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A b s t r a c t  - The e l e c t r o n i c  f e a t u r e s  and c h e m ~ c a l  b e h a v i o r s  o f  3-phenyl-6X- 

benro[&]pyrraio[2.1.5-~]indolirin-6-one ( 1 )  we re  d i scussed  compar ing w i t h  

those  of  4-one regio-isomer. 3 - p h e n y l - 4 ~ - b e n z o [ ~ ] p y r r 0 1 0 [ 2 , 1 . 5 - ~ ] -  

i n d o l i z i n - 4 - o n e  (2).  

I n  t h e  c o u r s e  o f  our s t u d i e s  on i s o  n - e l e c t r o n i c  I s o m e r s  o f  11-phenalen-1-one,  we r e c e n t l y  

r e p o r t e d  same i n t e r e s t i n g  p r a p e r t l e s  o f  4~benro[~]pyrrolo[2,1,5-~]indolizin-4-one (A); =, i) 

a h i g h l y  p o l a n z e d  s t r u c t u r e  i n  t h e  ground s t a t e ,  li) t h e  e x s i s t e n c e  of a p e r i p h e r a l  [ 12 ]annu lene  

system i n  i t s  p r o t o n a t e d  spec ies  6. 1 3 1 )  a s i g n i f i c a n t  s t a b i l i z a t i o n  o f  t h e  e x c i t e d  s t a t e  i n  8. l b  

T h e r e f o r e ,  i t  i s  o f  interest t o  ~ n v e s t i g a t e  t h e  p r o p e r t i e s  of 6~-benzo~&Ipyrralo[2.1.5-~1- 

~ n d o l i z i n - 6 - o n e  (C), a reg io - i somer  of  A. 

A El C D 

I n  t h ? s  paper  we d i s c u s s  t h e  p r o p e r t i e s  of 3-phenyl-6~-benro[~]pyrr010[2,1,5-~]indolizin-6-one 

(1) compar ing w i t h  t h o s e  of  3-phenyl-4~-benro[~]pyrr010[2.1.5-~]indalirin-4-one (2).lb 

A t  f i r s t ,  t h e  MO c a l c u l a t i o n s  f o r  C and i t s  p r o t o n a t e d  spec ies  D  u s i n g  MNDOA method2 r e v e a l e d  t h a t  

b o t h  m o l e c u l e s  h a v e  p l a n a r  s t r u c t u r e s  and  t h a t  C  i s  l e s s  p o l a r i z e d  t h a n  A  a t  t h e  g r o u n d  s t a t e  

( c a l c u l a t e d  d i p o l e  moment: 3.75 D f o r  C a n d  4.26 D f o r  A). H o w e v e r .  t h e  p o l a r i z a t i o n  o f  C w a s  

enhanced by t h e  p r o t o n a t l o n  a t  t h e  c a r b o n y l  oxygen. ~.e. i n  mo lecu le  D. The resulting p o s i t i v e  



c h a r g e  i s  d e l o c a l i z e d  o v e r  t h e  p e r i p h e r a l  l i n k a g e  and m o r e  s t a b i l i z a t i o n  t h a n  B i s  p r e d ~ c t e d  

because o f  l o w e r i n g  the  LUMO of D  (Figure 2). 

6 ~ - B e n z o [ ~ ] p y r r o l o [ 2 . 1 . 5 - ~ ] i n d o l i r i n - 6 - o n e  d e r i v a t i v e s  6a.b were prepared i n  t h r e e  s teps  from 

7.8-dihydro-5(6H)-quinolone (3 )  (Scheme 1). The s a p o n i f i c a t i o n  o f  6 a  f a l l w e d  b y  t h e  

d e c a r b o x y l a t i o n  gave 3 -pheny l  d e r i v a t i v e  1. However,  t h e  e f f o r t s  t o  c o n v e r t  6b i n t o  t h e  

u n s u b s t i t u t e d  mo lecu le  C had been unsuccessful.  

i i i )  0 s \ 4  v ) ,  v i )  

i v )  v i i )  -7@-ph s \  N 

1 2  
E =  C02Me 

6a: R =  Ph 1 

6b: R =  C02Et 

Scheme 1. Reagents  and  C o n d i t i o n s :  i) RCOCH2Br, ace tone ,  r e f l u x .  2 0  h: ii) NaHC03. EtOH. 

r e f l u x .  6  h; iii) DMAD, t o l u e n e ,  r o o m  t e m p e r a t u r e .  0.5 h; i v )  DDQ, t o l u e n e ,  r e f l u x .  2  h; v )  

