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SUMMARY 

0,O-Dimethyl  0-(3-methyl-4-nitrophenyl) p h o s p h o r o t h i o a t e  ( I )  
@ (Sumi  thion ) , an o r g a n o p h o s p h o r u s  i n s e c t i c i d e ,  was l a b e l l e d  w i t h  

carbon-14  i n d i v i d u a l l y  a t  the a r y l  m e t h y l  and the p h e n y l  r i n g .  

The s y n t h e t i c  p r o c e d u r e s  a r e  shown i n  F i g .  1 and 2. C o u p l i n g  

r e a c t i o n  o f  3-methoxyphenylmagnesium b r o m i d e  w i t h  me thy l -14C 

i o d i d e  f o l l o w e d  b y  0 - d e m e t h y l a t i o n  g a v e  3 -me thy l -14C-pheno l ,  

w h i c h  was n i t r o s a t e d  w i t h  s o d i u m  n i t r i te  and s u b s e q u e n t l y  o x i d i z e d  

w i t h  30% n i t r i c  a c i d  to g i v e  3 - ~ n e t h y l - ~ ~ C - 4 - n i  t r o p h e n o l  i n  the 

o v e r a l l  y i e l d  o f  48% f r m  m e t h a n ~ l - ~ ~ C .  

14C-4-ni t r o p h e n o l  w i t h  0 ,O-d ime thy l  phosphorochloridothioate g a v e  

S u m i t h i o n -  ( a r y l  me thy1- l4C)  i n  89% y i e l d .  

G r i g n a r d  r e a c t i o n  of  l-brom0-3-methoxybenzene-~~C 6 w i t h  m e t h y l  

i o d i d e  a f f o r d e d  l-methoxy-3-methylben~ene-~~C~ i n  good y i e l d  and 

the l a t t e r  was c o n v e r t e d  to  S ~ m i t h i o n - ( p h e n y l - ~ ~ C )  b y  the s i m i l a r  

p r o c e d u r e s  u s e d  f o r  the a r y l  m e t h y l  l a b e l l i n g .  T h e  overall y i e l d  

o f  S u m i t h i o n -  (pheny l -14C)  was 43% from 3 - b r m o p h e n o l -  

C o n d e n s a t i o n  of 3 - m e t h y l -  

14 
' 6 .  

Key Words: Carbon-14, 3-Methyl-4-nitropheno1, Organophosphorus Insec t ic ide  

INTRODUCTION 

0,O-Dimethyl 0-(3-methy1-4-nitrophenyl) phosphorothioate") , Sumithion@ ( I ) ,  

i s  a famous insec t ic ide  being widely used f o r  t h e  cont ro l  of both plant  p e s t s  

and i n s e c t s  of medical importance. 

of t h i s  agent i n  mammals, radioact ive compounds label led i n  the 0,O-dimethyl- 

phosphor.othioic acid moiety with 1 4 C ,  32P and 35 

However, none of the  previous inves t iga t ions  has c l a r i f i e d  i n  d e t a i l  t h e  

metabolic f a t e  of the n i t rocreso l  moiety. To make i t  c l e a r ,  therefore ,  i t  was 

0 1 9 7 7  by John Wiley & Sons, Ltd. 

In connection with metabolic ~ t u d i e s ( ~ - ~ )  

S were already synthesized (5 1 . 
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r equ i r ed  t o  syn thes i ze  r a d i o a c t i v e  Sumithion l a b e l l e d  i n  t h e  n i t r o c r e s o l  moiety. 

This  paper desc r ibes  the  s y n t h e s i s  o f  Sumithion-14C l a b e l l e d  i n d i v i d u a l l y  a t  

both the  a r y l  methyl and t h e  phenyl r i n g .  

DISCUSS I ON 

14 The r e a c t i o n  sequence f o r  t h e  s y n t h e s i s  of Sumithion-(aryl  methyl- C ) ( I a )  

i s  shown i n  Figure 1 .  

In g e n e r a l ,  s e v e r a l  procedures  may be considered t o  inco rpora t e  carbon-14 

For  example, Domes et. a1.(61 prepared l-methoxy- i n t o  an a r y l  methyl group. 

