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INTRODUCTION

S e v e r a l  y e a r s  ago th e  N a t io n a l  I n s t i t u t e s  o f  

H e a l th  i n i t i a t e d  a g i g a n t i c  program to  f i n d  a n t i c a r ­

cinoma a g e n t s .  T he ir  method o f  a t t a c k i n g  th e  problem 

was t o  c o l l e c t  and  t e s t  a l l  known chem ica l  compounds 

from any and eve ry  s o u r c e ,  i n d u s t r i a l  o r  academ ic .

I t  was th ro u g h  t h i s  r o u t i n e  s c r e e n in g  p ro c e s s  t h a t  

m ethy lene  d ib e n z o a te  was o b ta in e d  from th e  U n i v e r s i t y  

o f  I l l i n o i s .  The t e s t i n g  r e v e a l e d  t h a t  m ethylene  

d ib e n z o a te  has  an i n h i b i t o r y  e f f e c t  upon th e  growth 

o f  c e r t a i n  ty p e s  o f  cance rous  t i s s u e ,  even though 

i t s  s t r u c t u r e  i s  n o t  r e l a t e d  t o  o t h e r  known a n t i c a r ­

cinoma a g e n t s .  I t  was th o u g h t  t n a t  some n i t r o g e n  

and ha logen  d e r i v a t i v e s  o f  m ethylene  d ib e n z o a te  might 

be even more e f f i c a c i o u s  in  t h e  t r e a tm e n t  of  c a n c e r ,  

and th e  purpose  o f  t h i s  r e s e a r c h  was to  s y n t h e s i z e  

d e r i v a t i v e s  o f  m ethylene  d ib e n z o a t e .

a  s e a r c h  o f  th e  l i t e r a t u r e  from 1900 t o  th e  

p r e s e n t  r e v e a l e d  on ly  two r e f e r e n c e s  to  methylene  

d i b e n z o a t e ,  and i n  one o f  th e s e  r e f e r e n c e s  ( 1 ) i t  was 

n o te d  t h a t  m ethylene  d ib e n z o a te  was o b ta in e d  as  a by­

p ro d u c t  i n  t h e  p r e p a r a t i o n  o f  c h lo ro m e th y lb e n zo a te .

The c h lo ro m e th y l  e s t e r  and methylene  d ib e n z o a te  (by­

p ro d u c t )  was p r e p a re d  by r e f l u x i n g  benzoy l  c h l o r i d e  

w i th  para fo rm aldehyde  in  t h e  p re se n c e  of  anhydrous  

z in c  c h l o r i d e .  The method o f  p r e p a r a t i o n  r e c o rd e d  i n  

th e  o th e r  r e f e r e n c e  ( 3 ) d i f f e r e d  from t h e  above method



o n ly  i n  t h a t  benzo ic  an h y d r id e  was used  a s  th e  s t a r t ­

in g  m a t e r i a l  i n s t e a d  o f  benzoy l  c h l o r i d e .  So, th e  

f i r s t  o b j e c t i v e  o f  t h i s  r e s e a r c h  was to  f i n d  th e  op­

timum c o n d i t i o n s  n e c e s s a r y  f o r  p r e p a r in g  m ethy lene  

d ib e n z o a te  i t s e l f  and th en  t h e  second o b j e c t i v e  was 

to  p r e p a r e  v a r io u s  s u b s t i t u t e d  d e r i v a t i v e s  under  t h e s e  

c o n d i t i o n s  or  w i th  m o d i f i c a t i o n s  i f  n e c e s s a r y .



HISTORICAL

M ethylene  d i b e n z o a t e  was f i r s t  s y n t h e s i z e d  by 

Descude ( 6 ) i n  1902 by r e a c t i n g  b en z o ic  an h y d r id e  

w i th  p a ra fo rm a ld e h y d e .  I t  i s  a s o l i d  m e l t i n g  a t  99°C 

and b o i l i n g  a t  225°C w i th  d e c o m p o s i t io n .  Dry ammonia 

r e a c t s  w i th  t h e  m o l ten  e s t e r  t o  g iv e  m e thy lene  b i s b e n -  

zamide ( 3 ) .  U l ic h  ana Adams (1) o b ta in e d  m ethy lene  

d i b e n z o a t e  as  a b y - p ro d u c t  i n  t h e  p r e p a r a t i o n  o f  c h l o -  

ro m e th y l  b e n z o a te  and bromomethyl b e n z o a te .  They r e ­

f l u x e d  e q u a l  moles o f  t h e  r e s p e c t i v e  a r o m a t i c  a c i d  

h a l i d e s  and p a ra fo rm a ld e h y d e  i n  t h e  p r e s e n c e  o f  a 

sm a l l  amount o f  anhydrous  z in c  c h l o r i d e  u n t i l  th e  

p a ra fo rm a ld e h y d e  had d i s a p p e a r e d .

