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Abstract - (+)-Car-3-ene has been converted by a simple route 
into (-)-cis-caronaldehydic acid hemiacetal, an important inter- 
mediate i;l7he commercial production of certain synthetic 
pyrethroids. 

(-)-cis-Caronaldehydic acid hemiacetal (1) is an important intermediate in the - 

commercial production of deltamethrin (z), a hiqhly potent synthetic pyrethroid 

insecticide'. Besides, compound 1 and its equivalents (such as 2, L), both in the 

optically active and racemic forms, constitute economic intermediates for the 

synthesis of a variety of other rds-pyrethroids', of which special mention may be - 

made of alphamethrin (g)3 and RU 38702 CL)". Thus, it is not surprising that 

synthesis of 1 and its equivalents have attracted considerable attention lb,4 . 

Current manufacture of l_, it appears, is based on osonolytic degradation of opti- 

cally active trans-chrysanthemic acids, obtained by resolution of synthetic 

racemic acidlalb. To us, (+)-car-3-ene appeared a potentially valuable starting 

material, and in continuation of our earlier work 5 aimed at sophisticated utilisa- 

tion of (+)-car-3-ene (i), we now report6 on a simple economic synthesis of 1 

from 4. 

There have been earlier' and concurrent' attempts aimed at an economic 

transformation of (+)-car-3-ene (i) into 1. However, these methods leave much 

be desired. Our process is shown in Pig. 1. 

The key reaction in this process is an economic conversion of carene into 

to 

the 

Cg keto-acid g. This compound was first reported as a minor component of a complex 

product obtained from permanganate oxidation of car-3-ene.1° However, this method 

has no preparative value. A preparative method involving four steps (ozonolysis, 

a Part VI: Tetrahedron, in print. 

b 
MRC Communication No. 64. 

c 
Present address: Sudershan Chemicals Industries, Pune 411 001 
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Me0 .OMe 

2: X = Br 

5: x= Cl 

en01 acetylation, ozonolysis, and oxidation) from carene has been described by a 

Japanese group. 11 An effort to adopt a simplified version of this sequence did 

not prove promising. Attention was then directed to car-3-en-S-one (81, readily 

available (in a low, but acceptable yield) by simple transition metal-catalyzed 

air oxidation of car-3-ene, 7a,12 as a possible substrate for further oxidation 

to 12. Osonolysis of this enone was investigated under a variety of conditions 

(e.g. see Table 1) and finally conditions were standardized (ozonolysis in EtOAc, 

work-up with limited amount of Na2SO3) to get the desired keto-acid 11. in yields 

of 90-95% from carenone (2). 
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Reagents. a : 02r co++ 
b: 03; Na2S03 

c: AcOOH/or pinane hydroperoxide 

d: XOBut, pyr. 

e: 02, hu, Rose Bengal 

f: 03; H202 ag 

9 : Ac20, H + 

h: 03; Me2S 

9 I 80% 

Fig. 1. Synthesis of (-)-cis-caronaldehydic acid hemiacetal 
from (+I-car-3-en7 
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Table 1. Ozonolysis of car-3-en-5-one: work-up 
with different reagentsa 

NO. Reagent used for work-up 
Yield of keto acid 

12 (%) 

1 Dimethyl sulphide13 

2 Triphenylphosphine14 

3 Pyridinell 

4 Thiourea15 

5 NaHS0314 

6 Na2S0314 

98% 

69% 

96% 

92% 

89% 

87% 

a3.785 g of enone in 40 ml EtOAc ozonized at 
0-5O and the product treated with different 
reagents. 

