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5-Acyl-6-substituted 5,6-dihydrophenanthridines are  formed in the reaction of phenanthri- 
dine with nucleophilic organic compounds in the presence of alkyl halides. This method 
made it possible to introduce a phenanthridine residue into the ring of dialkylanilines, 1- 
alkyl-l ,2,3,4-tetrahydrequinolines,  1-alkylindolines, 2-alkylindoles, pyrroles ,  indoline, and 
a-methylfuran,  and also made it possible to obtain several ketches of the phenanthridine 
series.  

In developing the hetarylation of organic compounds by N-acyl salts of s ix-membered nitrogen het- 
erocycles [1-3], we found that the N-aeylphenanthrldinium cation can also be successfully used in this r e -  
action. 

Like other heteroaromatie cations (pyrylium, thiopyrylium, and their benzo derivatives), the a ro-  
matic N-aeylcyclammonium cations (pyridinium and benzopyridinium) are to a considerable extent similar 
to aromatic carbonium ions (tropylium and benzotropylium). In this connection, it seemed of interest  to 
make at least a qualitative comparison of the activity of N-acylphenanthridinium salts with the activity of 
N-acyl salts of other benzopyridiniurn compounds in reactions with various nucleophiles. It is known that 
the electrophilieity of the analogously constructed benzotropylium cations decreases in the l inear order  
dibenzotropylium > benzotropylium > angular dibenzotropylium cations [4]. 

As it turned out, the N-acyl phenanthridinium salts in situ are less active in these reactions than 
other benzopyridinium salts. Thus we were unable to hetarylate furan, thiophene, and 2-methylthiophene, 
and the reaction with dialkylanilines also proceeded more poorly than with N-aeylquinolinitun, -isoquino- 
fin/urn, and -acridinium salts. Moreover,  the phenanthridinium salts proved to be active only with some 
aeyl halides, while, for example, the qu/nolination of dialkylanilines [2] proceeds well in the presence of 
the acid haiides of the most diverse aliphatic, aromatic, or heterocyclic carboxylic acids. [ . . . .  l �9 

l 
C6H~N(CHa)~-P C6H4N(Clta) ~ -p  

I I  a - c  i l l  

The ster ic  requirements of the reaction are  so great  that apparently only the p position of the dial- 
kylanilines undergoes electrophilic attack by the phenanthridinium cation. This was proved by conversion 
of ri by alkaline or acid hydrolysis to the known [5] 6-(p-dimethylaminophenyl)phenanthridine (HI). At- 

* See [1] for communication XVII. 
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TABLE i. 

COW 

o 

IIa .p-(CH~)~NC~H 4 
lib p_(C _t~)~NC~H a 
II c p-(CH~)~NC6H4 

IV 1-Methyl-l,2,3,4-tetra- 
V hydro -6 -quiuolyl 

1 -Methyl-l,2-dihydro- 
VI 5-indolyl 

2-(5-Benzm/1-5,6-di- 
hydro -6 -p'henanthridyl )- 
5-pyrrvl 

1 -Piignu -p3rr yl 
2 -Methyl -5-fury] 
1 -Methyl -3-indolyl 
2 -iviethvl-3- tnd olyl 
Pheaacyl 
2 -Thenoy~methyl 

VII 
VIII 

IXa 
IXb 
Xa 
Xb 

R' 
Mp, 
*C * 

I Found, % Empirical 
R/f[--C H N formula 

C~I-hO 
2-Furyl 

C6H~ 
C6H~ 

C~H~ 

C~H~ 
C~H~ 
CsH~ 
C6H~ 
C~H~ 
C~H~ 

78--80 0,76 77,ll 
!150--151 0,56 79,4! 
184--185 0,40 82,9I 
184--186 0,58 83,51 

ll5--116 0,46 83,2] 

237--239 0,22 83.11 

200--202 0,67 84,21 
117~118 0,56 81,9[ 
229--230 0,74 84,3] 
262--263 ; 0,41' 84,21 
149--150 0,33 
209--210 0,21 

6,r 
6,[ 
6,1 
5,3 

5,c~ 

4,7 

5,6 
5,5 
5,6 
5,5 

7,7 C24I-I2,N202 
6,8 C26H22N~O2 
6,71C2sH24N~O 
6,7 C30H~N20 

6,7 tC26I-I24N20 

6,6IC44H31NsO2 

6 2'C3oH22N20 
3,5fi~sHIgNO2 
6,9 C~gH2~N~O 
7,1 C29H22N~O 
4 1 CesH~NO~ 
3,4tC~H~gN025 

