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A act - (+)=4 ot~Acetyl-2-carene (6}, readily available
rom (+)~3-carene (5), was converted to (1R)=cis=(+)=3=
(2',2'=-dihalovinyl)-2,2~dimethyl-cyclopropane-1-carboxylic
acids (21) and (22) in eleven steps and in overall yields

of 23% and 14%, respectively. Alternatively, (-)-5-keto-
3-carens (23), an oxidation product of (+)~3=-carens (5)

was converted to (1R)=cis=(-)-permethrin (1) in Pive steps

and in an overall yield of 20%. In yet anaother flexible
approach, (=)=(23) was converted to (1R)=cis-(+)~(21) and
(1R)=cis~(+)-(22) in seven steps and in an overall yields

of 33% and 23%, respectively. These results coupled with
the literature reports for the conversion of (1R)-gis=(+)=
221) and (22) to (1R)~cis=(=)=(1), (1R)=cis=(+)=-cypermethrin
2) and (1R)-gis-(+)-deltamethrin (decis} (3) constitute

two efficient methods for the synthesis of (1R)-cis=-synthetic

pyrethroid from (+)=3-carene (5;.

Ever since the discovery of permethrin (1) by Elliot1, esters of 3-(2,2-dihalovinyl)-
2,2-dimethyl-cyclopropane=-1-carboxylic acids have become one of the most important
classes of agricultural insecticides., The discovery fueled hectic research and
development activity in academic and in major commercial agroe-chemical laboratorioez,
as a result of which several potent insecticidal compounds have emerged. Notable
among these are cypermethrin (2) and (1R)-cig~(+)-deltamethrin (Decis) (3) by
Elliot's group3 and Penvalerate (4) by Dhno st glf.
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The high potency, low mammalian toxicitys and biodaqradebilitys of these compounds,
coupled with the ingenuity of organic chemists to develop elsgant cost-effective
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routes, paved the way for commercial production of these insecticides in 1976.

A total 3000 tons of (1), (2) and (3) were manufactured in 1979% which doubled in
1983 to 6500 tons7 and a further increase in production (upto 10,000 tons/year) ie
expected in the near future. Thus, these compounds, commonly known as synthetic
pyrethroid, suddenly emsrged as the most important group of modern insecticides

whose technical and economic significance already compares favourably with that of
the insecticidal esters of phosphoric acids and carbanates. The research of Elliot's
group also demonstrated thet a particular stereoisomeric form, e.g. (1R)-££3-, in
Decis (3) exhibits greater insecticidal activity than the mixed cis/trans esters’?S,
In view of this considerable attention was focussed recently on the synthesis of
(1R)~cis-cyclopropane carboxylic acidsz. One such approach, namely, the conversion
of (+)-3~carens (5), (e naturally occuring terpene Prom Pinus sylvestries L and
Pinus longifolia Roxb; and possessing the desired cis-geometry at the cyclopropane
ring junction) to (1R)-cis-(+)-3-(2,2-dihalovinyl)~2,2-dimethyl-cyclopropang-1-
carboxylic acids (21) and (22) has received considerable attention in recent yearsz’9'
We report herein two independant approaches for the successful conversion of (+)=3=-
carene (5) to (1R)-cis-(+)-acids (21) and (22), which can subsaequently be converted

to (1), (2) and (3) in one stereoisomeric form,

RESULTS AND DISCUSSIONS :

In our first synthesis 4 ®¢-acetyl-2-carene (6), readily obtainable'® from (+)=3-
carene (5) in 56% yield, is the starting point of the work (Scheme 1). Epoxidation
of (6) to the desired (+)=-4 e¢-acetyl-2ec, 30 -epoxycarane (7) waas carried out with
m-chlorobenzoic acid (mCPBA)} in chloroform in 98% isolated yiseld. Our attempt to
epoxidize (6) and (7) with other oxidants proved unsuccessful. For example, the
reaction of (6) with peracetic acid alone or in conjunction with buffers such as
anhydrous sodium acetate , anhydrous sodium carbonute12, a combination of hydrogen
peroxide/sodium tungstate under phase-transfer conditions13, hydrogen peroxide/
ethyl chloroformate 4 or oxone 3 led to a complex mixture of products with only
negligible amount of (7). On the othaer hand, no reaction was observed with
molybdenum paroxids/gybutyl hydroperoxida16 and molybdenum dioxyacetyl acetonate/
t-butyl hydroperoxide . The success with mCPBA is presumably due to the precipi-
tation of m-chlorobenzoic acid (which drives the reaction forward) and low acidity
of the reaction mixture. Rearrangement of the epoxide (7) to (+)=4=-acetyl-2& -
hydroxy=3-carene (8) was effected with 10% aqueous sodium hydroxide at 25°C in 88%
isolated yield. Subsequent acetylation of (8) with acetic anhydride and triethyl-
amine afforded (-)-acetate (9) in 85% isolataed yield.

Ozonization of (9) in dichloromethane at «789C proceeded uneventfully to provide
after reductive work=-up cig-(+)-3-(1'-acetoxy~2'-oxopropyl)-2,2-dimethyl-t1=(2',3"-
dioxobutyl)-cyclopropane (10) in quentitative yield. Subsequent enol-acetylation
of (10) with acetic anhydride and triethyl-amine gave cis-(+)=-3=(1'-ecetoxy=-2-
oxopropyl)=2,2-dimethyl=-1-(2*~acetoxy~3'-oxa=1"'=butenyl)=-cyclopropane (11) in

84% yield. Ozonization of (11) at =-78°C followed by reductive work-up afforded
cis~(-)=3-(1-acetoxy~2-oxopropyl)-2,2-dimethyl-cyclopropane=1-carbaldehyde (12)

in almost quantitative yield.

