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SYNTHESIS OF 1,2,3,4,5,6-HEXAHYDRO-2,6-METHANO-1-BENZAZOCIN-11-ONES 

* 
Ahmed A. Hamam and John A. Joule 

Chemistry Department, Manchester Un i ve rs i t y ,  Manchester, M13 9PL, England, 

Abst rac t  - 4aH-4a-Methyl-2,3,4-9-tetrahydrocarbazoles can be converted i n t o  
~5,6-hexahydro-Z,6-methano-6-methyl-l-benzazocin-ll-ones by successive 
r e a c t i o n  w i t h  bromine and aqueous amnoniun carbonate. 

I I n t e r e s t  i n  the  benzomorphans stems from t h e i r  poss ib le  u t i l i t y  as analgesics2 s ince  the 1,2,3,4, 

5.6-tetrahydro-2,6-methano-3-benzazocine t r i c y c l i c  r i n g  system (1) represents t h ree  of the  f i v e  

r i ngs  of morphine (2).  Amongst the  very considerable nunher o f  syn the t i c  benzomorphan analogues"3 

which have been described, representa t ives  of a l l  isomers o f  ( I )  w i t h  the  n i t r ogen  a t  an a l t e r -  

1 n a t i v e  p o s i t i o n  i n  t h e  a l i p h a t i c  p o r t i o n  had been reported except, u n t i l  recent ly4a,  the  isomer 

(3) w i t h  n i t r ogen  a t  p o s i t i o n  1, a 1,2,3,4,5,6-hexahydro-2,6-methano-I-benzazocine. 

4 I n  at tempts t o  i n t roduce  subs t i t uen ts  i n t o  t h e  qu ino l ine  2 -pos i t i on  i t  was found t h a t  N-ethoxy- 

qu ino l i n i um s a l t s  r e a c t  w i t h  ketone enamines i n  such a way as t o  add the two ketone a-pos i t ions  t o  

the  q u i n o l i n e  2- and 4- pos i t i ons .  Thus w i t h   he morpholine enamine o f  pentan-3-one, the tri- 

c y c l i c  s a l t  (4)  was formed4a, t h i s  be ing the f i r s t  and only t r i c y c l i c  example of a compound w i t h  

the  r i n g  system (3 )  repor ted thus f a r ,  though more complex ketones reacted t o  g i v e  analogues, (5)  

4b from cyclohexanone morpholine enamine f o r  example . 



d: OEt @ OEt 

5 I n  other work a l s o  n o t  s p e c i f i c a l l y  designed t o  produce compounds con ta in ing  t h e  r i n g  system (3), 

react ion o f  the  t e t r a c y c l i c  i ndo le  (6) w i t h  4-chlorobenzenesulphonyl az ide gave, amongst o the r  

6 products, the t e t r a c y c l e  (7). There a re  several  examples of the  6,12-methanodibenz[b,e]azocine 

system (8) prepared i n  each case by a d d i t i o n  o f  benzylmagnesium bromide t o  the  2 -pos i t i on  o f  a 

quinol in ium s a l t  and then s t rong a c i d  ca ta lysed in t ramolecu lar  F r i e d e l - C r a f t s  c y c l i s a t i o n  - the 

1 Grewe c y c l i s a t i o n  . 

We r e p o r t  here an approach t o  systems con ta in ing  (3) based upon a 4aH-4a-substituted 1,2,3,4- 

7 tetrahydrocarbazole; the  s imples t  member, indo len ine (9) was used i n  these s tud ies .  Such 

8 compounds are r e a d i l y  produced by the  F ischer  i ndo le  synthesis us ing  the arylhydrazone o f  a 2- 

subst i tu ted cyclohexanone. 
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Quate rn i sa t i on  of ( 9 )  gave s a l t s  (10) which were e a s i l y  and q u a n t i t a t i v e l y  converted i n t o  the  

corresponding enamine (11) by t reatment w i t h  co ld  aqueous sodium hydroxide. The enamines were 

unstable and no t  c r y s t a l l i n e  and were used w i thou t  pu r i f i ca t i on  f o r  subsequent r e a c t i o n  w i t h  

bromine. Even a t  low temperature and w i t h  one mol equivalent of the  halogen i t  was impossible t o  

prevent some aromat ic r i n g  brominat ion a r u r r i n g  as we l l  as the des i red r e a c t i o n  a t  the enamine 

f u n c t i o n a l i t y .  It was shown t h a t  the  use of t h ree  rml equivalents o f  bromine produced a m ix tu re  

con ta in ing  now p r i n c i p a l l y  r i n g  dibrominated ma te r i a l .  

