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TOTAL SYNTHESIS OF X HAPTEN, III3 Fuccu-nLc, Cer* 
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ABSTRACT 

Total synthesis of O-P-D-galactopyranosyl-(l->4)-O-[cy-L-fucopyranosyl- 

(I~3)]-0-(2-acetamido-2-deoxy-~-D-glucopyranosyl)-(l~3)-O-~-D-galactopyra- 

nosyl-(1~4)-O-~-D-glucopyranosyl-(l~l)-2-N-tetracosanoyl-(2S,3R,4E)-sphing- 

enine was achieved by use of the key glycosyl donors O-(2,3,4,6-tetra-O-acetyl-P_D- 

galactopyranosyl)-(1~4)-0-[(2,3,4-tri-O-acetyl-cY-L-fucopyranosyl)-(l~3)]-O-(2- 

acetamido-6-O-acetyl-2-deoxy-P_D-glucopyranosyl)-(1~3)-0-(2,4,6-tri-0-acetyl- 
R r\ ,7nl,,,-+,...,r,,,.7.,l\ /l A\ 3 2 I; r.4 /I ,,,+.,I ^. r. -1 ..,.,.__.r,.l_ . . ..I 
~-v-~alacrv~ylallu~yl)-~~~~)-~,~,u-Lll-u-~~GLyl-~-~-~lu~u~yl~llu~yl +-z-L’------4- LI IL‘IIUI “ctLc;L 

imidate and fluoride, as well as key glycosyl acceptor 3-0-benzoyl-2-N-tetracosa- 

noyl-(2S,3R,4E)-sphingenine, in an unambiguous manner. 

INTRODUCTION 

X-Antigen (LeX), III3 Fuccr-nLc, Cer, a glycosphingolipid containing the 

carbohydrate sequence occurring in lacto-N-fucopentaose III (ref. 2) was first 

isolated from human adenocarcinoma3 and the structure was proposed to be 1 from 

methylation and mass-spectrometric studies 4. Glycolipid 1 has also been shown to 

occur in hou ctnmnrh5 rlno srnxll-_nt&ne 6 b y ___._I_.. ) --D I_ ----- human brain’. human ervthrocvtes*, , ----_---- ______ , _______.__ --, ._~~ ~, 

human granulocytes9, and human plasma lo. The proposed structure 1 was further 

supported by *H-n.m.r. data both for permethylatedh and peracetylated’O deriva- 

tives. 

Owing to the biological significance of X-antigen, two approaches to the syn- 

thesis of antigenic trisaccharide have been reported”. Synthetic approaches to the 

type 2 hexotetraose back-bone structure, p-Gal-( l-+4)-@GlcNAc-( lt3)-P-Gal- 

(1+4)-Glc, have also been reported by using either the N,N-phthaloyl12 or 

oxazoline derivative13 of lactosamine as the key glycosyl donor. However, an 

approach to the total synthesis of X-antigen 1 has remained to be developed. As 

*Part 49 in the series “Synthetic Studies on Cell-Surface Glycans”. For Part 48, see ref. 1. Part of this 

work was presented orally at the annual meeting of the Agricultural and Biological Chemical Society of 
Japan (August, 1985, Sapporo), and also at the XIIIth International Carbohydrate Symposium (August, 
1986, Ithaca). 
+To whom enquiries should be addressed. 
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part of our project on the synthesis of glycosphingolipids, wc describe here the first 

total synthesis of X-antigen 1 in a stereocontrolled manner. 

Retrosynthetic analysis of Lex antigen 1 led to the glycopentaosyl donor equi- 

valent 2 and protected ceramide 3. Synthetic precursors for compound 2 may be 

designed as the glycotriosyl imidate 4 and the glycosyl acceptor 5. Among these 

key intermediates, ceramidc derivatives 3 (ref. 13j and hcx;l-O-benzyllactose 

derivative 5 (ref. 15) have already been reported. Therefore. we first dcscribc a 

synthesis of hcxotriosyl imidate 4, and then the USC of compound 4 as a key inrel-- 

mediate for the synthesis ok’ the target glycolipid 1 ilia glycopentaosyl donor 2. 

