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m t - T h e  s te reochemis t ry  of succ in i rn ides 1, p y r r o l i d i n e s  2 and p y r r o l i d i n -  

ones 3 i s  r e p o r t e d  on t h e  b a s i s  o f  spec t roscop ic  da ta .  The r e s u l t s  o f  t h e  r e d u c t i o n  

of 1 w i t h  l i t h i u m  aluminum h y d r i d e  and d ibo rane  a r e  desc r ibed .  

The b e n z o [ a ] q u i n o l i r i d i n e  system has been l i n k e d  w i t h  a  broad spectrum o f  b i o l o g i c a l  p r o p e r t i e s .  

Besides t h e  c l a s s i c a l  chemotherapeut ic  a c t i o n s  of t h e  ipecac  a l k a l o i d s  emetine and t u b u l o s i n e ,  1 

5 n e u r o ~ e p t i c , ~  a n t i h y ~ e r t e n s i v e , ~  a n t i i n f l a m a t ~ r y , ~  and a n t i c o n v u l s a n t  a c t i v i t i e s  have been des- 

c r i b e d .  Recen t l y ,  severa l  2 - s u b s t i t u t e d  benzo [a ]qu ino l i z id ine  d e r i v a t i v e s  have been shown t o  an- 

tagon ize  u2 adrenoceptors.  T h i s  e f f e c t  m i g h t  account  f o r  t h e  a n t i h y p e r t e n s i v e  a c t i o n  mentioned 

above, as  w e l l  as f o r  o t h e r  i n t e r e s t i n g  p r o p e r t i e s ,  l i k e  a n t i d e p r e s s a n t  and hypoglycemic a c t i v i -  

t i e s .  6 

Our i n t e r e s t  i n  h e t e r o c y c l i c  2 -sp i robenzo [a ]qu ino l i z id ine  systems l e d  us t o  t h e  s y n t h e s i s  o f  1,- 

s u b s t i t u t e d  9,10-dimethoxy-1,3,4,6,7,1ib-hexahydrobenro[a]quinolizine-2-spiro-3'-pyrrolidine-2', 

5 ' -d iones7  1, which  a re  c u r r e n t l y  under  pharmacologica l  assay. I n  o r d e r  t o  complete t h i s  s tudy ,  

we now w ish  t o  r e p o r t  t h e  s t e r e o c h e m i s t r y  o f  compounds 1 and t h e i r  r e d u c t i o n  t o  2 - s p i r o - 3 ' - p y r r o l i -  

d i n e s  2 and 2 - s p i r o - 3 ' - p y r r o l  i d i n - 2 ' - o n e s  3 (Scheme 1 ) .  

The succ in im ide  d e r i v a t i v e s  I were syn thes ized  ' from 2-carboxy-9,lO-dimethoxy-l,3,4,6.7,llb-hexa- 

hydrobenzo[a]quinolirine-2-acetic anhydr ide  5 v i a  Z-hydroxy-9,lO-dimethoxy-1.3,4,6,7,llb-hexahydro- 

benzo[a] quinol iz ine-2-carboni t r i le  4. The assignment o f  t h e  r e l a t i v e  c o n f i g u r a t i o n  o f  s u c c i n i m i -  

des as t h e  [zR*, l l bR* ]  d iastereomeres,  w i t h  t h e  b e n ~ o [ a ] ~ u i n o l i z i n e  system adop t ing  a  dram 

conformat ion,  i s  based on s p e c t r a l  data,  employ ing t h e  N-benzy lsucc in im ide  fi as t h e  model com- 

pound. 

13c -~ rn r  can be cons ide red  as t h e  more r e l i a b l e  spec t roscop ic  t o o l  f o r  con fo rmat iona l  s t u d i e s  o f  

8  b e n r o [ a ] q u i n o l i z i d i n e  systems, as shown by t h e  work of van B i n s t  and Tourwe and Sugiura e t  a l .  9  



As a r e s u l t  o f  t h e  p a r t i a l  d e l o c a l i z a t i o n  o f  t h e  n i t r o g e n  l o n e  p a i r  e l e c t r o n s  i n t o  t h e  a n t i p a r a l -  

1 13 l e l  C-H-bonds, t h e  c o u p l i n g  c o n s t a n t  J (  C-H) f o r  a  cis conformat ion o f  t h e  l l b  p r o t o n  and t h e  n i -  

8  t r o g e n  lone  p a i r  i s  6-12 Hz l a r g e r  t h a n  t h a t  f o r  a  trans con fo rmat ion .  Cllb shows a c o u p l i n g  

