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Abstract. A mixture of RSCHCl Ph P and trans-caronaldehyde 
ethyl ester, treated with 

2' (3 - 
aq.Na H under phase transfer 

conditions, gave the corresponding 2-alkylthio,2-chloroethenyl 
derivative, the product of the Wittig reaction of a phosphora- 
ne formed 'in situ'. The analogous derivative of the cis- and - 
the 2-methylthio, 2-bromoethenyl derivative of the trans-caro- 
naldehyde ethyl ester were synthesized also by means of 
Wittig-Horner reactions. The 2-trifluoromethylthio, 2-chloro- 
ethenyl derivative of the caronaldehyde ethyl ester (cis-trans -- 
mixture) was also obtained through the phosphonate prepared 
from 

CF3SCl + N2CHP(0)(OEt)2+ CF3SCHC1P(0)(OEt)2 

The new derivatives prepared were converted to final pyre- 
throids by esterification with cyanotm-phenoxyphenyl)methanol. 

Synthetic pyrethroids are well known suitable for agricultural uses. Apart 

compounds derived from modification of 

the insecticidal esters found in natural 

pyrethrum'. The modifications operated 

on the natural structures led to the 

synthesis of compounds in which high 

activity against insects and low mamma- 

lian toxicity are combined with increa- 

sed photostability, so that they are 

from structures like FenvalerateL, which 

are esters of d-alkyl-phenylacetic 

acids, the pyrethroids are esters of 

3-(2,2-substituted-ethenyl)-2,2-dime- 

thyl-cyclopropanecarboxylic acids. Opti- 

mization of the biological activity was 

achieved by adopting cyano(m-phenoxyphe- 

nyl)methanol as alcoholic part and two 
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halogen atoms3 (OK polyhalogenomethyl 

and halogen groups41 on the vinylic 

moiety of the acidic part5. Among the 

numerous variations of the substituents 

on the vinyl group, very few are known 

to be vinyl sulphides: esters of 3(aryl- 

thio-ethenyll-2,2-dimethyl-cyclo- 

propanecarboxylic acids have been clai- 

med to show good insecticidal activity6. 

We desired to test the corresponding 

alkylthio(halogeno)ethenyl- and, possi- 

bly, the polyhalogenomethyl- 

thio(halogenoletheny1 derivatives. Of 

the numerous recent methods7 for the 

synthesis of vinyl sulphides, very 

convenient are Wittig’ and Wittig-Horner 
9 

syntheses,but only one report 
10 

deals 

with diethyl phenylthio(chloro)methane- 

phosphonate. We reached our goal by 

using both diethyl alkylthio(halogeno)- 

methanephosphonates and alkylthio(halo- 

genoltriphenylphosphoranes, obtained ‘in 

situ’, by a one-pot reaction under phase 

transfer catalytic conditions. Purther- 

more we succeeded in synthesizing the 

diethyl trifluoromethylthio(chloro)me- 

thanephosphonate which underwent the 

Wittig-Horner reaction in the normal 

way. 

RESULTS AND DISCUSSION 

Dichloromethylenetriphenylphosphorane 

is usually obtained from triphenylphos- 

phine and carbon tetrachloride’l(or 

better bromotrichloromethane 12 
) or from 

chloroform and potassium tert-butoxide 13 

: the dichlorocarbene firstly formed is 

trapped by triphenylphosphine. On the 

other hand dichlorocarbene can be gene- 

rated from chloroform and 50% aq.sodium 

hydroxide solution with a phase transfer 

catalyst (P.T.C.1 14 
: furthermore, seve- 

ral Wittig reactions have been carried 

out starting from phosphonium salts and 

bases under P.T.C.conditions 
15 

. A combi- 

nation of these procedures has never 

been described. Actually, by vigorously 

stirring a chloroform solution of tri- 

phenylphosphine, benzaldehyde and a 

phase transfer catalyst (triethylben- 

zylammonium chloride, TEBA) with an 

aq. 50% sodium hydroxide solution, at 

60°C for 2 h, 8,B-dichlorostyrene was 

obtained (47% yield of isolated pro- 

duct): 

CHC13 + Ph3P t PhCHO “%T;;ANaoH ? 