2 3 .  2. 3 .  2-3.  The mix ture  of bromo-immonium s a l t s  (12, R =R =H, R -Br, R =H, R -R -Br) produced was reacted w i t h  



ethanolic aqueous a m n i u m  carbonate, i n i t i a l l y  a t  low temperature and then a t  room temperature. 

As i n  previous work3a' i n  the parent benzomorphan ser ies, and recent ly  i n  model systems1', t h i s  

2 3 
base treatment effected a rearrangement1' ( (12) - (13) * (14) )* and produced ketones (14, R =R = 

3 2 3  H; R ~ = B ~ ,  R =H; R =R =Br) which were separated chromatographically. Molecular fotmulae were 

established fo r  some o f  those which were n o t  c r y s t a l l i n e  by the preparat ion of a 2.4-dinitrophenyl. 

hydrazone and fo r  others by accurate mass measurement o f  molecular ions. 

The ketones were f u l l y  character ised spectroscopical ly (see Table). O f  p a r t i c u l a r  relevance t o  

the establishment o f  the s t ructures o f  the rearranged ketones were the presence of carbonyl IR  

s t re tch ing bands a t  z . 1 7 2 0  cm" and substant ia l  M-28 (M-CO) peaks i n  each mass spectrum, the 

t yp i ca l l y  a n i l i n e  and bromo-anil ine UV absorptions and one proton t r i p l e t  s ignals,  a t  z. T 6.3 

which correspond t o  the proton a t  C-2 i n  (14). I n  those ketones ca r ry ing  two aromatic bromine 

atoms t h i s  s igna l  was a t  h igher  f i e l d  a t  z. r 6.6. 

(1 1) 

(R' =Br(CH& and 

Br(C"z), 1 

 h he rearrangement may procede by cleavage of the C-N bond followed by N displacement of halogen 
rather than synchronously as impl ied by the  arrows on (13). 

- 1 7 7 4 -  
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I n  order  t o  f u r t h e r  exp lore  the  gene ra l i t y  o f  the sequence descr ibed above, we examined the s a l t s  

(10) r e s u l t i n g  from qua te rn i sa t i on  o f  (9)  w i t h  1,3-dibrompropane and 1.4-dibromobutane. We 

1 1 reasoned t h a t  t h e  enamines (11, R =Br(CH2)3 and R =Br(CH2)4) from these s a l t s  would a l k y l a t e  a t  

C-1 i n t r a m l e c u l a r l y  g e n e r a t i n g - t e t r a c y c l i c  s a l t s  (15, n= l  and 2) and t h a t  from the enamines (16) 

corresponding t o  these, i n t e m d i a t e s  (17) and (18), t e t racyc les  (19) should be ava i l ab le .  I n  

the  event, such ma te r i a l s  were produced, though in disappo in t ing ly  poor y i e l d s ,  and accompanied by  

products (149- j )  and (14k-m) i n  which the in t ramolecu lar  a l k y l a t i o n  had n o t  occurred. 

EXPERIMENTAL 

General procedure f o r  p repara t ion  o f  ketones (14a . d), bromo-ketones (14b, c)  and dibromo-ketones 

114c, f )  exemp l i f i ed  by prepara t ion  o f  1,2,3,4,5,6-hexahydro-2,6-methano-l,6-dimethyl-l-benzazocin 

-11-one (14a). 8-bromo-1,2,3,4,5,6-hexahydro-2,6-methano-l,6-dimthyl-l-benzazocin-ll-one (14b), 

and 8,10-dibromo-l,2,3,4,5,6-hexahydro-2,6-methano-l,6-dimethyl-l-benzazocin-ll-one (14c). - The 

1 
methiodide (10, R =Me) (11.5 g) was d isso lved i n  water (100 m l )  w i t h  warming. To the cooled 

1 s o l u t i o n  aqueous sodium hydroxide (3M, 60 ml )  was added and t h e  enamine (11, R =Me) thus formed 

1 ex t rac ted  i n t o  e ther ,  and the d r i e d  e therea l  e x t r a c t  evaporated t o  g i ve  the  enamine (11. R =Me) as 

an o i l  (8  g) which was used w i thou t  f u r t h e r  p u r i f i c a t i o n .  