2-methyl-14C-benzene i n  50% y i e l d  by ca rboxy la t ion  of  2-methoxyphenylmagnesium 

bromide with carbon-14C d iox ide  followed by two-step r educ t ion  of  t h e  carboxyl-  

14C group t o  methyl-14C, while  Hazue et. a d 7 )  syn thes i zed  1-methoxy-3-methyl- 

4-methyl- 

methylbenzene with methyl-14C i o d i d e .  

14 C-benzene i n  85% y i e l d  by coupl ing r e a c t i o n  o f  l-lithium-4-methoxy-2- 

Adaptat ion o f  t h e s e  methods t o  t h e  p r e p a r a t i o n  o f  l - m e t h o ~ y - 3 - m e t h y l - ~ ~ C -  

benzene gave lower y i e l d s  and more e r r a t i c  r e s u l t s  i n  t h e i r  r e p r o d u c i b i l i t y .  

In c o n t r a s t ,  i t  was found t h a t  t h e  Grignard r e a g e n t  of I-bromo-3-methoxybenzene 

underwent a coupl ing r e a c t i o n  with methyl-14C iod ide  i n  e x c e l l e n t  y i e l d .  Thus, 

t r ea tmen t  of a s l i g h t  excess  o f  3-methoxyphenylmagnesium bromide with methyl-14C 

iod ide ,  which was prepared from methanol-14C wi th  57% hydr iod ic  a c i d ,  a t  50-55' 

14 for 8 h r  a f fo rded  1-methoxy-3-methyl- C-benzene (11) i n  t h e  o v e r a l l  y i e l d  of  

78.1% from methanol- C .  14 

The r e a c t i o n  of  I 1  with boron t r ib romide  a t  room temperature  f o r  s e v e r a l  

hours gave 3-methyl-14C-phenol (111) i n  good y i e l d .  

r eagen t  was more a t t r a c t i v e  than  wi th  convent ional  s t r o n g  a c i d s ,  s i n c e  t h e  

r e a c t i o n  could be  c a r r i e d  ou t  under moderate c o n d i t i o n s  and t h e  decomposition of  

t h e  product could be  cons ide rab ly  avoided. 3-Methyl- C-phenol t h u s  obtained 

was radiochemical ly  pure.  

an i n a c t i v e  impuri ty  which appa ran t ly  o r i g i n a t e d  from t h e  excess  of  3-methoxy- 

phenylmagnesium bromide used f o r  t h e  coupl ing r e a c t i o n .  

t h a t  t h e  contaminat ion wi th  phenol caused undes i r ab le  r e s u l t s  i n  t h e  fol lowing 

0-Demethylation with t h i s  

14 

However, it con ta ined  approximately 30% o f  phenol a s  

S ince  i t  was observed 
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t ~ 3 1  + 
MgBr 

OH 

Figure 1. The reaction sequence for the synthesis of 

Sumithion-(aryl methyl- 14 C) 

14 reaction, the cresol- 

silica gel containing 38% of water with hexane a s  a mobile phase. 

chromatography, the purity was nearly 100% both radiochemically and chemically 

and the yield was 76.0% from 11. 

C was purified by partition chromatography on a column of 

After 

14 3-Methyl- C-phenol was treated with sodium nitrite'') in the presence of 

concentrated hydrochloric acid to yield 3-methyl -14C-4-nitrosophenol (IV) , which 

was immediately oxidized with 30% nitric acid at 40' to give 3-methyl-14C-4- 

nitrophenol (V) in 80.6% fran 111. Its radiochemical purity was 98% as 

determined by radio-thinlayerchromatography and no isomeric nitrocresols, but 

3-methyl- 14 C-4-nitrosophenol was contained as an impurity. 
14 Conversion of V to Sumithion-(aryl methyl- C)(Ia) was achieved by allowing 

V to react with 0.0-dimethyl phosphorochloridothioate(l) in the presence of 

potassium carbonate at 80° for 3 hr and followed by column-chromatography on 

silica gel. The product (Ia) had a speclfic activity of 3.58 mCi/mmole and was 

identical in all respects with the unlabelled authentic sample. 

yield of Ia was 42.4% from methanol-14C. 