I t  i s  p o s s i b l e  t h a t  th e  f o l l o w i n g  sequence  o f  

r e a c t i o n s  occur  i n  t h e  p r e s e n c e  o f  a l i t t l e  anhydrous  

z in c  c h l o r i d e .  These a r e  an a lo g o u s  t o  t h o s e  p roposed  

by Descude' (3)  f o r  a c e t y l  c h l o r i d e .

0 0

+ ClCH0-0-CHoCl
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V o l l w e i l e r  and  Adams (2) found  t h a t  t h e  p ro d u c t  

r e s u l t i n g  from t h e  r e a c t i o n  o f  a r o m a t i c  a c i d  h a l i d e s  

and a r o m a t i c  a ld e h y d e s  w i l l  decompose i n t o  th e  a l d e ­

h y d e ,  o r g a n i c  a c i d  and h a lo g en  a c i d  i n  th e  p r e s e n c e  

o f  w a t e r .

RCHXOCOR1  f  « 2 0  ---------- *  RCHO + HX *  R ^ O O H

"The d i f f e r e n c e  i n  r a t e  o f  d e c o m p o s i t io n ,  however,  i s  

v e r y  marked. Some o f  t h e  compounds, such  a s  th o s e  

formed f rom  o x a l y l  bromide and f u r f u r a l  o r  b en zo y l  

b romide and a n i s a l d e h y d e  decompose i n  a i r  w i t h i n  a few 

s e c o n d s .  On t h e  o t h e r  hand ,  th e  n i t r o - s u b s t i t u t e d  

b e n z o y l  c h l o r i d e s  form a d d i t i o n  p r o d u c t s  which  a r e  

s t a b l e  f o r  a  lo n g  t im e  i n  c o ld  w a te r  o r  even i n  d i l u t e  

sodium c a r b o n a te  s o l u t i o n .  I n  g e n e r a l ,  t h e  i n d i c a t i o n s  

a r e  t h a t  t h o s e  s u b s t a n c e s  which  form w i th  d i f f i c u l t y  

a r e  more s t a b l e  tow ards  m o i s t u r e  o r  w a t e r . "



EXPERIMENTAL PROCEDURE

Methylene d ib e n z o a te  — One pu rpose  o f  t h i s  

r e s e a r c h  was t o  d e te rm in e  th e  optimum c o n d i t i o n s  f o r  

p r e p a r i n g  m ethy lene  d ib e n z o a te  from ben zo y l  c h l o r i d e  

and p a ra fo rm a ld e h y d e .  A t o t a l  o f  t h i r t y - t h r e e  ru n s  

were made (Tab le  I )  i n  which th e  c a t a l y s t ,  c o n c e n t r a ­

t i o n  o f  c a t a l y s t ,  and t im e of  r e f l u x  were v a r i e d .  A l l  

o f  th e  r e a c t i o n s  were c a r r i e d  o u t  i n  a 250 ml ro u n d -  

bottom f l a s k  f i t t e d  w i th  a r e f l u x  condense r  w i th  h e a t  

s u p p l i e d  by a h e a t i n g  m a n t le .  A f t e r  r e f l u x i n g ,  th e  

s o l u t i o n s  were a l low ed  to  s t a n d  a t  room te m p e ra tu re  

i n  a c lo s e d  c o n t a i n e r  f o r  two weeks,  because  i t  was 

found from p r e l i m i n a r y  ex p e r im en ts  t h a t  i f  t h e  s o l u t i o n  

was vacuum d i s t i l l e d  a f t e r  r e f l u x i n g  th e  y i e l d  was 

r e d u c e d .  At t h e  end o f  th e  two-week p e r i o d ,  th e  

r e s u l t i n g  c r y s t a l s  were s e p a r a t e d  by vacuum f i l t r a t i o n  

and weighed .

