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Abstract: A study of the potential use of S-eke free radical cyclizations in the synthesis of 
carbocyclic compounds related to the mannos ‘tins 1 and 2 is described. The dithioacetal8 was 
prepared and the methyl oxime moiety uti ised “i as an intramolecular radical trap. The 
stereochemistry of the products relating to the cpclization step, 10 and 11, were determined with 
reference to extensive nOe studies, Figs 1 and 21 

INTRODUCTION 

In 1989, the sugar hydrolase inhibitors mannostgtin A 1, and its corresponding sulfoxide mannostatin B 

2, were isolated from the fermentation broth of Streptoverticifliurn verticilhl Both 1 and 2 were found to 

possess potent competitive inhibition prope&s against brat epididymal a-mannosidase. Mannostatin A was also 

found to competitively inhibit jack bean, mung bean anti rat liver lysozymal a-mannosidase with IQ0 values of 

70,450 and 160 nM respectively.2 

The first total syntheses of mannostatin A were qorted simultaneously in 1991 by King and Ganem3 and 

by Knapp and Dharf King and Ganem3 employed an ~ylnitroso cycloaddition to prepan both enantiomerically 

pure and racemic 1, whilst Knapp and Dhar 4 reported the stereocontrolled synthesis of both enantiomers of 1 

from D- and L-ribonolactone. Two additional synthesek of racemic mannostatin A have also been reported by 

other groups.5~6 

More recently, King and GanemTs reported fu 
Rper 

synthetic studies including the synthesis of several 

analogues with interesting biological activity, whil$ Li and Fuchs 7b have described the synthesis of (+) 

mannostatin A in 39% overall yield fron Dribonolacto& 

In connection with our continuing studies* on thd use of free radical cyclization reactions in the synthesis 

of carbocyclic compounds an investigation was unde&en into the use of such reactions in the synthesis of 

pcntasubstituted cyclopcntane compounds related to & mannostatins. We envisaged the formation of the C-l, 

C-5 bond (see numbering sequence on 1) via a free fad+4 reaction. 

Retrosynthetic analysis (Scheme 1) shows thqt the key carbon-carbon bond forming reaction in the 

synthesis of the cyclopentane ring 9, could arise via an @ramolecular free radical cyclization of a radical derived 
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from a dithioacetala onto an oxime. to The radical precursor 8 being formed from the known aldehyde 5,8a 

which in turn can be derived from the protected D-allOfUI?InOSe 3. 

Scheme 1 

RESULTS AND DISCUSSION 

The synthetic methodology employed for this investigation is outlined in Scheme 2. 

Scheme 2. Reagents and conditions: i, PhCHaBr, NaH, THF; ii, HCl, MeOH, r t, 12 h; iii 
NaI04, HaO, MeOH; iv, MeONH>HCl, pyridine, CHaCla, r t, 2 h; v. EtSH, ZnCla, -lo’C, 1 h; 
vi, AQO, DMAP, pyridine, WC, 18 h: vii, Bu$nH (6 eq.), AIBN (2.5 eq.), toluene, 1 WC, 
1.5 h. 

Thus, benzylation of tbe readily available protected D-dlose 3 11 followed by selective deprotection of the 

5,6-0-isopropylidene group with hydrochloric acid in methanol, 12 gave the diol 4 in 70% yield. Sodium 

metaperiodate cleavage of this diol gave the aldehyde 5, *a which was not vigorously purified but used crude in 

the next step. Reaction with O-methyl hydroxylamine hydrochloride gave the oxime 6 as an inseparable mixture 

of E and 2 isomers in a ratio of 11: 1 respectively (75% overall yield from the diol4). Ethanethiol in the presence 

of anhydrous zinc chloride13 gave the dithioacetal 7 as a 3:l mixture of E and Z isomers respectively, 