KOH. MeOH. r e f l u x .  10  h; v i )  conc. HC1: v i i )  Cu powder.  q u i n o l i n e .  160 OC. 0.5 h  

The carbony l  a b s o r p t i o n  o f  1 i n  t h e  ir spectrum i s  observed a t  1600 c K 1 ,  which i s  s l i g h t l y  lower  

than t h a t  o f  4-one isomer 2 (1606 cm-'1. The e f f e c t s  o f  p r o t o n a t i o n  t o  1 were examined by 'H nmr 

spectroscopy. The 'H nmr s p e c t r a l  da ta  f o r  3-pentadeuter iophenyl  d e r i v a t i v e  1-d5 i n  d e u t e n o -  

c h l o r o f o r m  (CDC13) and i n  t r i f l u o r o a c e t i c  a c i d  (CF3C00D) a r e  l i s t e d  i n  T a b l e  1. The p a s i t ~ v e  

charge r e s u l t i n g  from t h e  p r o t o n a t i o n  causes a s m a l l  d o w n f i e l d  s h i f t  f o r  t h e  p ro tons  ( A 6  : l e s s  

t h a n  -0.6). I n t e r e s t i n g l y ,  a s m a l l  u p f i e l d  s h i f t  f o r  I-. 2-, and 8-H i n  CF3COOD i s  observed.  

Th is  means t h a t  t h e  r i n g  c u r r e n t  due t o  t h e  p e r i p h e r a l  [12 lannulene would o f f s e t  t h e  dawnf ie ld  

s h i f t  caused by t h e  p o s i t i v e  charge o f  p ro tona t ion .  The averag ing  of the  c o u p l i n g  cons tan ts  i n  

CF3COOD i n d i c a t e s  t h a t  t h e  bond-a l te rna t ion  o f  t h i s  p e r i p h e r a l  n-system i s  l e s s  s i g n i f i c a n t .  
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Table 1. 'H Nnr Spectral Data o f  l a 5  i n  CDC13 and CF3COOD 

6 / P P ~  J I H r  

So lven t  1-H 2-H 4-H 5-H 7-H 8-H 1-2 4- 5  7-8 

C D C ~ ~ ~ )  6.89 7.53 7.60 6.13 8.07 7.67 4.3 9.8 8.4 

C F ~ C O O D ~ )  6.84 7.44 8.08 6.67 8.53 7.63 5.1 8.2 8.6 

A6 b)  0.05 0.09 -0.48 -0.54 -0.46 0.04 

a )  0.01M So lu t ion .  b ) A 6  = 6COC13 - 6  CF3COO0. 

The c h a r a c t e r i s t i c  f e a t u r e  of 1  w a s  observed i n  i t s  e l e c t r o n i c  spectra. Compound 1 i s  b lue  i n  

t h e  c r y s t a l l ~ n e  s t a t e  or  i n  t h e  s o l u t i o n s  o f  nonpolar  s o l v e n t s  such a s  cyclohexane. The c o l o r  o f  

t h e  s o l u t i o n  changed t o  green i n  c h l o r o f o r m  o r  methanol i n  c o n t r a s t  w i t h  t h e  4-one d e r i v a t i v e  2. 

which showed t h e  same c o l o r  ( redd ish  v i o l e t )  i n  most so lvents.  

The l o n g e s t  a b s o r p t i o n  maximum i n  c h l o r o f o r m  i s  o b s e r v e d  a t  613 nm, w h i c h  i s  a t  8 6  n m  l o n g e r  

wavelength than t h a t  o f  2 (537 nm). The a b s o r p t i o n  m a x i m a  of 1 were s h i f t e d  t o  longer  wavelength 

beyond 750 nm as  degree of the  p r o t o n a t i o n  on to  t h e  ca rbany l  oxygen inc reaes  ( F ~ g u r e  1) and these 

changes were r e v e r s i b l e .  
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F igure  1. Change o f  the  E lec t ron ic  Spectra o f  1 w i t h  Acid Concentrations : ( ) i n  

CHC13: ( - - - - - - - - )  i n  CHC13/CF3COOH= 10011: i n  5011; i n  312. 



As same as  t h e  r e s u l t s  o f  2, t h e  s p e c t r a  o f  1  i n  a c i d i c  m e d i a  depended n e i t h e r  on t h e  

c o n c e n t r a t i o n s  o f  1 nor on t h e  a d d i t i o n  o f  a r o m a t i c  compounds such as 1.4-dimethoxybenrene and 

1.4-dimethoxynaphthalene, wh ich  have s t r o n g  an e l e c t r o n - d o n a t i n g  nature. 