Another convenient route to 12 was also worked out. In the conversion of - 

(+)-car-3-ene to (+)-car-2-en-4u-01 (z), an intermediate in the preparation of 

(+)-carvone5", (-)-car-4-en-3a-ol (lo) is a byproduct 5c,16 . Oxidative degradation 

of E to 12 was explored in an effort to utilize this byproduct. A number of 

cases of cleavage of C-2, C-3 bond during ozonolysis of 1-en-3-01s (e.g. linalool, 

manool, etc. ) have been recorded.17 Such a cleavage in the case of car-4-en-3-01 

(10) should result in the production of the desired keto acid J2_. After much - 

exploratory studies (solvent and temp for ozonation, reagent for work-up) conditions 

(vide Experimental) could be established for ozonolytic degradation of 10 to 12 -- 

in yields ofdO%. It may be noted that the product of ozonolysis was a mixture 

of 12 and the corresponding aldehyde (CHO in place of COOH) and the mixture, without 

separation, was further oxidized with air to effect conversion of the aldehyde to 

the acid. 

Exposure of keto acid 12 to Ac20 in presence of a macroreticular sulphonic - 

acid resinl* readily furnished enol lactone 2. Ozonolysis of 13 under specific 

conditions furnished 1 along with cis-caronaldehydic acid 2. Conditions were also - 

established for the direct isolation (after ozonolysis of 2) of methyl (lR)-cis- - 

caronaldehydic ester dimethyl acetal (L), a stable product preeminently suited for 

further elaboration to pyrethroid acids. cis-Caronaldehydic acid hemiacetal and - 

its equivalents have been converted into pyrethroid acids, such as cis-permethric - 

acid (2) and e-deltamethric acid (15) by a number of methods.2ar1g*20 
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M.ps and b.ps are unarrec&d. opticalrotations- meamxedonaSchnFdt+Haensch 

electronicpolarimsternrdelPolatronicl. 

Follrwirq instnrnentswereused for speclxal/snalyticaldata: Parkin-Flmeraodel402U? 

spectrophotaneti; Pp&:in-Elmer Infrared Spxtrophotanater, node1 267; Perkin-Hlmer model R32 

(90 MHz) hplR spectraneter; Hewlett-Packard 5700A gas &rasatcqrmn (cxol~: Al, 180 cm x 3 an or 

360 cm x 3 tan; supt: Cbmuxorb 60-80; H2 as carrier gas). 

Welsbach (USA) ownatornrxlel T-408wasused forg-tingownised~. 

(-)-Car-3-en-fi-one (5) 

lhiswaspreparedbyair-oxidationof carJ-ene, inpresenceof 3% ~tstearata,at 

WOO, as reported earlier.7af12 AlOO%&xre GIC,TIC) sanple,obtainedbyoolumnchranatcq-raphy 

(SiO2gel/II; elution with 5% EYz3Ac in C6Hg) had: b.p. 80-85°(bath)/0.6 ma, 4" 1.5061, I~r)~~-l84~ 

Kxl3, 21.9%). {Lit.{a}~~-2710(~~3)}. Par oronolysis 'lgO% rure (SIC: 10% iXGS,360 cm x 4 n 

Al colwnn, 150') cerencrra awas employed; this material had: b.p. 83-85O/O.5 am, $ 1.5055-1.5060, 

di5 
0 

0.9840-0.9850. 

f-~-cis-3-~2'-0xopropyl)-2,2-dimetbylcyclopropane--carboxylate (12, 

(a) Oronolysis of car-3-en-5-one (8). A soln of cer-3-en-5+~ (5&3, 0.33 mole) in HtCAc (450 ml) 

was cooled to O-20, and a stream of ozonized acygen (%2% 03 w/w? Zl/min) was passed at this tamptill 

03wasno lqer oonsumed (KI aq-boricacid test) ardtherewas nounchangeden~ (TLC: Q4.5 hr, 

'Ll6g 03,. Attispoint,N2wasbubbled tbrcugh thereactianmixture to expelanyunr~c&dO3, 

and the soln added slcwly (ti0 min) to cold Na2SC3 aq (20.0 g in 160 ml water: O-2') with vigorous 

stirrilq at O-5'. meEtaAcLayer~sseparated,theaq~artsatLlratedwithNaClandextracted 

with EtoAc (30 ml X 3). The aanbinsd m extractwaswashedwithwater (3Omlx 3), krine (3Qnl 

x 1) and dried. (Na2!D4), and freed of solvent to get crude 3 which was distilled, b,p, 110-llZ"/ 

0.5 ran, n$O 1.4665, {b,i50 -44.1' (CHC13, 2 9%), yield 40.59 (plrity 95%; a mnal.1 smnple was 

esterified with CH2N2 and the product snalysed by G.KC: 5% Carbzwax ZOM, oolumn 180 on x 3 m, 1700). 

