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Abs t rac t  -The syn thes is  of ( 2 ) - ( 2 ~ * ,  llb~*)-9,lO-dimethoxy-1,3,4,6,7,11b- 

hexahydrospir '~[benzo[a]~uinolir ine-2, 5'-oxazolidinel-2',4'-dione (1) was 

achieved by two a l t e r n a t i v e  rou tes ,  i n v o l v i n g  t h e  c y c l i z a t i o n  of a-hydroxy 

amide (5) w i t h  e t h y l  carbonate i n  t he  presence o f  sodium hydr ide  o r  t r e a t -  

ment o f  cyanohydr in (3) w i t h  c h l o r o s u l f o n y l  isocyanate fo l lowed b y  acid 

h y d r o l y s i s .  The s te reochemis t ry  of L w a s  es tab l i shed  on t he  bas i s  of a spec- 

t r o s c o p i c  s tudy  of i t s  p recursor  (6). 

The c h a r a c t e r i z a t i o n  o f  some 26-(alkylsulfonylamino)areno[a]quinolizidines as stereose- 

1 l e c t i v e  a2-adrenoceptor  an tagon is ts  by analogy w i t h  rauwolsc ine and yohimbine provides 

suppor t  t o  t he  hypothes is  t h a t  the  sulfonamido group can a c t  as a sur rogate  o f  the rau-  

2 wo lsc ine  e s t e r  mo ie ty .  Fur ther  research  proved t h a t  t h i s  b i o i s o s t e r i c  r o l e  can a l so  be 

p layed by s u i t a b l e  h e t e r o c y c l i c  r i n g s  l i n k e d  t o  t he  C-2 atom of a renoIa ]qu ino l i z id ines ,  1 

prov ided t h e  he te rocyc le  bears an e l e c t r o n i c  and s t e r i c  resemblance t o  t he  b i o i s o s t e r i c  

e s t e r  o r  sulfonamldo groups. 

U i t h i n  t h e  scope o f  ou r  research i n t o  s p i r o  d e r i v a t i v e s  of benzo [a l qu ino l i z i d i ne ,  we 

considered of i n t e r e s t  t he  p repa ra t i on  of t he  ( t ) - ( 2 ~ * ,  I l b ~ * ) - o x a z o l i d i n e d i o n e  (L), due 

t o  i t s  p o t e n t i a l  as an a2-adrenerg ic  an tagon is t ,  i n  view o f  t he  c l ose  r e l a t i o n s h i p  o f  

c y c l i c  u re i des  and r e l a t e d  he terocyc les  and sulfonamides. I n  connect ion w i t h  t h i s ,  i t  

must be mentioned t h a t  s t r u c t u r a l l y  s i m i l a r  compounds (2) have been shown t o  behave as 

po ten t  an t i hype r tens i ves  and a2-adrenerg ic   antagonist^,^ a l though no e f f o r t  has been 
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made t o  determine t h e i r  a p l  al s e l e c t i v i t y .  

The f a c t  t h a t  s u b s t i t u t e d  cyclohexanones g e n e r a l l y  g i ve  s te reose lec t i ve  cyanat ion,  

corresponding t o  an a x i a l  a t t ack  o f  cyanide anion on t he  most s t a b l e  conformation, 4 

made cyanohydrin 3536 a  s u i t a b l e  s t a r t i n g  m a t e r i a l  f o r  t h e  p repa ra t i on  of the des i red  

oxazo l id ined ione (1). The methods c l a s s i c a l l y  employed f o r  t he  syn thes is  of 2,4-oxa- 

zo l  i d i ned ione   derivative^^'^ u s u a l l y  i n v o l v e  t he  cyc l  i z a t i o n  o f  an a- hydroxy e s t e r  o r  

+ 
a .  i) EtOH, HC1 (g), -30 'C; ii) H 0, H , room temperature 

2 
b. HC1 (g), Et20-H 0 ,  0 OC-room temperature 

2 

Scheme I 
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an a -hydroxy amide. E thano lys is  of cyanohydrin (3) w i t h  d r y  hydrogen c h l o r i d e  a t  -30 " C  

fo l lowed by h y d r o l y s i s  a t  room temperature d i d  n o t  af ford t he  expected a-hydroxy  e s t e r  

(g) as t he  o n l y  product ,  b u t  a  m i x t u r e  of 4 and a-hydroxy amide (5) i n  a  2 : l  r a t i o .  