I t  i s  known t h a t  t h e  fo rm a t io n  o f  e s t e r s  

w i t h o u t  t h e  a i d  o f  a c a t a l y s t  i s  v e ry  slow even a t  

e l e v a t e d  t e m p e r a t u r e s .  The c a t a l y s t s  g e n e r a l l y  used 

f o r  e s t e r i f i c a t i o n  o f  an  o rg a n ic  a c i d  w i th  an a l c o h o l  

a r e  t h e  s t r o n g  m in e ra l  a c i d s ,  h y d r o c h lo r i c  and s u l ­

p h u r i c ,  and some s a l t s  such  a s  z in c  c h l o r i d e  and 

aluminum c h l o r i d e  which a r e  a c i d s  i n  t h e  "Lewis" 

t e rm in o lo g y .  Four c a t a l y s t s  (anhydrous  z in c  c h l o r i d e ,  

anhydrous  aluminum c h l o r i d e ,  s u l f u r i c  a c id  and 

phosphorous o x y c h lo r id e )  were s e l e c t e d  and used  i n



c o n c e n t r a t i o n s  o f  0 .00033  t o  0 .0 1 0 2  moles  p e r  mole o f  

r e a c t a n t s .

I t  was found  t h a t  i f  t h e  r e f l u x i n g  t im e  was 

i n c r e a s e d  t o  more th a n  t h r e e  h o u r s  ( 1 ) t h e  y i e l d  o f  

m e th y le n e  d i b e n z o a t e  was im proved .  T h e r e f o r e ,  r e f l u x  

p e r i o d s  o f  t h r e e ,  s i x ,  tw e lv e  and e i g h t e e n  h o u r s  were 

co n d u c te d  t o  d e t e r m in e  t h e  optimum c o n d i t i o n s  f o r  th e  

p r e p a r a t i o n  o f  m e th y len e  d i b e n z o a t e .  There  were  o n ly  

t h r e e  e x p e r im e n ts  t h a t  d i d  n o t  g iv e  t h e  e x p e c te d  i n ­

c r e a s e  i n  y i e l d ,  and t h e s e  were o b t a i n e d  when s u l f u r i c  

a c i d  was u se d  a s  t h e  c a t a l y s t .  There seemed t o  be a 

g r e a t e r  t e n d e n c y  tow ard  d e c o m p o s i t io n  i n  t h e  p r e s e n c e  

o f  s u l f u r i c  a c i d  th a n  i n  t h e  p r e s e n c e  o f  t h e  o t h e r  

c a t a l y s t s .



EXPERIMENTAL DATA

Methylene d i b e n z o a t e :

1 mole benzoyl  c h l o r i d e  

1 mole parafo rm aldehyde  

0 .0004  moles anhydrous z in c  c h l o r i d e  

Refluxed  f o r  6 h o u rs .

Crude y i e l d  = 60$ on th e  b a s i s  o f  CyK^OCl 

Crude y i e l d  = 89$ on th e  b a s i s  o f  (CRgO^ 

R e c r y s t a l l i z e d  6 t im es  from e t h y l  a l c o h o l .

M.P. 98-99°C

Theory ( C ^ H ^ O ^ )  = 70 .30  $H = 4 .7 2

Found $C = 70 .22  $H = 4 . 8 2  (NIK)

I n f r a r e d  spectrum  o f  t h i s  compound shows i t  to  

an e s t e r  (F ig u re  1 ) .

Methylene e s t e r  o f  m -n i t r o b e n z o ic  a c i d :

1 mole m -n i t ro b e n z o y l  c h l o r i d e  

1 mole parafo rm aldehyde  

0 .0004  moles anhydrous z in c  c h l o r i d e  

Refluxed  f o r  6 h o u r s .

Crude y i e l d  = 66$ on t h e  b a s i s  o f  Cyh^NO^Cl 

Crude y i e l d  = 96$ on th e  b a s i s  o f  (CH2G)n 

R e c r y s t a l l i z e d  6 t im es  from e t h y l  a l c o n o l  and 

tw ice  from benzene.

M.P. 3 9 . 5 - 4 0 . 5°C

Theory $C = 52.03 $H = 2 .91

$N * 8 .09



Found %C = 54 .64  >H = 4 .5 0  = 6 . 7 1

The i n f r a r e d  spectrum  shows t h i s  compound to  be 

an e s t e r  (F ig u re  2 ) .

M ethylene  e s t e r  o f  3 , 5 - d i n i t r o b e n z o i c  a c i d :

0 .217  moles 3 »5- d i n i t r o b e n z o y l  c h l o r i d e  

0 .217  moles parafo rm aldehyde  

0.0000734  moles anhydrous z in c  c h l o r id e  

Ref luxed  f o r  6 h o u r s .