1 13 c o n s t a n t  J (  C-H) = 133 Hz, which i s  w i t h i n  t h e  range o f  126-133 Hz d e s c r i b e d  f o r  trans benzo[d]- 

q u i n o l i z i d i n e s , 8  w h i l e  t h e  cis conformers have c o u p l i n g  cons tan ts  o f  139-143 Hz.  These da ta  a r e  

conf i rmed by t h e  observed va lues  of 51.8 and 28.9 ppm f o r  C6 and C7, r e s p e c t i v e l y ,  which a r e  i n  t h e  

range o f  50.8-53.4 ppm and 28.6-30.2 ppm repor ted9 , lob  f o r  severa l  trans benrd [a ]qu ino l i z id ines .  The 

presence o f  Bohlmann bands a t  ca. 2755 and 2800 cm-' can be cons ide red  as a d d i t i o n a l  c o n f i r m a t i o n  

of t h e  trans o r i e n t a t i o n .  10 

The assignment o f  t h e  r e l a t i v e  c o n f i g u r a t i o n  o f  t h e  [zR*-llbR*] d ias te reomer  L i s  based on t h e  

l o c a l i z a t i o n  o f  t h e  2 '  carbon atom. Wh i le  i n  t h e  [zR*- l lbR*] isomer t h e  C2, i s  anti w i t h  r e s p e c t  

t o  two hydrogen atoms a t  C1 and C3,  i n  a  [2R*- l lbs* ]  d ias te reomer  i t  would be g a u c h e w i t h r e s p e c t  

t o  a l l  o f  them. The anti d i s p o s i t i o n  i n  t h e  [2R*- llbR*] isomer l e a d s  t o  a h i g h e r  va lue  f o r  t h e  

3 13 v i c i n a l  c o u p l i n g  c o n s t a n t  J (  C-H) and, t h e r e f o r e ,  t o  a b roader  peak. The h a l f w i d t h  va lue  found 

f o r  C2, atom (ca. 19 Hz) i n  t h e  p ro ton -coup led  spectrum i s  i n  good agreement w i t h  t h a t  desc r ibed  

f o r  r e l a t e d  s p i r o  compounds i n  wh ich  t h e  ca rbony l  group d i r e c t l y  a t t a c h e d  t o  t h e  benzo [a ]qu ino l i -  

1 r i d i n e  system i s  a x i a l . ' '  The anomalous chemical s h i f t  o f  t h e  l l b  p r o t o n  i n  t h e  H-Nmr spectrum 

(4.25 ppm), which i s  d i s p l a c e d  d o w n f i e l d  from t h e  expected va lue  f o r  a  trans conformer,12 can 

be a t t r i b u t e d  t o  t h e  d e s h i e l d i n g  e f f e c t  o f  t h e  C 2 ,  ca rbony l  group, wh ich  i n  t h e  [2R*- llbR*] 

isomer i s  p laced near  t h e  Cllb p r o t o n .  T h i s  p r o v i d e s  f u r t h e r  ev idence f o r  t h e  proposed 

S t r u c t u r e .  

The r e d u c t i o n  of succ in im ides  1 w i t h  l i t h i u m  aluminum h y d r i d e  i n  r e f l u x i n g  THF f o r  72 h l e d  t o  

o n l y  moderate y i e l d s  of t h e  expected p y r r o l i d i n e s  2. Diborane,  generated in situ f rom sodium bo- 

r o h y d r i d e  and boron t r i f l u o r i d e ,  i s  an e f f i c i e n t  reagen t  f o r  t h e  r e d u c t i o n  o f  amides.14 However, 

few examples a r e  known of i t s  use f o r  t h e  r e d u c t i o n  o f  succ in im ides .15  The a p p l i c a t i o n  o f  t h e  

r e a c t i o n  c o n d i t i o n s  desc r ibed  i n  t h e  l i t e r a t u r e 1 5  f o r  t h e  r e d u c t i o n  o f  s t e r i c a l l y  h indered  succ in -  

im ide  systems t o  t h e  co r respond ing  p y r r o l i d i n e s  (i.e., s t i r r i n g  a t  room temperature f o r  24 h ) ,  

o n l y  a l l o w e d  t h e  recovery  o f  t h e  s t a r t i n g  m a t e r i a l  as a borane complex. When t h e  r e a c t i o n  was 

c a r r i e d  o u t  a t  100°C f o r  24 h i n  an open system, t h e  g--butyrolactams 3 w e r e  o b t a i n e d  and i s o l a t e d  

as borane complexes. A s i n g l e  ca rbony l  a b s o r p t i o n  a t  1670 crn-l and t h e  d isappearance of t h e  