__) PhCH = CC1 
2 

+ Ph3P0 

This is an unprecedented example of a 

one-pot Wittig reaction, carried out 

under P.T.C. conditions, not starting 

from a pee-formed phosphonium salt. The 

reaction is not of general applicabili- 

ty, since it suffers from the competing 

react ions (like aldol condensation) 

which undergo many carbonyl compounds 

under basic conditions. Nevertheless it 

can be extended to other substrates 

which generate carbenes by basic treat- 

ment and the phosphoranes so obtained 

*in situ’ can react with suitable 

carbonyl compounds. 

d,&-Dichlorodimethylsulfide is un- 

reactive towards triphenylphosphine 

(practically no reaction after 8 h 

refluxing in benzene) but is known to 

give methylthio(chlorolcarbene by basic 

treatment under P.T.C. conditions16. 

Accordingly, when a benzene solution of 

this dichlorothioether, triphenyl- 

phosphine, benzaldehyde and a catalytic 

amount of TEBA was vigorously stirred, 

at room temperature for half an hour, 

with a 40% aq.sodium hydroxide solution, 

B-methylthio, O-chloro-styrene (E-Z 

Inixture) was ootained (44% yield of 

distilled product): 

MeSCHCl 2 + Ph3P + PhCHO 
40% aq.NaOH , 

TEBA 
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--9 PhCH = C(Cl)SMe + Ph3PO 
(61 and 68% respectively). With PhSCHCl2 

The reaction proved to be practicable md iso-BuSCHC12, and - trans-caronal- 

when the aldehyde group was linked to a dehyde ethyl ester the yields were 

cyclopropane ring and so could be used modest (34 and 31% respectively); in the 

for the synthesis of new pyrethroids. case of PhSCHC12, which did not react 

Thus, by reacting under the above under the usual mild conditions, the 

conditions, A,&dichlorodimethylsulfide reaction mixture was refluxed for 6 h, 

with the ethyl esters of the trans-2-me- so performing at the same time the ester 

thyl, 3-formyl-cyclopropanecarboxylic saponification. The obtained al kenes 

acid and the corresponding 2,2-dimethyl 

derivative (trans-caronaldehyde ethyl 

ester), the expected alkenes (E-Z mixtu- 

re) were obtained in satisfactory yield 

were converted to pyrethroids through 

hydrolysis of the ethyl esters, acid 

chloride formation and esterification 

with Cyano(m-phenoxyphenyl)methanol: 

cl-lo 
R’SCHCI, + Ph,? + 

57 

40% aq. NaOH 

TEBA 
CO,Et 

R2 Me 

tranr41) 

R’S(CI)C =CH 

Ph,PO + 

9 

CO,E t 

R e 

tranr-(2) 

I. ii, i i i 
R’s(CI)C=CH 

trans-(2) 

* 
CO,CH(CN)C,H,OPh-m 

R Me 

I? = Me , i-Bu, Ph: R 
2 

= H,Me 

i:KOH(MeOH); ii: SOC12(CH2C12); iii: m-PhOC6H4CH(CN)OH 

A,d-Dibromodimethylsulfide 
17 

is more 

liable than d,&dichlorodimethylsulfide NeSCHBr2 + P(OEt13 - 

to alkaline hydrolysis and therefore for 

the synthesis of trans-(2) (R1=R2=He, Br 

dMeSCHBrP(0)(OEt)2 (3) 

(3) + trans-(1)(R2=Me) + 
instead of Cl) we preferred to use the 

Wittig-Horner reaction of the correspon- 

ding diethylphosphonate, obtained from 

the same dibromosulfide by a modifica- 

tion of the procedurelea known for the 

>:hloro-der ivative: 

TETIU vol. 40, No. % 

-+trans-(2)(Rl=R2=Me;Br instead of Cl) 