As shown bslow, this intermediate (12) could be converted to the desired pyrethroids
by several routes.for example, oxidation of (12) with aqueous potassium permanganate
followed by acidic work-up yielded directly gig-(+)-4tt-acetyl-s,6-dimathyl-3-oxo-
bicyclo=(3.1.0)=hex~2=one (13) in 65% yield. In another approach, the aldehyde (12)
was treated with two moles of mCPBA in dichloromethans at 25°C to effect both the



New synthetic route to (I1R)-cis-( —)-permethrin 5717

Scheme 1
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Reagents : (a) AC20/ZnClp 50°C: (b)mCPBA,CHCl3 0°C;
(C)10° ag. NaOH,EtOH, 25°C;;(d) AC0/Et3N, EE, 25°C;
()03 CHyCly -78°C;(f)KMnO, 25°C,H30",

(9)mCPBA ,CHyCly 25°C:(h) 70% CH3CO3H CHClp 25°C;
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(i)CHCI3 KO t Bu, - 50°C,DMF - THF ;
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oxidation of formyl group to carboxyl group and Bayer-villiger oxidation at the
carbonyl centre. In this case the desired compound (14) was not isolated; instead,
reaction with a catalytic amount of p-toluene sulfonic acid gave cis=(=)=4 X-acetoxy-
6,6~dimethyl=3=-oxobicyclo-{3.1.0)-hex-2~one (15) in 50% yield. Alternatively, (15)
can be obtained in excellent yield by the Bayer=Villiger oxidation of (13) with

mCPBA (12 h, 25°C) for 70% peracetic acid (12 h, 40°C). Addition of bromoform and
chloroform to (-)=(15) in presence of base yielded (1R)-cis=-(~)=3-(1'=hydroxy=2',
2',2'-tribromomethyl)=-cyclopropene-t=-carboxylic acid (17) and (1R)=cis=(=)=3=
(1'-hydroxy=2',2',2"~trichloroethyl)-2,2~dimethyl-cyclopropang-1=carboxylic acid
(18), in 94% and 70% yields, respactively, which were subseguently converted to (1R)=-
cis-(+)=(21) and (1R)-cis=(+)=(22) following literature procedurea1e’ 21. The addition
of bromoform to (~)-(15) to synthesize (~)}=(17) can also be accomplished under phase
transfer condition, albeit in only 15£ yield, the major product being (-)-lactol

(16) (65%). Conversion of the acid (+)-(212 and (+)=(22) to (1R)-¢ s-(-)-(1)19,
(1R)ﬁg£g-(+)-(2)19’ 20 ang (1R)=cis-(+)=(3) % 20 4, reported in literature. This
therefore completes the formal synthesis optically active (1), (2) and (3) from
(+)-(5).

An important drawback of this otherwise simple and highly efficient synthesis is
the usage of ozone, a reagent unsuitable for large scale operations. Therefore our
effort to find a safer route to (-)=-(1), (+)=(2) and (+)-(3) which excludes ozone
usage and is also amenable to larqe scale operations - has led to an alternative
synthetic strategy which is described below,

(~)-5-Keto-3-carene (23), readily prepared in our labaratory by the catalytic
oxidation of (+)=3-carene (5)22 or by the t-butyl chromate oxidation of (+)-(S)23,
is the starting point of our work (Schems 2). We have noted earlisr that (23) is
prone to rearrangement to the diesnone (24) at high temperature (A 130°C) and/or in
the presence of stronger acids or bases., We have therefore attempted the oxidation
(=)=(23) with potassium permanganate under milder condition - namely under ambient
condition in an acetic acid - water mixture. This led to the Pormation of the
desired acid (-)-(25) in 70% yield. Subsequent Bayer-Villiger oxidation of (-)-(25)
with equimolar mCPBA in dichloromethane at 25°C is slow (72 h); however the reaction
could be expedited (24 h) with one molar excess of the oxidant. The resultant acid
(26) elthough not isolated in pure fPorm due to contamination with m=chlorobenzoic
acid, could be smoothly hydrolysed with aqueous hydrachloric acic to the pure (1R)=
gis-(=)-¥-lactone (27) in 69% yield., To our knowledge this is the shortest route”®
to (-)=(27) from (+)=3-carene reported sc far.

The conversion of (+)~-Y¥-lactone (27) to the methyl-3=hydroxy-methyl=2,2-dimsthyl
cyclopropane carboxylate (30), as reported by Krief 8t 212 s, involves the hydrolysis
of (+)-(27) with aqueous base Pollowed by esterification of the acid with diazo=
methane, We consider this approach hazardous for large scale operations and
therefore adopted a different approach involving alkylation of the carboxylats

anion of the acic with an alkyl halidezs.

Thus, hydrolysis of (=)=(27) with 5% aqueous sodium hydroxide in ethanol, followed
by the alkylation of the carboxylate anion with 3=-phenoxybenzyl bromide, yielded
(-)-(28) in 80% yield, Alternatively, (-)-(28) can be formed yia the hydrolysis
of (-)-(27) with 10% tetra n-butylammonium hydroxide in dichloromethane, and
subsequent alkylation with 3-phenoxybenzyl bromide in refluxing dichloromethane.
Oxidation of (-)-(28) with Collin's rsagent to (1R)-cis=(-)=-3'-phenoxybenzyl=3=-
formyl-2,2-dimethyl=cyclopropane=-1-carboxylate (29), followed by Wittig reaction
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Reagents : (a): Ca(acac), /0, or t -butylchromate ; (b) 5 KMnO,, AcOHH,0 (c)m CPBA,
CH,Cly 25*C, 72h;(d)10% aq. HCl, CH30H or THF, 25°C,18h ; (e) 5 * aq. NaOH, EtOH;
m CgHg -0~ TgHy, ~CHyBr, Cat. 80°C, 30 ; (1) CrO3-2py | CHyClz 25°C, 2h;
(9)P(NMej)3 CCl, 0°C (h)CHCl3 50% NaOH, PTC,0°C.

of (~)=(29) with triphenylphosphine/carbon tetrachloride’®or hexamethyl phosphorus
triamide/carbon tetrachlorid927 yielded (1R)-gia~(=)~permethrin (1) in an overall
yleld of 60% and 70%, respactivelyge

An important limitation of the above approach is its lack of gensrality. For
example, (1R)-cis=(+)=(2) and (1R)-cis=({+)=(3) could not be prepared through this
method, due to the difficulty in preparing the requisite alkyl halide. An alternative
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approach involving esterification at the earlier stages of synthesis was therefore
considered. The validity of such a scheme was first tested using the readily avail=
able methyl ester (32a), prepared by the reaction of (~)-(25) with diazomsthane.

