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Abstract A preparation of trans- and cis-caronaldehyde derivatives

is described by employing lodolactonization reaction as a key step.
Investigation is also carried out to establish an asymmetric synthesis by
employing the same methodolegy which allows diastereoselective formation of

optically active intermediates in both enantiomeric forms from a single

precursor though the degree of asymmetric induction is found to be less satisfactory.

Both trans- and cis-caronaldehydes (1) and (2) are important starting materials in the synthesis of a
number of potent pyrethroid insecticides which are safe to manmals and biodegradable.l Of these the
cis-isomer (2) has become of interest in recent years since it can be used not conly as the precursor for
exceptionally potent insecticides such as NRDC 1822 but also as an effective resolving agent for

3-5

secondary alcohols, We report here a synthesis of trans- and cis-caronaldehyde derivatives from prenyl

alcoho! (3) employing halelactenization reactlon6 as a key step.
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Prenyl alcehel (3) was converted into 3,3-dimethyl-4-pentensic acid (3} in 64% overall yield in two steps
via the ester (4) by employing the Johnson version of the Claisen rearrangement.T The same
rearrangement reaction has been already carried out in 0.1 mol scale using five fold excess of triethyi
orthoacetate to give the ester (3} in 34% yield after careful distillation,s however, the reaction could be
carried out in | mol scale using one equivalent amount of the or:hoacetate9 and the product could be

easily isolated as the acid (5) after saponification. Treatment of (5) with a mixture of iodine and




potassium lodide in 0.5 N aqueous sodium hydrogen carbonate brought about facile halolactenization to give
the iodelactone (6) which on successive methanclysis in the presence of potassium carbonate afforded the
Y,5-epoxy ester (7), in 76% overall yield from {3). Cyclopropane ring formation via intramolecular

. . . . 10-12
concurrent ring opening-ring closing

of (7) could best be accomplished by using 1.5 equivalent of
lithium hexamethyldisilazide in tetrahydrofuran at -30 °C. Under these conditions, {7) gave methyl
trans-3-hydroxymethyi-2,2-dimethylcyclopropanecarboxylate (8) in 62% ylield and cis-3-hydroxymethyl-2,2-

dimethylcyclopropane-1-carboxylic acid lactone (2)13'15

in 20% yield after separation by column
chromatography. When lithium diisopropylamide was used in place of lithium hexamethyldisilazide yields of

the products were decreased to %2.]1 and 7.4%, respectively.
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On the other hand, we also Investigated asymmetric synthesis of these cyclopropane derivatives applying

the asymmetric icdolactonization developed by us.is’ly

The acid (5} was converted into the amide (10) in
&85% overall yield via the acid chloride by treatment with oxaly! chloride followed by {8)-preline.  Upen
treatment with iodine in acetonitrile at 0 °C foliowed by 0.5 N aqueous sedium hydrogen carbonate at
room temperature, the amide (10} furnished the optically active iodolactone ((5)-6), [Ot]D + 10.1° (CHCIB),
in 71% vyield, which gave the optically active epoxide ((8)-7), [OL]D 5 2.22° (CHCIB)’ in 74% vyield, by
methanolysis in the presence of potassium carbonate., Employing the same procedure for the racemic (7,
the opticaily active ((8)-7) was treated with the base to give the cyclopropane ester ((1R,3R)-8), [oc]D -
7.0° (CHCI3), in 63% yield and the cyclopropane lactone (15,3R)-9), [o],, + 12.2° (CHCly), in 17% yield.
Since the lactone (3) with (1R,3S)-configuration has been already known '3 ([ot]D - 72.8°% (c l.4, CHCI3),
81% ee), the our lactone (9) should have (15,3R)-configuration with about 10% ee of optical purity. In
order to determine absolute configuration and optical purity, the ester {(1R,3R)-8) was oxidized with

pyridinium chlorochromate to give the known trans-caronaldehyde esterI9 {(1R,3R)-11), [U]D + 1.65°

(CHCLy), in 74% yield. The reported data'® for the optically pure material (14) with (IR,3R)-configuration

— 2860 —




HETERQCYCLES, Vol 23, No 11, 1985

1) I2—MeCN i
a}
1) (COCl)2 2) aq. NaHCO, % 00
: <A
R S —- + 1
2} L-proline K or ) N
v -ag. THF -
Hw s b) 12 ag. T I e _ by {s)-6
2 o, \
10 11
Hin,
O
I

i-HMDS
(8)-g —=> (8)-7 ———————=>

7
LiQ

12 =2

Hh-?ng pce Hin Hi H
< ———

CHO CO,Me CcO Me o 30

2
(1R,3R}-14 {1R, 3R} (18,3R) -9

(R)-6 ——= (R)-7 ___ 5 (15,35)-8 + (IR,38)-9

v

{1s,35)-14 Scheme 3
. 6] - %/CN o H
HOW q (J I
Ho
{R}-15 (8)-16 (8)-17 {1s,38)

Scheme 4

({a]D + 16.0% (¢ 12, CHClj)) indicated that the our compound (i%) should have (I1R,3R)-configuration with
about 10% ee of optical purity. Very interestingly, when the halolactonization was carried out in aqueous
tetrahydrofuran an enantiomeric iodolactone ((R)-6), {Ot]D - 5.43° (CHCIB), was obtained in 93% yield.

