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ORGANIC PREPARATIONS AND PROCEDURES INT. 3 ( 1 ) ,  9-15 (1971) 

3- AND 4- (7-BEN2 [ a]ANTHRACENYL) -N-BENZOYLAZIRIDINES 

AND 
3- AND 4- ( 9 - m C E N Y L )  4-BENZOYLAZIRIDINES 

l c  F. A. Vingiello,la M. P. Rorerlb and M. A. Ogliaruso 

Department of Chemistry 
Virginia Polytechnic I n s t i t u t e  and State University 

Blacksburg, Virginia 24061 

Although l-aroylaziridines2-’ are extremely useful  i n  organic synthesis 

6-8 as s t a r t i n g  materials f o r  the preparation of various der ivat ives ,  

l i t t l e  is  known regarding t h e  preparation of polycyclic 1-aroylaziridines. 

These polycyclic az i r id ines  are theamelves the  basic  building blocks f o r  a 

var ie ty  of compounds some of which show s ign i f i can t  anti-tumor ac t iv i ty .  

very 

9 

1-Aroylaziridines have generally been prepared by coupling acid 

chlorides w i t h  a z i r id ine  i n  the  presence of a base, usually e i the r  sodium 

hydroxide or t r i e t h ~ l a m i n e . ~  By t h i s  method with triethylamine as base, 

4- (7-benz [a]anthracenyl)-N-benzoylaziridine (1> and 4- (g-anthracenyl)-N- 

CHART I 
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V I N G I E L L O ,  RORER A N D  OGLIARUSO 

b e n z o y l a z i r i d i n e  (2) were p r e p a r e d  a s  s o l i d s  i n  75% and 73% y i e l d s ,  

r e s p e c t i v e l y ;  3-(7-benz[a]anthracenyl) -N-benzoylazir idine (2) and 3-(9- 

a n t h r a c e n y l )  -N-benzoy laz i r id ine  (5) were o b t a i n e d  a s  o i l s  i n  approx ima te ly  

78% and 76% y i e l d s ,  r e s p e c t i v e l y  (Chart I) .  The r e q u i r e d  a c i d  c h l o r i d e s  

were p r e p a r e d  i n  e s s e n t i a l l y  q u a n t i t a t i v e  y i e l d s  by t h e  r e a c t i o n s  of t h e  

c o r r e s p o n d i n g  a c i d ~ ' ~ - ~ ~  w i t h  o x a l y l  c h l o r i d e  i n  benzene.  

c h l o r i d e s ,  i s o l a t e d  as g r e e n i s h  ye l low s o l i d s , 1 4  were t h e n  t r e a t e d  w i t h  

e x c e s s  a z i r i d i n e  and t r i e t h y l a m i n e  i n  benzene a t  room tempera tu re  t o  

y i e l d  t h e  b e n z o y l a z i r i d i n e s  1-4 (Tab le  I) .  

The c r u d e  a c i d  

TABLE I 

P h y s i c a l  Da ta  f o r  P o l y c y c l i c  1 - A r o y l a z i r i d i n e s  

C'mpd. Y i e l d  MP, Formula % Calcd. % Found 
% " C  C H N C H N 

- 1 75a, 70b 204-205.5' C27H19N0 86.83 5.14 3.75 86.98 5.20 3.83 

- 2 73a, 6ab 184-186 CZ3Hl7NO 85.41 5 .31  4.33 85.34 5 . 2 1  4.15 

- 3 78a'd, 7ZbPd C27H19N0 86.83 5 .14  3.75 86.93 5.19 3 .78  

- 4 76a9d,  71b'd C23H17N0 85 .41  5 .31  4.33 85.40 5 .28  4.21 

- 4' 7ge 146 -14 7 C23H17NQ 85 .41  5 . 3 1  4.33 77.43 3.14 3.67 

l5 I s o l a t e d  From a c i d  c h l o r i d e s .  From c a r b o x y l i c  a c i d s .  Reported mp 187-189. a 

as o i l s  which were n o t  c r y s t a l l i z e d .  From a c i d  c h l o r i d e  p r e p a r e d  w i t h  t h i o n y l  c h l o r i d e ;  
1.04% of  s u l f u r  w a s  found i n  t h e  e l e m e n t a l  a n a l y s i s .  