On t h e  o t h e r  hand, s t i r r i n g  a  suspension of 3 i n  mo is t  e ther  sa tu ra ted  w i t h  gaseous 

hydrogen c h l o r i d e  f o r  48 h  a t  room temperature a f f o rded  t he  hydroxy amide (5 )  i n  good 

y i e l d  (Scheme 1). 

A l l  a t tempts  t o  c y c l i z e  t he  hydroxy e s t e r  (4) i n t o  the  t a r g e t  oxazo l id ined ione (1) under 

d i f f e r e n t  l i t e r a t u r e  cond i t ions7- "  l e d  o n l y  t o  recovery of t h e  s t a r t i n g  ma te r i a l .  The 

hydroxy amide ( 5 ) ,  however, cou ld  be transformed i n t o  1 by t reatment  w i t h  e t h y l  

carbonate i n  t h e  presence o f  sodium hydr ide .  The modest y i e l d  ob ta ined l e d  us t o  a t t emp t  

an a l t e r n a t i v e  r o u t e  (Scheme 2 ) ,  which a l lowed the  e f f i c i e n t  p rapa ra t i on  of i with-  

o u t  t h e  need of f i r s t  t rans fo rming  - 3 i n t o  t he  corresponding hydroxy e s t e r  o r  hydroxy 

amide. Thus, t rea tment  o f  3 w i t h  ch lo rosu l f ony l  isocyanate fo l lowed by a c i d  hydro- 

l y s i s  gave t h e  des i r ed  oxazo l id ined ione (1) i n  good o v e r a l l  y i e l d .  Although t h i s  reac-  

t i o n  sequence cou ld  be performed i n  one pot ,  i t  has been poss ib l e  t o  i s o l a t e  and f u l l y  

c h a r a c t e r i z e  t he  4- imino-2-oxazol id inone (6) as an i n te rmed ia te  of t he  process. Th i s  i s  

i n  agreement w i t h  p rev ious  observa t ions  o f  o t h e r  workers12 f o r  t he  r e l a t e d  r e a c t i o n  

between a-amino n i t r i l e s  and ch lo rosu l f ony l  isocyanate.  

The stereochemical  s tudy o f  t he  compounds descr ibed  i n  t h i s  paper was c a r r i e d  out us i ng  

6 as a  model s t r uc tu re ,  us ing  spectroscopic c r i t e r i a  based upon those employed for t he  - 

study  of r e l a t e d  b e n z o [ n ~ q u i n o l i z i d i n e  de r i va t i ves .13  Thus, t he  presence of Bohlmann 

 band^'^"^ a t  2800 and 2760 cm-I i n  t h e  ir spectrum of 6, toge ther  w i t h  the chemical 

s h i f t s  found f o r  C-6 and C-7 i n  t he  13c-nmr spectrum16 (6 = 53.19 and 27.90 ppm, r e s -  

p e c t i v e l y ) ,  SUg9eStS a  t r ans  s t r u c t u r e  f o r  the  qu ino l  i z i d i n e  r i n g  j u n c t i o n .  The downf ie ld  

1 displacement of the  Cllb-H s i gna l  i n  t he  H-nmr spectrum o f  6 (ca. 0.5 ppm from the  

expected va lue  f o r  t he  expected value" f o r  a  trans-benzo[a]quinolizidinC) can on ly  be 

a t t r i b u t e d  t o  t h e  desh ie l d i ng  e f f e c t  o f  t he  im ino  group a t  C - 4 ' .  and i s  therefore com- 

p a t i b l e  o n l y  w i t h  t he  (ZR*, l l b s * )  s t r u c t u r e  dep ic ted  i n  Schemes 1 and 2 fo r  the compounds 

descr ibed  here. 
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5 - 

+ 
a. C1S02NC0, -30 OC-80 'C b. H 0, H c. (Et0)2C0, NaH 

2 

Scheme 2 

EXPERIMENTAL 

M e l t i n g  p o i n t s  are uncorrected and were measured i n  open c a p i l l a r y  tubes, us ing  a B i c h i  

immersion apparatus. Elemental analyses were determined on a Car lo  Erba Elemental Analyzer 

model 1104. Spectra l  data were obtained on the f o l l ow ing  instruments:  Ir, Perk in  Elmer 

