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Abstract -The reaction between 2-irninobenzo[a]quinolizidines (2) and mercaptoacetic acid 

under a variety of conditions led to the thiarolo[2,3-a]isoquinoline derivative (5) 

instead of the expected spiro compound (1). The same result was obtained when the reac- 

tion was carried out on ketone (2).  Modified reaction conditions allowed the preparation 

of an example of structure (1). 

The benro[a]quinolizidine ring system has been associated with interesting pharmacological properties, 

such as chemotherapeutic,' neuroleptic,2 antih~pertensive,~ antiinflamat~ry,~ and anticonvulsant 

activities,' among others. A recently discovered fact is the capacity of certain 2-substituted benro- 
6 [a]quinoliridines to antagonize a 2  adrenoceptors selectively. The pharmacological interest of all 

these properties has prompted extensive studies on the chemistry of benzo[a]q~inolizidines,~ which 

have usually shown a considerable stability for the parent system and its derivatives. Thus, many 
8 9 benzo[o]quinolizidines have been shown to resist strongly acidic and basic media without alteration 

of the parent structure. We wish to report here an exception to such behaviour. 

Within the scope of our research into 2-spiro derivatives of the benzo[a]quinolizidine system, the 

synthesis of spiro[benzo[o]quinolizidine-2,21-1,3-thiazolidin]-4-ones (1) was planned. An exarnina- 

tion of review literature on 4-thiazolidinone synthesislo revealed the reaction between 2-irnino deri- 

vatives of benzo[a]quinolizidine (2) and 2-mercaptoacetic acid as the most suitable procedure for 

the preparation of 1. Imines (2) were prepared (Scheme 1) by acid-catalyzed condensation of ketone 

(?)ll with primary amines, while the attempted base-catalyzed elimination of hydrocyanic acid from 

aminonitriles (5)" under the conditions described by walia13 led only to the ketone (3). 

Treatment of (2) with 2-mercaptoacetic acid under the reaction conditions that had been previously 

tested on piperidine model compounds1' (reflux in benzene, in the presence of toluenesulfonic acid 

and 4 i molecular sieves) did not lead to the expected spiro derivatives (1). Instead, thiazolo[2,3- 
a]isoquinoline (5) was obtained in all cases; confirmation of this structure was achieved by spec- 

troscopic means and by alternative synthesis from 9,lO-dimethoxy-3,4-dihydroisoquinoline (6). 13 
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The same r e s u l t  was obtained when ketone (1) was t reated w i t h  2-mercaptoacetic ac id  under the same 

condi t ions,  even i n  the presence of primary amines (Scheme 2 ) .  

These observations i nd i ca te  t h a t  the benzo[a]quinolizidine de r i va t i ves  (2) and (3) are no t  s tab le  under 

the react ion  cond i t ions  employed. A t en ta t i ve  explanat ion f o r  the behaviuor described above t h a t  i s  

cons is tent  w i t h  a l l  observed fac t s  i s  sumnarized i n  Scheme 3. The transformation of 2 o r  2 i n t o  5 

may be i n i t i a t e d  as a ser ies  o f  acid-catalyzed e q u i l i b r i a  t h a t  g ive  r i s e  t o  the imonium s a l t  ( I ) .  The 

mechanism proposed i s  the opposite t o  the  one t h a t  takes place dur ing  the synthesis o f  3 from 5 and 

methyl v i n y l  ketone o r  a synthet ic  equivalent.11'16 A retro-Michael  process may then transform 

Scheme 3 



i n t o  6, which, by r eac t i on  w i t h  the  mercaptoacid, would y i e l d  the  observed produc t  (5).  The f e a s i b i l i -  

t y  o f  t h i s  r i n g  opening i s  supported by l i t e r a t u r e  data;  thus, Bosch and coworkers17 have detected 

the  t ransformat ion of  a d e r i v a t i v e  of an a l k y l  1,l-dialkyl-2-oxobenzo[a]quinolizidine carboxy la te  

i n t o  t h e  corresponding 3,4-dihydroisoquinol ine by heat ing  i n  an a c i d i c  medium. However, the  evidence 

a v a i l a b l e  does n o t  a l l o w  t o  r u l e  o u t  the  a l t e r n a t i v e  pathway i n  Scheme 3, i n  which mercaptoacid 

a t t ack  takes place p r i o r  t o  the  re t ro -Michae l  r eac t i on .  

