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abstracl .  - Metllylntlon of t h e  tetrahydrohen,u(;l),juinolirlnvnr 

2 and the d i h y d r o l ~ e n r o ( n ) ~ u i n o l i a i n o n e  2 has been examined. - 
The  regioselect~vify at tho uitrogen and oxygon atoms is 

tremendo,,sly affected by the solvents. 

Enamlno ketones are ambldent nucleophllcs with three potentlvlly vttacklrtg atoms 

ti, Cp and O), and the regioselectivity is aff'ected by the nature of enamino 

ketones3 electrophillc reagents a n d  solvents. For cyclic onamlno ketones U -  

alkylation generally occurs and C-a1 kylati on is exceptionally o b s e r ~ e d . ~  In the 

conrsc  of our stuilles on the benzo(c)phenanthridine a l k a l o ~ d s ,  we had an oppor- 

tunity to examine mcthylatinn of the cyclic enaminu ketones and r ound  that the 

regioselectivity is tremendously influenced by the solvents. 

The tetruhydr~benro(a)~~i~nolizir~orle 2 and the dihydrohenro(a)quinolirlnone 1 were 

prepared i n  88 and 92% yields, respectively, by mercuric acetate oxldvtiun of 

g ,  lo-dimeLhoxy-1, 3,4,6, j, l l b - l ~ e x a h y d d 0 - 2 1 - - m e t h y l - 2 - o x o b e n , o ( a ) ~ n o l i n e  L. 3 

Yethylvtlon of z with dimethyl sulfate in benzene gave the tetrahydrobenro(u)- 
quinolizinium methyl sulfate 4 (97%). which was converted lnto 2 (95%) on heating 

in lo% hydrochloric acid at 6O0C for 1 . 5  h. On sodium borohydride reduction i n  

methanol and treatment with 10% hydrochloric acid, afforded L (90%). 

On mothylation i n  methanol, ) provided the tetral~ydrobenro(a)~oinol~zinone methn- 

sulfate (70%). whlch was converted into 2 (92%) on heating in Clalsen's alkali 

at 6O0C for 6 h. 

The structures of 4 and 5 were ascarta irred  by the a b o v e  chemical correlation. 

I n  addition, the 'H  nmr spectra supported these structures and excluded the C- 

methylated compuund (4: b 6.18 s ,  i - H  and b 11.10 s ,  2-OMe; 2 :  6 6.38 s ,  1-15 and 

b 4.04 s or 4.02 s or 3.94 5 ,  5-Me). 



Methylation of 2 wlth dimethyl sulfate in benzene furnished the dihydrobenzu(a)- 

qninolizinium methyl sulfate 6 (89%), which gave 1 (95%) on sodium borohydride 

reduction in methanol and treatment with 10% hydrochloric acid (b 7.55 s ,  1-H and 

b 4.29 s ,  2-OMel. On methylation in chloroform, 2 afforded the dihydrobenzo(a)- 

quinolirinone methosulfate Z (74%) (6 7.70 s ,  1-H and h 4.09 s or 4.00 s ,  5-Me). 

In conclusion, for 2 and j 0-methylation occurred in the aprotic solvent and N- 

mrtI>ylatiun in the protic solvent. No example of N-alkylation uf cyclic enamlno 

ketones appeared in the literatures as far as we know. 

EXPEHlMENTAL SECTION 

Melting points are uncorrected. Spectral data were recorded o n  the following 

spectromelcrs: 1R - Ilitachl 260-30; 'H nmr - JEOL JNN PS-100 (100 MHz) (refer- 

ence, tetrnmcthylsilune 1 ;4 mass - JEOL JMS DX-300. 

~ 1 0 - O i m e t h o x ~ ~ ~ ~ ~ ~ & I ~ I ~ r a h y d r o - 2 1 1 - b e n z &  2 

A mixture of mercuric acetate (2.4 g) and disodium ethylenediaminetetraacetatt- 

2 water (3.7 g )  in 1% acetic acid (50 ml) was added to a solution of 1 (1.0 g )  in 

1% acetic acld (80 ml), and the whole was stirred at 55'C in a stream of nitrogen 

for 5.5 h. The reaction mixture was filtered and concentrated in vacuo. The 

residue was made alkaline with 10% aqueous NaOH and extracted with chluruform. 

