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SUMMARY 

3-Phenoxybenzyl [1R,cis]-3-(2,2-dichloroviny1)-2,2-dimethyl- 

cyclopropanecarboxylate (I) and its [lR ,trans] -isomer (XI) were 

labelled with carbon-14 at C-2 position of the dichlorovinyl 

side chain for metabolic studies. 
were achieved according to the reaction scheme shown in Fig. 1. 

Wittig reaction of methyl [lR,cis]-3-formyl-2,2-dimethylcyclo- 

propanecarbox yl a te wi th carbon-14C tetrachloride followed by 

hydro1 ysis gave [lR ,cis] -3- (2,2-dichlorovinyl -2-1 4C) -2 '2- 

dimethylcyclopropanecarboxylic acid (VXa). Chlorination of the 

acid (VIa) and subsequent treabnent of the resulting acid 

chloride with 3-phenoxybenzyl alcohol afforded 3-phenaxybenzyl 

[lR ,cis] -3- (2,2-dichlorovinyl -2-1 4C) -2,2-dimethylcyclopropane- 

carboxylate (I) in the overal l  yield of 33%. Its [lR,trans]- 

isomer (XI) was also prepared in 35% yield by the similar 

procedures. 

3.80 mCi/mmole respectively. 

The stereospecific syntheses 

The specific activities of I and XI were 4.30 and 
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INTRODUCTION 

3-Phenoxybenzyl [1R,1S,cis,tr~ns]-3-(2,2-dichlorovinyl)-2,2-dimethylcyclo- 
* 

propanecarboxylate (Permethrin ) ( I ) ,  synthesized and t e s t e d  f o r  b io logica l  

a c t i v i t i e s  by E l l i o t t  et. a l . ,  has  been found t o  have high i n s e c t i c i d a l  

In our laboratory,  the metabolic s t u d i e s  of t h i s  agent i n  

mammals have been c a r r i e d  out by the  use of [ l R , c i s ] -  and [lR,trans]-permethrin- 

* For t h e  p r a c t i c a l  use, "Permethrin" i s  a mixture of a l l  stereoisomers concern- 
ing  the  s u b s t i t u e n t s  a t  C - 1  and C-3 of the  cyclopropane. 
here  t o  designate  stereochemistry i s  discussed by E l l i o t t  et. a l .  ( 2 ) .  

The system used 

0 1977 by John Witey ti Sons, Ltc. 
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14C labelled in the phenoxybenzyl moiety(3). 

its metabolic fate especially of the cyclopropanecarboxylic acid, [lR,cis] -. and 

[lR,trans]-permethrin labelled with carbon-14 at the acid moiety were desired. 

In order to further investigate 

Most recently, Elliott et. a l .  already synthesized these labelled compounds 

(I and 11) for metabolic studies(4). 

routes involving Wittig reaction of methyl [lR,trans]-3-formyl-2,2-dimethyl- 

cyclopropanecarboxylate and also its [ lS, trans] -isomer with carbon-14C tetra- 

chloride. 

is of greater advantage than the conventional other 

stereospecific synthesis. 

permethrin (I) seems rather tedious, since the preparation of the key inter- 

mediate, [ lR,cis] -3-(2,2 dichlorovinyl-2-14C)-2,2-dimethylcyclopropaecarboxylic 

acid (VIa) was accomplished only in a poor yield by means of thermal epimerizat- 

ion of the [lS,trans]-isomer which was obtained by the Wittig reaction of methyl 

[ lS, trans] -3-formyl-2,2-dimethylcyclopropanecarboxylate with carbon-14C tetra- 

chloride. 

Their syntheses were carried out by the 

For the preparation of [ lR, trans] -permethrin-14C (II), this method 

in terms of 

However, their method for the labelling of [ lR,cis] - 

We now wish to report much improved syntheses of [lR,cis]- and [lR,trans]- 

permethrin-14C (I and 11). 

DISCUSSION 

The synthetic procedures used are illustrated in Figure 1. The unlabelled 

starting materials, methyl [1R,cis]-3-formyl-2,2-dimethylcyclopropanecarboxylate 

(IVa) and its [lR,trans]-isomer (IVb) were prepared by oxidation of correspond- 

ing optically active methyl chrysanthemates (IIIa and b) with osmium tetroxide 

and then sodium periodate in 7 2  and 68% yields respectively. 

and stereochemistry of these materials were confirmed by comparison with the 

authentic sample. 