S o l u t i o n  co m p le te ly  s o l i d i f i e d  on c o o l in g .

R e c r y s t a l l i z e d  tw ic e  from e t h y l  a l c o h o l  and f o u r

t im es  from benzene .

Y ie ld  a f t e r  f i n a l  r e c r y s t a l l i z a t i o n  was 33% on

the  b a s i s  o f  CyH^h^O^Cl.

Y ie ld  a f t e r  f i n a l  r e c r y s t a l l i z a t i o n  was 50c/o on

the  b a s i s  o f  (CH 0 ) .2 n
M.P. S9-90°C

Theory ( Oj^HgO-^R^) %C = 41*30 joti -  l . $ 5  

/bN = 12. &4

Found ?oC = 44 .21  = 3 .07  = 11 .56  (NIH)

I n f r a r e d  spec trum  of  t h i s  compound shows i t  to  be 

an e s t e r  (F ig u re  3 ) .



M ethylene  e s t e r  of  p - n i t r o b e n z o i c  a c i d :

0 .5 0 1  moles p - n i t r o b e n z o y l  c h l o r i d e  

0 .501  moles para fo rm aldehyde  

0.00022  moles anhydrous z in c  c h l o r i n e  

Refluxed  f o r  6 h o u r s .

The m a t e r i a l  s o l i d i f i e d  com ple te ly  on c o o l in g .  

R e c r y s t a l l i z e d  t h r e e  t im es from e t h y l  a l c o h o l  and 

tw ice  from benzene .

Y ie ld  a f t e r  th e  f i n a l  r e c r y s t a l l i z a t i o n  was 31$ on 

the  b a s i s  o f  CyH^NO^Cl.

Y ie ld  a f t e r  t h e  f i n a l  r e c r y s t a l l i z a t i o n  was 46$ on 

th e  b a s i s  o f  (CH20 )n .

M.P. 239-40°C
Theory (C-^H^QOgh1̂ ) $C = 52.03 $H = 2 .91  

= 8 .09

Found %  -  56 .07  $H = 4 .37  = 6 . 5

The i n f r a r e d  spectrum  of  t h i s  compound proved i t  

t o  be an e s t e r  (F ig u re  4 ) .

P ro d u c t  from o -c h lo ro b e n z o y l  c h l o r i d e :

0.571 moles o-chlorobenzoyl chloride 
0.571 moles paraformaldehyde 
0.00022 moles anhydrous zinc chloride 
Refluxed for 6 hours.
Crude y i e l d  = 32$ on t h e  b a s i s  o f  CyH^OC^

Crude y i e l d  = 47$ on th e  b a s i s  o f  (0H20 )n
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R e c r y s t a l l i z e d  from pe t ro leum  e t h e r  f o u r  t im e s .  

M.P. 141-2°C

Theory f o r  methylene e s t e r  ( C15H100/fC12 )

%£ = 55*41 foR = 3 .10  6/£Cl = 21 .31  

Theory f o r  a c i d  (CyH^C^Cl) %C = 53.69 = 3 .22

%C1 = 22.65 

Found #C = 53.56 %R = 3 . 5 4  %01 = 22.47 

N e u t r a l i z a t i o n  e q u i v a l e n t  = 155 

N ega t ive  hydroxaraic a c i d  t e s t  f o r  e s t e r  l i n k a g e .

P ro d u c t  o f  p -ch lo ro b e n z o y l  c h l o r i d e :

1.143 moles p -c h lo ro b e n z o y l  c h l o r i n e

1.143 moles parafo rm aldehyde  

0 .00044 moles anhydrous z in c  c h l o r id e  

R efluxed  f o r  6 h o u rs .

Crude y i e l d  = 55/i on th e  b a s i s  o f  CyH^OG^

Crude y i e l d  = 82% on th e  b a s i s  o f  (CH20)n

M.P. decom posi t ion  s t a r t e d  a t  ap p ro x im a te ly  195°C.

Theory f o r  methylene e s t e r  (C^^H-^QO^Cly}

%C = 55.41 %R = 3 .10  %G1 = 21.61

Theory f o r  a c i d  (CyH^OgGl) J/oG = 53*69 %H = 3*22 

%C1 = 22.65 

Found %C = 54.06 0  = 3 .64  %01 -  22 .57 

N e u t r a l i z a t i o n  e q u i v a l e n t  * 155 

N ega t ive  hydroxaraic a c i d  t e s t  f o r  e s t e r  l i n k a g e .  