After boing dried over N a  SO4, the organic phase was concentrated in vacuo, and 
2 

Lhe residue was recrystal1,iaed from benzene to yield 2 (R80 mg, 88%) as yellow 

needles of mp 182-183'C. 1R (CHC1 1 :  1613 cm-1 ( L O ) .  'H nmr (CDCl I b: 7.10 
3 3 

(lH, s ,  1 - H  6.60 (lH, 5 ,  8 - t ) .  5.56 (iH, s .  I-H) (exchangeat,le with D 01, 3.91, 
2 

3.87 (3H each, s ,  9-, 10-OMe'sl, 1.17 (3H, d, J 6 Hz, ?-Me). Mass m / z :  M', 

273.137 (273.137 for C16HlqN0 1 .  ~ n u l .  Calcd for C 
3 16H19x03: C, 

70.30; I 7.01; 

N, 5.12. Found: C, 70.20; H ,  7.04; N, 5.05. 

6 ~ - D i h ~ H - 9 , 1 0 - d i m e t h o x y - j - m e t h y l - 2 - o x o b e n ~ o ( ~ ~ ~ ~  2 - -- 
A solution or mercuric acetate (2.7 g )  in 5% acetlc acid (50 ml) was added to a 

solution of 1 (1.0 gl in 5% acetlc acid (30 ml), and the whole was stirred at 90°C 

for 11 h. ~rra~k-~p of the reaction mixture, followed by recrystallization of the 

crystalline from chloroform/ethyl acetate, gave 2 (912 mg, 9 2 % )  as culorless 

needles of.mp 2jq--260°C. IR (CHC1 ) :  16110 em-' (C=O). 'H nmr (CUC1 1 6: 7.25 
3 3 
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a) H S ( O A C ) ~ / E D T A - ~ N ~ / ~ %  A c O H ;  b) H g ( 0 A ~ ) ~ / 5 %  AcOH; 

c )  Me SO /benzene; d )  10% HCl; e )  NaBII /MeOH, 10% HC1; 
2 4 4 

f) Me 2 SO 4 /MeOH; g )  Claisen's alkali; h )  ~ ~ ~ ~ 0 ~ / ~ h l o ~ o f o ~ ~  

Chart 1 



(Is, s ,  4 7.16 (lH, s ,  1 - H I  6.77, 6.68 (111 each, s ,  I-, 8-H's), 3.98 (ZH, 

t, J 6 Hz, 6-Hz), 3.91 (6H, s ,  8-, 9-OMe'sI, 2.99 (2H, t, J 6 Hz, 7-HZ), 2.03 

(3H, s ,  M e .  Mass m/z: Mi, 271.121 (271.121 for C16H1-NO ). Anal. Calcd for 
i 3 

C16H17N03-l/3H20. C, 69.25; H, 6.42; N, 5.05. Found: C, 69.35; H, 6.30; N, 5.11. 

1;~~~~&&glo!y&&g&~~a~&~& 

S,l.Lfht" & -- 
A mixture of z (379 mgl and dimethyl sulfate (590 mg) in anhydrous benzene (10 
mll was stirred at room temperature overnight. The precipitate was collected 

and recrystallized from methanol/ether to yield & (516 mg, 93%) as greenish 

yellow needles of mp 153-154°C. IR (CHCl 1: I630 cm-' (C=N). 'H nmr (CDC13) 
3 

6: 7.36 (111, 3, 1 - H I  6.82 (lH, s ,  &HI, 6.18 (111, s ,  1 -  4.38-3.69 i4H, m, 4-, 

6-H2'sl, 4.10 (3H, s ,  2-OMel, 3.99, 3.94 (311 each, s ,  9 10-OMe'sl, 3.62 1 s ,  

M ~ S ~ ~ ) ,  3.23-2.80 (jH, m, 3-H, 7-Hz). 1.22 (jH, d. J 7 IIz, 3-Me). Anal. Calcd 

for C ~ ~ H ~ ~ N O ~ S :  C, 54.11; H ,  6.30; N, 3.50. Found: C, 53.97; H ,  6.22: N, 3.40. 