The enamine (8 g) i n  d i ch lo romthane  (50 ml)  was t rea ted  w i t h  bromine (2 ml )  i n  d i ch lo rqmthane  

(50 ml)  dropwise dur ing  0.5 h a t  -60 C, a ye l low p r e c i p i t a t e  was formed. The m ix tu re  was brought 

t o  room temperature and the so lvent  evaporated t o  leave a mix ture  o f  1-bromo-indoleninium bromides 

(12a - c )  (14.5 g) which was used w i thou t  p u r i f i c a t i o n .  

The s a l t s  (12a - c )  (14.5 g) i n  95% ethanol  (200 ml )  were t rea ted  w i t h  aqueous ammonium carbonate 

(4  g i n  50 ml)  dropwise; a beige p r e c i p i t a t e  formed. After s t i r r i n g  f o r  2 h a t  7 0 ' ~  and then 24 h 

a t  room temperature the  a lcoho l  was evaporated and the product ex t rac ted  w i t h  e the r  as an o i l  

(6.5 g), the components of which were separated by  chromatography us ing  s i l i c a .  A sample (2.5 g) 

gave, i n  order  o f  e l u t i on ,  the dibromo-ketone (14c) (31 mg), m p  114-116 '~  (from methanol), t h e  

ketone (14a) (1.0 g) as an o i l  (DNP de r i va t i ve ,  m p  185-188-c ( f r om acetone) ), and t h e  monobromo 

-ketone (14b) (0.35 g), mp 111-113°~ ( f rom methanol). 

General procedure f o r  p repara t ion  o f  ketones (19a. c )  and bromo-ketone (19b) exempl i f ied by 

prepara t ion  of 1H-1,2,3,9,10,11,12,12a-octahydro-9.12a-methano-9-methylpyrrolo[l &a] Ill- 

benzazepin-13-one (19a) and 1H-7-bromo-1,2,3,9,10,11,12,12a-octahydro-9,12a-methano-9-methylpyrrolo 

L1.2-a] [I]-benzazepin-13-one (19b). - The indo len ine (9)  ( 2  g) and 1,3-dibromopropane ( 4  ml )  were 

heated i n  r e f l u x i n g  methanol (40 ml)  f o r  36 h. The solvent was evaporated and the residue 

p a r t i t i o n e d  between water and e ther .  The ether-washed aqueous l a y e r  was t rea ted  w i t h  aqueous 



sodium hydroxide ( 3  M, 50 ml )  and ex t rac ted  w i t h  e the r  t o  g i ve  a gum which was heated i n  r e f l u x i n g  

ethanol overn ight .  Removal of the  ethanol  and p a r t i t i o n i n g  between water and e the r  gave organic-  

soluble ma te r i a l  (0.85 g) which was re jec ted .  The aqueous phase was t rea ted  w i t h  sodiumhydroxide 

(3M, 50 m l )  and ex t rac ted  w i t h  e the r  t o  g i ve  a gum con ta in ing  the enamine (16, n = l )  (mass 

spectrometry). Reaction of t h i s  enamine i n  dichloromethane w i t h  bromine (0.3 ml)  i n  d i ch lo ro -  

methane (20 ml)  a t  - 7 0 ' ~  f o r  0.5 h was fo l l owed  by evaporat ion of so lvent  and treatment o f  the  

residue i n  ethanol  (30 ml)  w i t h  aqueous amnonium carbonate (0.45 g i n 3 0  ml)  a t  - 30 '~ .  A f t e r  2 h 

a t  t h i s  temperature the  mix ture  was s t i r r e d  a t  2 0 ' ~ ~ f o r  24 h. Evaporat ion of the  so l ven t  and 

add i t ion  o f  water and dichloromethane gave an organic e x t r a c t  which was evaporated t o  leave an o i l  

(0.53 g ) .  Chromatography over s i l i c a  gel  gave, i n  order  o f  e l u t i on ,  ketone (19a) (30 mg) as agum. 

nmnobromo-ketone (19b) (126 mg) mp 109-111'~ ( f rom methanol), dibroma-methoxy-ketone (14 j )  

(55 mg), monobromo-methoxy-ketone (14 i )  (69 g), and 4aH-6-bronm-l.2,3,4-tetrahydro-4a-methyl- 

carbazole (82 mg) a l l  as gums. 

