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A number of aeylamino- and diacylaminobiphenyls and the correspond- 
ing derivatives of phenanthridine and 4, 9-diazapyrene, including the 
previously unknown 2,2'-dipropionamidobiphenyl, 5, 10-diethyl-4, 9- 
diazapyrene, 2,4-dibermamidobiphenyl, and 3-benzamido-6-phenyl- 
phenanthridine, have been synthesized. The IR spectra of all the corn- 
pounds have been studied and a group of bands characteristic for the 
phenanthridine ring in the 1570-1620 cm "l region and a group of five 
bands characteristic for the 4, 9-diazapyrene ring in the 1380-1640 
crn -1 region have been identified. The nature of the IR spectra of 
phenanthridine derivatives containing unsubstituted arnide groups has 
also been established. 

At  the p r e s e n t  t i m e ,  one of the main  d i r e c t i o n s  in 
the c h e m i s t r y  of h i g h - m o l e c u l a r - w e i g h t  compounds  is 
the c r e a t i o n  of h e a t - s t a b l e  p o l y m e r s .  The  m a j o r i t y  
of h e a t - s t a b l e  p o l y m e r s  syn thes i zed  have a c y c l i c - l i n -  
e a r  s t r u c t u r e  with v a r i o u s  a r o m a t i c  and h e t e r o a r o -  
mar i e  r ings  in the ma in  chain  (po ly imides ,  po lybenza -  
zo l e s ,  po lyaz ines ,  e t c . ) .  Such p o l y m e r s  contain,  in 
addi t ion to a r o m a t i c  nuc le i ,  f i v e -  and s i x - m e m b e r e d  
h e t e r o a r o m a t i c  r i ngs ,  w h i e h a r e  r e s p o n s i b l e  for  the 
high s tab i l i ty  of these  p o l y m e r s  to v a r i o u s  types  of 
a g g r e s s i v e  a t tacks .  

In p o l y m e r s  that we have syn thes i zed ,  p h e n a n t h r i -  
dine and d i azapyrene  r ings  a r e  f o r m e d  by a po lycy -  
c lodehydra t ion  r e a c t i o n  [1,2].  We have been unable to 
find in the literature any information on the IR spectra 
of phenanthridine derivatives, while 4, 9-diazapyrene 
and a few of its derivatives have been synthesized only 

recently and have been little studied [3, 5]. Consequently, 
as model compounds we have synthesized derivatives 
of phenanthridine and of 4,9-diaz apyrene the structures 
of which correspond to the structures of the elemen- 
tary units of the polymeric chains, and we have stud- 

ied their IR spectra. 
The phenanthridine derivatives were synthesized 

by the Morgan-Walls reaction [6], by the dehydration 

of 2 - aey l aminob ipheny l s  under  the ac t ion  of phosphorus  
oxyeh lo r ide :  

NHOCR PeEl=. t N 

--H20 !0 g-R 

1 I1 

Thus ,  f r o m  2-aminobipheny l  and ea rboxy l i c  ac id  
ch lo r i de s ,  v ia  the c o r r e s p o n d i n g  a m i d e s ,  we syn the -  
s ized  6 -e thy lphenan th r id ine  (II, R = Cell 5) and 6 - p h e -  
nylphenanthr id ine  (II, R = C~H~); 1, 4 -b i s (phenan th r id in -  
6-y l )butane  (IV) was syn thes i zed  by the eyc lodehyd ra -  
tion of N, N~-b i s (b ipheny l -2 -y l )ad ipamide  (III). 

We a l so  cons ide r ed  it  n e c e s s a r y  to study the n a -  
ture  of the IR s p e c t r a  of compounds s imul t aneous ly  
conta in ing phenanthr id ine  r ings  and amide  groupings .  
F o r  th is  pu rpose ,  we syn thes i zed  3 - b e n z a m i d o - 6 -  
phenylphenanthr id ine  (VI) and 1 0 - b e n z a m i d o - 6 - p h e n y l -  
phenanthr id ine  (VII). 

