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Abstract-The glyoxalase I inhibitor COTC {2-crotonyloxymethyl-(4/?,5R,6R)-4,5,6- 

trlhydroxycyclohex-2-enone) has been synthesised from (-)-quinlc acid In thirteen steps; an 

interesting rearrangement involving a silyl migration upon oxidation of (10) is also described. 

Recently, the USC of glyoxalase I inhibitors as potential anticancer agents has been reviewed.’ 

COTC (1). isolated and characterised in 1975 as a glyoxalasc I inhibitor from cultures of 

Streptomyccs griseosporeus. has been shown to display cytotoxic and cancerostatic activity 

with low toxicity,2*3 and to act synergistically with aclarubicin. an anticancer drug.4 The 

absolute configuration of (1) was assigned by an X-ray analysis3 of its bromo-derivative and 

confirmed by synthesis.576 We arc interested in its mechanism of tumour inhibition, but were 

unable to obtain an authentic sample of COTC. This paper describes our synthesis of COTC (1) 

and also reports an interesting rearrangement involving a silyl migration upon oxidation of 

(10). A preliminary account on part of this work has appeared.7 
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Our initial approach for the synthesis of COTC is 

(1) 

shown in Scheme 1. Thus acctalisation of 

quinic acid (2) with cyclohexanonc in the presence of Dowex 5OWX8 (H+) ion exchange resin 

proceeded with concomitant lactonisation. affording the known acctal (3)* in 79% yield. The 

lactonc ring in (3) was cluvcd with sodium m&oxide in methanol to give the methyl ester (4) 

(96%). Swem oxidation of the free secondary alcohol in (4) followed by B-elimination with 

phosphoryl chloride-pyridine provided the enone (5) in an overall yield of 76%. Hydride 
reduction of the keto group in (5) with NaBH4 occurred at the less hindered p-face. furnishing 

exclusively the desired a-alcohol (6). which was protected as the silyl ether (7) in 78% overall 

yield. The ester group in (7) was reduced with di-isobutylaluminium hydride (DIBAL-H) to the 

alcohol (8) in 96% yield. Hydroxylation of the double bond in (8) proceeded smoothly at the less 
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Scheme 1. Reagents and condinbns: i. cyclohexanone, benzene, N&dimcthylformamide (DMF), 

Dowcx SOWX8 twin. rcflux, (79%); ii. NaOM&kOH, 0°C. (96%); iii. dimethyl sulphoxide (DMSO), 

oxalyl chloride, triethylamine, CH$l~ ; iv. FOCl3. pyridinc, room temp., (76%); v. NaBH.+ MeOH. 

0°C. (82%); vi. Mc,(Bu’)SiCl. imidazole, N&dimcthylaminopytidinridine @MAP). CHzClz. 

mom temp., (96%); vii. DIBAL-H. tctrahydrofuran (TX-IF). 0% (96%); viii. 0~0~. trimcthylamine- 

N-oxide, B&H. H20, pyridine. rcflux, (82%); ix. crotonic acid.l,3dicyclohexylcarbodiimide @CC). 

3 A molecular sieves, DMAP, CHzC12, (81%); x. DMSO, trifluoroacetic anhydride (TFAA), 

tricthylamine, CH~Clz. (80%). 
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esterificrtion of the primary alcohol in (9) with crotonic acid furnished the ester (10) in 81% 

yield. It was envisaged that oxidation of the secondary alcohol in (10) would yield the hydroxy- 

ketone (11) which then would undergo a facile elimination to the desired cnone (12). Thus 

Swcrn or pyridinium chlorochromrte oxidation of (10) gave a strong chromophore initially 

thought to be the enone (12) since the mass spectral and combustion data were consistent with 

the mOhXuh formula of C23H3606Si. In addition, the presence of an enone carbonyl group was 

indicated by the i.r. absorption band at 1690 cm-*. However, the tH n.m.r. spectrum of the 

chromophore showed only one 8-olcfinic proton (crotonyl). two methint protons and also the 

continued existence of the two high-field methylenc protons. The alternate structure (13) was 

therefore assigned to the oxidation product of diol (lo), an assignment supported by the U.V. 

spectral data: Amax_ 271 tun (Emax. 18.5 x Id); IIIC kmrx. calculated9 for an a-hydroxy-j3.8- 

disubstituted cyclohex-2-enonc is 274 nm. The mechanism for the formation of (13) is 

speculated to involve a facile silyl migration (Fig. I) and the driving force believed to be the 

release of the steric compression between the bulky silyl ether and the cyclohcxylidenc 

blocking 

R=crotonyl 

Fig. 1 

In order to avoid the undesirable rearrangement, it was decided that the double bond of the 

enone moiety be introduced first before oxidation. This change of strategy gratifyingly proved 

successful. Thus hydroxylation of the aforementioned enoatc (6) gave the diol (14) in 82% 

yield. The stereochemistry of the newly formed secondary alcohol was indicated from the t H 

n.m.r. spectrum (J3.4 = 9.8 Hz). This alcohol was selectively acctylated at room temperature to 

give a quantitative yield of the monoacetate (IS). Esterification of the tertiary alcohol in (15) 

with triflic anhydride followed by l.8-diazrbicyclo[5.4.0]undcc-7-ene (DBU) -triethylamine 

mediated 8-elimination afforded the cnoatc (16) in 61% overall yield. DIBAL-H reduction of the 

dicster (16) in tetrahydrofuran (THF) at OoC afforded the diol (17) (75%) which then was 

cstcrificd selectively at the primary alcohol with crotonic anhydride IO the crotonyl ester (18). 

