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A SYNTHESIS OF TRANS- AND G-CARONALDEHYDES 

Seiichi Takano, Nobuaki Sato, Masashi Akiyama, and Kunio Ogasawara 

Pharmaceutical Institute, Tohoku University, Aobayama, Sendai 980, Japan 

--A preparation of trans- and ci-caronaidehyde derivatives 

is described by employing iodolactonization reaction as a key step. 

Investigation is also carried out to establish an asymmetric synthesis by 

employing the same methodology 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 t o  manmals and biodegradable.' Of these the 

cis-isomer (1) has become of interest in  recent years since it can be used not only as the precursor for - 

2 
exceptionally potent insecticides such as NRDC 182 but also as an effect ive resolving agent for 

secondary a ~ c o h o l s . ~ - ~  We report here a synthesis of E- and @-caronaldehyde derivatives from prenyl 

6 alcohol (1) employing halolacton~zation reaction as a key step. 

HI,? AH 
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Scheme 1 

Prenyl alcohol ( 3 )  - was converted into 3,3-dimethyI-4-pentenoic acid (2) in 64% overall yield i n  two steps 

via the ester (4) - by empioying the Johnson version of the Claisen rearrangement.' The same 

rearrangement reaction has been already carried out in 0.1 mol scale using five fold excess o f  tr iethyi 

orthoacetate t o  give the ester (4) - in  34% yield after careful d i s t i l ~a t i on ,~  however, the reaction could be 

carried out in  I ma1 scale using one equivaient amount o f  the or:hoacetate9 and the product could be 

easily isolated as the acid (I) - after saponification. Treatment o f  (5) wi th a mixture o f  iodine and - 



potassium iodide in 0.5 N aqueous sodium hydrogen carbonate brought about faci le halolactoniration t o  give 

the iodolactone (6) which on successive methanolysis in the presence of patarsiurn carbonate afforded the  

y,g-epoxy ester (L), in 76% overall yield from (2). Cyclopropane ring formation via intramolecular 

concurrent ring opening-ring dosingL0-l2 of (1) could best be acomplished by using 1.5 equivalent of 

lithium hexamethyldisilazide in tetrahydrofuran a t  -30 OC. Under these condtions, (7) gave methyl - 

tran~-3-hydroxymethy1-2,2-dimethyicyclopropanecarboxylate (8) in 62% yield and &-3-hydroxymethyl-2,2- - 

dimethylcyciopropane-I-carboxylic acid lactone (!313-15 in 20% yield a f te r  separation by column 

chromatography. When lithium diisopropylamide was used in place of lithium hexamethyldisilazide yields of 

the products were decreased ta 42.1 and 7.48, respectively. 

On the  other hand, we also investigated asymmetric synthesis of these cyclopropane derivatives applying 

the asymmetric iodolactonization developed by us. 16,17 The acid (5) was converted into the amide (10) in - 

85% overall yield via the acid chloride by treatment with oxaiyl chloride followed by (?)-proline. Upon 

treatment with iodine in acetonitrile a t  0 OC fallowed by 0.5 N aqueous sodium hydrogen carbonate a t  

room temperature, the  amide (10) furnished the optically active iodolactone ((z)-g), [UID + 10.1' (CHC13), 

in 71% yieid, which gave the  optically active epoxide ((5)-1), [a1 + 2.22' (CHCI ), in 74% yield, by D 3 

methanolysis in the  presence of potassium carbonate. Employing the  same procedure for the racemic (l), 
the optically act ive ((5)-7) - was treated with the base t o  give the cyclopropane ester  ((l_R,3R)-8), [a1 - 

D 

7.0' (CHC13), in 63% yield and the cyclopropane lactone ((1>,3R)-2), [alD + 12.2' (CHCI3), in 17% yield. 

Since the lactone (9) with (lR,35)-configuration has been already knowni8 ([aID - 72.8' (c 1.4, CHCi3), 

81% ee), the  our lactone (2) should have (1S3&)-configuration with about 10% ee of optical purity. In 

order t o  determine absolute configuration and optical purity, the  ester ((1&,3&)-8) was oxidized with 

pyridiniurn chlorochromate t o  give the known =-caronaldehyde ester19 ((1_R,3_R)-e), [WID + 1.65' 

(CHC13), in 74% yield. The reported da taL9 for the optically pure material (E) with (I_R,3&)-configuration 
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@ID + 16.0' l c  12, CHCI,)) indicated that the our compound should have (18,3_R)-configuration with 

about 10% ee of optical purity. Very interestingly, when the halalactonization was carried out i n  aqueous 

tetrahydrofuran an enantiomeric iodolactone ((&)-g, [a1 - 4.43' (CHCIJ), was obtained in 93% yield. D 
Employing the same procedure above, ( R ) - i  was converted into the epoxide ((R)-l), in 79% yield, which 



then was converted into the trans-(1>,3J)-cyclopropane ester ((15,35)-11, P I D  + i.69O (CHC13), and the 
- - 

cis-(18,321-cyclopropane lactane ((iR,3>)-2), bID - 1.64' (CHC13), i n  42% and 7.4% yields. The ester - 