(isomerisation of the oxime being observed under the reaction conditions) in good yield (83%). Initial attempts 

to cyclize the dithioacetal7 under the usual conditionslo proved ineffective. Compound 7 was peracetylated 
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quantitatively to yield 8 as a 2: 1 mixture of E and Z isomers. Again, attempts to cyclize the peracetylated radical 

pn~ursor 8 by syringe pump addition of ~buty~tin hydride (2.14 ~uivalen~) and AIl3N (0.2 equivaIents) to a 

refluxing solution of the dithioacetal8 in toluene, only gave recovered starting material. However, the use of 

excess reagent (BuSSnH, 6 eq.) and excess initiator (AIEN, 2.5 eq.), resulted in complete reaction after 1.5 

hours, giving the pentasubstituted cyclopentanes 10 and 11 in high yield (80%). 

The product was obtained as a mixture (inseparable by flash chromatography over silica gel) of the 

diastereomers 10 and 11 in a ratio of 3:l respectively (determined by IH m-or and GC-MS). Extensive nGe 

experiments on this mixture allowed for a conclusive assignment of relative stereochemistry of each 

diastereomer, the results of which are illustrated in Fig. l(for the major isomer, 10) and Fig.2 (for the minor 

isomer, 11). 

The results from this cyclization can be interpreted using a similar model to that originally proposed by 

Wilcox and Thomasco.t4 The preferred conformation of the radical intermediate must be independent of the 

s~~he~s~ of the oxime moiety. The Fischer projection in Fig 3 ~1~s~~~ a possible ~si~t intermediate. 

The stereochemistry of the substituents at C-2, C-3 and C-4 in the cyclized product are fixed during the 

synthesis of the radical precursor. Steric interactions between the oxime ether and acetate on the p carbon and 

electronic repulsion between the electron pairs of the nitrogen atom and the oxygen atom on the p carbon atom, 

give rise to a trans arrangement of the oxime and protected alcohol moieties. 

Fig.1 (major isomer, 10) 

3.5 2.9 

Fig.2 (minor isomer, 11) 
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OMe 

Fig.3 

These results show that radicals derived from dithioacetals8.o can be cyclized in a 5-exo fashion onto O- 

protected oximes to form pentasubstituted cyclopentanes, which could prove useful for the synthesis of naturally 

occurring compounds, such as the mannostatinsl and selected analogues. 

EXPERIMENTAL 

GENERAL: Ethyl acetate (EtOAc) and light petroleum (b.p. 40-60-C) were distilled prior to use. When 

anhydrous conditions were required the equipment was dried in an oven at 15O’C overnight and allowed to cool 

in an atmosphere of dry nitrogen, the solvents being dried as follows. Dichloromethane, toluene and pyridine 

were distilled from calcium hydride, with pyridine and toluene being stored over 4 A molecular sieves. THF was 

freshly distilled from sodium wire prior to use. Thin layer chromatography was performed on pre-coated glass 

plates (Merck silica gel 60F 254), the plates were visual&d using UV light (254 nm) and/or phosphomolybdic 

acid in ethanol or p-anisaldehyde in glacial acetic acid or basic potassium permanganate or ninhydrin as 

appropriate. Flash chromatography performed over silica (Merck silica 60, 40-63 pm) was used to purify all 

products unless otherwise stated. IR spectra were obtained using a Perkin-Elmer 881 spectrophotometer. tH and 

r3C NMR spectra were obtained using a Bruker AM 300 machine operating at 300 and 75.47 MHz respectively. 

J values are given in Hertz. Both low and high resolution mass spectra were obtained on a Kratos profile HV3. 