I n  another at tempt t o  prepare ketone (19a) us ing  the indo len ine (9) (5  g) the  procedure was 

modif ied i n  s u b s t i t u t i n g  a r e f l u x  i n  methanol f o r  2 h f o r  the  overn ight  r e f l u x  i n  ethanol .  No 

products (19) were obtained b u t  only,  a f t e r  chromatography, i n  o rde r  of e l u t i on ,  t r ibromo-ketone 

(14h) (0.78 g) (DNP de r i va t i ve ,  mp 201-204'~ (from methanol) ) as a gum and dibronm-ketone (14 g) 

(0.73 g) (DNP de r i va t i ve ,  mp 188-190'~ ( f rom methanol) ) a l so  as a gum. 

Ketone (19a) had A,,,,, (EtOH) 258 and 302 nm ( l o g  E 3.8 and 3.0); ( f i l m )  1715 cm-l; ,(CDC13) 

2.86 (lH, d, J 8 HZ, H-8), 2.92 ( lH, t, J 8 HZ, H-6), 3.32 ( lH, t, J 8 Hz, H-7), 3.54 ( lH, d, J 8 

Hz, H-5), 6.35 ( lH,  m), 7.68-8.60 (lOH, m) and 8.58 (3H, s, CH3); @ 241 (M', 33%), 213 (45), 

198 (12), 184 (24), and 170 (100) (Found, M by mass spectrometry 241.1460. C16H19N0 requ i res  M, 

241.1453). Ketone (19b) had A,,,,, 271 and 310 nm ( l o g  6 3.7 and 3.8); vmax ( n u j o l )  1720 cm-l; 

r(CDC1,) 2.84 ( lH, d, J 9 Hz, H-6) 2.89 ( lH, s, H-8), 3.68 ( lH, d, J 8 Hz, H-5), 6.40 (lH, m), 

7.69-8.50 (lOH, m), and 8.60 (3H, s, CH3); m/r 321, 319 ( M ~ ,  28, 27%). 293, 291 (59, 58), 278, 276 

(11, 101, 264, 262 (22, 26), and 250, 248 (100, 92) [Found C, 59.9; H, 5.7; N, 4.0; Br, 24.8% 

C16H18BrN0 requ i res  C, 59.8; H, 5.6; N, 4.4; Br, 25.0%]. Ketone (19c) had hax (EtOH) 260, 304, 

and 330 nm ( l o g  E 4.3, 3.5, and 3.3); vmax ( f i l m )  1720 crn-l; 7(CDC13) 2.90 ( lH,  t, J 8 Hz, H-7), 

2.92 (1H. d, J 8 HZ, H-9). 3.24 ( lH,  d, J 8 Hz, H-6), 3.32 (lH, t, J 8 Hz, H-8), 6.12 ( lH, m), 

6.90-8.75 (13H, m), and 8.55 (3H, s, CH3); 255 ( M ~ ,  8%). 227 (16), 298 (21). and 184 (100) 

(Found, M by mass spectrometry, 255.1626. C17H21N0 requ i res  M, 255.1623). 



A m x ( E t w  7 (coc13) M+ by n.5. r m l y r i r  ( I )  WP derivative Analyras (I) 
( C a l w l a t e d l  

Cmpound F o m l a  Yield m p lot) c : o ( w - l i  (109 rl  CMe NMe iWe H-2 H - 7  "-8 H-9 H-10 (calculated) C H N 8r m (OC) c H !I 81 

rootnotes to Table 

1 h e l d $  g,ven are f a r  rond>fionr t o  minimlie a m t i c  r,ng brmlnat lon.  

2 Vieldr y r e n  are f a r  byproducts from fa-flon or  a t t e w t e d  f o m f m  o f  fefracycler (19) .  
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