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Abstract: Iodonium ion (NIS/T’fOH)-asslstcd glycosylation of a sugar acceptor with pmperly protected ethyl (phenyl) 2- 
O-phenoxythiocarbonyl 1 -Go-P-D-gluco- or 1 -thio-n-D-mannopyranoside donors gtves the respective 1,2-rrutts linked 2’- 
ethyl (phenyl) thio-2’-deoxy-a-D-manno- or g-D-glucopyranosides. 

Introduction 

It is well-established now that the presence of a stereospecific (a or j3) interglycosidic bond between a 2- 

deoxyoltgosaccharide (glycon) and a heterocyclic moiety (aglycon) is a characteristic structural element of an 

interesting class of antitumor antibiotics (e.g. aureolic acids and chalicheamycin/esperamycin families). A 

successful synthettc route to thts class of important antibiotics requites inter alia a reliable and general procedure 

for the stereocontrolled construction of 2-deoxyoligosaccharides having a- and (or) P-linkages. In order to 

achteve this goal a plethora of methods’-5 for the stereocontrolled formation of a- or P-glycosidic 2- 

deoxyglycosides has been devtsed. For example, introduction of a 2-deoxy-a-glycosidic union can be 

accomplished ts2 by electrophile-mediated addition of an acceptor molecule to the double bond of a glycal and 

subsequent removal of the resulting axially orientated substttuent at C-2. A similar approach has also been 

adopted394 for the synthesis of 2-deoxy+-glycosides. However, the stereochemical outcome of the glycal 

approach strongly depends, especially so m the case of 2-deoxy+-glycosidic bonds, on the nature of the 

electrophtltc agent. In a recent report, Ikegamt er al 6 showed that the latter drawback could be offset by using 2- 

deoxy-2-[@-methoxyphenyl)thio]glycopyranosyi N,N,N’,N’-tetramethylphosphoramidites as glycosyl donors tn 

the formation of 2-deoxy-P-glycosides. On the other hand, a highly stereocontrolled glycostdation methodology 

for both 2,6-dideoxy a- and P-glycostdes based on the combined appltcation of “armed” 2,6-anhydro-2-thio 

glycosyl donors and “disarmed” 2,6-anhydro-2-sultinyl glycosyl acceptors, both of which have the same type of 

leaving group at the anomeric center, was recently published by Toshima er al 7.2d 

We here report a stereospectftc synthesis of 2-deoxy a- or P-glycostdes by N- 

iodosucctntmide/trifluoromethanesulfomc actd (NIS/TfOH)-promoted glycostdation of ethyl (phenyl) I- 

thioglycosides having at C-2 a tram onentated phenoxythtocarbonyl group 

6501 
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Results and discussion 

Preliminary studies8 from this laboratory revealed that NIWTfOH-promoted glycosidation of ethyl (phenyl) 

2-O-phenoxythiocarbonyl (PTC) 1-thioglycosides with a glycosyl acceptor (R’OH). proceeded predominantly via 

the intermediate episulfonium ion C in Scheme 1. For instance, iodonium ion-mediated activation of an ethyl 

(phenyl) 2-O-PTC mannosyl derivative A in the presence of I+-ions affords intermediate B. Intramolecular 

nucleophilic substitution of the activated thiocarbonyl species B by the anomeric ethyl (phenyl) thio group gives 

the episulfonium ion C, which is opened from the p-face by an incommg alcohol @‘OH), to furnish exclusively 

the &co type g-linked saccharide E. 

Scheme 1 
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In order to study in detail the scope of the new approach, the PTC-derivatives 3,6,9 and 12 were chosen 

as donors for the glycosylation of the known terminal galactosyl (i.e. compounds 13-14) and glucosyl (i.e. 

compound 15) acceptors. The respective mannosyl and glucosyl donors 3,6 and 9, 12 were readily accessible 

by the sequence of reactions depicted in Scheme 2. Thus, saponification of the known9 mannopyranosides l(4) 

followed by acylation of the individual secondary hydroxyl groups in 2 (5) with PTC-C1r” afforded the PTC- 

donors 3 (6) in 81% (82%) overall yteld. On the other hand, regioselective benzylationtt of the diol derivative 

Scheme 28 

C(S)OPh, R = Et 

C(S)OPh, R = Ph 

,:: E’““~~R”““-Ph 

11R -H,R =Bn,R=Ph 

12 R’ C(S)OPh, Rz = Bn, R = Ph 

‘Key: (I) NaOMe, MeOH (2 and 5, quant.): (il) CIC(S)OPh, DMAP, CH,CN (3, 81%: 6, 82%: 9, 80%; 12, 82%). (III) BuzSnO, 
MeOH, A. then BnBr, CsF, DMF (8.65%: 11.66%) 
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Table 1 Results of NIS/TfOH-promoted glycosidations of 2-O-FTC-thioglycosides 3,6.9 and 12 

