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1 - P h e n a c y l - 5 - m e t h y l - 4 - p h e n y l - 2 - p h e n a c y l t d e n e - l , 2 - d i h y d r o p y r t d i n e  was obtained, and i ts  
cycl iza t ion to subst i tuted indolizines was examined.  

We have p rev ious ly  desc r ibed  [1] the t r a n s f o r m a t i o n s  of l - phenacy l -2 ,5 -d ime thy l -4 -pheny lpy r id in ium 
bromide  (I) to subst i tuted indolizines by the Chichibabin method [2]. New indolizines were  synthes ized  in 
the p r e sen t  study f rom the same  qua te rna ry  sal t  (1) with the isola t ion of  the in te rmedia te  1 -phenacyc l -5 -  
me thy l -4 -pheny l -2 -phenacy l idene - l , 2 -d ihydropyr id ine  (If), which is fo rmed  by success ive  t r e a t m e n t  of 
sa l t  I with benzoyl  chloride and sodium hydroxide~ If  one takes  into account the var ious  concepts  r ega rd ing  
the s t ruc tu re  of  analogous compounds,  the p rob lem of the s t ruc tu re  of dihydropyridine IT cannot be cons id-  
e r ed  to be definitely reso lved .  In conformi ty  with [3], its s t ruc tu re  can be dipicted by two l imit ing s t r u c -  
t u r e s .  According to the data in [4], IT should have an yl id- l ike  s t ruc tu r e .  
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We have obtained ce r t a in  informat ion  regard ing  the s t ruc tu re  of  ]I f rom its spec t r a l  c h a r a c t e r i s t i c s .  
The bands at 700-740 cm -1 in its IR s pec t rum a re  re la ted  to the out -of -p lane  deformat ion  v ib ra t ions  of the 
a roma t i c  C - H  bonds.  We ass igned  the band at 1636 cm - I  to the s t re tch ing  v ib ra t ion  of the a r o m a t i c  C - C  
bonds, inasmuch as the in tegra l  intensi ty  of this band is 1.2 �9 10 + mole  - t  - l i t e r  �9 cm -2. The absorp t ion  band 
of the carbonyl  group apparent ly  is at 1500-1510 cm - t  and is over lapped  by the bands of a r o m a t i c  C =C 
bonds; th is  br ings  about a cons iderab le  inc rease  in the intensi ty and broadening of the bands in th is  region.  
The ass ignment  of the weak bands at 3080, 3060, and 3030 cm -1 r a i s e s  some difficulty.  They m a y  be due 
to a r o m a t i c  C - H  bonds [1] and a lso  to an enol hydroxyl  group with a s t rong  O - H . . . N  in t r amolecu l a r  bond. 
Other  hydroxy der iva t ives  of ni t rogen he t e rocyc le s  also have s i m i l a r  spec t r a l  c h a r a c t e r i s t i c s  in the bonded 
hydroxyl -group  region [5]. Taking this  into account,  one may  a s s u m e  the p r e sence  of a carbonyl  group 
(benzoyl group} and a hydroxyl  group with a s t rong  hydrogen bond (the enol fo rm of the second benzoyl  group} 
in II.  