The structures 

14 For the direct preparation of methyl [lR,cis] -3-(2,2-dichlorovinyl-2- C)- 

2,2-dimethylcyc1opropanecarboxylate (Va), we investigated more elaborately 

Wittig reaction of [lR,cis] -aldehyde (IVa) with carbon-I4C tetrachloride. 

this connection, we attempted to clarify the effects of solvent, temperature, 

time and molar ratio of the aldehyde (IVa) to carbon tetrachloride on the yield 

In 
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IIIa: [ l R , c i s ]  - IVa: [ l R , c i s ]  - 
I I Ib: [ l R ,  t rans]  - IVb: [ lR, t rans]-  

c1 

OW c1 

Va: [ lR,cis] - VIa: [ l R , c i s ]  - VIb: [ l R ,  t rans]  - 
Vb: [ lR, t rans]-  

H H 

c1 

c1 

i i )  PBA 

I 1  

Fig. 1. The reac t ion  sequence for t h e  preparat ion 

of [lR,cis] - and [ lR, t rans]  - ~ e r m e t h r i n - ~ ~ C  

of the  di i j i iorovinyl  e s t e r  (Va). 

under var ious condi t ions a r e  summarized i n  Table 1. 

y i e l d  of Va markedly depended upon t h e  reac t ion  solvent  used. 

by E l l i o t t ( 4 ) ,  i n  benzene t h e  dichlorovinyl  e s t e r  (Va) was scarce ly  produced. 

However, it was found t h a t  the  dichlorovinyl  e s t e r  (Va) could be obtained i n  

reasonable y i e l d s  (60-76%) when te t rahydrofuran,  dichloromethane o r  dichloro-  

ethane was used, and among them tetrahydrofuran seemed t o  be most s u i t a b l e  f o r  

t h i s  Wit t ig  reac t ion .  

reac t ion  time of over 48 h r  and t h e  temperature higher  than 35' merely l e d  t o  

increase  of unfavorable by-products and t h a t  t h e  use of the  [lR,cis]-aldehyde 

Representative r e s u l t s  o f  a number of runs 

The data  suggest t h a t  t h e  

As pointed out  

Concerning o ther  elements, it was observed t h a t  t h e  
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Table 1. Yields of methyl [ lR,cis]  -3-(2,2-dichlorovinyl)-2,2- 
dimethylcyclopropanecarboxylate i n  Wi t t ig  reac t ion  

reac t ion  reac t ion  reac t ion  molar r a t i o  yielda 
solvent  time (hr)  temp, ("C) (IVa/CC14) (%I 

T H F ~  48 35 1.1 76 

CH2C12 48 35 1.1 65 

C 1  (CH2) 2C1 48 35 1.1 60 

dioxane 48 35 1.1 30 

benzene 48 35 1.1 10 

THF 

THF 

24 35 1.1 60 

72 35 1.1 67 

THF 48 70 1.1 62 

THF 48 35 1.5 63 

THF 48 35 2.0 50 

aYields from carbon t e t r a c h l o r i d e .  

bTetrahydrofuran. 

(IVa) more than 1.1 equivalents  r e s u l t e d  i n  decreased y ie lds .  

reac t  a 10% excess of IVa with carbon-14C t e t r a c h l o r i d e  a t  35' f o r  48 h r  i n  a 

Thus, allowing t o  

sealed pyrex tube turned out t o  be the  optimum condi t ion f o r  t h e  preparat ion of 

[ l R , c i s ]  - d i c h l ~ r o v i n y l - ~ ~ C  e s t e r  (Va). 

From similar experiments using [lR,trans]-aldehyde (IVb), t h e  condition 

described above was a l s o  found t o  a f ford  t h e  most s a t i s f a c t o r y  r e s u l t  fo r  the  

preparation of [ lR, t rans]  - d i ~ h l o r o v i n y l - ~ ~ C  e s t e r  (Vb). 

epimerizing product could be  de tec ted .  

