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Abs t rac t  - 3-Substituted arylenaminoimine hyd roch lo r i des  on 

heat ing produced exc l us i ve l y  one regioisomer f o r  e lect ron donat- 

ing groups a t  3 pos i t i on  whereas two regioisomers f o r  e lect ron 

w i thdraw ing /weak ly  e lect ron donating groups present  a t  t he  

3 posi t ions. 

Thermal cyc l i za t ion  o f  arylenaminoimine hyd roch lo r i des  ( an i l  h yd roch lo r i des )  

p rov i des  an impor tant  en t r y  t o  p o l y c y c l i c  azaarenes (PAA).1,2 In  recent years PAA's 

have a t t rac ted  organic chemis t ' s  at tent ion because of in terest ing p rope r t i e s  e x h i b i t e d  

b y  these classes o f  compounds i n  the form of c a v i t y  shaped  molecule^,^ bay  region 

d i o l  epoxides, 2'4'5 molecular tweezers6 and heterohelicenes.' There a re  severa l  

methods f o r  t he  syn thes is  of  p o l y c y c l i c  azaarenes bu t  f o r  some t ime we found t ha t  

thermal  c yc l i za t i on  of an i l  h yd roch lo r i des  would be a convenient, sho r t  and h i g h  

y i e l d i n g  method fo r  t he  synthes is  o f  these molecules, along w i t h  t he  scope o f  

in t roduct ion of va r ious  subst i tu t ions i n  PAA moiety wh i ch  i s  most essent ial  for  

comparison of s t ruc tu re  a c t i v i t y  r e l a t i onsh ip  - as a resu l t ,  t h i s  method i n  most 

cases a re  found t o  b e  super io r  one t o  t he  o ther  methods. 
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Extensive studies on the  thermal cyc l i za t ion  of an i l  hydroch lo r ides  d e r i v e d  f rom 

U-substituted arylamines have been made i n  las t  few years and the  resul ts  showed 

t ha t  the  process leads t o  on ly  s ing le isomer wh ich  i s  expected also (neglecting 

the  poss ib i l i t y  of  cyc l i za t ion  o f  the  other  resonating form o f  an i l  hyd roch lo r i de  

wh ich  i n  p rac t i ce  have never been found t o  occur). However. su rp r i s i ng l y  the  

studies on thermal cyc l i za t ion  o f  an i l  hydroch lo r ides  de r i ved  from 3-substituted 

arylamines and d i f fe ren t  chloroaldehydes are rare. Though we have repor ted  
9 

one such case, no generalization has been made ea r l i e r .  Here, we r e p o r t  the  

resu l ts  of our studies on thermal cyc l izat ion o f  3-substituted arylenaminoimine hydro-  

ch lo r ides  (Entr ies 1-12 i n  Table 1). In terest ing ly ,  theore t i ca l l y ,  the  an i l  

hydroch lo r ides  containing 3-subst i tuted arylamine moiety can lead t o  formation of  

four poss ib le  products. 

Pa th  1 Path 2 

Cyclization at 2 at 6 Cyc l i za t ion  at 2' Cyclization at 6' A 

Formation of products C / D  v i a  pa th  2 have been ru l ed  ou t '  i n  analogy w i t h  prev ious - 
reports1' where no such cyc l izat ions have been observed. We found t ha t  the ra t ios  

o f  the  products formed are influenced h i g h l y  b y  the nature o f  the  subst i tu t ion '  (R). 

When R i s  an electron donat ing 'g roup  (say, CH3 as i n  en t r y  Nos. 1,s and 9 i n  

Table 1) the  cyc l i za t ion  showed h i g h  reg iose lec t i v i t y  and took place a t  pos i t ion 
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6 of arylamine moiety leading to  exc lus ive ly  one regioisomer i n  each case. Ident ical  

mode of cyc l i za t ion  was observed i n  the  cases where R = 0CH3 (as i n  ent r ies 2,6 

and 101 however i n  these cases along w i t h  the  des i r ed  products, i.e. methoxy- 

azaarens a signi f icant amount o f  the demethylated products were also formed. When 

R i s  weakly act ivat ing group l i k e  CI (En t ry  Nos. 3.7 o r  11) o r  s t rongly  electron 

wi thdrawing group l i k e  NO2 (Entry  No.8) h i g h  reg iose lec t i v i t y  was not observed 

i n  the  cyc l i za t ion  and a mix tu re  o f  products  were obtained through cyc l i za t ion  a t  

pos i t ions 2 and 6 o f  the arylamine moiety. 

