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SUMMARY 

[1-14C-Ca oxy]-4-benzoylbenzoic ac id  has been prepared v i a  a Grignard 
r e a c t i o n  w i t h  %Oz. 4-Bromobenzophenone was converted t o  (4-braopheny1)- 
phenyldichloranethane us ing phosphorus pentachlor ide.  
was reacted w i t h  methoxide i o n  t o  form 4-bromobenzophenone d imethy l  k e t a l  
which was subsequently converted t o  i t s  Gsignard reagent, carboxy lated with 
14CO2, and ac id hydrolyzed t o  the  f i n a l  product. 
reagent, v i r t u a l l y  q u a n t i t a t i v e  conversion of 14C02 t o  product was obtained. 

The d i c h l o r o  canpound 

Using excess Grignard 

Key Words: [1-14C-Carboxy]-4-ben oylbenzoic acid, p h o t o a f f i n i t y  probe, 
Grignard reac t l on ,  Baf4C03, 4-brmobenzophenone d imethy l  k e t a l  . 

The use o f  p h o t o a f f i n i t y  l a b e l i n g  reagents f o r  t h e  covalent  l a b e l i n g  and 

cha rac te r i za t i on  o f  b i o l o g i c a l  b ind ing  s i t e s  has become a standard s t r a t e g y  

i n  biochemical s tud ies  (1.2). 

precursors o f  carbenes o r  n i t renes ,  have been synthesized and used i n  a 

v a r i e t y  o f  systems. 

usefulness o f  aromatic ketones, p a r t i c u l a r l y  benzophenone d e r i v a t i v e s ,  as 

photochemical ly  a c t i v e  l a b e l i n g  reagents. 

aromatic ketones produces a t r i p l e t  d i r a d i c a l  in termediate t h a t  i s  e s s e n t i a l l y  

i n e r t  t o  water, does n o t  rearrange, and r e a c t s  p r e f e r e n t i a l l y  w i t h  C-H bonds. 

Because o f  these advantages a nunber o f  pho to labe l i ng  s tud ies i n  b i o l o g i c a l  

systems have u t i l i z e d  benzophenone d e r i v a t i v e s  (4-8). 

recent  and p o t e n t i a l l y  use fu l  d e r i v a t i v e s  i s  t h e  ATP analogue, 3'-0-(4-benzoyl) 

benzoyladenosine-5'-triphosphate, f i r s t  prepared and used by W i l l i a n s  and 

Coleman ( 9 )  t o  l a b e l  t he  mitochondria1 F1 ATPase. 

used b y  other  workers t o  l a b e l  the c h l o r o p l a s t  CF1 ATPase (10) and the 

A l a rge  nunber o f  use fu l  reagents, nonna l l y  

Galardy e t  a l .  (3)  f i r s t  recognized the  p o t e n t i a l  

The pho toac t i va t i on  o f  such 

One o f  t h e  most 

It has subsequently been 
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sa rcop l  asmic r e t i c u l u m  Ca2+ ATPase (11 ) .  

t h i s  analogue i s  an e f f e c t i v e  and s p e c i f i c  pho to labe l  o f  amino a c i d  r e s i d u e s  

a t  o r  near t h e  a c t i v e  s i t e  o f  myosin (12, 13 ) .  To i d e n t i f y  these m o d i f i e d  

m i n o  ac ids i t  becsne e s s e n t i a l  t o  prepare r a d i o l a b e l e d  4-benzoylbenzoic 

ac id .  

Our own 1 abora to ry  has shown t h a t  

The syn thes i s  o f  [1-~~C-carboxy] -4-benzoylbenzoic  ac id  i s  r e p o r t e d  here 

u t i l i z i n g  the  r e a c t i o n  o f  t h e  a p p r o p r i a t e  Gr igna rd  reagent  and 14C02. 

u t i l i z a t i o n  o f  a t h r e e - f o l d  excess o f  Gr ignard reagent  over  14C02 i n  essen- 

t i a l l y  t h e  f i n a l  s t e p  o f  t h e  s y n t h e s i s  gave a n e a r l y  q u a n t i t a t i v e  y i e l d  o f  

p roduc t  (based on CO2) w i t h  t h e  same s p e c i f i c  r a d i o a c t i v i t y  as t h e  Ba14C03 

s t a r t i n g  m a t e r i a l .  