/ Catc., % 

C H N 

77,4] 6,5l 7,5 
79,21 5,6] 7,! 
83,1 ] 6,01 6,9 
83,7L 6,116,5 
83,6! 5,816,7 

83,4] 4,9] 6,6 

84,5! 5,21 6,6 
82,2! 521 3,8 
84,0, 5,41 6,7 
84,01 5,5[ 6,8 
833] 5,3l 3,8 
76,3~ 4,(il 3,4 

* Compounds  VI I I  and X w e r e  r e c r y s t a l H z e d  f r o m  ethanol ,  while the 
r e m a i n i n g  compounds  w e r e  r e c r y s t a l l i z e d  f r o m  a m y l  a lcohol .  
t In a thin l a y e r  of a luminum oxide [ b e n z e n e - h e x a n e - c h l o r o f o r m  
(6 : 1 :30) ] .  
S Found:  S 7.7%. Calcula ted :  S 7.5%. 

71 
84 
65 
60 

62 

42 

61 
20 
43 
53 
19 
17 

t empt s  to  de tec t  the p r e s e n c e  of the or tho  i s o m e r  in the r e a c t i o n  m e d i u m  by m e a n s  of  t h i n - l a y e r  c h r o m a -  
tog raphy  in six solvent  s y s t e m s  w e r e  unsucces s fu l .  

Ring fusion a l so  p r o c e e d s  th rough  the 6 pos i t ion  of phenanthr id ine  and in the  p pos i t ion  re la t ive  to 
the amino  group  (IV, V) in the r eac t i on  of  the N-acy lphenan th r id i rdum cat ion with 1 - m e t h y l - l , 2 , 3 , 4 - t e t r a -  
hydroquinol ine  and 1 -m e t hy l -2 ,3 -d i hyd ro i ndo l e .  

[J-.- ,~-'c~ ~. ~ %-/-~N.-~o%., 

I 
IV CH3 V CH3 

The s t r u c t u r e s  of  IV and V w e r e  p r o v e d  by a l t e rna t i ve  syn thes i s .  

.... \N H2+ ~'IN.. ! pyridine 

CH z 

1 o~C,~ .~ - .> / / . .  ~ Po% I . 

I 

t OH- s 

IV 

The UV s p e c t r a  of II,  IV,  and V a r e  s i m i l a r .  The IR  s p e c t r a  of  t he se  compounds  conta in  c h a r a c t e r -  
i s t ic  abso rp t ion  bands at 1640-1650 c m  -1, which c o r r e s p o n d  to the s t r e t c h i n g  v ib ra t ions  of the ca rbony l  
group of amides ,  which a l so  c o n f i r m s  the i r  s t r u c t u r e s .  

As in the c a s e  of  i soquinol ine  and quinoline,  in the r eac t ion  with p y r r o l e ,  two (a and fl) i s o m e r s  of 
m o n o p h e n a n t h r i d i u y l p y r r o l e  (which we de tec ted  by t h i n - l a y e r  ch roma tog raphy )  and a his de r iva t ive  (VD, 
which is  the m a j o r  r e a c t i o n  p roduc t ,  a r e  f o r m e d  in the r eac t i on  with p y r r o l c .  
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I H I 
COC 6 H s COC 6 H s 

VI 

Only monosubst i tu ted  de r iva t ives  VII and VIII a r e  obtained with N-pheny lpyr ro le  (as we did not i nc rea se  
the reac t ion  t ime) and with 2-methyl furan .  

Phenanthr idine a lso  r e a c t s  s i m i l a r l y  with indoles (IX), as was f i r s t  demons t ra t ed  in [6]. I t  was found 
that a methyl  group in the 2 posi t ion of indole does not hinder  the react ion,  which p robab ly  indicates  that  
the p r o c e s s  poss ib ly  occurs  through an in t e rmed ia te  c h a r g e - t r a n s f e r  complex of the indoles (and a p p a r -  
ently a lso  of other  organic  nuc leophi le -e lec t ron  donors) with the e lec t rophi l ic  N-acylphenanthr id inium 

:~ -''s"%. /% 

, ~ ' 2 / /  "'" N I " 0  " 3 ' ~ I~ N 
I I I ~, 

COC6tt 5 Call D COC~;It 5 

V I I  V I I I  IX 

cation. 

IX R : R'= ft, CH 3 

We were  a lso  able to c a r r y  out the reac t ion  of N-acylphenanthr id in ium sa l t s  with s e v e r a l  ketones  to 
f o r m  the cor responding  5-acy l -5 ,6-d ihydrophenanthr id ine  de r iva t ives  (X). 

