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SUMMARY 

(5 ’ ) -Fenva lera  te [a-cyano-3-phenoxybenzyl (S) -2- ( 4 - c h l o r o p h e n y l )  - 
3 - m e t h y l b u t y r a t e 1 ,  a novel i n s e c t i c i d e ,  w a s  l a b e l l e d  w i t h  carbon- 

1 4  i n d i v i d u a l l y  a t  the c a r b o n y l  (&), the c y a n 0  (&) a n d  the 

a l c o h o l i c  m e t h y n e  (G) carbons fo r  use i n  m e t a b o l i c  s t u d i e s .  

Isoprop y l  a t ion  of 4 -chl o r o p h e n  y l  a c e  toni tri 1 e -14C w i  t h  isoprop y l  

b r o m i d e  f o l l o w e d  b y  h y d r o l y s i s  g a v e  r a c e m i c  2 - ( 4 - c h l o r o p h e n y l ) - 3 -  

m ~ t h y l . b u t y r i c - l - ~ ~ C  a c i d ,  w h i c h  on o p t i c a l  r e s o l u t i o n  w i t h  (-1-1- 

p h e n y l e t h y l a m i n e  g a v e  the I S ) - a c i d .  E s t e r i f i c a t i o n  o f  the (S)- 

a c i d  w i t h  a - c y a n o - 3 - p h e n o x y b e n z y l  b r o m i d e  g a v e  

f r o m  p o t a s s i u m  c y a n i d e - 1 4 C .  

p h e n o x y b e n z y l  alcohol w i t h  (S) -2 -  ( 4 - c h l o r o p h e n y l )  -3 -me th  y l -  

b u t z x o y l  c h l o r i d e  (2) g a v e  i n  65% y i e l d .  C o n d e n s a t i o n  o f  3- 

phenoxybenzaldehyde-(carbonyl- C )  , p r e p a r e d  f r o m  3 - p h e n o x y -  

b e n z o i c - 1 4 C  a c i d ,  w i t h  9 a n d  s o d i u m  c y a n i d e  g a v e  & i n  54% y i e l d  

f r o m  b a r i u m  carbonate-14C. 

i n  18% y i e l d  

E s t e r i f i c a t i o n  o f  a-cyano-14C-3- 

1 4  
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INTRODUCTION 

Fenvalerate [a-cyano-3-phenoxybenzyl 2-(4-chl orophenyl)-3-methylbutyrate] 

i s  a novel insecticide possessing a g rea t  potential for control o f  insect pests 

in agriculture due to i t s  outstanding insecticidal ac t iv i ty ,  moderate mammalian 

toxicity and adequate s t a b i l i t y  in the f i e ld ( ’ ) .  

mixture of optical isomers, so called (S)-fenvalerate (1). which i s  the e s t e r  o f  

(S)-2-(4-chlorophenyl)-3-methyl butyric acid and racemic a-cyano-3-phenoxybenryl 

alcohol (Table l ) ,  has been revealed to be insecticidally more active than the 

While fenvalerate i s  a 
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Table 1 Abso lu te  C o n f i g u r a t i o n s  o f  Fenva le ra tes  

A .  Yoshitake et al. 

Conf i g u r a t i o n  
Compound 

A c i d  A1 coho1 
- 

Fenva lera  t e  RS RS 
Fenva le ra te  Au; S S 

Fenva le ra te  Ag S R 
(S ) -Fenva le ra te  S RS 

( A n  /Ag = 1/1 m i x t u r e )  

cor respond ing  an t i pode  ( 2 , 3 )  . 

I n  t h i s  r e p o r t  we d e s c r i b e  t h e  s y n t h e s i s  o f  ( S ) - f e n v a l e r a t e  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  t h e  ca rbony l ,  t h e  cyano and t h e  a l c o h o l i c  methyne 

carbons f o r  use i n  m e t a b o l i c  s t u d i e s .  

DISCUSS ION 

F igu re  1 i l l u s t r a t e s  t h e  procedure f o r  t h e  s y n t h e s i s  o f  ( S ) - f e n v a l e r a t e -  

14 ( ca rbony l -  C) (la). 14C-Cyanation o f  4 -ch lo robenzy l  c h l o r i d e  w i t h  po tass ium 

cyanide-14C i n  d imethy l fo rmamide-water  ( l / l  v / v )  gave 4 -ch lo ropheny lace ton i  tri l e -  

14C (2) i n  80% y i e l d .  