1 s i n g l e t  a t  6 1 2 . 6  ppm (C4, p r o t o n s  i n  1) i n  t h e  H-Nrnr spec t ra  c o n f i r m  t h i s  s t r u c t u r e .  Addi -  

t i o n a l l y ,  t h e  chemical s h i f t  of t h e  Cllb p r o t o n  o f  ca. 4.2 ppm i s  i n d i c a t i v e  o f  t h e  presence of 

a ca rbony l  group i n  an a x i a l  d i s p o s i t i o n  a t  a  trans benzo [ a l q u i n o l i z i d i n e  2-carbon atom, as i n -  

d i c a t e d  above. 



HETEROCYCLES. Vol 29, N o  2, 1 9 8 9  

F i n a l l y ,  t h e  r e d u c t i o n  o f  s u c c i n i m i d e s  i w i t h  b o r o n  t r i f l u o r i d e  e t h e r a t e  complex  a n d  sod ium b o r o -  

h y d r i d e  i n  d i g l y m e  a t  45-60 " C  f o r  24-28 h i n  a s e a l e d  f l a s k  a l l o w e d  t h e  s y n t h e s i s  o f  p y r r o l i -  

d i n e s  2 i n  a  h i g h e r  y i e l d  t h a n  the  r e d u c t i o n  w i t h  l i t h i u m  a lum inum h y d r i d e ,  w i t h  t h e  a d d i t i o n a l  

advan tages  o f  a p u r e r  p r o d u c t  a n d  a  more c o n v e n i e n t  e x p e r i m e n t a l  p r o c e d u r e .  

BH3 BH3 

OMe OMe 
M e 0  

2 \ M e 0  
- 

R 
3 - \ 

R 

i - L iA1H4,  THF, r e f l u x ,  7 2  h .  ii - NaBH4, BF3-Et20,  45-60 'C: 24-48 h, s e a l e d  f l a s k  

iii - NaBHq. BF3-Et20,  100 " C ,  6  h, open sys tem.  

Scheme I 



EXPERIMENTAL 

M e l t i n g  p o i n t s  were o b t a i n e d  i n  a Buchi apparatus and a r e  uncor rec ted .  S p e c t r a l  d a t a  were recorded 
1 

on t h e  f o l l o w i n g  spectrometers:  ( I r - P e r k i n  Elmer 577; H-Nmr-Hi tachi -Perk in Elmer R-24B (60 MHz) 

and Brucker  WM-200-SY (200.16 MHz); 1 3 ~ - ~ m r - ~ r u c k e r  WM-200-SY (50.32 MHz). A l l  chemical s h i f t s  

a r e  r e f e r r e d  t o  TMS. A l l  c o u p l i n g  c o n s t a n t s  a r e  g i v e n  i n  Hz and correspond t o  t h e  f i r s t  o r d e r  ana- 

l y s i s  of t h e  spec t ra .  E lementa l  ana lyses  were o b t a i n e d  u s i n g  a C a r l o  Erba Elementa l  Ana lyze r  equ ip -  

ped w i t h  a d i g i t a l  i n t e g r a t o r  model C S I  38. 

l'-~enzyl-9,10-dimethoxy-1,3,4,6,7,11b-hexahydr0ben0[~]~in0lizidine-2-spir0-3'-pyrr01idine-2',5'- 

d ione  ( f r e e  base)  (g). A s o l u t i o n  of 300 mg o f  t h e  h y d r o c h l o r i d e  o f  lb7 i n  wate r  (10 m l )  was 

b a s i f i e d  t o  pH 12 w i t h  30% aqueous NaOH and e x t r a c t e d  w i t h  CHC13 ( 5  x  25 m l ) .  The CHC13 e x t r a c t s  

were d r i e d  o v e r  anhydrous Na2S04 and evaporated t o  dryness.  Y i e l d ,  250 mg (90%).  Mp 160-162 "C 

1 (2 -p ropano l ) .  Ir (KBr)  cm- l :  2795, 2760 (C-H, Bohlmann bands) ,  1755, 1700 (C=O). H-Nmr (d6-DMSO, 

200.16 MHz) 6 : 7.40-7.20 (m, 5H, CH2C6H5), 6 .63 and 6.60 (28, ZH, C8-H and CI1-H), 4.57 (s, ZH, 

CH2C6H5), 4 .24 (d,  1H, Jz10 Hz, Cllb-H), 2.63 (8,  2H, C4,-H), 3.35-1.80 (m, 10H). 1 3 ~ - ~ m ~  (CDC13, 