The d i r e c t  r e a c t i o n  of t h e  c a r b o x y l i c  a c i d s  w i t h  a z i r i d i n e  i n  t h e  

p r e s e n c e  of d icyc lohexylcarbodi imide2  w a s  a l s o  used t o  p r e p a r e  t h e  

b e n z o y l a z i r i d i n e s  1-4. Somewhat s u r p r i s i n g l y ,  e s s e n t i a l l y  t h e  same 

y i e l d s  were o b t a i n e d  a s  i n  t h e  a c i d  c h l o r i d e  r o u t e  (Char t  I and Tab le  I ) .  

The r e a c t i o n s  were c a r r i e d  o u t  by s t i r r i n g  a m i x t u r e  of t h e  r e s p e c t i v e  
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3- AND 4-(7-BENZ[a]ANTHRACENYL)-N-BENZOYLAZIRIDINES 
carboxylic ac ids  wi th  equimolar amounts of a z i r i d i n e  and dicyclohexyl- 

carbodiimide i n  anhydrous tetrahydrofuran a t  room temperature f o r  

s eve ra l  hours;  w i th in  minutes a f t e r  t he  r eac t an t s  were mixed, dicyclo- 

hexylurea began t o  p r e c i p i t a t e .  This method a l s o  gave 2 and 5 a s  o i l s  

which could no t  be c rys t a l l i zed .  

EXPERIMENTAL 

The mps of a l l  compounds melting belaw 300" were taken on a 
Fisher-Johns melting poin t  block; those melting above 300" were taken 
on a Mel-Temp cap i l l a ry  melting poin t  apparatus;  a l l  melting po in t s  a r e  
uncorrected. Analyses were performed by Galbra i th  Labs., Knoxville, 
Tennessee; M-H-W labs . ,  Garden Ci ty ,  Michigan; and on a departmental F and 
M S c i e n t i f i c  Gorp., Model 185, C,  H, and N analyzer. The I R  spec t r a  were 
recorded on a Beckman IR-5 in f r a red  spectrophotometer o r  a Perkin-Elmer 
Model 621 spectrophotometer. 
chloroform so lu t ions  or  potassium bromide d isks .  The nmr spec t r a  were 
recorded on a Varian A-60 spectrophotometer, using 10% deuterated chloroform 
or  DMSO so lu t ions  with te t ramethyls i lane  (TMS) a s  an i n t e r n a l  standard.  
The chromatography columns were 1 112 in .  i n  diameter and 11 i n .  i n  length,  
and w e r e  w e t  packed with Baker's Si l ica  G e l ,  powder, "Suitable f o r  Chroma- 
tographic Use," with benzene, and were e lu ted  with benzene. 

The spec t r a  were obtained using 10-20% 

3- and 4- (7-Benz[a]anthracenyl)- and 3- and 4-(9-Anthracenyl)-benzoyl 

Chlorides,  

The ac id  ch lor ide  of carboxylic ac ids  2, 6, and S were prepared 

by r e f lux ing  the  ac ids  i n  benzene (200-400 ml) f o r  6 h r  with a 10 molar 

excess of th ionyl  chloride.  

except f o r  4-(9-anthracenyl)benzoyl chlor ide ,  which was  i s o l a t e d  as a 

green s o l i d ,  mp 287-298". 

t h a t  were d i f f i c u l t  t o  remove. They were prepared as s o l i d s  and i n  

purer form by re f lux ing  with a 1 molar excess of oxa ly l  ch lor ide  i n  

300-500 m l  of dry benzene f o r  a minimum of 10 h r s .  After concentration 

of t he  benzene so lu t ion ,  any unreacted oxa ly l  ch lor ide  remaining w a s  

removed azeot ropica l ly  by the  add i t ion  of 100 m l  of chloroform t o  t h e  

ac id  ch lor ide  and removing t h e  so lvent  under reduced pressure.  

The ac id  ch lor ides  were i s o l a t e d  as o i l s ,  

A l l  f ou r  ac id  ch lor ides  contained impur i t i e s  

This 

procedure w a s  repeated t h r e e  times. The two para ac id  ch lor ides ,  

11 
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VINGIELLO, RORER AND OGLIARUSO 

4-(7-benz[a]anthracenyl)benzoyl c h l o r i d e ,  mp 180-185' and 4-(9-anthracenyl)- 

benzoyl c h l o r i d e ,  mp 213-218", w e r e  i s o l a t e d  as yel lowish green  s o l i d s  

when t h e  s o l u t t o n s  were concentrated;  t h e  two meta a c i d  c h l o r i d e s ,  3-(7- 

benz[a]anthracenyl)benzoyl c h l o r i d e ,  mp 137-143" and 3-(9-anthracenyl)- 

benzoyl c h l o r i d e ,  mp 120-125°, p r e c i p i t a t e d  on s t a n d i n g  overnight .  

f o u r  a c i d  c h l o r i d e s  were used i n  subsequent r e a c t i o n s  without  f u r t h e r  

These 

p u r i f i c a t i o n .  