Employing the same procedure above, (R)-6 was converted into the epoxide ((R)-7), in 79% yield, which
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then was converted into the trans-(15,35)-cyclopropane ester ((15,35)-8), [OLJD + 1.69° (CHCJB), and the
cis-(1R, 35)-cyclopropane lactone ((IR,38)-9), k], - 1.64° (CHCly), in 42% and 7.4% yields. The ester
{(15,35)-8) was further oxidized to trans-caronaldehyde ester ((15,35)-14), [O’-]D - 0.45° (CHCIB), in 47%
yield. In these conversions, though asymmetric induction ratic was disappointingly low, it is concluded
that the two products obtained after the intramolecular cyclopropanation possessed the opposite
configuration at [ position each other as expected. This diastereoselectivity may be explained by simple
intramolecular SNZ pathway in the formation of both the trans-ester (8) and cis-lactone (3) with inversion
of the configuration of C-4 position of (7) via the enolates {12} and (13) respectively as shown in Scheme
3. Absolute configuration of the optically active iodolactone (6) and the epoxide (7) was simply deduced
by correlating the established data by Matsui et al.“ who reported the synthesis of unnatural

{15, 38)-trans-chrysanthemic acid (18) from (2R)-pantolactone (15) by intramolecular cyclopropanation of the
(3R)-epoxynitrile (16). This result allowed us to deduce the stereochemistry of our products as shown
since stereochemical correlation between optically active chrysanthemic acid and caronaldehyde derivatives

has been already rept)r'red.zo’21

}yl i H H fy, H ler Hln H
— —> —> Ph
i Co,Me PhS OMe Phs\o Me 1eo 7} Me
(£)-8 20 22 23
Hiw B H
b — <—
HC
M Me
(u) OMe Me Me
(+1-14 24
Ha, H Ha,, Ty, H
MeS/\O QMa Ph& Me
19 21 Scheme 5

Having failed to establish satisfactory chiral synthesis, the racemic substrates were used in the following
investigation. Oxidation of the trans-ester {8) was first investigated. As for optically active case, the
racemic (8) was oxidized with pyridinium chlorochromate to give trans-caronaldehyde ester (14) in 89%

yield. In order to avoid using a chromium oxidant, twe Moffatt type oxidations and other method were

also explored. Thus, treatment of (8) with oxalyl chioride in dimethyl sulfoxide in the presence of
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trie:thylaminez2 gave 14 in 30% yield, while {3) with pyridine-sulfur trioxide complex in dimethyl sulfoxide
in the presence of triethylamine23 also gave 14 in 88% yield but a small amount of an unseparable
by-product presumably the sulfide (19) was contaminated in the latter conditions, The ester (8), on the

other hand, was converted into the sulfide (20) in 87% yield employing Hata's method.za’zs

Althoygh the
dimeric by-product (21) was also obtained in 6.9% yield in this conversion, it could be easily separated by
column chromatography. The major sulfide 20 was transformed into the sulfoxide (22) in 84% yield by

treating with aqueous hydrogen peroxide, which, upon treatment with triflucroacetic anhydride and

2,6-lutidine26 followed by aqueous potassium carbonate, afforded the trans-caronaldehyde ester (14} in 3%%

averall yield. When methanolic potassium carbonate was applied to the Pummerer product, two separable
thioacetals (23) was obtained in 52 and 24% yields, the both of which were converted into the same ester
acetal (24) excellently with iodine in methanol, respectively. Upon hydrolysis with aqueous acid 24 gave

trans-caronaldehyde methyl ester (14) in 63% yield. Conversion of (14) into cis-caronaldehyde (2b) has

been first appeared in a patent claimed by Roussel-Uclat’’ and later in the report by Montellano and

Din12028 by epimerization with sodium methoxide in refluxing methanol.

We next investigated the conversion of the cis-lactone (3} into cis-caronaldehyde (2b). Treatment of 3
with sodium phenylmercaptide gave the sulfide acid (23), in 81% yield, which gave the sulfoxide (26)
quantitatively on treatment with aqueous hydrogen peroxide, Under the Pummerer reaction conditions
using trifluoroacetic anhydride26 26 gave the lactone hemithicacetal (27), in 60% yield, which on stirring
with iodine in methano!l gave cis-caronaldehyde methyl ester dimethyl acetal (28), in 91% yield. As

trans-acetal {2%), upon briet exposure to aqueous acid 28 afforded gis-caronaldehyde methyl ester (29)

which gave cis-caronaldehyde (2b) on prolonged treatment under the same hydrolytic conditions.
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Scheme 6
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EXPERIMENTAL

All reactions were carried under argon. Melting peoints are not corrected. IR spectra were measured
with JASCO A-102 spectrophotometer, NMR spectra with JEOL PMX-60 and JEOL-FX [00 spectrometers
{in deuteriochloroform solution using tetramethylsilane as internal references), MS spectra with a JEQL

IM5-QISG 2 spectrometer, and optical rotations with a JASCO-DIP-4 automatic polarimeter,