Scheme 1 

Regioselective benzylation of ally1 glycoside 6 (ref. 16) at the primary hydroxyl 

group was achieved in one flask, in 71% yield, by the stannyl method”, to give 

monobenzyl ether 7. An alternative approach via the benzylidene derivative of 6 

and subsequent reductive ring opening by use of the borane-trimethylamine 

complex in the presence of aluminium chloridelx also afforded 7 (in hl’k overall 

yield). Glycosylation of the diol system 7 with the imidate 8 (ref. 1’3) afforded a 

mixture of disaccharides 9, 10, and 11 in 33, 2.0. and 29% yield. respectively. The 

regiochemistry of 9 and 10 was assigned by ‘H-n.m.r. data, which contained the 

signals CN,Ph-6a as two doublets at 6 4.762 and 4.539 with 2JHt, 12.3 Hz for com- 

pound 9. and at 6 3.664 and 4.620, with ?JJ,,, 12.5 Hz. for compound 10, indicating 

the presence of more steric congestion around CH,Ph-(,a in compound 9 compared 
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with compound 10. The ‘H-n.m.r. spectrum of the acetylation product of 9 showed 

a deshielded signal for H-3a at 6 5.684, which was also in agreement with the 

assigned regiochemistry of 9. The structure of 11 was assigned as (l-3) by observ- 

ing a similar signal pattern for CH,Ph-6a in the spectrum of 10. The anomeric 

stereochemistry was evident from the ‘H- and ‘XI-n.m.r. data. A reasonable expla- 

nation for the formation of 11 as the major product from the glycosylation at OH-3 

of 7 with the imidate 8 is not yet available. 

The introduction of an t_-fucosyl group at O-3a of 9 was performed according 

to Liinn2” by using the methyl 1-thioglycoside 12, which was readily available from 

L-fucose (see the Experimental section). Thus, treatment of 9 with 12 in the 

presence of methyl triflate in ether afforded stereoselectively a 77% yield of the 

desired trisaccharide 13. Deallylation of 13 with palladium(B) chloride and sodium 

acetate in aq. acetic acid21 gave hemiacetal 14 in 66% yield. Treatment of 14 with 

trichloroacetonitrilez2 in the presence of 1 &diazabicyclo[5.4.O]undec-7-ene (DBU) 

afforded the desired imidate 4 in 67% yield. 

Having both the hexotriosyl donor 4 and the glycosyl acceptor 5 in hand, 

crucial glycosylation was examined in the presence of boron trifluoride etherate in 

dichloroethane. To our surprise, complete regioselectivity was observed in this 

case2j, and the (l-+3)-linked pentasaccharide 15 was isolated in 67% yield. The 

regiochemistry of 15 was readily assigned from the ‘H-n.m.r. data for pentaacetate 

16, obtained from 15 by acetylation, which revealed a deshielded signal for H-4b at 

s 5.445. 

Conventional protective-group modulation of 15 was performed to give the 

designed pentasaccharide donors, either 20 (38%) or 21 (19%), in 7 steps: (i) 

sodium methoxide in methanol, (ii) hydrazine hydrate and ethano124, (iii) acetic 

anhydride-pyridine-4-(dimethylamino)pyridine (DMAP), (iv) 10% palladium-on- 

6 R =: H 

7 R =E3n 

8 
Scheme 2 
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Fig. 1. 400-MHz, ‘H-n.m.r. spectrum of synthetic Le x antigen (1). The spectrum was recorded for the 

sample in 49: 1 Me,SO-de-D,0 after exchanging several times with Me,SO-D20 at 60”. 
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rated in vacua. Chromatography of the residue over SiO, in 1: 1 toluene-EtOAc 

afforded crystalline 7 (22.3 g. 71%); m.p. 116117”, [alp -27” (c 0.8); R, 0.36 in 

3:2 EtOAc-toluene; n.m.r. data: S, 5.222 (d, 1 H, J8.5 Hz, H-l), 4.638 (d, 1 H, 

J 12.2 Hz, CH,Ph), and 4.581 (d, 1 H, J 12.2 Hz, CH,Ph); 6, 97.5 (C-l) and 56.5 

(C-2). 

Anal. Calc. for C2,H,sN0,: C, 65.59; H, 5.73; N, 3.19. Found: C, 65.97; H, 

5.84; N, 3.09. 

(B) A mixture of compound 6 (20.3 g, 58 mmol), a,a-dimethoxytoluene (13.2 

g, 87 mmol), and TsOH. H,O (1 g) in DMF (100 mL) was stirred for 6 h at 60” at 

a pressure of 2.7-5.3 kPa. Et,N (1 mL) was added, the mixture was evaporated 

in VLZCUO, and a solution of the residue in EtOAc was washed successively with aq. 