F r o m  these  and p r e v i o u s l y  r e p o r t e d  o b s e r v a t i o n s . l b  i t  m i g h t  be concluded t h a t  these  i n t e r e s t 3 n g  

p r o p e r t i e s  o f  1 and  2  a r e  r e p r e s e n t a t i v e  o f  t h e  n a t u r e s  o f  A and C and, e s p e c i a l l y ,  t h a t  t h e i r  

b e h a v i o r s  i n  a c i d i c  m e d i a  are a r i s e n  f r o m  B and  D, t h e  [ l Z I a n n u l e n e  s y s t e m s  p e r t u r b e d  b y  a n  

i n t e r n a l  azornethiniurn ion. 

P r e p a r a t i o n  of 3 - s u b s t i t u t e d  1.2-bis(methoxycarbonyl)-6~-benzo[~]pyrrolo[2.1.5-~]indolizin-6- 

ones (6). General p r o c e d u r e :  A  s o l u t l a n  o f  7.8-d~hydra-5(6~)-qu~nalane (314 ( 5 0  m m o l )  and 

p h e n a c y l  b r o m i d e  (1.2 equ Iv .1  i n  d r y  a c e t o n e  ( 5 0  m l )  w a s  h e a t e d  under  r e f l u x  f o r  20 h. A f t e r  

c o o l i n g ,  t h e  r e s u l t a n t  q u ~ n o l i n i u m  s a l t  4a  was  c o l l e c t e d  b y  filtration i n  66% y i e l d .  The 

t r e a t m e n t  of 4a (40 mmol) w i t h  s o d ~ u m  hydrogencarbonate (3.0 equ iv )  ~n r e f l u x i n g  e thano l  f o r  6  h  

gave i n d a l i i i n o n e  5a i n  63% y i e l d .  

l-Phenyl-8.9-dihydra-7~-pyrrolo[3.2.l-~]quinolin-7-one (5a): orange p l a t e s  (ethanol ) :  rnp 128-129 

OC: i r ( K B r 1  c m - l :  1656(C0): ' H  nmr(CDCl3)  : 2.94( t .  J =  7  Hz, 2H. 8-HI. 3 .37( t .  J =  7 Hz. 2H. 9-H). 

6 .52( t ,  J=  6  Hz. 1H. 5-HI. 7 .1-7,8(over lapping.  7H. 2-H. 6-H, and p h e n y l ) .  7.98(d, J =  6  Hz. lH. 4- 

HI: m s  m l z :  2 4 7 ( ~ + ) .  Found: C. 82.66: H, 5.39: N. 5.79. C a l c d  f o r  CI7Hl3NO: C. 82.57: H. 5.30: 

N. 5.66. 

1 - E t h o x y c a r b o n y 1 - 8 . 9 - d i h y d r 0 - 7 ~ - p y ~ ~ o 1 o [ 3 . 2 . - ] 1 - 7 -  (5b): y ~ e l d :  38% f r o m  3; orange 

p l a t e s  ( e t h a n o l ) :  mp 162-163 OC: i r ( K B r )  cm- ' :  1718, 165Z(CO): ' H  nmr(CDCI3) : 1.44( t .  J =  7  Hz. 

2H. -CH31; 3.01(t,  J =  6.5 Hz. 2H, 8-HI. 3 .52( t ,  J =  6.5 Hz. 2H. 9-HI, 4.46(q. J =  7  Hz, 2H. -CH2-), 

6 .73( t .  J =  7 Hz, l H .  5-H), 7.22(d. J =  7  Hz, IH,  4-HI. 7.96(s. lH, 2-H), 8.03(d. J =  7  HZ. 1H. 6-  

HI: m s  m / z :  2 4 3 ( ~ + )  . Found: C, 69.10: H, 5.48: N, 5.87. C a l c d  f o r  Cl4HI3NO3: C, 69.12: H. 

5.39: N. 5.76. 