Oxidation of the allylic alcohol (18) with pyridinium chlorochromatc in CH2Cl2 at room 

temperature gave cleanly the enonc (12) which then was hydrolyscd to COTC (1) in an overall 

yield of 80%. m.p. 178---179°C [o]D - 106.40 (c 0.6. McOH) (lit.2 m.p. 18loC; [a]D - 1090 (c 1.5. 

MeOH)). Thus COTC (1) was prepared in thineen stages from (-)-quinic acid (2) in an overall 

yield of 13%. 
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Scheme 2. Reagents and condifiots: i. 0s04. himethyhmine-N-oxide, Bu’OH. HzO, 

pyridine. rcflux, (82%); ii. (Md,y>)20 (AQO), pyridine, DW. CH&. (100%); iii. 

(CF~CQO. pyridine. DMAP. CH,Cl,. (86%); iv. trietbylamine. l.(l-diazabicylo- 

[5,4,0]undec-7-ene (DBU), CH,C!l,, (71%); v. DIBAL-H, THF, O’C. (75%); vi. crotonic 

anhydride. pyridine. DMAP. C&C&. (95%); vii. pyridiiium chlotochromatc, 3 A 
molecular sieves, CH$&. (80%); viii. 50% aq. CFJCOOH, room temp. (100%). 

Experimental 

M.p.s were recorded on a Kofler block. ‘H N.m.r. spectra were recorded on a Varian SC300 

spectrometer at 300 MHz using dcuteriochloroform as solvent unless otherwise stated. lnfra red 

(i.r.) spectra were recorded on a Pcrkin-Elmer 1710 Fourier Transform Spectrophotomctcr. 

Mass spectra were recorded on a Kratos MS25 instrument. Ultraviolet (u.v.) spectra were 

recorded on a Shimadzu UV-260 UV/VlS Spcctrophotomctcr as solutions in ethanol. Optical 

rotations were measured on an AA-100 polarimcter using CH2Cl2 as solvent unless otherwise 

stated. TLC. was performed on glass plates prccoated with Merck silica 6OF254. and compounds 

were visualised with a spray of 5% w/v dodcca-molybdophosphoric acid in ethanol and 

subsequent heating. Dry and flash chromatography were performed on silica gel. THF was 

distilled from sodium and bcnzophenonc under dry nitrogen. CH2Cl2 was distilled from P2O5 

under dry nitrogen. Pyridine was distilled from barium oxide. Petroleum ether (b.p. 40-60°C ) 

was used as solvent unless otherwise stated. 
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3,4-0-Cyclohcxylidcncquinic acid-l J-lacronc (3). 

Quinic rid (2) (25 g, 130 mmol), DMP (105 ml), benzene (100 ml) xnd cy~l~hcxin~oc (88 ml) 

were refluxcd together with stirring in a Dean and Stark apparatus for 3 h. Water wax removed 

and the mixture was cooled briefly. Dowex 5OWX8 resin (H+. 25 g) wu added and mixture was 

refluxcd for a further 24 h. The resin was removed by filtration and washed witb ethyl acetate 

(50 ml). The combined filtrate. wps washed with ice-cold NaHC03 (15% w/v. 2 X 50 ml), water (2 X 

100 ml), dried (MgS04), and filtered. Solvent was removed from the filtrate to afford a yellow 

sticky solid. The solid was washed extensively with petroleum ether (100 ml) and the rirlc 

compound (3) (26 g, 79%) was obtained as a white solid, m.p. 142- 143OC (lit.,8 m.p. 139-14lOC); 

RF 0.23 [petroleum ether-diethyl ether (I:1 v/v)]; [a]D -30.31° (c 4.22, MeOH) (lit.,* [a]D -33O (c 

1.05. CHC13)); vmax. 3425 (OH) and 1795 cm-t (lactooc C=O); 6 1.41 (2H. b). 1.56 (4H. b), 1.68 (4H. m). 

2.18 (1H. dd. I 14 and 3 Hz). 2.32 (2H. m), 2.66 (IH. d. I 10 Hz). 2.84 (1H. b). 4.30 (IH. ddd. I6. 2.5 and 

1.25 Hz), 4.48 (IH. td, I 10 and 2.5 Hz). 4.74 (1H. dd. / 6 and 2.5 Hz); m/r (CI. NH3) 272 (100%. 

MNH4+) (Found: C. 61.2; H, 7.1. Ct3Ht805 requires C. 61.5; H, 7.1%). 