The i n f r a r e d  spectrum of  t h i s  compound proved i t  

to  be th e  a c id  (F ig u re  1 ) .



P r o d u c t  o f  3 , 4 - d i c h l o r o b e n z o y l  c h l o r i d e :

0 .4 7 7  moles  3 , 4 - d i c h l o r o b e n z o y l  c h l o r i d e  

0 .4 7 7  moles  p a ra fo rm a ld e h y d e  

0 .0002  moles an h ydrous  z in c  c h l o r i d e  

R e f lu x ed  f o r  6 h o u r s .

Crude y i e l d  = 65$ on t h e  b a s i s  o f  C^H^OCl^

Crude y i e l d  = 97$ on t h e  b a s i s  o f  (CbgO)

R e c r y s t a l l i z e d  f i v e  t im e s  f rom  b en z en e .

M.P. d e c o m p o s i t io n  a t  165°C

Theory f o r  m e thy lene  e s t e r  (C15H6 °4 C14 )

$C = 45 .72  $H = 2 .0 5  $C1 = 35 .99

Theory f o r  a c i d  (C_H.0 C l J  $C = 4 4 .0 1  = 2/  4  2 2
$C1 = 37 .12

Found $C = 4 4 .3 2  = 2 .0 6  $C1 -  3 6 .5 4

N e u t r a l i z a t i o n  e q u i v a l e n t  = 190 .5  

N e g a t iv e  hydroxamic a c i d  t e s t  f o r  e s t e r  l i n k a g  

I n f r a r e d  sp e c t ru m  o f  t h i s  compound p roved  i t  t  

be th e  a c i d  ( F ig u r e  5 ) .

P ro d u c t  o f  m-bromobenzoyl c h l o r i d e :

0 .4 5 6  moles  m-bromobenzoyl c h l o r i d e  

O.456  moles p a ra fo rm a ld e h y d e  

0 .000169 moles anhydrous  z in c  c h l o r i d e  

R e f lu x ed  f o r  6 h o u r s .

Crude y i e l d  = 66% on t h e  b a s i s  o f  CyH^OBrCl 

Crude y i e l d  = 99$ on t h e  b a s i s  o f  ( C ^ G ^  

R e c r y s t a l l i z e d  e i g h t  t im e s  from e t h y l  a l c o h o l .
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k . P .  157-8°C

Theory f o r  m e th y le n e  e s t e r  ( C ,_ h , „ 0  Br )
15 10 4 2

%0 = 4 3 .5 1  = 2 .4 3  ?*Br « 3 8 .6 0

Theory f o r  a c i d  (C^h^O^Br) $G = 4 1 .8 2  %H = 2 . 5 1  

7oB r  = 3 9 .7 5  

Found ;«C = 41 .45  7«K = 2 .6 1  >Br = 3 8 .8 8

n e u t r a l i z a t i o n  e q u i v a l e n t  = 1 9 8 .8  

N e g a t iv e  hyuroxam ic  a c i d  t e s t .

I n f r a r e d  sp e c t ru m  o f  t h i s  compound p ro v ed  i t  t o  

be an  a c i d .

P r o d u c t  o f  1 - n a p h t h o y l  c h l o r i d e :

0 .5 2 5  moles  1 - n a p h t h o y l  c h l o r i d e  

0 .5 2 5  m oles  p a r a fo rm a ld e h y d e  

O.OOOI83 m oles  a n h y d ro u s  z i n c  c h l o r i d e  

R e f lu x e d  f o r  3k h o u r s  ( s t a r t e d  t o  d eco m p o se ) . 

Crude y i e l d  = 37/9 on t h e  b a s i s  o f  C^RyOCl 

Crude y i e l d  = 55/* on t h e  b a s i s  o f  (Cii20)n 

R e c r y s t a l l i z e d  once i n  g l a c i a l  a c e t i c  a c i d  and 

f o u r  t im e s  i n  b e n z e n e .  

k . P .  163-4°C

Theory f o r  m e th y len e  e s t e r  ^ 23^ 16^4 ^

>C = 7 7 .5 1  /*H = 4 .5 3  

Theory f o r  a c i d  joG = 7 6 .7 3  C/°R = 4 .6 8

Found ioZ -  7 6 .9 9  %'R = 4 -36

N e u t r a l i z a t i o n  e q u i v a l e n t  -  171*1 

N e g a t iv e  hyaroxam ic  a c i d  t e s t
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I n f r a r e d  spec trum  o f  t h i s  compound proved i t  to  

be tn e  a c i d  (F ig u re  5 ) .