Entry Donor Acqtor Tie Disaccharide 
Win) 

Yield(Q) 

2s 

3 13 

9 13 

6 i3 50 

4a 12 13 

9 6 14 

6b l2 15 

OMe 

10 

10 

18 

60 

OBn 

I5 B~w&~@OM~ 

SPh 

20 

OMe 

85 

85 

75 

71 

61 

67 

aDonor (0 3 mmol) and acceptor (0.25 mmol) m (CH,Cl)?/cther, l/l (5 mL) 
bDonor (0.3 mmol) and acceptor (0.25 mmol) in (CH,Cl)&thcr, l/l (1 mL) 

mentioned before, yielded predominantly glycal 22. Fortunately, it was established that execution of the reaction 

with a high concentration of reactants had a beneficial effect on the condensation. Thus, disaccharide 20 was 

now isolated in an acceptable yield (see entry 5) and the rate of the reactton was comparable with those observed 

for the ethyl I-thioglycosides 3 and 9 (c$ entries l-2 tn Table 1). Likewtse, glucopyranosyl donor 12 was 
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Scheme 3* 
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, ,2SR;,R~=R~=s:=Ac 29 R’ = R’ - H, R2.R3 CM% 

I, c:;;, i;2:;3:;;;4==THBDMS 

28 R’ = R2 = R3 = Bz, R’ = H J ,,, ‘: &: 5;5:“;1,, 

*Key: (I) NaOMe, MeOH, then TBDMSCVC~H~N (72%); (h) BzCI/CSHSN, then p-TsOH, CH$N, Hz0 (92%); (in) BnBr, NaH, 
DMF,p-TsOH, CH$N, Hz0 (77%); BzCI/C~H~N, then HOAc/H20 [4:11,5ooC (87%); (v) (CH,O)&CH3,pTsOH, CH&N, then 
HOAc/HzO [s: 11, (85%). 

. 

readily glycosylated by the rather mreactive HO-4 of glucose acceptor 15 to furnish drmer 21 (see entry 6). 

At this stage, we were anxious to find out whether the phenyl2-O-PTC-1 -thiomannopyranosyl donor 6 

could be coupled with the non-termmal acceptors 24,27,28 and 31. Interestingly (see entry 1 in Table 2) 

NlSflfOH-promoted glycosidation of donor 6 with the phenyl 1 -thiomannopyranosyl acceptor 27, prepared in 

three steps (see Scheme 3) by regioselective silylation of 251’ (+26) with r-butyldimethylsilyl chloride 

(TBDMSCI) followed by benzylation and then acid-hydrolysis of the TBDMS group Qd not proceed as expected: 

fast disappearance of acceptor 27 was observed as gauged by TLC-analysts. A similar event took place in the 

Table 2 Results of NIS/TfOH-promoted glycosldattons of 2-O-FTC-thtoglycoside 6 with non- 

terminal acceptors 24.27.28 and 31 

Entry Donor Acceptor Trme 
(nun) 

Product Yield(%) 

1 6 

2 6 

3 6 

4 6 

im 
24 

28 SPh 

SPh 

BnO 

0 
RllO +G HnO 

SPh 
22 

70 
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condensation of 6 with “disarmed” ethyl thioglucopyranosyl acceptor 241s (entry 2). These rather disappointing 

results urged us to use phenyl I-thm-a-D-mannopyranoside 28, obtained by benzoylation of 26 followed by 

removal of the TBDMS group, as acceptor in the glycosylation. It can be seen in entry 3 that 28 was readily 

glycosidated by 6 to give the expected B-linked dimer 32, which in turn is amenable to further elongation, in an 

acceptable yield. Unfortunately, NIS/TfOH-promoted glycosidation of mannosyl donor 6 with the secondary 

hydroxyl in the less reactive partially acylated acceptor 31, prepared (see Scheme 3) by benzoylation of 2919 

followed by acid-hydrolysis of the isopropylidene group (+30) and then regioselective acetylation20, yielded 

predominantly the glycal derivative 22. 

