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Condensation of the a methyl groups of 2, 5-dimethyI-4-phenyl- 
pyridine and 2, 5-dimethyl-4-/3-phenylethylpyridine with some aro- 
matic aldehydes is investigated. The cyclization of 2, 5-dimethyl- 
4-phenylpyridine to 3-methyl-2-azafluorene and some derivatives of 
the latter is effected. 

Condensation of 2 ,5-d imethyl -4-phenylpyr id ine  (I) 
with benzaldehyde has been effected [1], and the r e -  
sultant 5 -me thy l -4 -pheny l -2 - s ty ry l -py r id ine  b ro -  
minated to 1 , 2 - d i b r o m o - l - p h e n y l - 2 ( 5 ' - m e t h y l - 4 ' -  
phenylpyr id-2 ' -y l )  (II). Heating II with alcoholic KOH 
led to the isolation of 5 -methy l -4 -phenyl -2-phenyl -  
ethylpyridine (III). Hydration of the la t ter  gave c0- 
(5-methyl-4-phenylpyr id-2-yl )aeetophenone (IV). 
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2,5-Dimethyl -4-phenylpyr id ine  (I) was also con- 
densed with vanLlIin and cinnamaldehyde, the products  
being 1- (3 ' -methoxy-4 ' -hydroxyphenyl ) -2 -  ( 5 " -me thy l -  
4"-phenylpyrid-2"-ylIethylene (V) and 1-phenyl -4-  
(5 ' -me thy l -4 ' -pheny lpy r id -2 ' y l ) -  1 ,3-butadiene (VI) 
respect ive ly .  Condensation of 2 ,5 -d ime thy l -4 -pheny l -  
pyridine ethiodide with quinoline ethiodide gives an 
analog of cyanine dyes (VH). 
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The previously described 2,5-dimethyl-4- f l -  
phenylethylpyridine (VIII) [3] was also condensed with 
benzaldehyde. The 5-methyl-4-f l-phenylethyl-2- 
s tyrylpyr id ine  ( IX)was  brominated  to 1 ,2 -d ib romo-  
1 - p h e n y l - 2 - ( 5 ' - m e t h y l - 4 ' - f l - p h e n y l e t h y l p y r i d - 2 ' - y l ) -  
ethane (X). 
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2,5-Dimethyl -4-phenylpyr id ine  (I) was used to 
synthesize polycyclie nitrogen compounds which are  
azafluorene der ivat ives .  Dehydrocyclization of I over  
an industrial  dehydrogenating catalyst ,  Mark K-16, 
at 500 ~ converted it to 3 -methyl -2-azaf luorene  (XI), 
which by oxidation was converted to 3 -methy l -2 -  
azafluorenone (XII) and 2-azaf luorenone-3-carboxyl ic  
acid (XII.I). This acid was also obtained by a different 
method. 3 -methyl -2-azaf luorenone  (XII) with benzalde-  
hyde gave 3 - s ty ry l -2 -aza f luorenone  (XIV), oxidized 
by KMnO 4 at 60-65 ~ to acid XIII. 
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Decarboxylat ion of 2 -azaf luorenone-3-carboxyl ic  
acid gave 2-azaf luorenone (XV), which we also ob- 
tained f rom 4-phenylpyr id ine-3-carboxyl ic  acid. 

The s t ruc tu res  of the compounds p repa red  were  
proved not only by the i r  synthetic reac t ions  and ana- 
lytical  cha rac t e r i s t i c s ,  but also by spec t rum data, 
which, as a rule ,  were  in good agreement  with the 
resu l t s  in the l i t e ra ture  for  s imi l a r  compounds. Thus 
the IR spec t r a  of 3 -methyl -2-azaf luorenone  (XII) and 
3 - s ty ry l -2 -aza f luorenone  (XIV) were  found to show 
intense bands at 1714 and 1710 cm -I  respec t ive ly ,  
belonging to valence vibrat ions of a f luorenone-type 
carbonyl  group. 

The position of the s ty ry l  group in 5 -me thy l -4 - f l -  
phenyle thyl -2-s tyry lpyr id ine  (IX) is confirmed by 
compar ing its UV spec t rum with that of 2 ,5 -d ime thy l -  
4 -s ty ry lpyr id ine  [3]. While the f o r m e r  of these has 
an absorpt ion max imum at 312 nm,  e 27500, and the 
la t ter  at 307 nm, ~ 6500. 