I n  genera l ,  hydrocarbons w i t h  a s u f f i c i e n t l y  a c i d i c  hydrogen can be a1 k y l a t e d  

w i t h  bases and a l k y l a t i y  h a l i d e s  i n  non-aqueous media.  

p h e n y l a c e t o n i t r i l e  i n  to luene  w i t h  sodium h y d r i d e  f o l l o w e d  by a l k y l a t i o n  w i t h  

i s o p r o p y l  bromide gave 2-(4-chlorophenyl)-3-methylbutyronitrile (3) i n  a good 

y i e l d ( 4 ) .  

p repara t i on ,  however, gave u n s a t i s f a c t o r y  r e s u l t s .  

h i g h e s t  m a i n l y  because o f  by -p roduc t i on  o f  t h e  d i a l k y l a t e d  n i t r i l e .  

Treatment o f  4 -ch lo ro -  

A p p l i c a t i o n  o f  t h i s  method w i t h  some m o d i f i c a t i o n s  f o r  a sma l l - sca le  

The y i e l d  o f  3 was 60% a t  t h e  

An a1 t e r n a t i v e  method(5) desc r ibes  i s o p r o p y l a t i o n  o f  1 w i t h  i s o p r o p y l  h a l i d e s  

u s i n g  aqueous bases and qua te rna ry  ammonium compounds as a phase t r a n s f e r  c a t a l y s t  

(6 ) .  

ob ta ined .  

s l i g h t l y  excess o f  i s o p r o p y l  bromide and 46% sodium hyd rox ide  aqueous s o l u t i o n  

c o n t a i n i n g  a c a t a l i t i c  amount o f  benzy l t r i e thy lammon ium c h l o r i d e  t o  g i v e  2-(4- 

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

Thus, 4-~hlorophenylacetonitrile-~~C was a l l o w e d  t o  r e a c t  w i t h  a 
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C l e C H 2 C 1  (CH3)zCHBr 

K ~ N  - C l O C H 2 C * N  C1 
*CN NaOH 

opt ica l  

*COOH 

l a  - 

F i g .  1 Scheme f o r  t h e  synthes is  of (S)-fen~alerate-(carbonyl-~~C) 

chlorophenyl)-3-methylbutyronitrile-l-14C (2) i n  80% y i e l d .  

Hydrolysis of 3 with 64% s u l f u r i c  acid l e d  t o  2-(4-chlorophenyl)-3-methyl- 
14 butyric-1- 

racemic acid (5) was c a r r i e d  out  by the diastereomeric  s a l t  formation with (-) -1-  

p h e n y l e t h y l a ~ n i n e ‘ ~ ’ ~ ) .  

gave a c r y s t a l l i n e  s a l t  which was f r a c t i o n a l l y  r e c r y s t a l l i z e d  from the  same 

so lvent .  

w i t h  d i l u t e d  hydrochloric ac id  t o  a f ford  (S)-2-(4-chloropheny1)-3-methylbutyri c- 

1- 

97% w i t h  [.ID= 47.1”. 

C acid (5) i n  a q u a n t i t a t i v e  y i e l d .  Optical resolut ion of t h e  

Treatment of 5 with (-)-1-phenylethylamine i n  80% ethanol 

The crys ta l1  ine  s a l t  of  (S)-enantiomer t h u s  obtained was decomposed 

14 C a c i d  (2) radiochemically i n  30% y i e l d ,  which showed an opt ica l  pur i ty  of 

For the synthes is  of  fenvalera te  using the butyr ic  acid (c ) ,  the  following 

methods a r e  known so f a r :  i )  e s t e r i f i c a t i o n  of 5 with a-cyano-3-phenoxybenzyl 

i i )  e s t e r i f i c a t i o n  of the acid chlor ide of 4 with a-cyano-3-phenoxy- 

benzyl a lcohol(’)  , and i i i )  d i r e c t  condensation of t h e  ac id  chlor ide of 5 with 

3-phenoxybenzaldehyde and sodium cyanide‘”). The f i r s t  method was chosen f o r  

the preparat ion of (S)-fenvalerate-(carbonyl- C) (la-), because i t  was considered 14 
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t h a t  t h e  method no t  on l y  shortens the  s y n t h e t i c  steps b u t  a l so  lessens the chance 

o f  racemization of the product  as compared t o  others.  

was allowed t o  r e a c t  w i t h  a-cyano-3-phenoxybenzyl bromide i n  a two-phase system 

o f  methyl chloroform-water (3 /2 v /v)  con ta in ing  potassium carbonate and te t ra -n -  

butylammonium bromide t o  g i ve  q u a n t i t a t i v e l y  a crude product  of 3. 
was chromatographed on s i l i c a  gel and e l u t e d  w i t h  hexane-benzene t o  g i ve  f r a c t -  

ionated e luates.  

