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ORGANIC PREPARATIONS AM) PROCEDURES '2 ( 3  1, 197-205 (1970)  

7-(3- AND 4-CARBOXYPHENYL)BENZ[A]ANTHRACENES 

AND 

9-(3- AND 4-CARB0XYPHENYL)ANTHRACENES 

l b  F. A. Ving ie l lo , l a  M. P. Rorer and M. A. Ogliaruso 

Department of Chemistry 
Virg in ia  Polytechnic I n s t i t u t e  

Blacksburg, V i rg in i a  24061 

The fou r  carboxyl ic  ac ids  7-(3-carboxyphenyl) benz [ a] anthracene (11) , 
7-(4-carboxyphenyl)benz [a lan thracene  (E), 9-(3-~arboxyphenyl)anthracene 

(g), and 9-(4-~arboxyphenyl)anthracene (g), were prepared by t h e  f i v e  

s t e p  procedure i l l u s t r a t e d  i n  Chart I. 

t h e  f i r s t  s t e p ,  had been success fu l ly  used previously t o  prepare small 

q u a n t i t i e s  of g,2 12,3 and 2 . 
l i t e r a t u r e  c rea ted  numerous problems wi th  product pu r i ty  and poor y i e l d s ,  

which t h e  experimental  procedures described he re in  a l l ev ia t ed .  

This method, wi th  t h e  exception of 

4 Sca l ing  up the  procedures a l ready  i n  the  
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VINGIELLO, RORFX, AND OGLIARUSO 

C H A R T  I 

MaBr 

MgBr 
I 

8 r  

3 meta 
- 4 p a r a  
- 

Br 
- 7 R i n g s  A and B ,  meta-bromine 
- 8 Rings  A and B ,  para-bromine 
- 9 Ring A , meta-bromine 
- 10 Ring A ,  para-bromine 

[C"CN 

H H T i i f !  
@@' 

1 Rings  A and B 
- 2 R i n g  A 
- 

1 C " C N  

- 5 Rings  A and B 
- 6 Ring A 

'C N 
@OOH 

11 Rings  A and B ,  meta-ac id  
- 12 R ings  A and B ,  p a r a - a c i d  
- 13 Ring A ,  meta-ac id  
- 14 Ring A ,  p a r a - a c i d  

- 

198 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
5
1
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



7-(3- AND 4-CARB0XYPHENYL)BENZ [AIANTHRACENES 

EXPERIMENTAL 

2- (l-Naphthylmethyl) cldorobenzene (lJ . 
A Grignard reagent w a s  prepared, under nitrogen, by the rapid addi t ion 

of 207 g (1.0 mole) of 1-bromonaphthalene i n  600 m l  of anhydrous e the r  t o  

24.3 g (1.0 mole) of magnesium turnings contained i n  a 2-1, 3-necked f l a s k ,  

immersed i n  a w a t e r  bath,  and equipped with a mechanical stirrer, con- 

denser, dropping funnel, and dry nitrogen i n l e t .  After t he  addition w a s  

complete, the mixture w a s  refluxed 1 hr ,  the e the r  w a s  then replaced with 

400 m l  of dry benzene, and when the temperature reached 55O, 129 g (0.80 

moles) of o,u-dichlorotoluene i n  300 m l  of benzene w a s  added over a period 

of 1 hr .  The react ion mixture w a s  refluxed f o r  12 hrs ,  allowed t o  cool 

t o  room temperature, and the complex decomposed with 300 m l  of 10% hydro- 

ch lo r i c  acid solut ion while cooling the react ion f l a s k  i n  an i c e  bath. 

The benzene layer  w a s  separated,  washed three t i m e s  with 300 m l  portions 

of water, and dr ied over sodium su l f a t e .  The dr ied solut ion was  f i l t e r e d ,  

concentrated and d i s t i l l e d  under reduced pressure t o  y i e ld  the product as 

an impure, yellow viscous o i l ,  b.p. 18+188°/0.7 mm (Lit.5 189-192'/2.0 

mm). Some a,u'-binaphthyl c o d i s t i l l e d  with the product. The d i s t i l l a t e  

w a s  dissolved i n  75 m l  of acetone, cooled overnight i n  a r e f r ige ra to r  and 

the  c rys t a l l i zed  a,u'-binaphthyl removed by vacuum f i l t r a t i o n .  Concentra- 

t i o n  of t he  f i l t r a t e  give the product as a yellow viscous o i l ,  y i e ld  101 g 

(50%). 