Cis-caronaldehyde ethyl ester is less 

reactive than the trans- isomer towards 

the Wittig reagent and therefore can 

suffer from the concurrent alkaline 
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hydrolysis to a greater extent than the preparation of the phosphonate were 

trans isomer under the same experimental avoided in another way: by using sodium 

conditions. POK this reason diethyl ethoxide (from ethanol and sodium hydri- 

methylthio(chloro)methanephosphonate 18 de) as base in the calculated amount 

may be in this case the reagent of necessary to convert the dichlorothio- 

choice: it gave cis-(2) (H1=H2=f4e), E-Z - ether, cis-(2) (H’=H2= Me), E-Z mixture, - 
mixture, in 50% yield. was obtained, though in 38% yield only: 

Both the hydrolysis of the cis-caron- - 
aldehyde ethyl ester and the previous 

HO C02Et 

k 
Ma Me 

MoS(CI)CHP(O)(OEt),,KOH 

1 H F,50% 

MaSCHCl,,Ph,P, EtO- 

C,H,,38% 

MeS(CI)C= H 0,Et 

52 
MO MO 

The cis and trans pyrethroids obtai- - 

ned from the intermediate(2), (i.e., the 

cyanotm-phenoxyphenyljmethyl esters in- 

stead of the ethyl esters) showed 

interesting insecticidal activity, espe- 
19 

cially against Musca domestica . 

Next we considered it worth the 

corresponding trifluoromethylthio deri- 

vatives. When CP3SCH2Cl 
20 

was treated, 

in the presence of benzaldehyde, in the 

same manner as MeSCHC12, no alkene was 

obtained: 

CF3SCH2C1 + Ph3P + PhCHO 
40% aq.NaOH no 

TEBA 
alkene 

Most probably the carbene CF3SCH was not 

formed, owing to decomposition of the 

intermediate carbanion (CF; is a good 

leaving group 1. Then we turned our 

attention to the corresponding phospho- 

nates, but CF3CHXP(0)(OEt)2 (X = H,Cl) 

were not known. The synthesis of diethyl 

trifluoromethyl(chloro)metanephosphona- 

tes was carried out through addition 
21 

of the corresponding sulfenyl chloride 

to diethyl diazomethanephosphonate 
22 

: 

CF3SCl + N2CHP(0)(OEt)2 ___+ 

+ CF3SCHC1P(0)(OEt)2 + N2 

The diethyl trifluoromethylthio(chlo- 

ro)methanephosphonate prepared in this 

way (69% yield), underwent the Wittiq- 

Horner reaction with caronaldehyde ethyl 

ester (cis-trans mixture) to give a -- 

mixture of three alkenes: trans, E and 2 

isomers, and c&, one isomer alone (E or 

Z?)(total yield: 50%). The same phospho- 

nate was also reduced (Zn/AcOH) and the 

new diethyl trifluoromethylthio-methane- 
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phosphonate underwent the Wittig-Horner 

reaction equally well (55% yield): 

HO 

CF3SCHXP(0)(OEt)2 + 

‘s7- 

0,Et 

e Me 

CF,S(X)CH= H 
base 

k+ 

o,Et 

X =CI,H Me e 

These alkenes were subsequently conver- 

ted into the usual cyano (m-phenoxyphe- 

nyllmethyl esters which showed moderate 

insecticidal activity. 

EXPERIMENTAL 

M.p.s. were determined on a Biichi 

apparatus and are uncorrected. 1.~. 

spectra were obtained on a Perkin-Elmer 

instrument Model 21. 
1 

H N.m.r. spectra 

were recorded on a Bruker WP00 sy 

spectrometer in 
2 

H chloroform solutions 

with Me4Si as internal standard. POT 

gas-liquid chromatography (g.l.c.1 a 

Dani 360 instrument was used, equipped 

with a 2 m X 3 mm i.d. column packed 

with 3% OV 17 on Chromosorb W AW-DMCS or 

with 3% SP 2340 on 100/120 Supelcoport. 

Mass spectra were 

4021 spectrometer 

Data System. 