1 577; H-nmr, H i t ach i -Pe rk in  Elmer R-24 B (60 MHz) and Brucker WM-200-SY (200 MHz); 13c- 
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nmr, Brucker WM-ZOO-SY (50.3 MHz). 

J ? ) - ( ~ R * ,  lib~*]-2-tiydroxy-9,10-dimcthoxy-1,3,4,6,7,1lb-hexahydrobenzo[a]quinolizine-2- 

ca rboxy l i c  a c i d  e t h y l  e s t e r  (4). A s o l u t i o n  of ( ? ) - ( Z R * ,  llbs*)-2-hydroxy-9,W-dimethoxy- 

5 1,3,4,6,7,11b-hexahydrobenzo[a]quinol i z i - 2 - c a r b o n  t i  ( 1  g, 3.37 mmol ) i n  anhydrous 

ethanol  (15 m l )  was cooled t o  -30 "C and sa tu ra ted  w i t h  d r y  hydrogen c h l o r i d e .  The s o l v e n t  

was then removed a t  0 "C and 0.5 t o r r ,  and the  s o l i d  res idue was added t o  a s t i r r e d  b i phas i c  

system of 10 % hyd roch lo r i c  a c i d  (15 m l )  and chloroform (25 m l ) .  The aqueous phase was 

ex t rac ted  w i t h  a d d i t i o n a l  3 x 25 ml of chloroform, and t he  combined organic layers were 

d r i e d  over  anhydrous sodium sulphate and evaporated t o  y i e l d  a s o l i d  res idue o f  crude 4 . ~ ~ 1 ,  

which was r e c r y s t a l l i z e d  from e thano l ,  g i v i n g  0.45 g (40 % )  of a compound whose chromato- 

graphic and spec t ra l  p rope r t i es  were i d e n t i c a l  t o  those of a sample prepared by an a l t e r -  

na t i ve ,  two-step method. 18 

Free base. A s o l u t i o n  o f  t he  hydroch lo r ide  (0.45 g, 1.21 m o l )  i n  ethanol  (10 ml) was 

t r ea ted  w i t h  an e t h a n o l i c  s o l u t i o n  o f  sodium ethoxide,  prepared by adding sodium (31  mg, 

1.35 mg-atom) t o  abso lu te  ethanol  (5  m l ) .  The so l ven t  was evaporated in vacuo and t he  

res idue was ex t rac ted  w i t h  b o i l i n g  acetone (4  x 50 m l ) .  Evaporat ion o f  t h i s  so lven t  l e f t  

0.39 g (96 % )  o f  t he  des i r ed  f ree  base, which was employed w i t hou t  f u r t h e r  p u r i f i c a t i o n .  

(?)-(ZR*, llb~*)-2-H~droxy-9,1O-dimethoxy-1,3.4,6,7,llb-hexah~drobenzo[al~uinoli~ine- 

2-carboxamide ( 5 ) .  - Method A. The aqueous phase from the  syn thes is  o f  4 was bas i f i ed  

w i t h  30 % aqueous sodium hydroxide and ex t rac ted  w i t h  chloroform (4  x 25 m l ) .  A f t e r  d r y i n g  

w i t h  anhydrous sodium su lphate  and evaporat ing the  so lven t ,  t he  res idue obta ined was r e -  

c r y s t a l l i z e d  from ethanol  t o  y i e l d  0.2 g (20  %) of 5. 