NaHCO, and aq. NaCl, dried (MgSO,), and evaporated in vucuo to give crystalline 

ally1 4,6-0-benzylidene-2-deoxy-2-phthalimido-~-~-glucopyrano~~ide (22.6 g, 
88.5%); [a][, -36” (c 0.7), m.p. 184-186” (iPr,O); R, 0.58 in 2:3 EtOAc-hexane; 

n.m.r. d.ata: 6, 5.57 (s, 1 H, CHPh) and 5.16 (d, 1 H, J 9.2 Hz, H-l). To a stirred 

mixture of the benzylidene derivative (19.7 g, 45 mmol) and BH,.NMe, (19.7 g, 

270 mmol) in THF (400 mL) was added, portionwise, powdered AlCl, (35.9 g, 270 

mmol) at 20”. The mixture was stirred for 3 h at 20”, poured into ice-water, and 

extracted with EtOAc. The extract was successively washed with aq. NaHCO, and 

aq. NaCl, dried (MgSO,), and evaporated in vucuo. Chromatography of the residue 

over SiO, in 2:3 EtOAc-toluene afforded 7 (13.7 g, 69.3%). 

Ally/ 0-(2,3,4,6-tetra-0-acetyl-~-~-galactopyranosyl)-(l~4)-6-O-benzyl-2- 

deoxy-2-phthalimido-P-D-glucopyranoside (9), ally1 O-(2,3,4,6-tetra-0-acetyl-P-D- 

galactopyranosyl-(1~3)-6-O-benzyl-2-deoxy-2-phthalimido-P_~-glucopyranoside 

(lo), and ally1 0-(2,3,4,6-tetra-O-acetyl-a-~-galactopyranosyl)-{l~3)-6-O-benzyl- 

2-deoxy-2-phthalimido-/3-D-glucopyranoside (11). - To a stirred mixture of com- 

pound 7 (1.310 g, 3 mmol), imidate 8 (1.770 g, 3.6 mmol), and powdered molecular 

sieves 4A (3 g) in Cl(CH,),C1(30 mL) was added dropwise BF,.etherate (0.36 mL) 

under Ar, with cooling by a Ccl,-Dry Ice bath (-23”). The mixture was stirred for 

4 h at -23”, and filtered. The filtrate was successively washed with aq. NaHCO, 

and satd. saline, dried (MgSO,), and evaporated in vacua. Chromatography of the 

residue over SiO, in 1: 1 EtOAc-hexane afforded 9 (760 mg, 33%), 10 (50 mg, 

2.2%), and 11 (680 mg, 29%). 

Compound 9 had [a]u +15.1” (c 1.1); R, 0.60 in 3:2 EtOAc-hexane; n.m.r. 

data: 6, 5.80-5.68 (m, 1 H, -CN=CH,), 5.331 (d, 1 H, J 2.4 Hz, H-4b), 5.249 (d, 

1 H, J 8.5 Hz, H-la), 5.190 (dd, 1 H, J 7.9 and 10.4 Hz, H-2b), 5.141 (tdd, 1 H, J 

1.5, 2.2, and 17.4 Hz, =CH,), 5.064 (tdd, 1 H, .I 1.5, 2.2, and 10.4 Hz, =CH,), 

4.932 (dd, 1 H, J 3.7 and 10.5 Hz, H-3b), 4.762 (d, 1 H, J 12.2 Hz, CH,Ph), 4.539 

(d, 1 H, J 12.2 Hz, CH,Ph), 4.484 (d, 1 H, J7.9 Hz, H-lb), 4.411 (ddd, 1 H, J 1.5, 

8.2, and 10.7 Hz, H-3a), 4.286 (tdd, 1 H, J 1.5, 4.9 and 13.3 Hz, OCH,CH=), 

4.207 (dd, 3 H, J 8.6 and 10.7 Hz, H-2a), 3.972 (d, 1 H, J 1.5 Hz, H-3a), 3.907 (t, 

1 H, J 7.0 Hz, H-5b), 2.124 (s, 3 H, AC), 2.008 (s, 3 H, AC), 1.981 (s, 3 H, AC), 

and 1.923 (s, 3 H. AC); 6, 101.6 (C-lb), 97.5 (C-la), 82.2 (C-4a), 61.5 (C-6b), and 

56.1 (C-Za). 
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And. Calc. for C’,,H,,,NO,;0.5 HzO: c’. 58 60: H. 5.@: “rj~ 1.80. Found: C‘, 

58.40; H, 5.56; N, 1.80. 
Acetylation of 9 with Ac,O-C&N--DMAP affordeii the penta-0acetyi 

derivative & 9; is, 5.8-5.67 (m, 1 -H, C.N-CH,). 5.684 (dd, 1 II. .I X.X and 10.7 Hz. 