P ro d u c t  o f  p - a n i s o y l  c n l o r i a e :

1.172  moles p - a n i s o y l  c h l o r i d e

1.172  moles parafo rm aldehyde  

0.000426  moles anhydrous z in c  c n l o r i d e  

R ef luxed  f o r  6 h o u r s .

R e c r y s t a l l i z e d  t h r e e  t im es  from e t h y l  a l c o h o l  and 

t h r e e  t im es  from benzene.

Y ie ld  a f t e r  r e c r y s t a l l i z a t i o n  was 2 i+)'o on t h e  b a s i s  

o f  Cgh- j^C l .

Y ie ld  a f t e r  r e c r y s t a l l i z a t i o n  was 36/0 on th e  b a s i s

o f  (CH.,0) .2 n
M.P. 183-4°G

Theory f o r  m ethylene  e s t e r  

7*0 -  64*55 loll = 5 .10  

Theory fo r  a c i d  (OgHgOg) 7'oC -  63.15 /*H = 5 .30

Found /iC = 62 .99  Ton = 5 .41  

N e u t r a l i z a t i o n  e q u i v a l e n t  = 155

n e g a t iv e  hydroxamic a c i a  t e s t  f o r  e s t e r  l i n k a g e .  

I n f r a r e d  spectrum o f  t h i s  compound proved i t  to  

be th e  a c id  (F ig u re  6 ) .



DISCUSSION OF RESULTS

I t  was found  t h a t  anhydrous  z in c  c h l o r i d e  i n  a 

c o n c e n t r a t i o n  o f  0 .0 0 0 4  moles p e r  mole o f  r e a c t a n t s  

and  a r e f l u x  t im e  o f  s i x  h ou rs  gave th e  maximum y i e l d  

o f  m e th y len e  d i b e n z o a t e  (T a b le  I ) .  I f  t h e  r e f l u x  

t im e  was e x te n d e d  beyond s i x  h o u rs  o r  i f  t n e  concen­

t r a t i o n  o f  t h e  c a t a l y s t  was i n c r e a s e d ,  d e c o m p o s i t io n  

o c c u r r e d .  The same p ro c e d u r e  was s e l e c t e d  f o r  

p r e p a r i n g  t h e  s u b s t i t u t e d  d e r i v a t i v e s  o f  ine thy lene  

d i b e n z o a t e ;  a l t h o u g h ,  t h e y  a r e  n o t  n e c e s s a r i l y  t h e  

optimum c o n d i t i o n s  f o r  p r e p a r i n g  t h e s e  compounds.

A s e r i e s  o f  r e a c t i o n s  has  been  s u g g e s t e d  f o r  

b e n z o y l  c h l o r i d e  and p a ra fo rm a ld e h y d e  a n a lo g o u s  to  

t h o s e  p ro p o sed  by Descude (3) Tor a c e t y l  c h l o r i d e .  

"A cco rd in g  t o  Descude,  c h lo ro m e th y l  a c e t a t e  i s  t h e  

p r i n c i p a l  p r o d u c t  formed by t h e  ex o th e rm ic  r e a c t i o n  

w hich  t a k e s  p l a c e  when a m ix t u r e  of  a c e t y l  c h l o r i d e  

and  p a ra fo rm a ld e h y d e  i s  t r e a t e d  w i th  a l i t t l e  

an h ydrous  z in c  c h l o r i d e .  Sm all  q u a n t i t i e s  o f  d i -  

c h l o ro m e th y l  e t h e r  and  m e th y le n e  d i a c e t a t e  a r e  formed 

a s  b y - p r o d u c t s . "  Descude does n o t  s u g g e s t  a mecha­

n ism  f o r  t h e s e  r e a c t i o n s ,  b u t  one mechanism t h a t  w i l l  

e x p l a i n  t h e  f o rm a t io n  o f  t h e  i n t e r m e d i a t e  p r o d u c t s  i s  

a s  f o l l o w s :
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The above i s  s i m i l a r  to  a Gattermann r e a c t i o n  because  

o f  the  fo rm a t ion  of  cn lo rom ethy l  a l c o h o l  from p a r a ­

formaldehyde and h y d ro c h lo r ic  a c i d .  In  t h i s  r e a c t i o n  

i t  i s  only  n ec essa ry  Dr a s m a l l  amount o f  h y d r o c h lo r i c  

a c i d  to  be p r e s e n t  i n  o rd e r  to  s t a r t  t h e  r e a c t i o n .