Method 6. A suspension o f  2-hydroxy-9,l0-dimethoxy-1,3,4,6,7,1lb-hexahydrobenzo[a]quinoli- 

z i n e - 2 - c a r b o n i t r i l e  (1) ( 1  g, 3.5 mmol) i n  e the r  (40 m l )  and 35 % aqueous hydrogen c h l o -  

r i d e  (0 .1  m l )  was p laced i n  a 0 "C ba th  and t r e a t e d  w i t h  d r y ,  gaseous hydrogen c h l o r i d e  

wh i le  magne t i ca l l y  s t i r r e d .  The f l ask  was then sealed and s t i r r i n g  was cont inued f o r  48 h 

a t  room temperature. The 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  and r e c r y s t a l l i z e d  from ethanol-  

e the r  t o  y i e l d  0.9 g (76 % )  o f  F H C l  .mp, 170-173 "C.  Anal.  Calcd f o r  C16H23N204C1: C, 

56.06; H ,  6.72; N, 8.18. Found: C, 55.89; H, 6.65; N, 7.95. Ir (KBr): 3480, 3405, 3280 

(OH and NH), 2800-2300 (OH and NH), 2800-2300 (N+-H), 1670 ( C = ) )  cm". l ~ - ~ m r  (60 MHz, 

DMSO-d6) : 6.80 (s ,  2H, C8-H and Cll-H), 5.20 ( b r  s, 1H, OH), 4.50 (m, 1H, Cllb-H), 3.95 

(s,  6H, 2 x OMe), 3.70-2.00 (m, 10H). Th i s  hydroch lo r ide  was transformed i n t o  the co r res -  
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ponding base using the  same procedure descr ibed above fo r  compound (4). 
I ! ) - (~R* ,  11b~*)-4'-1mino-9,10-dimethox~-l,3,4.6,7,1lb-hexah~drospiro[benzo[alquinolizin- 

2.5 ' -oxazo l id in l -2 ' -one  (6). To a s o l u t i o n  o f  (+I-(ZR*, llbS*)-2-hydroxy-9,lO-dimethoxy- 

1,3,4,6,7,11b-hexahydrobenzo[a]quinol i z i n e - 2 - c a r b o n i t r i l e  ( 3 )  ( 1  g, 3.5 mnol ) i n  a d r y  

m ix tu re  o f  dichloromethane (30 m l )  and dirnethylformamide ( 4  m l ) ,  p laced i n  a -30 "C bath, 

was added dropwise over 5 min a cooled s o l u t i o n  o f  ch l o rosu l f ony l  isocyanate (0.6 g, 4.3 

mmol) i n  d r y  dichloromethane (5 m l ) .  The r e a c t i o n  m ix tu re  was a l lowed t o  warm t o  room 

temperature i n  3 h and was then heated f o r  6 h i n  an o i l  ba th  a t  80 "C.  The inorgan ic  

p r e c i p i t a t e  formed du r i ng  t h e  r e a c t i o n  was f i l t e r e d  off  and t he  f i l t r a t e  was evaporated 

in vacuo and t he  res idue was d isso lved  i n  water  and b a s i f i e d  t o  pH 6.5-7.0 t o  p r e c i p i t a t e  

0.45 g of 6. Af te r  r e a d j u s t i n g  t he  pH o f  t he  aqueous s o l u t i o n  t o  7.0, 0.3 g o f  the  s t a r t i n g  

compound ( 3 )  was recovered. Y ie l d ,  56 % (based on the  unrecovered 2).  mp, 174-176 "C (2-  

p ropano l ) .  Anal. Calcd f o r  C17H21N304: C, 61.63; H, 6.34; N, 12.69. Found: C, 61.31; H, 

-1 1 6.34; N, 12.47. Ir (KBr): 3440, 3370 (NH), 1735 (C=O), 1620 (C=N) cm . H-Nmr (200 MHz, 

py r i d i ne -d5 )  : 8.20 (s,  lH, N3,-H), 7.38 (s ,  lH, C4,=NH), 6.91 (s,  1H) and 6.73 (s,  1H) 