Methyl 3,4-0-cyclohexylidenequinorc (4) 

To a solution of lactone (3) (26 8. 102.6 mmol) in methanol (150 ml) was added dropwisc a 

solution of sodium mcthoxidc [prepared from adding sodium hydride (60% in oil. 4.7 g) to 

methanol (100 ml)] over 20 min at OOC. Tbe mixture wax stirred for 1 h and then the solvent wax 

removed in vacuu to a small volume (70 ml). The pH of the resultant solution was adjusted to 5 

with acetic acid. The mixture was diluted with CH2Cl2 (100 ml) and washed with water (2 X 10 

ml). brine (2 X 10 ml). dried (MgS04) and filtered. Concentration of the filtrate in vacua, 

followed by dry column chromatography (hcxanc-EtOAc) gave the title compound (4) [ 17 g, 

96% (based on recovery of the starting lactonc)] as a white solid. Recrystallization from 

petroleum ether-dicthyl ether (I:1 v/v) afforded colourlcss needles, m.p. 81-82OC; RF 0.51 

[petroleum ether-dicthyl ether (1:3 v/v)]; [a)D -40.46O (c 5.20); vmpx. 3454 (OH) and 1736 cm-* 

(ester C=O); 6 1.40 (2H. b). 1.56 (4H. m). 1.70 (4H. m). 1.75-2.40 (4H. m), 3.77 (3H, s). 3.97 (lH, t. / 6.5 

Hz). 4.09 (1H. ddd. I 11. 6.5 and 4.5 Hz). 4.47 (1H. dt. I 7.5 and 4.5 Hz); m/z (El) 286 (35.6%. M+) 

(Found: C. 58.3; H. 7.8. Ct4H2206 requires C. 58.7; H. 7.7%). 

Methyl 4.5-O -cyclohexylidenc-3-dehydro-4-epishikimare (5) 

TO a stirred solution of DMSO (4.2 ml. 59.3 mmol) in dry CHzCl2 (10 ml) at &PC under nitrogen 

was added dropwisc oxrlyl chloride (2.8 ml. 32.1 mmol). The mixture was stirred for 10 min. 

then removed from the cold bath for 3 min and retooled to -6oOC. The dial (4) (6.04 g, 21.1 

mmol) in dry CH2Cl2 (40 ml) was added in one delivery and this mixture was stirred at -60% for 

40 min. Tricthylamine (16 ml. 115 mmol) was added dropwisc and the light yellow solution was 

stirred at -6OOC for a further 10 min. The mixture was allowed to warm up to room temp. and 

poured into saturated aqueous NH4CI (50 ml). The aqueous phase was extracted with CHzCl2 (4 X 

20 ml). The combined extracts were washed with water (2 X 100 ml), brine (2 X 100 ml). dried 

(MgSO4). and filtered. Solvent removal gave an oil which was passed through a shon column of 

silica gel and eluted with EtOAc. Concentration of the eluant afforded a colourlcss oil (5.2 g). 

The oil was dissolved in pyridine (15 ml) and phosphoryl chloride (4.1 ml) wax added slowly. 

The mixture was stirred overnight at room temp., poured into ice-cold saturated aqueous NH4CI 
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(50 ml) and ex1nc1cd with CH2Cl2 (5 X 20 ml). The combined extracts were waxhcd with brine 

(2 X 50 ml). dried (MgS04). and filtered. Solvent removal gave a deep red oil. Fractionation by 

flash chromatography [petroleum ether-diethyl ether (S:l v/v)] afforded the enone (5) (4.26 g, 

76%) xs a white solid. m.p. 90-91OC; RF 0.56 [petroleum ether-diethyl ether (5:l v/v)]; [a]D - 

43.96” (c 2.12); vmax. 1722 (ester c--O) and 1682 cm-l (ketone C=O); 8 1.2-1.8 (IOH. m). 2.86 (1H. ddd, 

I 20, 5 and 3 Hz). 3.24 (1H. db. J 20 Hz). 3.86 (3H. s), 4.31 (1H. d. I 5 Hz). 4.69 (lH, td. / 5 md 2 Hz), 

6.84 (lH. d. J 3 Hz); m/z (CI, NH3) 267 (lOO%, MH+) (Found: C. 63.4; H, 7.0. C14Hl805 Fcquircs C. 

63.2; H. 6.8%). 