The IR spec t r a  of 1 -pheny l -4 - (5 ' -me thy l -4 ' - pheny l -  
p y r i d - 2 ' - y l ) -  1, 3-butadiene (VI) and 3 - s t y r y l - 2 - a z a -  
fluorenone (]<IV) exhibit bands at 1625 and 1675 cm-1, 
respec t ive ly ,  in the region of ethylene group valence 



C H E M I S T R Y  O F  H E T E R O C Y C L I C  C O M P O U N D S  603 

v i b r a t i o n s .  F u r t h e r m o r e ,  t h e . t R  s p e c t r u m  of  VI  g a s  

h a s  a b a n d  w i t h  a n  a b s o r p t i o n  m a x i m u m  at  1000 e m  -~, 

c h a r a c t e r i s t i c  o f  v a l e n c e  v i b r a t i o n s  o f  G - - H  b o n d s  o f  

t h e  c o n j u g a t e d  b u t a d i e n e  s y s t e m .  

T h e  IR  s p e c t r a  w e r e  r e g i s t e r e d  w i t h  a U R - I O  s p e c -  

t r o p h o j o m e t e r ,  i n  t h e  r e g i o n  3 8 0 0 - 4 0 0  e m - ~ ,  u s i n g  

L i F ,  NaC1,  a n d  K B r  p r i s m s .  T h e  s p e c i m e n s  w e r e  

m a d e  i n t o  m u l l s  w i t h  v a s e l i n e .  A b s o r p t i o n  s p e c t r a  

w e r e  d e t e r m i n e d  w i t h  an  S F - 4  i n s t r u m e n t ,  in t h e  2 2 0 -  

400 n m  r e g i o n .  T h e  m e a s u r e m e n t s  w e r e  m a d e  o n  

e t h a n o l  s o l u t i o n s .  C o n c e n t r a t i o n s  o f  t h e  s o l u t i o n s  
1 0 - ~ - 1 0  -5 M. 

Detailed spectrum d a t a  f o r  p y r i d i n e  d e r i v a t i v e s  

w i t h  u n s u b s t i t u t e d  s u b s t i t u e n t s  in  t h e  ~ - p o s i t i o n ,  w i l l  

b e  p u b l i s h e d  s e p a r a t e l y .  

EXPERIMENTAL 

5-Methyl-4-phenyl-2-phenylethynylp~idine (III). 14 g (0.04 
mote) 1 ,2-dibromo-l-phenyl-2-(5 ' -methyl-4 ' -phenylpyrid-2-yl)-  
ethane (II) was added to a stirred solution of 6.25 g (0.11 mole) KOH 
in 48 ml absolute EtOH at 40 ~ and the mixture then heated for 3 hr 
at 80 ~ 500 ml water was added. The orange bases were extracted 
with ether. The residue isolated from the ether extract, was crystal- 
lized from gtOH, yield 6 g III, mp 88-88.5 ~ Found: N 5.08; 5.09%. 
calculated for Cz0H~N: N 5.20%. Picrate mp 187-188 ~ . Found: 
N 11.22; 1t.01~/o, calculated forCz0HzsN "C~H~N~Or:N 11.24~ �9 

w-(5-Methyl-4-phenylpyrid-2-yl) acetophenone (IV). 4.5 g (0. 017 
mote) ItI was added to 9 g 65~ HzSOg which was stirred and held at 
120 ~ Then the mixture was heated for 3 hr at 160 ~ After cooling 
~00 ml water was added, The solution was neutralized with concen- 
trated ammonia (to phenolphthalein). The organic bases were ex- 
tracted with ether. The residue from the ether extract was recrystal- 
lized from petrol ether. Yield 8.5 g IV, bright yellow crystals, mp 
73 ~ Found: C 84, 05; 8,3.67; H 5, 61; 5.61; N 4.84; 4.66%, calculated 
for C20 H~rNO: C 83.62; H 5.92; N 4.88%. Picrate mp 152 ~ (ex EtOH). 
~,4-Dinitrophenylhydrazone mp 222-223 ~ (ex EtOH). 

1 -(3' -Methoxy-4' -hydroxyphenyl) -2 -(8" -methyl -4" -phenylpyrid - 

2-yl)ethylene (V), ~ mixture of 5 g (0.027 mote) g, 5-dimethyl-.4- 
phenylpyrldine, 5 g (0. 033 mole) vaniiiin, 2.79 g (0. 027 mote) ArgO, 
and 1.64 g AeOH was heated for 9 hr at 180-185". The Ac~O was 
distilled off under a moderate vacuum. The residue was dissolved in 
water, and neutralized with Na~CO~. The organic bzs~ was extracted 
with ether, After drying the ether extract and dis t i l l i~  off the ether. 
the residue was washed with absolute EtOH, Yield 2.2 g V as yellowish 
green crystals mp 161-162 ~ (ex acetone). Found: N 4.19, 4.24%, 

calculated for CalH~NO~: N 4.41%. 
1-Phenyl-4-(5 '-methyl-4 '-phenylpy~id-2-yl)-I ,  3-butad~ene (VI). 