The an i l  hydroch lo r ides  ( I ,  V I I  and XV] were p repared  i n  good y i e l d s  involv ing 

the  react ion o f  3-substituted arylamine (2 equivalents) w i t h  one equivalent of 

2-~h10ro-1-formy1cyc1ohexene~' o r  1-chloro-2-formyl-3.4-dihydronaphthalene12 o r  1- 

ch lo ro -2 - f0 rm~ l -acena~h thy lene~~  respec t i ve ly  i n  ethanol containinng t race of HCI . 
Thermal cyc l izat ions were per formed b y  heat ing the  an i l  de r i va t i ves  at  about 200- 

250°C for  2-3 minutes, t o  produce p o l y c y c l i c  azaarenes. I n  case o f  Id and XVd no 

cyc l i zed  products  were obtained. I n  the  former case, the  p roduc t  a f ter  usual work 

up was found to  be 2 -n i t roan i l i ne  w h i l e  i n  the  l a t t e r  case heat ing of  the  an i l  de r i va -  

t i v e  resul ted i n  t a r r y  mass. The resul ts  have been summarized i n  Table 1. The poly-  

c y c l i c  azaarenes were character ized e i t he r  b y  comparison w i t h  authent ic sample o r  

b y  usual spectroscopic methods. 

EXPERIMENTAL 

A l l  melting points  are uncorrected and were checked i n  one s ide  open glass c a p i l l a r y  

using su lphur ic  ac i d  ba th  o r  a Toshniwal melt ing po in t  apparatus. 'H-Nmr spectra 

were recorded w i t h  Varian (90 MHz), Brucker  (250 MHz) and JEOL (100 MHz) 

machines using TMS as internal standard. Mass spectra were recorded on Perkin-Elmer 

800 machine. Elemental analyses have been per formed f rom CDRI, Lucknow ( Ind ia) .  

Enaminoimine hyd roch lo r i des  I (a-d). V l l  (a-dl and XV(a-d) : 

General Procedure 

To an ice cooled solution o f  arylamine ( 6  mmol) i n  ethanol (15-20 ml )  2N hydrochlo-  

r i c  ac id  (2-3 m l )  i s  added. Now t o  th is ,  2.5 mmol o f  the  ch loroaldehyde (2-chloro- 
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1-formylcyclohexene,11 o r  l-chloro-2-formyl-3,4-dihydro-naphthalene12 o r  l -chloro-2- 

10 
formylacenaphthylene ) a r e  added i n  one batch. S t i r r i ng  i s  continued f o r  10-15 min 

a t  5-10°C and then for 2.5-3 h a t  room temperature. The react ion mixtue i s  then 

cooled i n  ice ba th  and f i l t e red .  The ye l low t o  deep r e d  res idue i s  washed w i t h  

l i t t l e  ice c o l d  ethanol and d r i e d  i n  a i r .  These a re  used d i r e c t l y  f o r  thermo lys is  

wi thout  fu r ther  pur i f i ca t ion .  

la, B r i gh t  ye l low sol id ,  mp 167-168OC (decomp.), y i e l d  77%. ir (KBr):dmax 1606, 

1632, 3160, 3260 cm-l. Ib. L i g h t  ye l low sol id ,  mp 247-2W°C (decomp.). y i e l d  70%. 

ir (KBr):Jmax 1614, 1664, 3225, 3302 cm-l .  Ic, B r i g h t  ye l low sol id ,  mp 185-18PC 

(decomp.), y i e l d  86%, ir (KBr):Jmax 1588. 1640, 3160, 3240 cm-I. Id, Deep ye l low 

sol id ,  mp 196-197'C (decomp. ). y i e l d  96%. ir (KBr) : Jmax 1398, 1530, 1634, 3100, 