The overall 
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Figure 2 illustrates the procedure for the synthesis of Sumithion-(phenyl- 
14 C) (Ib). 3-Bromophenol- C6 (VI) , which was synthesized by Moriya"), was 

0-Methylation of VI 

14 

used as the starting material for the synthesis of Ib. 

with dimethyl sulfate in 10% sodium hydroxide solution gave 1-bromo-3-methoxy- 

benzene-14C (VII) in 95% yield. 6 

Figure 2 .  The reaction sequence for the synthesis 
14 of Sumithion- (phenyl- C )  

Grignard reaction of VII with magnesium and an excess of methyl iodide gave 

a mixture of l-metho~y-3-methylbenzene-~~C 6 (VII I), metho~ybenzene-~~C~ and 

unknown radioactive by-products; each ratio was 80, 10 and 10% respectively as 

determined by radio-gaschromatography. 

was 96.6% from VII. Without purification the mixture was employed for the 

next reaction. 

The radiochemical yield of the mixture 

Conversion of VIII to S~mithion-(phenyl-~~C) (Ib) was carried out by adapting 

the procedures used for the aryl methyl labelling as described above; which 

comprised 0-demethylation of VIII with boron tribromide, nitrosation with sodium 

nitrite, oxidation with 30% nitric acid and then condensation of the resultant 

3-methyl-4-nitr0phenol-~~C with 0,O-dimethyl phosphorochlor idothioate .  The 
6 

b results are described in detail in the experimental. 

from 3-brom0phenol-~~C The product (Ib 

had a specific activity of 5.54 mCi/mmole and was identical in every respect 

with the unlabelled authentic sample. 

The overall yield of 

was 43.4% and the purity over 99%. 6 
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The p u r i t i e s  o f  t h e  v o l a t i l e  p roduc t s  were eva lua ted  by rad io-gaschromato-  

graphy, which was conducted on 1 m long 3 mm d iameter  g l a s s  t ube  packed wi th  20% 

DC-550 on Chromosorb W (60-80 mesh). 

was helium (30 ml/min);  t h e  d e t e c t o r  was TCD; t h e  r a d i o a c t i v i t y  was counted by  a 

gas- f low type o f  GM-counter (Nihon-Musen Co. ,  L t d . ,  J a p a n ) .  The r e t e n t i o n  times 

o f  t h e  a u t h e n t i c  m a t e r i a l s  were: 3-bromophenol (16.5 min),  1-bromo-3-methoxy- 

benzene (12.0 min:, methoxybenzene (1.8 min) ,  1-methoxy-3-methylbenzene (3 .3  

m i n ) ,  phenol (2 .5  min) and 3-methylphenol (4 .5  min) .  

Column tempera ture  was 90°; c a r r i e r  gas  

Methyl-14C Iodide  - -  Methyl-14C iod ide  was prepared  from m e t h a n ~ l - ~ ~ C  (68.8 mCi, 

8.42 mmol) by t h e  well-known method") which comprised i o d i n a t i o n  wi th  r e f l u x i n g  

57% hydr iod ic  a c i d .  

t h e  fo l lowing  r e a c t i o n  wi thout  measuring t h e  r a d i o a c t i v i t y .  

The product  was p u r i f i e d  by d i s t i l l a t i o n  and employed f o r  

l-Methoxy-3-methyl-14C-benzene - -  A s o l u t i o n  of 1-bromo-3-methoxybenzene (2.24 g ,  

12.0 mmol) i n  anhydrous t e t r a h y d r o f u r a n  (5  ml) was added dropwise t o  a suspens ion  

of magnesium t u r n i n g s  (0.32 g, 13  mmol) i n  anhydrous t e t r a h y d r o f u r a n  (5 ml) under 

g e n t l e  r e f l u x i n g  du r ing  0 .5  h r .  The r e a c t i o n  mixture  was then  hea ted  t o  r e f l u x  

f o r  1 h r .  A f t e r  coo l ing ,  t h e  r e a c t i o n  f l a s k  was connected t o  a vacuum manifold 

and t h e  mix tu re  was f rozen  wi th  l i q u i d  n i t r o g e n .  

added under reduced p r e s s u r e  by d i s t i l l a t i o n  t h e  methyl-14C i o d i d e  ob ta ined  

above. 

55' under atomospheric p r e s s u r e  f o r  8 h r .  

hydroch lo r i c  a c i d  and e x t r a c t e d  wi th  e t h e r .  

sodium t h i o s u l f a t e  s o l u t i o n  and then  water ,  d r i e d  over  sodium s u l f a t e  and evapo- 

r a t e d  under atomospheric p r e s s u r e  t o  g i v e  €-methoxy-3-methy1-l4C-benzene (53.7 

m C i ,  78.1% from methanol- C ) .  The radio-gaschromatography o f  t h e  p roduc t  

showed t h a t  i t s  p u r i t y  was r ad iochemica l ly  99% and chemica l ly  75%; methoxy- 

benzene was conta ined  a s  a co ld  impur i ty .  

r e a c t i o n  wi thou t  any p u r i f i c a t i o n .  

