obtained by the reduct ion of ni t rohexane with a nickel ca ta lys t  [12]. 
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