3335, 3410 cm-l. Vl la,  L i g h t  ye l low sol id ,  mp 265-266'C (decomp.) (ethanol) ,  y i e l d  

50%. ir ( ~ B r ) : ~ ~ ~ ~ 1 6 0 4 ,  1638, 3000, 3400 cm-l. V l lb .  L i g h t  ye l low sol id ,  mp 246- 

247°C (decomp.) (ethanol), y i e l d  30%. ir (KBr) :$ax 1604. 1642, 3182 cm-l. V l lc ,  Deep 

orange so l id ,  mp 148-149°C (decomp.), y i e l d  74%. ir ( K B ~ )  : Jmax 1578, 1634, 3070, 

3150 cm-l .  Vl ld.  Orange so l id ,  mp 195-196°C (decomp.), y i e l d  82%. ir (KBr):Jmax 

1320, 1344, 1530, 1584, 1602, 1638, 3062 cm-l. XVa. Deep r e d  so l id ,  mp 196-197'C 

- 1 
(decomp.). y i e l d  78%, ir (KBr):Jmax 1592, 1640, 3040, 3170 cm . XVb. Deep r e d  

so l id ,  mp 241-242OC (decomp.). y i e l d  83%. ir (KEW)dmax1592, 1638, 3080, 3400 cm-'. 

XVc. Deep r e d  so l id ,  mp 211-21Z°C (decomp.), y i e l d  80%. ir (KBr):JmaX1586, 1620, 

1642, 3058, 3160, 3456 cm-l .  XVd, Red so l id ,  mp 227-22E°C (decomp.), y i e l d  85%. 

ir ( K ~ r ) : A ~ ~ ~ 1 3 4 6 ,  1396, 1530, 1562, 1612, 1644, 3078, 3160, 3456 cm-l .  

Thermolys is  o f  enaminoimine hyd roch lo r i des  : 
I 

General Procedure 

The an i l  hyd roch lo r i de  ( I  o r  V I I  o r  XV) (500-700 mg) i s  heated i n  a long necked 

tube a t  200-275OC fo r  2-3 min  i n  a sa l t  bath.  The an i l  d e r i v a t i v e  melts and a 

vigorous react ion sets i n  w i t h  the  deposi t ion of arylamine hyd roch lo r i de  i n  the  

cooler p a r t  o f  the  tube. A f te r  cooling t o  room temperature the  fused mass i s  t re ra ted  

w i t h  chloroform o r  benzene. [The residue le f t  a t  t h i s  stage i s  reserved f o r  lc. V l l c  
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a n d  XVc. F r o m  t h i s  r e s i d u e  a f t e r  p r o p e r  r e c r y s t a l l i z a t i o n ,  d e m e t h y l a t e d  p r o d u c t  

(IV. X a n d  X V I I I )  r e s p e c t i v e l y  a r e  ob ta ined . ]  Organ ic  l a y e r  i s  t hen  washed w i t h  

water ,  d r i e d  ( N a 2 S 0  ) and s o l v e n t  r emoved  t o  p r o d u c e  t h e  c r u d e  p r o d u c t  w h i c h  i s  
4 

f u r t h e r  p u r i f i e d  by usua l  t echn ique  (i.e. co lumn ch roma tog raphy ,  p r e p .  t l c  a n d l o r  

r e c r y s t a l  l i z a t i o n  f r o m  s u i t a b l e  so l ven t ) .  

11. Co lou r l ess  s o l i d ,  m p  98-9g°C (e ther lO°C)  (lit.13 m p  100°C), y i e l d  76%. 

Ill. Co lou r l ess  s o l i d ,  m p  58-5g°C (e ther lO°C)  ( 1 i t . 1 ~  m p  60-61°C). y i e l d  35%. 