3,3-Dimethyl-4-pentenocic Acid {3} A mixture of prenyl alcohol 3 (76.72 g, .89 mol) and triethyl

orthoacetate (144,51 g, 0.89 mol) was refluxed in the presence of pivalic acid (9.1 g, 89 mmol} with
removal of generating ethanol using a Dean-5tark apparatus for 37 h. The mixture was then refluxed with
potassium hydroxide (75 g, .34 mel) in 95% ethancl (2 I) for 1 h. After removal of ethanol in vacuo, the
residue was dissclved in water and the solution was washed with methylene chloride. The aguecus layer,
after making acidic by addition of conc. hydrochleric acid, was extracted with methylene chloride and the
extract was washed, dried with magnesium sulfate, evaporated in vacuo, and distilled under vacuum to give
5 as a colorless oil; yield: 58.01 g (63.9%); bp 100-102 °C/14 torr; IR v IEE em™: 2950, 1702, 1638;

NMR §: 1.13 (s, 6H), 2.32 (s, 2H), 4.77-5.20 (m, ZH), 5,92 (dd, IlH, J=I8 and 10 Hz), 11.5 (br.s, 1H,
exchangeable); MS m/fe: 128 (M%), 70 (106%); Anal. Caled. for C7H1202: m/e 128.0835. Found: 128,0835,
5-lodo-4-hydroxy-3,3-dimethylpentancic Acid Lactone (6) Te a stirred solution of 5 (14.72 g, 115 mmel)

in 0.5 N aqueous sodium hydrogen carbonate (500 mi) was added dropwise a solution of iodine (58.6 g, 230
mmol) and potassium iodide (1146 g, 690 mmol) in water (200 ml} at room temperature, After 1 h the
mixture was extracted with ether and the extract was washed with 5% aqueous sodium thiosuifate, brine,
dried with magnesium sulfate, and evaporated in vacuo to give practically pure & as a pale yellow oil;

vield: 28.05 g (96.1%); IR vIe3 em L

1778; NMR §: 1.08 (s, 3H), 1.26 (s, 3H), 2.45 {s, 2H), 3.17-3.48 (m,
ZH), 4.36 (dd, 1H, J=6 and 8 Hz); MS mfe: 254 (M"), 127 (100%); Anal. Caled. for C,H 10, m/e
253.9803. Found: 253.9844,

Methyl 4,5-Epoxy-3,3-dimethylpentanoate (7) A suspension of 6 (.00 g, 15.7 mmol) and potassium

carbonate (6.53 g, 47.2 mmol) in methanol (40 ml) was stirred at room temperature for 1.5 h. The mixture
was poured into brine and was extracted with ether. The extract was washed with brine, dried with

magnesium sulfate, evaporated in vacuo, and distilled under vacuum to give 7 as a colorless oil; yield: 1.97

neat 1

g (79.1%); bp 60-70 OC/M torr (kugelrohr); IR vmax cm 1 173&, 1235; NMR &: 1.01 (s, 6H), 2.28 (s, 2H),

2.61 (d, 2H, J=3.5 Hz), 2.87 (1, 1H, J=3.5 Hz), 3.63 (s, 3H) MS m/e 158 (M+), 145 (100%); Anal. Calcd. for
CSHMOf C, 60.74; H, 8.92. Found: C, 60.31; H, 8.75.
Methy! trans-3-Hydroxymethyl-2,2-dimethylcyclopropane-1-carboxylate (8) and

¢is-3-Hydroxymethyl-2,2-dimethylcyclopropane-l-carboxyiic Acid Lactone (9) Te a stirred solution of

hexamethyldisilazane (14.23 mi, 20.0 mmel} in tetrahydrofuran (250 ml) was added dropwise n-butyllithium
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in hexane (15% w/w)} {12.9 ml, 20.0 mmol) at 0 0C and the stirring was continued for 30 min at the same
temperature, The solution was cooled to -30 °C and to this solution was added 7 (212 g, 13.4 mmol) in
tetrahydrofuran (50 ml) dropwise. After stirring for & h at the same temperature, brine was added to the
mixture and the mixture was extracted with ether. The extract was washed with brine, dried with

magnesium sulfate, and evaporated in vacuo. The residue was purified by a silica gel column (93 g} using
a mixture of n-hexane and ether (&1 v/v) as eluant to give 3 (1.30 g, 61.5%) and 9 (344 mg, 20.4%) both

as faint yellow oil.

8 bp $5-100 °C/0.3 torr (Kugelrohr); IR v aa em™Li 3432, 1728; NMR §: 1.21 (s, 3H), 1.25 (s, 3H), 1.41

(d, tH, 1=5 Hz), 1.57 (s, lH, exchangeable), .71 (dt, 1H, J=5 and 6.5 Hz), 3.63 (s, 3H), 3.68 (t, 2H, J=6.5

Hz); MS m/fer 159 (M+—1), 128 (100%); Anal, Caled, for CSHMOB: C, 60.74; H, 8,92. Found: C, 60.67; H,
8.88,

9 bp 65-110 °C/14 torr (Kugelrohrk; IR ey em™b: 1766; NMR &5 1.17 (s, 6H), 1.98 (m, 2H), 4.22 (m,