3- and 4-(7-Benz [a ]an thracenyl ) -  and 3- and 4-(9-Anthracenyl)-N-benzoyl- 

a z i r i d i n e s  (3, 1, 4 and 2)  from Acid Chlor ides .  

A mixture  of 0.027 mole of a c i d  c h l o r i d e ,  1.4 g (0.033 mole) of 

a z i r i d i n e ,  and 3.3 g (0.033 mole) of t r i e t h y l a m i n e  i n  400 m l  of d ry  

benzene w a s  magnet ical ly  s t i r r e d  f o r  3 h r  as t h e  temperature  w a s  allowed 

t o  rise from an i n i t i a l  0" t o  room temperature .  

t r i e t h y l a m i n e  hydrochlor ide  w a s  f i l t e r e d  and t h e  f i l t r a t e  concentrated.  

The r e s u l t i n g  s o l i d  o r  o i l  w a s  d i sso lved  i n  60 m l  of benzene, p laced  i n  

two 30 m l  p o r t i o n s  onto s i l i c a  g e l  columns, and e l u t e d  wi th  300 m l  of 

benzene. 

products .  

The p r e c i p i t a t e d  

The e l u t e d  s o l u t i o n s  were combined and concent ra ted  t o  g i v e  t h e  

3- and 4-(7-Benz[a]anthracenyl)- and 3- and 4-(9-Anthracenyl)-N-benzoyl- 

a z i r i d i n e s  (2, 1, 4 and 2) from Carboxyl ic  Acids. 

A mixture  of 0.057 mole of carboxyl ic  a c i d  (5, 6, 1 o r  g ) ,  11.7 g 

(0.0057 mole) of dicyclohexylcarbodiimide, and 2.5 g (0.057 mole) of 

a z i r i d i n e  i n  450 m l  of anhydrous THF w a s  magnet ical ly  s t i r r e d  a t  room 

temperature  f o r  5 h r s .  The p r e c i p i t a t e d  dicyclohexylurea was f i l t e r e d  

and t h e  f i l t r a t e  concent ra ted  t o  g i v e  i n  each case a v iscous  o i l .  The 

o i l  w a s  d i sso lved  i n  100 m l  of benzene and passed i n  f o u r  p o r t i o n s  

through s i l i ca  g e l  columns with benzene (300 ml) as e l u a n t .  Concentra- 

t i o n  of t h e  combined e l u t e d  s o l u t i o n s  gave t h e  product .  

12 
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3- AND 4-(7-BENZ[a]ANTHRACENYL)-N-BENZOYLAZIRIDINES 
4- (7-Benz[a]anthracenyl)-N-benzoylaziridine (L) . 

This product was prepared by the  f i r s t  method as  a l i g h t  yellow 

c r y s t a l l i n e  so l id ,  mp 175-180'; y i e ld  7.5 g (75%). 

used with exce l len t  r e s u l t s  i n  subsequent reac t ions .  

sample w a s  prepared by four r e c r y s t a l l i z a t i o n s  from e t h y l  ace ta te ,  and 

15 the product w a s  obtained as l i g h t  yellow c rys t a l s ,  mp 204-205' ( l i t .  

187-189'). 

This material was 

An a n a l y t i c a l  

By the  second method t h i s  product w a s  obtained as a c l e a r  viscous 

o i l  which readi ly  c rys t a l l i zed  when 25 m l  of e thy l  ace t a t e  was added. 

This product w a s  i so l a t ed  as l i g h t  yellow c r y s t a l s ,  mp 173-180'; y i e l d  

15 g (70%). 

f u r t h e r  pur i f ica t ion .  

from e t h y l  ace t a t e ,  and the  product was i s o l a t e d  as l i g h t  yellow c r y s t a l s ,  

mp 204-205'; i r  (CHC13) 1690 om-' (C-0); nmr (CDC13) 6 4.8-3.7 (m, 15, 

A r  H), 1.2  (5, 4, N(CH2)2). 