A m1 xture of 20 g (0.11 mole) 2, 5-dimethyl -4-phenylpyrid!ne, 17.4 
g (0.12 mole) cinnamaldehyde, 1~.2 g (0.11 mo!e) Ac~G, and ~. 
g (0.11 mole) AcOH was heated for 12 hr at 170 ~ . Th,~' AczO was 
distilled off under a moderate vacuum, the residue dissolved in writer, 
and neutralized with Na~COa. The organic base and residua~ 
cinnamaldehyde were extracted with ether. The ether was distilled 
off, and the einnamaldehyde removed from the residue by steam 
distillation, after which the organic bases were extracted with ether. 
The residue from the ether extract was crystallized from petrol ether. 
The crystals obtained were c,,nverted to 1-phenyl-4-(5 ' -methyl-4 ' -  
phenylpyrid-2-yl)-l ,  3-butad~ene hydrochloride, mp 206-~07 ~ 
Found: N 4.00"],,, calculated for C~aHI~N �9 HCh N 4.17%. 

4 g free base was obtained from the hydroehloride, as light yellow 

crystals, mp 124 ~ (ex EtOH-petrol ether). Found: C 88.54; 88.81; 
H C.54; fl.fl0; N 4.59; 4.81%, calculated for C~aHI~N: C 88.88; 

ft r N 4.71%. 
Condensation of 2, g-dimethyl-4-phenylpyridine ethiodide with 

qutnoline ethiodide, .%5,4 ml 1 N KOH solution was added to a boiling 
solution of (; g (0. 018 mole) 2, 5-dimethyt-4-phenylpyridiue etbiodide 

and 108(0,0fl.5 mole) quinoline ethiodidc in 140ml ~O11, and the 

whole refluxed for 10 hr. The hot solution was filtered and left 
2 days. The crystals which formed were filtered off, washed 
a few times with EtOH, a~ld recrystallized from absolute rt(•lI- 
acetone. Yield of the analog VII of cyanine dyes 0.q g, orange 
crystals, mp 281~ ~ Found: N 5.79; 8.57%: calculated for 

C46 H~rINa:N 5.67%. 
8-Methyl-4-•-phenylethyl-2-styrylpyridine (IX). 10.5 g (0.05 

mole) 2, 5-dimethyt-4-43-phenylethylpyridine (VIII). 12.7 g (0.12 
mole) benzaldehyde, and 12.2 g (0, 12 mole) Ac~O were refluxed 
together for 1 hr in a current of nitrogen. The acetic anhydride was 
distilled off under a moderate vacuum. The residue was dissolved in 
40 ml water, and neutralized with NaaCOa. The benzaldehyde was 
steam distilled off. The organic bases were extracted with ether, aud 
then distilled, to give a cut bp 180-210 ~ (0.5 ram), mass r].8 g. The 
fraction crystallized, and from it was obtained pale yellow crystals 
of IX. mp 118-120~ heptane-hexane 1:1). Found: N 4.42, 
calculated for CazH21N: N 4.88%. Hydrochloride mp 140-142 ~ (ex 
EtOH). Found: N 3.85; 3.82%, calculated for C22H~rN . HCI: 
N 4.17%. Picrate mp 22'3-226 ~ (ex EtOH). Found: N [0.42, 10.5,%,~, 
calculated for C22Ha~N - C6HaNsOr: N 10.60%. 

1,2-Dibromo-l-phenyl-2-(5 '-methyl-4 '-B-phenylethylpyrid-2" yl)- 
ethane (X). A solution of 0.63 g (0.00,33 mole) bromine in 20 ml 
CHCIa was added to a stirred solution of 1 g (0. 003 mole) IX in 25 ml 
CHC13, and the whole then refluxed for 2 hr, after which the CHC13 
was distilled off. Two recrystallizatlons of the residue from EtOH gave 
0.63 g X as colorless crystals, mp 155-158 ~ Found: Br 35.08; 35.09; 
N 3.22; 3, 01%, calculated for C22HalI?raN: /St 34.83; N 2, 05%. 