50.32 MHz) 6 : 28.94 ( t , J  = 129 Hz, C7) ,  33.50 ( t , J  = 130 Hz, C3), 41.99 (8,  C2), 41.99 ( t ,  

J = 133 Hz, C 3 ' ) ,  51.64* ( t ,  J = 132 Hz, C4), 51.81* ( t ,  J = 132 H i ,  C6). 55.72** ( c ,  J = 144 Hz, 

Cg-OMe), 55.93** (c, J = 144 Hz, C -OMe), 57.51 (d,  J = 133 Hz, Cllb), 107.72 (d, J = 153 Hz, 10 
t 

CI1), 111.51 (d ,  cT = 155 Hz, C8) 126.62 (8,  C7a), 128.80 (5, Clla). 147.12 (5,  Cg), 1 4 7 . 4 ~ ~  

(5,  ClO), 174.85 (8,  C2, ,  W1/F9.5 HZ) ,  181.08 (8, C5,, W1/F19 Hz), 44.25 ( t ,  J = 131  Hz, 

CH2C6H5), 127.80 ( d ( t ) ,  J = 7 Hz, C4,,), 128.57 ( d ( d ) ,  - '= 161 Hz ( 8  Hz), C3,,), 128.57 ( d ( d d ) ,  
t 

J = 163 Hz (7.5 Hz), C2,,),  135.93 (8,  C1 , ) .  The s i g n a l s  marked w i t h  *, ** and c o u l d  n o t  be 

ass igned  w i t h  c e r t a i n t y .  

General Procedure f o r  t h e  Syn thes is  o f  N - S u b s t i t u t e d  9,10-Dimethoxy-1,3,4,6,7,1lb-hexahydro- 

b e n z ~ [ r r ] ~ u i n o l i r i n e  -2-spiro-3 ' -pyrrol id ine i  (2). Method A. To a s t i r r e d  suspension o f  l i t h i u m  

aluminum h y d r i d e  (4.8-8 mmol) i n  anhydrous THF (100-150 m1) was added t h e  s u i t a b l e  succ in im ide  

1 (1.2-2 m o l )  d i s s o l v e d  i n  e t h e r  (25-30 m l ) .  The r e s u l t i n g  m i x t u r e  was r e f l u x e d  f o r  72 h, a f t e r  - 

which i t  was cooled,  decomposed i n  t h e  usual  way, and f i l t e r e d  o f f  f rom t h e  i n o r g a n i c  s o l i d  which 

developed.  T h i s  was e x t r a c t e d  w i t h  e t h y l  e t h e r  i n  a S o x h l e t  apparatus f o r  24 h. The combined 

e t h e r e a l  e x t r a c t s ,  t o g e t h e r  w i t h  t h e  THF l a y e r ,  were d r i e d  (Na2S04) and evaporated.  The r e s i d u e  

was d i s s o l v e d  i n  5% aqueous HCl (15 ml ), washed w i t h  Et20, b a s i f i e d  w i t h  30% aqueous NaOH, and 

e x t r a c t e d  w i t h  E t20  ( 5  x  25 m l ) .  Evapora t ion  o f  t h e  s o l v e n t  and c r y s t a l l i z a t i o n  f r o m  pe t ro leum 

e t h e r  a f fo rded  g (R=C6H5) (35%).  A n a l y t i c a l  samples of g and g were o b t a i n e d  by column chroma- 

tog raphy  ( s i l i c a  g e l )  u s i n g  7:3 to luene-2-propanol  as e l u a n t .  $ was d i s s o l v e d  i n  2-propanol ,  

t r e a t e d  w i t h  d r y  hydrogen c h l o r i d e  and r e c r y s t a l l i z e d  from 2-propanol .  (Tab le  1 ) .  
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Tab le  1. Phys ica l  p r o p e r t i e s  o f  compounds 2 

Y i e l d / %  Elementa l  a n a l y s i s  
Comp. mp/"cb 

Met. A 
R f a  C a l c u l a t e d  Found 

NO. ( r e c r y s t . )  
Met. B N C H N C H 

2a - 35 134-135 0.65 7.41 76.19 7.93 7.22 75.99 7.88 

45 ( p e t .  e t h e r )  7.14 73.47 8.42 6.91 73.31 8.35 

2b - 53 227-230' -- 6.03 64.65 7.33 5.81 64.37 7.21' 

68 (2-propanol  ) 

2c - 38 .. 0.65 6.89 76.85 8.37 6 . 6 1  76.55 8.21 

.. 