(3s)
(x=c1,8r)

(32)

CN

(2), R=CHgi(b), R :éu@ | -(27)

0CeMs

Oxidation of (32a) to (33a) proceeded smoothly with mCPBA at 25°C (48 h) in 90%
yield. All our attempts to carry out selective hydraolysis of acetate moiety of
(33a) to yield (34a) was unsuccessful even with milder bases such as ammonia in
methanol™ ", potassium carbonate or potassium bicarbonate in methanol’1. In all
cases studied, the reaction led to (~)-(22) in excellent yield,

We, therefore, turned our attention to yet another approach which is shown below.
It is well establigshed that (1R}=cis-(-)-lactol (16) is an important intermediate
for the preparation of the acids, (1R)-cis=-(+)=(21) and (1R)-£££-(*)-(22)18.
Therefore, in planning our synthesis of the above acids, the retrosynthetic path-
way, as exemplified in Scheme 3 was viewed with particular attention,

Scheme 3

(22), x=c1 ;(21), X=Br (16) (36),X=Br (37),x=Br

Une notable feature of the pathway is that the intermediate (37) possesses a
secondary alkyl substituent &-to the carbonyl group and thus would undergo Bayer~
Villiger oxidation more readily (hence sharter reaction time) to yield (36). The
intermediate (36) would then possess a masked carbonyl group which could be
elaborated to the requisite dihalovinyl functionality.

Synthesis of (37) from the encl-lactone (38) readily obtained Ffrom (-)-(25)32 was
attempted using a modified halogenation procedure. Thus, treatment of (=)-(38)
with bromine in carbon tetrachloride3 followed by equeous work up yielded a
mixture of (+)-(13) and presumably, (37) which under prolanged hydrolytic condition
was transformed completely to (+)-(13). Thus, a quantitative yield of (+)-(13)

was obtained from (-)-(38)35. All our attempts to isolate (37), even under
anhydrous reaction condition, was unsuccessful and in all the cases, a mixture of
(13) and (37) resulted. The above result can be explained as follows :
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Gl
/§L> (13)

(38) (39) 37)

nddition of bromine to {-)-(38) would likely occur from the bottom plane to yield
(39), hydrolysis of which would give rise to (37), subsequent bromolactonization
of (37) from the less hindered side would yield (13). It is however, gratifying
to note that this novel transformation is general and could be extended to the
synthesis of Punctionally substituted ¥-lactones anc spiro-'}’-lactonas36 (Eqn. 7).

o
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n
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The slaboration of (+)=(13) to the (1R)=-cis~{~)=(1), (1R)-cis-(+)=(2) and (1R)-cis-
(+)=(3) has been described earlier. This therefore completes our work on the

formal synthesis of optically active (1), (2) and (3} from (+)-(5). To our knowledge
this is the only synthesis of optically active (1), (2) and (3) from (+)-3-carens
(5) reported so far which totally axcludes usage of ozone, The industrial
applicability of this route is being evaluated and it appeared that the low yield

of (-)-(23) from (+)~(5) and the usage of large excess of potassium permanganate to
convert (=)=(23) to (~)-(25) are two limiting steps for such an application. Work

to obviate these difficulties are in progress and this would be the subject of our

future resport,

EXPERIMENTAL

Melting points and boiling points were uncorrected. NMR spectra were recorded in
CDCl3 on a Bruker CW=80 Spectrometer with chemical shift reported in ppm downfigld
of internal standard tetramethysilane., IR spectra were recorded on a Perkin~Elmer
781 spectrophotometer. GC=MS were recorded on a Hewlett Packard 5993B spectrometer
using, 2% OV-210 on chromosorb WHP 80/100, 2 m x 0.6 cm (Column A), and CP=-Sil S
capillary column, 12 m x 0,2 mm (Column B), The optical rotations were measured

on a Jasco DIP-210 automatic polarimetsr. GLC analyses were carried out on a
Pye-Unicam 204 gas chromatograph using, 6' x 1/4", 3% 0V=17 on a diatomaceous earth
@, 100/120. HPLC analyses were carried out on a Water Associates 1440 Chromatograph
using, Bondapak C18, particle size 10 micron (30 cm x 3.9 mm ID). The mass spectra
were recorded on a Varian MAT 112 spectrometer. In all cases the organic layer

after work up was wagshed with saturated brine solution and then dried over anhydrous
sodium sulphate.

(+)-40¢=Acetyl-2-carene (6) :

This was propared10 from (+)=-3-carense (Ex]§5+ 17.5° (neat), 97% e.e) in 56% yield
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(95% GLC), Bx]§5+ 7.91° (C 1, cuc1,); IR (neat) (;)cn"), 1710, 1660; " nme (%),
5.62 (br, 1H, C=CH) 2,8~2,5 (m, 1H, CH-C=0), 2,4-2,0 (m, 1H, bridge CH), 2.13 (s, 3H,
CHy-C=0), 1.88-1.5 (m, 2H, CH,~), 1.7 (bs, 3H, CHy~C= ), 1.08 (s, 3H, qg,-c), 1,06~
0.88 (m, 1H, bridge ), 0.87 (s, 3H, Eg,-c).

(+)=4x-Acetyle20c, 3x-gpoxy=-carens (7) :

To a stirred solution of (6) (17.8 g, 0.1 mols) in CHCl, (60 ml) at 0°C was added
dropuise a solution of mCPBA (24.2 g, 0.11 mole) in CHCl4 (120 ml) over a period of

1 hs This was stirred at 0°C for 1 h. The precipitated m-chlorobenzoic acid (mCBA)
was filtered, the filtrate washed with 10% N02503 and saturated NaHCD3 solution, and
evaporated to yield (7) (19.0 g, 98%), as a yellow oil. This was further purified by
column chromatography over silica gel (eluent, hexane), (98%, GLC),Dngs¢ 32.7°

(C 1, CHClg); IR (neat), (Jem '), 17155 "W nmr (8), 2.92 (s, 1M, CH-0), 2.72 (t, 1H,
CH=C=0), 2.4-2.0 (m, 2H, CHy= )y 2.25 (s, 3N, gﬂ,-c-o), 1.45 (s, 3H, gﬁ,-c-o), 1.1
(s, 3H, CH3=C), 1.02 (s, 3H, CHy=C), 1.05-0.85 (m, 2H, bridge); Ms, M* 194 (1),

152 (22), 133 (20, 120 (33), 109 (83), 84 (44), 83 (40), 70 (33), 68 (39), 44 (100),
42 (88), 40 (62).