(IR,ZR,3S)-I ,2-0-cyclohexylldene-5-methoxycarbonyi-4-cyclohexe~-~,2,3-triol (6) 

To a stirred solution of the cnone (5) (0.8 g, 3 mmol) in methanol (15 ml) a1 OW wax added 

sodium borohydride (0.6 g. 15 mmol) in batches over 30 min. The mixture was stirred for 1.5 h 

at WC and quenched with saturated aqueous NH4CI (5 ml). The aqueous phase wax extracted with 

CH2C12 (2 X 10 ml). The combined extracts were dried (MgS04). filtered. and the filtrate 

concentrated in vucuo. Fractionation by flash chromatography [petroleum ether-diethyl ether 

(l:4 v/v)] afforded the alcohol (6) (0.66 g, 82%) as a white solid, m.p. 70-71OC; RF 0.36 

[petroleum ether-diethyl ether (1:5 v/v)]; [a]D +49.170 (c 2.40); ~,,,a~. 3466 (OH) and 1717 cm-l 

(ester GO); 8 1.36 (2H. b). 1.52 (8H, m), 1.94 (1H. ddd, / 16.5, 7.5 and 4 Hz). 3.04 (1H. dd. I 16.5 md 2 

Hz). 3.76 (3H. s). 4.05 (1H. m). 4.52 (lH, ddd, / 7.5, 5 and 1.5 Hz). 4.64 (lH. ddd. I 7.5, 4 and 2.5 Hz). 

6.92 (lH, m); m/z (El) 268 (27.3%. M+) (Found: C. 62.9; H. 7.7. Cl4H20O5 requires C. 62.7; H, 7.5%). 

(lR.2R.3S)-3-0-te~-butyldfmethylsllyl-l,2-O-cyclohexylldenc-5-methoxycarbonyl-4- 

cyclohcxen-1,2,3-trio1 (7) 

To a solution of the alcohol (6) (100 mg. 0.37 mmol), imidazolc (50.8 mg. 0.75 mmol) and a 

catalytic amount of DMAP in dry CH2Cl2 (1.8 ml) was added tert-butyldimethylrilyl chloride 

(67.8 mg. 0.44 mmol) at room temp. The mixture was stirred for 14 h and poured into saturated 

aqueous NH4Cl (2 ml). The aque.ous phase was extracted with CH2Cl2 (3 X 10 ml). The combined 

extracts were washed with brine (2 X 5 ml), dried (MgSO4). and filtered. Concentration of the 

filtrate followed by flash chromatography [petroleum ether-diethyl ether (2:l v/v)] afforded 

the title compound (7) (0.13 g, 96%) as a white solid, m.p. 54-55OC: RF 0.76 [petroleum cther- 

diethyl ether (I:1 v/v)]; [a)D +21.510 (c 2.38); vmax. 1712 cm-l (ester C=O); 8 0.02 (3H, s). 0.15 (3H. 

8). 0.92 (9H. s), 1.36 (2H. b). 1.56 (8H. b), 1.90 (1H. ddd. I 16.5. 7 and 4 Hz). 2.99 (IH. dd, / 16.5 and 

1.5 Hz). 3.75 (3H. s). 4.17 (1H. m). 4.42 (lH, ddd, J 7.5, 5 and 1.5 Hz). 4.57 (1H. ddd, / 7.5, 4 and 2 Hz), 

6.91 (1H. m): m/r (EI) 382 (3.6%. M+) (Found: M+ 382.2174 C2oH3405Si rquirts M+ 382.2175). 

(IR.2R.3S)-3-0-tert-Butyldimethylsilyl-~,2-O-cyclohexylidene-5-hydroxymethyl-4-cyclohexen- 

I ,2.3-trio1 (8) 

To a solution of the ester (7) (1.2 g. 2.68 mmol) in dry THF (5 ml) was added dropwise a 1.0 M 

solution of DIBAL-H in THF (5.9 ml. 5.9 mmol) over 30 min at -2WC. The mixture was stirred for 1 

h at WC. quenched with the saturated aqueous NH4Cl (5 ml) and filtered. The aqueous phase 

was extracted with CH2CI2 (4 X 10 ml). The combined extracts were washed with brine (2 X 5 ml) 

and dried (MgS04). and fikred. Solvent removal gave a light brown oil which was flash 

chromatographed [petroleum ether-diethyl ether (1:l v/v)] 10 give the title compound (8) (1.02 

g. 96%) as a colourks8 oil. Rp 0.66 [petroleum ether-dicthyl ether (1:3 v/v)]; [a]D -2.430 (c 4.28); 

vmax. 3452 cm-l (OH); 60.11 (6H. s), 0.92 (9H. s), 1.36 (2H. b). 1.56 (8H. b). 1.92 (1H. m). 2.37 (1H. 
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dd, I 20 and 2 Hz), 4.02 (ZH. s). 4.13 (Hi. b), 4.36 (fH. &id, J 7.5. 5 and 1.5 Hz). 4.50 (lH, ddd, J 7.5.4 

and 2 Hz), 5.71 (lH, b); m/z (Cl, NH3) 372 (9.4%. MNH4+) (Found: C, 64.7; H, 10.1. C19H3404Si 

nquires C, 64.4; H, 9.6%). 