The ( S ) - b u t y r i c  ac id  (L) 

The product 

Fenvalerate Aa and A @  can be analyzed by gaschromatography 

(GC)  and ha 

Analyses o f  

and AD i n  a 

than An. 

e the r e t e n t i o n  times o f  24.6 and 2 2 . 2  min, respec t i ve l y .  

the e luates revealed t h a t  each conta ined r a d i o a c t i v e  fenva le ra te  Aa 

d i f f e r e n t  r a t i o ;  t he  former e luates con ta in ing  a l a r g e r  amount o f  A B  

he f a c t  i nd i ca tes  t h a t  d iastereomer ic  Aa and Ag were s l i g h t l y  

GC- 

separated by the column chromatography. 

f r a c t i o n a t e d  e luates needed t o  be p roper l y  c o l l e c t e d  i n  the manner t o  ob ta in  the  

1/1 r a t i o  o f  Aa and Ag.  I n  t h i s  manner, (S)-fenvalerate-(~arbonyl-~~C) was 

obtained i n  the o v e r a l l  y i e l d  o f  18% from potassium cyanide-14C; the o p t i c a l  

p u r i t y  being 97%. 

Therefore, i n  o rde r  t o  prepare id the 

It i s  known t h a t  t he  one-step r e a c t i o n  ( t h e  t h i r d  method described above) 

requ i res  a much excess o f  sodium cyanide though an improved y i e l d  of f enva le ra te  

i s  expected. Therefore, t he  second method, which inc ludes stepwise react ions 

via the cyanohydrin o f  3-phenoxybenzaldehyde (z), was app l i ed  to the synthes is  of 

(S)- fenvalerate- (  cyano-14C) (E) i n  cons ide ra t i on  o f  t he  radiochemical y i e l d  based 

on potassium cyanide-14C. The procedures a re  shown i n  F igu re  2. 

Hydrogen cyanide-14C generated from potassium cyanide-14C by a c e t i c  ac id  was 

al lowed t o  r e a c t  w i t h  I t o  a f f o r d  a-cyano-14C-3-phenoxybenzyl a lcohol  (a) i n  80% 

y i e l d .  Since the  product was n o t  so s tab le,  i t  was used w i t h o u t  any p u r i f i c a t i o n  

f o r  the f o l l o w i n g  reac t i on .  

methylbutanoyl c h l o r i d e  (9) i n  p y r i d i n e  l e d  t o  (S)-fen~alerate-(cyano-’~C) (&) 

i n  64% y i e l d  a f t e r  p u r i f i c a t i o n  by column chromatography. The o p t i c a l  p u r i t y  

oT the f i n a l  product was 97%. 

E s t e r i f i c a t i o n  of 8 w i t h  (S)-2-(4-~hloropheny1)-3- 

The s y n t h e t i c  r o u t e  t o  (S)-fen~alerate-(methyne-’~C) (&) i s  shown i n  F igure 

14C-Carbonation of 3-phenoxyphenylmagnesium bromide w i t h  carbon-14C 3. 
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* 4 
CN C l - Q L y H  - 9 

C O C l  a0xJCHoH a0oCH; - 
6N _______) L r 

CH3COOH 
8 - 

l b  - 

*C N 

14 
Fig. 2 Scheme f o r  t he  synthes is  o f  (S)-fenvalerate-(cyano- C) 

d iox ide  fo l lowed by reduc t i on  w i t h  l i t h i u m  aluminum hydr ide gave S-phenoxybenzyl- 

14C a lcohol  (11) i n  85% y i e l d .  

y i e l d e d  3 -pheno~ybenza ldehyde-~~C (12) i n  70% y i e l d .  
14 

A i r  ox ida t i on ( ” )  o f  11 i n  d ime thy l su l fox ide  

Conversion o f  12 t o  (S)-fenvalerate-(methyne- C)(&) was achieved according 

t o  the t h i r d  method described above. 

w i t h  (S)-2-(4-chlorophenyl)-3-methyl butznoyl c h l o r i d e  (9) and an excess of sodium 

cyanide i n  a two-phase system o f  heptane-water using benzyl triethylammonium 

c h l o r i d e  as a phase t r a n s f e r  ca ta l ys t ;  g i v i n g  & i n  90% y i e l d  a f t e r  p u r i f i c a t i o n  

by column chromatography; the o p t i c a l  p u r i t y  being 97%. 