(+)=4«Acetyl-2ct =hydroxy-3=-carene (8) :

To a stirred solution of (7) (19.4 g, 0.1 mola) in ethanol (150 ml) at 25°C was
added an aqueous solution of 10% NaOH (44 ml) dropwise over a period of 0,5 h. The
resulting mixture was stirred for 0.5 h. Ethanol was then removed by distillation
and the residue was axtracted with CH2C12 (3x50 ml)., Evaporation of the organic
layer furnished (7) (17 g, 88%) as a yellow oil, (96% pure, HPLC),B*J§5+ 7.60°

(C 1, CHCl;); IR (neat), (Yom '), 3420, 1685, 1640; 'H nmr (), 3.95 (brs, 1H,CH-0),
2,88-2.0 (m, 2H, CH,=CH= ), 2,2 (s, 3H, CHy~C=0), 1.8 (m, 3H, CHy-C=), 1.0 (s, 3H,
LHy=C), 1.00-0.83 (m, 2H, bridge), 0.87 (s, 3H, CHy~); Ms, m* 194 (7), 152 (15),

124 (10), 110 (12), 92 (13), 83 (10), 71 (20), 56 (13), 54 (10}, 44 (100), 42 (27),
40 (17).

(-)~4=Acetyl-2 ot-acetoxy=-3-carene (9) :

A mixture of (8) (19.4 g, 0.1 mole), triethylamine (1.1 g, 0.11 mole) and acetic
anhydride (12 ml) in dry ether (70 ml) was stirred at 25°C for 24 h. Ether (50 ml)
was added end the reaction mixture was washed repeatedly with 10%¥ aq. HC1l, saturated
NaHCO; solution, and evaporated to yield (9) as a yellow solid (20.1 g, 85%).
Recrystallisation from sther-pentane (4:1) afforded pure (9) (16.5 g, 85%) as a
white solid, (98%, GLC), m.p. 51-20,[aﬂ§5- 52.2° (C 1, cuc13). The mother liquor
was recrystallized to yield more of (9) (2.0 g, 9%); IR (CHClz), (yem™'), 1730,
1690, 1650, " nmr (5), 5.25 (bs, 1H, CH-0), 3.0-2.25 (m, 2H, CH,=CH=), 2.25 (s, 3H,
CHy-C=0), 2.1 (s, 3H, CHy-C=0), 1.7 (m, 3H, Eﬂ;-C- )y 1.05 (s, 3H, CHy-C), 0,95~
0.83 (m, 2H, bridge), 0.9 (s, 3H, 553-c); Ms, M7 236 (¢1), 193 (8), 178 (46),

162 (62), 133 (72), 124 (60), 92 (46), 44 (100), 42 (88), 40 (60); Anal. calcd. for :
C 71.16, H 8,53, Found : C 70.97, H B,50.

Cig-(+)=-3=(11-acetoxy-2'-oxopropyl)=-2,2-dimethyl-1=(2',3'~dioxobutyl)~
cyclopropane (10) :

O0zone was bubbled through a stirred solution of (9) (14.16 g, 0.06 mole) in CH,C1,

(75 ml) at =78°C, at a rate of 40 1/hour until the solution attained blue colouration.
Oxygen was then purged through the solution to remove excess ozone, To this was

added dimethylsulfide (10 ml) and the reaction mixture was stirred at 25°C for

12 h. The CH,Cl, layer was washed once with water, and evaporated to furnish (10)1
(16 g, 100%) as a pale yellow 11qu1d,BxJ§5+ 40.8° (C 1, CHCl3); IR (neat), ( Jem ),
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1740, 1725, 1715; 1H nmr (&), 4.6 (d, 1H, 3I=11Hz, CH-0), 2.9(!8,2N.J-9Hz,J-2Hz,C!2-C-0)
2.4 (s, 3H, CHy=C=0), 2.1 (s, 3H, CH3-C=0), 2.05 (s, 3H, CHy-C0,), 1.2-0.88 (m, 2H,
bridge), 1.17 (s, 3H, gﬂ,-c), 0.98 (s, 3H, CHy=CO0); MS, Mt 268 (¢1), 225 (6), 183 (16),
165 (13), 153 (9), 138 (10), 123 (9), 95 (10), 43 (100), 28 (60).

Ci;-(#)-}-(1'-acetoxy-2'-oxopropyl)-2,2-d1nethyl-1-(2'-acotoxy-3'-oxo-1'-butenyl)-
cyclopropana (11) 3

A mixture of (10) (16.1 g, 0.D6 mole), triethylamine (7.2 g, 0,07 mole) and acetic
anhydride (7.0 ml) in dry ether (50 ml) was stirred at 25° for 18 h. Usual work up
as described earlier, provided (11) (15.6 g, 84%) as a yellow liquid that solidified
on cooling. This was recrystallised from petroleum ether (50-60°) to yisld (11) as
a white solid (98%, GLC), m.p.71-2°C,Bx]§5+ 10.1° (C 0.5, CHCl;); IR (neat) (a)cm-1),
1770, 1750, 1730, 1690 and 1650; 'H nmr (8), 6.4 (d, 1H, 3w11Hz, CH-C= ), 4.8 (d, 1M,
J=11Hz, CH=0), 2.31 (s, 3H, CHy=Ca0), 2.28 (s, 3H, CH3-C=0), 2.16 (s, 6H, 2 CH3-CO,),
1.95-1.0 (m, 2H, 2 bridge H), 1.25 (s, 3H, CHy-C), 1.17 (s, 3H, CHy-C). Anal. Calcd.
for:C 61,94, H 7,15, Found : €C 61,35, H 7,09,

Cig-(~)=-3=(1-acetoxy-2-0xopropyl)-2,2-dimethyl=cyclopropane=-1-carbaldehyde (12) :

Ozone was bubbled through a stirred solution of (11) (31 g, 0.2 mole) in CH,C1,
(250 ml) at =78° as described earlier. Usual work up then yielded (12) (19.93 g,
94%) as a pa%a yellow oil, &x]gs- 16.5° (C 1.1, CHC13); IR (CHCl;) ())cn-1), 1745,
1730, 1705; 'H nmr (§), 9.8 (d, 1H, I=3Hz, CHe0), 5.6 (d, 1H, J=11Hz, CH-0), 2,18
(s, 3H, CH3=C=0), 2.15 (s, 3H, CH3-CD,), 1.65-1.0 (m, 2H, bridge, 1.3 (s, 3H, CH,-
C), 1.25 (s, 3H, cu,-c).

