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Substi tuted indolisines were  obtained f r o m  2 -me thy l - ,  2 -e thoxymethyl - ,  and 2-phenoxymethyl -  
5 -me thyI -4 -pheny lpyr id ines .  3 -Me thy I -2 -aza f luo rene  was used  in the syntheses  of a fou r - r ing  
condensed s y s t e m -  subst i tuted indolisino[6,7-a]indene.  

Continuing our r e s e a r c h  on the synthes is  and study of polynuclear  n i t rogen-conta ining he te rocycl ic  
compounds based  on subst i tuted pyridine bases ,  we have add re s sed  ourse lves  to the synthes is  of s y s t e m s  
containing an indolisine r ing.  The s ta r t ing  compound for  the synthes is  desc r ibed  in this paper  is 2 ,5-d i -  
me thy l -4 -pheny lpyr id ine  (I) [1]. The t rans i t ion  f rom I to subst i tuted indolisines was accompl ished  by known 
methods  [2-4]. 2 ,6-Dimethyl -7-phenyl indol is ine  01) and 6-methyl -2 ,7-d iphenyl indol i s ine  (III) were  obtained 
in yie lds  of 35.8% and 75%, re spec t ive ly ,  by t r e a t m e n t  of the pyr idinium sal t  obtained f rom I and b r o m o -  
acetone or  bromoacetophenone with sodium b icarbona te .  

We prev ious ly  desc r ibed  the p repa ra t ion  f r o m  I of 2 -e thoxymethy l -  (IV) and 2 -phenoxymethy l -5 -  
me thyI -4 -pheny lpyr id ine  (V) [5], which a re  now used  in the synthes is  of 1 -e thoxy-  (VI) and 1-phenoxy-6-  
methyl-2 ,7-diphenyl indol is ine  (VII). Strong bands of a s y m m e t r i c  and s y m m e t r i c  s t re tching vibrat ions  of 
a l iphat ic  groups (2975 and 2870 cm -1) a r e  obse rved  in the IR spec t rum*  of VI in the h igh- f requency  region.  
Bands of the deformat ion  v ibra t ions  of the s ame  groups  are  observed  at 1458 and 1353 cm -1. The p re sence  
of a phenyl subst i tuent  is conf i rmed  by weak bands of the s t re tching v ibra t ions  of the a romat i c  CH bond 
(3030, 3060 cm- l ) ,  by the p r e s e n c e  of a band of the C = C s t re tching v ibra t ions  (1605 cm- t ) ,  and a lso  by the 
bands of ou t -of -p lane  deformat ion  v ibra t ions  of the a roma t i c  CH bonds (703 and 761 cm- t ) .  The intense 
band at 1085 cm -t can be re la ted  [7] to the s t re tch ing  vibrat ion of the C - O - C  group.  

The IR s p e c t r u m  of VII contains weak bands of the s t re tching vibra t ions  of the a romat i c  CH bonds 
(3020 and 3010 cm- t ) ,  a s t rong band of the s t re tching v ibra t ions  of the C = C  bonds of the benzene r ing 
(1600 cm-1),  and bands of the out -of -p lane  deformat ion vibra t ions  of monosubst i tu ted benzene r ings  (760, 
703 cm-1) .  The p r e s e n c e  of a C - O - C  group is conf i rmed  by  the p r e s e n c e  of an intense band of a s y m -  
m e t r i c  s t re tch ing  vibra t ions  at 1215 cm -1 . 

C~Hs'-~CH2R __. C~ Hs '~ . .  cH2R C6 H s ' ~ - - ~ / R  

CH~/N CH3~N."-CH2COR , C . 3 ~ N ~ P ,  ' 
Br ~ . I, IV, ~t II ,  I I I , V I , V I I  

I-III R=B; IV, VI R~OI~I; V, VII R=OPhi |I R'=Me; III,VI,Vll R","Ph 

Compound I was also used  as a s ta r t ing  subs tance  in the syntheses  of condensed indolisine s t r u c t u r e s .  
The cata ly t ic  dehydrocycl izat ion of I yields  3 - m e t h y l - 2 - a z a f l u o r e n e  (VIII) [6]. The cor responding  q u a t e r -  
na ry  s a l t s w e r e  obtained f rom VIII  and b romoace tone ,  as well  as bromoacetophenone,  and the sa l t s  were  then 
used  to obtain 2 -methy l  (iX) and 2-phenyl indol is ino[6,7-a] indene (X). 