To t h e  f r o z e n  mixture  was 

After a d d i t i o n  o f  anhydrous e t h e r  (10 m l ) ,  t h e  mixture  was hea ted  a t  5 0 -  

The mixture  was a c i d i f i e d  wi th  10% 

The e x t r a c t  was washed wi th  5% 

14 

The product  was used f o r  t h e  next  
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14 3-Methyl- 

(53.7 m C i ,  6.57 m o l )  i n  anhydrous dichloromethane (30 ml) was added boron tri- 

bromide (5.0 g, 20 mmol) a t  -5'. The mixture was s t i r r e d  a t  Oo f o r  0.5 h r  and 

then a t  room temperature f o r  1 h r .  To t h e  mixture was caut ious ly  added a t  Oo 

10% sodium bicarbonate so lu t ion  (50 ml) and t h e  r e s u l t a n t  s l u r r y  was extracted 

with e ther .  

soluticm. The bas ic  e x t r a c t  was a c i d i f i e d  with concentrated hydrochloric acid, 

extracted with e t h e r  and the  t h e  e therea l  e x t r a c t  d r ied  Over sodium s u l f a t e .  

C-phenol -- To a s t i r r e d  so lu t ion  of  l-metho~y-3-methyl-~~C-benzene 

The e therea l  so lu t ion  was ex t rac ted  with 10% sodium hydroxide 

Removal of the solvent  under atomospheric pressure gave an o i l y  residue (52.3 

mCi), which was subjected t o  p a r t i t i o n  chromatography on a column of s i l i c a  ge l  

containing 38% of water and e lu ted  with hexane and 10% ether-hexane successively. 

The hexane e l u a t e  was evaporated under atomospheric pressure t o  give 3-methyl- 

14C-phenol (40.8 m C i ,  540 mg, 8.16 mCi/mmol, 76%); t h e  radio-gaschromatography 

showing i ts  p u r i t y  of near ly  100% both radiochemically and chemically. 

14 14 3-Methyl- C-4-nitrophenol - -  To a mixture of 3-methyl- C-phenol (40.8 m C i ,  540 

mg, 5.0 mmol), d i l u t e d  with inac t ive  3-methylphenol (690 mg, 6.4 mmol), and con- 

centrated hydrochloric ac id  (4.2 ml) i n  isopropyl alcohol (1.5 ml) was added 

dropwise with s t i r r i n g  a so lu t ion  of sodium n i t r i t e  (1.10 g, 16 mmol) i n  water 

(1.6 ml) a t  -10' t o  -5' over a period of 15 min. 

temperature for 2 h r ,  the  crude product which was prec ip i ta ted  was co l lec ted  by 

f i l t r a t i o n  and the  pa le  yellow c r y s t a l s  were washed with cold water t o  afford 

3-methyl- C-4-nitrosophenol. The product showed an i d e n t i c a l  Rf-value (0.45) 

with t h a t  of the authent ic  sample on the  s i l i c a  g e l  TLC developed i n  n i t r o -  

methane and had 98% radiochemical pur i ty .  

n i t r i c  ac id  (2.6 ml) a t  room temperature and the mixture was heated with s t i r r i n g  

a t  40' f o r  2 hr .  

washed with water and dr ied  in vacuo t o  give 3-methyl- C-4-nitrophenol (32.9 

m C i ,  1.40 g, 3.58 mCi/mmol, 80.6%) as pale  yellow needles; having mp 128-129' 

and a R -value of 0.55 on the  s i l i c a  g e l  TLC with nitromethane. The product 

was i d e n t i c a l  i n  every respec t  with the unlabel led au thent ic  sample. 