(I S.2S.3S,4R,SR)-3-0-~ert-Bu?yldime~hyls~~yl-4,~-~-cyclohexyl~dene-l -hydroxymcrhyl- 

cyclohcxan-1,2,3,4,5-pentuol(9) 

A solution of the atcobol (8) (0.73 g. 2.05 mmol), t~me~yl~inc-~-oxjde (0.32 g, 2.83 mmol), 

pyridiae (0.9 m1, 12.6 mmol), water (0.2 ml, 11.1 mmol). tert-butaool (5 ml) and s catalytic 

amount of 0~04 was rcfluxed with stirring for 12 b under nitrogen. After cooiing. saturated 

aqueous NaZS203 (5 ml) was added and the mixture was passed through a short column of silica 

gel and washed with ethyl acetate (20 ml). The eluaat was concentrated in YUCW and the 

residue ww extracted with CHzCl2 (4 X 15 ml). Tbe combined extracts wcrc wnsbed with tbe 

saturate aqueous Na2S203 (2 X 10 ml), brine (2 X 5 ml). dried (MgSOg), aud filtered. Removal of 

solvent followed by flash chromatography [petroleum ether-dietbyl ether (1:4 v/v)] afforded 

the title compound (9)(0.65 g, 82%) as a white solid. m.p. 104- 105oC; RF 0.35 [petroleum cthcr- 

dicthyl ether (1:4 v/v)]; [U]D -33.230 (c 1.24); vmax. 3420 cm-t (OH); 60.17 (3H, s), 0.18 (3H, s), 0.95 

(9H. s). 1.40 (2H. b). 1.59 (SH. b), 1.55-1.80 (3H, m), 1.88 flH, db. J 6.5 Hz), 1.92 (IH, dd. J 15 and 6.5 

Hz), 3.41 flH, d, J 11.5 Hz). 3.72 (IH, d, J 11.5 Hz). 3.89 (IH, d, J 10 Hz), 4.08 (IH, dd, J 10 sod 4 Hz). 

4.32 (IH, t, I 4 Hz), 4.40 (1H. ml; RI/Z (CK, NH31 389 (10096, MH+) (Found: C, 58.4; H. 9.5. Ct9H3606Si 

requins C, 58.7: H. 9.3%). 

(IS,2S,3S,4R,5R)-3-0-tert-Butyldimcthy~sityf-~-~ro~ony~oxymethyi-4,5-O-cycfoh~~y~id~~e- 

cyclohcxan-1,2,3,4,5-pcntuof (10) 

To a solution of the trio1 (9) (0.8 g, 2.05 mmol), crotonic acid (0.6 g, 7.0 mmoi), 3A molecular 

sieve powder (1.1 g) and a catalytic amount of DMAP in dry CH$l2 (10 ml) was added dfopwise 1 

solution of DCC (1 g, 4.74 mmol) in CHzCl2 (5 ml) at room temp. The reaction mixture was stirred 

for 24 h and filtered through a pad of Cclite. The solution was poured into tbe saturated aqueous 

NH4C1 (5 ml) and extracted with CH2C12 (3 X 10 ml). The combined extracts were washed with 

brine (2 X 5 ml). dried (MgSD4). and filtered. Concentration of the filtrate followed by flash 

chromatography [petroleum ether-dicthyl ether (1:l vlvjl afforded the title compound (IO) 

(o-76 g. 81%) as a colorless oil, RF 0.35 [petroleum ether-diethyl ether (1:1 v/v)]; [u]D -13.020 (c 

1 .m vmax. 3458 (OH) and 1728 cm-t fester C=Ok 6 0.1 I (3H. s). 0.12 (3H, s), 0.92 (9H, s), 1.36 (2H, 

bk 1.53 (8H. b), 1.62-1.80 (3H. ml, I.98 (3H. dd, J 7 and 1.5 Hz). 2.01 flH, d, J 6.5 Hz). 2.05 (IH. dJ 

7.5 Hz), 3.77 (IX, d, J 9.5 Hz). 4.04.2 (3H, m), 4.32 (IH, ddd, J 17. 6 and 4 Hz), 5.86 (IH. dq, J 17 and 2 

HZ), 7.01 (lH, dq, J 17 and 7 Hz); mlr(Ei) 456 (3.4%. M+) (Found: Mi 456.2341 C23H4007Si rcquins 

M+ 456.2343). 

~SR,6R~-2-tcrt-Butyldime:hylsilyloxy-3-cro~onyl~xyme~hyl-S,6-O-cyc~ohexylidene-~,6- 

dihydroxycyciohcx-2-cnonr. (13) 

To 8 stinrd solution of DMSO (0.3 mt. 4.2 mmot) in dry CH~CI;Z (18 ml) at -6oOC under nitrogen 

was added dropwise TFAA (0.54 ml, 4.0 mmol). The resulting cofourless solution was stirred for 

10 min at -WC, and then a solution of the dial (10) (0.6 g, I.3 mmol) in dry CH2C12 (0.5 ml) was 

added in dropwise. The mixlute was stirred at -6OQC for 1.5 h. T~e~yl~inc (1.2 ml, 8.8 mmol) 

was then added dropwise and the light yellow solution was stirred at -6OoC for a further 1.5 b, 

warmed up to room temp. and poured into aqueous HCI (2 M, 20 ml). The squcous pbrsc was 
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extracted with CH2CI2 (3 X 50 ml). The combined extracts were washed with water (2 X 10 ml). 