*The  IR s p e c t r a  of KBr pel le ts  of the compounds were  obtained with a UR-20 s p e c t r o m e t e r  with LiF,  NaC1, 
and KBr  prisms.  
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JiY, R=Me; X R=Ph 

The substi tuted indolisines ([I, III, VI, and VIII) and indolisinoindenes (IX and X) are  colored,  c ry s t a l -  
line subs tances .  They a re  quite labile and apparently undergo profound changes on exposure  to light. For  
example,  f r esh ly  p repa red  benzene solutions of IX and X have a color  that cor responds  to the color  of the 
c r y s t a l s .  {The solutions f luoresce. )  However ,  on exposure  to light, even at room tempera tu re ,  the color  of 
the solution changes compara t ive ly  rapidly and becomes black. The c rys ta l s  undergo the same changes on 
s torage  and exposure  to light. 

It is known [3] that pyr id ine-2-ca rboxyl ic  acid is formed by the oxidation of indolisine with potassium 
permanganate ,  and the N-oxide of the same acid is isolated on oxidation with hydrogen peroxide.  We 
oxidized 2-phenylindolisino [6,7-a]indene (X) with potass ium permanganate  in acetone at room t empera tu re  
and obtained 2-azaf luorenone-3-carboxyl ic  acid and benzoic acid. 

EXPERIMENTAL 

2,6-Dimethyl-7-phenylindolisine (II). Bromoacetone [7 g (0.054 mole)] was added at room temperature 
to I0 g (0.054 mole) of I. The mixture warmed up, gradually thickened, and solidified. A 0.5-g sample of 
the resulting pyridinium salt was dissolved in 3 ml of absolute alcohol and precipitated by the addition of 
ether. It was washed with dry acetone and again dissolved in 3 ml of absolute alcohol. Absolute ether was 
then added until the solution became turbid. Cooling (-I0 ~ yielded 0.32 g of N-acetonyl-2,5-dimethyl-4- 
phenylpyridinium bromide as shiny, colorless, star-shaped crystals with mp 172.5-173 ~ Found: C 60.0; 
H 5.7; N 4.4%. CI~HisBrNO. Calculated: C 60.0; H 5.7; N 4.4%. Water (80 ml) was added to 17 g (0.0768 
mole) of the ground pyridinium salt, and the mixture was treated with three 50-ml portions of ether, and 
9.4 g (0.112 mole) of sodium bicarbonate was added. The mixture was refluxed for 4 h, cooled, and the or- 
ganic substances were extracted with ether. The residue after removal of the ether (a dark, viscous mass) 
was treated with ligroin to give 4.2 g (35.8%) of II as gray-green crystals with mp 177-179 ~ (from ligroin). 
Compound II was quite soluble in ether, benzene, and chloroform, and slightly soluble in ligroin. Found: 
C 86.4; H 7.1; N 6.3%. Ci6HIsN. Calculated: C 86.8; H 6.8; N 6.3%. 

6-Methyl-2,7-diphenylindolisine (HI). Bromoacetophenone [6 g (0.03 mole)] was added to 5.5 g (0.03 
mole) of I, and the mixture was shaken. The mixture warmed up, thickened, and gradually solidified. The 
solid mass was ground, and I00 ml 0fwater and 12 g (0.09 mole) of potassium carbonate were added. An 
orange precipitate formed during the addition. The mixture was refluxed for 4 h and cooled. The pre- 
cipitate was removed by filtration and Washed several times with cold and hot water. It was then dried in a 
vacuum desiccator to give 6.3 g (75.1%) of III as a dark-brown powder, Crystallization from dry ligroin 
yielded pale-green crystals with mp 150-150.5 ~ . The crystals were quite soluble in benzene and slightly 
soluble in ligroin and alcohol. Found: C 88.71 H 6.2; N 4.9~ C21HITN. Calculated: C 89.0; H 6.0; N 4.97c. 