Some mod i f i ca t ions  have been in t roduced i n  the  experimental cond i t i ons  o f  the  r e a c t i o n  between 2 and 

mercaptoacet ic  acid, a f f e c t i n g  both the  na ture  o f  the  a c i d  c a t a l y s t  and the  p o l a r i t y  of  the r eac t i on  

medium. Thus, the r eac t i on  i n  benzene and BF3-Et20 l e d  a l so  t o  5 (47 %). If a c e t i c  a c i d  was used as 

so lven t  instead,  the  r eac t i on  between & a n d  2-mercaptoacetic a c i d  (3.5 equ iva len ts )  i n  the  presence 

of  BF3-Et20 and 4 A molecular  s ieves l e d  t o  the  expected sp i r o  compound (1) (R = CH2-C6H5) as the  major 

1 product, together w i t h  a small amount of  5, as shown by the  H-nmr spectrum o f  the  crude reac t i on  pro-  

duct .  However, the  complexi ty  o f  the mix tu re  o f  compounds obtained precluded the  i s o l a t i o n  of  an ana- 

l y t i c a l  sample o f  1. 

EXPERIMENTAL 

Me l t i ng  po in t s  were obtained i n  a Biichi c a p i l l a r y  apparatus and a re  uncorrected. Spectra l  data were 

recorded on the f o l l ow ing  spectrophotometer and spectrometers: i r - P e r k i n  Elmer 577. Mass-Hewlett- 

1 Packard 5995 CG-MS, us ing  the  DIP mode. H-Nmr-Hitachi Perkin-Elmer R-24B (60 MHz). A l l  chemical 

s h i f t s  are re fe r red  t o  TMS and a l l  coup l ing  constants are g iven i n  Hz. Elemental analyses were ob- 

t a i ned  us ing  a Car lo  Erba Elemental Analyzer model 1104. 

General Procedure f o r  the  Synthesis o f  2-Ary l  (Arylalkyl)imino-9,10-dimethoxy-1,3,4,6,7,llb-hexahy- 

d roben ro [a~qu ino l i r i nes  2. A s o l u t i o n  of 9,l0-dimethoxy-1,3,4.6,7,llb-hexahydrobenzo[~quinolizin- 

2-one (2) (3 g, 11.5 mmol ) i n  anhydrous benzene (60 ml). o r  a 3: 1 mix tu re  of  benzene-ethanol (60 m l )  

i n  the  case of compound (a), was t r e a t e d  w i t h  the  su i t ab l e  amine (13.8 mmol) and p- to luenesu l fon ic  

a c i d  (100 mg), and re f luxed f o r  6-24 h i n  a Dean-Stark apparatus placed i n  a 120 "C bath. The p rec i -  

p i t a t e d  imino d e r i v a t i v e  was f i l t e r e d  from the  cooled reac t i on  m i x tu re  (compound g), o r  the  benzene 

l a y e r  was washed w i t h  water ( 3  x 25 m l ) ,  d r i e d  over sodium s u l f a t e  and evaporated under reduced 

pressure t o  y i e l d  the  compounds descr ibed i n  Table 1 as v iscous o i l s ,  which were charac ter ized  by 

spectroscopic means and used w i t hou t  f u r t h e r  p u r i f i c a t i o n .  

8,9-Dimethoxy-2,5,6,lOb-tetrah~drothiazolo2,3-]isoquinolin-3-one 2. Method A.  5 Mmol o f  any of  

the  imino de r i va t i ves  (2) o r  ketone (3)  were mixed w i t h  2-mercaptoacetic a c i d  (0.53 g, 5 mmol), p- 

to luenesu l fon ic  ac i d  (0.2 g )  o r  BF3-Et20 complex (0.2 m l )  and 4 A molecular  s ieves (0.2 g) ,  and d r y  

benzene (50 ml ) was added. The reac t i on  mix tu re  was re f luxed f o r  10-12 h, w i t h  simultaneous removal 

of  water (Dean-Stark). The benzene l a y e r  was decanted from the t a r r y  ma te r i a l  formed dur ing  the  