The aldehyde (12) was al lowed t o  r e a c t  

F ig .  3 Scheme f o r  t he  synthes is  o f  (S)-fen~alerate-(methyne-’~C) 
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EXPERIMENTAL 

Radio-gaschromatography ( R G C )  was c a r r i e d  out  on a Yanako G-80 gaschromato- 

graph (Yanagimoto Co., L t d . ,  Japan) equipped with a RD-4 gas-flow Gbcounter  

(Nihon Musen Co., Ltd. ,  Japan) .  

S i l icone  O V - 1 7  on Chromosorb was used f o r  the analyses of 4-chlorophenylaceto- 

ni t r i l e - I4C and 2-(4-chlorophenyl)-3-methylbutyronitrile-14C. 

t ion :  column temperature 140°, c a r r i e r  gas He (26 ml/min), de tec tor  F I D  (H2 50 

ml/min), oxidat ion temperature 600", counting gas propane (50 ml/min). 

t ion  times: 4-chlorophenylacetoni t r i l e  8.4 min, 2-(4-chlorophenyl)-3-methyl- 

b u t y r o n i t r i l e  14.7 min. 

S i l icone  SE-52 on Chromosorb was used f o r  the ana lys i s  of 3-phenoxybenzaldehyde- 

14C;  column temperature 150°, c a r r i e r  gas He (40 ml/min); re ten t ion  time 11.0 

m i n .  (S)-Fenvalerate- C was analyzed on a g l a s s  column ( 3  m ,  3 mm 1 . 0 . )  

packed with 10% Si l icone  DC QF-1 on Chromosorb; column temperature 245", c a r r i e r  

gas He (100 ml/min); re ten t ion  times: fenvalera te  ACX 24.6 min, A6 22.2 min. 

Optical ro ta t ions  were measured with a DIP 181 polar imeter  (Japan Spectroscopic 

Co., L t d . )  i n  chloroform. 

A g l a s s  column (2 m ,  3 mm 1 . 0 . )  packed with 3% 

Operating condi- 

Reten- 

A g l a s s  column (1.5 m ,  3 mm I . D . )  packed with 3% 

14 

14 4-Chlorophenylacetonitrile-1- C (2) - To a so lu t ion  o f  potassium cyanide-14C 

(150 mCi, 531 mg, 8.2 m o l )  i n  water  ( 9  ml) was added dropwise a t  room tempera- 

tu re  a solut ion of 4-chlorobenzyl ch lor ide  (1.32 g ,  8.2 mmol) i n  dimethylform- 

amide, and the mixture stirred a t  95-100" f o r  3 . 5  hr.  

ture was d i lu ted  with water and ex t rac ted  w i t h  e t h e r .  The e x t r a c t  was washed 

w i t h  water, d r ied  over sodium s u l f a t e ,  evaporated under reduced pressure,  and 

the residue chromatographed on s i l i c a  gel with hexane-ether (92/8 v / v ) .  

Evaporation of the main f r a c t i o n s  gave 4-chlorophenylacetoni t r i l e - l -14C (120 mCi, 

987 mg); the pur i ty  99% on RGC and radio-thinlayerchromatogram (RTLC)(silica g e l ,  

hexane/ether=3/1, Rf-value=0.15); IR vmax (CHC13): 2250 cm-l (CN). 

After  cool ing,  the mix- 

2-(4-Chlorophenyl)-3-rnethylbutyronitrile-l-14C (3) - A mixture of 4-chlorophenyl- 

a c e t o n i t r i l e - 1 -  

moll, sodium hydroxide (1.88 g )  and benzyltriethylammonium chlor ide  (90 mg) in 

14 C (120 m C i ,  987 mg, 6.5 mmol), isopropyl bromide (1.31 g ,  11 m 
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water (2.2 ml) was s t i r r e d  a t  50-60" f o r  4 h r .  Af te r  adding isopropyl bromide 

(0.15 g ,  1 . 3  mnol) and benzyltriethylamnonium chlor ide  (40 mg), the mixture was 

stirred a t  the same temperature f o r  an addi t ional  1 hr. 

with ice-water and ex t rac ted  with e t h e r .  