Ii ~.! c,:<.o, 
I 

COC~rll, 

x ~ = phenyl; 2-thienyl 

EXPERIMENTAL 

Reaction of Phenanthridine with Dimethylaniline and Acyl Chlorides. A 2.42 g (0.02 mole) sample of 
dimethylaniline and 0.01 mole of the acyl chloride were added to a solution of 1.79 g (0.01 mole) of phen- 
anthridine in i0 ml of anhydrous dimethylformamide, and the mixture was heated at 100-105 ~ for I0 h, after 
which it was steam distilled. The residue from the distillation was separated, dried, chromatographed, 
and recrystallized. The yields and characteristics of the compounds are presented in Table i. The reac- 
tions with pyrroles, indoles, a-methylfuran, and ketones were carried out similarly. 

6-(p,Dimethylaminophenyl)phenanthridine. A 4.5 g sample of solid potassium hydroxide was added 
to a solution of 1 g of II in 36 ml of 76% ethanol, and the mixture was refluxed for 2 h, after which it was 
diluted to twice its volume with water, the alcohol was removed by distillation, and the residue was ex- 
tracted several times with benzene. The benzene extracts were dried, the benzene was removed by distil- 
lation, and the residue was recrystallized from hexane to give a product with mp 179-181 ~ [5] and Rf 0.86 
[chromatography in a thin layer of activity II aluminum oxide with elution with benzene-hexane-chloro- 
form (6 : 1 : 30) and development with iodine vapors or UV light]. The picrate had mp 232-233 ~ (from gla- 
cial acetic acid). 

6-(l-Methyl-l,2,3,4-tetrahydro-6-quinolyl)phenanthridine. A. As described above, 6-(l-methyl- 
1,2,3,4-tetrahydro-6-qninolyl)phenanthridine containing starting compound IV was obtained by hydrolysis 
of 1 g of IV with alcoholic alkali. The product was purified through the picrate, which had mp 209-210 ~ 
(from glacial acetic acid). Found: C 62.6; H 4.5; N 12.9%. C23H20N2-C6H3N3OT. Calculated: C 62.9; H4.2; 
N 12.8%. Decomposition of the picrate with alkali gave a pure sample with mp 119-120 ~ (from hexane) and 
Rf 0.59 (one spot with self-generating bright-blue luminescence). Found: C 85.1; H 6.2; N 8.6%. C23H20N 2. 
Calculated: C 85.2; H 6.0; N 8.5%. 

B__: A 0.25 g (1.5 mmole) sample of l-methyl-l,2,3,4-tetrahydroquinoline-6-carboxylic acid chloride 
(rap 204-205 ~ was added gradually to an ice-cooled solution of 0.31 g (1.5 mmole) of 2-aminodiphenyl in 
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24 ml  of anhydrous pyr idine,  and s t i r r ing  was continued for  another  30 rain. The pyr idine was r emoved  by 
s t e a m  disti l lation, and the res idua l  N- (o -d ipheny ly l ) - l -me thy I -1 ,2 ,3 ,4 - t e t r ahydroqu ino l ine -6 -ca rboxamide  
was separa ted ,  dried,  and r e c r y s t a l l i z e d  f rom glacial  ace t ic  acid to give a product  with mp 230-232 ~ 
Found: C 80.8; H 6.5; N 8.4%. C23H22N20. Calculated: C 80.7; H 6.5; N 8.2%. A mix tu re  of 0.1 g (0.3 
mmole)  of the amide  and 0.18 g (1.2 mmole)  o f  phosphorus  oxychloride was ref luxed for  2 h. The excess  
phosphorus  oxychloride was  r emoved  by dist i l lat ion,  and the res idual  r es in  was re  fluxed with 2 N alkali  
solution and then with excess  2 N sulfur ic  acid. The insoluble,  res inous  res idue  was separa ted ,  and the 
f i l t ra te  was neut ra l ized  with ammonium hydroxide.  The resul t ing  prec ip i ta te  was s epa ra t ed  and r e c r y s -  
ta l l ized  f r o m  hexane to give a product  with mp 118-119 ~ and Rf 0.59. The spot on the c h r o m a t o g r a m  was 
identical  to the spot of 6 - (1 -methy l - l ,2 ,3 ,4 - t e t r ahydro-6-qu ino ly l )phenan th r id ine  with r e spec t  to the Rf 
value and the br ight -b lue  f luorescence  in UV light. The p ic ra t e  had mp 209-210 ~ ( f rom glacial  acet ic  acid). 
This  product  did not dep re s s  the mel t ing  point of the sample  desc r ibed  above, and the i r  IR spec t r a  were  
identical .  
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