2 -Chlorodiphenylmethane (2). 

The procedure f o r  t he  preparation of the phenylmagnesium bromide 

Grignard reagent was  t he  same as reported above, except t h a t  157 g (1.0 

mole) of bromobenzene w a s  used. When the temperature reached 55O, 129 g 
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V I N G I E L L O ,  R O R E R ,  AND OGLIAFKJSO 

(0.8 mole) of o,a-dichlorotoluene w a s  added over a per iod  of 1 h r .  The 

r e a c t i o n  mixture w a s  allowed t o  r e f l u x  f o r  10 h r s ,  then cooled ,  and the  

complex decomposed with 300 m l  of 10% hydrochlor ic  ac id  s o l u t i o n  while 

cooling t h e  r eac t ion  f l a s k  i n  an i c e  bath.  The benzene l aye r  was separa ted ,  

washed twice with 300 m l  po r t ions  of water,  d r i e d  over sodium s u l f a t e ,  

f i l t e r e d  and concentrated.  

t he  product a s  a c l e a r  o i l ,  b.p. 138-142'15 mm (Lit." 138-142'15 mm); 

y i e l d  124 g (61%). 

D i s t i l l a t i o n  under reduced p res su re  a f forded  

2- (1-Naphthylmethyl) cyanobenzene (2) . 
A mixture of 253 g (1.0 mole) of 2-(l-naphthylmethyl)chlorobenzene (L) , 

134 g (1.5 mole) of cuprous cyanide and a few c r y s t a l s  of anhydrous cupr i c  

s u l f a t e  i n  600 m l  of f r e s h l y  d i s t i l l e d  N-methyl-2-pyrrolidone w a s  vigor- 

ously re f luxed  f o r  48 h r s  i n  a 2-1, 3-necked f l a s k  equipped wi th  a mechani- 

c a l  stirrer and a condenser. The r e s u l t a n t  black s o l u t i o n  w a s  cooled t o  

100' and t r ans fe r r ed  t o  a 5-1, 3-necked f l a s k  equipped with a condenser, 

mechanical s t i r r e r  and dropping funnel.  A s o l u t i o n  of 368 g (7.5 moles) 

of sodium cyanide i n  1500 m l  of water w a s  slowly added (exothermic 

i n i t i a l l y ) ,  and t h e  mixture w a s  s t i r r e d  a t  looo f o r  1 h r  as the  complex 

was decomposed. The mixture w a s  poured i n t o  two 2-1 separa tory  funnels ,  

200 m l  of benzene was added t o  each, t he  mixtures w e r e  shaken c a r e f u l l y  

while w a r m  and l e f t  overnight as the  water and benzene l aye r s  slowly 

separa ted .  

water l a y e r s .  The benzene l a y e r s  were separa ted ,  t h e  water l a y e r s  ex t rac-  

t e d  twice more wi th  100 m l  po r t ions  of benzene, t h e  benzene l a y e r s  were 

combined, washed t h r e e  t i m e s  wi th  200 m l  po r t ions  of water,  and d r i e d  

over sodium s u l f a t e .  The d r i ed  s o l u t i o n  w a s  f i l t e r e d ,  concentrated,  and 

A n  u l t r a v i o l e t  lamp w a s  used t o  d i s t i n g u i s h  the  benzene and 

d i s t i l l e d  under reduced pressure  t o  a f fo rd  t h e  product as a v iscous  yellow 
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7-( 3- AND 4-CARB0XYPHENYL)BENZ [AIANTHRACENES 

o i l ,  b.p. 175-18010.5 mm (Li t . ’  216-21713.0 mm). 

