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The transformations of N-phenacyl (p-nitrophenacyl, benzyl)-2,5-dimethyl-4-nitrophenyl 
(nitrobenzyl, benzyl)pyridinium bromides under the  influence of potassium carbonate solution 
were studied. Stable pyridinium ylids were obtained in the case of T-phenylpyridines that 
contain a nitro group in the benzene ring and in the case of T-benzylpyridines with an N-nitro-  
substituted phenacyl group. The conclusion that electron-acceptor substituents have a stabiliz- 
ing effect on the stability of the ylids was confirmed. Under these conditions T-nitrobenzyl 
derivatives are  converted to substituted 1,4-dihydropyridines. The positions at which depro-  
tonation of the starting quaternary pyridinium salts occurs and the formation of 1,4- and l r2-  
dihydropyridines were established by PMR spectroscopy. The corresponding pyridinium salts 
were converted to a new group of indolizines containing a p-nitrophenyl (p-nitrobenzyl) sub- 
stituent in the 2 or 7 position by the Chichibabin method. It was established that substituted 
dihydropyridines are converted to indolizines; ideas that confirm the scheme of the previously 
proposed mechanism for the formation of indolizines through a step involving ylids are  ex- 
pressed. 

Pyridinium ylids are labile systems. Many of them cannot be isolated, since they undergo various t rans -  
formations during their  synthesis. Stable ylids are  formed from the corresponding quaternary pyridine salts 
when the ylid grouping contains electron-acceptor substituents, which promote delocalization of charge from 
the ylid carbon atom; this is one of the factors involved in the stabilization of ylids [1]. 

The stabilities of ~/-aryl- and 7-arylmethylopyridinium ylids should also depend on the character  of the 
substituent and its position in the T-benzene ring, as well as in the aroylmethylid group. The high lability ot 
2,5-dimethyl-4-benzylpyridinium benzoylmethylid [2] and the stabilities of its analogs with aroyl substituents 
in the T position [3] have been reported. The available information regarding pyridinium ylids of this type is 
limited to these examples. In this connection, it seemed of interest  to ascertain the effect of the e lec t ron-ac-  
ceptor nitro group in the corresponding substituted quaternary pyridinium salts on the formation of ylids from 
them and the stabilities of the latter and on the direction of deprotonation of these systems under the conditions 
of formation of the ylids. 

Quaternary salts VI-XII were obtained from 2,5-dimethyl-4-(p-nitrophenyl) (I), [m-nitro-l~tolyl  (II), 
p-nitrobenzyl (III), o,p-dinitrobenzyl (IV), benzyl (V)] pyridines [4] and bromoacetophenone, benzyl bromide, 
and p-nitrobromoacetophenone. (See Scheme on following page) 

2,5-Dimethyl-4- [p-nitrophenyl-(XtII), m-ni t ro-p- tolyl  (XIV)]pyridinium benzoylmethylids were obtained 
by treatment of quaternary salts VI and VII, which contain a 7-nitrophenyl grouping, with potassium carbonate 
solution. The elimination of a proton from the methylene group of the N-phenacyl grouping was established by 
comparison of the integral intensities of this group in the PMR spectra of ylids XIII and XIV (as well as XVI) 
in CFaCOOH (~2H) and CF3COOD (~IH) .  In the case of quaternary salts that contain a benzyl grouping in the 
T position of the pyridine ring there are  two centers at which elimination of a proton may occur - t h e  methyl- 
ene group of the N-phenacyl grouping and the methylene group of the benzyl grouping. In the case of salts XI 
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CHs j%'~N CH3/~N "CII__,R' 

,-v / / ~  xv.-x,x ~"~'--.. R.. 