This  sm a l l  amount may be o b ta in e d  from tn e  h y d r o l y s i s  

o f  benzoyl c h lo r id e  w i th  a sm a l l  amount o f  w a t e r ,  

which would undoubtedly  be p r e s e n t  e i t h e r  i n  th e  

paraform aldehyde or  the  anhydrous z in c  c h l o r i d e  (which 

p ic k s  up w ate r  very  r e a d i l y  from th e  a tm o s p h e re ) .

The r e s u l t i n g  ch lorom etnyl  a l c o h o l  can th en  condense 

w i th  the  benzoyl c h lo r id e  to  form c h lo ro m e tn y l  b en zo a te  

(1) and h y d ro c h lo r ic  a c i d  which i s  l i b e r a t e d ,  making 

i t  a v a i l a b l e  t o  r e a c t  w i th  more para fo rm aldehyde  to  

form more chlororaethyl a l c o h o l .  The fo rm a t io n  o f  th e  

d ich lo ro rne thy l  e th e r  may be ex p la in e d  by th e  condensa­

t i o n  of  two m olecules  of  ch lo rom e thy l  a l c o h o l  to  g iv e  

t h e  e th e r  and w a te r .  The w a te r  th u s  o b ta in e d  cou ld  be 

u sed  to  hydrolyze more benzoyl c h l o r i d e  t o  benzo ic  

a c i d ,  l i b e r a t i n g  h y d ro c h lo r ic  a c i d .  Two m o le cu le s  o f  

benzo ic  a c id  th u s  o b ta in e d  could  be d e h y d ra te d  t o  g iv e  

w a te r  and benzoic anhydr ide ;  a l t h o u g n ,  i t  i s  d o u b t f u l  

t h a t  t h i s  occurs  to  any g r e a t  e x t e n t  i f  a t  a l l .  I f  i t  

i s  assumed t h a t  the  benzoic an h y d r id e  i s  n o t  form ed,  

t h e  benzoic  a c id  i s  f r e e  t o  r e a c t  w i th  tn e  anhydrous  

z in c  c h lo r id e  as  fo l low s  ( 7) :



$-ZnCl_
0-H 4- ZnCl2 —>

(&-ZnCl.
i t  f
0 H O

II

O ' ® 0
■C-O-G-O-C

4- ZnCl 
T  2

This  w i l l  condense w i th  the  p r e v i o u s l y  formed c h l o r o -  

m e thy l  b en z o a te  t o  g iv e  m ethylene  d ib e n z o a te  and hy­

d r o c h l o r i c  a c i d ,  and a t  the  same t im e  r e l e a s e  th e  

z in c  c h l o r i d e  f o r  r e u s e .

In  o rd e r  to  e x p l a in  th e  h ig h  y i e l d s ,  i f  c a l ­

c u l a t e d  on the  b a s i s  o f  p a ra fo rm a ld eh y d e ,  i t  i s  

n e c e s s a r y  f o r  th e  d ic h lo ro m e th y l  e t h e r  formed i n  a 

p r e v io u s  r e a c t i o n  to  be c leav e d  w i t h  z in c  c h l o r i d e  

and ben zo y l  c h l o r i d e  to  form more c h lo ro m e th y l  ben zo a te

( S )

C1-G-0-C-C1 +

H H

Or f  ZnCl2 — C1-G-0-C-C1+

H H
■ZnCl
Cl

K h H H 0

O-ZnClp +

0 H
t t  t

C - 0 - C - C 1  + CH2 C 1 2 * Z n C 1 2

H
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The r e a c t i o n  i s  induced  by th e  e l e c t r o p h i l i c  n a t u r e  o f  

th e  z in c  c h l o r i d e .  The z inc  c h l o r i d e  s h a r e s  an 

e l e c t r o n  p a i r  b e lo n g in g  to  th e  ca rb o n y l  oxygen atom. 

The r e s u l t i n g  carbonium io n  th e n  a t t a c h e s  i t s e l f  to  

an e l e c t r o n  p a i r  on tne  e t h e r  oxygen a tom . This  

a d d i t i o n  c r e a t e s  t h e  e l e c t r o n  d i s p l a c e m e n t s  which 

r e s u l t  i n  th e  c leavage  o f  th e  oxygen-ca rbon  bond.