The 

The s y n t h e t i c  scheme was: 

1 
4 

4 1 + 2CH30- c= & 0 B r  +*c,- 2) 
Reflux 

9 
CH3 

2 
4 

4 
5 
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The carbonyl group o f  t h e  benzophenone must be p ro tec ted  i n  order  t o  

prepare the  Grignard reagent bu t  i t  i s  n o t  r e a d i l y  converted d i r e c t l y  t o  a 

k e t a l .  

(a)  which was subsequently converted t o  the k e t a l  (;) by  n u c l e o p h i l i c  

displacement o f  t h e  c h l o r i d e s  b y  methoxide ion. 

Grignard reagent ( r e a c t i o n  3 )  was f a c i l e  using the  bromo compound (;), b u t  

i t  cou ld  n o t  be prepared i n  reasonable y i e l d  s t a r t i n g  w i th  the  analogous 

(4-chloropheny1)phenyldimethox-methane. 

Grignard reagent over 14C02 and a sodiun hydroxide e x t r a c t i o n  o f  t h e  hydrolyzed 

r e a c t i o n  mixture,  a n e a r l y  q u a n t i t a t i v e  conversion o f  14CO2 t o  product 

occurred. A d d i t i o n a l l y ,  since no other  organic  ac id  can be produced i n  the  

reac t i on ,  t he  product has the  same l e v e l  o f  r a d i o a c t i v i t y  as the  s t a r t i n g  

Ba14C03. F i n a l l y ,  because the r a d i o a c t i v i t y  was in t roduced i n  e s s e n t i a l l y  

t he  f i n a l  step, a minimun o f  manipulat ions i n v o l v i n g  r a d i o a c t i v e  m a t e r i a l  was 

requ i red .  

Consequently, t h e  carbonyl group was f i r s t  converted t o  a d i c h l o r i d e  

The preparat ion o f  t h e  

By us ing a t h r e e - f o l d  excess o f  t h e  

EXPERIMENTAL 

M a t e r i a l s  and Methods. 4-Bromobenzophenone was purchased from A l d r i c h  

PMR spec t ra  Chemical and Ba14C03 f rom I C N  ( l o t  no. 422676, 56.3 mCi/mnol). 

were obta ined on a Varian EM360, IR spect ra on a Beckman Acculab, and U V - V I S  

spec t ra  on a Cary 14. 

(4-Bromopheny1)phenyldichloromethane ( i )  . The bas ic  procedure o f  

Kekule and Franchimont (14) was used. 

0.192 mol) and 4-brmbenzophenone (50.0 g, 0.191 mol) were mixed together  as 

s o l i d s  and heated i n  an o i l  bath a t  140'C i n  a d i s t i l l a t i o n  type apparatus. 

A f t e r  t he  r e a c t i o n  m ix tu re  melted and was thoroughly  mixed, a v igorous 

r e a c t i o n  was i n i t i a t e d .  Phosphorus oxych lo r i de  d i s t i l l e d  over and was 

co l l ec ted .  The r e a c t i o n  was c o n t r o l l e d  b y  p e r i o d i c  coo l i ng  i n  a water bath.  

A f t e r  t h e  i n i t i a l  v igorous r e a c t i o n  subsided ( %  10 min), t he  r e a c t i o n  was 

maintained a t  140-145°C with the  o i l  bath and s t i r r i n g  f o r  about 2 h u n t i l  

phosphorus oxychlor ide product ion ceased. During t h e  l a t t e r  stages o f  t h e  

Phosphorus pentachlor ide (40.0 g, 
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heat ing,  a brown gas formed i n  small q u a n t i t i e s ,  probably  bromine gas from 

decomposition o f  t he  aromatic bromide. The product was obta ined b y  vacuum 

d i s t i l l a t i o n ,  134-138'C/O.l mn, 50.7 g (85%) y i e l d .  

cons i s ten t  w i th  the expected spect ra f o r  the product .  

i n  a c e t o n i t r i l e  showed a 233 nm absorption max ( E M  = 13,400) and a small 

shoulder a t  270 nm. 