((ls32)-&) was further oxidized to 9 - c a r o n a l d e h y d e  ester ((1>,3>)-llf), [aIo - 0.45' (CHC13), i n  47% 

yield. In these conversions, though asymmetric induction ra t io  was disappointingly low, it is concluded 

that the two products obtained af ter  the intramolecular ~yc lo~ ropana t i on  possessed the opposite 

configuration at I position each other as expected. This diastereoseiectivity may be explained by simple 

intramolecular S 2 pathway in  the formation of both the =-ester (8) and &-lactone (2) wi th  inversion N 

of  the configuration of C-4 position o f  (7) via the enolates (12) and (e) respectively as shown in  Scheme 

3. Absolute configuration of the opticaliy active iodolactone (6) and the epoxide (7) was simply deduced 

by correlating the established data by Matsui e t  a1." who reported the synthesis of tunnatural 

(12,3S)-trans-chrysanthemic - -  acid (18) from (2E)-pantoiactone by intramolecular cyclopiopanation of the 

(38)-epoxynitrile (&I. This result allowed us t o  deduce the stereochemistry of our products as shown 

since stereochemical correlation between optically active chrysanthemic acid and caronaldehyde derivatives 

has been already reported. 
20,21 

Having failed to establish satisfactory c h i d  synthesis, the racemic substrates were used in  the following 

investigation. Oxidation of the trans-ester (8) was f i rst  investigated. As for optically active case, the 

racernic (3) war oxidized with pyridinium chlorochromate to give --caronaldehyde ester (4) in  89% 

yield. In order t o  avoid using a chromium oxidant, two Mof fa t t  type oxidations and other method were 

also explored. Thur, treatment of (8) with oxalyl chloride in  dimethyl sulfoxide in  the presence of 
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t r i e t h y ~ a r n i n e ~ ~  gave 14 i n  90% yield, while (8) with pyridine-sulfur t i ioxide complex in  dimethyl rulfoxide 

i n  the presence of t r i e t h ~ l a m i n e ~ ~  alro gave 14 in  88% yield but a small amount of an unsepaiable 

by-product presumably the sulfide (19) was contaminated in  the lat ter  conditions. The ester (z), on the 

other hand, was converted into the sulfide (20) in 87% yield employing Hata's method. 24'25 Aithaugh the 

dimeric by-product (2) was alro obtained in  6.9% yield in  this conversion, it could be easily separated by 

column chromatography. The major sulfide g was transformed in to  the sulfoxide (22) in 84% yield by 

treating with aqueous hydrogen peroxide, which, upon treatment wi th tr i f luoroacetic anhydride and 

2,6.1utidine~~ followed by aqueous potassium carbonate, afforded the =-caronaldehyde ester in  39% 

overall yield. 'When methanolic potassium carbanate was applied t o  the Pummerer product, two separable 

thioacetals (2) was obtained in  52 and 24% yields, the both of which were converted into the same ester 

acetai (2) excellently wi th iodine in  methanol, respectively. Upon hydrolysis wi th aqueous acid 2 gave 

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

been f i rst  appeared in  a patent claimed by ~ o u s s e l - ~ c l a f ~ '  and later in  the report by Montellano and 

~ i n i z o ~ '  by epimerization wi th sodium methaxide in  refluxing methanol. 

W e  next investigated the conversion of the &-lactone (2) into &-caronaldehyde (2b). Treatment o f  2 

with sodium phenylmercaptide gave the sulfide acid (251, in  81% yield, which gave the sulfoxide (26) 

quantitatively on treatment wi th aqueous hydrogen peroxide. Under the Pummerer reaction conditions 

using trif luoroacetic anhydridez6 - 26 gave the lactone hemithioacetal (271, in  60% yield, which on stirring 

wi th iodine in  methanol gave &-caronaldehyde methyl ester dimethyl acetal (21, in 91% yield. As 

trans-acetal (?), upon brief exposure to aqueous acid 2 afforded &-caronaldehyde methyl ester (3) - 

which gave &-caronaldehyde (Lb) on prolonged treatment under the same hydrolytic conditions. 

552 PhS 

28 - 2 9  

Scheme 6 



EXPERIMENTAL 

A l l  reactions were carried under argon. Melting points are not corrected. IR spectra were measured 

with JASCO A-102 spectrophotometer, NMR spectra wi th JEOL PMX-60 and JEOL-FX 100 spectrometers 

(in deuteriochloroform solution using tetramethylsilane as internal references), MS spectra wi th a JEOL 

JMS-OISG 2 spectrometer, and optical rotations with a JASCO-DIP-4 automatic palarimeter. 

3,3-Dimethy1-4-pentenoic Acid (5) A mixture of prenyi alcohol (76.72 g, 0.89 mol) and tr iethyl  

orthoacetate (144.51 g, 0.89 moll was refluxed in  the presence of pivalic acid (9.1 g, 89 mmol) wi th 

removal of generating ethanol using a Dean-Stark apparatus for 37 h. The mixture was then refluxed wi th  

potassium hydroxide (75 g, 1.34 mol) in 95% ethanol (2 1) for 1 h. A f te r  removai of ethanol in  vacuo, the 

residue was dissolved in  water and the solution was washed with methylene chloride. The aqueous layer, 

after making acidic by addition of conc. hydrochloric acid, was extracted wi th  methyiene 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 ' ~114  torr; IR "?st cm-I: 2950, 1702, 1638; - 

NMR 6:  1.13 (s, 6H), 2.32 (s, ZH), 4.77-5.20 (m, ZH), 5.92 (dd, IH, 3118 and 10 Hz), 11.5 (br.r, IH, 

exchangeable); MS mle: 128 (Mt), 70 (100%); Anal. Calcd. for C7H1202: mle 128.0835. Found: 128.0835. 