A l l  o f  t h e  d e r i v a t i v e s  o f  m ethy lene  d ib e n ­

z o a te  ex cep t  th e  n i t r o  s u b s t i t u t e d  compounds decom­

posed ,  on a t t e m p te d  p u r i f i c a t i o n  by c r y s t a l l i z a t i o n ,  

t o  t h e i r  r e s p e c t i v e  a c i d s .  F rench  and Adams (4) 

found t h a t  some o f  th e  e s t e r s  formed by condens ing  an 

a ro m a t ic  a c i d  h a l i d e  w i th  an a ro m a t ic  a ld eh y d e  decom­

posed very  r e a d i l y ,  depending on th e  s u b s t i t u e n t s  on 

t h e  r i n g .  French and Adams conc luded  t h a t  t h e  more 

d i f f i c u l t  t h e  e s t e r s  were to  form , and th e  s low er  th e  

r e a c t i o n ,  t h e  more s t a b l e  they  were once form ed.  

I n f r a r e d  s p e c t r a ,  e l e m e n ta l  a n a l y s e s ,  n e u t r a l i z a t i o n  

e q u i v a l e n t s ,  and t h e  hydroxamic a c i d  t e s t  f o r  e s t e r s  

were employed in  th e  i d e n t i f i c a t i o n  o f  t h e  compounds.

The i n f r a r e d  s p e c t r a  o b t a in e d  on th e  crude  

p r o d u c ts  of  a n i s o y l  c h l o r i d e ,  o - c h lo r o b e n z o y l  c h l o r i d e  

and m-bromobenzoyl c h l o r i d e  i n d i c a t e d  t h a t  e s t e r s  were 

p r e s e n t .  A f t e r  t a k i n g  th e  crude  p r o d u c t s  up i n  e t h y l  

e t h e r  and sh a k in g  w i th  sodium b i c a r b o n a t e  s o l u t i o n  t h e  

e s t e r  band was s t i l l  p r e s e n t  b u t  n o t  a s  prom inent  a s



i n  t h e  crude  p r o d u c t .  On f u r t h e r  p u r i f i c a t i o n  the 

e s t e r  band a t  1 7 1 0 - 1 7 3 5  era"-1- d i s a p p e a r s  com ple te ly  

and an a c i d  band a t  1670-1635 cm”-1- (5) a p p e a r s .  (See 

cu rv e s  i n  F ig u re s  1 , 5 , 6 ) .  I n  every  ca se  th e  ca rbon ,  

hydrogen and h a lo g en  a n a l y s e s  a g re e  w i t h i n  a c c e p ta b l e  

l i m i t s  t o  t h a t  c a l c u l a t e d  from th e o ry  f o r  th e  f r e e  

a c i d  d e r iv e d  from t h e  c o r r e s p o n d in g  a c i d  c h l o r i d e .

The a n a l y t i c a l  d a t a  f o r  t h e  n i t r o  s u b s t i t u t e d  com­

pounds do n o t  a g re e  w i t h  th e  t h e o r e t i c a l  v a l u e s  f o r  

e i t h e r  t h e  a c i d ,  t h e  c h lo ro m e th y l  e s t e r  or  t h e  

m e thy lene  e s t e r .  T h e r e f o r e ,  i t  i s  assumed t h a t  the 

p ro d u c t  i s  a m ix tu re  o f  t h e  c h lo ro m e th y l  e s t e r  and 

t h e  m ethylene  e s t e r  o f  t h e  r e s p e c t i v e  compounds.

The i n f r a r e d  s p e c t r a  o f  th e  n i t r o  compounds shows 

t h a t  th e y  a r e  e s t e r s ,  b u t  t h e  number o f  e s t e r  groups 

co u ld  n o t  be d e te rm in e d .  Thus, one o n ly  co n c lu s io n  

drawn i s  t h a t  t h e  n i t r o  s u b s t i t u t e d  compounds co n ta in  

an e s t e r  g roup ,  b u t  t h e  a c t u a l  s t r u c t u r e  i s  n o t  

p ro p o sed .
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SUMMARY

Anhydrous z i n c  c h l o r i d e  i s  t h e  p r e f e r r e d  c a t a l y s t  

f o r  fo rm in g  t h e  m e th y le n e  e s t e r s  o f  b e n z o ic  a c i d .  

A c a t a l y s t  c o n c e n t r a t i o n  o f  0 .0 0 0 4  moles  p e r  mole 

o f  r e a c t a n t s ,  and a r e f l u x  t im e  o f  s i x  h o u r s  i s  

optimum.

M eth y len e  e s t e r s  fo rm ed from  some s u b s t i t u t e d  

b e n z o y l  c h l o r i d e s  a r e  u n s t a b l e .
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