H2 N NHOC--C,I ~ H-z /NHOC-- C6H5 

2 ~ ~ C6 l~is 

V ~ S /  VI 

4, 9 - D i a z a p y r e n e ,  in which biphenyl is  condensed  
with two py r id ine  nuc le i ,  is f o r m e d  under  m o r e  s e -  
v e r e  condi t ions.  In p a r t i c u l a r ,  all  the 4, 9 -d i azapy -  
r e n e  d e r i v a t i v e s  w e r e  syn thes ized  f r o m  2, 2 ' - d i a c y l -  
aminobiphenyls  (VIII) us ing  a m i x t u r e  of a luminum 
ch lo r ide  at 240-250  ~ C as  the cye lodehydra t ing  m e -  

d ium:  

Tab le  1 

C h a r a c t e r i s t i c s  of the A m i d e s  Used  for  the Synthes i s  of the Phenan th r id ine  and 4, 9 - D i a z a p y r e n e  D e r i v a t i v e s  

Compound I Name 

I, P=CeH5 

I, R=CeH~ 

Ill 

V 
VIII, R=C~Hs 
VII1, R=CeHs 

Mp, ~ 
(solvent) 

2-Propionamidobiphenyl 66,3--67.2 (aqueous 

I 2-Benzamidobiphenyl 86.0--86.5 (aqueous 
ethanol) 

N,N'-Bis(biphenyl-2-yl)adipamide ethanol) 172.5 (ethanol) 

I 2 4-Dibeuzamidobiphenyl 189 (ethanol) 
156 (ethanol) [ 2'22"Dipr:pi~176 nYl 

I 2, '-Dibe zamidobiphenyl 189.8 (methanol) 

Empirical 
formula  

C~sHI~NO 

'CLgHasNO 

C~0HesN~O2 

C26H~0NeO2 
CLsHeoN202 
CeeHe0N~O2 

Found, % Calculated,  % 

t 
c H I N  c 1 . i ! N  

{6.32 79.97 6,71 80,29 i 6.96 6.21 

83.04 5.18 5.34 83.49 5.53 5.12 

i i 9.o4 72.9416.76 9.45 
17.27 i79.597.,~ 7.13 

Amide bands in 
the IR spectrum, 

cm -I 

1660; 1530; 1280 

1650; 1525; 1305 

1650; 1520; 1305 

1650; 1525; 1310 
1665; 1525; 1285 
1650; 1515; 1300 

Mp, o C, ac- 
cording to 
the litera- 

ture 

65[Isl 

88D2] 

174[131 

I90---~911161 
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Compound 

II, R=C2Hs 

II, R~CsHs 
IV 

VI 

VII 

lX, R~C2Hs 

IX, R~C6H5 

Name 

6-Et hylphenant hridine 

6-Phenylphenant hridine 
1,4-Bis(phenant hridin.6-yl) butane 

3-Benzamido-6-phenylphenanthridine 

l 0-Benzamido-6-phenylphenanthridine 

5,10-Diethyl-4,9-diazapyrene 

5,10.-Diphenyl-4,9-dia zapyren e 

Mp, ~ 
(solvent) 

55.5--56.0 
(petroleum ether) 
106 (ethanol) 

216 (pyridine) 

231,0--231.6 (ethanol) 

211--212 (ethanol) 

188--189 (methanol) 

322--323 (chloro benzene' 

2 

v n l  r IX 

2 , 2 ' - D i p r o p i o n a m i d o b i p h e n y l  (VIII, R = CgH s) and 2, 
2 ' - d i b e n z a m i d o b i p h e n y l  (VIII,  R = C6H 5) w e r e  ob ta ined  
as  i n t e r m e d i a t e s ,  t h e i r  c y c l o d e h y d r a t i o n  l e ad ing ,  r e -  
s p e c t i v e l y ,  to 5, 1 0 - d i e t h y l - 4 ,  9 - d i a z a p y r e n e  (IX, R = 
= C2Hs) and 5, 1 0 - d i p h e n y l - 4 ,  9 - d i a z a p y r e n e  (IX, R = 
= C~H~). 

Both  the  p h e n a n t h r i d i n e  and the  4, 9 - d i a z a p y r e n e  
r i n g s  a r e  e x t r e m e l y  r e s i s t a n t  to the  ac t ion  of the m a -  
j o r i t y  of o x i d i z i n g  agen t s .  T h e  p h e n a n t h r i d i n e  r i n g  
cannot  be d e s t r o y e d  by such  o x i d i z i n g  agen t s  as  c h r o -  
m i c  ac id ,  p o t a s s i u m  p e r m a n g a n a t e ,  and n i t r i c  a c i d  
[7]. T h e  4, 9 - d i a z a p y r e n e  nuc l eus  i s  a l so  v e r y  s t ab l e  
to ox ida t ion .  4, 9 - D i a z a p y r e n e  is  not  o x i d i z e d  unde r  
the conditions of the oxidation of quinoline; it is not ni- 
trated and is not brominated in sulfuric acid solution 
[41. 