d r ied ,  and the so lvent  removed on a ro ta ry  evaporator. Column chromatography of 

the residue on s i l i c a  gel w i t h  hexane-ether (97/3 v / v )  gave 2-(4-chlorophenyl)-3- 

methylb~tyronitrile-l-~~C (95.8 mCi, 1.01 9);  the pur i ty  99% on RGC and RTLC 

( s i l i c a  g e l ,  hexane/ether=5/1, Rf-value=0.27); IR vmax (CHC13): 2250 cm- (CN); 

The mixture was d i lu ted  

The e x t r a c t  was washed with water, 

1 

NMR ( 6 ,  CDC13): 0.95 (3H, d ,  J = 3  H z ,  CH3), 1.05 (3H, d ,  J=3 H z ,  CH3), 1.80-2.45 

(1H, m, -Clj(CH3)2), 3.60 (lH, d ,  J=6Hz, methyne H ) ,  7.10-7.40 (4H, broad s, 

aromatic H); mass spectrum (m/e): 195 and 193 (M'), 101, 103 (base peak). 

14 2-(4-Chlorophenyl)-3-methylbutyric-l- 

phenyl)-3-methylb~tyronitrile-l-~~C (95.8 mCi, 1.01 g ,  5.2 mmol) and 64% s u l f u r i c  

a c i d  (7 ml) was heated a t  150-155" f o r  8 .5  hr. 

d i l u t e d  with ice-water and ex t rac ted  w i t h  e t h e r .  The e therea l  so lu t ion  was then 

ex t rac ted  with 5% sodium hydroxide so lu t ion .  

w i t h  e t h e r ,  a c i d i f i e d  w i t h  concentrated hydrochloric acid and re-extracted with 

ether. The e x t r a c t  was washed with water, d r ied ,  and evaporated to  give 2-(4- 

chlorophenyl)-3-methylb~tyric-l-~~C a c i d  (94.4 mCi, 1.09 g) a s  co lor less  

c r y s t a l s ;  the p u r i t y  99% on RTLC ( s i l i c a  ge l ,  chloroform/methanol=3/2, Rf-Val ue 

C Acid (5) - A mixture of 2-(4-chloro- 

The resu l t ing  mixture was cooled, 

The aqueous e x t r a c t  was washed 

=0.56); IR w a x  (nujo l ) :  1705 cm-' (CO); NMR ( 6 ,  CDC13): 0.70 (3H, d ,  J=4 Hz, 

CH3), 1.07 (3H, d,  J=4  Hz, CH3), 2.00-2.54 (lH, m, -Ctj(CH3)2), 3.13 (lH, d, J=8 

Hz, methyne H ) ,  7.10-7.40 (4H, broad s ,  aromatic H ) ;  mass spectrum (m/e): 214 

and 212 (M'), 169, 167 (base peak). 

14 (S)-2-(4-Chlorophenyl)-3-methylbutyric-l- 

2-(4-chlorophenyl)-3-methylbutyric-l- 

ethanol (9 ml) was added dropwise a so lu t ion  o f  (-)-1-phenylethylamine (400 mg, 

3.3 m o l )  i n  t h e  same so lvent  (9 ml), and white p r e c i p i t a t e s  appeared s h o r t l y  

t h e r e a f t e r .  

C Acid (5) - To a s t i r r e d  so lu t ion  o f  
14 C acid (94.4 mCi, 1.09 g, 5.1 mmol) i n  80% 

The mixture d i l u t e d  with 80% ethanol (4.5 ml) was ref luxed u n t i l  
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a c l e a r  s o l u t i o n  was obta ined.  

f o r  1 hr ,  and c o l o r l e s s  c r y s t a l s  produced. 

r a t i o n  were r e c r y s t a l l i z e d  f rom t h e  same s o l v e n t  (20 m l ) .  

c r y s t a l s  and 5% h y d r o c h l o r i c  a c i d  (15 m l )  was s t i r r e d  a t  room temperature f o r  

10 rnin, and e x t r a c t e d  w i t h  e t h e r .  

and evaporated t o  g i v e  (S)-2-(4-chloropheny1)-3-methylbutyric-l-14C a c i d  (28.3 

m C i ,  327 mg); 

The s o l u t i o n  was cooled and a l l o w e d  t o  s tand 

The c r y s t a l s  c o l l e c t e d  by f i l t -  

A m i x t u r e  o f  t h e  

The e x t r a c t  was washed w i t h  water,  d r i e d  

+47.1' ( ~ = l . l l ) ( ~ ) ;  t h e  p u r i t y  99% on RTLC. 