brioc (2 X IO ml), dried (MgS04). and filtered. Solvent removal gave a yellow oil which was flash 

chromatographcd [hcxanc-ethyl acetate (4:l v/v)] to give the ride compound (13) (0.46 g, 80%) 

as a colourlcss oil, RP 0.63 [hcxanc-cthyl acetate (3:l v/v)]; [a]D -6.850 (c 2.16); UV Ammrx. 271 nm 

(Em*x 1.85 x 103); Vmax .I727 (ester C=O) and 1690 cm-l (ketone C=O); 6 0.18 (3H. s), 0.20 (3H. I). 0.94 

(9H. 8). 1.2-1.7 (10H. m). 1.92 (3H. dd. J 6.5 and 1.5 Hz). 2.78 (1H. dd, I20 and 4.5 Hz), 2.88 (1H. dJ 20 

Hz). 4.32 (IH. d. J 5 Hz). 4.57 (IH, b). 4.88 (1H. d. I15 Hz). 5.09 (1H. d. J 15 Hz). 5.88 (lH, dd. J 16 and 

1.5 Hz). 7.04 (1H. dq, / 16 and 6.5 Hz); m/s (CI. NH3) 454 (100%. MNH4+) (Found: C. 62.9; H, 8.4. 

C23H3606Si tequircs C, 63.4: H. 8.3%). 

(IR.2R,3S.4S,5R)-3-0-tert-Bulyldimerhylsilyl-l.2-O-cyclohexylidene-S-mcthoxycarbonyl- 

cyclohexane-1,2,3,4.5-penrol (14) 

A solution of the ester (6) (2.9 g, 7.6 mmol). trimethylamine-N-oxide (1.2 g. 10.6 mmol). 

pyridinc (3.3 ml, 45.6 mmol), water (0.7 ml. 38 mmol). rerr-butanol (20 ml) and a catalytic 

amount of 0904 was rcfluxed with stirring for 12 h under nitrogen. After cooling, saturated 

aqueous Na2S203 (5 ml) was added and the mixture was passed through a short column of silica 

gel and washed with ethyl acetate (40 ml). The cluate was concentrated in vucuo and the 

residue extracted with CH2Cl2 (4 X 20 ml). The combined extracts were washed with the saturate 

aqueous NaZS203 (2 X IO ml). brine (2 X 10 ml). dried (MgS04). and filtered. Concentration of the 

filtrate followed by flash chromatography [petroleum ether-diethyl ether (1:l v/v)] provided 

the ride compound (14) (2.6 g. 82%) as a white solid, m.p. 97-99OC; RP 0.32 [petroleum cthcr- 

diethyl ether (1:l v/v)]: [a]D -18.570 (c 1.12): vmpx, 3481 (OH) and 1740 cm-1 (ester GO); S 0.13 

(3H. s). 0.16 (3H. s). 0.92 (9H. s). 1.4-2.2 (12H. m). 2.34 (IH. t. J 8 Hz), 3.83 (3H. s). 4.07 (IH. dd. / 10 

and 4 Hz). 4.15 (lH, d. I I5 Hz), 4.34 (2H. m); m/z (Et) 416 (1.5%. M+) (Found: C. 57.8; H. 8.8. 

C2oH3607Si rcquircs C. 57.7; H, 8.7%). 

(IR.2S,3S.4R.5R)-2-0-Acetyl-3-O-tcrt-bu~yldimerhylsilyl-4.5-O-cyclohexylidene-~- 

methoxycarbonyl-cyclohexan-I .2,3.4,5-pentaol(15) 

TO a mixture of the diol (14) (100 mg. 0.24 mmol). pyridinc (39 ~1. 0.48 mmol) and a catalytic 

amount of DMAP in dry CH2Cl2 (1.8 ml) was added acetic anhydride (57 ~1. 0.60 mmol) at room 

temp. The mixture was stirred for 12 h and poured into the saturated aqueous NH4CI (2 ml). The 

aqueous phase was extracted with CH2CI2 (3 X 5 ml). The combined extracts were washed with 

brine (2 X 2 ml). dried (MgS04) and filtered. Concentration of the filtrate followed by flash 

chromatography [petroleum ether-dicthyl ether (I:1 v/v)]] provided the tirle compound (15) 

(0.11 g. 100%) as a white solid, m.p. 124-126OC; RP 0.53 [petroleum ether-diethyl ether (I : 1 v/v)]; 

la]D -43.18O (c 2.20); vmax. 3482 (OH) and 1712 cm-l (ester C=O); 60.05 (3H. s), 0.13 (3H. s): 0.90 

(9H. s). 1.4-2.2 (12H. m). 2.03 (3H. s). 3.75 (3H. s), 4.26 (IH. dd. I 9.5 and 4 Hz). 4.34 (2H. m). 5.41 

(1H. d, J 9.5 Hz); m/z (CL NH3) 476 (64.7%. MNH4+) (Found: C. 57.8; H. 8.6. C22HjfjOgSi rcquircs C. 