T h e  IR s p e c t r a  of a l l  the  in i t i a l  a m i d e s  exh ib i t ed  
the  w e l l - s t u d i e d  bands  c h a r a c t e r i s t i c  f o r  s e c o n d a r y  
a m i d e s  at 1650-1670  c m  -1 ( a m i d e  I),  1520-1530  c m  -1 

( amide  II),  and about  1300 c m  -1 ( amide  III) [8]. T h e  
d i s a p p e a r a n c e  o r  w e a k e n i n g  of the a m i d e  bands  in the 
s P e c t r a  of the c o m p o u n d s  of the  p h e n a n t h r i d i n e  and 4, 
9 - d i a z a p y r e n e  s e r i e s  was  r e g a r d e d  as  a p roo f  of the 
f o r m a t i o n  of the  a b o v e - m e n t i o n e d  r i n g s  as  the r e s u l t  
of the e y c l o d e h y d r a t i o n  of the c o r r e s p o n d i n g  a m i d e s .  
At  the s a m e  t i m e ,  the a p p e a r a n c e  of new g r o u p s  of 
bands  was  iden t i f i ed  with  the  p h e n a n t h r i d i n e  and 4, 9 -  

�9 d i a z a p y r e n e  r i n g s .  The  c h a r a c t e r i s t i c s  of the s p e c t r a  
of the in i t i a l  a m i d e s  and the c o r r e s p o n d i n g  p h e n a n t h r i -  
d ine  and 4, 9 - d i a z a p y r e n e  d e r i v a t i v e s  in the 4 0 0 - 1 8 0 0  
cm -1 r e g i o n  a r e  g i v e n  in T a b l e s  1 and 2 and in the f i g -  
u re .  

The  f o r m a t i o n  of p h e n a n t h r i d i n e  and d i a z a p y r e n e  
r i n g s  i s  a l so  c o n f i r m e d  by the  d i s a p p e a r a n c e  of the  
c h a r a c t e r i s t i c  bands in the 3 2 0 0 - 3 4 0 0  c m  -1 r e g i o n  
c o r r e s p o n d i n g  to the  s t r e t c h i n g  v i b r a t i o n s  of the ----N--H 
g roup  in s e c o n d a r y  a m i d e s .  

Empirical 
formula 

C,sHI3N 

C,gH,3N 
C3oH2r 

C~HIsN20 

C2~HIsN20 

CI~HI6N2 

C26H~sN~ 

Found, % 

87.1316.49 6.91 

89.5Sl 5.56 4.a4 
88.0016,34 6.72 

83.391 4.75 7.3O 

83.5l I 4,53 7.07 

83.291 6,28 10,66 I 

87.7751 4.7o 7.68[ 

Calculated, % 

C H N 

86.9~ 6.31 6,7~ 

89.3-' 5.15 5.5( 
87,3~ 5.86 6.7 <, 

83`61 4.84 7.4~ 

83.6'~ 4,84 7.4~ 

B3,0~: 6,19 10,7~ 

37,61 4,52 7,8( 

Characteristic Mp, ~ ac- 
bands in the cording to 
IR spectrum the litera- 
of  the hetero- 
cycles, cm "1 tUre 