PMR and IR spec t ra  were 

The UV spectrum of a 

4-Bromobenzophenone dimethyl k e t a l  ( p )  . The procedure developed by  

MacKenzie (15) f o r  the preparat ion o f  benzophenone d ime thy l ke ta l  was u t i l i z e d .  

To a cooled s o l u t i o n  o f  sodium methoxide [sodium metal (4.6 9. 0.20 mol) 

p rev ious l y  r e f l u x e d  i n  75 m l  absolute methanol] was added (4-bromopheny1)- 

phenyldichloromethane (31.6 9, 0.10 mol) and s t i r r e d  f o r  about 2 h a t  about 

10°C u n t i l  a vigorous r e a c t i o n  was i n i t i a t e d .  

w i th  coo l i ng  i n  an i c e  bath a f t e r  which i t  was heated t o  r e f l u x  f o r  3 h. 

D ie thy l  e ther  (100 m l )  was added t o  the r e a c t i o n  t o  p r e c i p i t a t e  sodiun 

c h l o r i d e ,  which was removed by  f i l t r a t i o n  and thoroughly  washed w i t h  f resh  

ether .  The combined e the r  s o i u t i o n  was d r i e d  over sodiun s u l f a t e  and the 

supernatent so lvent  removed by  r o t a r y  evaporation t o  y i e l d  a c lea r ,  o f f -wh i te ,  

viscous l i q u i d .  

y ie lded  25.5 g (83%) o f  c l e a r ,  c o l o r l e s s  product  (p). 
were cons is ten t  w i th  the  expected product and t h e  methyl s i n g l e t  (3.05 6 )  t o  

aromatic m u l t i p l e t  (7.09-7.52 6 )  i n t e g r a t i o n  r a t i o  was 1.9/3.0 versus the  

expected 2/3 r a t i o .  The I R  spectrum was also cons is ten t  w i t h  t h e  expected 

s t r u c t u r e  o f  $ and the  IJV spectrum i n  a c e t o n i t r i l e  showed an absorption m a x  

a t  228 nm (EM = 14,600) w i t h  a shoulder a t  258 run. 

The r e a c t i o n  was c o n t r o l l e d  

Vacuum d i s t i l l a t i o n  o f  t h i s  l i q u i d  at  117-12OoC/0.1 mn 

PMR (CCl4) spect ra 

[1-14C-Carboxy]-4-benzoylbenzoic Acid (t)  . Two 5 m l  t e f l o n  stoppered 

vacuum r e a c t i o n  tubes (P ie rce  Chemical Co., Cat. No. 29560) were u t i l i z e d  i n  

the  radiochemical synthes is .  I n  a separate vessel t he  Grignard reagent was 

prepared under A r  gas using 4-bromobenzophenone d imethy l  k e t a l  (3.0 g, 10 

mmol), magnesium t u r n i n g s  (0.55 9, 20 mnol) and 25 m l  o f  d r y  d i e t h y l e t h e r .  

Ten percent o f  t h i s  s o l u t i o n  (1 mnol, 2.5 m l )  was added under A r  t o  one o f  



Synthesis of [ I  -14C-carboxy]-4-Benzoylbenzoic Acid 611 

t h e  vacuun r e a c t i o n  tubes (A )  r h i c h  conta ined a small magnetic s t i r r i n g  ba r .  

Tube A was l i n k e d  t o  tube B v i a  t h e i r  s ide  arms w i t h  a T connection con ta in ing  

a vacuun stoppered va lve l ead ing  t o  a vacuun source. The Grignard s o l u t i o n  

i n  tube A was f rozen  w i t h  d r y  ice/acetone and tube A and the connected s ide  

arms o f  A and B evacuated t o  0.1 mn. 

placed i n  t h e  b o t t a n  o f  t h e  o the r  r e a c t i o n  tube  (B)  and 0.3 m l  o f  concentrated 

H2SO4 was added c a r e f u l l y  t o  the s ide  o f  t h e  t o p  o f  t h e  tube, f rozen i n  place 

w i t h  l i q u i d  N2, t h e  tube evacuated t o  0.1 mn and the stopper closed. 

