
2 , 5 - D I M E T H Y L - 4 - P H E N Y L P Y R I D I N E  IN T H E  S Y N T H E S I S  O F  

S U B S T I T U T E D  I N D O L I Z I N E S  AND I N D E N O [ 2 , 1 - f ] I N D O L I Z I N E S  

N .  S .  P r o s t a k o v  a n d  O.  B .  B a k t i b a e v  UDC 547.836'837'759.3.07 

The previously  unknown 1-acyl -2-ary l (a lkyi ) -6-methyl -3 ,7-d iphenyl indol iz ines ,  2 ,3-diphenyl-  
1-ace ty l -6-oxo-6H-indeno[2 ,1- f ] indol iz ine ,  and 2 -me thy l -3 ,6 -d ipheny l - l - ace ty l -6 -hyd roxy-  
6H-indeno[2,1-f] indolizine were  obtained f rom 2,5-dimethyl-4-phenylpyr id ine .  

-P ieol ine  is p r imar i ly  used for the synthesis  of indolizines f rom v~-methylpyridines, while alkyl-  
and phenyl-subst i tuted a -p ico l ines  are  used only in individual cases  [1-6]. Having a re la t ive ly  pract icable  
method for  the synthesis  of pyridine bases f rom 7-p ipe r idones  at our disposal ,  we decided to use  some of 
them in the syntheses  of indolizines.  2 ,5-Dimethyl-4-phenylpyr idine (i) [7] was taken as an example for this.  

5 -Methy l -4 -phenyl - l -benzy l -2 -phenacy l idene- l ,2 -d ihydropyr id ine  (III) was obtained as a resu l t  of 
success ive  t rea tment  of 1-benzyl-2 ,5-dimethyl-4-phenylpyr id in inm bromide (II) with benzoyl  chloride and 
sodium hydroxide.  Heating HI with acet ic ,  propionic,  and benzoic anhydrides gave 6 -me thy l -2 ,3 ,7 - t r i -  
phenyl - l -acyl indol iz ines  (IV, V, X). Cleavage of the acetyl  group in IV by heating with hydrochlor ic  acid 
gave 6-methyl-2,3 ,7- t r iphenyl indol iz ine (VD, which was also obtained by al ternat ive synthesis  by heating 
III with formamide ,  while IV was conver ted to 6 -me thy l - l - e thy l -2 ,3 ,  7-triphenylindolizine (VII) by reduction 
with lithium aluminum hydride .  

Indolizines VTTI-X were obtained f rom II without isolation of the corresponding methylidyne der iva t ives .  

+ --- t I - - ~ o c .  

I II Ill C6H 5 
\ / \ 

C6H 5 /C2H~ 

C~ H 5 C~ H 5 C 6 H 5 

VII ~ IV, V, Vl l i -X V! 

IV R=CH 3, R'=C~Hs; V R=C2ti 5, R'=CoHs; VIII R=R'=CtI3; IX R~':I~'=C21IS; X R~R'=C6H5 

The construct ion of a pyr ro le  ring f rom 3-methyl -2-azaf luorenone  (XI) [8] was accomplished via a 
s imi la r  route,  which made it possible to obtain 2 ,3 -d iphenyl - l -ace ty l -6-oxo-6H- indeno[2 ,1- f ] indol iz ine  
(XIII). The in termedia te ly  formed 2-benzyl -3-phenacyl idene-2 ,3-d ihydro-2-azaf luorenone  could not be 
isolated.  

Br- R' 
Xl, XlY Xll, XV Xlll, XVI 

Xl,Xll  X=CO; XIV, XV X=C(OH)C61ts; Xll l  X=CO, R=R'=C6H5;xVI K=C(OH)C6Hs, R=CH3,R'=C6H 5 

2-Methy l -3 ,6 'd ipheny l - l - aoe ty l -  6-hydroxy-6H-indeno [2 ,1 - f  ]indolizine (XVI) was also synthesized 
f rom 3-methy l -9 -pheny l -2 -aza -9 - f luoreno l  (XIV) [9]. 

Benzene solutions of all of the synthesized indolizines, except  X-III, f luoresce  s t rongly.  
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E X P E R I M E N T A L  

All of the indolizines were  i so la ted  by means  of column ch romatography ,  and the pur i ty  of the c o m -  
pounds obtained was moni to red  by  th in - l aye r  ch roma tog raphy  on ac t iv i ty  II a luminum oxide with e ther  as 
the eluent (acetone in the case  of XVI). 