In both cases ,  no 

Under the above condi t ion,  the aldehydes (IVa and b)  were converted t o  the  

desired d i c h l o r ~ v i n y l - ~ ~ C  esters (Va and b)  which were immediately hydrolized by 

potassium hydroxide so lu t ion  t o  give [lR,cis]- and [lR,trans]-3-(2,2-dichloro- 

~ i n y l - 2 - ' ~ C )  -2,2-dimethylcyclopropanecarboxylic ac ids  (VIa and b) i n  overa l l  

y ie lds  of 39 and 40% from carbon-14C t e t r a c h l o r i d e ,  respec t ive ly .  

l abe l led  compounds showed i d e n t i c a l  s p e c i f i c  r o t a t i o n s  ( [ a ] ~  = +32.8 for VIa and 

t39.8 f o r  VIb) and NMR s p e c t r a  with those of t h e  unlabel led au thent ic  samples. 

These 

Treatment o f  the  a c i d s  (VIa and b) with thionyl  ch lor ide  followed by 

e s t e r i f i c a t i o n  of the r e s u l t i n g  ac id  ch lor ides  with 3-phenoxybenzyl a lcohol  gave 
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[ l R , c i s ] -  and [lR,tran~]-permethrin-~~C ( I  and 11). After p u r i f i c a t i o n  by 

column-chromatography on s i l i c a  g e l ,  t h e  y i e l d s  of  I and I 1  were 86 and 88% 

r e s p e c t i v e l y .  

and -9.5' f o r  11, and were i d e n t i c a l  i n  every r e s p e c t  with t h e  u n l a b e l l e d  

a u t h e n t i c  samples,  

The f i n a l  p roduc t s  showed t h e  s p e c i f i c  r o t a t i o n s  of  -1.0" f o r  I 

EXPERIMENTAL 

The products  of  W i t t i g  r e a c t i o n  of methyl [lR,cis]-3-formy1-2,2-dimethyl- 

cyclopropanecarboxylate  wi th  carbon t e t r a c h l o r i d e  were eva lua ted  by gas-chromato- 

graphy which was c a r r i e d  out  on a Yanako G-80 Chromatograph (Yanagimoto MFG Co., 

Ltd. ,  Japan) f i t t e d  with a thermal c o n d u c t i v i t y  d e t e c t o r .  A g l a s s  column ( 1  m,  

3 mm I . D . )  packed wi th  5% DC Q F - 1  on Chromosorh W (60-80 mesh) was used.  

Operat ing cond i t ions :  column temperature  150°, c a r r i e r  gas helium (50 ml/min). 

The r e t e n t i o n  t imes of  t he  a u t h e n t i c  m a t e r i a l s  were: methyl [ lR ,c i s ] -3 - fo rmyl -  

2,2-dimethylcyclopropanecarboxylate (2 .0  min), methyl [lR,trans]-3-formyl-2,2- 

dimethylcyclopropanecarboxylate ( 2 . 3  min) ,  methyl [lR,cis]-3-(2,2-dichloro- 

vinyl)-2,2-dimethylcyclopropanecarboxylate (2.5 min) and methyl [ lR , t r ans ] -3 -  

(2,2-dichlorovinyl)-2,2-dimethylcyclopropanecarboxylate (2 .8  min) .  

14 Carbon- 

mCi/mmol) was purchased from The Radiochemical Centre ,  Amersham, England, and 

d i l u t e d  a p p r o p r i a t e l y  with un labe l l ed  carbon t e t r a c h l o r i d e .  

C Te t r ach lo r ide  - -  Carbon-14C t e t r a c h l o r i d e  ( s p e c i f i c  a c t i v i t y  7.95 

Methyl [1R,cis]-3-Formyl-2,2-dimethylcyclopropanecarboxylate - -  A mixture  of  

methyl [ lR,cis]-chrysanthemate ( I I I a ) ( 1 9 . 7  g ,  104 mmol), osmium t e t r o x i d e  (100 

mg, 0 . 4  mmol), dioxane (100 ml) and water  (35 ml) was s t i r r e d  a t  room tempera- 

t u r e  f o r  30 min. To the  mixture  was added sodium p e r i o d a t e  (40 g,  190 mmol), 

and t h e  mixture  was heated a t  50' f o r  24 h r  under n i t r o g e n  stream. After cool-  

ing,  c r y s t a l l i n e  p r e c i p i t a t e s  formed were removed by f i l t r a t i o n  and t h e  f i l t r a t e  

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 ca rbona te  s o l u t i o n  

and wa te r ,  t hen  d r i e d  over sodium s u l f a t e  and evaporated t o  g ive  a r e s i d u e .  