Conversion oL 4 & I 2 - 
a) A mixture of 5 (90 mg) and NaBH4 (60 mgi in methanol (4 ml) was stirred at 

room temperature for 1.5 h, and then acidified with 10% HC1. The reaction mix- 

ture was concentrated in vacuo, and the residue was extracted with chloroform. 

After belng dried over Na SO4, the organic phase was concentrated in vacuo, and 
2 

the residue was recrystallized from methanol to yield L (56 mg, 90%) as colorless 

needles of mp 142-147°C. This compound w a s  identlflod with an authentic sample3 

of L " direct comparison. 
b )  A solution or 4 (99 mg) in 10% KC1 ( I  ml) was stirred at 60°C for 1.5 h. The 

reaction mixture was made alkaline with 10% aqueous Na C0 and extracted with 
2 3 

chloroform. Work-up afforded 2 (64 mg, 95%) as yellow needles of mp 182-183°C 

(from benzene). This compound was shown to be ldcntical with 2 prepared from I 

by direct comparison. 

~ - D i m e t h o x y - l - m e t h ~ l - 2 - o x o - l ~ ~ ~ ~ ~ r 0 - 2 H - b e n z o ( ~ ) ~ ~ i ~ ~ 1 ~  

W&.,+? 5 

A mixture o r  2 (194 mg) and dimethyl sulfate (283 mgl in anhydrous methanol (6 

ml) was stirred at room temperature for 17 h. The precipitate was cullectod and 

recrystallized from methanol to yield 2 (200 mg, 70%) as light greenish yellow 



HETEROCYCLES, Val 23. No 1, 1985 

- 1 P l a t e s  of mp 1 1 , y 1 7 0 ° C .  I R  (CHCl 1 :  1 6 1 5  cm ( C = O ) .  '11 nmr (CF coo l i )  0 :  7 .35  
3  3  

( I H .  s, 11-11). 6 - 7 6  i1H. s ,  8 - 1 1  6 . 3 8  ( i H ,  5 ,  H I  11.4-3.64 (411. m ,  4 - ,  6- 

1 I 2 s  4 . 0 4  ( < > H I ,  4 .02 (3111, 3 .94 (311) ( 5  e a c h ,  5-Me, 9 - ,  10 -OMe ' s ,  E l e ~ f i ~ ) ,  3.4- 

2 .86 ( 3 H ,  m ,  3-11, 7-H,) ,  1 . 2 0  i j H ,  d ,  .1 8 Hz, 3-Ne) .  Anal .  C u l c d  f o r  C18112iSO-- - 
S-l/21l 0 :  C, 5 2 . 9 2 ;  11, 6 . 4 1 ;  N ,  3 . 4 2  l c o ~ m d :  C, j 2 . 8 1 :  H ,  6 . 3 8 ;  N, 3 . 4 2 .  2  

C'>n"c'sIOn - -- 01' 5 &E 2 

A s o l ~ t i o n  of 3 ( 7 4  mg) i n  C l a i s e d a  a l k a l i  ( I  m l )  --as s i i r r e d  a t  60°C f o r  6  h .  

The r e a c t i o n  m i x t u r e  was e x t v a c t e d  w l t h  c h l o r o f o r m .  A l t e r .  b e i n g  d r i e d  o\.rr 

Yn,,S04, t h e  o r g a n i c  p h a s c  w a s  c o n c e n t r a t e d  i n  v a c u o ,  a n d   he r e s i d u e  w a s  r e c r y s -  - 
t a l l i ~ e d  f r o m  t,enzerre t o  y i e l d  2 ( 1 ~ 4  mg, 92% a s  y e l l o w  n e e d l e s  o f  mp 182-183°C. 

r l r l s  compound was shohm t o  bc  i d e n t i c a l  w i t h  2 p r e p a r e d  f rom 1 by d i r e c t  com- 

p a r i  son.  

