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HETEROCYCLIC SPIRO COMPOUNDS.11. SYNTHESIS OF 1'-SUBSTITUTED 1,3,4,6,7,11b-HEXAHYORO- 

SPIRO[BE~!ZO[~]QUINOL~ZINE-2,3'-PYRROLIDINE]-2 ,5'-DIONES 
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-- The syn thes is  o f  1 ' - s u b s t i t u t e d  d e r i v a t i v e s  o f  1,3,4,6,7,21b-hexahydro- 

spiro[benzo[a]quinolizine-2,3'-pyrrolidine]-2,'-dio i s  achieved s t a r t i n g  f rom a  

s u i t a b l e  cyanohydr in  4 and e t h y l  sodiocyanoacetate,  accord ing  t o  r e a c t i o n  Scheme 1. 

The s t r u c t u r e  of t h e  i n t e r m e d i a t e  o f  t h e  c y c l i z a t i o n  r e a c t i o n  t h a t  l eads  t o  t h e  t a r g e t  

compounds 2 i s  desc r ibed .  

A wide v a r i e t y  of a l k a l o i d s  such as emet ine and t u b u l o s i n e  present. a b e n z o [ a ] q u i n o l i r i n e  r i n g  

system. C e r t a i n  benzo [aJqu ino l i z ines  have been r e p o r t e d  t o  possess use fu l  pharnaco log ica l  p roper -  

1 t i e s ,  such as r e s e r p i n e - l i k e  and a n t i n e o p l a s t i c  a c t i v i t i e s  . I n  t h e  l a s t  few years  a d d i t i o n a l  an- 

3 4 t i h y p e r t e n s i v e 2 ,  a n t i i n f l a m a t o r y  and a n t i c o n v u l s a n t  p r o p e r t i e s  were r e p o r t e d  f o r  2 - s u b s t i t u t e d  

d e r i v a t i v e s .  The pharmacologica l  i n t e r e s t  of these  compounds induced us t o  i n c l u d e  some 2 - s p i r o  

d e r i v a t i v e s  o f  benzo [a ]qu ino l i r i ne  i n  o u r  s t u d i e s  on h e t e r o c y c l i c  s p i r a n s  w i t h  t h e  purpose o f  

e x p l o r i n g  t h e i r  p o s s i b l e  chemotherapeut ic  and c a r d i o v a s c u l a r  a c t i v i t y .  

5 I n  a  p r e v i o u s  paper we r e p o r t e d  t h e  s y n t h e s i s  o f  9.10-dimethoxy-1,3,4,6,7,llb-hexahydrospiro 

[benzo[a]quinolizine-2,3'-pyrrolidine]-2',5'-dione i. We want now t o  extend t h i s  work t o  va r ious  

a l i y l ,  a r y l  and a l k v l a a i n o  s u b s t i t u t e d  d e r i v a t i v e s  o f  t h i s  pa ren t  r i n g .  The r e a c t i o n  scheme used 

i s  shown i n  Scheme I. 
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I n  our prev ious ly  reported synthesis5, a Cope-condensation product of aminoketone 3 proved t o  be an 

adequate s t a r t i n g  mater ia l  f o r  two convenient react ion  schemes t h a t  ended i n  d i ca rboxy l i c  ac id  6. 

I n  an attempt t o  increase the y i e l d  o f  6, an a l t e r n a t i v e  procedure based on an ear ly ,  seldom used 

6 react ion  was examined. Thus, cyanohydrin 4 was obtained i n  quan t i t a t i ve  y i e l d  t r e a t i n g  2 wi th  po- 

tassium cyanide and hydrochlor ic acid; a substant ia l  improvement. o f  the r e s u l t s  prev ious ly  described 4 

f o r  an analogous conlpound was achieved. Reaction o f  4 wi th  e thy l  sodiocyanoxetate i n  absolute R-OH 

a t  room temperature l e d  t o  & (65.2 $, R = E t )  o r  & (78.1 % , R = Me), which on ac id  hydro lys is  

5 af forded 6 q u a n t i t a t i v e l y  . The ove ra l l  y i e l d  for  t h i s  route  i s  as high as t h a t  p rev ious ly  reported 

by us (ca. 78 % i n  the case s), w i t h  the advantage of a shorter and eas ier  handl ing.  