(+)-3-O-Benzyf-l,2-O-isopropylidene-a-D-affofuranose 4:12 

A solution of 1,2;.5,6-di-0-isopropylidene-a-D-allose 311 (5.0 g, 19.2 mmol) in dry THF (44 cm3) was 

added dropwise with stirring under a nitrogen atmosphere to a suspension of sodium hydride (60% dispersion in 

oil, 1.74g, 43.5 mmol, washed with anhydrous di-ethyl ether) in THF (7 cm 3 ) at O’C. Once the addition was 

complete, the mixture was allowed to warm to room temperature and stirred for a further 45 minutes to allow for 

complete deprotonation.The solution was retooled to 0 “C and tetrabutylammonium iodide (67 mg, 0.18 mmol) 

and benzyl bromide (2.38.cm3, 3.42 g, 20 mmol) were added. The mixture was refluxed for 1 hour and then 

allowed to cool to room temperature. The mixture was filtered through a thick Celite plug, and the residue 

washed with dry THF. The combined filtrate and washings were concentrated under reduced pressure to give 

the crude product as a viscous, yellow oil. 

A solution of the above crude benzyl derivative in a mixture of methanol (47 cm3), water (45 cm3) and 

concentrated hydrochloric acid (0.25cm3) was stirred at room temperature for 12 hours. The mixture was 

neutralised with concentrated ammonia solution, filtered and concentrated under reduced pressure. Flash 

chromatography (EtOAc-light petroleum, 2:l) of this residue gave (+)-3-0-benzyl-I, 2-O-isopropykiene-a-D- 
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allofurunose 412 (4.52g. 768, Rf 0.2) as a viscous, clear oil; umax(neat)/cm-1 3445 br s (OHstJ, 3094,3068 

and 3036 (CH~I$, 2990 and 2938 s (CH&, 1374 s (C(CH3)2); SH(300 MHz; CDCi3) 1.35 (3H, s, CH3), 

1.57 (3H, s, CH3), 2.63-2.77 (lH, br s, OH), 2.78-2.95 (lH, br s, OH), 3.68 (2H, d, J 6, 6-CH2), 3.89- 

4.03 (2H, m, 3-H and 5-H), 4.06-4.14 (lH, dd, J 3 and 9, 4-H). 4.52-4.63 (2H, m, PhCHA and 2-H). 4.76 

(1H. d, J 11.5, PhCHR), 5.75 (lH, d, J 4, 1-H). 7.29-7.37 (5H, m, Ph). 

(Found [Ml+ 310.14114. C16H22@j [M]+requires 310.14164) 

(IR, ZR, 3R)-3-O-Benzyl-I,2-O-isopropylidene-a-D-ribo-pentodialdofwanose 5:b 

A solution of sodium metaperiodate (4.29g 0.02 mol) in water (22 cm3) was added dropwise , with 

stirring to a solution of the diol 4 12 (3.34g, 0.011 mol) in methanol (44 cm3). After 1 hour at room 

temperature, the solvent was removed under reduced pressure giving a solid white residue. This residue was 

dissolved in water (40 cm3). which was then extracted with chloroform (3 x 40 cm3). The organic layers were 

dried (MgS04), filtered and the filtrate concentrated under reduced pressure to yield the crude (IR, 2R, 3R)-3- 

O-benzyl-I,2-O-isopropylidene-a-D-ribo-pentodialdofuranose @a (3.21g) which was used directly in the 

formation of the oxime 6 without further purification. 

(1R,2R,3R)-3-0-benzyl-l,2-O-isopropylidene-a-o-ribo-pentodialdofu oxime 6: 

To a solution of the crude aldehyde 5sa (l.Og) in anhydrous dichloromethane (22cm3) was added 

anhydrous pyridine (0.9 cm3 0.012 mol) and O-methyl hydroxylamine hydrochloride (456 mg, 5.46 mrnol). 