The s o l u t i o n  o f  5a (1.2 mmol) and d i m e t h y l  a c e t y l e n e d ~ c a r b o n y l a t e  (1.5 equiv.) i n  d r y  t o l u e n e  (20 

m l )  w a s - s t i r r e d  a t  room tempera tu re  f o r  0.5 h. A f t e r  c o n f ~ r r n i n g  t h e  comp le te  consumpt ion of 5a 

b y  t l c .  2.3-dichloro-5,6-dicyan0-1,4~benzoquinone (4.0 e q u i v . )  w a s  added p o r t j o n w e i s e  t o  t h e  

m i x t u r e .  The m i x t u r e  w a s  h e a t e d  u n d e r  r e f l u x  f o r  2  h. The r e s u l t i n g  h y d r o q u i n o n e  w a s  

f i l t e r e d  o f f  and t h e  f i l t r a t e  was concen t ra ted  t o  dryness. The r e s i d u e  w a s  sub jec ted  t o  a column 

chromatography on n e u t r a l  a lumina  t o  give 6a ( c h l o r o f o r m / e t h y l  acetate:  2011) i n  92% y i e l d .  

1,2-Bis(methoxycarbonyl)-3-phenyl-6~-benro[~]pyrrolo[2.1.5-~]indol i z i n - 6 - o n e  (6a): v~ o l e t  

needles (e thano l ) :  mp 221-222 OC: i r (KBr1  c K 1 :  1716. 1612(CO); 'H nmr(CDC13) : 3.96. 3.99(2s. 3H 
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e a c h .  -CH3), 6.24(d,  J =  9.8 Hz, I H .  5-HI .  7 . 4 - 7 . 9 ( o v e r l a p p i n g .  6H. 4-H a n d  p h e n y l ) ,  

8 , l ( o v e r l a p p i n g ,  ZH, 7-H and 8-HI: rns m l r :  3 8 5 ( ~ + ) .  Found: C. 71.65: H, 3.93; N, 3.88. Calcd 

f o r  CZ3Hl5NO5: C. 71.68; H. 3.92: N, 3.64. 

3-Ethoxycarbonyl-l.2-bis(methoxycarbonyl)-6~-benro[~]pyrrolo[2.1.5-~]indolizin-6-one (f ib): 

y i e l d :  98%; b l u e  n e e d l e s  ( e t h a n o l ) :  rnp 209-210 OC; i r ( K B r )  cm-': ' H  nrnr(CDCl31 : 1.47(t.  J =  7 

Hz, 3H, -CH3). 4.03, 4.15(2s, 3H each, -CH3), 4.48(q, J =  7 Hz, ZH, -CH2-), 6.26(d, J =  10 Hz, 1H. 

5-H). 7.76(d. J =  10 Hz. 1H. 4-H), 8 . 3 ( o v e r l a p p i n g .  ZH. 7-H and 8-HI: m s  m l r :  3 8 1 ( ~ + ) .  Found: C, 

63.07: H. 4.03: N. 4.00. C a l c d  f o r  C20H15N07: C. 62.99: H. 3.97; N. 3.67. 

Compound 6 a  (420 mg. 1.10 mrnol) was heated under r e f l u x  i n  5% methano l i c  potassium hydroxide (25 

m l )  f o r  10  h and t h e  m e t h a n o l  w a s  e v a p o r a t e d  t o  d r y n e s s .  The r e s ~ d u e  w a s  made a c i d i c  w i t h  

conc. h y d r o c h l o r i c  acld. The r e s u l t a n t  d ~ a c ~ d  was f i l t e r e d ,  d n e d ,  and sub jec ted  t o  t h e  next  

d e c a r b o x y l a t ~ a n  w ~ t h o u t  f u r t h e r  p u r i f ~ c a t i o n .  A s o l u t ~ o n  o f  the  d i a c ~ d  i n  q u i n o l i n e  (20 m l )  

was h e a t e d  a t  160 "C f o r  0.5 h i n  t h e  p r e s e n c e  o f  c o p p e r  powder ( 5 0  mg). The copper  was 

f ~ l t e r e d  o f f  and the  f i l t r a t e  was evaporated t o  g i v e  a residue. The r e s i d u e  w a s  d i sso lved  i n  

benzene ( 5 0  m l )  and washed w i t h  0.5 M h y d r a c h l o r ~ c  a c i d e  ( 3  n 30 m l )  i n  o d e r  t o  remove  t h e  

q u i n o l i n e .  The o r g a n i c  l a y e r  w a s  d r i e d  o v e r  anhydrous  magnesium s u l f a t e  and e v a p o r a t e d  t o  

dryness. The res idue  was sub jec ted  t o  a chromatography on a lumina t o  a f fo rd  1 ( ch lo ro fo rm)  i n  

64% y i e l d  f rom 6.3. 