The PMR s pec t rum  of II does not contain the s ignals  of  a methylene group o r  a second methy l  group. 
The obse rved  signals  co r r e spond  to the protons  of a methy l  group (5 2.18 ppm),  the ~ pro ton  of the h e t e r o -  
r ing (~ 8.06 ppm),  and the methlyidyne proton of the enol (5 7.85 ppm).  Two signals  at 7.57 and 7.50 ppm, 
which are  spl i t  weakly as a consequence of aUylic coupling, a re  obse rved  at s t r onge r  field; th is  m a k e s  it 
poss ib le  to ass ign  them to the fl proton of the he t e ro r ing  and to the methyl idyne pro ton  of the phenacylidene 
grouping. The remain ing  f ive-pro ton  signals  a re  due to th ree  phenyl groups  (singlets at ~ 7.35 and 7.22 ppm 
and a mul t ip le t  at 6.95-7.16 ppm}. Thus s t ruc tu re  II, which co r r e sponds  to the data in [4], is apparen t ly  not 
conf i rmed  by the PMR s p e c t r u m .  The s pec t r a l  data obtained a lso  somewhat  cont radic t  the concepts  in [3]. 
Taking the above informat ion into account we suppose that  the mos t  p robable  s t ruc tu re  may  be depicted by 
the enol  fo rm of methyl idyne der iva t ive  II .  
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It has been establ ished [3, 4] that the cyclizat ion of analogous methylidyne derivat ives when they are  
heated with acetic anhydride gives i somer ic  indolizines with substituents in var ious  posit ions of the f ive-  
membered  ring. Of compounds of the II type, we obtained 6-methyl-2 ,7-diphenyl-3-benzoyl indol iz ine (iII), 
6-methyl -2 ,7-diphenyl- l -benzoyl indol iz ine  (IV), and 6-methyl -2 ,7-d iphenyl - l -ace ty l -3-benzoyl indol iz ine  

iV). 
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The initial step is deprotonation of II, which is promoted by the basic nitrogen atom in its s t ruc ture .  
I f  one takes into account the fact that indolizines III and IV are formed in a ratio of 3 : 1, while V is the p ro -  
duct of acetylation of 3-benzoylindoltzine lII, it can be concluded that the dominant react ion path is depro-  
tonation of the enol hydroxyl group ra the r  than deprotonation of the phenacylidene group of dihydropyridine 

II. 

Indolizine HI was also obtained by benzoylation of 6-methyl-2,7-diphenylindolizine ivI) [1], while IV 
was obtained by heating II with formamide.  In the lat ter  case,  Ill is also formed in smal l  amounts.  

The IR spec t ra  of indolizines IlI and IV are s imi la r  but not identical. The weak bands at 3030-3120 
cm -1 are  related to the vibrations of the a romat ic  C - H  bonds, while those at 2860-2980 cm -1 are  related 
to the s tretching vibrat ions of the CH 3 group. There  are  bands of deformation vibrations of this group for  
HI (IV) at 1460 (1470) and 1340 (1360) cm -1 and intense bands in the low-frequency region at 742 (748) and 
707 (702) cm -1, which are  related to the vibrat ions of monosubsti tuted phenyl r ings.  As expected, the g rea t -  
est  difference is observed at 1500-1600 cm - l .  The bands at 1610 and 1597 cm -1 were well resolved for  IV; 
the f i rs t  apparently is re lated to the s t re tching vibration of the carbonyl  group, inasmuch as its integral  
intensity is 2.9-104 m o l e - l ' l i t e r -  cm -2. The bands at 1597, 1575, and 1505 cm -1 are  related to the s t r e t ch -  
ing vibrations of a romat ic  C =C bonds. The spect rum of indolizine HI contains a single band at 1600 cm -1. 
This band is possibly the band of  a carbonyl  group, inasmuch as its integral  intensity is 3 �9 104 mole -1 �9 l i te r  - 
cm -2. The bands at 1574 and 1507 cm -1 are due to the vibrat ions of a romat ic  C =C bonds. The band at 
1600 cm -1 in the IR spect rum of indolizine V is apparently related to the vibrat ions of carbonyl  groups; 
bands s imi la r  to those in the spect rum of HI are  also observed.  

The UV spec t ra  of indolizines III and IV are in sa t i s fac tory  agreement  with the UV spect ra  repor ted  
in [6, 7], and the i r  mass  spec t ra  are identical. 