VI-XI! XIII-XVI 

I, VI, XIII, XVII, XVIII, XX, XXII, XXIV R=R"=R"'=p-NO2C6H4; II, VII, XIV, XXI 
R=rn-NO~-p-CH3C6H3; III, VIII, IX, XII, XV, XXIII, XXIV R'=p-NO2CGH4CH2; IV, X 
R=o,p-(NO2)2CoH3CH2; V, XI, XVI, XXII R'=C6H~CH2; VI, VII, IX, X, XIII, XIV, XVIII, 
XIX R'=COC~Hs; VIII, XVII, XX, XXI, XXIII R'=R"=CaHs; XI, XII, XV, XVI 

R"=COC~H4NO2-p; XIX R"=o,p-(NO~)2C6H3 

and XII, which contain an N- (p -n i t rophenacy l )  grouping, a pro ton  is a l so  e l iminated f rom the methylene  
group of this grouping to give 2 , 5 - d i m e t h y l - 4 - [ p - n i t r o b e n z y l  (XV), benzyl  (XVI)] pyr id inium p-n i t robenzoy l -  
methyl ids .  The in tegra l  in tensi t ies  of the benzyl  methylene  group (4.5 ppm, s, 2H ) and the N-CH2 group (6.3 
ppm,  s,  2H)a re  equa l i zed in  the PMR s p e c t r a  of yl ids XV and XVI in CF3COOH, since a sa l t  with the CFsCOO- 
anion is formed.  In the case  of CF3COOD the r a t i o  of the intensi ty of the s ignals  of these  groups is ~2 : 1 
( A r - C H 2 - A r '  and N-CHD).  Ylids XIII-XVI a r e  colored compounds that r e m a i n  unchanged during s to rage  but 
undergo decompos i t ion  when they a r e  mel ted .  The r e l a t i ve  s tabi l i t ies  of these  yl ids  is due to the p r e se n ce  o f  
a ni t ro  group. 

The IR s p e c t r a  of y l ids  XV and XVI do not contain the band of a carbonyl  group; the bands at 3510-3513 
and 3380-3398 cm -1 a r e  due to the contr ibut ion of the beta ine  form,  which is a l so  r ega rded  as one of the f ac -  
t o r s  involved in the s tabi l iza t ion of ylids [1]. 

When qua te rna ry  pyr id in ium sa l t s  containing a ni t ro group in the 7 -benzy l  grouping and benzyl  (VIII) or  
phenacyl  (IX and X) groupings at tached to the ni t rogen a tom a re  t r ea t ed  with po tass ium carbonate ,  a proton 
is spli t  out f r o m  the methy lene  group of the 7 -benzy l  grouping. This pathway was used to obtain 2 ,5 -d ime thy l -  
1 - b e n z y l - 4 -  (p -n i t robenzyl idene) -  (XVII) [1-phenacyl -4-(p-ni t robenzyl idene)- (XVIII ) ,  1 -phenacy l -4 - (o ,p -  
d in i t ro -benzy l idene) - (XIX)] - l ,4 -d ihydropyr id ines  in the fo rm of d a r k - v i o l e t  c rys ta l l ine  subs tances .  As c o m -  
pa red  with s t a r t ing  qua te rna ry  sa l t s  VII I -X,  as  well  as pyr idinium benzoylmethyl ids  (k 250,280,  320,416,  
and 434 nm) [2, 3], an  addit ional m a x i m u m  in the long-wave reg ion  (560-570 nm) appea r s  in the UV s p e c t r a  
of these  compounds;  this  is due to the i nc rea se  in the conjugation chain in these  sys t ems .  The intense bands 
a t  1696 and 1703 cm -1, r e spec t ive ly ,  in the IR spec t r a  of XVIII and XIX a r e  r e l a t ed  to the phenacyl  carbonyl  
group. The ra t io  of the in tegra l  intensi t ies  of the protons  of the methylene  groups  at tached to the ni t rogen 
a tom and the C 4 a tom of the pyridine r ing  of XVII-XIX (PMR spec t rum in CF~COOD) is ~ 2 : 1 .  