The transformat ion o f  anhydride I i n t o  succinimides 2was  attempted i n  several d i f f e r e n t  experimen- 

t a l  condi t ions.  Thus, heating L as a f r ee  base (&) o r  as a hydrochlor ide ( E l  w i t h  amines a t  22C- 

225°C i n  an i n e r t  atmosphere, as described by Lundahl e t  al.', y ie lded the expected succinimides 2 

as impure, hardly r e c r y s t a l l i z a b l e  products. The resu l t s  d i d  not improve when &?was treated i n  

m i l de r  condi t ions,  such as described by Scott  e t  a1 .g However, when a suspension o f  & i n  xylene 

was t reated w i t h  amines o r  hydrazines fol lowed by r e f l u x i n g  for  5-12 h i n  the presence of molecular 

sieve, the desired N-substituted sp i ro  succinimides L w e r e  obtained w i th  reasonable pu r i t y ,  along 

w i t h  small amounts o f  diamides 101' as secondary products i n  several cases. The diamides were dis- 

t i l l e d  " i n  vacuo" from the residue l e f t  by the evaporation of the xylene phase. 

A reduct ion o f  thc  re f l ux ing  time o f  E t o  1-2 h o r  a s t i r r i n g  a t  room temperature for 2 h allowed 

the i s o l a t i o n  and study of the intermediate o f  the cyc l i za t i on  react ion  leading t o  2, f o r  which the 

s t ruc tures  8 and 9 might be proposed. Treatment o f  w i t h  a n i l i n e  o r  benzylamine gave respect ively 

8c and 86 as on ly  products. The s t ruc tu ra l  assignment o f  &was accomplished by comparison of the - 

13c-nmr spectra o f  the d icarboxy l ic  ac id  6 and the carbamoyl acids &and  86, w i t h  reference t o  the 

studies of stanetty1° on 1-carboxycyclohexaneacetic acids and esters.  Only the carboxy l ic  group o f  

the ace t i c  ac id  moiety presents a displacement o f  chemical s h i f t  from 171.30 ppm (5) t o  168.67 ppm 

(86) and 167.77 ppm (&). The carboxy l ic  group d i r e c t l y  l i nked  t o  the heterocycle does no t  show any 

noteworthy s h i f t ,  appearing a t  174.98 (6) and 175.11 (& and 86) .  When & was heated f o r  1 h a t  220 

"C i n  n i t rogen atmosphere, the corresponding imide was obtained (90.2 % ) .  

EXPERIMENTAL 

Mel t ing  po in ts  are uncorrected. Spectral data were recorded on the fo l lowing spectrometers : 1R- 

Perkin Elmer 577; 'H-nmr-~ i tach i -perk in  Elmer R-24 (60 MHz) and Varian EM 390 (90 MHz) (reference, 

te t ramethy ls i lane) ;  13~ -nmr -~ rucke r  WM-200-SY (reference and solvent, d i rnethylsul foxide);  mass- 

Hi tachi-Perkin Elmer RMU-6M. Elemental analyses were determined using a Car lo Erba Elemental Analy- 

zer model 1104. 



9,10-Dimethoxy-1,3,4,6,7,llb-hexahydro-2-hydroxybenzo~aquinolizine-2-carbonitrile - 4. 