HETEROCYCLES, V o l  3 1 ,  No 1 1 ,  1990 

r e a c t i o n ,  washed w i t h  wa te r  ( 3  x  15 m l ) ,  d r i e d  (sodium s u l f a t e )  and evaporated in vacuo. The res idue  

ob ta ined  was washed w i t h  b o i l i n g  petro leum e t h e r  ( 3  x  15 m l )  and t r i t u r a t e d  w i t h  a smal l  amount o f  

e thano l ,  y i e l d i n g  40-60 % o f  c r y s t a l l i n e  5. The use o f  excess mercaptoacet ic  a c i d  d i d  n o t  a f f e c t  t h i s  

r e s u l t .  Method 0. Ketone (3) ( 1  g, 3.8 mrnol), 2-mercaptoacet ic  a c i d  (0.41 g, 3.8 mmol), ammonium 

carbonate ( 1  g ) ,  P - l to luenesu l fon ic  a c i d  (0.2 g ) ,  and 4 mo lecu la r  s ieves (0 .2  g )  i n  d r y  benzene 

(20 m l )  were r e f l u x e d  f o r  10 h i n  a Dean-Stark apparatus.  The benzene l a y e r  was decanted, washed 

w i t h  water  ( 5  x  50 m l ) ,  d r i e d  (sodium s u l f a t e )  and evaporated t o  y i e l d  0.45 g (44 % )  O f  5. mp 

173-174 "C ( e t h a n o l ) .  Anal. Calcd f o r  C13H15N03S : C ,  55.86; H, 5.66; N, 5.28 Found: C, 59.07; 

1 1  ti, 5.77; N, 4.91. Ir (KBr ) :  1630 (C=O) cm- . H-Nmr (60 MHz, COC13) S : 6.60 (5, 2H, C7-H and ClO- 

H), 6.05 (s ,  lH,  CIOb-H), 4,45 (q, J = 9 Hz, ZH, C2-H). 3.80 ( s ,  6H, 2 OMe), 3.40-2.50 (m, 4H, C 6 - 
H and C7-H). Ms. m/z ( % ) :  265 (M+, 651, 234 (]I), 192 ( 1 4 ) ,  191 ( 3 7 ) ,  190 ( l o o ) ,  176 (31) .  146 

( l o ) ,  133 ( 9 ) ,  104 ( l l ) ,  9 1  ( 9 ) ,  77 (13) ,  46 (24) .  42 ( 6 ) .  

3-Benzyl-9,10-dimeth0xy-1,3,4,6,7,llb-hexahydrospiro[benzo~alquinolizine-2,2'-thiazolidinl-2'-one 3. 

Compound (&) (0 .4  g, 1.2 mmol), 2-mercaptoacet ic  a c i d  (0.43 g, 4 mmol), f r e s h l y  d i s t i l l e d  BF -Et 0 3 2 

complex ( 1  m l )  and 4 i molecu la r  s ieves  (0.2 g )  i n  g l a c i a l  a c e t i c  a c i d  (25 m l )  were s t i r r e d  f o r  3 h 

a t  100 "C, and then  a t  room temperature f o r  14 h .  The coo led  reac ion  m i x t u r e  was f i l t e r e d ,  b a s i f i e d  

w i t h  20 % ammonium hydroxide,  f i l t e r e d  aga in  and e x t r a c t e d  w i t h  ch lo ro fo rm ( 3  x 100 m l ) .  The cam- , 

b ined ch lo ro fo rm l a y e r s  were d r i e d  (sodium s u l f a t e )  and evaporated.  A d d i t i o n  of e thano l  ( 5  m l )  t o  

t h e  r e s i d u e  caused t h e  p r e c i p i t a t i o n  o f  50 mg o f  5 (16 %).  Evaporat ion of t h e  e t h a n o l i c  s o l u t i o n  

l e f t  0.25 g o f  crude as a t h i c k  syrup which c o u l d  n o t  be f u r t h e r  p u r i f i e d .  Ir (NaC1): 1660 (C=O) 

cm-l.  ' ~ - ~ r n r  (60 MHz, COCl3) 6 : 7.20 ( s ,  5H, CH2C6%), 6.60 and 6.50 (25, 2H, C8-H and Cll-H), 

4.30 ( d ,  J = 7.5 Hz, 2H, Ci2C6H5), 3.75 ( s ,  6H, 2 OMe), 3.60 (s ,  2H, C5,-HI, 3.40-1.50 (m, 11H). 