14 a-Cyano-3-phenoxybenzyl (S)-2-(4-Chloropheny1)-3-methyl bu ty ra te -1 -  C, (s)- 

Fenval e ra  t e -  (carbonyl - '  4C) (la) - A m i x t u r e  of  ( S  ) -2- ( 4 - c h l  oropheny1)-  3-methyl - 

b u t y r ~ c - l - ~ ~ C  a c i d  (28.3 m C i ,  327 mg, 1 .5 mmol), a-cyano-3-phenoxybenzyl bromide 

(450 mg, 1.6 m o l )  , potassium carbonate (115 mg, 0.83 mmol )  and t e t r a - n - b u t y l -  

ammonium bromide ( 6 8  mg, 0.22 mmol) i n  me thy l ch lo ro fo rm (6  ml) and wa te r  ( 4  m l )  

was s t i r r e d  a t  60-65" f o r  5 h r .  

water,  e x t r a c t e d  w i t h  methy lch loroform,  and t h e  e x t r a c t  washed success i ve l y  w i t h  

5% potassium carbonate s o l u t i o n ,  5% h y d r o c h l o r i c  a c i d  and water .  

o f  t h e  d r i e d  e x t r a c t  under reduced pressure gave an o i l y  res idue .  

chromatography o f  t h e  res idue  on s i l i c a  ge l  w i t h  hexane-benzene (13/7 v / v )  gave 

a-cyano-3-phenoxybenzyl (S)-2- (4-chlorophenyl)-3-methyl b u t y r a t e -  1 -14C (26.9 m C i  , 

614 mg, 18.4 mCi/mmol); t h e  p u r i t y  99% on RGL and RTLC ( s i l i c a  ge l ,  benzene, 

hexane/ether=2/1, chloroform/methanol=9/1, Rf-values=0.38, 0.45, 0.78, 

r e s p e c t i v e l y ) ;  [ a ] k O  -9.33' ( c = l  .46)(12) ;  I R  vmax (CHC13): 2300 cm-l(CN), 1745 

cm-l(CO); NMR (6,  CDC13): 0.68 and 0.70 (3H, each d, J=6 Hz, CH3), 0.94 and 1.04 

(3H, each d, J=6 Hz, CH3), 1.95-2.55 ( l H ,  m, -CH(CH3)2), 3.21 ( l H ,  d, J=10 Hz, 

-COCy=), 6.29 and 6.32 ( l H ,  each s, -CH(CN)-0-1, 6.86-7.60 (13H, m, a romat i c  H); 

mass spectrum (m/e): 421 and 419 (M'). 

( 8 )  

A f t e r  coo l i ng ,  t h e  m i x t u r e  was d i l u t e d  w i th  

Evaporat ion 

Column 

The p roduc t  was i d e n t i c a l  i n  every 

respec t  w i t h  t h e  u n l a b e l l e d  a u t h e n t i c  sample (12) . 

~t-Cyano-~~C-3-phenoxybenzyl A lcoho l  (8) - To a m i x t u r e  o f  potass ium cyanide-14C 

(50.8 m C i ,  85 mg, 1.3 mmol), 3-pheno~ybenzaldehyde(~~)(200 mg, 1.0 m o l )  i n  

ethanol  ( 6  m l )  was added dropwise a s o l u t i o n  o f  a c e t i c  a c i d  (0.6 m l )  i n  e thano l  
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(3  m l )  and r e s u l t i n g  m ix tu re  s t i r r e d  a t  room temperature f o r  6.5 h r .  

m ix tu re  was d i l u t e d  w i t h  water and ex t rac ted  w i t h  e the r .  The e x t r a c t  was washed 

w i t h  water, d r i e d  and evaporated under reduced pressure t o  g i v e  a-cyano-14C-3- 

phenoxybenzyl a lcohol  (40.0 mCi) as a p a l e  ye l l ow  o i l ,  which was app l i ed  t o  the 

fo l l ow ing  r e a c t i o n  w i t h o u t  any p u r i f i c a t i o n .  

The 

a-Cyan0-~~C-3-phenoxybenzyl (S)-2-(4-Chlorophenyl)-3-methyl butyrate,  (S)-Fen- 

~ a l e r a t e - ( c y a n o - ~ ~ C )  (E) - To a s o l u t i o n  o f  a-~yano-~~C-3-phenoxybenzyl a1 coho1 

(40.0 mCi ,  about 1 mmol) and p y r i d i n e  (0.3 m l )  i n  anhydrous toluene (3 m l )  was 

added dropwise a s o l u t i o n  o f  (S)-2-(4-chlorophenyl)-3-methylbutanoyl c h l o r i d e  (12) 

(364 mg, 1.5 mmol, [a];' t53.0" c=5.80) i n  anhydrous to luene (12 m l )  a t  -5-0" i n  

a p e r i o d  o f  30 min, and the  m ix tu re  a l lowed t o  stand a t  room temperature over- 

n i g h t .  