.6-Methyl-2,7-diphenyl-l-ethoxyind01isine (VI). Bromoacetophenone [2.2 g (0.011 mole)] was added to 
a solution of 2.5 g (0.011 mole) of IV in 30 ml of dry heptane, and the mixture was refluxed for 6 h. The 
liquid layer was decanted, and the dark-brown, crystalline mass was ground thoroughly and washed several 
times with ether. Water (80 ml) and 5 g (0.059 mole) of sodium bicarbonate were added, and the mixture 
was refluxed for 4 h. The solid was removed by filtration, washed several times with hot water, and dried 
in a vacuum desiceator to give 1.5 g (41.6%) of VI as a dark-brown powder. Two crystallizations from hep- 
tane and then from anhydrous acetone gave pale-yellow crystals of VI with mp 149.5-151.5 ~ that were quite 
soluble in benzene, slightly soluble in acetone and ether, and very slightly soluble in ligroin. Found: C 
84.4; H 6.7; N 4.2%. C23H2~NO. Calculated: C 84.4; H 6.4; N 4.3%. 

6-Methyl-2,7-diphenyl-l-phenoxyindolisine (VII). Bromoacetophenone [1.87 g (9.4 mmole)] was added 
to 2.6 g (9.4 mmole) of molten V with vigorous stirring, and the mixture was heated at 90-100 ~ for 1 h. The 
solid mass was ground and dissolved in 30 ml of dry acetone. The compound was precipitated by the addi- 
tion of absolute ether. The precipitate was removed by filtration and dried to give 3.2 g of colorless crys- 
tals of N-phenacyl-5-methyl-4-phenyl-2-phenoxymethylpyridinium bromide (apparently the hydrated form) 
with mp 166-167 ~ (from acetone). Found: C 65.4; H 5.9; N 2.77c. C2~H24BrNO 2 �9 H20. Calculated: C 65.8; 
H 5.3; N 2.8%. Sodium bicarbonate [5 g (0.059 mole)] was added to a suspension of 3 g (6.3 mmole) of the 
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pyr id in ium sal t  in 80 ml  of water ,  and the mix tu re  was ref luxed for  4 h. The prec ip i ta te  was r emoved  by 
f i l t ra t ion,  washed s e v e r a l  t imes  with cold and then hot wate r ,  and dried to give 2.15 g (85~) of VII as a g r ay  
powder .  Two c rys ta l l i za t ions  (heptane, acetone) yielded VII as p a l e - g r e e n  c ry s t a l s  with mp 148-148.5 ~ that 
we re  quite soluble in benzene,  s l ightly soluble in acetone,  and ve ry  sl ightly soluble in l igroin.  Found: N 
3.8%. C27H2~NO. Calculated:  N 3.7%. 