After  s t i r r i n g  a t  t h e  same 

14 

The c r y s t a l s  were then added t o  30% 

After  cooling i n  an ice-bath,  the  p r e c i p i t a t e  was f i l t e r e d ,  

14 

f 
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0,O-Dimethyl 0-(3-Methyl-14C-4-nitrophenyl) Phosphorothioate  ( I a )  - -  To a mixture 

of  0,O-dimethyl phosphorochloridothioate (1 .73  g ,  10 .8  mmol) and potassium carbo-  

n a t e  (1.48 g,  10 .8  mmol) i n  methyl i s o b u t y l  ketone (25 m l )  was added dropwise a 

s o l u t i o n  of  3-methyl- C-4-nitrophenol (32.9 m C i ,  1.40 g,  9 .18 mmol) i n  t h e  same 

s o l v e n t  (25 ml) a t  room temperature  du r ing  0.5 h r  and t h e  mixture  was heated a t  

80" f o r  3 h r .  After coo l ing ,  t h e  mixture  was poured i n t o  ice-water  and e x t r a c t -  

ed wi th  benzene. The e x t r a c t  was washed with water ,  d r i e d  over sodium s u l f a t e  

and evaporated under reduced p r e s s u r e  t o  l eave  an o i l y  r e s i d u e  (32.1 mCi). The 

r e s i d u e  was chromatographed on s i l i c a  g e l  and e l u t e d  with benzene. Evaporation 

of t h e  s o l v e n t  gave 0,O-dimethyl 0- (3-methyl -14C-4-nitrophenyl) phosphorothioate  

( I a ) ( 2 9 . 2  m C i ,  2.26 g,  3.58 mCi/mmol, 88.8%) which was i d e n t i c a l  i n  every 

r e s p e c t  with t h e  un labe l l ed  a u t h e n t i c  sample. 

14 

l-Brom0-3-methoxybenzene-~~C~ - -  To a s o l u t i o n  o f  3 - b r o r n 0 p h e n o l - ~ ~ C ~  (41 .O m C i ,  

900 mg, 6.30 mmol, 6 .51  mCi/mmol) i n  10% sodium hydroxide s o l u t i o n  (4 ml) was 

added dropwise dimethyl s u l f a t e  (1.13 g ,  9 . 0  mmol) a t  room temperature  during 10 

min. 

a t  100' f o r  1 .5  h r .  A f t e r  coo l ing ,  t h e  mixture  was e x t r a c t e d  wi th  e t h e r .  The 

e x t r a c t  was washed with water ,  d r i e d  over  sodium s u l f a t e  and evaporated under 

atomospheric p r e s s u r e  t o  g i v e  an  o i l y  r e s i d u e .  

i n  t h e  r e s i d u e ,  t h e  r e s i d u e  was taken up i n  benzene (10 ml) and the  s o l v e n t  was 

evaporated under atomospheric p r e s s u r e  t o  a f f o r d  1-bromo-3-methoxybenzene- 

(38 .9  m C i ,  94.9%). 

chemical and chemical p u r i t i e s  t o  be n e a r l y  100%. 

The mixture  was s t i r r e d  a t  t h e  same temperature  f o r  15 min and then heated 

In  o rde r  t o  remove t h e  moisture  

14 
C6 

The radio-gaschromatography o f  t h e  product  showed i t s  r a d i o -  

l-Metho~y-3-methylbenzene-~~C~ - -  To a suspension o f  magnesium t u r n i n g s  (175 mg, 

7.20 mmol) i n  anhydrous t e t r ahydro fu ran  (2 m l )  was added under g e n t l e  r e f l u x i n g  

a s o l u t i o n  o f  .l-bran0-3-methoxybenzene-~~C (38.9 m C i ,  6.00 mmol, 6 .51 mCi/mmol) 

i n  anhydrous t e t r ahydro fu ran  (5 ml) during 0.5 h r .  The mixture  was cont inued t o  

r e f l u x  for  1 h r .  

methyl i od ide  ( 2 . 8  g ,  20 mmol). The mixture  was s t i r r e d  a t  the  same temperature 

6 

After coo l ing ,  t o  t h e  mixture  a t  room temperature  was added 
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f o r  15 min and then  a t  50" for  2 . 5  h r .  A f t e r  a d d i t i o n  o f  10% s u l f u r i c  a c i d  

(10 ml) under c o o l i n g ,  t h e  r e s u l t i n g  s l u r r y  was e x t r a c t e d  wi th  e t h e r .  The 

e x t r a c t  was washed with 5% sodium t h i o s u l f a t e  s o l u t i o n  and water, d r i e d  and 

evapora ted  t o  a f f o r d  an o i l y  r e s i d u e ,  which was taken  up i n  hexane (20 ml) and 

t h e  s o l u t i o n  was concen t r a t ed  t o  g ive  1-methoxy-3-methylbenzene- 14C6 ( 3 7 . 6  m C i ,  

96 .6%) .  The rad iochemica l  p u r i t y  of t h e  product  was 80%; methoxybenzene- 

(10%) and unknown r a d i o a c t i v e  by-products  (10%) were con ta ined .  