1 -Benzy l -2 ,5 -d ime thy l -4 -pheny lpy r id in ium Bromide  (II). A mix ture  of 10 g (54 mmole )  of I and 9.34 
g (54 mmole )  of benzyl  b romide  in 20 ml  of anhydrous acetone was ref luxed for  2 h and allowed to stand 
for  24 h. The p rec ip i t a ted  c o l o r l e s s  c r y s t a l s  were  r e m o v e d  by f i l t ra t ion and washed s e v e r a l  t imes  with 
absolute e ther  and cold acetone to give 18.3 g (94%) of c o l o r l e s s  p r i s m s  of II with mp  196.5-197.5 ~ (from 
a l c o h o l - a c e t o n e ) .  Found: N 3.8%. C20H20BrN. Calculated:  N 3.9%. 

5 - M e t h y l - 4 - p h e n y l - l - b e n z y l - 2 - p h e n a c y l i d e n e - l , 2 - d i h y d r o p y r i d i n e  (III). A 7-g (50 mmole)  sample  of 
f r e sh ly  dis t i l led benzoyl  chlor ide  was added dropwise  with v igorous  s t i r r i ng  under  ni t rogen in the cour se  
of 5 rain to a solution of 10 g (28 mmole)  of II in 53 ml  of methylene chlor ide and 35 ml  of wa te r .  S t i r r ing  
was continued for  5 rain, a f te r  which 52.5 ml  of 6 N sodium hydroxide was added in the cou r se  of 10 rain. 
The color  of the solution ini t ial ly became  yellow and then changed succes s ive ly  to orange,  dark  brown, and 
dark  g reen .  S t i r r ing  was continued for another  10 rain, and the methylene chlor ide layer  was separa ted ,  
washed four  t imes  with 50-ml port ions of cold water ,  and dr ied with magnes ium sulfa te .  The solvent  was 
r emoved  by dist i l lat ion to give a da rk  res idue ,  which was purif ied by ch roma tog raphy  to give 9.25 g (87%) 
of orange pla tes  of III with mp 177-178.5 ~ (from alcohol).  Compound III was quite soluble in methylene 
chlor ide and ch lo ro fo rm,  only s l ight ly soluble in benzene and e ther ,  and p rac t i ca l ly  insoluble in l igroin.  
Found: C 85.7; H 6.4; N 3.8%. C2~H23NO. Calculated:  C 85.9; H 6.1; N 3.7%. 

6 -Methy l -2 ,3 ,7 - t r i pheny l - l - ace ty l indo l i z ine  {IV). A suspension of 1.4 g (3 mmole)  of III in 10 ml  of 
f r e sh ly  dis t i l led acet ic  anhydride was heated to the boiling point and shaken to d isso lve  III,  and the solution 
was then ref luxed for  1 h. The co lo r  of the solution changed f r o m  light g reen  to da rk  g reen .  I t  was then 
cooled to r o o m  t e m p e r a t u r e  and added dropwise  to 100 ml  of ice wa te r .  The mix tu re  was t r ea t ed  with 
sodium b ica rbona te  until  it was alkaline,  and the reac t ion  products  were  ex t rac ted  with ch lo ro fo rm.  The 
ex t r ac t  was dr ied with sodium sulfate  and worked up to give a dark  brown res idue ,  which was c h r o m a t o -  
g raphed  to give 0.03 g of a da rk  g reen  subs tance  ~ f  0.92) of undetermined  s t ruc tu r e .  On c rys ta l l i za t ion  
f r o m  b e n z e n e - h e x a n e ,  this subs tance  became  a lmos t  black,  and 1.03 g (84%) of IV with Rf  0.83 (ether) was 
isola ted .  Two c rys ta l l i za t ions  f r o m  alcohol gave shiny yellow needles  with mp 231.5-232 ~ Compound IV 
was quite soluble in ch lo ro fo rm,  benzene,  and t e t r ahydro fu ran ,  s l ight ly soluble in alcohol,  acetone,  and 
e the r ,  and a lmos t  insoluble in l igroin.  Found: C 86.6; H 5.6; N 3.5%. C29H23NO. Calculated:  C 86.7; H 
5.8; N 3,5%. 