6 .  7  - ~ ~ o & m ~ & ~ ~ ~ L L ~ ~ & X x & ' I ~ ~ L r ! O & & I U m  =Gfi 6 -- 
A m.ixt.ure o f  1 (27 ;  mg) a n d  d i m e t h y l  s u l f a t o  ( 2 1 0  mg) i n  a n h y d r o u s  c h l o r o f o r m  

( 3  m l )  %.as s t i r r e d  a t  room t e m p e r a t u r e  f o r  4  11. The p r e c i p l l a t e  w a s  c u l l e c r e d  

a n d  r e c r y s t a l l i z e d  f rom e t h a n o l / e t h e r  t o  y i e l d  6 ( 3 7 0  mg, 8 9 % )  a s  l i g h t  y e l l o w  

p l a t e s  o f  mp 207-20R0C. 1 H  ( K R r I :  1 6 4 0  (C=N) .  'H nmr (CF COOHI 6 :  8 .18 
3  

( I H ,  s ,  4 - H I ,  i . j j  (2H.  5 ,  I - .  1 1 - H ' s ) ,  7 . 0 7  ( I n .  5 ,  8 - H I ,  4 . 5 8  (2H,  t ,  J 6  Hz.  

6 - H Z ) ,  4 .29 (1H,  s ,  2-OMe), 4 .07  ( 6 H ) ,  3 . 9 8  ( 3 H )  ( s  each, 9 - ,  10-OMe ' s ,  Mes?J4) ,  

3 . 2 8  (2H,  I,, J 6 H z ,  7 -H, ) ,  2 . 3 8  (311, S ,  J - M ~ ) .  ~ n a l .  C a l c d  f o r  C H K O  S. - 1.8 23  7  

3/4H20: C ,  5 2 . 6 0 ;  H ,  6 . 0 0 ;  K, 1 . 4 1 ;  S , 7 . 8 0 .  i o ~ n d :  C ,  5 2 . 5 6 ;  H ,  6 . 0 0 ;  N ,  3 . 3 2 ;  

S ,  7 . 9 0  

C o n v e r s i o n  o f  6 21 --- - 
A m i x t u r e  o f  6 ( 3 3 8  mg) a n d  NaRH4 ( 3 3 0  mg) i n  m e t h a n o l  ( 2 0  m l l  wa s t i r r e d  a t  60°C 

f o r  1 t r ,  a n d  t h e n  acidified w i t h  10% HCI. The r e a c t i o n  m i x t u r e  was c o n c e n t r a t e d  

i n  v a c u o  a n d  e x t r a c t e d  w i t h  c h l o r o f o r m .  A f t e r  b e i n g  d r i e d  o v e r  N a . S 0 4 ,  t h e  
2 

o r g a n i c  p h a s e  w a s  c o n c e n t r a t e d  i n  v a c u o ,  a n d  t h e  r e s i d u e  was r e c r y s t a l l i z e d  f rom 

m e t h a n o l  t o  y i e l d  L ( 2 1 5  mg, 9 5 % )  as c o l o r l e s s  n e e d l e s  o f  mp 142-14j0C. Th i s  

compound w a s  i d e n t i f i e d  w i t h  an a u t h e n t i c  s a m p l e 3  o f  by direct. c o m p a r i s o n .  

~ - D i h y d r o - 2 H - ' ) . 1 0 - d i m e t h o x y - ~ - m e t h y l - 2 - o x o b e n ~ ~ u i i o l i z i n e  we 2 

A m i x t u r e  o f  j ( 2 0 7  mg) a n d  d i m e t h y l  s u l f a t e  ( 2 4 4  mp) i n  a n h y d r o u s  m e t h a n o l  



(8 mll w a s  stlrrod ut room tempernturc for 7 h. The precipitate w a s  collected 

and recrystallized Crom methanal/ether to yield i (230 mg, 74%) as colorless 

plates of mp 24F244°C. I R  (KBr): 16110 em-' (C.0). 'H nmr (Ci COOH) 6: 8.14 
3 

(IH, a ,  4-HI, j. j0 (111, s ,  1 7. 50 (lH, 5 ,  11-11), 7.03 (111, s ,  8-HI, 4.54 (2H, 

t, J 6 Hz, 6-Hz), 4.09 (gH), 4.00 (311) ( s  each, 5-Me, 9-, 10-OYe's, M~sT)~), 7.26 

(211, t, J 6 Hz, 7-H ) ,  2.40 (jH, 5 ,  3-Me). Anal. Calcd fur Cl8Hz3N0 S-1/21l20: 
2 7 

C, 53.19; H, 5.95; N, 7.44; S ,  7.09. Found: C, j3.04; H, 5.82; N, 7.50; S, 7.Rj. 
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