The e x t r a c t  was washed success ive ly  w i t h  5% sodium hydroxide so lu t i on ,  3% hydro- 

c h l o r i c  a c i d  and water, dried, and evaporated. 

d i l u t e d  w i t h  un labe l l ed  a u t h e n t i c  (S)- fenvalerate (0.5 g, 1.2 mmol), subjected t o  

column chromatography on s i l i c a  gel and e l u t e d  w i t h  hexane-benzene (3/1 v / v ) .  

Evaporation o f  t he  main f r a c t i o n s  gave a-~yano-~~C-3-phenoxybenzyl (S)-2-(4- 

chlorophenyl)-3-methylbutyrate (25.9 mCi ,  692 mg, 15.7 mCi/mmol) as a c o l o r l e s s  

o i l ;  t he  p u r i t y  99% on RGC and RTLC; [a]? -9.30 (c=1.40). 

The r e s u l t i n g  m ix tu re  was d i l u t e d  w i t h  water  and ex t rac ted  w i t h  benzene. 

The res idue (34.6 mCi) was 

The f i n a l  product  

was i d e n t i c a l  i n  every respec t  w i t h  t h e  un labe l l ed  au then t i c  sample (12) . 

3-Phenoxybenzoic-( carbonyl-14C) Ac id  (lo) - A s o l u t i o n  o f  3-phenoxybromobenzene 

(2.80 g, 11 mnol) i n  anhydrous te t rahydrofuran ( 6  m l )  was added dropwise t o  a 

s t i r r e d  m ix tu re  o f  magnesium tu rn ings  (290 mg, 12 mmol) i n  anhydrous te t rahydro-  

furan (17 m l )  w i t h  gen t le  r e f l u x  dur ing 20 min. A f t e r  complete add i t i on ,  t he  

m ix tu re  was r e f l u x e d  f o r  f u r t h e r  30 min and cooled. The r e a c t i o n  f l a s k  was 

connected t o  a vacuum manifold, and the m ix tu re  f rozen  i n  a l i q u i d  n i t r o g e n  bath. 

To the  f rozen m ix tu re  was in t roduced carbon-14C d iox ide  which was l i b e r a t e d  from 

barium carbonate-14C (49.9 mCi ,  294 mg, 1.5 mnol). The m ix tu re  was then warmed 

t o  -15" and s t i r r e d  f o r  1 h r .  

so lu t i on ,  the m ix tu re  was a c i d i f i e d  w i t h  5% hyd roch lo r i c  a c i d  and ex t rac ted  w i t h  

A f t e r  decomposition w i t h  20% ammonium c h l o r i d e  
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e t h e r .  

and the e x t r a c t  a c i d i f i e d  w i t h  concentrated h y d r o c h l o r i c  a c i d .  

m i x t u r e  was r e - e x t r a c t e d  w i t h  e t h e r .  The e x t r a c t  was washed w i t h  water,  d r i e d  

and evaporated t o  g i v e  3 -pheno~ybenzo ic - ( ca rbony l -~~C)  a c i d  (44.0 m C i ,  287 mg) as 

c o l o r l e s s  needles; t he  p u r i t y  99% on RTLC ( s i l i c a  ge l ,  chlorofonn/methanol=9/1,  

Rf-value=0.43); I R  vmax (CHC13): 1695 cm-l (CO). 

The e t h e r e a l  s o l u t i o n  was e x t r a c t e d  w i t h  5% sodium carbonate s o l u t i o n ,  

The r e s u l t i n g  

14 3-Phenoxybenzyl-a- C A l coho l  (11) - To a s t i r r e d  s o l u t i o n  o f  3-phenoxybenzoic- 

( ~ a r b o n y l - ' ~ C )  a c i d  (44.0 m C i ,  278 mg, 1.3 mmol) i n  anhydrous e t h e r  (40  m l )  was 

added p o r t i o n w i s e  l i t h i u m  aluminum h y d r i d e  (300 mg) a t  -5-0", and t h e  m i x t u r e  

s t i r r e d  a t  t h e  same temperature f o r  1 h r .  

h y d r o c h l o r i c  a c i d  below 0", t h e  r e s u l t i n g  m i x t u r e  was e x t r a c t e d  w i th  e t h e r .  