H-3a). 5.372 (cl, I t-f. .I X.3 I-k, H-la), 5.269 (ci, 1 H, .I 2.7 H/T. H-4b). 5.131 (tdd, 

1 H, J 1.5, 2.2, and 17.3 Hz, =CH,). 5.05Y (dd. i I-s, .B t.2 ;mci ifi..? Hz. =C.‘H,j, 

5.019 (dd, 1 H, J8. I and IO.5 HZ. H-2b). 3.S?O (d, 1 F1. J 12.2 HT. I’H,Ph). 4.814 

(dd. 1 I-I, ,132 and 10.5 ilz. H-3b), 3.515 (cl, ! M. ./ 12.7 Hz. C‘H:Ph), 3.475 (d, ! 

H. J H.l Hz. H-lb), 4.270 (dd. I H. J X.3 and IO.5 Hz. f-l-?;ri. J.“r ?J. 2.068. i.974. 

1.962. and 1.87X (5 s, 15 t-i, 5 Ac). 

Ad. Calc. for CsiHj3NOih: c‘. 50.3Y; H. 5.63; i\j. 1.S7. Fc,unti, C’. SY X.i: I-J. 

5.68; N, 1.73. 

C’ompound 11 had [LY]~~ +98.1” (c 0.7): R,,O.dO in 3:2 EtOAc--hcxane: n.m.r. 

data: 6, 5%5.h (m, 1 H, CH=C’H,), 5,181 (d. 1 t-1. JX.3 Hz. E-l-la), 5 175 (d, 1 H. 

.I 3.4 Hz, H-4h), 5. 1.34 (t. 1 H. J 9.5 HZ, H-4;1), 5.071 (t&i, 1 H. .I I .i. 2.2. and I :. li 

Hz. =CHz), 5.023 (d, 1 H. .I 4.6 Hz, H-lb). 5.01X (t&l. I t-i. .I i.5. ‘2, and IO.4 

Hz, =CH,). 3.043 ((id. 1 H. .I 3.3 and 10.7 Hz. H-.%I), 4.755 (&. I H. .I (-1.2 and 

10.7 Hz, H-3a), 4.560 (d. 1 H, .I 1 I.!, Hz. CHzPh), 1.526 jd. i f-ii. J 1 I.0 Hz, 

CH,Ph), 4.345 (dd, 1 El, .I X.5 and 10.7 Hz. H-2a). 1.267 (t&i. 1 1-i. .I’ 1.S. 5.2. md 
13.1 Hz. OCI-I,CIH-). 4.014 (dd. 1 H. .I 6.1 and 12.8 Hz. iX‘~I.C”t-r--). l.Wh (4. 3 

I-I. Ac). 1.085 (s. 3 H. Ac). 1.Y67 (s. 3 F-l. Ac). anti I,%?7 (s, i H, Ac): ii, 101.4 

(C-lb. ‘Jet, 173.1 Hz)., 07.3 (C--la. II,.,, 163.5 I-121. 78.0 (C-.J;i). i;Y 0 ((‘-hit), ;lnd 

55.7 (C-2aj. 

Anal. d’alc. for C,,H,,NO,,~~0.5 H,O: C, 58.60; H. 5.69: N, I.SO. Funnel: (‘. 

58.50: F-1. 5.50: N. 1.76. 

Methyl 2,.?,4-tri-0-~~~c~t~~l-l-thio-i~-~.-Ji~c~n~~_~r~~n~~.~i~~e, --.- To ;t stirred solution 

of 3,3,4-tri-O-acetyl-I.-fucopyranovyl acetate (3.3 g, 10 mmol) itntl Nu,SnSMe (3.X 

g, IO.5 mmol) in CI(CFI,),CI (40 mL) was added SnCl, ( 1 .-I- mh.) at --5”. The miu- 

ture was stirred for 4 h at 10”. evaporated itz L‘CIMO, and the residue diluted with 

EtOAc. ‘The solution was successively washed with aq. Kt; anti aq. ~a(~‘], dried 

(MgSO,), and filtered. The filtrate was evaporated it) IXC‘!IO. ~2nd ~br-rllnato~raphy 
of the residue over SiO, rn 2: I hcxane-EtOAc afforded the (Y (1 ! g_ :Jj”;, 1 anri p 

‘- arwmcr (1 .ti g. %‘%,). 