Cis=(+)-4¢=acatyl=6,6-dimethyl-3=0xo-bicyclo=(3.1.0)-hex=2-one (13) :

To a vigorously stirred solution of (12) (4.24 g, 0.02 mole) in weter (150 ml) at
70-B0°C was added dropwise a solution of KMnO4 (2.25 g) in water (35 m1). The
resulting mixture was stirred for 1 h and then coolsd to 10°C. To this was added
sodium nitrite (0.5 g) followed by (1:8) agueous H,S0, dropwise until the reaction
mixture became clear. The mixture was stirred at 25°C for4 h and then extracted
with CH,Cl, (3x50 ml). Evaporation of the organic leyer yielded (13?6(2.18 gy
65%) that solidified upon keeping in a refrigerator. Recrystallisation fram
pentana-ether (4:1) afforded (13) as a colourless crystals (97%, GLC), m.p.64-66°C,
gzjgs+ 13.05° (C 1, CHCls).

(=)=-5<-Keto=3=-carene (23) :

This was prepared either by the oxidation of (+)=3=carene (5),&x]§5¢ 17.5° (neat),
97% 0.0.37 with oxygen in presence of a catalystzz or by the oxidation of (6)

[x)2%- 263° (C 2, CHCl3), 97% e.0°® with t=butyl chromate.

Cin=(=)=3=(2'-0xopropyl)=2, 2-dimethyl-cyclopropane~1-carboxylic acid (25) :

To a stirred solution of (=)=(23) (60 g, 0.4 mole) in 131 acetic acid-water (1000 ml)
at 5°C was added portion-wise finely powdered potassium permanganate (316 g, 2 mola).
The resulting mixture was stirred for 1 h at 25°C, and then cooled to 0=5°C, Sulphur
dioxide gas was passed through the reaction mixturs till the reaction mixture became
clear. The supernatent liquid was filtered from the precipitated manganous sulphate
and extracted with chloroform (3x150 ml). The solid was weshed with chloroform

(100 m1), and the washing added to the organic laysr that was evaporated. Thse
residue obtained was digested with aqueous sodium bicarbonate solution and extracted
with chloroform (100 ml). The aqueous layer was acidified with conc. HCl and then
extracted with chloroform (200 ml), Evaporation of the chloroforms layer yislded
(47.2 g, 70%) that was further purified by column chromatography (sluent, hexane :
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chloroform = 9:1) to furnish pure (=)=(25) as a colourless oil, ﬁxJ§5-31‘ (c 3,
CHC1_ ), IR (cnc13), 1730-1700 (br), 3500-3100; Y oner (4), 2.9-2.7 (m, 2H, cgz).
2,04 's, 3H, cg,-c-o). 1,56-1,38 (m, 2H, bridge), 1.16 (s, 3H, qg,), 1.1(3,3H,£ﬂ3).

(=)=6,6~Dimethyl~3-oxabicyclo-(3.1.0)=hex=-2=one (27) :

A solution of (=)=(25) (51 g, 0.3 mole) and 85% m~chlorobenzoic acid (73 g, 0.36
mole) in dichloromaethane (CH2C12) (400 ml) was stirred at 25°C in the abssnce of
light for 72 h. The precipitated m=CBA was filtered off and the filtrate distilled
to remove CH2C12 (100 ml). The residue was cooled to precipitate an additional
amount of m-CBA that was filtereds The filtrete was concentrated, To this was added
methanol (50 ml) and 10X aqusous HCl (50 ml) and the reaction mixture was vigorously
stirred at 25°C for 18 h, Evaporation of methanol was followed by extraction of the
residue with CH2C12 (100 ml), The aqueous layer was sxtracted once with CH2C12

(20 ml) and the combined organic layer was washed with saturated aqueous sodium
bicarbonate solution and evaporated to furnish an oil that on distillation under
reduced pressure using a short column yielded (27) as a colourless oil {25.9 g, 69%),
bepe 75-8° (1 mm of Hg), An enalytical sample waa prepared by thick-layer chroma-
tography (eluent, hexane : CHCly= 4 : 1) (97%, GLC), [e] 2°-34.5° ( C 0.6, CHCy)
94% @.8.°7; IR (neat), (v em™') 1775, 1730; 'M nnr (5), 4055-4.0 (m, 2H, cH,-0),
2.2-1.85 (m, 2H, bridge), 1.18 (s, 6H, 2 CHs).

Cis=(=)=(3'~Phenoxybenzyl-2, 2-dimethyl-3=hydroxymethyl-cyclopropans carboxylate (28) 3
A solution of (=)=(27) (12.6 g, 0.1 mole) in ethanol (30 ml) and 5% agqueous sodium
hydroxide (80 ml) was stirred at 25°C for 1 h. Evaporation of this mixture yielded
the sodium carboxylate as a pals yellow powder, that was then suspended in sthanol

(40 ml), To it was added 3-phenoxybenzyl bromide (26,3 g, 0.1 mole) and triethyl
amine (1 g) in ethanol (20 ml) and the resulting mixture was boilad under reflux

for 3 h after which ethanol was evaporated. The residue was extracted with dichloro~
methane (2x50 ml)., Evaporation of the organic layer yielded crude (11) (30 g, 93%)
that was purified by column chromatography ovsr silica=-gel (eluent, hexane : chloro-
form = 9:1) to afford (28) (26 g, 80%) as a pale yellow viscous oil, (96%, HPLC),
[oc]2 - 5.0° (C 2, CHCly); IR (CHCly) (Vcm 1), 1725, 3600-3100; "W nme (8), 7.5-
6.8 (u, 9H, aromatic), 5.08 (s, 2H, CH,~Ar), 3.85 (d, 2H, JmgHz), ocnz), 1.78=1,3

(m, 2H, bridge), 1.21 (s, 6H, 2 CHy). GC-MS (Silylated product with Me;SiCl)

(Column, B); 398 (M*, weak), 282 (14, 184 (17), 183 (100), 103 (160), 83 (29).