H2SO4 was al lowed t o  m e l t  and r e a c t  w i t h  t h e  BaI4C03. 

i s o l a t e d  from the  vacuum and the  t e f l o n  stopper i n  B was opened and the  14C02 

present  i n  B f rozen ou t  i n t o  A w i t h  l i q u i d  N2. 

and the  r e a c t i o n  m ix tu re  was s t i r r e d  magne t i ca l l y  u n t i l  a l l  t he  14C02 had 

reacted. 

bottom end o f  tube A, i n v e r t i n g  and adding l i q u i d  N2 t o  the sleeve. 

remaining 14C02 w i l l  r a p i d l y  condense a t  t he  t i p  o f  t h e  tube and t h e  progress 

o f  r e a c t i o n  can be e a s i l y  determined. In add i t i on ,  t h i s  procedure forced the 

I4CO2 t o  pass up and through the  Grignard reagent s o l u t i o n  when tube A was 

inver ted.  The o v e r a l l  r e a c t i o n  took about 30 minutes. A l t e r n a t i v e l y ,  a 

vacuum apparatus modeled on the  one used b y  Dauben and co-workers f o r  14C02 

Grignard r e a c t i o n s  may be employed (16). The procedure described, however, 

uses r e a d i l y  ava i l ab le ,  simple glassware and gave e x c e l l e n t  r e s u l t s .  

r e a c t i o n  s o l u t i o n  was then t r a n s f e r r e d  t o  a 25 m l  f l a s k  and the  ether  allowed 

t o  evaporate. The o r i g i n a l  r e a c t i o n  vessel was washed two t imes w i t h  1 M HC1 

i n  dioxane (5 m l )  and t h e  wash t r a n s f e r r e d  t o  the  s o l i d  i n  t h e  25 m l  f l a s k .  

The f l a s k  was warmed t o  about 70'C w i t h  s t i r r i n g  f o r  2 h t o  hydrolyze the 

unreacted Grignard reagent ( a ) ,  and the  precursor  o f  t he  product (:). The 

r e a c t i o n  m ix tu re  g r a d u a l l y  turned a s t raw ye l l ow  c o l o r .  

Ba14CO3 (64.9 mg, 0.325 mnol) was 

The 

The system was 

The stopper i n  A was closed 

This  r e a c t i o n  can be monitored b y  p lac ing  a p l a s t i c  sleeve over t h e  

Any 

The 

The HC1-dioxane was 

removed b y  r o t a r y  evaporation, l eav ing  a l i g h t  ye l l ow  s o l i d  which was 

d i sso l ved  i n  ether, washed w i t h  1 M HC1 and then tw ice  ex t rac ted  w i t h  

sodiun hydroxide. The sodium hydrox ide e x t r a c t i o n s  were combined and 

a c i d i f i e d  w i t h  6 M HC1 t o  y i e l d  an o f f - w h i t e  s o l i d .  The s o l i d  was co 

1 M  

1 ected 
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by  c e n t r i f u g a t i o n  and washed tw ice  w i t h  1 M H C l .  

t a l l  ized using a minimum q u a n t i t y  o f  dioxane/water. 

benzoylbenzoic ac id  (t) was i s o l a t e d  as whi te  need le - l i ke  c r y s t a l s ,  0.0723 g 

(98%).  

125,000 cpm/nmol and t h e  observed s p e c i f i c  r a d i o a c t i v i t y  o f  t he  product was 

126,800 cpn/nmol. A p a r a l l e l  synthes is  using nonradioact ive BaCO3 gave a 

product t h a t  was i d e n t i c a l  t o  a commercial sanple o f  4-benzoylbenzoic ac id  

( A l d r i c h  Chemical) i n  m e l t i n g  p o i n t  ( i n c l u d i n g  mixed m e l t i n g  p o i n t  196-197' 

unc.), UV, IR, and PMR spectra. The UV spectrum showed a 264 rm absorpt ion 

maximum (EM = 20,000) i n  0.01 M NaOH s o l u t i o n .  

The s o l i d  was then rec rys -  

The [1-14C-carboxy1-4- 

The t h e o r e t i c a l  s p e c i f i c  r a d i o a c t i v i t y  o f  t h e  s t a r t i n g  BaI4C03 was 
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