3-Phenyl-6~-benzo[~]pyrr010[2.1.5-~]indolirin-S-one (1): dark b l u e  needles (ethanol) ;  mp 114-115 

OC; ?r(KBt-)  c m - l :  1600(CO): ' H  nrnr(COC13) : 6.13(d, J=  9.8 Hz. 1H. 5-H). 6.89(d. J =  4.3 Hz. 1H. 

1 7 .4 -7 .7 (over lapp ing .  8H. 2-H, 4-H. 8-H, and  pheny l ) .  8.07(d. J =  8.4 Hz. IH. 7-H); rns mlr: 

2 6 9 ( ~ + ) .  Found: C. 84.66; H. 4.28; N. 5.01. C a l c d  f o r  C19H1 ,NO: C. 84.74: H. 4.12: N. 5.20. 

E l e c t r o n i c  s p e c t r a :  A max(cyc1ahexane) nm( logE ): 252(sh. 4.34). 265(4.22). 281(4.08). 339(4.02). 

352(4.03), 402(4.36), 589(3.561, 613(3.52): A max(CHCI3): 240(sh,  4.23). 253(4.33), 270(sh,  4.251, 

288(sh. 4.10). 342(3.97). 355(4.00). 416(4.40). 613(3.54): h max(Me0H): 252(4.25). 268(sh.  4.171. 

286(4.04). 354(3.90). 419(4.37). 622(3.47). 

S i m i l a r l y ,  the p e n t a d e u t e r ~ o p h e n y l  d e r i v a t i v e  1-is w a s  ob ta ined  f rom 3 i n  t h e  t o t a l  y i e l d  o f  24%. 
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d~bromopyrrolo[2.1.5-g]indolizine5 were  used. Those o f  t h e  enane p a r t  were e s t i m a t e d  u s i n g  

t h e  m o l e c u l a r  models  fused by  t h e  above c y c l a z i n e  system. The d ? s t a n c e  o f  t h e  C=O bond w a s  

t a k e n  from t h a t  o f  a c r y l a l d e h y d e  (1.23 z). A  s t r u c t u r e  o p t i r n ~ z a t ~ a n  w a s  pe r fo rmed  f o r  t h e  

bond l e n g t h  and  v a l e n c e  and  d i h e d r a l  a n g l e s  o f  a l l  t h e  a t o m s  o f  C, e x c e p t  f o r  t h e  h y d r o g e n  

atoms. The s t r u c t u r a l  o p t i m i z a t i o n  f o r  0, t h e  p r o t o n a t e d  spec ies  o f  C, was pe r fo rmed  u s i n g  

t h e  a t t a i n e d  g e o m e t r i e s  f o r  C as an l n i t i a l  s t r u c t u r e .  Among t h e  r e s u l t s ,  t h e  n e t  a t o m ~ c  

charges and bond l e n g t h e s  f o r  C and D a r e  demonstrated i n  Figure 2. 

F i g u r e  2. N e t  a t m i c  cha rge  and a t m i c  d i s t a n c e  (i) of C and D by MNWA. 

3. A l l  m e l t i n g  p o ~ n t s  are  u n c o r r e c t e d .  The  i r  s p e c t r a  w e r e  measured  an a JASCO IRA-1 

spect rophothorneter .  The 'H nmr s p e c t r a  were measured on JEOL JMN-MH-100 and/or H l t a c h i  R- 

600 spec t romete rs ,  Chern~ca l  s h l f t s  are expressed i n  p a r t s  p e r  m ~ l l i a n  (ppm) d o w n f l e l d  f r o m  

t e t r a r n e t h y l s i l a n e .  The mass s p e c t r a  were de te rm inded  w i t h  a JEOL JMS-D spec t romete r  a t  75 eV 

us7ng a d i r e c t  i n l e t  method. The e l e c t r o n i c  s p e c t r a  were t a k e n  by  a H l t a c h i  220 s p e c t r o -  

p h o t o m e t e r .  The e l e m e n t a l  a n a l y s e s  w e r e  p e r f o r m e d  on a H i t a c h i  0 2 6  CHN a n a l y z e r .  

Most  o f  t h e  r e a c t i o n s  were m o m t o r e d  by t h i n - l a y e r  chromatography (Silica Gel 60F-254. Merck). 

Wakogei C-200(Wako Pure Chemica l  I n d u s t r i e s  LTD) and A lumin ium Oxide 90(Merck) were used f o r  

p r e p a r a t i v e  co lumn chromatography. 
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