D i s t i l l a t i o n  of  t h e  r e s i d u e  a t  17 mmHg gave methyl [1R,cis]-3-formyl-2,2-  
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dimethylcyclopropanecarboxylate (12.6 g, 72%); bp 107-112" (17 mmHg); IR spectrum 

(chloroform): 1730 ( e s t e r )  and 1705 (CHO) cm-l; NMR spectrum (6, CDC13): 1.30 

(3H, s i n g l e t ,  CH3), 1.58 (3H, s i n g l e t ,  CH3), 1.81 (lH, doublet-doublet, J = 6  Hz,  

J = 9  Hz ,  C-3 proton) ,  2.13 (lH, doublet ,  J = 9  Hz,  C - 1  proton) ,  3.73 (3H, s i n g l e t ,  

CXIC113) and 9.76 IlH, J = 6  H::, CHO); [x]i2137.5' (c=l.!, cc14). 

Meth ,1 'ilR, trans] -3-1 ormyl-2,2-.diniethylcycloprcpaneca-~bor.ylate - -  Oxidation of 

me?hyt [St, tzan2.l -clii.).;anthe,:al-.c ( I I i b )  b; t h s  s3me rn5thod a s  descr ibed above 

gave me thyi  [ lR, tran:; j  -3-fonnyl-2,;-c imethy1cyc:lopropanecarbo~ylat~: (<1.3 g) i n  

68% yie ld ;  bp 108-111' (17 mmIQ); IR spectrim (chloroform): 1730 ( e s t w )  and 

1.71( (CHO) cm-'; NMR spectrum ( 6 ,  CD(:l3): 1.33 (3H. s i n g l e t ,  CI-13), l.:i7 (3H, 

s i n g l e t ,  CI-I3), 2.42 (ZH, mL.ltiplet, (:-1 and C-3 protcns) ,  3.68 (3H, s t n g l e t ,  

COOCH3) a n i  9 65 (lH, m u l t j p l e t ,  C H O I ;  la]ff13.3" (c=l.O i n  Cc14). 

crnecarboxylate I 4 Idethyl [ lR,cis] - 3 - (  2,2-Dichloxovinyl-2-~ C) -2,2-dimei.hylcyclop:rop' 

-- (1V.i)  _ . -  l o  a pyyex tube containing triphenylphosphili (28.93 g, 15 mmol), methyl 

[ 1 R , cis] - 3 -  formyi -2 : 2 -dime thy]. cyc: 1opropsnec:arb oxyl a t e  ( I.. 28 g , 7 . 6  2 nmol ) and 

anhydrous te t rah idrofuran  (13 ml:i w a s  added ca.rbon-1 'C Iretrachlor-ide (33.1 m C i ,  

7.50 mnol:, speciEic ac t . iv i ty  of aboLt 4.4 InCijmmcl). 

the tube was sealed i n  reduced p:ces$.ure and heated a t  3;' f o r  48 hr .  

cr)  s t a l l i n e  p r e c i p i t a t e s  produced were removed by f i l  t r a t i p n  and was!ied with 

t2trahyc:r3furan. 

g:ii.e a residue (2:.:.5 ,nCi, radiochemical. y i e l d  62 , l%; which h ; Z j  id .ent i f ied as 

nls':hyI. [lR; -is! -.3 ( 2  ?2-cl.ich: c,r:;vil;yl -2..14C) - 2 ,  ~-dimc:thylcycl~]~rr~pa::ecarboxylate 

t .i  :h t.hc r s d i o d i e ~ i c s l  p:ri.:y c i f  25-b by rirdn o-~asch:.oiittc~grapliy m a  radio-TLC 

;A si:.i.-a gel (Iwxcrc: e t h y l  ;c.e:tste= .1; I vjv)  Tlie prc8duct V;aS xzed f o r  the  

f o l l o i h g  reac t ion  without any p u r i f i c a t i o n .  