The s ignif icant  d iamagne t ic  shift  of the ~ -  and B-H s ignals  f r o m  9.45 and 7.63 ppm in the spec t ru m of 
VIII  to 6.65 and 6.57 ppm in the s p e c t r u m  of XVII const i tu tes  evidence for the d i f fe ren t  c h a r a c t e r  of the bonds 
in the n i t rogen-conta in ing r ing of these  compounds,  as  desc r ibed  in [5]. The changes in the posi t ion and in te -  
g r a l  intensi ty of the signal  of the grouping be tween the ni t rophenyl  and ni t rogen-conta ining r ings  on pass ing 
f r o m  sa l t  VIII  (4.30, s, 2H ) to XVII (5.16, s,  1H) const i tute  evidence for convers ion  of the methylene  group to 
a methyl idyne group. 

Under ac id ic  dihydropyridinat ion conditions the s y s t e m  is conver ted  to a pyridine sys t em.  Signals of 
the s t a r t ing  compound and sa l t  VIIIa  a r e  obse rved  in the PMR spec t rum as  a solution of dihydropyridine XVII 
in CDC13 is  gradual ly  acidif ied with a 20% solution of CF3COOE. The s ignals  of the dihydropyridine s y s t e m  
d e c r e a s e  and vanish  as the acid concentra t ion  i n c r e a s e s .  As in the case  of sa l t  VIII,  e l iminat ion of a proton 
f r o m  the ~ methy l  group and the fo rmat ion  6f 1 ,2-dihydropyr id ine  s t ruc tu re  XVIIa a r e  evidently poss ib le  in 
the case  of t r e a t m e n t  of the qua te rna ry  sa l t s  with ba se s .  Evidence for this is provided by the gradual  d e -  
c r e a s e  and subsequent  d i sappea rance  of the s ignals  of the ~ -me thy l  group when a solution of sa l t  VIII in 
CDC13 is t r ea t ed  with a solution of po tass ium carbonate  in D20. S imi la r  changes in the s ignals  (see  Scheme 
on following page} of the methylene  group at tached to C4 also  occur  s imul taneously .  On the bas i s  of these  
da ta  on deu te r ium exchange a t  the methylene  group at tached to C4 and the a - m e t h y l  group it may  be concluded 
that  conjugate [with r e s p e c t  to VIII  (the acid )] i somer i c  substi tuted 1 ,4-  and 1,2-<lihydropyridines (the base} 
exis t .  

Thus 7 - a r y l p y r i d i n i u m  ylids that  contain a ni t ro  group in the a r y l  grouping a re  stable.  The analogous 
yl ids  with a benzy l  grouping in the 7 posi t ion and with a ni t ro group in the phenyl r ing of the benzoylmethyl id  
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.CH 3 
CF3COOH ~ ~ NO 2- --CH~ N+CH2C6H5 I(VII CDCI~ 

CH a CF~COO- 

IOH- r i l l  a 

oH- NO2_~cn2 - _C~2C6H~ VIII CDCIa,D;O 

CH3 

groups are  stable. Under the conditions of the formation of ylids, quaternary N-benzyl(phenacyl)-T-ni t ro-  
benzoylpyridinium salts a re  converted to substituted dihydropyridines ra ther  than to ylids. 

Quaternary salts VI, VII, XI, and XII, which form stable ylids, were converted under the conditions of 
the Chichibabin reaction [6] to 6-methyl-2-phenyl-7-(p-nitrophenyl)indolizine (XX), 6-methyl-2-phenyl-7- 
( m-ni t ro-p- tolyl  ) ~ oliziae ( XXI ), 6-methyl -2 -  (p-nitrophenyl) -7 -benzyUndoliz ine (XXII), and 6-methyl -7 - 
(p-nitrobeazyl)-2-(p-nitrophenyl)indoliziae (XXIV) in relatively high yields. The corresponding indolizine is 
not formed from quaternary salt X or substituted dehydropyridine XIX under the conditions of the Chichibabin 
reaction. However, ~ 15% 6-methyl-2-phenyl-7- (p-nitrobenzyl)-indolizine (XXIII) and ~ 85% dihydropyridine 
XVIII (according to the data from the PMR spectrum) are  formed under the same conditions from quaternary 
salt IX. It might have been assumed that indolizine XXIH is formed from the dihydropyridine in this case. A 
mixture of ~85Vo indoliziae XXIII and ~15% starting XVIII was obtained by heating XVIII in moist  ligroin. The 
similar formation of indolizine XXIII was established when dihydropyridine XVIII was heated in methanol and 
in water. 