(C8-H and Cll-H), 3.76 and 3.71 (2  s, 6H, 2 x OMe), 3.75 (m, lH, Cllb-H), 3.30-1.90 (m, 

10H). 13c-nmr (50.3 MHz, py r i d i ne -d5 )  : 157.50 (C2, ) ,  129.11 (Clla)*, 127.63 (C7a)*,112.96 
t 

(C8) , 109.68 (ell)+, 69.74 (C2), 59.99 (Clla), 56.30 and 56.00 (2  x OMe), 53.19 (C4), 

t 
51.68 (C4).  38.32 (C3), 27.90 ( C 7 )  Assignments marked w i t h  * and can be interchanged. 

1!)-(2~*, llb~*)-9,10-Dirnethoxy-1,3,4,6,7,11b-hexah~dros~iro~benzo[a~~uinolizin-2,5'- 

oxazolidinel-2',4'-dione hydroch lo r ide  (L.HC1). Method A. A s o l u t i o n  o f  t he  4-imino-2- 

0xaz01 id inone (6) (0.2 g, 0.60 mmol ) i n  methanol (5  ml ) and 35 % aqueous hyd roch lo r i c  a c i d  

(0.5 m l )  was re f l uxed  f o r  6 h. The so l ven t  was evaporated in uacuo and the  res idue was 

r e c r y s t a l l i z e d  from 2-propanol t o  g i ve  0.17 g (76 %)  o f  (L).HCl. mp, 225-227 "C.  Anal. 

Calcd f o r  C17H21N205Cl: C, 62.64; H, 5.70; N, 7.60. Found: C,  62.41; H, 5.63; N, 7.48. Ir 

(KBr): 3400 (N-H), 2800-2280 (N'-H), 1825, 1750 (C=O) cm-l.  l ~ - ~ m r  (60 MHz, DMSO-d6) : 

6.70 (s, 2H, C8-H and Cll-H), 4.40 (m, lH, Cllb-H), 3.65 (s,  6H, 2 x OMe), 3.50-2.00 (m, 

10H). 

Method 8. An 80 % s o l u t i o n  of sodium hydr ide  i n  pa ra f f i n  (0.6 g, 20 mmol) was washed w i t h  

d r y  pentane (2  x 15 m l ) ,  and a s o l u t i o n  of ( '1- (2~*,  llbS*)-2-hydroxy-9.10-dimethoxy-1,3, 

4,6,7,llb-hexahydrobenzo[a]quinolizine-2-carboxamide (5) (1.5 g, 5 mnol) i n  a d r y  3 : l  d i -  

chloromethane-dimethylformamide mix tu re  (80 m l l  was added. The s t i r r e d  suspension was 



H-CYCLES, Vol. 32, No. 3, 1991 475 

t r e a t e d  dropwise w i t h  d i e t h y l  carbonate (1.2 ml, 10 mmol) i n  the  same so l ven t  mix tu re  

(40 m l ) .  The r e s u l t i n g  m ix tu re  was heated i n  an o i l  ba th  a t  100 "C f o r  24 h, o r  i r r a d i a t e d  

w i t h  u l t rasound a t  room temperature f o r  t he  same per iod,  f i l t e r e d ,  and evaporated, and t he  

res idue was washed w i t h  b r i n e  (25 ml )  and water  ( 2  x 25 m l ) .  The i n s o l u b l e  f r a c t i o n  was 

t r i t u r a t e d  w i t h  e ther ,  y i e l d i n g  a p r e c i p i t a t e  t h a t  was r e c r y s t a l l i z e d  from ethanol. Y ie ld ,  

0.15 g (10 % )  of 1. A d d i t i o n  and subsequent evaporat ion of ethanol  (5  m l )  and 35 % 

aqueous hyd roch lo r i c  a c i d  ( 1  ml) ,  fo l lowed by r e c r y s t a l l i z a t i o n  from 2-propanol, a f f o rded  

the  hydroch lo r ide  (0.15 g, 95 %),  i d e n t i c a l  t o  the  compound obta ined by t h e  a l t e r n a t i v e  

procedure. 
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