‘Ibis yield maonYcs to 85% (100% 11) based on carerone of 100% purity. 
260 Msthyl ester, b.p. l10-112°/25 ma, nU 1.4544, IR (neat): 1720, 1325, 1175, 1140, 1090, 940 ard 

860 cm-l. &MR KC14): C+& (3H, s, 1.12 ppn; 3H, s, 1.22 ppn), Cl’& (3H, s, 2.08 ppn), md 

(ZH, d, 2.78 ppn, J = 6Hs), c (3H, S, 3.59 ppn) (ti .ll:&}co -23.P, CMC13; 1~. Lit.22 for 

the antipode: {c$OO + 38.2', CHC13; IR; +-I-m). 
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(bl mQl-mlysis af 5Xr4--an-3-J. (l.0). A so111 of (+)-~~-4sn-3-ol (.o)" (3.068~3, 0.02 ml@) in 
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3H, s, 0.90 ppn), 2 cycl~l~and F (lH, d, 1.65 pin, J = 7Hz; lH, q, ltj5 pin, J1= 7Hz, 

J2=14Hzf lH,d,2.1ppn,J=7Hz). mass: m/z 127(8%), 113(31%), 97(58%), 96(92%), 83(65%), 

81 (55%), 69(49%), 67(100%), 55(51%), 53(70%). 

The filtrate frun the abwe aystallizationis rich in the hyixxyme (1, and ths 

oxrespxding aldehyde acid (3, &was axwerted into themetbylesterofaldeh@icacid& The 

filtrate was freed of solvent and the residue (7.67g) taken up in MeoH (80 ml) axntaining sane 

~_toluene sulfonicacid (@SA; 2.Cg) and the solnrefluxed for5 hr. Scdimaacetate (2.0~) was, 

then,addedtothecooledreactionmixtureand~distilledcbf. *residuewastakenupin 

light petroleum (5Oml),washedtithwater,dried andfreedof solve&. 'Ihe residuewastied 

with 0.5% aqoxalicacid (4Oml), themixti stirredat~ tenpfor 2 hr andwxkdup to 

furnish the m&hyl estzr of aldehydic acid, &ich was distilled, b.p. 60-65'/1 mn (nF" 1.4597), 

yield 6.55 g (total yield of A + Me ester of 2, 83% on e1~1-law). IR (eat): 1732, 1705, 

1335, 1228, 1220, 1140, 1127, 1097, 880, 840 and 790 cm-'. 'H+4R (CC14): C+s (3H, singlets - 

at1.27, 1.52 ppn), cyclop~l H_ (2H, m, 1.6-2.1 ppn), a_ (3H, s, 3.67 m), % (E-I, d, 9.60 

ppn,J= 6Hz). 

(-)-cis-Caronaldehydic acid hemiacetal dlmethylacetal IL) 

hoi-la&one c (22.8g, 0.15 mole) was osonized and w&ced up with Me2S (ll.N, 0.182 mole) 

exactlyasdescribedabove. 'Lbthe final methanolic soln,_@SA (2.Og) wasadded and the soln 

refluxed for 5hr. TY-Ls was worked up to fvnish the required ;as a mobile liquid (27.68g, 91.4%; 

GIG plrity 95%), b.p. 88-900/l nm, 4'" l-4420. IR (mat): 1730 , X90, 1142, 1095, 1055, 960, 

930 and 840 on-'. +-I+MR (0X4): C* (3H singlets at1.17, 1.25 ppn), cycloproWlH (ZH, m,1.20- 

1.60 ppn), cMe_ (3H, singlets at 3.24, 3.27, 3.62 ppn), F (lH, d, 4.75 p,J = 7.5Hz). 
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