Conpd React ion Ir: l ~ - n r n r  (COCI~, 60 MHZ) 6 
Y i e l d / %  

NO. t i m e l h  c = N ~ ~ ~ - ~  C8-H + Cll-H OMe R 

~ a l 8  - 6 92 1665 6.70 (5, 1H) 3.75 (5,  6H) 7.40-7.10 ( m ,  5H) 

6.55 i s ,  1H) 3.60 (s ,  2H) 

2b 24 90 1660 6.60 (s, 1H) 3.75 (s, 6HJ 7.30-7.00 (m,  2H) 

6.50 (s ,  1H) 6.80-6.50 (m, 3H) 

2c - 24 85 1660 6.70 (s ,  1H) 3.80 ( s ,  6H) 7.15 (d, ,I-9 Hz, 2H) 

6.60 (5, 1H) 6.65 (d, J=9 Hz, 2H) 

2.30 (s ,  3H) 

2d19 - 24 46 1665 6.70 (s ,  1H) 3.70 ( s ,  6H) 6.70 (m, 2H) 

6.60 1 s .  1 H )  7.50 in, 2H) 

Table 1 



ACKNOWLEDGEMENTS 

We would l i k e  t o  thank Dr. M. Martinez Moreno for  elemental analyses and Dr. F. MegTa Barnuevo fo r  

mass spectra. Acknowledgement i s  a lso  made of f i n a n t i a l  support fron CICYT (p ro jec t  PA 86-0317). 

REFERENCES AND NOTES 

1. a )  H .  T. Oppenshaw, "The Ipecacuanha A lka lo ids"  i n  "Chemistry o f  the A1 kaloids",  ed. by S. W .  

P e l l e t i e r ,  Van Nostrand Reinhold, p. 85, 1970. b) R. 5. Gupta, "Emetine, Cryptopleurine, Tylo- 

cebr ine and Other Funct iona l ly  Related A lka lo ids"  i n  "An t i b i o t i cs " ,  ed. by F. E. Hahn, Springer 

Verlag, p. 46, 1983. 

2. a )  A .  Brossi, H. L ind lar ,  M. Walter, and 0. Schneider, Helv. Chim. Acte, 1958, 41, 119. b)  D. 

J .  Pettibone, J .  A .  Totaro, and B. Pflueger, Eur. J .  Pharmacol., 1984, m, 425. c )  C .  Kaiser 

and P .  A. Set le r ,  "Ant ipsychot ic Agents" i n  "Burger 's Medicinal Chemistry", 4 t h  Ed i t ion ,  ed. 

by M. E .  Wolff, John Wiley and Sons, vo l .  3, p. 859, 1981. d) C. J. E. Niemegeers, Psychophar- 

macology, 1982, 2, 210. e )  A. Buzas, F. Cossais, J.-P. Jacquet, A .  Merour, J .  M. Melon, A. 

Champagnac, M. Pommier, and C. Seine, Chim. Ther., 1972,L,  405. 

3. a)  J .  W. Van Dyke, H. J .  Havera, R. D. Johnson, H. V id r i o ,  and A .  Yiveros, J. Med. Chem., 1972, 

l5, 91. b )  H. V id r i o ,  A .  Viveros, and R. Vargas, Arzneim.-Forsch., 1971, 2, 941. c )  J .  M. Ca- 

r o m ,  R .  D. Clark,  A .  F. Kluge, C. H. Lee, and A. M. Strosberg, J. Med. Chem., 1983, 6, 1426. 

d )  J. L .  Archibald, R .  Geardsley, T. J. Ward, and J .  F. White, J. Med. Chem., 1983, 26, 416. e) 

T. J .  Ward, U .  S .  Patent 4,183,937 (Chem. Abstr., 1980, 93, 8040d). f )  H .  J. Havera and W .  G. 

Stryckcr,  U .  S .  Patent, 4,304,913 (Chem. Abstr . ,  1982, 2, 142725~) .  