IV. Co lou r l ess  s o l i d ,  m p  272-273OC (decamp.) (e thano l ) ,  y i e l d  37%. H-nmr 

(DMSO-d6) : 6 1.70-2.00 (m.9H). 2.85 (t,2H, Jz6.5 Hz), 2.95 (t.2H. J=6.5 Hz),  7.05 

(dd, lH,  J.2.2 Hz and 8.7 Hz), 7.10 (d, lH,  Jz2.2 Hz), 7.65 (d, lH, J.8.7 Hz) ,  7.80 

(s , lH) ,  9.95 [s , lH l .  Anal .  Ca l cd  f o r  C13H13N0 C, 78.39; H, 6.53; N, 7.04 Found : 

C, 78.30; H, 6.46; N, 6.95. 

V. Co lou r l ess  s o l i d ,  ( p u r i f i e d  by p r e p a r a t i v e  t l c  us ing  s i l i c a  ge l l benzene  + p e t .  

e t h e r  (60-80°C. 1 m p  90-91°C (e ther /O°C)  ( l i t . 1 3  bp 120-12210.01 mm), Y i e l d  

~ O % , ' H - n m r  ( C D C I ~ ) : ~  1.81-2.04 (m,4H), 2.91-2.97 (t.2H. Jz6.3 Hz), 3.06-3.13 (t.2H. 

J=6.3 Hz), 7.35 (dd , lH ,  J=2.0 Hz and 8.7 Hz) ,  7.59 (d, lH, J.8.7 Hz), 7.74 (s, lH),  

7.97 (d, lH, J=2.O Hz).  Anal .  Ca l cd  f o r  C13H12NCI : C, 71.72; H, 5.52; N, 6.44 

Found : C, 71.55; H, 5.31; N, 6.24. 

VI .  Co lou r l ess  s o l i d ,  ( s e p a r a t e d  by p r e p a r a t i v e  t l c  us ing  s i l i c a  ge l l benzene  + p e t .  

e t h e r  (6040°C.  1 : l ) .  m p  55-56OC (e ther /O°C) ,  y i e l d  - 10%. H-nmr ( C D C I ~ :  6 1.75- 

2.00 (m.4H). 2.85-3.20 (m.4H). 7.50 (d,2H, J=6.0 Hz), 7.90 (d, lH,  Jz6.0 Hz), 8.20 

(S. lH).  

V I I I .  Co lou r l ess  s o l i d ,  m p  106-107°C (e thano l )  [ T h e  compound ( V l l l )  on aromat iza-  

t i o n  w i t h  Pd-C i n  r e f l u x i n g  p-cymene a f f o r d e d  9 - m e t h y l b e n z [ c l a c r i d i n e  as y e l l o w  

so l i d ,  m p  148-149°C i d e n t i c a l  w i t h  au then t i c  sample  ( l i t . , 1 4 m p  148°C)1, y i e l d  95%. 

IX. Y e l l o w i s h  w h i t e  s o l i d ,  [ p u r i f i e d  by column ch roma tog raphy ,  AI2O3 ( n e u t r a l l p e t .  

e t h e r  ( 6 0 - 8 0 ~ C ) ] ,  m p  90-91°C (ether lO°C),  y i e l d  37%. H-nmr (CDCI 3 )  : 6 2.95-3.05 

(m,2H), 3.05-3.15 (m.2H). 3.97 (s,3H), 7.13 (dd, lH,  Jz2.3 and 8.9 Hz), 7.25-7.50 

(m.4H). 7.62 (d, lH,  J.8.9 Hz), 7.85 (s, lH),  8.55 (d, lH, J.6.8 Hz). Anal .  C a l c d  - 
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f o r  C18H15N0 : C, 82.75; H, 5.75; N, 5.36. Found : C, 82.52; H, 5.49; N, 5.26. 

X. Co lou r l ess  s o l i d ,  m p  263-264°C (THF-ethanol) ,  y i e l d  61%. ' ~ - n m r  (DMSO-d6) : 5 

2.85-3.05 (m,4H), 7.1 (dd , lH ,  J.2.1 a n d  8.8 Hz), 7.26 (d,lH, Jz2.1 Hz), 7.30-7.Y2 

(m.3H). 7.73 (d, lH,  J=8.8 Hz) ,  8.02 (s, lH), 8.37-8.42 (m,lH), 10.04 (s , lH) .  Anel. 
C a l c d  f o r  C17H13N0 : C, 82.59; H, 5.26; N, 5.67. Found : C, 82.51; H, 5.17; 

N, 5.60. 