1615:1580 56.5[121 

1615; 1565 1061121 
1610; 1580 215[131 

1615; 1575 

I605; 1580 2!4[141 

1640; t570; 1490 --  
1450; 1345 

1635; 1565; 1475 320--32[lS] 
1445; 1335 

I t  m a y  be conc luded  f r o m  an a n a l y s i s  of the IR 
s p e c t r a  of the  a m i d e s  s y n t h e s i z e d  and the c o r r e s p o n d -  
ing  h e t e r o c y c l i c  compounds  that  the  s y s t e m  of f ive  
bands  in the  1330-1640  c m  -I  r e g i o n  o b s e r v e d  fo r  the 
4, 9 - d i a z a p y r e n e  r i n g  and the  two bands  in the 1 5 7 0 -  
1620 c m  -1 r e g i o n  o b s e r v e d  for  the p h e n a n t h r i d i n e  r i n g  
wi l l  p e r m i t  the  i den t i f i c a t i on  of compounds  of th is  type ,  
and th i s ,  t o g e t h e r  wi th  the d i s a p p e a r a n c e  o r  w e a k e n -  
ing  of the  a m i d e  bands ,  wi l l  m a k e  i t  p o s s i b l e  to show 
the  p r e s e n c e  of t h e s e  h e t e r o c y c l e s  in h i g h - m o l e c u l a r -  
we igh t  compounds .  

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

2-Aminobiphenyl and 2, 2'-diaminoblphenyl were obtained by 
the reduction of the corresponding nitro derivatives--2-nitrobiphenyl 
and 2, 2'-dinotrobiphenyl--with hydrazine hydrate in the presence of 
Raney nickel by a published method [9], Mp of the 2-aminobiphenyl, 
49-50 ~ C, which corresponds to literature data [I0]; mp of the 2, P.'-di- 
aminophenyl, '/9-80 ~ C, according to the literature [ii], 81" C. 

2, 4-Diaminobiphenyl was synthesized as we have described pre- 
viously [2]. 

All the aeylamlno- and diacylaminobiphenyls were synthesized by 
the Schotten-Baumann reaction from the above-mentioned amines of 
biphenyl and propionyl, adipoyl, and benzoyl chlorides. The con- 
stants of the acylamino- and diacylaminobiphenyls synthesized are 
given in Table i. 

6-Ethylphenanthridine. The amide I (R = CzH~) was subjected to 
cyclodehydration with phosphorus oxychloride [12], 

6-Phenylphcnanthridine (II, R = C~Hs) was synthesized by a method 
similar to that given by Morgan and Walls [12]. Compound IV and the 
starting material for its synthesis, tII, were obtained as recommended 
by Hollingsworth and Petrow [18]. 

3-Benzamido-6-phenylphenanthridine (VI). A mixture of 4 g of 
the amide V and 8 g of freshly-distilled POCls was heated to a gentle 
boil in a current of dry nitrogen for 1 hr. The yellow precipitate that 
deposited after the cooling reaction mixture had been treated with hot 
water was filtered off, washed with water, and dried. The dry sub- 
stance was dissolved in 15 ml of hot pyridine, and the solution was 
poured into 30 ml of hot water. The pale yellow precipitate that de- 
posited was filtered off, washed with water, and dried. The VI was 
crystallized from ethanol to form pale yellow crystals, 

10-Benzamido-6-phenylphenanthridine (VII) was obtained by the 
eyclodehydration [14] of the amide VIII (R = C~Hs). 

5,10-Diethyl-4, 9-diazapyrene. The amide VIII (R = CzHs) was 
subjected to cyclodehydration by the action of a mixture of NaCI and 
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IR spectra: 1) 6-ethylphenanthridine; 2) 6-phenylphenaJlthridine; 3) 1,4-bis(phenan' 
thridin-6-yl)butane; 4) 2,4-dibenzamidobiphenyl; 5) 3-benzamido-6-phenylphenan- 
thridine; 6)2,2'-dipropionamidobiphenyl; 7)5,10-diethyl-4,9-diazapyrene; 8)2, 
2~-dibenzamidobiphenyl; 9) 5, 10-diphenyl-4,9-diazapyrene; 10) 10-benzamido-6- 

phenylphenanthridine. 
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A1CI~ at 250 ~ C. The reaction product was treated and isolated as in 
abe case of 4, 9-diazapyrene [5]. 

5,10-Diphenyl-4, 9-diazapyrene (IX, R = CsHs) was synthesized 
from the amide VII1 ( R = CsH~) by a similar method [5]. 

The melting points and elementary analyses of all the phenanthri- 
dine and 4, 9-diazapyrene derivatives synthesized are given in Table 
2, 

The Ill spectra of all the compoands (see figure) were obtained in 
a UR-10 infrared spectrometer in the region from 400 to 4000 cm "l. 
The substances were investigated in the solid state in the form of tab- 
lets with KBr (5 mg to I g of Kgr). 
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