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MONOTERPENOINS -~ VII°®
A SIMPLE SYNTHESIS OF (-)-CIS-CARONALD-
-EHYDIC ACID HEMIACETAL FROM (+)~CAR-3-ENE’
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Abstract - (+)-Car-3-ene has been converted by a simple route
Tnto (=) -cis-caronaldehydic acid hemiacetal, an important inter-
mediate in the commercial production of certain synthetic
pyrethroids.

(-)-cis-Caronaldehydic acid hemiacetal (l) is an important intermediate in the
commercial production of deltamethrin (5), a highly potent synthetic pyrethroid
insecticidel. Besides, compound £ and its equivalents (such as Z, 1), both in the
optically active and racemic forms; constitute economic intermediates for the
synthesis of a variety of other gggfpyrethroidsz, of which special mention may be
made of alphamethrin (5&)3 and RU 38702 QZ)lc. Thus, it is not surprising that
synthesis of 1 and its equivalents have attracted considerable attentionlPr4,
Current manufacture of 1, it appears, is based on ozonolytic degradation of opti-
cally active trans-chrysanthemic acids, obtained by resolution of synthetic
racemic actalarb, 10 us, (+)-car-3-ene appeared a potentially valuable starting
material, and in continuation of our earlier work5 aimed at sophisticated utiliza-

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

from i.

8 9

There have been earlier® and concurrent” attempts aimed at an economic
transformation of (+)~-car-3-ene (i) into L. However, these methods leave much to

be desired. Our process 1ls shown in Fig, 1.

The key reaction in this process is an economic conversion of carene into the
Cg keto-acid l3° This compound was first reported as a minor component of a complex
product obtained from permanganate oxidation of car-3-ene.l0 However, this method

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

2 part VI: Tetrahedron, in print.

b MRC Communication No. 64.
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enol acetylation, ozonolysis, and oxidation) from carene has been described by a
Japanese group.ll An effort to adopt a simplified version of this sequence did
not prove promising. Attention was then directed to car-3-en-5-one (g), 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. Ozonolysis of this enone was investigated under a varilety of conditions
(e.g. see Table 1) and finally conditions were standardized (ozonolysis in EtOAc,
work-up with limited amount of Naj3S03) to get the desired keto-acid 12 in yields

of 90-95% from carenone (8).
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Fig. 1. Synthesis of (~)-cis-caronaldehydic acid hemiacetal
from (+)-car-3-ene
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Table 1. Ozonolysis of car-3-en~5-one: work-up
with different reagents®

Yield of keto acid

No. Reagent used for work-up 12 (%)
1 Dimethyl sulphidel3 98%
2 Triphenylphosphine14 69%
3 Pyridinel4 96%
4 ThiourealS 92%
5 NaHS0,14 89%
6 NayS0414 87%

23,785 g of enone in 40 ml EtOAc ozonized at
0-5° 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-4a-ol (ll), an intermediate in the preparation of
(+)—carvone5°, (=) =-car-4-en-3a-0l (LE) is a byproduct5°'16. Oxidative degradation
of 10 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 l-en~3-ols (e.g. linalool,
manool, etc. ) have been recorded.l? such a cleavage in the case of car-4-en-3-ol
(10) should result in the production of the desired keto acid 12. 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 of ~60%, 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 Acy0 in presence of a macroreticular sulphonic
acid resinl® readily furnished enol lactone 13. 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 13) of methyl (1R)-cis-
caronaldehydic ester dimethyl acetal (3), a stable product preeminently suited for
further elaboration to pyrethroid acids. c¢is-Caronaldehydic acid hemiacetal and
its equivalents have been converted into pyrethroid acids, such as gig—permethric

acid (Ei) and cis-deltamethric acid (li) by a number of methods.zaflg'20
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M.ps and b.ps are uncoarrected, Optical rotations were measured on a Schmidt + Haensch
electronic polarimeter model Polatronic 1.

Following instruments were used for spectral/amalytical data: Perkin-Flmer model 402UV
spectrophotometer; Perkin-Flmer Infrared Spectrophotameter, model 267; Perkin-Flmer model R32
(90 MHz) NMR spectrameter; Hewlett-Packard 5700A gas chramatogram (column: Al, 180 an x 3 an or
360 am x 3 nm; support: Chramosorb 60-80; Hy as carrier gas).

Welsbach (USA) ozonator model T-408 was used for generating ozonized oxygen.