2H) MS mle:r 126 (M), 67 (100%); Anal. Caled. for C.H 126.0686. Found: 126.0674,

1692°
(5)-1-(3,3-Dimethyl-4-pentencyi}proline (10) A mixture of 5 (10.24 g, 80 mmol} and oxalyl chloride (10.5

ml, 120 mmol} in methylene chloride (300 ml) was refluxed for 2.5 h. After evaporation of the solvent in
vacuo, the crude acid chloride remained in methylene chloride (200 ml) was added dropwise to a stirred
solution of (S)}-proline (11.05 g, 96 mmol) and triethylamine (16.7 ml, 120 mmel} in methylene chloride (400
ml) at the room temperature and the stirring was continued for [8 h at the same temperature. The
mixture was washed successively with 3% hydrochloric acid, water, brine, and dried with magnesium
sulfate. Evaporation of the solvent left a crystalline residue which recrystallized from a mixture of
n-hexane and ether to give 10 as colorless prisms; yield: 15.34 g {83.2%); mp 838-90 oC; [a]D - 141.3% (¢
2.75, CHCL); IR wNulol omoL; 3300-2500, 1738, 1638, 915; NMR §: 1.18 (s, 6H), 1.73-2.32 (m, &H), 2.05 (s,
2H), 3.58 {m, ZH}, &.60 (m, 1H), %.78-5.23 (m, 2H), 5.96 (dd, 1H, J=18 and 12 Hz}, 8.95 (brs, lH,

exchangeable}; MS mfe: 225 (M"), 71 (100%); Anal. Caled. fer C ,H NO

12%19 : C, 63.97; H, 8.50; N, 6.22.

3
Found: C, 63.85; H, 8.27; N, 5.92.

(5)-5-Iodo-4-hydroxy-3,3-dimethylpentanocic_Acid Lactone {(5)-6) To a stirred selution of iodine (7.62 g,

30 mmol) in acetonitrile (30 ml) was added dropwise 10 (2.25 g, 10 mmol} in acetonitrile (20 mi} at 0 e
and the stirring was centinued for 1,3 h. To a mixture was 3.5 N aquecus sodium hydrogen carbonate
(100 ml} and the stirring was continued for 24 h at 0 °C. The mixture was extracted with ether and the
extract was washed successively with 5% aqueous sodium thiosulfate, brine, and dried with magnesium
sulfate, After evaporation of the solvent in vacuo, the residue was purified by a silica gel column (73 g)
using a mixture of n-hexane and ether as eluant to give (5)-6 as a pale yellew oil; yield: 1.82 g (71.4%)
[oc]D + 10.1° (¢ 2.67, CHC13); chromatographical behavior and spectral data were identical in all respects

with those of racemic 6.
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(R )-5-lodo-4-hydroxy-3,3-dimethylpentanoic Acid Lactone ((R)-8) A mixture of 10 (4.50 g, 20 mmo!} and

iodine (15.23 g, 60 mmol) in 50% aqueous tetrahydrofuran (50% v/v) {200 m]) was stirred at room
temperature for 3 h, The mixture was extracted with ether and the extract was successively washed with
5% aqueous sodium thiosulfate, brine, and dried with magnesium sulfate. After evaporaticn of the solvent
in vacuo, a part of the residue .02 g of 5.02 g was purified by a silica gel column (30 g} using a
mixture of n-hexane and ether as eluant to give (R)-6 as a pale yellow oil; yield; 960 mg {(93.0%); [OL]D -
4.43° (¢ 2.08, CHCIB); chromatographical behavior and spectral data were identical in all respects with
those of racemic 6.

(5)-Methyl 4,5-Epoaxy-3,3-dimethylpentangate ((5)-7) A suspension of (§)}-6 (1.82 g, 7.17 mmel) and

potassium carbonate (2,97 g, 21.5 mmol) in methanol (20 ml) was treated as for racemic 6 to give (S)-7;
yield: 832 mg {73.5%); [Ct]D + 2.22° (e 2.43, CHCIB); chrematographical behavior and spectral data were
identical in all respects with those of racemic 7.

(R)-Methyl 4,5-Fpoxy-3,3-dimethylpentanoate ((R}-7) A suspension of (R¥6 (4.00 g, 13.7 mmol} and

potassium carbonate (6.33 g, 47.2 mmol} in methanol {40 ml) was treated as for racemic 6 to give (R)-7;
vield: 1.97 g (79.1%); [Ct]D 0° (¢ 2.27, CHC13); chromategraphical behavior and spectral data were identical
in all respects with those of racemic 7.

(1R,3R)-Methyl trans-3-Hydroxymethyl-2,2-dimethylcyclopropane-1-carboxylate ((1R,3R}-8) and

(15 3R)-cis-3-Hydroxymethy!-2,2-dimethylcyclopropane-1-carboxylic Acid Lactone ((15,3R)-9) (5)-7 (832

mg, 5.27 mmol) was treated with lithium hexamethyldisilazide prepared from hexamethyldisilazane (1.67 mi,
7.92 mmol) and n-butyllithium in n-hexane (15% w/w) (5.08 ml, 7,92 mmol) as for racemic 7 to give

(IR3R), [0 - 7.0° (¢ 2.03, CHCly), and (15,3R)-5, (o], + 12.2° (¢ 167, CHTLy) (it @, - 728° (¢

3)’
L4, CHCIJJ, 81% ee), in 62.9% (524 mg) and 16.6% (110 mg) yield, respectively.