5-lodo-4-hydroxy-3,3-dimethyIpentanoic Acid Lactone (6) To a st i r red solution of 1 (14.72 g, 115 mmol) 

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 (114.6 g, 690 mmol) in water (200 ml) a t  room temperature. A f te r  i h the 

mixture was extracted with ether and the extract was washed with 5% aqueous sodium thiosulfate, brine, 

dried with magnesium sulfate, and evaporated i n  vacuo to  give practically pure 6 as a pale yellow oil; 

yield: 28.05 g (96.1%); IR ""st cm-l: 1778; NMR 6 :  1.08 ( s ,  3H), 1.26 (s, 3H), 2.45 (s, ZH), 3.17-3.48 (m, 

ZH), 4.36 (dd, IH, J=6 and 8 Hz); MS mle: 254 (M'), 127 (100%); Anal. Caicd. for C7HI1102: mle 

253.9803. Found: 253.9844. 

Methyl 4,5-Epoxy-3,3-dimethylpentanoate (7) A suspension o f  (4.00 g, 15.7 rnmoi) and potassium 

carbonate (6.53 g, 47.2 mmal) in  methanol (40 ml) war stirred a t  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 1 as a colarless oil; yield: 1.97 

1 
g (79.1%); bp 60-70 OC114 torr (kugeirohr); 1R v n t  cm- : 1734, 1235; NMR 6: 1.01 (s, 6H), 2.28 (s, 2H), 

2.61 (d, 2H, J=3.5 Hz), 2.87 (t, IH, J=3.5 Hz), 3.63 (s, 3H); MS mie 158 (MI), 145 (100%); @& Calcd. for 

C8HIY03: C, 60.74; H, 8.92. Found: C, 60.31; H, 8.75. 

Methyl yKlr-3-Hydroxymethyl-2,2-dirnethylcydopropane-l-carboxylate (8) and 

~-3-Hydroxymethyl-2,2-dimethylcyclopropane-l-carboxylic Acid Lactone (9) To a stirred solution o f  

hexamethyldisilazane (14.23 mi, 20.0 mmol) in tetrahydrofuran (250 ml) was added dropwise 2-butyllithium 
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in hexane (15% wiw) (12.9 ml, 20.0 mmol) at  0 OC and the stirr ing was continued for 30 mi" at the same 

temperature. The solution was cooled t o  -30 OC and to  this solution was added l ( 2 . 1 2  g, 13.4 mmol) in 

tetrahydrofuran (50 mi) dropwire. A f te r  stirr ing for 4 h a t  the same temperature, brine was added t o  the 

mixture and the mixture was extracted wirh ether. The extract war washed with brine, dried wi th 

magnesium sulfate, and evaporated in  vacuo. The residue was purif ied by a silica gel column (95 g) using 

a mixture of phexane and ether (&:I v/v) as eluant to give 8 (1.30 g, 61.5%) and 9 (344 mg, 20.4%) both 

as faint yellow oil. 

I 
8: bp 85-100 o ~ / 0 . 3  torr  (Kugelrohr); IR v;st cm- : 3432, 1728; NMR 6 :  1.21 (s, 3H), 1.25 (s, 3H), 1.41 - 

(d, IH, J=5 Hz), 1.57 (s, IH, exchangeable), 1.71 (dt, IH, 3=5 and 6.5 Hz), 3.65 (s, 3H), 3.68 (t, 2H, 3=6.5 

Hz); MS mle: 159 (Mi-i), 128 (100%); Anal. Calcd. for C8H1403: C, 60.74; H, 8.92. Found: C, 60.67; H, 

8.88. 

I 
9: bp 65.110 O C / I ~  torr  (Kugelrohr); IR ""st cm- : 1766; NMR 6: 1.17 (s, 6H), 1.98 (m, 2H), 4.22 (m, - 

2H); MS m/e: 126 (M'), 67 (100%); Anal. Calcd. for C7HIO02: 126.0680. Found: 126.0674. 

(S)-I-(3,3-Dimethyl-4-pentenoy1)proline (10) A mixture of 2 (10.24 g, 80 mmol) and oxalyi chloride (10.5 

ml, 120 mmol) in methylene chloride (300 mi) was refluxed for 2.5 h. Af ter  evaporation of the solvent in  

vacua, the crude acid chloride remained in methylene chloride (200 mi) was added dropwise to a stirred 

solution of (S)-proline (11.05 g, 96 mmol) and triethyiamine (16.7 mi, I20  mmol) in methylene chloride (400 

mi) a t  the room temperature and the stirr ing was continued for 18 h at t h e  same temperature. The 

mixture was washed successively with 5% hydrochloric acid, water, brine, and dried wirh magnesium 

sulfate. Evaporation o f  the solvent l e f t  a crystalline residue which recrystallized from a mixture of 

n-hexane and ether to give E as colorless ~r isms; yield: 15.34 g (85.2%); mp 88-90 OC; [alD - 141.3' (c - 

2.75, CHC13); IR v N z l  cm'l: 3300-2500, 1738, 1638, 915; NMR 6 :  1.18 (s, 6H), 1.73-2.32 (m, 4H), 2.05 ( 5 ,  

ZH), 3.58 (m, ZH), 4.60 (m, IH), 4.78-5.23 (m, ZH), 5.96 (dd, IH, J=18 and 12 Hz), 8.95 (br s, IH, 

exchangeable); MS m/e: 225 (Mi), 71 (100%); && Calcd. for CI2Hl9NO3: C, 63.97; H, 8.50; N, 6.22. 