2d - 35 .. 0.67  6 .01  72.10 8.15 5.75 71.92 8.05 

55 

a ~ n  to luene-2-propanol  ( 7 : 3 )  b m ~  of borane complex : a, 242.244 ( E t m ) ;  - Zb, 

210-212 (ELOH); g, 233-236 (EtOH) 'AS d i h y d r o c h l o r i d e  

Cornp. ' ~ - n r n r ( 6 0  MHz, ~ 0 ~ 1 ~ ) ~  6 
l r / c m - l  

140. C 8 -H,Cll-H OMe C2,-H R 

& 2840,2760, 6 . 7 5 ( s , l ~ ) ~  3.75(s,6H) 3.30(s,2H) 7 .35-7 .10(m,2H,3-H,S1-H)  

1615 6 .55 (s , lH )  3.80(5,6H) 

a ~ s  f r e e  bases b ~ v e r l a p p e d  w i t h  phenyl s i g n a l s  



Method B. To a s t i r r e d  s o l u t i o n  of succ in im ide  1 (1 .5 mmol) i n  d ig l yme (25 m l )  was added drop-  

wise 0.5 ml (3 .62 mmol) o f  f r e s h l y  d i s t i l l e d  BF3-Et20 i n  d ig l yme (15 m l ) .  To t h e  r e s u l t i n g  coo led  

( 0  "C) m i x t u r e  was added 0 .11  g (3.62 mmol) of NaBH4 i n  d ig l yme (15 m l ) .  The f l a s k  c o n t a i n i n g  

t h e  r e a c t i o n  m i x t u r e  was sealed,  heated a t  45 " C  (la) o r  60 " C  (E, s) f o r  24 h (la) o r  48 h 

(2, g) and poured on i c e  wa te r  (250 m l ) .  The s o l i d  formed was f i l t e r e d  o f f  and r e c r y s t a l l i z e d .  

General Procedure f o r  t h e  Syn thes is  o f  N-Subs t i tu ted  9,10-Dimethouy-1,3,4,6,7,llb-hexahydro- 

benzo[a]quinolirine-2-spire-3'-pyrrolidi-2s 3b and 3e. To a w e l l  coo led  s o l u t i o n  of 

succ in im ide  o r  & (3.62 mmol) i n  d ig lyme (25 m l )  were s u c c e s i v e l y  added dropwise 0 .5  ml 

(3.62 mmol) of f r e s h l y  d i s t i l l e d  BF3-Et20 complex and a s o l u t i o n  o f  NaBH4 (0 .11  g, 3.62 mmol) 

i n  d ig l yme (15 rn l ) .  The r e a c t i o n  m i x t u r e  was heated i n  a 100 'C b a t h  f o r  5-6 h and, once cooled,  

poured on i c e  wa te r  (150 m l ) .  The s o l i d  ob ta ined ,  i d e n t i f i e d  as one o f  t h e  boranes 3, was 

f i l t e r e d  o f f  and r e c r y s t a l l i z e d .  & : Y i e l d ,  45%. Mp 268-270 "C (EtOH). Ir (KBr)  cm-l: 2330 

1 (BH3), 1675 (C=O). H-Nmr (d6-DMSO, 200.16 MHz) 6 : 6.68 and 6.47 ( 2  s, 2H, C8-H and Cll-H), 

4.15 (m,  IH,  Cllb-H); 3.70 (s ,  SH, 2 OMe), 3.45 (rn, 2H, C5,-HI, 7.40-7.20 (m, 5H, CH2C6H5), 

4.39 ( s ,  2H, CH2C6H5), 3.30-1.60 (m, 12H). Anal .  Calcd f o r  C25H36N203B : C, 70.92; H, 8.51; 

N, 6.62. Found : C, 70.68; H, 8.42; N, 6.50. 2 : Y i e l d ,  55%. Mp 183-185 "C (EtOH). Ir (KBr)  

1 1  cm-' : 2340 (8H3), 1675 (C=O) cm- . H-Nmr (d6-DMSO, 200.16 MHz) 6 : 6.90 (8,  2H, C8-H and 

Cll-H) 4.19 (d, 2H, Cllb-H), 3.98 (8, 6H, 2 OMe), 3.50 (m,  2H, C5,-H) ,  3.00-2.30 (In, 10 H), 

1.90-1.20 (m, 8H), 0.90 ( t ,  3H).  Anal .  Calcd f o r  C22H37 N203B : C, 70.92; H, 8.51; N, 7.22. 

Found : C, 67.81; H, 9.32; N, 7.15. 
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