Caronaldehyde 

trans isomers, as 

was supplied by 

obtained on a Finnigan 

equipped with an INCOS 

ethyl ester (G and 

well as their mixture) 

Farmoplant. The other 

reagents were commercial products and 

were used as obtained without further 

purification. 

1. B,B-Dichlorostyrene. 

A mixture of triphenylphosphine (13.1 

g, 0.05 mall, benzaldehyde (5.3 g, 0.05 

mol), triethylbenzylammonium chloride 

(TEBA)(0.23 g, 1 mmol) in chloroform (6G 

1n1) and sodium hydroxide (20 g, 0.5 mOl1 

in water (20 ml) was vigorously stirred 

at 60°C for 2 h. The mixture became 

light brown. After cooling to room 

temperture, water (20 ml) was added and 

the organic phase separated off. The 

aq.solution was extracted with chloro- 

form (2 x 100 ml), the chloroform 

solutions combined, washed with water 

(50 ml), dried (Na2S041 and evaporated 

under reduced pressure. Addition of 

diethyl ether (100 ml) to the crude oil 

separated triphenylphosphine oxide (7 

g). Evaporation of the etheral solution 

left a residue which was purified by 

flash chromatography (eluant, hexane- 

ethyl acetate, 3:ll (4.0 g, 46.5% 

yield). The B,B-dichlorostyrene was 

identified by comparison with an authen- 

tic 
13 

sample . No effort was made to 

increase the yield. 

2. B-Methylthio, B-chlorostyrene. 

40% Aq.sodium hydroxyde (15 ml) was 

added dropwise with vigorous stirring, 

to a solution of d,d-dichlorodimethyl- 

sulfide (6.6 g), 0.05 mall, benzaldehyde 

(5.3 g, 0.05 mol) and trie- 

thylbenzylammonium chloride (TEBA, 0.23 

g# 1 mm011 in benzene (25 ml). The 

temperature rose from 20° to 30°C and 

remained at this point for 30 min, while 

the mixture became gradually brown 

coloured. Benzene (40 ml) and water (40 

ml 1 were added to enable easy phase 

separation. The organic phase was washed 

with water (30 ml), dried (Na2S04) and 

evaporated under reduced pressure. The 

thick oily residue was treated with 

ethyl ether (50 ml) and the triphenyl- 

phosphine oxide (11 g) separated. The 

ethereal solution was evaporated and the 

residue distilled in vacua collecting 
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the central crop, boiling at 112-115’C/ 

1.5 mmHg (3.8 g, 44% yield) (Pound: 

c,58.32; H,4.75;C1,19.23; S, 17.79. CgHg 

ClS requires C,58.54: H,4.88; C1,19.24: 

S,17.34%): s (CDC13 1 2.37 and 2.38 

(3H,s,Me,E-2 isomers), 6.80 and 6.92 

(lH,s,vinylic H, E-Z isomers), 7.15-7.65 

(5H,m,Ar). 

3. Ethyl 3(2-chloro,2-methylthio-ethe- 

nyl)-2-methyl-cyclopropanecarboxylate 

(trans). 

The same procedure given in 2 was 

used for the reaction of d,&dichlorodi- 

methylsulfide with ethyl 3-formyl, 2-me- 

thyl- cyclopropanecarboxylate (predomi- 

nantly tr ans 
23 , 0.045 mol). The resul- 

ting oil was distilled, b.p. 117-119’C/ 

1.5 mmHg (6.5 g, 62% yield) (Found: 

C,51.46; H,6.48; C1,14.91; S,14.04.C10H 

15clo2s 
requires c,51.14; H,6.44; 

c1,15.13; S,13.648); Qmax 1725 (CO) and 

1600 (weak, double bond) cm 
-1 

is (CDC13) 

1.25 (s,ne), 1.26 (t,E-CH2) and 1.20- 

1.40 (m,2-H): these signals taken all 

together integrated for 7H, 1.65-1.85 

(lH,m,l-HI, 2.32 and 2.34 (s,SMe, B-Z 

isomers) together with 2.20-2.40 im,3-H) 

integrated for 4H, 4.18 (2H,q,Me-g2), 

5.46 and 5.48 (lH,d,J=SHz, vinylic H, 

E-Z isomers). 