(1S,35)-Methy! trans-3-Hydroxymethyl-2,2-dimethylcyclopropane-l-carboxylate ((15,35)-8) and

(IR, 35)-cis-3-Hydroxymethyl-2,2-dimethylcycloepropane-l-carboxylic Acid Lactane {(lR,35)-9} To a stirred

solution of diisopropylamine {3.52 ml, 25 mmol} in tetrahydrofuran (50 ml} was added dropwise
n-butyllithium in hexane (15% w/w) (l6.1 ml, 25 mmol} at -13 ®C.  After stirring for 3¢ min, the mixture
was cooled 10 -65 °C and a solution of (R)-6 (1.59 g, 10 mmol) in tetrahydrefuran (20 ml) was added to
this stirred solution, After 3 h, saturated aqueous ammonium chloride was added to the mixture and was
extracted with ether. The extract was washed with brine, dried with magnesium sulfate, evaporated in
vacuo, and purified by a silica gel column (47.6 g} using a mixture of n-hexane and ether (3! v/v} as
eluant to give (15,35)-§, [OL]D + 1.69° (c 2.25, CHC!B}, and (IR,35)-2, [Q]D - Let° (c 0.9%, CHCIBJ, in
42.1% (668 mg) and 7.4% (93 mg) vield, respectively. Chromatographical behavior and spectral data of
both compounds were identical in all respects with those of racemic materials, respectively.

(1 R,3R)-trans-Caronaldehyde Methyl Ester ((I1R,3R)-1%) To a stirred suspension of pyridinium
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chlorochromate (1.19 g, 5.52 mmol) in methylene chloride was added dropwise {IR,3R)-8 (435 mg, 2.75
mmel) in methylene chioride {10 ml} at room temperature., After stirring for 13.5 h, the insoluble material
was removed by filtration using a Celite. The organic layer was evaporated in vacuo and the residue was

purified by a silica gel column (12.5 g} using a mixture of n-hexane and ether (#:l v/v} to give (1R,3R)-1%

i3,

as colorless oil; yield: 317 mg (74.3%); [0',]D + 1.85°% (c 3.51, CHC13) (it.' % @1, + 16.6° (¢ 12, CHCIB));

D

spectral data were identical with those reported.18

(15,35)-trans-Caronaldehyde Methyl Ester ((15,38)-14) {15,35)-8 (486 mg, 3.08 mmol) was oxidized with

pyridinium chlorechromate (1.33 g, 6.16 mmol} as for (IR,3R)-8 to give (15,35}-14; yield: 227 mg (47.3%);
[OL]D - 0.45° (c 2.93, CHCI3); chromatographical behavior and spectral data were identical in all respects
with those of (IR,3R)-14,

(rac)-trans-Caronaldehyde Methyl Ester (1%#): (a) by pyridinium chlorochromate Racemic 8 (87 mg, 0.55

mmol} was oxidized with pyridinium chlorochromate (237 mg, 1.10 mmol) as for optically active 8 to give
racemic 14; yield: 76 mg (88.5%); chromatographical behavior and spectral data were identical in all
respects with those of the optically active material.

(b) by Moffatt oxidation using pyridine-sulfur trioxide complex Te a mixture of racemic & (157 mg, [.0

mmol) and triethylamine (0.42 ml, 3.0 mmol) in dimethyl suifoxide (1.5 ml} is added dropwise pyridine-sulfur
trioxide complex (3i8 mg, 2.0 mmol) in dimethyl sulfoxide (1.5 ml} at room temperature and the mixture
was stirred at the same temperature for 4 h. Teo a mixture was added ice-water and then extracted with
ether. The extract was successively washed with 5% hydrochloric acid, saturated aquecus sodium hydrogen
carbenate, brine, and dried with magnesium sulfate, After evaporation of the solvent in vacuo, the
residue was purified by a sifica gel column to give racemic 14 (137 mg, 88%) which accompanied by
unseparable by.product (19) (i4:19=8:1},

{c) by Moffatt oxidation using oxalyl chloride (Swern modification) To a stirred solution of oxalyl

chloride {0.191 mj, 2.19 mmol) in methylene chloride (I ml) was added dropwise dimethyl sulfoxide (0.311
ml, 4.38 mmal) at -70 °c and, after 30 min, § (315 mg, 1,99 mmol) in methylene chloride (3 ml) was added
dropwise, then after 30 min, triethylamine (1.39 ml, 9.53 mmel} was added. After stirring at -70 °¢ for
50 min, the temperature was gradually warmed to room temperature and the mixture was extracted with
ether. The extract was washed successively with 5% hydrochloric acid, saturated agueous sodium hydrogen
carbonate, brine, dried with magnesium sulfate, and evaporated in vacuo to give 14 as practically pure
state; yield: 280 mg (90.0%); chromatographical behavior and spectral data were identical in all respects
with those of 14 obtained by (a).

(rac)-trans-2,2-Dimethyl-3-carbomethoxycyclopropylmethyl Phenyl Suifide (20) and the Dimeric by-product

{2]) A mixture of 8 (510 mg, 3,23 mmol), diphenyl disulfide (246 mg, 3,82 mmel), and

tri-n-butylphosphine (1.04 ml, 3.88 mmol} in pyridine (5 ml) was stirred at room temperature for !0 h.
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After volatile components were evaporated under vacuum at room temperature, the residue was taken up

to ether, The ether layer was washed successively with 10% hydrochloric acid, 15% aqueous sodium
hydroxide, brine, and dried with magnesium sulfate. After evaporated in vacuo, the residue was purified
by a silica gel column (30 g) using a mixture of n-hexane and ether (6:1 v/v) as eluant to give 2! as a
colerless oil, 3t mg (6.9%) and 20 as crystalline solid which was recrystallized from n-hexane as needles,
704 mg {(87.2%).