4. a )  Cs. Szdntay, L .  Szlbo, I. Toke, S. Toth, E. Virag, E. Kany6, and A .  David, U. S. Patent 

4,342,871 (1982) (Chzm. Abstr . ,  1982, 97, 216035r). b)L. Srlbo, K.Nogradi, C .  Toth, Cs. 

Szlntay, L.Radics, 5.  Virag, and E.  Kany6, Acta Chim. Sc i .  Hung., 1979, 100, 19. 

5 .  a )  F. D. Popp and R .  F. Watts, J. Pharm. Sci., 1978, 67, 871. b)  C .  A .  Lundberg and R .  A .  Farr ,  

U. S. Patent 4,321,382 (Chem. Abstr . ,  1982, 97, 39203~) .  

6. a) R. D .  Clark, A .  0. Michel, and R .  L. Whit t ing,  Progress Med. Chem., 1986, 2, 1. b)  C.  B. 

Chapleo, " a 2  Adrenoceptor Antagonists" i n  "Recent Advances i n  Receptor Chemistry", ed. by C. 

Melchiorre and M. Gianella, E lsev ier ,  p. 85, 1988. c )  T. J .  Ward, J .  F. White, N. Latt imer,  K. F 

Rhodes, S. Sharma, and J .  F. Waterfal l ,  J .  Med. Chem., 1988, ?_1, 1421. d) T. J .  Ward, G. J .  

Warrellow, J. A. S t i r rup ,  N .  Lat t imer,  and K. F. Rhodes, J .  Med. Chem., 1989, g, 179. 

7 .  F. 0. Popp and R .  F. Watts, Heterocycles, 1977, 6,  1189. 

8. a)  J .  C. Menendez, G. G. T r igo ,  and M. M. Sollhuber, Heterocycles, 1986, 3, 1393. b)  J. C. 

Menendez, C. AvendaRo, and M. M. Sollhuber, Heterocycles, 1989, 2, 477. c )  J. Knabe and P. 



HETEROCYCLES, Vol 31, No. 11, 1990 

Oorfmuller, Arch. Pharm., 1985, 318, 531. d )  T. F u j i  and M. Ohba, Chem. Pharm. Bu l l . ,  1985, 2, 

144. e )  M. Rubiral ta,  A. Oiez, A. Balet ,  and J .  Bosch, Tetrahedron, 1987, 3, 3021. 

9. a) J .  C. Menhdez, G. G. Tr igo,  and M. M. Sollhuber, Heterocycles, 1986, 4, 1039. b) Cs. Szbn- 

tay,  L. Toke, G. Blaskb, K. Honty, and L. Szabb, Lect .  Heterocycl. Chem., 1978,4, 25. 

10. a) F. C. Brown, Chem. Rev., 1961, 61, 463. b)  5. P. Singh, 5. 5. Parmar, K. Raman, and V .  I. 

Stenberg, Chem. Rev., 1981, g, 175. 

11. N. Whittaker, J. Chem. Soc. (C), 1969, 85. 

12. J .  C. Menendel, G. G. Trigo, and M. M. Sb'llhuber, Tetrahedron Lett . ,  1986, 7, 3285. 

13. J. J .  Walia, L .  Heindl, H. Lader, and P. 5. Walia, Chem. Ind., 1968, 155. 

14. J .  C. Menendez, A .  Delgado-lr ibarren, and M. M. SGllhuber, An. Real Acad. Farm., 1987, 3, 238. 

15. W. Schneider and E. Kamnerer, Arch. Pharm., 1966, 299, 846. 

16. Cs. Szbntay and J .  Rohhly, Chem. Ber., 1965, E, 557. 

17. J .  Bosch, A. Oomingo, and A. Linares, J .  Ors. Chem., 1983, 48, 1075. 

18. Mass spectrum, m/z (%I :  350 (M+, 3.8). 260 (181, 245 ( loo) ,  230 (17). 218 (32), 205 (19), 192 

(14), 191 (22). 190 (22). 176 (14). 91 ( 5 2 1 ,  77 (9) .  

19, mp 218-220 'C (ethanol) .  Anal. Calcd f o r  C21H25N304S : C, 60.72; H, 6.02; N, 10.12. Found : 

C, 60.51; H, 5.93; N, 10.35. 

Received, 17th September, 1990 