4. Ethyl 3(2-chloro, 2-methylthio-ethe- 

nyl)-2,2-dimethyl-cyclopropanecarbo- 

xylate (trans). 

By the. same procedure given in 2, 

starting from trans-caronaldehyde ethyl 

ester (0.016 mol), a crude oily residue 

was obtained (3 .l g) which could be 

purified by flash chromatography (e- 

luant, hexane-ehyl acetate, 4:l) to 

afford the expected alkene (2.7 g, 68% 

yield); 3 max 1725 (CO) and 1590 (weak, 

double bond) cm 
-1 

i s (CDC13) 1.12-1.36 

(9H,m,2-Me together with CH2-E), 1.58 

(lH,d,J=5Hz, l-H), 2.35 and 2.37 (3H,s, 

SMe,E-Z isomers), 2.25-2.55 (lH,m,3-H), 

4.15 (2H,q,g2-Me), 5.69 and 5.70 (1H, 

d,J=8Hz, vinylic H, E-Z isomers). 

5. Cyano(m-phenoxyphenyl)methyl-3(2- 

chloro,2-methylthio-ethenylj-2,2-di- 

methyl-cyclopropanecarboxylate 

(trans). 

The ethyl ester obtained in 4 was 

hydrolyzed in the usual manner (potas- 

sium hydroxide in methanol) treated with 

thionyl chloride in dichloromethane, to 

get the acid chloride and finally 

esterified with cyano(n-phenoxyphenyl)- 

methanol. The pyrethroid was obtained in 

50% total yield: s (CDC13) l.lO- 1.30 

(6H,m,2-Me), 1.59 and 1.60 (lH,d,J=6Hz, 

l-H, two diastereoisoners), 2.30-2.50 

(lH, m,J=BHz, 3-H), 5.62 and 5.65 (lH, 

d,J=BHz, vinylic H, E-Z isomers), 6.38 

and 6.40 (~H,s,CHCN, two diastereoiso- 

mers), 6.95-7.50 (9H,n,Ar). 

6. Ethyl 3 r(2-chloro,2-(2-methyl propyl- 
L 

thio)-ethenyll -2,2-dinethylcyclopro- 
_I 

panecarboxylate (trans). 

By the sane procedure given in 2, 

from dichloromethyl-iso-butylsulphide 
24 

- 

and trans-caronaldehyde ethyl ester 

(0.01 nol), a crude oil was obtained 

which, after evaporation in vacua of the 

unreacted aldehyde, was sufficiently 

pure for the further transformation into 

the pyrethroid (0.9 g, 31% yield, E-Z 

mixture) ; s (CDC13) 0.95-1.35 (lSH,m,Me), 

1.58 (lH, d,J=5 Hz,l-HI, 1.75 (lH,n,CHMe 

2” 
2.32 (lH,m,3-HI, 2.66 and 2.70 

(2H,d,J=6.5Hz, CH2S, E-Z isomers), 4.10 

(2H,q,CH2Me), 5.68 and 5.73 (lH,d,J= 

EHz,vinylic H, E-Z isomers). 

7. Cyano(n-phenoxyphenyljmethyl 3(2- 
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chloro,2-phenylthio-ethenyll-2,2-di- 

methyl-cyclopropanecarboxylate 

(trans). 

Dichloromethylphenylsulphide did not 

react with trans-caronaldehyde ethyl 

ester under the conditions given in 2 

(g.1.c. control). Therefore the reaction 

mixture (13.5 mm01 of aldehyde) was 

refluxed for 6 h. After separation from 

the aq.phase, the organic phase was 

acidified (10% aq.HCl) and extracted 

with ethyl acetate (2 x 50 ml). Drying 

(Na2S04) and evaporation of the solvent 

left a white solid, m.p. 108- 109°C (1.3 

g, 34% yield). This acid, treated with 

thionyl chloride and then esterified 

with cyano(m-phenoxyphenyl)methanol, ga- 

ve the final pyrethroid. s (CDC13 1 

1.15-1.30 (6H,m,2-Me), 1.68 (lH,d,J= 

4.5H2, l-H), 2.45-2.70 (lH,m,3-H), 5.90 

and 5.91 (lH,d,J=SHz,vinylic H, E-Z 

isomers), 6.35 and 6.36 (lH, s, CH-CN, 

two diasteroisomers), 6.95-7.50 (14H,m, 

AK). 