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

(s)-5-1odo-4-hydraxy-3,3-dimethylpentanoic Acid Lactone ((5)-6) To a stirred solution o f  iodine (7.62 g, 

30 mmol) in  acetonitrile (30 ml) was added dropwire 10 (2.25 g, 10 mmol) in  acetonitrile (20 mi) at 0 OC 

and the stirring was continued for 1.5 h. To a mixture was 0.5 N aqueous sodium hydrogen carbonate 

(100 mi) and the stirr ing war continued for 24 h at 0 OC. The mixture was extracted with ether and the 

extract war washed succesriveiy with 5% aqueous sodium thiasulfate, brine, and dried with magnesium 

sulfate. After evaporation of the solvent i n  vacuo, the residue was purif ied by a silica gel column (73 g) 

using a mixture of c-hexane and ether as eluant to give (S)-6 as a pale yellow oil; yield: 1.82 g (71.4%); 

[alD + 1 0 . 1 ~  (c 2.67, CHCI3); chromatographical behavior and spectral data were identical in  a l l  respects 

wi th those of racemic 6. 



(R)-5-lodo-4-hydioxy-3,3-dimethylpentanoi Acid Lactone ((R)-6) A mixture of 10 (4.50 g, 20 mmol) and 

iodine (15.23 g, 60 mmol) in 50% aqueous tetrahydrofuran (50% v/v) (200 ml) was stirred a t  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. Af ter  evaporation of the solvent 

in  vacua, a part o f  the residue 1.02 g of 5.02 g was purif ied by a silica gel  column (30 g) using a 

mixture of - n-hexane and ether ar eluant to give (R)@ as a pale yellow oil; yield; 960 mg (93.0%); [elD - 

4.43' (c 2.08, CHCl 1; chromatographical behavior and spectral data were identical in  al i  respects w i th  3 

those of racemic 6. 

(5)-Methyl 4,5-Epaxy-3,3-dimethylpentanoate ((5)-7) A suspension of (S)-A (1.82 g, 7.17 mmoi) and 

potassium carbonate (2.97 g, 21.5 mmol) in methanol (20 ml) was treated as for racemic 6 t o  give (5)-L; 

yield: 832 mg (73.5%); [elD + 2.22' (c 2.43, CHCl 1; chromatographical behavior and spectral data were 
3 

identical in  al l  respects wi th those of racemic 1. 

(R)-Methyl 4,s-Epoxy-3,3-dimethylpentanoate ((R)-7) A suspension of (R)@ (4.00 g, 15.7 mmol) and 

potassium carbonate (6.53 g, 47.2 mmoi) in  methanoi (40 ml) was treated as for racemic 6 t o  give (RI-l; 

yieid: 1.97 g (79.1%); lalD 0' (c 2.27, CHCl 1; chromatographical behavior and spectral data were identical 
3 

in al l  respects wi th those of racemic I. 

(1R,3R)-Methyl trans-3-Hydroxymethyl-2,2-dlmethylcyclopropane-l-carboxylate ((1R,3R)-8) and 

(1~3R)-cis-3-Hydroxymethyl-2,2-dimethylcyclpropane-l-carbxylic Acid Lactone ((lS,3R)-9) (51-1 (832 

mg, 5.27 rnmol) was treated with l i thium hexarnethyldisilazide prepared from hexamethyldisilarane (1.67 mi, 

7.92 mmol) and - n-butyllithium in  n-hexane (15% w/w) (5.08 ml, 7.92 mmol) as for racemic t o  give 

(IR,3R)-% [el - 7.0' (c 2.03, CHCI3), and (IS,3R)-% [elD + 12.2' (c 1.67, CHC13) (lit.17: @ID - 72.8' (c D 
1.4, CHCl ), 81% ee),  in 62.9% (524 mg) and 16.6% (110 mg) yieid, respectively. 

3 

(IS35)-Methyl tranr-3-HydroxymethyI-Z,Z-dimethyl~y~10propn-l-arboxylat ((15,35)-8) and 

( i R , 3 S ) - c i s - 3 - H y d i o ~ y m e t h y i - 2 , 2 - d i m e t h y l y p p - a r b y l i  Acid Lactone ((IR,3S)-9) To a stirred 

solution of diisopropylamine (3.52 ml, 25 mrnol) in tetrahydrofuran (50 ml) was added dropwise 

n-butyllithium in  hexane (15% w/w) (16.1 ml, 25 mmol) at -15 OC. A f t e r  stirr ing for 30 min, the mixture - 

was cooled to -65 OC and a solution of (R)-6 (1.59 g, 10 mmol) in tetrahydrofuran (20 mi) was added to  

this stirred solution. Af ter 3 h, saturated aqueous ammonium chloride war added to the mixture and was 

extracted with ether. The extracr was washed with brine, dried wi th magnesium sulfate, evaporated in 

vacuo, and purif ied by a silica gel column (47.6 g) using a mixture o f  5-hexane and ether ( 3 1  v l v )  as 

eluant to give (12,32)-% [aID + 1.69' (c 2.25, CHC13), and (IR,33)-3 [alD - 1.64' (c 0.98, CHC13), in  

42.1% (668 mg) and 7.4% (93 mg) yield, iespectively. Chromatographical behavior and spectral data of 

both compounds were identical in  a l l  respects with those of racernic materials, respectively. 