(-)-Car-3-en-5-one (8)
This was prepared by air-oxidation of car-3-ene, in presence of 3% cobalt stearate,at

7a,12

"40°, as remorted earlier. A 100% pure (GLC, TILC) sample, obtained by column chramatoqraphy

0
(810,9e1/I1; elution with 5% EtOAc in CgHg) had: b.p. 80-85° (bath) /0.6 mm, n%o 1.5061, {ot}1236 -184°

(@13, ¢ 1.9%). {1t (}2%°-271%(c1,) ). For ozonolysis 808 pure (GIC: 108 DHGS,360 am x 4 mm

Al column, 150°) carenone 8 vas etployed; this material had: b.p. 83-85%/0.5 mm, n2” 1.5055-1.5060,

(o]
a2>” 0.9840-0.9850.

(=) -cis=3-(2'-Oxopropyl)=-2,2-dimethylcyclopropane-l-carboxylate (12)

(a) Ozonolysis of car~3-en-5-one (8). A soln of car-3-en-5-one (50g, 0.33 mole) in EtOAc (450 ml)

was cooled to 0-20, and a stream of ozonized axygen (V2% 0 w/w: 21/min) was passed at this temp till
03 was no lornger consumed (KI ag-boric acid test) and there was no unchanged enone (TIC: 4.5 hr,
~l6g 07). At this point, N; was bubbled through the reaction mixture to expel any unreacted Os,
and the soln added slowly (“40 min) to cold NapSO3 ag (20.0 g in 160 ml water; 0~2°) with vigorous
stirring at 0-5°. The EtOAc layer was separated, the aq part saturated with NaCl and extracted
with EtQAc (30 ml x 3). The combined EtOAc extract was washed with water (30 ml x 3), brine (30ml
x 1) and dried (NapS0y), and freed of solyent to get crude 12, which was distilled, bp, 110-112%/
0.5 m, n§5° 1.4665, (&};5° -44.1° (qicl, ¢ 9%), yield 40.5g (purity 95%; a small sample was
esterified with CHyN, and the product analyzed by GLC: 5% Carbowax 20M, column 180 am x 3 m, 1700) .
This yield amounts to 85% (100% 12) based on caremone of 100% purity.

Methyl ester, b.p. 110-112°/25 rm, n%6° 1.4544, IR (neat): 1720, 1325, 1175, 1140, 1090, 940 and
860 anl. lH-NR (CCl,): C-¥e (3H, s, 1.12 opm; 3H, s, 1.22 pm), CMe (3H, s, 2,08 pm), cocH,

22

(e}
(24, 4, 2.78 pm, J = 6Hiz), Qe (3H, s, 3.59 pem) (1 Mle(e)lt -23.7°, a1y R 1ie.?? for

(o]
the antipode: {a}20 +38.2°, qucly; R ‘).
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(b)_Oeomolysis of car-d~en-3-ol (10). A soln of (+)=car—d-en-3-ol (10)°° (3.068g, 0.02 mole) in

EtOAc (100 ml) was ozonized exactly as above, After completion of ozonation and removal of excess
Oy by B, Hz0p &y (35%, 3 nl) was alded to the ozondde soin and the mixture stirred, at room
temp (\30%), for 12 hr. The reaction mixture was next washed with water, dried (N,504) and the
preduct freed of solvent. The residue (3.55 g} was taken up in Et0ac (10 ml) and the soln vigo-
rously stirred under an atmosphere of Oy for 5 hr at romm temp. Dimethyl sulphide (0.5ml) was
then added to destroy any peroxides, the product after the usual work-up esterified with CHgNp and
distilled to get methyl ester of 12 as a colerless liguid (2.11 g9}, h.p. 110-113°/25 me,

{CIC parity 80%).

Engl-lactone 13

Distilled ket acid 12 (36.5, 0.214 mole} and Ay {32.8g, 0,323 mole} were stirred at
room Bmp. (30 in the rreserre of Aoberlyst-15 f5g, Rolm & Haas Oo.)}, with exclusion of
molsture and Oy till the comwversion was complete {%3 hry TIC, S109=Cali0y, hexane: EtOAC,2t1}.
After completion of this reaction, the resin was filtered, washed with some AcyO amd the preduct
freed of Ac,0-AcCH (under reduced pressure at “80°) to get a material, which was distilled to
furnish pare 13 (GIC purity, 98%), b.p. 68-70°/1.0 mm, m.p. 44.5-45.07, {a}y208.8°(Cucly, o 8%)
wie. B nmp. 44-44.5% {&%50 -85,67, GICLy). TV {BWOE): A 214 (1780), 245 m (c1143),
IR (neat}: 1745, 1725, 1702, 1385, 1340, 1315, 1225, 118G, 1115, 1050, 1007, 998, 975, 962, 905,
855, 825, 810, 770,685, and 650 emt, YHAWR (0CL,); C-Me (GH, s, 1,04 pmy; 3H, s, 1,30 pomy
3, 5, 1.8% ppn), oyclopropane H (28, wm, 1.65 pm}, O<XCH {18, dx allylic coupling, 4.97 pum,
J = 4Hz}, Mass: mfe 152 ‘{Mi 30%), 137 {3%}, 124{8%), 105{100%}, 5553}, 91{5%), B1{26%).731{9%},
53(12%), 43{(26%).