To a s t i r r e d ,  i c e - c o o l e d  suspension o f  3 (10 g, 38 mmole), H20 (15 m1) and 35 % HCl ( 3 . 9  m1, 38 

mmole) a s o l u t i o n  of KCN (2.49 g, 38 mmole) i n  H20 (10 m l )  was dropwise added. S t i r r i n g  was m a i n t a i -  

ned f o r  a d d i t i o n a l  15 m in  and t h e  r e a c t i o n  was completed b y  l e a v i n g  i t  f o r  3 h i n  a r e f r i g e r a t o r  a t  

4°C. i h e  w h i t e  s o l i d  formed was f i l t e r e d  o f f ,  washed w i t h  a sma l l  amount o f  c o l d  H20 and d r i e d  " i n  

vacuo" o v e r  P205 a t  room temperature.  Y i e l d  10.7 g (98 .0  % ) .  Mp 126-127°C (CH2C12-Et20). 1R (KBr)  : 

1 1  3510 (0-H), 3200 (0-HI, 2220 ( E N )  cm- . H-nmr (d6-DMSO) 6 : 6 . 8 0  (ZH, s, 11-H and 8-H)  , 3.70 

(6H, s, 2 OMe) , 3.50-2.40 (12H, m) 

9,10-Dimethoxy-1,3,4,6,7,1lb-hexahydro-2-hydr0xybnz0[a]quin01izine-2-cabniti1e Hydroch lo r ide .  

Dry,  gaseous HCl was bubbled d u r i n g  10 m in  th rough  a methano l i c  s o l u t i o n  o f  5 ( 1  g )  p laced  i n  a 

-10°C ba th .  The w h i t e  p r e c i p i t a t e  formed (0.95 g )  was f i l t e r e d  o f f  and washed w i t h  c o l d  MeOH. Mp 

143-146°C (MeOH). Anal .  Calcd.  f o r  C16H21N203C1 : C ,  59.35 1 N, 8.65 ; H, 6.49. Found : C, 59.17 ; 

N, 8.44 ; H, 6.27. 

E t h y l  2-Cyano-9,l0-dimethoxy-1,3,4,6.7,ilb-hexahydrobenzo[a]quinolirine-2-cyanoacetate 3. 

A w e l l  coo led  suspension of e t h y l  sodiocyanoacetate prepared from e t h y l  cvanoacetate (2.35 g, 20.7 

mmole) and sodium (0.45 g ,  19.56 mmole) i n  10 rnl o f  a b s o l u t e  EtOH was g r a d u a l l y  added t o  an i c e -  

coo led  suspension of 4 (6 g ,  20.8 m l e )  i n  EtOH (120 m l ) .  The r e a c t i o n  m i x t u r e  was a l l owed  t o  s tand  

f o r  48 h a t  room temperature.  The s o l u t i o n  was f i l t e r e d  o f f  f rom a m a l l  amount o f  a s o l i d  p roduc t  

i d e n t i f i e d  as ketone 3 and n e u t r a l i z e d  t o  pH 7 w i t h  15 % HCI. The p r e c i p i t a t e  formed was f i l t e r e d  

5 o f f  and washed w i t h  EtOH. Y i e l d  5.2 g (65.2 %).  Mp 157-158'C ( d )  (2 -p ropano l ) .  Mixed mp 157-158Y 

( d ) .  1R (KBr)  : 2250 ( O N ) ,  1755 (C=O) cm-l.  ' ~ - n m r  (CDC13) 6 : 6.60 (2H, s, 11-H and 8-H) , 4.40 

(2H, q, J=7 Hz) , 3.88 (6H, s, 2 OMe) , 3.85 ( lH ,  s, 2 ' - H )  , 3.65 ( I H ,  m, l l b - H )  , 3.10-1.60 (lOH, 

m) , 1.38 (3H. t ) .  Anal .  Calcd.  f o r  C21H25N304 : C, 65.79 ; H, 6.53 ; N, 10.96. Found : C, 65.57 ; 

H, 6.28 ; N, 10.66 

Methyl 2-Cyano-9,l0-dimethoxy-l,3,4,6,7,1lb-hexahydrobenzo[a]quinolizine-2-cyanoacetate x. 
To a w e l l  coo led  suspension o f  e t h y l  sodiocyanoacetate,  prepared f rom e t h y l  cyanoacetate (0.19 g ,  