Th4~ LY uwrner had m.p. 8&81”. lain -222” (c. 1.2): R, 0.5 in I :2 Et(>,&-- 

hexane: n.m.r. data: 6,, 5.77 (ci. 1 H,J3.3 Hz, H-1). 2.16. .1.07, 2.05. 1.~ (4 4, I?. 

H, 3 AC), and I. 17 (d. 3 111. ./ 6.6 Hz. (.‘H(‘N,). 
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Anal. Calc. for C,,H,,O,S: C, 48.74; H, 6.29; S, 10.01. Found: C, 48.82; H, 

6.28; S, 10.07. 

The /3 anomer had [cz]n -0.7” (c l.O), m.p. 139-141”; R, 0.43 in 1:2 EtOAc- 

hexane; n.m.r. data: 6n4.35 (d, 1 H,J9.4Hz,H-1),2.19,2.17,2.07, 1.99(4s, 12 

H, 4 AC), and 1.22 (d, 3 H, J 6.6 Hz, CHCH s). 

Anal. Calc. for C,,H,,O,S: C, 48.74; H, 6.29; S. 10.01. Found: C, 48.75; H, 

6.27; S, 9.87. 

Methyl 2,3,4-tri-0-benzyl-I-thio-/3-L-fucopyranoside (12). - A solution of 

methyl 2,3,4-tri-O-acetyl-l-thio-P-L-fucopyranoside (27.2 g, 85 mmol) in 0.01~ 

NaOMe-MeOH (350 mL) was stirred for 4 h at ZO”, made neutral with Amberlyst 

15, and evaporated to a solid residue (17.4 g). To a suspension of NaH (60%) 16 g, 

320 mmol) in DMF (200 mL) was added portionwise this solid (15.5 g, 80 mmol), 

the mixture was stirred for 30 min at 20”. To this mixture was added dropwise 

PhCH,Br (38 mL, 320 mmol) at O-5”, and the mixture was stirred for 16 h at 20”. 

The usual processing, and chromatography over SiO, in 10: 1 hexane-EtOAc, af- 

forded 12 (33.5 g, 90%); [a],, -0.2” (c 1.5); R, 0.50 in 4: 1 hexane-EtOAc; n.m.r. 

data: S, 7.5-7.2 (m, 15 H, aromatic) and 1.20 (d, 3 H, .I 6.4 Hz, CHCH,). 

Anal. Calc. for C,,H,,O,S: C, 72.38; H, 6.94; S, 6.90. Found: C, 72.44; H, 

6.91; S, 6.65. 

Ally1 0-(2,3,4,6-tetra-O-acetyl-~-D-ga~actopyranosyl)-(1~4)-0-[(2,3,4-tri-O- 
benzyl-a-~~-fucopyranosyl)-(1~3)]-6-0-benzyl-2-deoxy-2-phthalimido-p-D-gluco- 
pyranoside (13). - To a stirred mixture of compound 9 (154 mg, 0.2 mmol), com- 

pound 12 (139 mg, 0.3 mmol), and molecular sieves 4A (500 mg) in Et,0 (6 mL) 

was added MeOSO,CF, (70 pL). The mixture was stirred for 16 h and filtered. The 

filtrate was washed with aq. NaCI, dried (MgSO,), and evaporated in vacua. 
Chromatography of the residue over SiO, in 6:l toluene-EtOAc afforded 13 (182 

mg, 76.8%); m.p. 164-165” (from MeOH), [(~]o +3.3” (c 0.9), R, 0.56 in 1:l 

hexane-EtOAc; n.m.r. data: 6,5.7-5.58 (m, 1 H, -CH=CH,), 5.218 (d, 1 H, J2.7 

Hz, H-4b), 5.097 (d, 1 H, J 8.5 Hz, H-la), 2.017, 2.008, 1.947, 1.816 (4 s, 12 H, 4 

AC), and 1.193 (d, 3 H, J6.6 Hz, CHCH,); 6c99.7 (C-lb, ‘Jcn 164 Hz), 97.6 (C-la, 

‘JCH 161 Hz), 97.6 (C-lc, ‘J,, 169 Hz), 60.5 (C-6b), 56.5 (C-Za), 20.7 (COCH,), 

and 16.8 (CHCH,). 