The reaction mixture was stirred under an atmosphere of nitrogen at room temp. for 2 hours, The resulting 

mixture was poured onto ice cold dil. hydrochloric acid (38 0115, which was then extracted with ethyl acetate (3 

x 40 cm3). The combined organic layers were washed with saturated sodium hydrogen carbonate solution (40 

cm3), water (40 cm3), brine (40 cm3), and then dried (MgS04). Concentration under reduced pressure and 

flash chromatography (light petroleum-EtOAc, 5:l) of the residue gave the methyl oxime 6 (760 mg, 72% 

ovemll yield from the diol4, Rf 0.13, light petroleum-EtOAc, 4:l) as a viscous, clear oil being an inseparable 

mixture of E and Z isomers (11: 1 respectively); umax(neat)/cm-1 2988 and 2939 (CH&, 1630 w (C=Nsn), 

1374 (C(Me)2), 1026 s (C-O&; 

E isomer; SH(CDC13) 1.36 (3H, s, CH3), 1.61 (3H, s, CH3), 3.75 (lH, dd, J 9 and 4.4, 3-H), 3.89 

(3H, s, 0CH3) 4.56-4.66 (2H, m, 2-H and 4-H). 4.63 (lH, d, J 12, PhCHA), 4.74 (lH, d, J 12, 

PhCHB), 5.75 (lH, d, J 3.6. l-H), 7.25 (lH, d, J 6.6, 5-H). 7.35 (5H, m, Ph); SC(CDC13) 26.54 (CH3), 

26.78 (CH3), 62.27 (OCH3), 72.16 (CH2,OCH2Ph), 75.76 (CH, C-3), 77.58 (CH, C-2), 79.78 (CH, C-4), 

104.08 (CH, C-l), 113.42 (C, C(CH3)2), 127.89, 128.0, 128.06 and 128.47 (all CH, all Ph for mixture of E 

and Z isomers), 137.25 (C, Ph), 146.75 (CH, C-5). 

Z isomer; k(CDCl3) 1.36 (3H, s, CH3), 1.61 (3H, s, CH3), 3.64-3.70 (lH, dd, J 9.1 and 4.4, 3-H), 

3.90 (3H, s, 0CH3). 4.56-4.66 (lH, m, 2-H). 4.63 (lH, d, J 12, PhCHA), 4.74 (lH, d, J 12, PhCHR), 

5.28 (lH, dd, J 9.1 and 6.8, 4-H). 5.73 (lH, d, J 3.6, l-H), 6.6 (1H. d, J 6.8, 5-H), 7.35 (5H, m, Ph); 

dC(CDC13) 26.54 (CH3), 26.78 (CH3), 62.27 (OCH3), 70.46 (CH, C-3). 72.29 (CH2. OCH2Ph), 78.08 

(CH, C-2), 80.23 (CH, C-4), 104.08 (CH, C-l), 113.42 (C, C(CH3)2), 127.89, 128.0, 128.06 and 128.47 

(all CH, all Ph, for mixture of E and Z isomers), 137.25 (C, Ph), 148.05 (CH, C-5). 

(Found [Ml+ 307.14050. Cl6H2lN05 [Ml+ requires 307.14197) 
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(2R,3R,4R)-3-O-Benzyl-Z,I-diethylthio-2,4-dihydroxy-pentanal-O-methyl oxime 7: 

To a stirred solution of the methyl oxime 6 (441 mg, 1.44 mmol) in ethanethiol (4 cm3) at -1O’C was 

added anhydrous zinc chloride (752mg 5.53 mmol). After 1 hour the excess ethanethiol was evaporated under 

reduced pressure at -10°C. The remaining white solid residue was dissolved in ethyl acetate (30 cm3) and 

sodium hydrogen carbonate solution (6 cm3) added, The precipitate which formed was filtered off through a 

Celite plug and the remaining solids were washed with ethyl acetate (30 cm3). The combined filtrate and 

washings were washed with brine (2 x 30 cm3), dried (MgSO4) and concentrated under reduced pressure. Flash 

chromatography (light petroleum-EtOAc, 3: 1) gave the dithioacetal 7 (444 mg, 83%. Rf 0.11) as a clear, 

colourless oil. The product being an inseparable mixture of E and 2 isomers (3:l respectively); 

vmax (neat)/cm-l 3440 br s (OHstr), 3033 (CHaryl), 2967,293O and 2873 (CH&. 1605 w (C=N&, 1043 