Cis~{-)-3'=Phenoxybenzyl=-3=formyl=-2,2-dimethyl-cyclopropane carboxylate (29) :

To a slurry of anhydrous chromium trioxide (9 g, 0.09 mole) in CH,CL, (40 ml) was
added pyridine (18 ml) and the mixture was stirred at 25°C for 0.25 h. To thie was
then added & solution of (-)=-(28) (1.63 g, 0.0% mole) in CHyCl1, (5 ml) and the
resulting mixture was stirred for 2 h. Ether (50 ml) was added and the organic

layer decanted from the black residue, weshed with 10% aqueous HCl, and evaporated to
furnish (29) (3.1 g, 95%). An analytical sample of (- ) (29) was prepared by thick
layer chromatography (eluent, hexana) (96%, GLC), BxJ - 36° (C 0.8, CHCly); I

(cHel,4), (Vem ), 1725, 1700; H nmr (§), 9.75 (1H, d, J=6.0Hz, CHO), 7.5-6.8 (u,
9H, aromatic), 5.1 (s, 2H, cnz-nr), 2,18 (d, 1H, J=8Hz, CH-CO ), 1.85 (dd, 1H, JI=6Hz,
J=2Hz, CH-CHO),

Lis-(- )-3'-Phanoxybanzy1-3-(2' 2'~dichlorovinyl)-2,2-dimethyl~cyclopropane
Carboxylate (1) :

To a stirred mixture of hexamethyl phosphorus triamide (3.26 g, 0.02 mole), carbon
tetrechloride (3.08 g, 0.02 mols), and pentane (15 ml) at 0°C, was added dropwise a
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a solution of (=)=(29) (3.24 g, 0.01 mols) in pentane (5 ml). The reaction mixture
was warmed to 25°C and watsr (20 ml) was added. The organic layer was thoroughly
washed with water and evaporated to afford 3.8 g of crude product that was purified
by column chromatography over silica-gel (eluent, hexane) to yield (1) (2.86 g, 74%)
as a colourless viscous oil, (99%, HPLC), (ec]3® - 7.8° (C 1, CHC1;), IR (CHCLs),
(1Jcn-1). 17253 n nmr (&), 7.4=6.9 (m, 9H, sromatic), 6.23 (d, 1H, I=6Hz, CH=),
5.03 (s, 2H, CH,-Ar), 2.04 (t, 1H, J=6Hz, CH=C=), 1.83 (d, 1H, Im=6Hz, qg-coz),
1.24 (s, 6H, 2CH5); GC-MS (Column B) M* 390, 183 (100), 165 (22.6), 163 (24.6).

(-)=4,7,7-Trimethyl=3=-Oxabicyclo=-(4.1,0)=-hept-4-an-2-one (38) :

A mixture of (-)=(25) (170 g, 1 mols), acetetic anhydride (300 ml), p-TsOH,2H,0 (20 q)

and benzene (800 ml) was stirred at 0-5°C for 3 h, The reaction mixture was washed
thoroughly with saturated aqueous sodium bicarbonate solution. Evaporation of the

organic layesr followed by distillation yielded (32) (130 g, 85%) as a colourless

liquid, b.p. 65.8°/0.6 mm of Hg, that crystallized on standing, m.p. 48°C, 1it>2,

m.p. 44-45.5°C (100%, GLC), (o) 25-100° (C 1, CHCly); TR (CHEL,) (Dem™'), 1745, 17203
Hnmr (§), 5.0-5.15 (m, 1H, CHs), 1.88 (s, 3H, CHy-C=), 1.8-1.6 (m, 2H, bridge),

1.22 (s, 3H, CHs), 1.02 (s, 3H, CHj).

(+)=40cc~Acetyl=6,6=-dimethyl=3=-oxabicyclo=(3.1.0)-hex=2-one (13) :

To a stirred soclution of (=)=(37) (76 g, D.5 mole) in carbon tetrachloride (CCla)
(120 m1) at 0°C wes added a solution of liquid bromine (80 g, 0.5 mole) in ccl,

(70 m1) over a period of 1 h. The resulting mixture was waashed with 10% aqueous
sodium thicsulphate solution and then stirred with aqueous sodium bicarbonate (100 g)
for 16 h. Evaporation of the organic layer yielded (+)=(13) (83 g) that was
crystallized from pentane-ether (4:1) to afford (13) (71.5 g, 85%) as colourless
crystals, (99.5%, GLC), m.p. 64-65°C,&x]§5+ 13,6° (C 1, CHCI,). The mother liquor
on further crystellization yielded 4.2 g of (+)=(13), m.p. 64=65°C, Total yield-*
of pure (+)-(13) is 90%, (GLC, 99%). IR (CHCly), (;)cm'1), 1780, 1765 and 1725;

"W nmr (3), 4.45 (s, 1H, CH-0), 2,32 (s, 3H, CH;-C=0), 2.2 (d, TH, J=7Hz, bridge),
1.2 (s, 6H, 2CH;);GC-M3(Column A) M* 168 (5), 153 (10, 125 (10, 125 (55), 111 (12),
97 (28), 79 (28), 79 (25), 69 (20), 53 (22), 43 (100, 41 (65), 39 (35).