57.6; H, 8.3%). 

(IR.2R.3S,4R)-4-0-Ace~al-3-O-tcrt-bu~yfdime~hylsilyl-~.2-O-cyclohexylidene-5- 

merhoxycarbonyl-5-cyclohexen-1.2,3,4-rerraof (16) 

To a mixture of the alcohol (15) (0.3 g. 0.66 mmol). pyridine (0.16 ml. 2.0 mmol) and a catalytic 

amount of DMAP in dry CH2Cl2 (3.5 ml) was added triflic anhydride (0.26 ml. 1.52 mmol) at -78OC. 

The mixture was stimd for 1 h at -78OC and allowed to warm up to OOC. After 12 h. the mixture 
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was poured into the saturated aqueous NH4CI (5 ml). The aqueous phase was extracted with 

CH2Cl2 (3 X 10 ml). The combined extracts were washed with brine (2 X 5 ml). dried (MgSO4), and 

filtered. Concentration of the filtrate followed by flash chromatography [petroleum cther- 

dicthyl ether (I:1 v/v)] afforded the triflate ester (0.4 g. 86%) as a white solid. To a solution of 

the triflate ester (0.4 g) in dry CH2Cl2 (5 ml) was added tricthylamine (0.19 ml) and DBU (0.1 ml) 

at WC. After 6 h, the mixture was poured into the saturated aqueous NH4Cl (3 ml). The aqueous 

phase was extracted with CH2CI2 (4 X 5 ml). The combined extracts were washed with brine (2 X 

5 ml). dried (MgS04). and filtered. Concentration of the filtrate followed by flash 

chromatography (petroleum ether-diethyl ether (3~1 v/v)] gave the title compound (16) (0.24 

g. 71%) as a white solid, m.p. 82-84oC; Rp 0.45 [petroleum ether-dicthyl ether (3:l v/v)]; [a]D - 

39.550 (c 0.89); vmax. 1754 (dcconjugatcd ester C=O) and 1728 cm-l (conjugated ester C=O); 6 0.09 

(3H. s). 0.11 (3H. s). 0.87 (9H. s). 1.2-1.8 (10H. m). 2.03 (3H. s). 3.77 (3H. s). 3.99 (1H. dd. J 7.5 and 3 

Hz), 4.37 (1H. dd. I 5.2 and 3 Hx). 4.68 (1H. m). 5.97 (IH. dt. / 7.5 and 3 Hz). 6.82 (lH, m); m/z (El) 

440 (4.8%. M+) (Found: C. 60.4; H. 8.3. C22H3&Si nquircs C. 60.0; H. 8.2%). 

(IR,2R,3S,4R)-3-0-tcrt-Bu~ldime~hylsilyl-~.2-O-cyclohexylidene-5-hydroxymethyl-5- 

cyclohcxen-I ,2.3,4-terra01 (17) 

To a solution of the ester (16) (25 mg. 0.06 mmol) in dry THF (0.5 ml) was added dropwise a 1.0 

M solution of DIBAL-H in THF (0.18 ml. 0.18 mmol) over 10 min at -2oOC. The mixture was stirred 

for 1 h at OOC, quenched with the saturated aqueous NH4CI (2 ml) and filtrated. The aqueous 

phase was extracted with CH2Cl2 (4 X 5 ml). The combined extracts wcrc washed with brine (2 X ’ 

2 ml). dried (MgS04). and filtered. Solvent removal gave a light brown oil which was flash 

chromatographcd [petroleum ether-dicthyl ether (1:2 v/v)] to yield the tirle compound (17) (I6 

mg. 75%) as a white solid. m.p. 65-67oC; RF 0.46 [petroleum ether-dicthyl ether (1:2 v/v)]; [a]D - 

56.33O (c 0.98); vmrx. 3419 cm-t (OH); 8 0.13 (3H. s). 0.15 (3H. s). 0.94 (9H. s). 1.2-1.7 (10H. m). 3.76 

(1H. dd. / 8.5 and 2.5 Hz). 4.15 (IH, d, / 13 Hz). 4.29 (1H. d, I 13 Hz). 4.38 (1H. ddd. / 5.5, 2.5 and 0.8 

Hz). 4.54 (1H. dt. J 8.5 and 2.5 Hz). 4.60 (1H. m). 5.56 (1H. m); m/z (El) 370 (10.4%. M+) (Found: C. 

61.9; H. 9.5. C19H3405Si requires C. 61.6; H. 9.2%). 