(iR,3R)-trans-Caronaldehyde Methyl Ester ((1R,3R)-14) To a stirred suspension of pyridinium 
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chlorochromate (1.19 g, 5.52 mmol) in  methylene chloride was added dropwire (Ifl,3&)-! (435 mg, 2.75 

mmol) in methylene chioride (10 ml) a t  room temperature. Af ter  stirr ing for 13.5 h, the insoluble material 

was removed by f i l t rat ion using a Celite. The organic layer was evaporated in  vacuo and the residue was 

purif ied by a silica gei column (12.5 g) using a mixture o f  n-hexane and ether (4:i v/v) t o  give (1R,3R)-E 

18 
as colorless oil; yieid: 317 mg (74.3%); [elD + 1.65' (c 3.51, CHC13) (l i t .  : [alD + 16.0' (c 12, CHC13)); 

spectral data were identical wi th those reported. 
18 

(1S,3S)-trans-Caronaldehyde Methyl Ester ((iS,35)-14) (1>,3_5)-2 (486 mg, 3.08 mmol) was oxidized with 

pyridinium chlorochromate (1.33 g, 6.16 mmol) as for (1_R,3_R)-! to give (1&35)-g; yieid: 227 mg (47.3%); 

[Ul - 0.45' (c 2.93, CHCl 1; chromatographical behavior and spectral data were identical in a l l  respects D 3 

wi th those of (l_R,3_R)-fi. 

(rat)-trans-Caronaldehyde Methyl Ester (14): (a) by pyridinium chlorochromate Racemic 2 (87 mg, 0.55 

mmol) was oxidized with pyridinium chlorochromate (237 mg, 1.10 mmol) as for optically active 8 t o  give 

iacemic fi; yield: 76 mg (88.5%); chromatographical behavior and spectral data were identical in  al l  

respects wi th those of the optically active material. 

(b) by o f f a t t  oxidation using pyridine-sulfur trioxide compiex To a mixture o f  racemic 8 (157 mg, 1.0 

mmoll and triethylamine (0.42 mi, 3.0 mmol) in dimethyl sulfoxide (1.5 mi) is added dropwise pyridine-sulfur 

trioxide complex (318 mg, 2.0 mmoi) in  dimethyl rulfaxide (1.5 ml) a t  room temperature and the mixture 

was stirred a t  the same temperature for 4 h. To a mixture was added ice-water and then extracted with 

ether. The extract was successively washed with 5% hydrochloric acid, saturated aqueous sodium hydrogen 

carbonate, brine, and dried wi th magnesium sulfate. Af ter  evaporation of the solvent in vacuo, the 

residue was purif ied by a silica gel column to give racemic fi (137 mg, 88%) which accompanied by 

(c)  by Mof fa t t  oxidation using oxalyl chloride (Swern modification) To a stirred solution of oxalyi 

chloride (0.191 ml, 2.19 mmol) in  methylene chioride (1 ml) was added dropwise dirnethyi sulfaxide (0.311 

mi, 4.38 mmol) at -70 OC and, after 30 min, 8 (315 mg, 1.99 mmol) in  methylene chloride (3 mi) was added 

dropwise, then after 30 mi", triethylamine (1.39 ml, 9.53 mmol) war added. After stirr ing at  -70 OC far 

50 mi", 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 aqueous sodium hydrogen 

carbonate, brine, dried wi th magnesium sulfate, and evaporated in  vacuo to  give fi as practically pure 

state; yield: 280 mg (90.0%); chromatographical behavior and spectral data were identical in a l l  respects 

with those of 14 obtained by (2). 

( rac) - t ranr -2 ,2-D imerhy i -3 -~a ib0meth0~y~yc lpopy lmthy l  Phenyl Suifide (20) and the Dimeric by-product 

(21) A mixture of 8 (510 mg, 3.23 mmol), diphenyl disulfide (XU6 mg, 3-88 rnrndl, and - - 

tri-2-butylphosphine (1.04 ml, 3.88 mmol) in  pyridine ( 5  ml) was stirred a t  room temperature for 10 h. 



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 wi th magnesium sulfate. Af ter  evaporated in  vacuo, the residue was purif ied 

by a silica gel column (30 g) using a mixture o f  phexane and ether (6:l v lv)  as eluant t o  give 2 as a 

colorless oii, 31 mg (6.9%) and 20 as crystalline solid which was recrystallized from phexane as needles, 

704 mg (87.2%). 

I 
20: mp 53-54 OC; IR v W 1  cm- : 1720; NMR 6 :  1.11 (s, 3H), 1.19 (s, 3H), 1.31 (d, IH, J=5.4 Hz), 1.67 - 

(dt, IH, J=7.1 and 5.4 Hz), 2.95 (m, 2H), 3.61 (s, 3H), 7.04-7.45 (m, 5H); MS mle: 250 (Mi), 74 (100%); 

Anal. Calcd. for C14Hi802S: C, 67.16; H, 7.25; S, 12.81. Found: C, 67.17; H, 7.07; S, 12.98. 