(-)4x =-Acetoxy=6,6-dimethyl=3~0xabicyclo=(3.1.,0)-hex=2=-ons (15) :

To a solution of (+)-(13) (67.2 g, 0.4 mole) in CH,CL, (125 ml) was added at 0-5°C
a solution of 85% m-CPBA (97.2 g, 0.48 mole) in CHyC1, (500 ml). The resulting
mixture was stirred at 25°C in absence of light for 12 h, The precipitated m=CBA
was filtered and the filtrate washed repeatedly with saturated asqueocus sodium
bicarbonate and 10% aqueous sodium sulphite solution, Evaporation of the organic
layer furnished (-)=-(15) (70 g, 95%) as a pale yellow solid that was recrystallized
from pentane~ethar (4:1) to yield (15) (63.6 g, 86.5%), (99%, GLC), m.p. 91=92°C,
12 - 17.0° (c 1, CHCl4); IR (CHCly) (vem '), 1800, 1780 and 1755; 'H nmr (8),
6.3 (s, 1H, CHO), 2.13 (s, 3M, cu,-c-o). 2.1 (s, 2H, bridgs), 1.25 (s, 3H, CHy),
1.21 (s, 3H, Cﬁ,); GC-MS (Column R), 125 (32), 96 (95), 81 (6&0), 67 (46), 53 (30),
43 (100), 41 (50), 39 (37), 27 (30).

(=)=(15) =

A mixture of (+)=(13) (3.35 g, 0.02 mole), 70% perscetic acid (5 ml) and CH,C1,

(20 ml) was stirred at 40°C for 12 h, diluted with CH, C1, (25 ml) and worked up

as described earlier to afford (15) (2.55 g, 70X) as a white crystalline solid,
mep. 90-929, [<12% - 16,5° (C 2, cHCly).
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Cis=(~)-3-(2',2',2'-Tribromomethyl-1=hydroxyethyl)=2,2-dimethyl cyclopropang=i=
carboxylic acid (17) :

In accordance with the prm:ot:lum"5 for the preparation of (=)=(16), to a solution

of (=)=(15) (36.8 g, 0.2 mole) in tetrahydrofuran (THF) (135 ml) and bromoform

(27 ml) at =-10°C was added dropwiss 30% solution of potassium hydroxide in methanol
(90 m1) over e period of 1 h. The resulting mixture was stirred for 2 h., Water
(200 ml) was added and the resulting mixture was stirred at 25°C for 0-5 h, THF and
methanol were removed by distillation under aspirator vacuum and the residue was
acidified with 15% aqueous hydrochloric acid to precipitate (17) as a white solid.
This was filtered,washed with water and dried to yield (17) (68.5 g, 86%). Recry-
stallisation from (1:1) isopropanol-water furnished (17), m.p. 177°C, lit18 MePe
1775¢, (] 2% - 3,710 (C 1.8, CHy0H); IR (ew™'), 3600-3100, 1700; 'H nmr (),
4.32 (d, 1H, J=9Hz), 1.87 (d, 1H, 3=9Hz), 1.7 (d, tH, J=9Hz), 1.43 (s, 3H, CH,),
1.25 (s, 3H, CHy).

(=)=40¢=(1',1',1'-Tribromomethyl)=6,6-dimathyl=3-oxabicyclo=(3.1,0)-hex~2-ona (19) :

This was proparodTE from (-)=(17) (79 g, 0.2 mole) to yield (19) (71.2 g, 95%), m.p.
930C, 1it'® m.p. 9acC, Eilgs- 17.8° (C 2, CHCl3); IR (CHCL,), (Yem™'), 1786-1805;
"W nmr {8), 4.55 (s, 1H, CH=0), 2.34 (d, 1H, I=6Hz, CH-C0,), 2.17 (d, 1H, I=6Hz,
CH-CH=0), 1.3 (s, 3H, CHs), 1.28 (s, 3H, CHs).

Cis=(+)=3=(2',2'-dibromovinyl)=2,2-dimethyl-cyclopropane-1-carboxylic acid (21) :

To a stirred solution of (-)=(19) (56.6 g, 0.15 mole) in dry ether (400 ml) and
acetic acid (330 ml), wes added zinc dust (118 g, 1.8 mole) in portions. The
resulting mixture was stirred for 2.5 h at 25°C, Piltered and the Piltrate distilled
to remove ether and acetic acid., Water was then added to the residue and the solid
that separated was filtered, washed with water and dried to yield (21) (39 g, 88%),
as a pale yellow solid. Recrystallisation from isopropanol afforded (21) (36 g,
80%), m.p. 132°, (99%, HPLC), [6c]2%+ 16,8 (C 2.5, CHCl,); IR (CHCl,), (Ve '),
3500~-3100, 1700; W nor (5), 6.75 (d, 1H, I=BHz, CH=), 2.04 (t, 1H, J=BHz, CH-C=),
1.83 (d, 1H, J=BHz, CH-C=0), 1.28 (s, &H, 2CHs).
Cis=(=-)=3-(2',2',2'=Trichloromethyl=1=hydroxyethyl)~2,2-dimethyl-cyclopropane=1=

o

carboxylic acid 118) 3

This was prepared from (-)=-(15) according to the procoduro'a for the preparation
of (-)=(21) and as describad for the preparation of (17). Thus, (=)=(15) (9.2 g,
0.05 mcle) yielded (18) (9.12 g, 70%), m.p. 178°C 1it'° m.p. 182°C,  3°-26.0°

(C 0.5, CH3O0H); IR (cuc13), (vYcm '), 1720 (Shoulder), 1690, 3400; "W ner (%),
4.47 (d, 1H, Jw9Hz, -CH-OH), 1.7 (t, 2H, J=9Hz, bridge-H), 1.38 (s, 3H, CH;), 1.25
(s, 3H, CHs).

Cis-(+)=-3~(2',2'-Dichlorovinyl)=2,2-dimethyl=-cyclopropane-t=carboxylic acid (22) 3

This was prepared from (=)=(19) (4.47 g, 0.02 mole) in dry ather (50 ml) and acetic
acid (40 ml) and zinc dust (15.6 g, 0.24 mole) according to the procedure described
earlier for the preparation of (+)=(21), to yleld (22) (3.3 g, 80%) as colourless
crystals m.p, 90-91°C, [Pc]gs + 29.7°, 98% 0.0.2

REFERENCES 3
1. M,Elliot, A.W.Farnham, N.F.Janes, P,H,Nsedham, D,A. Pulman, J.H.Stevenon,
Naturs (London), 246, 169 (1973).
2, D.Arlt, M,Jautelat, and R.Lantzsch, Angew. Chem., Int. Ed., Enql., 20, 703 (1981),




3.

4,

5.
6.
7.

9.

10.
1.
12,

13.
14,
15,
16.