2-Methyl indol is ino[6,7-a] indene (IX). Bromoace tone  [1.5 g (0.011 mole)] was added with shaking to a 
hot solution of 2 g (0.011 mole)  of VIII in pe t ro leum e ther  (70-100~ An oily l aye r  s epa ra t ed  immedia te ly .  
The mix tu re  was ref luxed for  4 h, and the liquid port ion was decanted.  Water  {100 ml) was added to the 
res idue ,  the mix tu re  was t r ea t ed  s e v e r a l  t imes  with e ther ,  5 g (0.059 mole) of sodium bicarbonate  was added, 
and the mix tu re  was ref luxed for  4 h. The d a r k - g r e e n  prec ip i ta te  was r emoved  by f i l t rat ion,  washed s ev e ra l  
t imes  with hot wate r ,  and dr ied  in a vacuum des icca to r  to give 2.03 g (83.8%) of c ry s t a l s  of IX ( thin-layer  
ch roma tog raphy  on act ivi ty  ]I a luminum oxide with elution by benzene gave a black spot at the s t a r t  and a 
spot with R f  ~ 1), af ter  the c rys ta l l i za t ion  of which f r o m  heptane,  ye l low-green  c r y s t a l s  we re  obtained. To 
pur i fy  them,  a solution of the c r y s t a l s  in benzene was passed  through a column filled with a luminum oxide. 
Compound IX was i so la ted  as b r igh t -ye l low c r y s t a l s ,  which, a f te r  r ec rys t a l l i za t ion  f rom heptane, mel ted  
above 350 ~ A benzene solution of IX changed color  rapidly  in light. C rys t a l s  of IX also darkened c o m p a r a -  
t ive ly  rap id ly  and were  no longer  soluble in benzene.  The br igh t -ye l low c r y s t a l s  of IX were  quite soluble 
in benzene and sl ightly soluble in l igroin.  Found: C 87.7; H 6.0; N 6.1%. CIsH13N. Calculated:  C 87.6; H 
6.0; N 6.4%. 

2-Phenyl indol is ino[6,7-a] indene (X). A mix tu re  of 2 g (0.011 mole)  of VIII and 2.2 g (0.011 mole) of 
bromoacetophenone  in 50 ml  of d ry  m-xy lene  was ref luxed for  4 h. The resul t ing  prec ip i ta te  was r emoved  
by f i l t ra t ion,  washed with e ther ,  and dr ied to give 3.8 g (90.5%) of N-phenacy l -3 -me thy l -2 - aza f l uo ren iu m 
bromide  with mp  225.5-226 ~ (from alcohol) .  Found: N 3.8%. C2iH18BrNO. Calculated:  N 3.7%. Water  (100 
ml) and 5 g (0.059 mole) of sodium bicarbonate  we re  added to 3.7 g (9.7 mmole)  of the qua te rnary  sal t .  
Workup (see the previous  exper iment )  yielded 2.7 g (85.2%) of X as a f inely g ranu la r  ye l low-green  powder 
with mp > 350 ~ (from benzene) .  Pur i f ica t ic~ (s imilar  to that  used for  IX) with a column yielded b r igh t -g reen  
c r y s t a l s  with mp  312.5-313 ~ {benzene). Compound X was insoluble in l igroin,  ch lo roform,  e ther ,  and ethyl 
ace ta te ,  and sl ightly soluble in benzene .  Found: C 89.7; H 5.23; N 5 .~c .  C21HIsN. Calculated: C 89.7; H 
5.4; N 5.0%. 

P o t a s s i u m  pe rmangana te  [2.2 g {13.9 mmole)]  was added in port ions to an emuls ion of 1 g (3.5 mmole)  
of X in 200 ml  of acetone with vigorous  s t i r r ing  at r oom t e m p e r a t u r e ,  and the mix tu re  was s t i r r e d  until the 
violet  color  of po tass ium pe rmangana te  vanished.  The manganese  dioxide was r emoved  by f i l t ra t ion and 
washed thoroughly with hot wa te r .  The f i l t ra te  was evapora ted  to 30 ml  and acidified with 50% H2SO 4. The 
prec ip i ta ted  c r y s t a l s  were  r em oved  by f i l t ra t ion,  dried,  washed s e v e r a l  t imes  with e ther ,  and c rys t a l l i zed  
f r o m  alcohol .  A v e r y  sma l l  amount  of 2 -aza f luo renone -3 -ca rboxy l i c  acid was isola ted as yellow c r y s t a l s  
with mp  219.5-220.5 ~ The c ry s t a l s  did not dep re s s  the mel t ing  point of an authentic sample .  Benzoic acid 
was i so la ted  f r o m  the e ther  solution.  
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