+.A p-NO~g.,c.~..ff-~---yc.3 -.A P- N O~C6"~C" "~"~" 'c /C"~ 

XVIII -HA C H~ I~N~,,CH~COC~H,5 § C H S ~ / .  N,,.,.C H 2CO C~ H S 

IX a ~ XXV 

P" N O2 Ct;ll.I C H2,.,~,~(~H2 
XXlll ~ N + 

XXV 

A=ou: cF3coo- 

The formation of indolizine XXIII evidently occurs during cyclization of zwitterion XXV, the formation 
of which from 1,4-dihydropyridine XVIII is possible only in a proton-donor medium and was confirmed by the 
above-described deuterium exchange of the s -methy l  group of the salt. 

This mechanism for the formation of indolizines was previously proposed in [7]. 

Of the compounds described in the present  communication, quaternary salts VII and IX have growth- 
regulating activity, while XVII has herbicidal activity. 

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

The PMR spectra of solutions of the compounds in CF:~OOH, CF3COOD, and CDC13 were recorded with 
a BS-487 spectrometer  (80 MHz) with hexamethyldisiloxane (I~MDS) and tetramethylsilane (TMS) as the in- 
ternal  standards. The IR spectra of KBr pellets of the compounds were recorded with a UR-20 spectrometer.  
The UV spectra of solutions of the compounds in ethanol and chloroform were recorded with a UV-vis spec-  
trophotometer.  The mass spectra were recorded with an MKh-1303 spectrometer  with di rect  introduction of 
the samples into the ton source and an ionizing-electron energy of 50 eV. 

N-Phenacyl-2,5-dimethyl-4-(p-nitrophenyl)pyridinium Bromide (VI). A mixture of 5 g (0.012 mole) of 
pyridine base I, 6.6 g (0.033 mole) of bromoacetophenone, and 50 ml of acetone was refluxed for 3 h, after 
which the precipitate was separated and washed with absolute ether to give 8 g (0.033 mole) of colorless 
crystals  of sa l tVL PMR spectrum (CF3COOH with HMDS as the standard): 8.25, s, 1H ( s -H) ;  8.05 and 7.43, 
m, E4H; 7.75, d, 2H (2H-o-CO) ; 6.01, s, 2tI (N--CH2); 2.36, s, 3H (~-CH3); 2.06 ppm, s, 3H (fl-CH3). Quater-  
nary salts VII~XII were similarly obtained from pyridine bases II-V and the corresponding bromo derivatives. 
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TABLE i. 

benzyl)pyridinium Bromides 

Com- Found, % Empirical formula pound mp, deg C - -  

[ Br N 

N-Phenacy l  (benzyl)  -2 ,5 -d  imethyl -4  -n i t r  ophenyl (n i t ro-  

tale., % 

VI 
VII 
VIII 
IX* 
X 
Xl 
XII 

221--223 (dec.) 
193--195 ~dec.) 
!94--196 
208--210 (dec.) 
187--189 (dec.) 
198--200 (dec.) 
127--129 (dee.) 

18,8 6,3 
17,9 6,1 
19,2 6,9 
18,1 6,6 
16,2 8,8 
18,0 6,4 
16,6 8,6 

C21t'IIgBrN2Oa 
CmH~l BrN203 
C2~H~IBrN202 
C22H21BrN203 
C22H2oBrN305 
C22H2EBrN203 
C~H~oBrN~O~ 

Br N 

6,5 
6,3 
6,8 
6,4 
8,6 
6,3 
8,6 

18,7 
18,1 
19,4 
18,1 
16,5 
18,1 
16,5 

Yield, % 

85 
84 
97 
84 
97 
76 
83 

* M + 342. 

TAB LE 2. 2 ,5 -Dime thy l -4 -n i t ropheny l  (ni t robenzyl ,  benzyl  ) -  
pyr id in ium Benzoylmethyl ids  

C o m -  

pound 

XIII* 
XIV 
XV 

XVI 

mp, deg 
C (dec.) 