Anal. Calc. for C,,H,,NO,,: C, 65.81; H, 6.03; N, 1.18. Found: C, 66.20; H, 

6.16; N, 1.24. 

0-(2,3,4,6-Tetra-O-acetyl-P_D-galactopyranosyl)-(l~4)-O-[(2,3,6-tri-O-ben- 
zyl-a-~-fucopyranosyl)-(1~3)]-6-O-benzyl-2-deoxy-2-phthalimido-D-g~ucopyranose 
(14). - A mixture of compound 13 (443 mg, 373 pmol), PdCl, (318 mg, 1.8 mmol), 

and NaOAc (147 mg, 1.8 mmol) in 95% aq. AcOH (6 mL) was sonicated by an 

ultrasonic cleaner (Tocho) for 16 h, and filtered. The filtrate was diluted with 

CHCl,, successively washed with water, aq. NaHCO,, and aq. NaCl, dried 

(MgSO,), and filtered. The filtrate was evaporated in vucuo, and chromatography 

of the residue over SiO, in 3:2 toluene-EtOAc afforded 14 (280 mg, 65.7%); R, 
0.43 in 1:l toluene-EtOAc; n.m.r. data: S, 5.222 (d, 1 H, J 3.4 Hz, H-4b): 1.233 
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evaporated in vacua. Chromatography of the residue over SiO, in 1:2 acetone- 

toluene afforded 22 (4.5 mg, 21%) and 19 (7.2 mg, 48%). 

Deprotection of compound 22. - A solution of compound 22 (3.1 mg, 1.42 

pmol) in 1: 1 MeOH-THF (1 mL) containing 0.1~ NaOMe-MeOH (140 pL) was 

stirred for 16 h at 20”, made neutral with Amberlyst 15, the suspension filtered, and 

the filtrate evaporated in vacua. Chromatography of the residue over Sephadex 

LH-20 in 60:40:4.6 CHCl,-MeOH-H,O afforded 0-/3-D-galactopyranosyl-(l-+#)- 
0- [a - L - fucopyranosyl - (l--+3)] - 0 - (2 - acetamido - 2 - deoxy - /3 - D -glucopyrano.syl) - 
(1~3)-0-~~-~-galactopyranosyl-(1~4)-0-~-~-glucopyranosyl-(l~l)-2-N-tetra- 
cosanoyl-(2S,3R,4E)-sphingenine (1; 2.1 mg, quantitative); [a],, -23” (c 0.1, 

MeOH);R,,O.58in2:1:lBuOH-EtOH-H,C;n.m.r.data: 6,(49:1Me,SO-d,-D,O, 

60”) 5.545 (td, 1 H, .I 6.9 and 15.0 Hz, H-Seer), 5.409 (dd, 1 H, .I 7.6 and 15.0 Hz, 

H-4cer), 4.897 (d, 1 H, J 2.4 Hz, H-le), 4.774 (d, 1 H, .I 7.6 Hz, H-lc), 4.562 (m, 

1 H, H-5e), 4.312 (d, 1 H, .I 7.0 Hz, H-lb*), 4.294 (d, 1 H, J 7.0 Hz, H-ld*), 4.177 

(d, 1 H, J 7.9 Hz, H-la), 2.044 (t, 2 H, J 7.3 Hz, COCH,CH,), 1.951 (m, 2 H, 

H-6cer), 1.834 (s, 3 H, NAc), 1.044 (d, 3 H, J 6.4 Hz, H-6e), and 0.860 (t, 6 H, .I 

7.0 Hz, 2 CH,CH,); lit.?*: S, (49: 1 Me,SO-d,-D,O, 55”) 4.876 (d, 1 H, J 4.3 Hz, 

H-le), 4.778 (d, 1 H, J7.9 Hz, H-lc), 4.590 (q, 1 H, J6.7 Hz and 1.5 Hz, H-5e), 

4.295 and 4.280 (d, 1 H, J 7.3 Hz, H-lb and H-ld), and 4.206 (H-la). 
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