XI. Co lou r l ess  s o l i d ,  ( s e p a r a t e d  f r om XI1  by p r e p .  t l c  us ing  s i l i c a  ge l l benzene  

+ p e t . e t h e r  (60-80°C),2:1), m p  110 - l l l °C ,  y i e l d  38%, l ~ - n m r  ( C D C I 3 )  : 6 2.95-3.10 

(brs.4H). 7.20-7.50 (m,4H), 7.65 (d, lH, J=8.7 Hz), 7.85 (s, lH),  8.15 (dd,lH, J=2.1 

a n d  6.5 Hz), 8.50-8.65 (m,lH). Ana l .  - C a l c d  f o r  C17H12NCI : C, 76.84; H, 4.52; N, 5.27. 

Found : C, 76.73; H, 4.37; N, 5.12. 

XI I .Colour less s o l i d ,  ( s e p a r a t e d  f r o m  X I  by p r e p .  t l c  us ing  s i l i c a  ge l l benzene  + p e t .  

e t h e r  (60-80°C). 2 ,  m p  115-116°C, y i e l d  59%. l ~ - n m r  ( c D C I ~ ) :  6 2.99-3.22 (m.4H). 

7.26-7.45 (m.3H). 7.51-7.59 (m,ZH), 8.02-8.08 (dd,lH, J-3.5 a n d  8.6 Hz) ,  8.32 

(s, lH),  8.55-8.58 (m, lH).  Anal. C a l c d  f o r  C17H12NCI : C. 76.84; H, 4.52; N, 5.27. 

Found : C, 76.64; H, 4.31; N, 5.00. 

X I I I .  L i g h t  y e l l o w  s o l i d ,  ( s e p a r a t e d  by co lumn ch roma tog raphy ,  s i l i c a  ge l l benzene  

+ p e t . e t h e r  (60-80°C), 3.5:6.5), m p  181-182°C, y i e l d  41%. ir (K6 r ) : dmax  1350; 1525, 

- 1 c m  , ' ~ - n m r  (CDCI 3 ) :  6 3.02-3.08 (m.2H). 3.16-3.23 ( m . 2 ~ ) .  7.25-7.33 (m, lH),  7.42- 

7.48 (m,2H), 7.86 (d, lH,  J=8.9 Hz), 8.01 (s,lH), 8.24 (dd, lH,  J=2.2 a n d  8.9 Hz), 

8.55-8.60 (m,lH), 9.02 (d, lH,  Jz2.2 Hz). Anal. - C a l c d  f o r  C17H12N202 : C, 73.91; H, 

4.35; N, 10.14. Found : C, 73.70; H, 4.12; N, 9.87. 

XIV. F a i n t  y e l l o w  s o l i d ,  ( s e p a r a t e d  by co lumn ch roma tog raphy ,  s i l i c a  ge l l benzene  

+ p e t . e t h e r  (60-80°C), 3.5:6.5), m p  161-162°C (e thano l  ), y i e l d  53%. ir ( K B ~ ) : J ~ ~ ~  

1350, 1525 cm- l .  l ~ - n m r  ( C D C I ~ )  :6 3.01-3.08 (m,2H), 3.17-3.24 (m.2H). . 7.27-7.32 

(m,lH), 7.41-7.45 (m.2H). 7.70 ( t , lH,  Jz8.06 Hz),  8.29 (d, lH, J.8.2 Hz),  8.41 

(d, lH,  Jz8.2 Hz), 8.53-8.58 (m,lH), 8.76 [s , lH) .  Ana l .  C a l c d  f o r  C17H12N202 : C, 73.91; 

H, 4.35; N, 10.14. Found : C, 73.72; H, 4.12; N, 9.84. 