17.
18.
19.
20.
21,

22,
23,
24,
25,
26,
27.

28,

29,
30.
31.
32.
33.

34,

New synthetic route to (IR)-cis-(— )-permethrin 5721

M.Elliot, A.W.Farnham, N.F.Janes, P.H.Needham, D.A.Pulman, Pest. 3Sgi., §,

537 (1975).

N.Ohno, K.fujimoto, Y.Okuno, T.Mizutani, M. Hirano, N.Itaya, T.Honda and H.Yoshioka,

Aqric, Biol., Chem., 38, 881 (1974).

M.Elliot and N.F.Janes, Chem. Soc., Reyiew, 7, 473 (1978).

M.J.Devos and A.Krief, J. Am. Chem. Soc., 104, 4282 (1977).

P.Doyle, ICI Plant Protection Division, "Recent Advances in the Chemistry of

Insect Control", September, 25-27, 1984, Cambridge University, U.K.

N,Iltaya, T.Matsuo, N.Ohno, T.Mijutani, F.Fuhita and H.Yoshioka, Synthetic

Pyrethrofid (M.Elliot ed.), A.C.S., Symp. Series, 42, 45 (1977).

(a) A.K.Mandal, S.R.Bhandari and S.W.Mahajan, U,S.Pat. 4568758 (1986) IEL Ltd.

(b) A.K.Mandal, D.G,Jawalkar and S.W.Mahajan, U.,K.Pat. Appl.No.8424561 (1984),

8.8.Mukherjee, D.G.Brown and I,D.Hill, U.S.Pat. 3,708,528 (1973),Tenneco Chem.Inc

T.H.Chan, B.S.0ng and W.Mychajlowskij, Tet.Lett., 3253 (1976).

(a) J.K.Crandall and D.B.Parks, R.A.Cqlysr, R.J.Watkins, J.P.Arrington, 3. Org.
Chem.,_ 33, 423 (1968);

(b) 3.K.Crandell and D.R.Paulson, ibid, 33, 991 (1979).

C.Venturello, E.Alneri and M.Ricci, J. Org. Chem., 48, 3831 (1983),

R.D.Bach, M.W.Klein, R.A.Rynt and J.W.Holubka, ibid., 44, 2569 (1979).

R.Bloch, J,Abecassis and D.Hassan, J. Org. Chem., 50, 1544 (1985).

Y.Kurusu, Y,Masuyama and T.Nishio, Proc. of Climax Fourth Int, Cong. on the

Chemistry and Uses of Molybdenum, H.F.Barry and P.C.H.Mitchell., Eds. Climax

Molybdenum Company Ann Arbor, Michigan, Page 241 (1982).

R.A.Sheldon and J.VanDoorn, J. Catal., 31, 427 (1973).

J.Martel, J.Tessier, J.P.Demoute, J.Jolly, DOS 2827627 (1979) Roussel Uclaf,

M.Elliot, N.F.Janes, D.A.Pulman, U.S.Pat., 4024163 (1977).

J.warnant, J.M.Prost and P.Cosquer, U.K. Pat., 1582595 (1977), Roussel Uclaf,

K.Kondo, T.Takashima, A,Negishi, K.Matsui, T.Fujimoto, K.,Sugimoto, C.E.Hatech I1I,

and J.5.8aun, Pest. Sci., 11, 180,(1980).

S.Bhaduri and M,M.Mahandru, U.S.Pat., 4,393,244,(1983), Indian Explosives Ltd.India

P.H.Boyle, w.Cocker and D.G.Grayson, J. Chem. Soc., Perkin I, 1073 (1971).

M.Sevrin, L.Hevesi end A.Krief, Jet. Lgtt., 43, 3915 (1976).

G.J.Atwell and B.F.Cain, J. Med. Chem,, 10, 706 (1976).

N.S.Issacs and D.Kirkpatrick, 3.C.S. Chem. Comm., 443 (1972).

P.A.D.Verbrugge, P.A.Krammer, J. VanBerkel and H.C.Keldarman, Eu. Pat.,002850

(1979).

It is worthwhile to note that attempted addition of trichloromethyl anion to

(-)-(29) under phase tranafer conditions?’ to eliminate the high cost of Wittig

reagents = yielded (1R)-cis=(-)- ¥-lactons (31) in small amounts (ca. 6%)

together with (1R)~-cig-(-)=-lactol (16) (15%) and other uncharacterised products.

The conversion of (=)=(31) to (1R)-gégf(+)-cypsrnothr1n18’19 is reported in

literature. This therefore completes a formal synthesis of (1R)-cis=(+)~(2)

although in low yield, A

A.Merz and R.Tomohogh, Chem. Ber., 220, 96 (1977).

TeNeilson and E.S.Werstink, Can. J. Chem., 49, 493 (1971).

J.J3.Plattner, R.D.Gless and H.Rappaport, J. Am. Chem. Sogc., 24, 8613 (1972),

S.A.Roman, U,S.Patent, 4156692 (1979).

CClA was preferred over the more conventional nothanol3 due to the possible

unwanted estarification of the acid functionality of (37) in presence aof

methanol and hydrogen bromide formed during the reaction,

P.Z.Bedonkian, Orq. Syn. Coll., Vol, 3, 127 (1955).

4



5728 A. K. MANDAL et al.

35, A.K.Mandal and D.G,Jawalkar and S.W.Mahsjan, U.K.Pat. Appl. No.B8424561 (1984).

36. A.K.Mandal and D.G.Jawalkar, Jet. Lett., 27, 99 (1986).

37. Based on the maximum rotation,[ot-]; + 18,2° (C 1, Ccld). M,S.Carson, W.Cocker,
D.H.Grayson and P,V.R.Shannon, 3, Chem. Soc., (), 2220 (1969).

38, Based on the maximum rotation,[ﬁ]gs- 271° (neat), W.D.P.Burns, M.S.Carson,
W.Cocker and P.V.R.Shannon, J. Chem. Soc.,(C), 3063 (1965).

39, Based on the maximum rotation,&x]o - 36.6° (C 13.8, CHCl3}, I.3. Jekovac,
G Ng, K.P.Kok, J.B.Jones, 3.C.S. Chem. Comm., 515 (1980).