21: IR vng cm-I: 1722; NMR 6: 1.13 (s, 3H), 1.17 (s, 6H), 1.25 (s, 3H), 1.18-1.91 (m, 4H), 2.95 (dd, ZH, - 

J=3 and 7 Hz), 3.63 (s, 3H), 4.06 (dd, 2H, 3=7 and 3 Hz), 7.07-7.53 (m, 5H); MS mle: 376 (Mf), 74 (100%); 

Anal. Calcd. for C21H2804S: mle 376.1707. Found: mie 376.1692. - 

(rac)-trans-2,2-Dimethyi-3-~arb0methoxycyclopopylmthyl Phenyl Sulfoxide (22) A mixture c f  20 ( X I  

mg, 2.0 mmol) and 30% hydrogen peroxide (1.6 ml, 8.0 mmol) in methanol (10 ml) was stirred a t  room 

temperature for 9 days. Af te r  brine was added to the reaction mixture, the mixture was extracted with 

ether and the extract was washed successively wi th aqueous potassium iodide, 5% aqueous sodium hydrogen 

carbonate, 5% aqueous sodium thiosulfate, brine, and dried wi th magnesium sulfate. Evaporation of the 

solvent l e f t  a colorless solid which was recrystaliized from a mixture o f  n-heuane and ether t o  give 

racemic 22 as colorless needles; yield: 448 mg (84.0%); mp 66-68 OC; IR V N#i cm-I: 1720, 1043; NMR 6:  

0.99-1.17 (2 x s, 6H), 1.21-1.41 (m, IH), 1.41-1.83 (m, IH), 2.97 (d, ZH, 3=7 Hz), 6.25 ( 5 ,  3H), 7.35-7.80 (m, 

5H); MS mle: 266 (Mi), I 41  (100%); Calcd. for Ci4H18035: C, 63.13; H, 6.81; 5, 12.04. Found: C, 

63.08; H, 6.87; 5, 11.94. 

(rat)-trans-Caronaldehyde Methyl Ester (14) from 22 To a stirred solution of 2 (134 mg, 0.5 mmol) 

and 2,6-lutidine (0.30 ml, 2.58 mmol) in acetonitrile (3 ml) was added diopwise trif luoroacetic anhydride 

(0.285 ml, 2.00 mmol) a t  -30 OC and the mixture was stirred for 4 h a t  the same temperature, then for 30 

min at room tempeiature. Aqueous potassium carbonate (345 mg in  3 ml) was added to  the mixture and 

af ter  1 h the mixture was extracted with ether. The extract was washed successively wi th brine, 5% 

hydrochloric acid, brine, dried over magnesium sulfate, and evaporated i n  vacuo. The residue was purif ied 

by a silica gel column using a mixture o f  n-hexane and ether (lo:] v lv)  as eiuant to give as a pale 

yellow oil; yield: 31 mg (39.4%); chromatographical behavior and spectral data were identical in al l  

respects with those of obtained from 8 by direct oxidation. 

(rat)-trans-Methyl 3-(a-methoxy-ephenylthio)methyl-2,2-dimethylcyclopopnecrboxylte (23) To a 

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

added diopwise trif iuoroacetic anhydride (0.23 ml, 1.6 mmol) a t  -30 OC and the stirr ing was continued far 
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2 h. A f te r  warming t o  roam remperature, potassium carbonate (164 mg, 1.2 mmol) and methanol (3 mi) 

was added t o  the mixture and the stirr ing was continued for  I h a t  the same temperature. The mixture 

was taken in ether and rhe ether was washed successively w i th  brine, 5% hydrochloric acid, brine, and 

dried w i th  magnesium sulfate. A f t e r  evaporation of  the solvent i n  vacla, the residue was pur i f ied by a 

si l ica gel p late using a mixture of  n-hexane and ether (4:l v iv)  t o  give the one o f  the isomer (a) of 11 

(28 mg, 23.5%) as a viscous o i l  and the other isomer (b) o f  3 (57 mg, 51.6%) as colorless needles after 

recrystal l ization from n-hexane. 

23a: I R v z t  cm-': 1724; NUR 6: 1.15 (s, 3H), 1.19 (s, 3H), 1.52 (d, IH, 3=3.9 Hz), 1.74 (dd, LH, 3=9.3 - 
and 3.9 Hz), 3.46 (s, 3H), 3.64 (d, iH, 1=9.3 Hz), 7.14-7.54 (m, 5H); MS mie: 281 (Mi+l, 100%). Anal. 
Caicd. for CL5HL003S: C, 64.26; H, 7.19; 5, 11.44. Found: C, 64.45; H, 7.28; 5, 11.68. 

23b: mp 63-64 OC; IR v N$l cm-I: 1719; NMR 6 : 1.13 (s, 3H), 1.21 (s, 3H), 1.56 (d, IH, 3=5.5 Hz), 1.69 - 
(dd, IH, 1=8.5 and 5.5 Hz), 3.45 (s, 3H), 3.59 (s, 3H1, 4.39 (d, IH, 3=8.5 Hz), 7.17-7.55 (m, 5H); MS mie: 

281 (?di+l, 100%); Anal. Calcd. for Ci5H2,,03S: C, 64.26; H, 7.19; S, 11.44. Found: C, 64.10; H, 7.14; S, 

11.42. 