200 mp 535 °c; R V! cmli 1720 NMR 65 L1 (s, 3H), 119 (s, 3H), 131 (d, 1H, J=5.4 Hz), .67
{dt, IH, J=7.]l and 5.4 Hz), 2.95 (m, 2H), 3.60 (s, 3H), 7.04-7.45 (m, 5H); MS mfe: 250 (M+), 74 (100%);
Anal. Caled. for CMHISOZS: C, 67.16; H, 7.25; 8, 12.8{. Found: C, 67.17; H, 7.07; §, 12.98.

21: R \J?{%Xm: em™l: 1722; NMR &: 1.13 (s, 3H), 1.I7 (s, 6H)}, 1.25 (s, 3H), 1.18-1.91 (m, #H), 2.95 (dd, 2H,
J=3 and 7 Hz), 3.63 {s, 3H), 4.06 (dd, 2H, 1=7 and 3 Hz), 7.07-7.53 (m, 5H); MS m/fe: 376 (M+), 74 (100%);
Anal. Caled. for C, H,.0,5: m/e 376.1707. Found: m/e 376.1692.

212874
{rac)-trans-2,2-Dimethyl-3-carbomethoxycyclopropylmethyl Phenyl Sulfoxide (22} A mixture eof 20 (50!

mg, 2.0 mmol) and 30% hydrogen peroxide (1.6 ml, 8.0 mmol} in methanol (10 ml) was stirred at room
temperature for 9 days. After brine was added to the reaction mixture, the mixture was extracted with
ether and the extract was washed successively with aqueous potassium iodide, 5% aqueous sodium hydrogen
carbonate, 5% agueous sodium thiosulfate, brine, and dried with magnesium sulfate, Evaporation of the
solvent left a colorless solid which was recrystallized from a mixture of n-hexane and ether to give
racemic 22 as colorless needles; yield: 448 mg (84.0%); mp 66-68 °c; IR\JMI cm'l: 1720, 1043; NMR &:
0.99-1.17 (2 x s, 6H), 1.21-1.4]1 (m, 1H}, [.41-1.83 {m, 1H), 2.97 {(d, 2H, J=7 Hz), 6.25 (s, 3H), 7.35-7.80 {(m,
S5H); MS mife: 266 (M+), 141 (160%); Anal. Calcd. for CluHISOBS: C, 63.13; H, 6.81; 5, 12.04. Found: C,
63.08; H, 6.87; §, 11.94.

(rac)-trans-Caronaldehyde Methyl Ester (14) from 22 To a stirred selution of 22 (134 mg, 0.5 mmol}

and 2,6-lutidine (0.30 ml, 2,58 mmel} in acetonitrile {3 ml} was added dropwise trifluoroacetic anhydride
(0,285 ml, 2.00 mmol} at -30 %C and the mixture was stirred for 4 h at the same temperature, then for 30
min at room temperature. Agqueous potassium carbonate (345 mg in 3 ml} was added to the mixture and
after | h the mixture was extracted with ether., The extract was washed successively with brine, 5%
hydrechloric acid, brine, dried over magnesium sulfate, and evaporated in vacue. The residue was purified
by a silica gel column using a mixture of n-hexane and ether (10:1 v/v) as eluant to give 4 as a paie
vellow oily yield: 31 mg (39.4%); chromatographical behavior and spectral data were identical in all
respects with those of 14 obtained from 8 by direct oxidation.

(rac)-trans-Methyl 3-(g-methoxy-o-phenylthio)methyl-2,2-dimethylcyclopropanecarboxylate (23) To a

stirred solution of 22 (105 mg, 0.39 mmol} and 2,6-lutidine (0.23 ml, 1.2 mmol) in acetonitrile (3 ml) was

added dropwise trifiuorecacetic anhydride {6.23 ml, 1.6 mmol) at -30 °C and the stirring was continued for
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;

2 h. After warming to room temperature, potassium carbonate (164 mg, 1.2 mmol) and methanol (3 ml)

was added to the mixture and the stirring was continued for | h at the same temperature, The mixture
was taken in ether and the ether was washed successively with brine, 5% hydrochloric acid, brine, and

dried with magnesium sulfate. After evaporation of the solvent in vacuo, the residue was purified by a
silica gel plate using a mixture of n-hexane and ether (41 v/v) to give the one of the isomer (a) of 23
(28 mg, 23.5%) as a viscous oil and the other isomer (b) of 23 (57 mg, 51.6%} as ceclorless needles after
recrystallization from n-hexane,

23ar IR v em™hi 17285 NMR 8¢ 1,15 (s, 3H), 1.19 (s, 3H), 1.52 (d, LH, J=3.9 Hz), 1.74 (dd, 1H, J=9.3
and 3.9 Hz), 3.46 (s, 3H), 3.64 {d, 1H, 1=9.3 Hz), 7.14-7.54 (m, 5H); MS m/e: 281 (M*+I, 100%), Anal.