182--184 
174--176 
9t--93 

110--112 

N 
found, % 

8,3 
8,1 

10,7 
7,6 

Empirical 
formula 

C21HIsN2Os 
C22H2oN2Os 
C22HIgN305 
CnH2oN203 

N 
calc., % 

8,1 
7,8 

10,4 
7,8 

Color 

Brown 
Light-orange 
Dark-orange 
Orange 

Yield, % 

65 
80 
63 
74 

* M+ 328 

The i r  c h a r a c t e r i s t i c s  a r e  p resen ted  in Table  1. The data  f r o m  the PMR s p e c t r a  conf i rm the i r  s t ruc tu res .  

2 , 5 - D i m e t h y l - 4 - ( p - n i t r o p h e n y l ) p y r i d i n i u m  Benzoylmethyl id  (XIII).  A tota l  of 7 m l  of a 10% solution of 
p o t a s s i u m  ca rbona te  was  added with cooling (with tap water)  to a solution of 0.5 g (1.17 mmole)  of qua te rna ry  
sa l t  VI in 20 m l  of ace ton i t r i l e ,  and the m i x t u r e  was  shaken and t r ea t ed  with 10 ml  of cold water .  It  was  then 
mainta ined at  8-10~ for  1 h, and the resu l t ing  prec ip i ta te  was separa ted ,  washed with ice wate r ,  and dr ied  in 
a vacuum d e s i c c a t o r  over  P205 to give 0.26 g (65%) of ylid XIII. PMR spec t rum (CF3COOH with HMDS as  the 
s t andard) :  8.19, s,  1H (c~-H); 8.03 and 7.45, m ,  Y.4H; 7.7, d, 2H (2H-o-CO);  5.91, s ,  2H (N-CH2) ;  2.35, s, 3H 
( a - C H s )  ; 2.05 ppm,  s, 3H (/3-CHs). The PMR spec t rum of the compound in CF3COOD was  identical ,  except  
for  the s ignal  a t  5.91 ppm,  s,  1H (N--CHD). UV s p e c t r u m ,  Xmax(log e): 210 (4.52), 265 (4.78), 320 (3.67), 390 
(3.69), 440 run sh (2.20). 

Ylids X1V-XVI w e r e  s i m i l a r l y  obtained (see  Table  2). The ylid grouping in the PMR spec t rum of XIV in 
CDC13 was found a t  6.20 ppm,  s,  1H (N+-CH);  in the spec t rum of XV in CF~COOI-I (with TMS as the s tandard) :  
6.35 ppm, s,  2H (N-CH2)  , in CFsCOOD; 6.35 ppm,  s ,  1H ( N - C H D ) ;  in the spec t rum of XVI in CF3COOH (TMS): 
6.23 ppm,  s,  2H (N-CH2)  , hi CF3COOD (TMS): 6.21 ppm,  s,  1H (N-CHD) .  

2 , 5 - D i m e t h y l - l - b e n z y l - 4 - ( p - n i t r o b e n z y l i d e n e ) - l , 4 - d i h y d r o p y r i d i n e  (XVII). A 7 - m l  sample  of 10% 
po ta s s ium carbona te  solution was added with shaking and cooling (0~ to a solution of 0.5 g (1.2 mmole)  of 
sa l t  VIII  in 20 m l  of acetordt r f le .  The mix tu re  turned g r e e n  and then violet .  Water  (50 ml )  was added in 10-  
m l  por t ions ,  and the mix tu re  was mainta ined at  8-10~ for I h. The re su l t ing  prec ip i ta te  was  dr ied  over  
P~O s to give 0.22 g (55%) of XVII as  d a r k - v i o l e t  c r y s t a l s  with mp  126-128~ PMR spec t rum (CDC13, HMDS 
as  the s t andard) :  6.65, s, 1H and 6.50, s ,  1H ( a - H  and B-H) ;  5.16, s,  1H ( A r - C B = A r ' ) ;  4.70, s,  2H (N-CH2) ;  
2.01, s, 3}t (cx-CH~); 1.81 ppm, s,  3H (fl-CH3); s p e c t r u m  in CF3COOH: 8.04, s,  1H ( a - H ) ;  5.25, s, 2H (N-CH2);  
3.96, s, 2H ( A r - C H 2 - A r ' ) ;  2.30, s ,  3H (c~-CHs); 2.07 ppm,  s, 3H (fi-CH3); the spec t rum in CF3COOD was 
identical ,  except  for  the s ignal  a t  4.00 ppm, s, 1H ( A r - C H D - A r ' ) .  IR spec t rum:  1653 cm -1 (conjugated 
C=C) .  UV s p e c t r u m  (in CHC13) , Xmax( log  e): 260 (3.98), 33"2 (3.90), 560 um (4.50). Found: C 75.7; B 6.1; 
N 8.5%; M + 332. C21H20N202. Calculated:  C 75.9; H 6.0; N 8.44%; M 332. 