3-Methyl-2-azafluorene (XI). 2,5 -Dirnethyl-4-phenylpyridine 
(I) was cyelodehydrogenated in a flow system, using a quartz reac- 
tion tube and end fittings. Industrial Mark K-1G catalyst was used 
(100 ml). Temperatvre in the catalyst zone was 500-510 ~ The 
catalyst was activated at G00 ~ by drawing a slow stream of air through 

it, for 2 hr. 
Over a period of 4 kr 80 g (0.1~4 mole) i in 60 ml benzene was 

passed through the tube at constant rate, 6 Z gas (20 ~ 758 rnm) was 
collected, Distillation of the condensate gave 12 g starting I, bp 
12'3-128 ~ (3 ram), and 6 g a-methyl-2-azafluorene (XI), bp 1'30- 
155 ~ (3 ram); mp 85.5-86 ~ (ex ligroin). Found: C 86, 02; 85.96; 
H 6.18; 8.43; N 7.43; 7.77%, ca!culated for CIaHI1N: C 86.20; 
H 6.08- N 7.73%. Picrate: mp 223-224 ~ (ex gtOH), found: N 1~.68; 
13.52%, calculated for C13HI~N - C6HsNsO7: N 13.66%. Ethiodide 

mp 241-242 ~ (ex EtOH). 
3-Methyl-2-azafluorcnone (XII). 7.5 g (0. 048 mole) KMnO4 was 

added in ~maI1 portions, w~th vigorous stimng, to a mixture of 15 g 
(0,059 too!el Mg nitraLe (8.H20), 500 ml ~qater, and 5 g (0.0128 
mole) XI at 60 ~ tl~e:= heated to 90 ~ , and rapidly filtered. The MnO 2 
was carefully washed with hot acetone. The solution ~,~as concentrated 
to 100 ml. The precipitate was reerystallized from petrol ether, yield 
of XII 8.5 g, yellow crystals, mp 142". Found: C 80.28; q9.64; 
H 5.08; 5.02; N 8.85; 7.18%, calc;Jlated for C13HgNO: C 80.00; 
H 4.(32: N 7.18%. P~erate mp 226". 2,4-Dmirrophenylhydrazone 

mp 2'32-9,23". 
2-i  zafl,sorcnonc-3-carboxyhc acid (XIII). ~ g (17 mM)KMnO4 

was gradually added tc a stirred solunon of 1 g (5.1 mM)XII in "/00 
ml water at 90 ~ The mixture was l-eared for ,q hr at .q5 ~ , until the 
color complmely aisa~?peared. TLe MLO 2 was filtered eft, and 
washed three tilrles on the fire, w~th hot wa~er. The aqueous solJtiou 
was evaporated to 50 ml. The precipitate was filtered off. Recr,,stal- 
ization of it from petrol ether gave 0.15 g starting XII. The filtrate 
was treated with 50% H 2 804 (Congo Red). The resultant precipitate 
was filtered off, washed with water, and recrystallized from EtOH. 
Yield 0.2 g XIII, mp 217-218 ~ Found: N 5.~qg; 5,60oto, calculated 

for CIsHrNOs: N 6.22'?.. 
8-Styryl-2-azafluorenone (XIV), A mixture of 5 g (0.02C, mole) 

NIL ,R g (0. 029 mole) AcaO, and 1.8 g (0. uf~ mole) AcOlt was heated 

fur 10hr at 150". The Acr was distilled off under a moderate 
vacuum. The residue was washed with a small amom~t of cflwr, and 

recrystallized from Iigroin. Yield ofXIV 2 g, mp I , ~ - ] S 4  ~. Found: 

N 4.79; 4, ~7%, calculated for (~,,Iqs N(~, N 4. ,If,'},.. 
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Oxidation of 3-styryl-2-azafluorenone.  A solution of 1 g (0.0.q5 
mole) XIV in 150 ml acetone was added gradually to a solution of 
5 g (0.032 r~ole) KMnO 4 in 250 ml  water. The mixture was heated for 
3 hr at 60-65 ~ The MnO 2 was f ikered off and carefully washed on the 
filter with hot acetone and hot water. The combined filtrates were 
evaporated to 50 ml  and filtered. 0.2 g starting XIV was isolated from 
the solid. 50% H2SO 4 was added to the filtrate until it was acid to 
Congo paper. The resultant precipitate was filtered off, washed with 
ether, and recrystaUized from EtOH. Yield of XllI 0.25 g, mp 217-  
218 ~. 

2.Azafluore.none (XV). 0.25 g (1.1 raM) XIII and 20 ml  water 
were heated together in an autoclave for ,q hr at 210 -215 ' .  The 
crystalline precipitate was filtered off, and recrystallized from ligroin. 
Yield of XV 0.1.2 g, mp 151-152 ~ . Found: N 7.52; 7..55u/o, calculated 
for C12HTNO: N 7.7.2% . 
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