8. Ethyl 3(2-bromo,2-methylthio-ethe- 

nyl)-2,2-dimethyl-cyclopropanecarbo- 

xylate (tran.5). 

Diethyl methylthio(bromo)methanephos- 

phonate was prepared by a modification 

of the procedure given 
lea 

for the 

corresponding chloroderivative. d,A-Di- 

bromodimethylsulfide17 (3.08 g, 0.014 

mol) was added to triethylphosphite (2 

ml, 0.0117 mol) without any solvent, 

under nitrogen atmosphere with magnetic 

stirring. The solution was slowly heated 

to 60°C and stirring was continued at 

this temperature for 2 h. Water (10 ml) 

was added and the mixture extracted with 

ethyl ether (2 x 10 ml). The ethereal 

solution was washed with water, dried 

(Na2S04) and evaporated. An oily residue 

was left (2.92 9, 90% yield) which 

decomposed on attempted distillation 

(150°C/ 4.5 mmHg), but, at a g.1.c. 

control, proved to be sufficiently pure 

and as such was subsequently used. To a 

solution of this phosphonate (2.8 g, 

0.01 mol), trans-caronaldehyde- ethyl 

ester (1.70 g, 0.01 mol) and TEBA (0.11 

g, 0.5 mmol) in benzene (20 ml) was 

added 50% aq.sodium hydroxide (4 ml) 

with vigorous stirring. After stirring 

for 30 min, water (40 ml) and benzene 

(40 ml) were added to enable easy phase 

separation. The slightly brown organic 

phase was filtered through a layer (4 

cm) of silica gel, washing with ethyl 

ether. Evaporation of the combined 

organic solutions left an oil which was 

purified by flash chromatography (elu- 

ant, hexane-ethyl acetate, 5:1)(1.2 g, 

41% yield) : ymax 1730 (CO) cm 
-1 

; m/e 

292-294 (M+), 277-279 (M-Me), 219-221 

(M-C02Et), 213 (M-BK), 203-205, 197, 

185, 167, 155, 140 (219-221-Br). 

9. Ethyl 3(2-chloro,2-methylthio-ethe- 

nyl)-2,2-dimethyl-cycloprdpanecarbo- 

xylate (cis). 

A. To a suspension of finely powdered 

85% potassium hydroxide (0.9 g, 0.013 

mol) in anhydrous THF (5 ml) was added, 

with stirring at room temperature, a 

solution of diethyl methylthio(chloro)- 

methanephosphonate 
18 

(1.2 g, 5 mmol) and 

cis-caronaldehyde ethyl ester (0.85 g, 5 - 

mmol) in anhydrous THF (5 ml). The 

temperature of the mixture rose from 20” 

to 30°C. After 30 min stirring, n-hexane 

(20 ml) was added, the mixture was 

filtered through a layer (4 cm) of 

silica gel, eluting with ethyl ether. 

The solution was evaporated and the 

residue heated in vacua (1.5 mmHg) to 

remove the unreacted aldehyde. A pale 

yellow oil was left (0.7 g, 50% yield); 
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&CDCl,, 1.25 (3H,t,J=8Hz CH2-me), 1.26 

(6H,s,2-Me), 1.71 and 1.78 (lH,d,J-BHz, 

l-H, E-Z isomers), 2.0-2.30 (lH,m, 

3-H,E-Z isomers), 2.25 (3H,s,SMe), 4.11 

(2H,g, J=8Hz,g2-Me), 6.30 and 6.32 

(lH,d,J=BHz,vinylic H, E-Z isomers). The 

same reaction with trans-caronaldehyde 

ethyl ester gave analogous results. 