After  cooling t o  -180°, 

The 

The f i l t r a t e  and the  washiags weIe combinocl and eiaporated t o  

Methyl [ .lR, trans] - I -  (;!, 2-Dic'hlorovj nyl-2 - 14C:1 -2,2-dimethy%cycloprop;mecarboxylate 

. [ IV?)  - - 
:zrboxyla;e ( i .25 z ,  '7.50 Erno!) vi.:h c.a~-bor!-'~C t e t r a c h l a r i d e  (30.0 m C i ,  7.48 

n M l O l ,  speci:iic a c t i v i t y  of about 4 . 0  niCi/mmol) was c a r r i e d  out under the same 

Wit:tig r e  1ct:ion of met!iyl [ 1R, trans:] -3-formyl-2,:!-dimethylcyclopropane- 
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reaction condition as described above for the preparation of IVa to give methyl 

[ lR, trans] -3-(2,2-dichlorovinyl-2-14C)-2,Z-dimethylcyclopropanecarboxylate (IVb) 

(19.3 mCi, radiochemical yield 64.3%, radiochemical purity 94%). The product 

was used for the next reaction without any purification. 

14 [lR,cis]-3-(2,2-Dichlorovinyl-2- C)-2,2-dimethylcyclopropanecarboxylic Acid 

- (Va) -- A mixture of methyl [ lR,cis] -3-(2,2-dichlorovinyl-2- 

cyclopropanecarboxylate (20.5 mCi, c a .  4.77 mmol) and potassium hydroxide ( 2  g) 

in methanol (7 ml) was heated to reflux for 1.5 hr. After cooling, the solvent 

was evaporated under reduced pressure to leave a residue which was dissolved in 

water (20 ml), and the solution washed with dichloromethane. The aqueous 

solution was made acidic with 1N hydrochloric acid and extracted with ether. 

The extract was washed with water, dried over sodium sulfate and evaporated to 

give a crystalline residue (13.8 mCi). Chromatography of the residue on silica 

gel with chloroform-methanol (6:4 v/v) followed by recrystallization from hexane 

gave [ lR, cis] -3- (2,2 -dichlorovinyl-2 -14C) -2,2-dimethylcyclopropanecarboxyl ic acid 

(Va)(12.7 mCi, 616 mg, 4.30 mCi/mmol, 61.9%); mp 90-92O; IR spectrum (chloroform) 

3400-2500 (Cog) and 1680 cn~-~(COm); NMR spectrum (6, CDC13): 1.28 (6H, singlet, 

2 CH3), 1.95 (ZH, multiplet, C-1 and C-3 protons), 6.13 (lH, doublet, J=8.5 Hz, 

vinyl proton) and 11.7 (lH, broad singlet, COO!); [a], - +32.S0 (c=l.O, CHC13). 

14 C)-Z,Z-dimethyl- 

22: 

IlR, t rans ]  -3- (2,2-Di~hlorovinyl-2-'~C) -2,2-dimethylcyclopropanecarboxylic acid 

(Vb) -- Under the same reaction condition as described above, methyl [lR,trans]- 

3-(2,2-dichlorovinyl-2- C)-2,2-dimethylcyclopropanecarboxylate (19.3 mCi) was 

hydrolyzed to give [lR, trans] -3-( 2,2-di~hlorovinyl-2-~~C) -2,2-dimethylcyclo- 

propanecarboxylic acid (Vb)(12.0 mCi, 658 mg, 3.81 mCi/mmol, 62.1%); mp 55-58'; 

IR spectrum (chloroform): 3500-2500 (COOH) - and 1680 an-' (COOH); NMR spectrum 

(6, CDC13): 1 .22  (3H, singlet, CH3). 1.33 (3H. singlet, CH3), 1.56 (lH, doublet, 

J=5 Hz, C-1 proton), 2 . 2 2  (lH, doublet-doublet, J=5 Hz and J=9 Hz, C-3 proton), 

5.56 (lH, doublet, J=g Hz, vinyl proton) and 11.7 (lH, broad singlet, COO;); 

[ a ] ~ * ~  +39.8' (~1.0, CHC13). 

