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FACILE SYNTHESIS OF y-SUBSTITUTED IH-AZEPINE DERIVATIVES 
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Abstract - The f a c i l e  synthesis o f  y-sulphonyl and +thoxycarbonyl subst i tu ted 

IH-azepines i n  high y i e l d s  by the pressure-induced sulphonylni t rene inse r t i on  

react ion or. i n  anhydrous solvents, the 1.3-dipolar azide addi t ion react ion w i t h  

a m a t i c  substrates containing electron-withdrawing subst i tuents (e.g. dimethyl 

terephthalate) are described. The probable sequences o f  react ions involved i n  the 

bvo cases have been indicated. 

Recently we reported the synthesis o f  y-(p-toluenesulphony1)-IH-azepine by the - 
t h e n a l  decapos i t i on  o f  ptoluenesulphonylazide (Tosylazide) k i n  excess o f  benzene under 

pos i t i ve  ni t rogen pressure.' By judicious choice of react ion temperature and pressure. the 

y i e l d  of the azepine f o n e d  was optimised. 

I n  the present w m n i c a t i o n .  we have shown t h a t  the method can be used w i t h  

advantage fo r  the synthesis o f  E-sulphonylazeplne der ivat ives by the inse r t i on  o f  sulphonyl- 

ni t renes i n  a m a t i c  systems containing electmn-withdrawing subst i tuents.  The formation o f  

N~p-.toluenesulphony~2,5-dimethoxycarbonyl- l~-azepine~in 15% y i e l d  by the t h e n o l y s i s  o f  1 - - 
i n  dimethyl terephthalate (DMT)A a t  155-160"~ and atmospheric pressure was described frm t h i s  

labor at or^;^ and p laus ib le  course o f  the react ions involved i n  the f o n a t i o n  o f  sulphonyl- 

azepines, having electmn-withdrawing subst i tuents on carbon atoms adjacent t o  the r i n g  n i tmgen  

was s ~ g g e s t e d . ~  Evidence i s  i n  favour o f  the i n i t i a l  formation o f  the su lphony ln i t reneL  and i t s  

involvement i n  fur ther  react ions w i th  aranat ic  substrates such as & t o  g i ve  u l t ima te l y  the 

azepine and an i l ide.  The react ive nitrene; i s  a lso responsible f o r  the f o n a t i o n  o f  

hydrogen abstract ion product 2. 
Now we have f w n d  t h a t  the y i e l d  of the azepine d e r i v a t i v e L c a n  be considerably 

increased by car ry ing out the t h e n o l y s i s  o f  J i n  m o l t e n 3  under ni t rogen pressure. I n  a 

t yp i ca l  experiment, the l i q u i d  tosylazidel+ (7.0 g) and M L ( 6 0 0  g) were placed i n  a high 

pressure reactor  (S.S. Autoclave Engineers, Inc., U.S.A.), which was e a r l i e r  purged w i t h  nitrogen. 



The temperature was gradua l ly  ra ised t o  1 5 5 T  dur ing 0.5 h. w i t h  simultaneous adjustment 

o f  the n i t rogen pressure i n  the reactor  t o  60-62 atm. The mix ture  was s t i r r e d  a t  165-160°C 

under t h i s  pressure f o r  2.5 h and cooled. The excess of unreacted DMI was removed by . . 
d isso lv ing  the s o l i d  react ion  mass i n  benzene: pet.ether (7:3) mix ture  and a l lowing t o  

c r y s t a l l i z e .  Bulk o f  the  c r y s t a l l i z e d  L'UT was removed by f i l t r a t i o n  and washed w i t h  benzene: 

p e t i t h e r  mixture. The f i l t r a t e  and washings were col lected. The DMI was repeatedly dissolved 

i n  the same solvent mix ture  and r e c r y s t a l l i s e d  f i v e  times. F ina l l y ,  pure DMT (checked by 

. , . , 
t . l . c J )  was removed fmm the react ion  mixture. The combined f i l t r a t e s  and washings contained 

. . 
only t races of &T, and, on concenkration, y i e l ded  c r y s t a l l i n e  y e l l a r  coloured azebine $ 

. . ,  . < .  , . 
(7.0 g). I t  was co l l ec ted  by f i l t ' r a t i o n  and the f i l t r a t e  was evaporated t o  dryness. The . 
resu l t i ng  residue was, dissolved i n  minimum mount  o f  acetone, adsorbed on S i l i c a  gel  and 

subjected t o  chmmatographic separation. ~ i u t i o n  k t h  pet.ether gave traces o f  L ' U i  as the f i r s t  
, . 

f r ac t i on .  The second f rac t ion ,  which was'obtained by e l u t i n g  w i t h  benzene: pet.ether (1:11 gave 
. , . , . 