6 -Methy l -2 ,3 ,7 - t r ipheny l - l -p rop iony l indo l i z ine  (V). A solution of 1 g (2.65 mmole)  of III in 10 ml  of 
f r e sh ly  dis t i l led propionic  anhydride was held at 140 ~ for  1 h, during which the reac t ion  m a s s  became  dark .  
The mix tu re  was then cooled to room t e m p e r a t u r e  and t r a n s f e r r e d  to 25 ml  of ice wa te r  (a dark  oil s e p a -  
ra ted) .  The aqueous mix tu re  was t r e a t e d  with sodium carbona te  until  carbon dioxide evolution ceased ,  and 
the reac t ion  products  were  ex t rac ted  with ch lo ro fo rm.  The ex t rac t  was dr ied with mag~aesium sulfate ,  the 
solvent  was r emo ved  by dist i l lat ion,  and the res idue  was purif ied by ch roma tog raphy  to give 0.02 g of da rk  
g reen  c r y s t a l s  (Rf 0.92) of a subs tance  of unde te rmined  s t ruc tu re  and 0.49 g (44%) of V with Rf  0.81 (ether). 
Two c rys t a l l i za t ions  f r o m  h e x a n e - m e t h y l e n e  chlor ide gave large  a lmos t  co lo r l e s s  pla tes  with a ye l low-  
green  t int  and mp 225-226 ~ Compound V was quite soluble in ch lo roform,  methylene  chlor ide ,  and benzene 
and only s l ight ly soluble in hexane.  Found: C 86.5; H 6.1; N 3.2%. C30H25NO. Calculated:  C 86.7; H 6.1; 
N 3.4%. 

6-Methyl-2,3,7-triphenyl-l-benzoylindolizine (X). A__: A mixture of 0.76 g (2 mmole) of III and 1 g 
(4.4 mmole) of benzoic anhydride was held at 140 ~ for 30 rain and cooled, and the dark green residue was 
dissolved in 5 ml of methylene chloride. The products were separated chromatographically to give 0.02 g 
of VI (with mp 203-206 ~ and Rf 0.94) followed by 0.57 g (61%) of X (Rf 0.81) as bright yellow needles with 
mp 214-216 ~ (two crystallizat~ons from hexane-methylene chloride). Found: C 87.8; H 5.4; N 2.8%. 
C34H25NO. Calculated: C 88.1; H 5.4; N 3.0%. 

_]3. A mixture of 0.76 g (2.1 mmole) of II, 2.1 g (8.8 mmole) of benzoic anhydride, and 1.5 ml of fresh- 
ly distilled triethylamine was heated at 140 ~ for 1 h. On fusing, the mixture was green and then rapidly be- 
came dark. The triethylamine was removed by distillation, and the reaction products were dissolved in 4 
ml of methylene chloride and separated chromatographically to give 0.01 g of VI (nap 202-205 ~ and Rf 0.94) 
and 0.89 g (90%) of X with mp 214-216 ~ 
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6-Methyl-2,3,7-tr iphenylindolizine (VI). A.....: A 0.5-g (1.2 mmole) sample of IV was heated in 5 ml of 
concentrated hydrochlor ic  acid on a boil ing-water  bath for  15 rain. Not all of the indolizine dissolved.  The 
mixture  was cooled to room tempera ture ,  diluted with 20 ml of cold water ,  and made alkaline with 5 N 
sodium hydroxide.  The organic bases were extracted with ether,  and the ether  extract  was dried with 
severa l  c rys ta l s  of magnesium sulfate for 10 min. The ether  was removed by distillation to give 0.25 g 
(55%) of VI as large,  bright yellow, s ta r - shaped  c rys ta l s  with mp 206-207.5 ~ (from a lcohol -benzene) .  
Indolizine VI was quite soluble in chloroform and benzene, slightly soluble in ether,  and ve ry  slightly so l -  
uble in ligroin and carbon te t rachlor ide .  Found: C 89.9; H 5.6; N 3.8%. C27H2iN. Calculated: C 90.2; H 
5.9; N 3.9%. 

B .  A 1 .51-g  (4 mmole) sample of III was s t i r red  in 5 ml of f resh ly  distilled formamide at 155-158 ~ 
until it had all dissolved, and the solution was then heated to 200 ~ . The dark red solution was held at 200 ~ 
for  8 rain, 3 ml of f reshly  distil led dimethylformamide w a s  added, and the mixture was held at 200 ~ for 
another 4 rain. It was then slowly cooled to 100 ~ and 1 ml of water  was added. Cooling (to - 5  ~ for 20 h 
l iberated an oily substance,  which was extracted with methylene chloride.  The extract  was dried with mag-  
nesium sulfate, and the solvent was removed by distillation to give 0.61 g (42%) of VI as a l ight-brown oil 
that solidified after a cer ta in  t ime.  Two crysta l l izat ions  f rom hexane -me thy lene  chloride gave yellow 
needles of VI with mp 205-207 ~ and Rf 0.95. No melting-point  depression was observed for a mixture of 
this product with the product of the deacylation of IV. 