TO a mixture of the diol (17) (0.1 g, 0.3 mmol), pyridine (50 ~1, 0.6 mmol) and a catalytic 

amount of DMAP in dry CH2Cl2 (1 ml) was added crotonic anhydride (45 PI, 0.33 mmol) at room 

temp. The mixture was stirred for 12 h and poured into the saturated aqueous NH40 (2 ml). The 

aqueous phase was extracted with CH2Cl2 (3 X 5 ml). The combined extracts were washed with 

brine (3 X 2 ml), dried (MgS04). and filtered. Concentration of the filtrate followed by flash 

chromatography [petroleum ether-dicthyl ether (2:l v/v)] afforded the title compound (18) 

(0.13 g. 95%) as a colourlcss oil. RF 0.36 [pctrolcum ether-dicthyl ether (2:l v/v)]; [a]D -3 1 .lSo (c 

2.62); v,,,ax. 3488 (OH) and 1724 cm-l (conjugated ester GO); 8 0.16 (3H, s). 0.17 (3H. s). 0.94 (9H. 

~ s). 1.2-1.7 (10H. m). 1.90 (3H. dd. I 8.5 and I.5 Hz). 3.76 (IH. dd. J 8.5 and 2.5 Hz), 4.37 (1H. ddd, / 4. 

1.5 and 0.8 Hz). 4.43 (1H. d. I 8.5 Hz). 4.62 (1H. b). 4.66 (1H. dd. I 12 and 0.8 Hz). 4.92 (lH, dd. I 12 

and 0.8 Hz). 5.61 (1H. b). 5.88 (1H. dq. / 16 and 1.5 Hz)), 7.02 (1H. dq. I 16 and 8.5 Hz); m/r (Cl. NH3) 

456 (6.4%. MNH4+) (Found: C. 63.3; H. 9.0. C23H3806Si requires C. 63.0; H. 8.7%). 
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(4R.5R.6R)-6-0-~e~-Bu~yldime~hylsilyl-2-cro~onyloxyme~hyl-4,5-O-cyclohexy~~dene-4~5,6- 

trihydroxycyclohcx-2-cnone (12) 

TO a mixture of tie alcohol (18) (0.2 p, 0.5 mmol) aud molecular sieve 3A powder (0.1 g) in dry 

CH2Cl2 (5 ml) was added pyridinium chlorochromate (0.15 g, 0.7 mmol) in one ponion at room 

temp. The mixture was stirred for 12 h. diluted with diethyl ether (5 ml) and passed through a 

pad of Celite. The residue was washed with diethyl ether (20 ml). The combined solution wcrc 

washed with brine (2 X 2 ml). dried (MgSO4). and filtered. Concentration of the filtrate followed 

by flash chromatography [petroleum ether-diethyl ether (3:l v/v)] furnished the tfrle 

compound (12) (0.16 g, 80%) as a colourless oil, RF 0.48 [petroleum ether-diethyl ether (3: 1 

v/v)]; [a]D -28.3 lo (c 2.43); vmax_ 1727 (conjuguui ester C=O) and 1712 cm-1 (conjugated ketone 

C-0); 8 0.09 (3H. I). 0.20 (3H. s). 0.92 (9H. s). 11.2-1.7 (10H. m). 1.89 (3H, dd. / 7 and 1.5 Hz), 4.48 (1H. 

d, I 3 Hz). 4.67 (1H. m). 4.77 (IH, dt. / 14 and 1.5 Hz), 4.88 (1H. dt. I 14 and 1.5 Hz). 5.86 (1H. dq. / 16 

and 1.5 Hz). 6.47 (1H. b). 6.98 (1H. dq. / 16 and 7 Hz); m/r (CI. NHJ) 436 (24.2%. M+) (Fouud: C. 63.6; 

H. 8.6. C23H3606Si requires C. 63.3; H, 8.3%). 

2-Crotonyloxymc~hyl-(4R,5R,6R)-4,5,6-~rihydroxycyclohex-2-enone (1) 

Ice-cold aqueous CF3COOH (8 ml, 1: 1 v/v) was added to the compound (12) (50 mg) and the 

mixture was stirred at room temp. for 4 h. Removal of solvent gave an oil which was twice 

concentrated from the solution on absolute ethanol. giving a reddish solid. Recrystallization 

from CHCl$MeOH af -5OC gave colourlcss needles (1) (27.8 mg, 100%). m.p. 178-179oC (litz. 

18OoC); Rp 0.29 (ethyl acetate); [a]D -106.30 (c 0.58. MeOH) [I@. -1090 (c 1.5. MeOH)]; vmax, 3418 

(OH), 1713 (conjugated ester C=O) and 1688 cm-l(enone C=O); 6 (DMSO) 1.98 (3H. dd. / 6.8 and 1.5 

Hz). 4.23 (IH, m). 4.31 (1H. dd, / 7.5 and 2 Hz). 4.67 (IH. m), 4.75 (1H. dt. I 13.5 and 1.5 HZ), 4.84 (lH, 

dt. / 13.5 and 1.5 Hz). 5.19 (1H. d. J 3.8 Hz), 5.32 (lH, d. / 7.5 Hz). 5.48 (1H. d, J 8.3 Hz), 6.02 (lH, dq, I 

15.2 and 1.8 Hz). 6.72 (1H. b), 7.05 (1H. dq, / 15.2 and 6.8 Hz); m/z (Cl, NH3) 260 (loO%, MNH4+). 
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