The e x t r a c t  was washed w i t h  water,  d r i e d  and evaporated t o  g i v e  3-phenoxybenzyl- 

a-14C a l coho l  (43.6 m C i ,  257 mg) as a c o l o r l e s s  o i l ;  t he  p u r i t y  99% on RTLC 

( s i l i c a  ge l ,  chloroform/methanol=9/1, Rf-value=0.44).  

t h e  f o l l o w i n g  r e a c t i o n  w i t h o u t  any p u r i f i c a t i o n .  

A f t e r  a d d i t i o n  o f  i ce -wa te r  and 10% 

The p r o d u c t  was used f o r  

3-Phenoxybenzaldehyde-( carbonyl -  14 C) (12) - A s o l u t i o n  o f  3 - p h e n o ~ y b e n z y l - a - ~ ~ C  

a l coho l  (43.6 mCi ,  257 mg, 1.3 mmol)  i n  d i m e t h y l s u l f o x i d e  (20 m l )  was s t i r r e d  a t  

180" w i t h  a i r  pass ing th rough  t h e  s o l u t i o n  f o r  13 hr.  The s o l u t i o n  was cooled, 

d i l u t e d  w i t h  water,  and e x t r a c t e d  w i t h  e t h e r .  

d r i e d  and evaporated under reduced pressure.  

column chromatography on s i l i c a  g e l  and e l u t e d  w i t h  ch lo ro fo rm.  

s o l v e n t  gave 3-phenoxybenzaldehyde-(carbonyl- C)(30.5 m C i ,  178 mg) as a c o l o r l e s s  

o i l ;  t h e  pur  ty 99% on RGC and RTLC ( s i l i c a  ge l ,  ch loroform,  Rf-value-0.33); I R  

vmax (CHC13) 

( lH,  s, - C l O  ; mass spectrum ( W e ) :  198 (M', base peak), 197, 181, 169. 

The e x t r a c t  was washed w i t h  water,  

The o i l y  r e s i d u e  was p u r i f i e d  by 

Removal o f  t h e  

14 

1 1700 cm- (CO); NMR (6,  CDC13): 6.85-7.70 (9H, m, aromat i c  H), 9.89 

a-Cyano-3-phenoxybenzyl -a-14C (S )-2-(4-Chlorophenyl  ) -3-methyl  b u t y r a t e ,  (S)-Fen- 

~ a l e r a t e - ( m e t h y r , e - ~ ~ C )  (k) - To a s t i r r e d  s o l u t i o n  o f  3-phenoxybenzaldehyde- 

( ca rbony l -  

butanoyl  c h l o r i d e  (374 mg, 1.5 mmol, [ a ] ~  see above) i n  heptane (10 ml) was added 

14 CI(30.5 mCi ,  178 mg, 0.90 mnol) and (S)-2-(4-chlorophenyl)-3-methyl- 
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dropwise, a t  room temperature, a so lu t ion  of sodium cyanide (98 mg, 2.0 mnol) 

and benzyltriethylammonium chlor ide (8 mg) i n  water (4  ml), and the mixture 

s t i r r e d  a t  the same temperature f o r  16 hr. 

sodium cyanide (74 mg, 1 .5  mmol) and (S)-2-(4-chlorophenyl)-3-methylbutanoyl 

chlor ide  (230 mg, 1.0 mmol), and the mixture continued t o  be s t i r r e d  f o r  8 hr. 

The r e s u l t i n g  mixture was ex t rac ted  with benzene and the e x t r a c t  washed 

successively with 5% sodium carbonate s o l u t i o n ,  5% sodium b i s u l f i t e  so lu t ion  and 

water. 

the  unlabelled au thent ic  (S)-fenvalerate  (250 mg, 0.6 mmol). 

graphy of the  product on s i l i c a  gel with hexane-ether (9/1 v / v )  followed by 

removal of the so lvent  gave a-cyano-3-phenoxybenzyl -a-14C (S)-2-(4-chloro- 

phenyl)-3-methylbutyrate (27.1 mCi, 562 mg, 20.2 mCi/mmol) as a c o l o r l e s s  o i l ;  

the p u r i t y  99% on RGC and RTLC; 

ident ica l  i n  every respec t  with the unlabelled authent ic  :ample . 

To the mixture was added addi t ional  

Evaporation of  t h e  e x t r a c t  gave an o i l y  res idue which was d i lu ted  with 

Column cliromato- 

-9.34” (c=l  .45). The product was 
(12)  
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