Substituted d ihydropyr idnes  XVIII and XIX w e r e  s i m i l a r l y  obtained. Compound XVIII (54% yield)  was 
obtained as d a r k - v i o l e t  c r y s t a l s  with mp 132-134~ PMR spec t rum (CFsCOOB): 7.99, s, 1H ( a - H ) ;  5.80, 
s ,  2H (N-CH2);  4.01, s,  2H ( A r - C B 2 - A r ' ) ;  2.23, s, 3H (c~-CH3); 2.06 ppm, s,  3tt (fi-CH3); the spec t rum in 
CF3COOD was identical  except  for the s ignal  a t  4.00 ppm, s ,  1B (Ar - C H D - A r '  ). IR spec t rum:  1695 (CO) and 

*Water  is e l imina ted  under the conditions of r eco rd ing  the m a s s  s p e c t r u m ,  and this evidently explains the a b -  
sence  of a m o l e c u l a r  ion. 
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1653 cm -1 (cor~jugated C-C).  UV spectrum (in CHC13) , kmax(log a}: 252 (4.07), 450 (3.97), 560 nm(2.80). 
Found: N 7.9%; (M-18) 342*. C22H20N20 3. Calculated: N 7.8%; M 360. Compound XIX (93% yield) was obtained 
as dark-violet crystals with mp 143-144~ PMR spectrum (CF3COOH): 7.98, s, 1H (c~-H}; 5.75, s, 2H 
(N-CH2); 4.27, s, 2H (Ar -CH2-Ar ' ) ;  2.20, s, 3H (~-CH3}; 2.13 ppm, s, 3H (fi-CH3); the spectrum in 
CF3COOD is similar,  except for the signal at 4.28 ppm, s, 1H (Ar - C H D - A r ' ) .  IR spectrum: 1703 (CO) and 
1650 cm -I (conjugated C=C). Found: N 10.1%; (M-18) 387*. C221-119IXI305. Calculated: N 10.4%; M 405. 

6-Methyl-2-phenyl-7-(p-nitrophenyI)indolizine (XX). A) 7-g (16 mmole) sample of quaternary salt VI 
was refluxed for 1.5 h in 50 ml of a 40% solution of potassium carbonate, and the resulting precipitate was 
crystallized from ligroin to give 4.16 g of indolizine XX. Indolizines XXI-XXIV were similarly obtained 
(Table 3). 

B} A 0.2-g (0.006 mole} sample of substituted dihydropyridine XVIII was refluxed in 40 ml of absolute 
methanol for 6 h, after which workup gave 0.05 g (37%) of indolizine XXI~.I. 

C) A 0.2-g (0.006 mole) sample of XVIII was refluxed in i00 ml of moist ligroin for 6 h. According to 
the I~MR spectrum, the residue (0.16 g) contained N85% indolizine XXIII and ~15% starting XVIH. 

D) A 0.3-g (0.009 mole} sample of dihydropyridine XVIII was refluxed in i00 ml of water for 3 h, after 
which the mixk~re was worked up to give 0.26 g (91%} of hldolizine XXIII. 
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3. 

4. 

5. 

6. 

7. 
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