However g.1.c. analysis (OV17 column, 

programmed temperature: 100 --* 250°C, 

lO”C/min, carrier gas nitrogen, 24 

ml/min) revealed a different ratio of 

E-Z isomers, but we did not identify 

which was which. 

B.A solution of A,A-dichlorodimethyl- 

sulfide (2.8 g, 0.021 mol), cis-caronal- - 

dehyde ethyl ester (3.4 g, 0.02 mol) and 

ethyl alcohol (0.6 ml, 0.01 mol), in 

benzene (20 ml 1 was dropped, with 

stirring at S°C, into a suspension of 

sodium hydride (0.6 g of 80% dispersion 

in mineral oil, 0.02 mol) and triphenyl- 

phosphine (5.24 g, 0.02 mol) in dry 

benzene (20 ml). The reaction was 

exothermic, but the temperature was kept 

below 10°C by external cooling. After 

heat evolution ceased, the mixture was 

stirred an additional hour at room 

temperature. Ethyl ether (40 ml 1 was 

added and the solution filtered through 

a layer (4 cm) of silica gel. Evapora- 

tion of the solvents and purification of 

the crude residue by flash chromatogra- 

phy (eluant, hexane-ethyl acetate, 1O:l) 

afforded the same alkene obtained in A, 

E-Z mixture (1.9 g, 38% yield). 

lo. Diethyl trifluoromethylthio(chloro)- 

methanephosphonate. 

A solution of diethyl diazomethane- 

phosphonate 
22 (6.80 g, 0.038 mol) in dry 

dichloromethane (100 ml) was added, with 

magnetic stirring at -20°C, to a solu- 

tion of trifluoromethanesulphenyl chlo- 

ride (7.7 g, 0.056 mol, as estimated to 

be contained, together with bis(trifluo- 

romethyl)disulphide, in 11.5 g of the 

mixture obtained according to Kiihle 25 
1. 

The cooling bath was removed: the 

temperature gradually rose to 20°C and 

stirring was continued at this tempera- 

ture for 6 h. After this time a sample 

no longer showed the peak of diazometha- 

nephosphonate (2110 cm-l )22. The reac- 

tion mixture was evaporated under redu- 

ced pressure 
[ 

bis(trifluoromethyl)disul- 

phide boils at 31-37°C . An oil was left 1 
(7.50 g, 69% yield with respect to 

phosphonate) which, after purification 

by column chromatography on silica gel 

(eluant, hexane-ethylacetate, 1 :l) gave 

a pure product (g.1.c. analysis, SP2340 

column, programmed temperature: 100 ---) 

260°C, lOoC/min, carrier gas nitrogen, 

24 ml/min, 8 min retention time). 

(Found: C,25.51; H13.79: C1,12.14: 

F,18.92; S,11.54. C6HllC1F303PS requires 

C,25.12: H,3.87; c1,12.39; F,19.89: 

S,11.16%). 

11. Ethyl 3(2-chloro, 2-trifluoromethyl- 

thio-ethenylj-2,2-dimethyl-cyclopro- 

panecarboxylate (cis-ttans mixture). 

A solution of diethyl trifluorome- 

thylthio(chloro)methanephosphonate, ob- 

tained in 10 above, (0.57 g, 2 mmol) and 

caronaldehyde ethyl ester (cis-trans 

mixture, 30:70)(0.34 g, 2 mmol) in dry 

toluene (10 ml) was added dropwise to a 

suspension of sodium hydride CO.2 g of 

80% dispersion in mineral oil, 6.7 mmol) 

in dry toluene (5 ml 1, with magnetic 

stirring at room temperature. After 

hydrogen evolution ceased, the mixture 

was stirred for additional 30 min. 