Calcd. for CISH 20O

[v]

J5: G, 66,265 1, 719 S, 1064, Found: C, 66.45; H, 7.28; 5, 1168,
i IR v ol -l

23b: mp 63-64 cm ;17195 NMR §: 1.13 (s, 3H), 1,21 (s, 3H), 1,56 (d, {H, J=5.5 Hz}, L.6%

(dd, 1H, J=8.5 and 5.5 Hz), 3.45 {s, 3H), 3.59 (s, 3H), 4.39 (d, 1H, J=8.5 Hz), 7.17-7.55 (m, 5H); MS m/e:

281 (M*+1, 100%); Anal. Caled. for C, H., O

15t S: C, 64.26; H, 7.19; §, l1.44, Found: C, 64.10; H, 7.14; S,

3
11.42,

{rac)-trans-Carcnaldehyde Methyl Ester Dimethyl Acetal (24) A solution 23 (diastereomeric mixture: 328

mg, 1.17 mmol) in methanol (6 ml) was added iodine (150 mg, 0.60 mmol) at room temperature with
stirring. After stirring for 24 h, the mixture was taken in ether and the organic layer was washed
successively with saturated aqueous sodium hydrogen carbonate, 5% aqueous sodium thiosulfate, brine, and
dried with magnesium sulfate. The solvent was evaporated in vacuc and the residue was purified by a
silica gel column {14 g) using a mixture of n-hexane and ether (10:1 v/v) as eluant to give 24 as a pale

neat 1

yellow oil; yield: 178 mg (76.7%); IR vpay om oz 1724; NMR §: 1.18 (s, 6H), 1.50-1.89 {m, 2H), 3.25 (5,

6H), 3.64 (s, 3H), 4.18 (d, 1H, J=6 Hz); MS m/e 171 (M*-31), 76 (100%); Anal. Caled. for ClOHISO#: C,
59,38; H, 8.97. Found: C, 58.84; H, 9.18.

(rac)-trans-Caronaldehyde Methyl Ester (14} from 24 A mixture of 24 (113 mg, 0.6 mmol) in

tetrahydreofuran (2 ml) and 10% hydrochloric acid (2 ml} was stirred at room temperature for 9 h, The
mixture was extracted with ether and the extract was washed with agueous scdium hydrogen carbonate,
brine, dried with magnesium sulfate, and evaporated in vacuo to leave an oily residue. The residue was
purified by a silica gel column (1.4 g} using a n-hexane and ether {2:1 v/v) as eluant to give pure 14 as a
faint yellow oil; yield: 55 mg (63.0%); chromatographic behavior and spectral data were identical in ail
respects with those of 14 obtained from 8.

(rac)-cis-2,2-Dimethyl-3-carboxycyclopropylmethyl Phenyl Sulfide (25) Sodium hydride (60% in oil) (1.49

g, 37.1 mmol} was washed with n-hexane (3 times) and was suspended in tetrahydrofuran (40 ml). To this
stirred suspension was added thiophenol {(4.13 ml, 40,2 mmol) at 0 °C and after 20 min at room

temperature, 9 (3.90 g, 3! mmol) in tetrahydrofuran was added dropwise and the mixture was refluxed for
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5 h. After evaporation of the solvent in vacuo, the residue was dissclved in 10% aqueous sodium
hydroxide and the agqueous layer was washed with ether. The agueous layer was then made acidic by
addition of conc. hydrochioric acid and was extracted with ether. The extract was washed with brine,
dried with magnesium sulfate, and evaporated in vacuo to leave a crystalline solid which was
recrystallized from n-hexane to give 26 as colorless leaflets; yield: 5.88 g {80.5%); mp 101-103 0C;

R v oL meli 3400.2500, 1682; NMR 6: 1.15 (s, 3H), 118 (s, 3H), 1.57 (m, 2H), 3.15-3.40 (m, 2H),
7.10-7.60 {m, 5H}, 11.5-12.2 (br.s, 1H, exchangeable); MS m/e: 236 (M), 110 (100%); Anal, Caled. for
C13H16502= C, 66.07; H, 6.82; 5, 13,57. Found: C, 66.15; H, 6.94; §, 13.41.
(rac)-cis-2,2-Dimethyl-3-carboxycyclopropylmethyl Phenyl Sulfoxide (26) A mixture of 25 (2.36 g, 10.0

mmol) and 30% aqueous hydrogen peroxide (2.6 ml, 25,5 mmol) in methanol (30 ml) was stirred at room
temperature for 5 days. The reactiocn mixture, after acidification by addition of 5% hydrochleric acid,
was extracted with methylene chloride and the extract was washed with brine, dried with magnesium
suifate, and evaporated in vacuo to give 26 as a visous oil which was used without further purification;
yield: quantitative; IR\)I}%%E cm-l: 3600-2400, 17025 NMR §: 0.93-1.25 (2 x s, 6H), 1.48 (s, 1H), 1.6 (5,
{H), 3.07-3.48 (m, 2H), 7.32-7.76 {m, 5H), 8.78-9.33 (br.s, 1H, exchangeable); MS m/fe: 236 (M*-lé), 126

(100%); Anal. Caled, for C S: mfe 252.0819. Found: 252.0787.