more o f  the azepine Q (0.6 g).  The combined azepine (7.6 g) on f u r t h e r  c r y s t a l l i z a t i o n  from . . 
3 ' 

benzene: pet.e;her (1 : l )  gave pure 1?,'(7.5 g, 70.6%). mp 1 2 7 T  ( l i t .  mp 126'C. mixed np 
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undepressed). From. the o the r  f rac t ions ,  ~-(~-toluenesulphonyl)-2,5-dimethoxycarbonylanilide~ 

(0.2 g, 1.88%). mp 14E°C ( l i t . 3  mp 148%) and t o l u e n e - p s u l p h o n a m i d e ~  (0.27 g. 4.5%). mp 137% 

mp 136%) were obtained. Pure OMT: (590 g) was a lso  recovered. The s t ruc tu re  o f  

$was confinned fran i t s  d i r e c t  canparison w i t h  an authent ic sample3 and spect ro-ana ly t ica l  

data Ipnr (CDC13): 6 2.4 (3H, s, aryl-CHJ, 3.7 (3H. s, 5-COOCHJ, 3.'8 (3H, s, 2-COOCHJ), 

6-7.6 (8H, m, a r y l  and azepine r i n g  H) ppm. i r  (CHC13): 3030, 2960, 1720, 1620, 1590, 1430, 

1370, I280 and 1170 cm'?~. It i s  c l e a r  t h a t  the p o s i t i v e  h igh  pressure dur ing the react ion  

resu l t ed  i n  more than four- fo ld increase i n  the  y i e l d  of the azepine. 

Thennolysis of sulphonylazides i n  aromatic systems conta in ing electron-donat ing 

groups d i d  no t  r e s u l t  i n  the formation o f  azepine der iva t ives .  Even h igh pressure thenrmlysis 

i n  such cases resu l t ed  i n  on ly  the sulphonani l ides.  Thus the thermolysis o f L  (16.0 g) i n  

p x y l e n e  (1050 ml)  a t  155-160'~ and 74-75 atm pressure f o r  2 h and working up the react ion  

mix ture  by sub jec t ing  to chranatographic separat ion on s i l i c a  ge l  using pet.ether and benzene 

and r e c r y s t a l l i z a t i o n  from ethanol  gave colour less c r ys ta l s  o f  K-(e-toluenesulphony1)-2.5-xylidide 

7 (5.4 g. 24.2%). mp 1 2 0 ~ ~  ( l i t . 3 ,  mp 1 2 0 ~ ~ ) .  Small amount o f  p t o l u e n e s u l p h o n a m i d e , ~  C 

(0.23 g) was a lso  iso la ted.  There was no evidence o f  the presence o f  any azepine de r i va t i ve  

i n  the  react ion  mixture.  

An a t t e m p t t o  r e a c t  e t h y l a z i d o f o r m a t e 5  (2.0 g) w i t h  DM12 (20 g) a t  1 5 5 - 1 6 0 ~ ~  

and atmospheric pressure resu l t ed  i n a n  exp los ive  react ion  w t t h  v i s i b l e  flame.. In order to 

conduct smooth thermal reac t i on  o f  ??with DMTj,  we looked f o r  a su i t ab le  so lvent  medium. 

which would provide the c r i - t i c a l  reaction..temperature w i t h o u t  p a r t i c i p a t i n g  i n  the react ion .  , . 
Since i t  was known tha t  e t h y l  a z i d a f o n n a t ~ ~  reacts5 a t  about 125-130°C and . tosylazide L n e e d s  

about 155-160°c f o r  react ion ,  we chose respec t i ve l y .ace t i c  anhydr idepp 13e°C) and prop ion ic  

anhydride (bp 167'~) as solvents f o r  t h e i r  thermal reactions,. .They .d id  n o t  reac t  w i t h  t h e  .,. 
respect ive  azides Sand;, even when .refluxed f o r  6 h. Whw e t h y l  azidoformate fi(4.0 g) was 

added gradua l ly  a t  125-13o0! t o  a s o l u t i o n  o f  DMTL (40.0 g) i n  aceti: anhydride (100 m l l  and 

re f luxed f o r  2 h, the h i t h e r t o  unknown I-ethoxycarbonyl-2.5-dimethoxycarbonyl-lH-azepine~ (yel low 

c r y s t a l s  fmm benzene), mp 94-95% was i so la ted  i n  1% y i e l d  [pmr (cc14):6 1.2 (3H, t. . , ., 

COOCH2CS). 3.7 (6H, s. CWCh -2.51, 4.3 (2H, q, CO0CH$H3).6.0 (ZH, d, 3.6-H), 6.7,;(.lH, m,- 4-H), 

7.2 (lH, m, 7-H) ppm. i r  (nu jo l )  : 1701, 1640, 1587. 1450, 1380, 1316 and 1266 an- l .  mle, 

281 (M t. 100%)1. The fragmentation pattern. i n  the mass spectrum o f 2  was cons is tant  w i t h  

i t s  S t N C t U E .  