This mater ia l  w a s  used i n  subsequent reac t ions  without 

A por t ion  w a s  pu r i f i ed  by four  r e c r y s t a l l i z a t i o n s  

3- (7-Benz [a 1 anthracenyl) -N-benzoylaziridine ( 3 ) .  

This product was  prepared by both t h e  f i r s t  [8 g (78X)I and t h e  

second method [15.5 g (72%)] as a l i g h t  yellow viscous o i l  which could 

not be  c rys t a l l i zed .  However, the  o i l  from e i t h e r  prepara t ion  w a s  used 

with good r e s u l t s  i n  subsequent reac t ions ;  i r  (CHC13) 1690 cm-' (GO); 

nmr (CDC1 ) 6 4.8-3.7 (my 15, A r  H), 1 .2  (5, 4, N(CH2)2). 3 

4-(9-Anthracenyl)-N-benzoylaziridine (2). 

This product w a s  synthesized by the  f i r s t  method as greenish yellow 

c r y s t a l s ,  mp 173-178'; y i e l d  6.4 g (73%). 

subsequent reac t ions  without fu r the r  pu r i f i ca t ion .  

f i e d  f o r  ana lys i s  by four  r e c r y s t a l l i z a t i o n s  from chloroform-absolute 

ethanol (3:7), and the  product w a s  obtained as b r igh t  greenish yellow 

c r y s t a l s  , mp 185-186". 

This material w a s  used i n  

A por t ion  w a s  puri-  

13 
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VINGIELLO, RORER AND OGLIARUSO 

By t h e  second method t h i s  product  was  ob ta ined  as  a c l e a r  v i scous  

o i l  which r e a d i l y  c r y s t a l l i z e d  when 25 m l  of e t h y l  a c e t a t e  was added, and 

t h e  product  was  obtained as b r i g h t  greenish  yellow c r y s t a l s ,  mp 165-169"; 

y i e l d  12.6 g (68%). This material was  used wi th  good r e s u l t s  i n  subse- 

quent  r e a c t i o n s  wi thout  f u r t h e r  p u r i f i c a t i o n .  A p o r t i o n  w a s  r e c r y s t a l l i z e d  

f o u r  times from chloroform-absolute e t h a n o l  (3:7), mp 184-186"; ir (CHCl ) 

1690 cm-I (C=O); nmr (CDC13) 6 4.4-3.4 (m, 13, A r  H I ,  1.2 (s, 4, N(CH2l2). 

3 

3- (9-Anthracenyl) -N-benzoylaziridine (6) . 
Prepared by t h e  f i r s t  method [7 g (76%)]  as a l i g h t  yellow v iscous  

o i l ,  and by t h e  second method [13 g (71%)]  as a c l e a r  v i s c o u s  o i l ,  bo th  

of which could not  be c r y s t a l l i z e d .  However, t h e  o i l  from e i t h e r  prepar -  

a t i o n  w a s  used with good r e s u l t s  i n  subsequent r e a c t i o n s ;  i r  (CHC13) 

1690 cm-' (C=O); nmr (CDC1 ) 6 4.4-3.7 (m, 13, A r  H), 1 . 2  ( s ,  4,  N(CH212). 3 

3- (9-Anthracenyl)-N-benzoylaziridine (41). 
The r e a c t i o n  of 0.027 mole of 3-(9-anthracenyl)benzoyl c h l o r i d e  

(prepared with t h i o n y l  c h l o r i d e ) ,  1 . 4  g (0.033 mole) of a z i r i d i n e  and 

3.3 g (0.033 mole) of t r i e t h y l a m i n e  i n  benzene by t h e  same procedure used 

i n  the  f i r s t  method above, gave h e r e  a yel low s o l i d ,  mp 140-143". The 

compound w a s  p u r i f i e d  by t h r e e  chromatography procedures  through s i l i c a  

g e l ,  wi th  benzene as e l u a n t  (250 ml), seven r e c r y s t a l l i z a t i o n s  from 

e t h y l  acetate, and f o u r  t rea tments  wi th  charcoa l .  The product w a s  i s o -  

l a t e d  as yel low needles ,  mp 146-147", bu t  s t i l l  contained i m p u r i t i e s  as 

evidenced by t h e  a n a l y s i s  (Table I ) .  
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and M. F i e s e r ,  "Reagents f o r  Organic Synthesis ,"  John Wiley and 
Sons, Inc . ,  New York, N . Y . ,  1967, p .  767. 
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