75 m l  of acetone and cooled overnight. 

removed during the  p u r i f i c a t i o n  of 2-(l-naphthylmethyl) chlorobenzene (A) 

and which c o d i s t i l l e d  with the  product was  p rec ip i t a t ed  and removed by 

f i l t r a t i o n .  

yellow o i l ;  y i e ld  190 g (78%). 

The o i l  was dissolved i n  

Any a,a’-binaphthyl which w a s  no t  

Concentration of t he  f i l t r a t e  gave the  product as a viscous 

2-Cyanodiphenylmethae (5). 

Using 203 g (1.0 mole) of 2-chforodiphenylmethane (2) the  procedure 

f o r  t he  prepara t ion  of t h i s  compound was  exac t ly  the  same as the  one 

reported above, Vacuum d i s t i l l a t i o n  afforded the product as  a l i g h t  

yellow o i l ,  b.p. 160-165O15 mm (Lit .” 160-164°/4 mm); y i e l d  212 g (75%). 

2-(l-Naphthylme thy l )  -4 ’ -bromobenzophenone (E) . 

A Grignard reagent w a s  formed by the  addi t ion  of 176.9 g (0.75 mole) 

of p-dibromobenzene i n  600 m l  of dry e t h e r  ( s o l i d  i s  so lub le  i n  w a r m  e the r )  

t o  18.2 g (0.75 mole) of magnesium turnings contained i n  a 2-1, 3-necked 

f l a s k  equipped with a mechanical stirrer, a condenser, dropping funnel and 

a n i t rogen  i n l e t ,  and the  f l a s k  immersed i n  a water ba th .  Af te r  the 

addi t ion  w a s  complete, under a n i t rogen  atmosphere, the so lu t ion  w a s  

refluxed 1 hr.  

when the  temperature reached 50°, 121.5 g (0.5 mole) of 2-(l-naphthylmethyl)- 

cyanobenzene (5) i n  100 m l  of dry benzene w a s  added over a 112 h r  period. 

The so lu t ion  w a s  refluxed 14 h r s ,  cooled i n  an i c e  bath,  and 443 m l  of 25% 

s u l f u r i c  ac id  so lu t ion  w a s  slowly added (very exothermic i n i t i a l l y ) .  

r e s u l t a n t  mixture w a s  refluxed f o r  48 h r s ,  cooled t o  room temperature, and 

t r ans fe r r ed  t o  a 2-1 separatory funnel. 

washed with 200 m l  of water, 200 m l  of 10% sodium bicarbonate so lu t ion ,  

The e t h e r  w a s  then replaced with 400 m l  of dry benzene, and 

The 

The benzene l aye r  w a s  separated,  
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V I N G I E L L O ,  ROAER, AND OGLIARUSO 

twice with 200 m l  po r t ions  of water, and dr ied  over sodium s u l f a t e .  The 

d r i ed  s o l u t i o n  w a s  f i l t e t e d ,  concentrated,  and vacuum d i s t i l l e d  a f fo rd ing  

the  product as an impure pa l e  greenish-yellow v iscous  o i l ,  b.p. 240-245°/ 

0.4 mm (Li t .3  275-278'12 mm); y i e ld  100 g (50%). This product w a s  used 

i n  subsequent r eac t ions  with good r e s u l t s  without f u r t h e r  p u r i f i c a t i o n .  

2-(l-Naphthylmethyl)-3'-bromobenzophenone (1). 

This ketone w a s  prepared analogously t o  8 us ing  118 g (0.5 mole) of 

- m-dibromobenzene t o  form the  Grignard reagent.  

t h e  product as an impure reddish-brown o i l ,  b.p. 195-197'/0.5 mm ( L i t .  

210-22011 mm); y i e l d  126 g (71%). This  product a l s o  w a s  used i n  subsequent 

r eac t ions  wi th  good r e s u l t s  without f u r t h e r  p u r i f i c a t i o n .  

Vacuum d i s t i l l a t i o n  a f forded  

4 

2-Benzyl-3' -bromobenzophenone (9) . 
This ketone was prepared analogously t o  l u s i n g  97 g (0.5 mole) of 

2-cyanodiphenylmethane (6).  
an impure greenish-yellow o i l ,  b.p. 193-195'/0.3 nun; y i e l d  109 g (62%). 