- 
14 
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3-Fhenxiyt)ariz.).; [ iR, cis: ..3- [2 ,2-I)i.-.hl orobi-ny-1-2 - I4L)  -L, !-dimethylcyclopropane- 

carboxylalze ( I )  - -- ,4 m:txtLtre of i lR,,cis] -3- (2,2-c.ichlor iviny1-2-l4C) -2,Z-di- 

1nzt:hylc~c13-~1rupant'ca--bo~~ylIr. a c i 3  (112.i nCi. ,516 mg, 1.35 mmol) and thionyl  

chlor ide (850 mi., 7 . 1  inmo!.) i n  anhydrous dichloromethane (6 ml) was heated a t  60" 

f o r  2 h r .  After  removal of the  excess o f  t h i o y l  ch lor ide  and ' the  solvent ,  t h e  

residue was taken c p  i n  aiihyclro~s toluene (4 ml). The so lu t ion  was added drop- 

wise a t  room temperature to i i  mixture of :;-pt,enoxyb(enz)l a lcohol  (590 mg, 2.95 

mmol) anc. pyridine (470 mg) .in z.nhydroJs ':oluene (5 m l j  . After complete addi t -  

ion ,  -the mixturs w a s  s t i r r e d  a t  room temperature f o r  24 h r .  The mixture was 

poured i n t o  water and ex t rac ted  with benzene. 

hydrochloric; ac id ,  5% sod.ium carbonate solut.ion and water successively,  d r ied  

ox'er sodium s u l f a t e ,  and evapori ted t o  give a rc:siclue. The res idue  was sub- 

jected t o  colunm chromatography on s i l i c a  ge l  and e l u t e d  with hexane-ether ( 1 O : l  

v/v). Evx?oration of the  main f r a c t i o n s  gave 3 c r y s t a l l i n e  res idue  which was 

r e c r y s t a l l i z e d  from hexaxe t o  zf ford  .3-phenoxybsnzyl [ lR,cis] -3-(2,2-dichloro- 

viny:-2-14C)-2 ,2-dimethylcyclopropanecarboxylate ([lR cis]-permethrin-  

(10.8 nCi, 981 mg:, 4.30 mCi!mmtil, o v e r a l l  yj-eld 33.3%: as c o l o r l e s s  needles; 

mp 72-73 ' :  IR spect:rum ( c h h r o % m )  : 1720 ( e s t e r  C=C!) and 1590 cm-' (phenyl); 

hMP spect-um (6, C1!::1.3j: .i .21.; : G I ?  s i n g l e t ,  2 (H:), 1 .98 (ZH, m u l t i p l e t ,  C - 1  and 

C:-3 pzotox;:), 5 .  08 (X, s m g i e t ,  benzyi prot ix: ; ) ,  6.30 (lH, doublet-doublet, 

J = 7  and 1 Hz, v inyl  proton) ,  7 .10 (9H, multipli:t,  phenyl protons) ;  [ a ] i o D =  -1.0" 

;c=l .C, CHI:;3:. 

---- --------- 

The e x t r a c t  was washed with 1N 

14 
C) ( I )  

3- Phenoxyben z; r l  I 1 R , tra.ns] .. 3 - ( 2 , 2  -Dichl cirov iny  1 -2 - 14(J - 2 , 2  -dimethyl cyclopropane- 

cnr1)cxyInte ___ ----- (11) - -  EsteriFic:.tion of [ LR, trr-ars]-3-(:!,2-dichlorovinyl-2- 

2,2-diniett.ylcyclcipropanecarbo::ylic acid (12.0 m C i ,  61i8 mg, 3.15 mmol) was 

car r ied  out by  the method dest:ribed above t o  i , ive  3- ihenoxybenzyl [lR, t r a n s ]  -3- 

( 2 , 2 - d i c h ; . o r c ~ i n y 1 - 2 - ~ ~ C )  - 2 , 2  -dimett.ylcycloprtipanecarboxylate ( [  l R ,  trans] - 

permethrin-14C)(II) (10.5 m C i ,  1.08 g, 3.80 mCi/mmol, o v e r a l l  y i e l d  35.0%); 

.-- 
14 

C)- 

the  I R  spectrum (chloroform): 1710 ( e s t e r  C=O) and 1590 cm-l; NMR spectrum 

(6 ,  CDC13): 1.18 (3H, s i n g l e t ,  CH3), 1.29 (3H, s i n g l e t ,  CH3), 1.62 (lH, doublet ,  

J=5  Hz, C - 1  proton) ,  2.25 (lH, doublet-doublet, J=5 and 9 Hz, C-3 pro ton) ,  5.11 



Carbon-1 4 Permethrin 569 

(2H, s i n g l e t ,  benzyl protons) ,  5.62 (lH, doublet ,  J=9  Hz ,  v inyl  proton) and 7 .22  

(9H, m u l t i p l e t ,  phenyl protons) ;  [ a ] r o =  -9.S0 (c=l.O, CHC13). 
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