14 
'6 

3 - M e t h y l p h e n 0 l - ' ~ C ~  - -  To a s o l u t i o n  of l-methoxy-3-methylben~ene-~~C~ (37.6 m C i ,  

5 .78  mmol) i n  anhydrous d ich loromethane  (15 ml) was added a t  -10' under s t i r r i n g  

boron t r ib romide  (3 .77  g., 15 mmol). The mixture  was s t i r r e d  con t inuous ly  a t  -5' 

for  15 min, a t  0" f o r  0 . 5  h r ,  and a t  room tempera ture  f o r  0 .5  h r .  To t h e  

mixture  was added i ce -wa te r  and t h e  s l u r r y  e x t r a c t e d  wi th  e t h e r .  The e x t r a c t  

was worked up i n  the  way desc r ibed  f o r  3 -1ne thy l -~~C-pheno l  and p u r i f i e d  by 

p a r t i t i o n  chromatography t o  g i v e  3 - m e t h y l p h e n 0 l - ~ ~ C ~  (25 .1  m C i ,  6 . 5 1  mCi/mmol, 

6 7 . 3 % ) ;  i t s  p u r i t y  being n c a r l y  100% both r ad iochemica l ly  and chemica l ly .  

3-Methyl-4-nitr0phcnol-~~C 6 - -  To a mixture  o f  3 -1ne thy lpheno l -~~C 6 (25.1 m C i ,  

416 mg, 3 .85  mmol), i n a c t i v e  3-methylphenol (80 mg, 0.75 mmol) and concent ra ted  

hydroch lo r i c  a c i d  ( 1 . 7  a l )  i n  i sop ropy l  a l c o h o l  (0 .5  m l )  was added dropwise a 

s o l u t i o n  o f  sodium n i t r i t e  (480 mg, 7 .0  mmol) i n  water  (0 .7  ml) a t  -10' d u r i n g  

0 .5  hr. 

methyl -4-n i t rosophenol -  

tempera ture  t o  30% n i t r i c  a c i d  (2 .5  ml) and t h e  mixture  s t i r r e d  a t  37" f o r  5 h r .  

A f t e r  coo l ing  i n  an i c e - b a t h ,  t h e  c r y s t a l l i n e  p r e c i p i t a t e  was f i l t e r e d  and d r i e d  

under vacuum t o  g i v e  ?~-methy1-4-nitrophenol-~~C~ (20.8 m C i ,  5.54 mCi/mmol, 

83 .2%) ;  t h e  p u r i t y  a s  determined by radio-TLC was 97%. 

Working up  i n  the  manner desc r ibed  f o r  t h e  methyl l a b e l l i n g  gave 3- 

C6 (98% p u r i t y ) ,  which was added po r t ionwise  a t  room 14 

0,O-Dimethyl 0-(3-Methy1-4-nitr0phenyl-~~C 6 ) Phosphoroth ioa te  ( I b )  - -  A mixture  

of 3-methyl-4-nitrophen01-~~C~ (20.8 m C i ,  3.75 mmol) , 0,O-dimethyl phosphoro- 

c h l o r i d o t h i o a t e  (660  mg, 4 .58  mmol), potassium ca rbona te  (630 mg, 4.58 mmol) and 

methyl i s o b u t y l  ketone (30 ml) was s t i r r e d  a t  70° . for  2 h r .  A f t e r  coo l ing ,  
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t he  mixture  was worked up i n  t h e  same manner as desc r ibed  for t h e  methyl l a b e l l -  

i n g  t o  y i e l d  0,O-dimethyl 0- (3-methy1-4-nitr0phenyl-~~C~) phosphorothioate  ( Ib)  

i n  85% y i e l d  (17.8 m C i ,  889 mg, 5.54 mCi/mmol) ;  t h e  p u r i t y  was 99% bo th  r a d i o -  

chemical ly  and chemical ly .  
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