1.74 mmole) and sodium (40 mg, 1.74 mmole) i n  5 ml o f  a b s o l u t e  MeOH, a s o l u t i o n  o f  4 (0 .5  g, 1.74 

m o l e )  i n  a b s o l u t e  MeOH (10 m l )  was dropwise added. The r e a c t i o n  m i x t u r e  was a l l owed  t o  s tand  f o r  

40 h a t  room temperature.  The s o l u t i o n  was concen t ra ted  " i n  vacuo" t o  h a l f  i t s  volume and t h e  

p r e c i p i t a t e d  s o l i d  was f i l t e r e d  o f f .  Y i e l d  0.5 g (78 .1  $1. Mp 166-167'C ( d )  (2 -p ropano l ) .  1R (KBr)  : 

- 1  1 2220 (C'N), 1755 (C=O) cm . H-nmr (CDCI3) 6 : 6.60 (2H, s, 11-H and 8-H) , 3.80 (3H, s, OMe), 3.75 

(6H, s, 2 OMe) , 3.62 ( l H ,  s, 2 ' -H)  , 3.45 ( l H ,  m, i l b - H )  , 3.30-1.50 (lOH, m). Anal .  Calcd. f o r  

C20H23N302 : C, 65.04 ; N, 11.38 ; H, 6.23. Found : C, 64.92 ; N, 11.21 ; H, 6.12. 
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9,l0-Dimethoxy-1,3,4,6.7,llb-hexahydro-2-[~~-phenylcarbamoyl )methy l ]  -benzo[a] q u i n o l i r i n e - 2 - c a r b o x y l -  

i c  A c i d  Hydroch lo r ide  8c. A suspension of a n a l y t i c a l l y  pu re  anhydr ide  (1.4 g, 3.8 mnole) ,  an i -  - 
1 i n e  (0.35 g, 3 .8 mmole) and d r y  xy lene  (15 ml ) was s t i r r e d  i n  t h e  presence o f  4 A mo lecu la r  sieve 

(0 .2  g )  f o r  2 h i n  an o i l  b a t h  a t  155-160°C. The s o l i d  p roduc t  (1.5 9, 85.5 % )  was f i l t e r e d  o f f .  Mp 

222-223°C. I R  (KBr)  : 3225 (NH), 3100-2220 (OH and R~NH') ,  1730 (COOH), 1650 (CONH) cm-l.  l ~ - n m r  

(d6-DMSO) 8 : 10.30 ( lH ,  5, COOH) , 7.90-7.00 (5H, m, C6H5) , 6.90.6.75 (2H, 2 s, l l - H  and 8-H) , 

4.40 ( l H ,  m ,  l l b - H )  , 3.80 (6H, s, 2 OMe) , 2.80 (2H, s, 2 ' - H ) .  Anal .  Calcd. f o r  C24H2gN205C1 : 

C, 62.54 ; N, 6.08 ; H, 6.29. Found : C, 62.23 ; N, 5.87 ; H, 6.04. 

2- [ (N-~enzy lca rban loy l  imethy l ]  -9.l0-dimethoxy-1,3,4,6,7.1lb-hexahydrobenzo[a]quinolizine-2-carboxyl- 

i c  A c i d  Hydroch lo r ide  E. A s o l u t i o n  of a n a l y t i c a l l y  pure anhydr ide  3 (0.2 g, 0.54 mmole) and 

benzylamin? (58 m9, 0.54 m o l e )  i n  a c e t o n i t r i l e  ( 6  m l )  was m a g n e t i c a l l y  s t i r r e d  f o r  2 h a t  room 

temperature.  The w h i t e  p r e c i p i t a t e  formed was f i l t e r e d  of f .  Y i e l d  0.2 g (77.4 % ) .  Mp 201-202'C 

a c e t o n i t r i l e ) .  I R  (KBr)  : 3315 (NH), 3100-2290 (OH and R ~ N H + ) ,  1725 (COOH), 1645 (CONH) cm- l .  'H- 

nmr(d6-OMSO) 6:10.35 ( lH ,  broad s, COOH) , 7.30 (5H, s ,  C6H5) , 6.80, 6.70 (2H, 2 s, l l - H  and 

8-H) , 4.35 ( IH ,  m, l l b - H )  , 4.25 (2H. s, CH2) , 3.80 (6H. s ,  2 OMe) , 2.60 (ZH, s ,  2 ' - H ) .  Anal .  