The thermal react ion of; (2.0 g) w i t h  DM1 J (20 g) a t  165% i n  re f lux ing 

propionic anhydride (100 m1) was car r ied out  fo r  a prolonged period of 60 h. The solvent was 

m v e d  under reduced pressure and the excess o f j  was removed as before by c r y s t a l l i z a t i o n  

fmm benzene: pet. ether mixture. The f i l t r a t e  and washings. free from DMT were concentrated 

and the dissolved products adsorbed on s i l i c a  gel f o r  chranatographic separation. E lu t ion w i t h  

pet.ether gave unreacted a z i d e l  (1.1 g. 55%). The second f rac t i on  gave traces o f  DMT; and 

the l a s t  one y ie lded the desired pale yel low c r y s t a l l i n e  alepine?, mp 127°C (mixedmp 

undepressed) i n  40% y i e l d  (1.2 g). The a n i l i d e i a n d  t h e  sulphonamide5were conspicuously 

absent. Formation o f  on ly  the azepine 4, which i s  the r i n g  expansion product. absence of the 

d i r e c t  i nse r t i on  product such as the a n i l i d e 5  and the t yp i ca l  hydrogen abstract ion product. 

the sulphonamide~, and the recovery o f  unreacted t o s y l a z i d e l ,  suggest tha t  under the react ion 

conditions i n  the anhydrous solvents. the i n i t i a l  at tack of the a z i d e l  on the aromatic 

s u b s t r a t e ~ i n v o l v e s  the 1.3-dipolar add i t ion i n  a concerted fashion. The simultaneous two 

&bond formations lead t o  the t r l a z o l i n e  IO, which loses ni trogen t o  g i ve  the a z i r i d i n e  lJ 

and f i n a l l y  the azepine2. S imi lar  sequence of react ions i s  apparently involved i n  the 

react ion o f  > w i t h  3 i n  acet ic  anhydride t o  g ive the a r e p i n e 2  as the sole product. A number 

o f  exanples6.7 i n  the l i t e r a t u r e  support the formation of such intermediate t r i azo l i nes .  Tha 

sulphonylazide L i s  more spec j f ic  i n  g i v ing  the comparatively more s tab le  sulphonylarepine 5 
than the e thy l  a z i d o f a a t e ~ ,  which gave the E-ethoxycar(ronylazepine~ i n  much lesser  y ie ld .  

Of course, the l a t t e r  react ion was ca r r i ed  out  f o r  much lesser  duration. When t h i s  react ion 

was car r ied out  i n  ref luxing acet ic  anhydride f o r  a longer durat ion of 6 h, on ly  an o i l y  l i q u i d  

was isolated. I t  has been reported8 tha t  t@hoxycarbonylarepine on heating gave e thy l  E-phenyl- 

carbamate ILa. Presumably the alepine:, f o m d  i n i t i a l l y  has undergone s i m i l a r  thermal 

rearrangement on prolonged heating t o  g ive e thy lE-  (?.5-dimethoxycarbonyl phenyl) carbamate 1Ab. 

as the main const i tuent of the o i l y  l i q u i d .  [pnr (CC14):61.4 (3H, L C - C 3  ), 3.5 (6H, two 

s ing le ts  very close t o  one another; two carbmethoxy groups), 4.4 (2H, q, -C%), 7.3-8.2 (3H, 

m, aromatic protons;. 7.85 (IH, Ny-proton, peak merged i n  aranat ic region) ppn. i r  (nu jo l ) :  

3180, 1720, 1635, 1360. 1285, 1230, 1180 and 1115 on-I. mle 281 ( ~ f ) ] .  The fragmentation 

pattern i n  the mass spectrum of ILb was i n  agreement w i t h  i t s  proposed structure. 
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A l l  the compounds (except 1Lb) described i n  t h i s  comnunication were found t o  be 

s ing le  substances by t.1.c. and gave sat is factory  elemental analyses. 

The f a c i l e  synthesis of y-sulphonylazepine r ings  the pressure-induced n i t rene 

inser t ion react ion or the 1.3-dipolar azide addi t ion react ion wi th  aromatic substrates containing 

electron-withdrawing subst i tuents i s  i n te res t ing  fran the po in t  o f  view of new b io log ica l l y  

act ive compounds. The i n t e r e s t  i n  the azepine r i n g  s y s t m  i s  because of i t s  presence i n  a 
9 

number of drug compounds. The rhoeadine type alkaloids have benzazepine as the basic 

structure.10 The sulphonylarepines described here and e l s e ~ h e r e ~ . ~ . ~  may e x h i b i t  promising 

b io log ica l  a c t i v i t y ,  because of the presence of both the sulphone funct ional gmup and the 

azepine r ing. 

This m ~ u n i c a t i o n  i s  dedicated i n  humble t r i b u t e  t o  Professor Herbert C. Brown 

on the occasion o f  h is  70th birthday. One of the authors (NM) had the p r i v i l ege  to be 

associated w i th  him f o r  two years (1961-63). 
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