6-Methyl- l -e thyl-2 ,3 ,7- t r iphenyl indol iz ine  (VII). A solution of 0.5 g (1.2 mmole) of IV in 15 ml of 
te t rahydrofuran was added dropwise with s t i r r ing  to a suspension of 0.17 g (4.5 mmole) of lithium aluminum 
hydride in 20 ml of f reshly  distilled (over lithium aluminum hydride) te t rahydrofuran,  and the reaction mix-  
ture  was s t i r red  at room tempera tu re  for 1.5 h. The end of the react ion was determined by means of thin- 
layer  chromatography on aluminum oxide. The excess  lithium aluminum hydride was decomposed with 
methyl  acetate,  and the solvents were  removed completely.  The residue was dissolved in ether ,  and the 
ether  was removed by distillation to give 0.42 g (89%) of VII as a g r ay -g reen i sh  powder. To purify VII, a 
solution of it in ether was passed twice through a column filled with aluminum oxide to give yel low-green 
c rys ta l s  with mp 141.5-143.5 ~ (dec.). Found: N 3.7%. C29H25N. Calculated: N 3.6%. Indolizine VII was 
quite soluble in chloroform,  e ther ,  te t rahydrofuran,  and hexane and sparingly soluble in alcohol. Its solu-  
tions were unstable:  the initial yellow color  with a greenish  tint rapidly became green and then l~russian 
blue. Compound VII could not therefore  be isolated by crys ta l l iza t ion.  

2 ,6-Dimethyl-3 ,7-diphenyl- l -acetyl indol iz ine  (VIII). A suspension of 2 g (6.2 mmole) of II in 3 ml of 
f reshly  distilled acetic anhydride was heated to 140 ~ with shaking, during which the mixture acquired a 
greenish color .  Fresh ly  distilled t r ie thylamine (1.2 ml) was added, and the mixture was held at - 5  ~ for 3 
days.  The result ing brown precipitate was removed by fi l tration and washed severa l  t imes with cold and 
then hot water .  The mater ia l  was then dried in a vacuum des icca tor  to give 1.68 g of product ,  which was 
dissolved in ether and passed through a column filled with aluminum oxide to give 1.54 g (80%) of VIII as a 
yellow powder (Rf 0.81). Four  recrys ta l l i za t ions  f rom a lcoho l -benzene  gave VIII as light, bright  yellow, 
s ta r - shaped  c rys ta l s  with mp 172-172.5 ~ Compound VIII was quite soluble in ch loroform and benzene and 
only slightly soluble in acetone, e ther ,  and alcohol. Found: C 84.5; H 6.2; N 4.1%. C24H21NO. Calculated: 
C 84.9;H 6 .2;N 4.1%. 

6-Methyl-2-e thyl-3 ,7-diphenyl- l -propionyl indol iz ine  (IX). A mixture of 2.47 g (7 mmole) of II and 5 
ml of f reshly  distil led propionic anhydride was heated to 140 ~ to give a da rk  brown solution. A 1.5 ml 
sample of f reshly  distilled t r ie thylamine was added all at once, and the mixture was held at 140 ~ for 1 h. 
It was then cooled to room tempera ture ,  and 8 g of crushed ice was added. The aqueous layer  was decanted, 
10 ml of water  was added, and the aqueous layer  was again removed by decantation. This operation was r e -  
peated twice.  The residual  oily substance was dissolved in chloroform,  and the solution was dried with 
magnesium sulfate.  The chloroform was removed by distillation, and the residue was dissolved in ether 
and chromatographed with a column filled with aluminum oxide. The second fraction (Rf 0.69) yielded 
1 A3 g (55%) of IX as light green needles with mp 157.5-159 ~ (from hexane). Indolizine IX was quite soluble 
in chloroform,  ether,  and benzene and slightly soluble in hexane. Found: C 84.8; H 6.5; N 3.3%. C26H25NO. 
Calculated: C 85.0; H 6.5; N 3.8%. 