Calcd. f o r  C2jH31N205Cl : C. 63.22 ; N, 5.90 ; H, 6.53. Found : C, 62.98 ; N, 5 .61 ; H, 6.31. 

Table I : Elementa l  analyses f o r  s p i r o  compounds 2.HC1 

C a l c u l a t e d  Found 

Cmpd. no. C H N C H N 

2a - 61.89 7.09 6.85 61.95 7.29 6.68 

2b - 62.78 6.90 6.66 62.52 7.06 6.45 

2c - 65.08 6.10 6.32 64.80 5.86 6.07 

2d - 65.72 6.35 6.13 65.99 6.44 5.90 

2e 66.31 6.58 5.95 66.27 6.36 5.77 

2 f  - 63.33 6.59 5.28 63.07 6.37 5.06 

3 62.95 6.12 9.18 62.75 6.35 8.95 

2 h - 61.40 7.12 9.34 61.27 6.94 9.13 

2 i  - 60.62 6.89 9.64 60.59 6.65 9.45 

3 58.47 6.64 9.30 58.25 6.41 9.04 

General Procedure f o r  t h e  Syn thes is  of 2 a-b. Anhydr ide (1 g, 2.7 m o l e ) ,  the s u i t a b l e  pr imary 

amine (5.4 m o l e ) ,  4 A mo lecu la r  s i e v e  (0 .2  g )  and d r y  xy lene  (30 m l )  were s t i r r e d  toge t l i e r  a t  40 

"C f o r  1 h and then a t  155-160°C f o r  5 h. 



General Procedure f o r  the Synthesis of 2 c - j .  Anhydride ( 1  g, 2.7 mrnole), the su i t ab le  primary 

amine o r  hydrazine (5.4 mmole), 4 A molecular s ieve (0.2 g )  and d ry  xylene (301111) were s t i r r e d  

together f o r  6 h (12 h f o r  2c and 2q) wh i le  heated i n  an o i l  bath a t  155-160DC. 

General Procedure for the I s o l a t i o n  of 2. a) Compounds & and g-f : the f i l t e r e d  xylene l a y e r  was 

evaporated t o  dryness. ~ e c o n d a r y l ~  products 10 were d i s t i l l e d  o f f  i n  Kugelrohr under reduced 

pressure, the residue dissolved i n  absolute isopropyl  a lcohol  and created w i th  dry  HC1. The s o l i d  

formed was f i l t e r e d  off and r e c r y s t a l l i z e d  from an appropr iate solvent.  b )  Compounds &and  a-.i : 
the s o l i d  formed was f i l t e r e d  off and rec rys ta l l i zed  from an appropr iate solvent.  c )  Compounds & 

and 2q : the s o l i d  formed was f i l t e r e d  o f f  and the xylene l aye r  was t reated as described i n  a )  

g i v i ng  an add i t iona l  amount of 5 o r  3. 

Me0 

Physical and Spectral Propert ies o f  Spiro compoundsa 

Cmpd.Yield Mp/"C Recryst. IR: C=O h n m r  (60 M H Z ) ~  6 

no. % u I: R 4 '  -H 11-H,8-H OMe as s 

2d 60.3 259-61 EtOH - 1695 1775 7.35(5H,s) 2.98(2H,s) 6.80(1H,s) 3 . 9 0 ( 3 ~ , s ) ~  

asa t i s fac to ry  elementary analyses were obtained i n  a l l  cases ; b ~ o l v e n t  f o r  hydrochlorides 

d CF3COOH except * ( d 6 - ~ ~ s 0 )  ; 'used as free base (CDCl31 ; 90 MHz 
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