1341693
(rac)-cis-Caronaldehyde Lactone Monothiopheny! Acetal (27) To a stirred solution of 26 {1.98 g, 7.86

mmol} and 2,6-lutidine (5.24 ml, 45 mmol) in acetonitrile (30 mi) was added dropwise trifluoroacetic
anhydride 3.81 ml, 27.0 mmol) at -25 %C and the mixture was stirred for & h at the same temperature and
then saturated aqueous sodium hydrogen carbonate (60 ml) was added. After stirring was continued for |
h at room temperature, the mixture was extracted with ether and the extract was washed with 5%
hydrochleric acid, saturated aqueous sodium hydrogen carbonate, brine, and dried with magnesium sulfate.
After evaporation of the solvent in vacuo, the residue was purified by a silica gel column (45 g) using a
mixture of n-hexane and ether {7:1-%ii v/v} as eluant to give 8-thio-epimer 27a {796 mg, 44.5%) as a pale
vellow oil and &-thio-epimer 27b (260 mg, 15.0%) as coloriess needles after recrystallization from n-hexane,
27a: bp 116-130 °cfo.l torr (Kugelrohr); IR\)T—,?aEg cm_l: 1775 NMR &: 1.03 (s, 3H), L.20 (s, 3H), L.88 (d,
1H, 1=9 Hz}, 2.17 (d, LH, J=9 Hz), 5.42 (s, 1H), 7.13-7.75 {m, 5H); MS m/e: 236 (M"), 125 (100%); Anal.
Caled. for CUHMOZS: C, 66.64; H, 6.02; S, 13.68. Found: C, £6.27; H, 6.06; 5, 13.45.

276: mp 72.5-73.5 °C; IR v UL ool 1756 NMR §: 118 (s, 3H), 145 (s, 3R), 2.07 (d, LH, J=6 Hz), 2.30
{dd, 1H, J=5 and 6 Hz}), 5.90 (d, 1H, J=5 Hz), 7.17-7.60 (m, 5H); MS m/e: 234 (M+), 125 {160%); Anal.

Caled, far C 0,8t C, 66.64; H, 6.02; S, 13.68. Found: C, 66.93%; H, 5.815 S, 13.64.

U
(rac)-cis-Caronaldehyde Methyl Ester Dimethyl Acetal {28} A solution of 27a (615 mg, 2.63 mmol) in

methanol (13 ml) was added iodine (2,00 g, 7.88 mmol) portionwise at room temperature with stirring.

After 15 h, the mixture was taken in ether and the organic layer was washed successively with 5%
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aqueous sodium hydrogen carbonate, 5% aqueous sodium thiosulfate, brine, dried with magnesium suifate,
and evaporated in vacuo. The residue was pyrified by a silica gel column (2% g) using a mixture of

whexane and ether (3:1 v/v) as eluant to give 28 as a pale yellow oil; yield: 483 mg (31.0%); bp

near -~

75-90%/14 torr (Kugelrohr); IR vmax cm 1: 1724 NMR 8: 1.18 (s, 3H), 1.30 (s, 3H}, 1.50-1.78 {(m, 2H}, 3.32

(s, 3K), 3.35 (s, 3H), 3.63 (s, 3H), %.83 (d, H, 1=7 Hz); MS m/e; 171 (M"-31), 76 (100%); Anal. Calcd. for
Crofis9%
(rac)-cis-Caronaldehyde Methyl Ester (29) A mixture of 28 (53 mg, 0.26 mmol} in tetrahydrofuran (1.0

€, 59.38 H, 897. Found: C, 58.96; H, .92,

ml) and 10% hydrochloric acid (1.0 ml) was stirred at room temperature for 3 h., The mixture was basified
with saturated aqueous sodium hydrogen carbonate and then saturated with sodium chloride. The mixture
was extracted with methylene chloride, dried with magnesium sulfate, evaporated in vacuo, and purified by

a silica gel column (2.0 g) using & mixture of n-hexane and ether (8:1 v/v) as eluant to give pure 29 as a

faint yellow oil; yield: 24 mg (59%) TRv "2l em™l: 1724, L694; NMR &: 1.28 (s, 3H), 1.56 (s, 3H), 1.84

{dd, ifi, J=6 and 8 Hz), 2.15 {d, 14, 3-8 Hz), 3.70 (5, 3H), 9.72 (d, 1H, J=6 Hz); MS mfe: 155 {M7-1), 73

(160%). Anal. Caled. for CoH,,0,: 156.0786. Found: 155.0738 (M'-1).

8'2Vy
{rac)-cis~-Caronaldehyde (2b) from 28 A mixture of 28 (280 mg, 1.39 mmol) in tetrahydrofuran (3 ml)

and 10% hydrochloric acid (3 mi} was stirred at room temperature for 55 h. The mixture was basified
with saturated aqueous sodium hydrogen carbonate and extracted with ether, The extract was washed
with brine, dried with magnesium sulfate, evaporated in vacuo, and purified by a silica gel column (5.2 g)
using a mixture of n-hexane and ether (8:1 v/v} as eluant to give 29 (70 mg, 32.3 %) as a faint yellow
oil. The mother liquor was acidified with conc. hydrochloric acid and extracted with methylene chloride
after saturation with sodium chloride. The extract was dried with magnesium chloride, and evaporated in
vacuo to leave a crystalline residue which was recrystallized from a mixture of n-pentane and ether to
give pure 2b as colorless prisms; yield: 32 mg (16.3%; 23.9% based on recovered 29); mp 84-85,5 °c (lit.28
83.5-87 °C); R v 2! em™': 3308, 1716; NMR 8t 1.21 (s, 6H), 2.11 (s, 2H), 5.49 (br.s, H), 5.67-6.3C (br.s,

IH, exchangeable); MS m/fe; 142 (M+), 97 (100%); Anal. Caled, for C9H1{JO ¢, 59.14; H, 7.09. Found: C,

3:
59.07; H, 7.le.
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