(rat)-trans-Caronaldehyde e t h y l  Ester Dimethyl Acetal  (24) A soiution g (diastereomeric mixture: 328 

mg, 1.17 mmol) i n  methanol (6 ml) was added lodine (150 mg, 0.60 mmol) a t  room temperature wi th 

stirring. A f t e r  st i r r ing for  24 h, the mixture was taken i n  ether and the organic layer was washed 

successively w i th  saturated aqueous sodium hydrogen carbonate, 5% aqueous sodium thiosulfate, brine, and 

dried wi th magnesium sulfate. The solvent was evaporated i n  vacuo and the residue was purif ied by a 

si l ica gel column (14 g) using a mixture of 2-hexane and ether (1O:L v iv )  as eluant t o  give 2 as a pale 

yellow oil; yield: 178 mg (76.7%); IR u z t  cm-': 172% NMR 6 :  1.18 (r, 6H), 1.50-1.89 (m, ZH), 3.25 (s, 

6H), 3.64 (s, 3H), 4.18 (d, IH,  1=6 Hz); MS mie 171 ( ~ + - 3 1 ) ,  76 (100%); @ Caicd. for CIOHl8O4: C, 

59.38; H, 8.97. Found: C, 58.84; H, 9.18. 

(rat)-trans-Caronaldehyde Methyl  Ester (14) from 24 A mixture of 2 (113 mg, 0.6 mmol) i n  

tetrahydrofuran (2 mi) and 10% hydrochloric acid (2  ml) was st i r red a t  room temperature for 9 h. The 

mixture was extracted wi th ether and thc cx t rac t  was washed wirh aqueous sodium hydrogen carbonate, 

brine, dried w i th  magnesium sulfate, and evaporated i n  vacuo t o  leave an oily residue. The residue war 

purif ied by a sil ica ge l  column (1.4 g) using a n-hexane and ether (2:I v/v) as eluant t o  give pure fi as a 

fa int  yellow oil; yield: 55 mg (63.0%); chromatographic behavior and spectral data were identical i n  all 

respects w i th  those of 14 obtained from 8. 

( r a c ) - ~ s - 2 , 2 - D i m e t h y I - 3 - c a r b o x y c y c 1 o p r ~ h y l  Phenyi Sulfide (25) Sodium hydride (60% in o i l )  (1.49 

g, 37.1 mmoi) was washed w i th  phexane  (3 times) and was suspended i n  tetrahydrofuran (40 ml). To this 

st i r red suspension was added thiophenol (4.13 ml, 40.2 mmal) a t  0 'C and af ter  20 min a t  room 

temperature, 9 (3.90 g, 31 mmoi) i n  tetrahydrofuran was added dropwise and the mixture was refluxed for 



5 h. A f te r  evaporation of  the solvent i n  vacuo, the  residue was dissolved i n  10% aqueous sodium 

hydroxide and the aqueous layer was washed wi th ether. The aqueous layer was then made acidic by 

addition of conc. hydrochroric acid and was extracted w i th  ether. The extract  was washed w i t h  brine, 

dried wi th magnesium sulfate, and evaporated i n  vacuo t o  leave a crystal l ine solid which was 

recrystal l ized from 2-hexane to give - 26 as ~ o l o r l e s r  leaflets; yield: 5.88 g (80.5%); mp 101-103 OC; 

IRV IMX cm-'; 3400-2500, 1682; NMR 6 :  1.15 (s, 3H), 1.18 (s, 3H), 1.57 (m, 2H), 3.15-3.40 (m, ZH), 

7.10-7.60 (m, 5H), 11.5-12.2 (br.s, IH,  exchangeable); MS mle: 236 (M'), 110 (100%); Anal. Calcd. for 

C13H16S02: C, 66.07; H, 6.82; 5, 13.57. Found: C, 66.15; H, 6.94; S, 13.41. 

(rac)-cis-2,Z-Dirnethyl-3-carboxy~y~10pr0pylmethy Phenyl Sulfoxide (26) A mixture o f  3 (2.36 g, 10.0 

mmol) and 30% aqueous hydrogen peroxide (2.6 ml, 25.5 rnmol) i n  methanol (M ml) was st i r red a t  room 

temperature for 5 days. The reaction mixture, af ter  acid i f icat ion by addition of  5% hydrochloric acid, 

was extracted wi th methyiene chloride and the extract  was washed wi th brine, dried w i th  magnesium 

suifate, and evaporated i n  vacua to give 26 as a visous o i l  which was used without further purif ication; 

1 
yield: quantitative; 1Run%% cm- : 3600-2400, 1702; NMR 6: 0.93-1.25 (2 x 5 ,  6H), 1.48 (s, IH), 1.68 (r, 

iH), 3.07-3.48 (m, 2H), 7.32-7.76 (m, 5H), 8.78-9.33 (br.s, 1H, exchangeable); M S  m/e: 236 (Mi-16), 126 

(100%); Anal. Calcd. for C13H1603S: mle  252.0819. Found: 252.0787. 