(C-&r); 

E isomer; &t(CDC13) 1.21-1.28 (6H, t, J 7.5, 2 x CH3), 2.56-2.72 (4H, m, 2 x SCH2), 3.87 (3H, s, 

DCH3), 3.95 (IH, dd, J 7.5 and 3.5, 2-H), 4.0 (lH, dd, J 7.5 and 4.0, 3-H), 4.18 (lH, d, J 3.5, l-H), 

4.68 (lH, dd, J 5.2 and 4.0, 4-H), 4.70 (lH, d, J 11, PhCHA), 4.80 (lH, d, J 11, PhCHR), 7.35 (5H, m, 

Ph). 7.56 (1H, d, J 5.2, 5-H); &(CDC13) 14.49 (CH3), 14.54 (CH3). 25.20 (CH2, SCH2). 25.68 (CH2, 

SCH2). 54.73 (CH, C-2). 61.83 (CH3, OCH3), 70.79 (CH, C-3), 72.84 (CH, C-l), 73.48 (CH2, OCH2), 

81.11 (CH, C-4), 127.87, 127.92, 128.04 and 128.45 (all CH, all Ph, for mixture of E and Z isomers), 137.92 

(C, Ph), 149.33 (CH, C-5). 

Z isomer; a~(CDc13) 1.25 (6H, t, J 7.5, CH3), 2.56-2.72 (4H, m, SCH2), 3.91 (3H, s, OCH3). 4.0 

(lH, m, 2-H), 4.09 (lH, dd, J 8.0 and 3.0, 3-H), 4.12 (lH, d, J 3.5, l-H), 4.70 (lH, d, J 11, PhCHA), 

4.81 (lH, d, J 11, PhCHB), 5.17 (1H. dd, .I 5.3 and 3.0, 4-H). 6.91 (IH, d, J 5.3, 5-H). 7.35 (5H, m, 

Ph); Gc(CDC13) 14.49 (CH3). 14.54 (CH3), 25.20 (CH2, SCH2). 25.68 (CH2, SCH2). 54.77 (CH, C-2). 

62.11 (CH3, OCH3), 66.85 (CH, C-3), 73.06 (CH, C-l), 73.91 (CH2, OCH2), 80.16 (CH. C-4), 127.87, 

127.92, 128.04 and 128.45 (all CH, all Ph, for mixture of E and Z isomers), 137.92 (C, Ph), 151.25 (CH, C- 

5). 

(Found [Ml+ 373.13710. C17H27NO4S2 [Ml+ requires 373.13816) 

(2R,3R,4R)-3-O-Benzyl-2,4-diacetoxy-l ,I-diethylthiol-pentanal-O-methyl oxime 8: 

TO a stirred solution of the O-methyl oxime 7 (150 mg, 0.4 mmol) in anhydrous pyridine (3 cm3) under a 

nitrogen atmosphere was added a catalytic amount of 4-dimethylaminopyridine (5 mg, 4.1 x lo-5mol) followed 

by dropwise addition of acetic anhydride (0.18 cm3.0.19g. 1.9 mmol), the reaction was stirred at 40°C for 18 

hours. The excess pyridine was removed by azeotroping the reaction mixture several times with toluene under 

reduced pressure. Flash chromatography (light petroleum-EtOAc, 6:l) of the resulting residue gave 

(2R,3R,4R)-3-0-benzyl-2,4-diacetoxy-l ,I-diethyltttiol-pentanal-O-methyl oxime 8 (155 mg, 84 %, Rf 0.2) as 

a colourless, clear oil, the product being an inseparable mixture of E and Z isomers (2: 1, respectively); umax 

(neat)/cm-l 3033 (CHaryi), 2970 and 2933 (CHstr), 1753 (C=O,t& 1631 w (C=N,u). 1372 (OCOCH3): 