{=)wcis-Caronaldebydic acid hemiazetal (1)

The shave emdi-lackone (25.0%y, 0.165 mols} in MeON {150 ml} was ozonized st 0+5° #ll ro
mewe ozone was consumed {2.5 hr, total (g passed 8.6 g}, The ‘ozonide’ soln was then added to 3
soln of Me,S (12.23, 0.20 mole) in MeOH (15 ml) at 5° under stirring at such a rate (10 min) sa
as to keep the temp of the reactiom mixture below 209, After campletion of addition, stirving
was continued at 20-307 t111 peroxide test (KI-AcOH} was negative (A hr). MeOH was distilled off,
and to this residie an ag soin of oxalic acid {0.5%, 540 ml} added and the mix stirred at rom
tetop for 3 hr. The product was tuken up in BtORe (200 ml x 3), washed with water (30 nl x 33,
dried (Na,;80;) and freed of solvemt. The crude product was dissolved in minimum amourrt of hot
agetone (V20 ml) ard cooled. The erystalline hemiacetal (1) that separated was collectad by
filtration, 13,51 (57.8%), m.p. 114-1157. A smil ancunt was recrystallized from acetone togst
colourless plates/orisms, map. 1171167, {aly1020mec, ¢ 28y, (mit. ® B: gp, 116-117.5°%;
{a}%"o - 101.5%, meeE™). IR (Majol): 3310, 3082, 1720(uroad), 1358, 1322, 1215, 1190, 1130,
1120, 1090, 1050, 990, 945, 905, 890, 852, 792, 780, 670 and 630 am™l, lm-wR (CDC:13)24:
essentially three singlets at 1.23, 1.32 and 2.1 pon {each approx. 38); {CgBg) O-¥e (3H, s, 0.57;
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3H, s, 0.90 pgm), 2 cyclopropyl H and CHOH (1H, d, 1.65 pmm, J = 7Hz; 1H, g, 165 pmm, 0= Tz,
= 14Hz; 1H, 4, 2.1 ppm, J = 7H2z). 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 fram the above crystallization is rich in the hydraxy lactone (1) and the
correspording aldehyde acid (2), and was converted into the methyl ester of aldehydic acid 2. The
filtrate was freed of solvent ard the residue (7.67g) taken up in MeCH (80 ml) containing scme
p-toluene sulfonic acid (p-TSA; 2.0g) and the soln refluxed for 5 hr, Sodium acetate (2.0 g) was,
then, added to the cooled reaction mixture and MeCH distilled off. The residue was taken up in
light petroleum (50 ml), washed with water, dried and freed of solvent. The residue was mixed
with 0.5% ag oxalic acid (40 ml), the mixture stirred at roam temp for 2 hr and worked up to

furnish the mathyl ester of aldehydic acid, which was distilled, b.p. 60-65°/1 m (n§5° 1,4597),
yield 6.55 g (total yield of £ + Me ester of 2, 83% on enol-lactone). IR (neat): 1732, 1705,
1335, 1228, 1210, 1140, 1127, 1097, 880, 840 and 790 am™l. lE-MR (CCly): C-Me (3H, singlets
at 1.27, 1.52 pgm), cyclopropyl H (2, m, 1.6-2.1 pgm), OMe (3H, s, 3.67 pm), CHO (1H, 4, 9.60

pom, J = 6He).
(-)-cis-Caronaldehydic acid hemiacetal dimethylacetal (3)

Enol-lactone 13 (22.8g, 0.15 mole} was ozonized and worked up with MepS (11.3¢q, 0.182 mole)
exactly as described above. To the final methanolic soln, p~TSA (2.0g) was added and the soln
refluxed for 5 hr. This was worked up to furnish the required 3 as a mobile liquid (27.68g, 91.4%;
GIC purity 95%), b.p. 88-90°/1 m, ngso 1-4420. IR (neat): 1730, 1190, 1142, 1095, 1055, 960,
930 and 840 an™t. lm-R (oC1): C-Me (3 singlets at 1.17, 1.25 pm), cyclomropyl H (28, m,1.20-

1.60 ppm), Me (3H, singlets at 3.24, 3.27, 3.62 pmn), CioMe (1H, 4, 4.75 pam,J = 7.5Hz).
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x lg-mr spectrum of caronaldehydic acid hemiacetal (1) in (DClj is deceptive. However, in
benzene, various protons appear in the required miltiplicity. Still, there are interesting

features in lH-NMR spectra of _]:_ in these two solvents, and these will be discussed elsewhere.