2 -Benzy l -3 -methy l -9 -oxof luorene-2-azon ium Bromide (XII). A 2.17-g (12.7 mmole) sample of benzyl 
bromide  was added to a solution of 2.47 g (12.7 mmole) of XI in 20 ml of anhydrous acetone at 50 ~ and the 
mixture was refluxed for 6 h and then allowed to stand for 12 h. The result ing dark green needles of XII 
were  washed five t imes with 20-ml portions of ether to give 2.84 g (62%) of a product with mp 234-235 ~ (from 
alcohol). Found: N 3.4%. C20HI6BrNO. Calculated: N 3.8%. 
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2 ,3-Diphenyl - l -ace ty l -6-oxo-6H- indeno[2 ,1- f ] indol iz ine  (X'III). A 1.66-g (11.8 mmole) sample of 
f resh ly  disti l led benzoyl  chloride was added in the course  of 3 rain under nitrogen to a solution of 2.84 g 
(7.7 mmole) of XH in a mixture of 30 ml of water ,  40 ml of methylene chloride,  and 20 ml of dioxane. The 
mixture  was allowed to stand for 5 rain, af ter  which 15 ml of 6 N sodium hydroxide was added in the course  
of 5 rain,+ and the mixture  was then s t i r r ed  for 20 rain. The mixture was initially light orange and then be-  
came almost  black.  The lower layer  was separated,  washed with four 50 ml portions of water ,  and dried 
with magnes ium sulfate .  The methylene chloride was removed by distillation to give 2.67 g of a black 
resinous substance. It was dissolved in 20 ml of f reshly  distilled acetic anhydride, and the solution was 
refluxed for 1.5 h. It was then t r a n s f e r r e d  to a beaker  containing 250 ml of ice water .  The res inous  prod-  
uct was washed repeatedly with cold water  and t r i tura ted .  The result ing black powder was removed by 
fil tration and dr ied in a vacuum des icca tor  to give 2.26 g of mater ia l ,  which was then chromatographed.  
The fract ion containing a substance with Rf  0.68 was collected to give 0.43 g (14%7 of a fine orange powder. 
Two crys ta l l iza t ions  f rom alcohol gave XIII as l ight-weight light orange needles with mp 230-232 ~ Found: 
C 83.9; H 4.7; N 3.2%. C29HIaNO 2. Calculated: C 84.2; H 4.6; N 3.4~c. 

2 -Benzy l -3 -methy l -9 -pheny l -9 -hydroxyf luorene -2 -azon ium Bromide (Xu A 1.09-g (6.4 mmole) 
sample of benzyl bromide  was added to a solution of 1 g (3.6 mmole) of XIV in 10 ml of d ry  acetone, and 
the mixture was heated for 3 h and allowed to stand for 12 h, The precipitated c rys t a l s  were removed by 
fi l tration and washed with 5 ml of cold acetone and severa l  t imes with absolute e ther  to give 1.06 g (65%7 
of XV as a co lor less  powder.  Two recrys ta l l i za t ions  f rom a l coho l - ace tone  gave co lor less  needles  with 
mp 255-258 ~ (dec.). Found: C 69.8; H 4.9; Br  17.2; N 3.4~c. C2~H22BrNO. Calculated: C 70.3; H 5.0; Br 
18.0; N 3,1%. 

2 -Methy l -3 ,6 -d ipheny l - l -ace ty l -6 -hydroxy-6H- indeno[2 ,1 - f ] indo l iz ine  (XVI). A suspension of 0.89 g 
(2 mmole7 of XV in 3 ml of f resh ly  disti l led acetic anhydride was heated with s t i r r ing  to 140 ~ The qua te r -  
nary  salt  did not dissolve completely.  The mixture was initially l ight-brown but became dark brown after  
1 h. F resh ly  distilled t r ie thylamine (1 ml) was added all at once, and the mixture ,  which became very  dark, 
was held at 140 ~ for 30 min. It was then cooled to room tempera ture ,  and 5 g of crushed ice was added. 
The oil that separa ted  c rys ta l l i zed  at -45 ~ af ter  4 h. The brown precipitate was removed by filtration, 
washed severa l  t imes with cold and then hot water ,  and dried in a vacuum des icca tor  to give 0.77 g of 
ma te r i a l .  A solutic~ of this ma te r i a l  in acetone was passed through a column filled with aluminum oxide 
to give 0.56 g of a dark residue,  which was t reated with hot he• to give 0.22 g (25%) of XVI. Subsequent 
crys ta l l iza t ion f rom hexane (heating with activated charcoal)  gave 0.18 g of XVI as large co lor less  needles 
with mp 53-57 ~ . Compound XVI was quite soluble in ether  and acetone and somewhat less soluble in hexane. 
Found: N 3.1%. C3oH23NO2. Calculated: N 3.2%. 
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