No attempt w a s  made t o  prepare an  a n a l y t i c a l l y  pure sample f o r  elemental  

ana lys i s ;  however, when t h i s  product w a s  used i n  subsequent r e a c t i o n s  with- 

out f u r t h e r  p u r i f i c a t i o n  good r e s u l t s  were obtained. 

Vacuum d i s t i l l a t i o n  a f forded  t h e  product as 

2- ( 1 -Nap hthy lment y 1) -3 -cy anobenz ophenone ; 2 - ( 1-Naph thy  l m e  t h  y 1) -4 ' -cyan0 - 
benzophenone; 2-Benzyl-3'-cyanobenzophenone; 2-Benzyl-4'-cyanobenzophenone. 

These four  cyano ketones were prepared from the  bromo ketones 1, 5, 

- 9, and 9, r e spec t ive ly ,  by t h e  following procedure. 

mole of bromo ketone, 90 g (1.0 mole) of cuprous cyanide and a few c r y s t a l s  

of anhydrous cupr ic  s u l f a t e  i n  700 m l  of f r e sh ly  d i s t i l l e d  N-methyl-2- 

pyrrolidone w a s  refluxed vigorously f o r  48 h r s  i n  a 2-1, 3-necked f l a s k  

equipped with a mechanical stirrer and condenser. The r e a c t i o n  mixture 

w a s  then cooled t o  looo, t r ans fe r r ed  t o  a 5-1 f l a s k  equipped with a 

A mixture of 0.5 
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7-( 3- AND 4-CAFtBOXYPHENYL)BENZ[A]ANTHRACENES 

mechanical stirrer, 245 g (5 mole) of sodium cyanide i n  1-1 of water w a s  

added slowly, and the r e su l t an t  mixture w a s  s t i r r e d  a t  100' fo r  1 hr .  

mixture w a s  then t ransferred t o  two 2-1 separatory funnels and each was 

extracted while warm with 200 m l  of benzene. 

separated (U.V. lamp used t o  dis t inguish the  l aye r s ) ,  the  aqueous layers  

The 

The benzene layers  were 

w e r e  extracted twice more with 100 m l  portions of benzene, the benzene 

l aye r s  combined and dr ied over sodium su l f a t e .  

f i l t e r e d  and concentrated t o  give the product as a viscous black o i l  (an 

o i l  w a s  obtained i n  each case).  The o i l s  were i so l a t ed  i n  85-952 crude 

The d r i ed  so lu t ion  was 

y ie lds  and, i n  each case, the products were used i n  subsequent react ions 

without any purif icat ion.  

7-(4-Carboxyphenyl) benz [alanthracene (12). 

To a solut ion containing 104 g (0.3 mole) of 2-(laaphthylmethyl)-4'- 

cyanobenzene dissolved i n  2-1 of ref luxing g l a c i a l  a c e t i c  acid i n  a 5-1 

f l a s k  equipped with a magnetic stirrer, condenser and dropping funnel, w a s  

added dropwise 500 oil of 48% hydrobromic acid over a 2 h r  period. 

r e su l t an t  solut ion w a s  refluxed 24 hrs ,  cooled t o  room temperature, and 

the  p rec ip i t a t ed  product w a s  i s o l a t e d  by vacuum f i l t r a t i o n .  

w a s  obtained as a l i g h t  brownish-white powdery s o l i d  a f t e r  one c rys t a l l i za -  

t i o n  from toluene-tetrahydrofuran (THF) (8:2); m.p. 280-283', y ie ld  52 g 

(50%). T h i s  material w a s  dr ied again and used with excel lent  r e s u l t s  i n  

subsequent react ions without any fu r the r  purif icat ion.  

sample w a s  prepared by r e c r y s t a l l i z i n g  t h i s  material f i v e  times from 

toluene-THF (8:2), m.p. 297-299 ( L i t . 3  298300'). 

- Anal. Calc'd fo r  C25H1602: C,  86.18; H,  4.64. 

F ound : C,  86.20; 8 ,  4.66. 