E isomer; sH(CDC13) 1.17-1.26 (6H, m, 2 x CH3), 2.08 (3H, s, OCOMe), 2.10 (3H, s, OCOMe), 

2.52-2.72 (4H, m, 2 x SCH2), 3.85 (3H, s, OMe), 4.12 (lH, d, J 4.2, l-H), 4.30 (lH, dd, J 7.6 and 2.4, 3- 

H), 4.67 (lH, d, J 11.2, PhCHA), 4.80 (lH, d, J 11.2, PhCHR), 5.34 (lH, dd, J 7.6 and 4.2, 2-H), 5.65 

(1H dd, J 6.4 and 2.4, 4-H), 7.33 (5H, m, Ph), 7.38 (lH, d, J 6.4, 5-H); sC(CDCl3) 14.13 (CH3). 14.32 

(CH3), 20.92 (CH3, OCOMe), 25.10 (CH2, SCH2). 25.54 (CH2, SCH2), 51.81 (CH, C-l), 61.90 (CH3, 

CCH3), 70.74 (CH, C-3), 72.40 (CH, C-2), 73.60 (CH2, OCH2), 79.22 (CH, C-4), 127.95, 127.99, 



Compounds related to the mannostatins 2161 

128.03, 128.33 and 128.41 (all CH, all Ph, for mixture of E and Z isomers), 137.47 (C, Ph), 145.16 (CH, C- 

S), 169.31 (C=O), 169.37 (C=O). 

Z isomer; 8H(CDC13) 1.17-1.26 (6H, m, 2 x CH3), 2.09 (6H, s, 2 x OCOMe), 2.52-2.72 (4H, m, 2 x 

gCH2), 3.94 (3H, s, OCH3), 4.10 (lH, d, J 3.0, l-H), 4.40 (lH, dd, J 8.6 and 1.8, 3-H), 4.61 (lH, d, .I 

11.2, PhCHA), 4.80 W-L d, J 11.2, PhCHR), 5.44 (lH, dd, J 8.6 and 3.0, 2-H), 6.29 (lH, dd, J 5.3 and 

1.8.4-H), 6.54 (1I-I d, J 5.3,5-I-I), 7.33 @H, m, Ph); GC(CDC13) 14.32 (CH3), 14.39 (CH3). 20.79 (CH3, 

OCOCMe), 25.54 (CH2, SCH2), 25.74 (CH2, SCH2), 52.08 (CH, C-l), 62.36 (CH3, OCH3), 66.55 (CH, 

C-3), 71.97 (CH, C-2). 72.62 (CH2, OCH2), 77.72 (CH, C-4). 127.95, 127.99. 128.03. 128.33 and 128.41 

(all CH, all Ph, for mixture of E and Z isomers), 137.38 (C, Ph), 145.70 (CH, C-5), 169.16 (GO), 169.82 

(C=O). 

(Found WI+ 457.15912. C2lH3lN06S2 [Ml+ re+pim 457.15929) 

(1R,2R.3Rj4R.5R) and ~1S,2R,3R,4R,5R)-3-0-Benzyl-2.4-diacetoxy-l-ethylthiol-5-O-methyl 

hydroxylaminocyclopentane , 10 and 11: 

Tributyltin hydride (0.19 cm? 7.22 x lO%r) and AIBN (49 mg, 3 x 10-4111) were added tc a solution of 

(2R,3R,~R)-3-O-ben~l-2,4-diacetoxy-l,I-diethylthiol-pentanal-O-methyl oxime 8 (55 mg, 1.2 x lo-4m) in 

anhydrous toluene (3 cm3) under dry nitrogen. After 90 minutes at 90°C the reaction mixture was allowed to 

cool and the solvent removed under reduced pressure. The resulting residue was dissolved in acetonitrile (10 

cm3) which was then washed with hexane (3 x 10 cm3). The combined hexane layers were backwashed with 

acetoninile (10 cm3), and the combined acetonitrile layers were concentrated under reduced pressure to afford a 

crude residue (91 mg). Flash chromatography (light petroleum-EtOAc, 4:l) gave the product (33mg, 70%, Rf 