E X P E R I M E N T A L  

The IR spec t ra  of KBr pellets and CHC13 solutions of the compounds were recorded  with a UR-20 
spec t romete r .  The integral  intensities of the IR absorption bands were measured  at 1300-1700 cm -~. 
Chloroform solutions (0.005 M) were usod for  the measurements ,  and the layer  thickness was 0.5 cm. The 
integral  intensities were calculated by the method in [8]. The UV spec t ra  of ethanol Solutions were ob- 
tained with an EPS-3 spect rophotometer .  The PMR spect ra  of deuterochloroform solutions were obtained 
with a JNM-4H-100 spec t romete r  with te t ramethyls i lane  as the internal standard.  The molecular  weights 
were determined with an MKh-1303 mass  spec t romete r .  

1-Phenacyl -2 ,5-d imethyl -4-phenylpyr id in ium Bromide (I). A mixture of 5.5 g (0.03 mole) of 2,5- 
dimethyl-4-phenylpyridine and 6 g (0.03 mole) of bromoacetophenone in 20 ml of dry acetone was refluxed 
for  3 h and allowed to stand for  12 h. The precipitate was removed by fi l tration and washed once with 5 ml 
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of cold dry  acetone and s e v e r a l  t i m e s  with absolute e the r  to give 11.2 g (97%) of sal t  I as a white powder .  
Two prec ip i ta t ions  of 0.4 g of  the product  f rom a c e t o n e - a l c o h o l  (3: 1) by the addition of absolute e the r  
gave 0.34 g of pure  sa l t  I with mp 195-197 ~ Found: Br  20.8; N 3.6%. C21H20BrNO. Calculated:  B r  20.8, 
N 3.7%. 

1- P h e n a c y l - 5 - m e t h y l - 4 - p h e n 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  (II). A 2 .8 -ml  (27 mmole)  
sample  of f r e sh ly  dis t i l led benzoyl  chlor ide was added in the course  of 5 min with v igorous  s t i r r i ng  under  
ni t rogen to a solution of 9 g (23 mmole )  of sal t  I in a mix tu re  of 25 ml  of wa te r  and 50 m l  of methylene 
chlor ide .  The solution was s t i r r e d  for  15 min,  a f t e r  which 52.5 ml  of 6 N sodium hydroxide was added 
in the course  of 10 min,  and the mix tu re  was s t i r r e d  for  ano ther  30 min.  The methylene chloride l aye r  
was washed s e v e r a l  t i m e s  with cold wa te r  and dr ied with magnes ium sulfate .  The solvent  was r emoved  
by dist i l lat ion to give 9.1 g (95%) of crude II as reddish  c r i m s o n - t i n t e d  p la tes  with mp 199-200.5" (twice 
f rom alcohol) and Rf  0.26 (KSK s i l ica  gel, benzene).  Heating with ac t iva ted  cha rcoa l  and subsequent  c r y s -  
ta l l iza t ion f rom alcohol did not change the co lor  of the c r y s t a l s .  However ,  f ine -g ra ined  yellow c r y s t a l s  
with the s ame  mel t ing  point were  fo rmed  by r ec rys t a l l i z a t i on  f rom benzene (heating with ac t ivated c h a r -  
coal) .  UV spec t rum,  Xmax, nm (log e): 255 (4.65), 390 (4.27). Found: C 83.1; H 5.7; N 3.5%. C28H23NO 2. 
Calculated: C 82.9; H 5.7; N 3.5%. 