The 

The product 

An ana ly t i ca l  
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VINGIELLO, RORER, AND OGLIARUSO 

7- (3-Carboxyphenyl) benz [ a] an thracene  (11) . 

To a s o l u t i o n  c o n t a i n i n g  74 g (0.21 mole) of 2-(l-naphthylmethyl)-3'- 

cyanobenzene d i s s o l v e d  i n  1480 m l  of r e f l u x i n g  g l a c i a l  acetic a c i d  con- 

t a i n e d  i n  a 5-1 f l a s k  equipped w i t h  a magnetic s t irrer and r e f l u x  condenser 

w a s  added dropwise 400 m l  of 48% hydrobromic a c i d  over  a 2 h r  per iod .  

r e s u l t a n t  s o l u t i o n  w a s  r e f l u x e d  f o r  30 h r s ,  cooled t o  room tempera ture ,  

and t h e  p r e c i p i t a t e d  product  was i s o l a t e d  by vacuum f i l t r a t i o n .  The 

The 

product  was washed wi th  water u n t i l  t h e  washings were n e u t r a l  t o  l i t m u s  

and then  d r i e d  a t  94'/10 mm i n  a vacuum oven f o r  7 h r s .  The product  w a s  

ob ta ined  as l i g h t  brown c r y s t a l s  a f t e r  one c r y s t a l l i z a t i o n  from toluene-THF 

(8:2); m.p. 267-271, y i e l d  45 g (60%). This  material was d r i e d  a g a i n  and 

used wi th  good r e s u l t s  i n  subsequent r e a c t i o n s  wi thout  any f u r t h e r  p u r i f i c a -  

t i o n .  

f o u r  t i m e s  from toluene-THF (8:Z) and t r e a t e d  once with c h a r c o a l ;  m.p. 274- 

275O ( L i t  .2  253-254'). 

- Anal. Calc 'd  f o r  C25H1602: C,  86.18; H ,  4.64. 

Found : C ,  86.01; H ,  4.59. 

A n  a n a l y t i c a l  sample w a s  prepared by r e c r y s t a l l i z i n g  t h i s  material  

9-(4-Carboxyphenyl)anthracene (14) . 
This  compound w a s  prepared analogously t o  11 t o  t h e  p o i n t  of washing 

w i t h  w a t e r  u n t i l  t h e  washings w e r e  n e u t r a l  t o  l i t m u s .  The product  w a s  then  

d r i e d  a t  75'/10 m f o r  8 h r .  

toluene-THF (7:3) a f f o r d e d  yel low n e e d l e s ,  m.p. 259-262'; y i e l d  48 g (65%). 

This  material w a s  d r i e d  and used i n  subsequent  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 .  An a n a l y t i c a l  sample w a s  prepared by r e c r y s t a l l i z i n g  t h i s  

material twice  from toluene-THF (7 :3) ,  m.p. 262-264' ( L i t . 4  262-264'). 

One c r y s t a l l i z a t i o n  of t h e  product  Prom 
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7- (3- AND 4-CAFiBOXYPHENYL)BENZ[A]ANTHRACENES 

9-(3-Carboxyphenyl)anthracene (13) . 
This compound was prepared analogously t o  11 t o  t h e  po in t  of washing 

wi th  water u n t i l  t h e  washings were n e u t r a l  t o  l i tmus .  

d r i ed  a t  85'110 nun f o r  1 0  h r s .  

toluene-THF (7:3) a f forded  l i g h t  brown c r y s t a l s ,  m.p. 294-297'; y i e l d  47 g 

(64%). 

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

t h i s  material fou r  t i m e s  from toluene-THF (7:3) and t r e a t i n g  once wi th  

charcoa l  t o  g ive  l i g h t  yellowish c r y s t a l s ,  m.p. 300-302'. 

- Anal. Calc'd f o r  C21H1402: C ,  84.46; H,  4.74. 

The product w a s  then 

One c r y s t a l l i z a t i o n  of t h e  product from 

This  material was  d r i e d  and used i n  subsequent r eac t ions  without 

An a n a l y t i c a l  sample w a s  prepared by r e c r y s t a l l i z i n g  

Found : c, 84.31; H, 4.61. 
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