Addition of ethyl ether separated mine- 

ral salts (sodium diethylphosphate and 

excess sodium hydride). The mixture was 
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filtered through a layer (4 cm) of 

silica gel eluting with ethyl ether-he- 

xane (I:11 and the solution evaporated 

under reduced pressure. A pale yellow 

oil was obtained (0.50 gl. A g.1.c. 

control (OV 17 column, programmed tempe- 

rature: 100 -+260°C, lOY/min, carrier 

gas nitrogen, 24 ml/min) revealed that 

unreacted starting aldehyde and phospho- 

nate were still present in addition to 

three reaction products: trans, E and 2 

isomers (about 14 min retention time) 

and cis (13 min retention time). This - 

result was confirmed by carrying out the 

same reaction with the cis-aldehyde: - 

only one isomer (E or 21) was formed in 

this case. The crude oil was then 

purified by flash chromatography (elu- 

ant, hexane-ethyl acetate, lo:11 collec- 

ting a pale yellow oil (0.30 9, 50% 

yield) ; 3 max 1725 (CO), 1600 (weak, 

double bond) and 755 (bending of SW3 I 
-1 

cm . A further flash chromatography 

(eluant, hexane-ethyl acetate, 15:l) 

allowed separation of trans (E-Z mixtu- 

re) and cis isomers: the cis isomer was - - 

eluted first. GC-MS (2 mt x 2 mm i.d.SE 

30 column, programmed temperature: 120 

(2 min)-125’C (hold), 2OC/min, carrier 

gas helium, 10 ml/min), trans-isomer, 

m/e 302 (M+f, 287 (M-CH3) 257 (PI-EtOl, 

229 (M-C02Etl, 159. The cis isomer - 

showed essentially the same spectrum. 

12. ~yano(m-phenoxyphenyl)methyl 3(2- 

chloro,2-trifluoromethylthio-ethe- 

nyl)-2,2-dimethyl-cyclopropanecarbo- 

xylate (cis). 

The ethyl ester, cis-isomer, isolated - 

as indicated in 11, was transformed, in 

the usual manner, into the pyrethroid, 

which was purified by flash chromatogra- 

phy (eluant, hexane- ethylacetate, 

1O:l): J (CDCl 3) 1.20-1.40 (6H,m,2-Me), 

1.90- 2.50 (2H,m,l-H+3-H), 6.37 and 6.41 

flH,s,CHCN,twO diastereoisomersl, 6.90 

(lH,d,J=6Hz, vinylic Hl, 7.0-7.50 (9Ht 

m,Ar). 

13. Diethyl trifluorometbylthiomethane- 

phosphonate. 

A mixture of diethyl trifluoromethyl- 

thio(chloro)methanephosphonate, prepared 

as indicated in 10, (2.87 q, 0.01 mO1) 

was heated at 80°C for 3 h. After 

filtration, the solution was evaporated 

under reduced pressure. Addition Of 

ethyl ether (5 ml) separated other 

solid materials which were filtered Off. 

The ethereal solution was washed with 

aq.sodium hydrogencarbonate until neu- 

tral and then with water, dried (Na2S041 

and evaporated. It left an oil (1.4 g, 

56% yield) ; 
-1 

(Qmax 757 (bending of SW31 

cm ; the chlorine was no longer pre- 

sent) which was used directly for the 

following reaction. 

14. Cyano(m-phenoxyphenyllmethyl 3(2- 

trifluoromethylthio-ethenyll-2,2-di- 

methyl-cyclopropanecarboxylate (cis- 

trans mixture). 

By operating exactly as in 11 above, 

with the diethyl trifluoromethylthiome- 

thanephosphonate prepared in 13, star- 

ting from 5 mmol of caronaldehyde ethyl 

ester (cis-trans mixture, 30:70), the 

intermediate alkene was obtained in 55% 

yield of purified product: 0 max 1730 

(CO), 1610 (weak, double bond) and 755 
-1 

(bending of SCP3) cm . It was converted 

to the pyrethroid by the usual sequence: 

3max 1735 (CO), 755 (SCF3) cm-I:3 (CDCl 

3’ 
1.10-1.30 (6H,m,2-He), 1.60-2.40 

(2H,m,l-H+3-Hl, 5.55-6.40 (3H,m,vinylic 

H+CHCNl, 6.90-7.45 (SH,m,Ar). 

The technical assistance of Mr.D.Del- 
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