XVI. Co lou r l ess  s o l i d ,  mp 161-162°C (e thano l ) ,  y i e l d  57%, H-nmr (DMSO-de) : 
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6 2.59 (s,3H], 7.35 (dd, lH,  J=1.4 a n d  8.2 Hz), 7.65-7.85 (m,3H), 7.90 (d,lH, Jz8.2 

Hz), 7.95-8.05 (m,3H), 8.42 (d,lH, Jz7.5 Hz), 8.44 ( s , lH ) .  MS : m l z  2 6 7 ( ~ + ) , 2 6 6 ,  

133, 120, 119, 106, 93. Anal .  Ca l cd  f o r  CZ0Hl3N : C, 89.88; H, 4.86; N, 5.24. 

Found : C, 89.62; H, 4.59; N, 4.98. 

XVI I .  L i g h t  y e l l o w  s o l i d ,  (column ch roma tog raphy ,  A I2O3 /  benzene), m p  173-174°C 

(e thano l ) ,  y i e l d  24%. ' ~ - n r n r  ( C D C I 3 )  : 4.02 (s,3H), 7.23 (dd, lH,  J.2.5 and 9.0 

Hz), 7.67-8.06 (m.7H). 8.51 (s, lH),  8.61 (b rd , lH ,  Jz7.2 Hz) .  Anal. Ca l cd  f o r  $OH,$O 

: C, 84.80; H, 4.59; N, 4.95. Found : C, 84.52; H, 4.24; N, 4.59. 

XVI I I .  L i g h t  y e l l o w  so l i d ,  m p  317°C (THF-e thano l ) ,  y i e l d  30%. ' ~ - n m r  (DMSO-d6 ) : 

6 7.20 (dd , lH ,  Jz2.0 a n d  8.0 Hz), 7.40 (s, lH),  7.55-7.85 (m.3H). 8.05 (d, lH,  J.8.0 

Hz), 8.10-8.25 (t,2H, J=8.0 Hz), 8.35 (d, lH, J=8.0 Hz), 8.80 (s , lH) ,  10.25 (s, lH]. 

Anal. C a l c d  f o r  ClgHllNO : C, 84.76; H, 4.09; N, 5.20. Found : C, 84.65; H, 3.95; - 
N, 5.10. 

XIX. Co lou r l ess  s o l i d ,  ( s e p a r a t e d  by p r e p .  t l c  us ing  s i l i c a  ge l l benzene  + pe t . e the r  

(60-8O0C), 7:6), m p  215-216°C (benzene-ethanol) ,  y i e l d  25%. H-nmr , (CDCI 3 ) :  6 7.49- 

7.52 (dd, lH,  J.2.0 a n d  8.7 Hz), 7.70-7.87 (rn,3H), 7.98 (d,lH, J.8.3 Hz), 8.05 

(d,2H, J-7.5 Hz) ,  8.23 (d , lH ,  J=1.3 Hz), 8.44 (d, lH,  J=7.0 Hz),  8.50 (s , lH) .  Ms : 

m / z  289(M+2), 2 8 7 ( ~ + ) ,  251, 194, 112. Anal. C a l c d  f o r  C19H10NCI : C, 79.30; H, 3.48; 

N, 4.87. Found : C, 79.20; H, 3.29; N, U.61. 

XX. Co lou r l ess  s o l i d ,  ( s e p a r a t e d  by p r e p .  t l c  us ing  s i l i c a  ge l l benzene  + pe t . e the r  

(60-80°C), 7:6), m p  256-257OC (e thano l ) ,  y i e l d  25%. ' ~ - n m r  (CDCI3)  : d 7.62-7.64 

(m,2H), 7.75 ( t , lH,  J.7.7 Hz) ,  7.81 ( t . lH,  5.7.7 Hz ) ,  7.98 (d, lH,  J=8.0 Hz), 8.04 

(d, lH,  J.8.0 Hz), 8.11-8.17 (rn.2H). 8.44 (d, lH, J.6.8 Hz) ,  8.94 (s, lH).  Ms : r n l z  

289(M+2). 2 8 7 ( ~ + ) ,  251, 226, 224, 144, 126, 112. C a l c d  f o r  C19HIONC I : C, 79.30; 

H, 3.48; N, 4.87. Found : C, 79.18; H, 3.28; N, 4.60. 
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