(racl-cis-Caronaldehyde Lactone Monothiophenyi Acetal  (27) To a st i r red solution o f  3 (1.98 g, 7.86 

mmol) and 2,6-lutidine (5.24 ml, 45 mmoi) in acetani t r i le  (30 mi) was added dropwire t r i f luoroacet ic  

anhydride 3.81 ml, 27.0 mmol) at  -25 OC and the mixture was stirred for 4 h a t  the same temperature and 

then saturated aqueous sodium hydrogen carbonate (60 mi) was added. A f te r  st i r r ing was continued for  I 

h a t  room temperature, the mixture was extracted wi th ether and the extract  was washed w i th  5% 

hydrochloric acid, saturated aqueous sodium hydrogen carbonate, brine, and dried w i th  magnesium suifate. 

A f t e r  evaporation of  the solvent i n  vacuo, the residue was pur i f ied by a si l ica gel  column (45 g) using a 

mixture of  phexane  and ether (7:l-4:) v lv )  as eluant t o  give 6-thio-epimer (790 mg, 44.5%) as a pale 

yellow o i l  and a-thio-epimer (260 mg, 15.0%) as coloiiess needles af ter  reciysta l i izat ion f rom n-hexane. 

+ bp 110-130 O ~ ~ ~ . ~  torr (Kugelrohr); IR cm-l: 1775; NMR 6 :  1.03 (s, 3H), 1.20 (s, 3H), 1.88 (d, 

IH, J=9 Hz), 2.17 (d, IH, J=9 Hz), 5.42 ( 5 ,  IH), 7.13-7.75 (m, 5H); MS mle: 234 (Mi), 125 (100%); Anal. 
Calcd. for CI3Hl4O2S: C, 66.64; H, 6.02; 5, 13.68. Found: C, 66.27; H, 6.06; 5, 13.45. 

27b: mp 72.5-73.5 OC; IR v N z l  cm-l: 1756; NMR 6 :  1.18 (s, 3H), 1.45 (s, 3H), 2.07 (d, IH, J=6 Hz), 2.30 

(dd, IH, J=5 and 6 HZ), 5.90 (d, 1H, 3 d  Hz), 7.17-7.60 (m, 5H); MS mle: 234 (Mt), 125 (100%); Anal. 

Caicd. for C13H1402S: C, 66.64; H, 6.02; 5, 13.68. Found: C, 66.93; H, 5.81; S, 13.64. 

(racl-cis-Caronaldehyde Methyl Ester Dimethyl Acetal  (28) A solution of  (615 mg, 2.63 mmol) i n  

methanol (15 ml) was added iodine (2.00 g, 7.88 mmol) port ionwise a t  room temperature w i th  stirring. 

A f te r  I 5  h, the mixture was taken i n  ether and the organic layer was washed successiveiy w i th  5% 
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aqueous sodium hydrogen carbonate, 5% aqueous sodium thiosuifate, brine, dried wi th magnesium suifate, 

and evaporated in  vacuo. The residue was purl l ied by a silica gel coiumn (24 g) using a mixture of 

n-hexane and ether (5:1 v/v)  as eluant t o  give Zg as a pale yellow oil; yield: 483 mg (91.0%); bp - 
1 75-90~114 torr  (Kugelrohr); IR v n z t  cm- : 1724; NMR 6 :  1.18 (s, 3H), 1.30 (r, 3H), 1.50-1.78 (m, 2H), 3.32 

(5 ,  3H), 3.35 (s, 3H), 3.63 (5 ,  3H), 4.83 (d, IH, 3=7 HZ); MS m!e; 171 (M'-311, 76 (100%); Anai. Calcd. for  

CIOH1804: C, 59.38; H, 8.97. Found: C, 58.96; H, 8.92. 

(racl-cis-Caronaldehyde Methyl Ester (29) A mixture of 2 8  (53 mg, 0.26 mmoi) in tetrahydrofuran (1.0 

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 wi th magnesium sulfate, evaporated in vacw, and purif ied by 

a silica gel column (2.0 g) using a mixture of n-hexane and ether (8:l v!v) as eluant t o  give pure 29 as a 

I faint yellow oil; yield: 24 mg (59%); I R v  "zt cm- : 1724, 1694; NMR 6: 1.28 (s, 3H), 1.56 (s, 3H), 1.84 

(dd, IH, 3=6 and S Hz), 2.15 (d, IH, 3=8 Hz), 3.70 (s, 3H), 9.72 Id, IH, 3=6 Hz); MS m!e: 155 ( ~ I - 1 1 ,  73 

(100%). Anal. Calcd. for C8H1203: 156.0786. Found: 155.0738 (Mi-1). 

(racl-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 5 I  h. The mixture was basifled 

with saturated aqueous sodium hydrogen carbonate and extracted with ether. The extract was washed 

with brine, dried with magnesium sulfate, evaporated in  vacua, and purified by a silica gel column (5.2 g) 

using a mixture of 2-hexane and ether (8:1 v lv)  as eluant to give 29 (70 mg, 32.3 %) as a fa int  yellow 

oil. The mother liquor was acidified wi th conc. hydrochloric acid and extracted with methylene chloride 

after saturation with sodium chloride. The extract was dried wi th magnesium chloride, and evaporated in 

vacuo to  leave a crystalline residue which was recrystallized from a mixture of fl-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); I R ~ ~ & '  cm-l: 3304, 1716; NMR 6: 1.21 (s, 6H), 2.11 (s, 2H), 5.49 (brs, 1H), 5.67-6.30 (brs, 

1H, exchangeable); MS mle; 142 (Mi), 97 (100%); Anal. Calcd. for C9H1003: C, 59.14; H, 7.09. Found: C, 

59.07; H, 7.16. 
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