Indolizines I I I -V.  A) A mix tu re  of  0.5 g (1.2 mmole)  of  II and 3.5 m l  of f resh ly  dis t i l led ace t ic  an-  
hydride was heated at 120 ~ until II  d isso lved  (with shaking), and the mix tu re  was held at 120 ~ for  1 h. It  
was then cooled and poured into 50 m l  of ice wate r .  The aqueous mix tu re  was made  alkaline with sodium 
bicarbonate  and ex t rac ted  with ch lo ro fo rm.  The products  were  s epa ra t ed  by means  of column c h r o m a t o -  
graphy (activity II  a luminum oxide, e ther ) .  F rac t ions  with the following Rf  va lues  were  i so la ted  s u c c e s -  
sively:  0.86 (0.27 g), 0.77 (0.09 g), and 0.46 (0.05 g). The f i r s t  f rac t ion  was r e c r y s t a U i z e d  f rom hexane 
to give br ight -ye l low s t a r - s h a p e d  c r y s t a l s  of indolizine III with mp 135-137 ~ UV spec t rum,  Xmax, nm 
(log e): 256 (4.48), 310 shoulder ,  400 (4.21). Found: C 86.5; H 5.8; N 3.4%; M 387 C28H21NO. Calculated:  
C 86.8; H 5.5; N 3.6%; M 387. The second f rac t ion  was r e c r y s t a l l i z e d  f rom h e x a n e - e t h e r t o  give br ight  
yellow p la tes  of indolizine IV with mp 192.5-193.5 ~ UV spec t rum,  Xmax, nm ( loge) :  255 (4.60), 286shoulder ,  
390 (4.22). Found: C 86.7; H5.9; N3.4%; m o l . w t . 3 8 7 .  C28H21NO. Calculated: C 86.8; H5.5; N3.6%; m o l . w t . 3 8 7 .  
Recrys ta l l i za t ion  of the th i rd  f rac t ion  f r o m h e x a n e - e t h e r  gave 0.02 g of V as brownish  gra ins  with mp  121.5- 
123 ~ Found: C 83.7; H 5.7; N 3.4%. C30H23NO 2. Calculated: C 83.9; H 5.4; iN 3.3%. 

B) A mix tu re  of  1.2 g (4.2 mmole )  of  indolizine VI and 0.7 m l  (5.9 mmole)  of f r e sh ly  dis t i l led benzoyl  
chlor ide in 15 ml  of dry  benzene was held at room t e m p e r a t u r e  for  24 h and at 50-60 ~ for  3 h. It  was then 
cooled to room t e m p e r a t u r e ,  t r e a t e d  with 5 ml  of water ,  made  alkaline with sodium hydroxide,  and ex t r ac t ed  
with ch lo roform.  The ex t r ac t  was dr ied with magnes ium sulfate,  and the solvent was r emoved  by d i s t i l l a -  
t ion.  The da rk  res idue  was pas sed  through a shor t  column filled with a luminum oxide with elution with 
ch lo ro fo rm.  Recrys ta l l i za t ion  of the isola ted res idue  f rom hexane gave 1.13 g (69%) of III as la rge ,  yellow, 
s t a r - s h a p e d  c r y s t a l s  (Rf 0.86, the same  s y s t e m  as above) with mp 135-137 ~ No mel t ing-poin t  dep res s ion  
was obse rved  for  a mix tu re  of this  product  with a sample  of the m a t e r i a l  desc r ibed  above.  

C) A suspens ion of 1.22 g (3 mmole)  of dihydropyridine II in 2 ml  of f resh ly  dis t i l led f o r m a m i d e  was 
heated to 200 ~ with shaking and held at that  t e m p e r a t u r e  for  1 min.  It  was  then cooled to room t e m p e r a t u r e  
and t r e a t ed  with 2 ml  of  water .  The aqueous mix tu re  was cooled to - 5  ~ and the da rk -b rown  prec ip i t a te  
was washed s e v e r a l  t imes  with cold wa te r  and once with 1 ml  of  cold acetone.  The m a t e r i a l  was vacuum 
dried to give 0.8 g of  a yellow powder,  which, according  to the r e su l t s  of t h i n - l a y e r  ch roma tog raphy  on 
a luminum oxide, was a mix ture  of indolizines III and IV (Rf 0.86 and 0.78). The mix tu re  was s epa ra t ed  by 
ch romatography  to give 0.06 g of  III (rap 135-137 ~ and 0.51 g of IV. Two c rys ta l l i za t ions  f rom h e x a n e -  
e the r  gave IV as br ight -ye l low pla tes  with mp 192.5-193.5 ~ No mel t ing-poin t  dep res s ion  was obse rved  for  
a mix tu re  of  this  product  with a sample  of IV f rom exper imen t  A. 
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