0.16) as a viscous oil, being an inseparable mixture of the diastereomers (IR,2R,3R,4R,SR) and 

(IS,~R,3R,~R5R)-3-0-ben~~-2,4-diacetoxy-l-ethylthiol-5-O-methyl hydroxylaminocyclopentane 10 and 11 
(2.8:1 respectively); umax(neat)/cm-l 3249 (NH&, 2936 (CH&, 1740 (C=O,& 1375 (OCOCH3), 1233, 

1121 and 1040 (C-O,@); 

Major isomer: (lR,2R,3R,4R,5R)-3-benzyloxy-2,4-diacetoxy-I-ethylthiol-5-O-methyi 

hydroxyluminocyclopentune 10; 6H(CDCl3) 1.27 (3H, t, J 7, SCH2CH3), 2.03 (3H, s, OC0CH3). 2.04 

(3H, s, 0COCH3), 2.58 (2H, q, J 7, SCH2), 3.52 (lH, d, J 7.3, l-H), 3.52 (3H. s. 0CH3), 3.58 (lH, m, 

5-H). 4.34 (lH, t, J 5.3, 3-H), 4.50 (2H, s, PhCH2), 5.01 (1H. dd, J 7.3 and 5.3, 2-H). 5.18 (lH, dd, J 

5.9 and 5.3, 4-H), 6.13 (lH, d, J 3.7, NH), 7.33 (5H, m, Ph); GC(CDC13) 15.17 (CH3), 20.90 (CH3, 

OCOCH3), 25.25 (CH3, OC0CH3), 27.09 (CH2, SCH2), 49.29 (CH, C-l), 62.29 (OCH3). 63.52 (CH, C- 

5). 74.07 (CH, C-3), 74.34 (CH2, OCH2), 75.98 (CH, C-2), 77.53 (CH, C-4), 127.53, 127.66, 127.76, 

127.90 and 128.30 (all CH, ali Ph, for mixture of 10 and II), 138.0 (C, Ph), 170.35 (C=O), 170.36 (C=0). 

Minor isomer: (lS,2R,3R,4R,SR)-3-benzyloxy-2,4-diacetoxy-l -ethanethiol-Z-O-methyl 

hydroxyfuminocyclopentane 11; hH(CDCl3) 1.23 (3H, t, J 7.5, SCH2CH3), 2.06 (3H, s, OCOCH3), 2.13 

(3H, s, OCOCH3), 2.58 (2H, q, J 7.5, SCH2), 3.10 (lH, dd, J 10.2 and 4.6, l-H), 3.34 (lH, ddd, J 10.2, 

4.7 and 2.2, 5-H), 3.55 (3H, s, OCH3), 3.89 (lH, dd, J 7.0 and 4.0, 3-H), 4.50 (lH, d, J 11.3. PhCHA), 

4.60 (lH, d, J 11.3, PhCHB), 5.28 (lH, dd, J 7.0 and 4.7, H-4), 5.48 (lH, dd, J 4.6 and 4.0, 2-H), 6.04 

(lH, d, J 2.2, NH), 7.33 (5H, m, Ph); GC(CDC13) 14.95 (CH3), 20.94 (CH3, OCOCH3), 26.12 (CH3, 

OCOCH3), 26.62 (CH2, SCH2). 44.59 (CH, C-l), 62.81 (OCH3), 71.05 (CH, C-5), 72.32 (CH, C-3), 

72.63 (CH2, 0CH2), 73.32 (CH, C-4), 76.21 (CH, C-2), 127.53, 127.66, 127.76, 127.90 and 128.30 (all 

CH, all Ph, for mixture of 10 and ll), 137.84 (C, Ph), 170.36 (C=O), 170.87 (C=O). 
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(Found [Ml+ 397.15437. Cl9H27NG6S [Ml+ requires 397.15591) 
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