Scheme 4a 

R3Jw SE1 

OR’ 

,3 NIS/T~H 

. . 
bBn 

+ 

~=::f;=C;;;“=‘,=,n L 

~36R’;H.R2~R3=Bn 

37 R’ - OC(S)OPh, R2 = R3 = Bn 

Hz0 

OMc 

‘Key: (i) NaOMe, MeOH, then (MeOkCMq, acetone, p-TsOH (XS%); (II) BnBr, NaH, DMF, then HOAc/H,O [4:1], WC (89%); 

(111) BtGnO. MeOH, A, then BnBr, CsF, DMF ( 64%): (IV) CIC(S)OPh. DMAP, CH,CN (77%) 

The results thus far obtained, clearly show that alkyl (aryl) 2-0-PTC-I-thioglycosyl donors having a rrurQnr 

orientated PTC-group are promising synthons for the future assembly of both a- and p-glycosides. In order to 

explore the fate of an 1,2-~1s alkyl 2-0-PTC-I-thio derivative, we prepared the L-rhamnosyl donor 37 by the 

sequence of reacttons outhned in Scheme 4. Thus, Zemplen deacetylanon of ethyl 2,3,4-tn-O-acetyl-l-thio-a-l- 

rhamnopyranoside (33)*l and subsequent acetonatton yielded denvattve 34. Benzylatton and acid-hydrolysis 

(-+35) followed by regioselective benzylattontt, and then treatment with PTC-Cl, gave the requisne donor m 

34% overall yield. NIS/TfOH-assisted condensation of 37 with the parttally benzylated galactosyl acceptor 13 

gave, after work-up (10 min) and purification, two main products, one of which was in every aspect identical 

with the known** 3,Ganhydro dertvattve 39 On the other hand, the structure of the other product was in 

complete accordance, as evtdenced by NMR and LC-MS analysis, with the carbonate denvative 38. The 
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formation of these products may be rationalized by the rapid glycosylanon of 37 with 13 to give the putative 

intermediate G (see Scheme 4), which may either hydrolyse or decompose slowly via an intramolecular 

substitution (see arrows) to give 38 and 39, respectively. 

In conclusion, NISflK)H-mediated glycosidation of ethyl (phenyl) I-thioglycosides with a frans orientated 

PTC group at C-2 presents a stereocontrolled route to both a- and P-linked 2-deoxyglycosides. However, this 

glycosldation procedure is most effective when reactive acceptors are used. At present, we are exploring the ethyl 

(phenyl) 2-0-PTC-1-tlnoglycosides-iodonium ion glycosidatlon approach towards the preparation of naturally 

occurring 2-deoxyoligosaccharides. 

Experimental 

General methods and mutertals -Acetonitrile was dried by boding over CaH2 (5 g/L) and then distilled. 1,2- 

Dichloroetbane was distilled from P205. DMF was stirred with CaH2 at room temperature and distilled under reduced 

pressure. Ether was distilled from LiAIH4 Acctonitrilc and DMF were stored over molecular sieves 4A (Aldrich). Ether was 

stored over sodium wire and l,2-dlchloroethanc over alumma. Schlclcher and &hull DC Fertigfohen F 1500 LS 254 were 

used for TLC. Compounds were detected by chaning with 20% sulfuric acid in methanol Optlcal rotattons were recorded at 

2BC with a Perkin-Elmer 241 polanmetcr for solutions in CHCl3. unless stated otherwise. Column chromatography was 

performed on slhca gel 60 (230-400 mesh, Merck) Gel pcrmeatlon chromatography was performed on Sephadex LH20 

(Pharmacia). ‘H NMR spectra (300 and 400 MHz) wcrc rccordcd at 25°C wtth a Bruker WM 300 or 400 MSL 

spectrometer t3C NMR spectra (50 MHI.) were recorded wnh a Jeol JNM-FX 200 spectrometer. tH and t3C chemical 

shifts (6) are given m ppm relative to that of’ McdSi (CDCl3) The hquld chromatography mass-spectra (LC-MS) were 
recorded in the positive ion mode on a TSQ 70 tnplc quadrupolc spcctrometcr cqulpped with a HP 59980A Particle Beam 

LC/MS interface using ammonia for chemical lomsation 

Ethyl 3,4,6-tri-O-benzyl-2-O-phenoxythiocarbonyl-l-thio-~-D-mannopyranoside (3).-Sodium 
methoxlde (80 mg) was added to a solunon ot l9 (3 7 mmol. 1 8 g) m McOH (30 mL) After 2h at room temperature, the 

mixture was neutralised with Dowcx (H+ form), liltcrcd and conccntratcd A solution of the residue, DMAP (7.4 ymol, 904 

mg) and phenoxythlocarbonyl chlondc (4.4 mmol. 752 mg) was stlrred lor 16h at mom temperature, when TLC (98:2 

CH$$-acetone) showed the reaction to bc complctc The reaction mixture. was diluted with CH2C12 (50 mL), washed with 

M NaHzPO, (25 mL) and water (25 mL), dried (MgS04). and conccntratcd Column chromatography [I:0 to 2.1 light 

petroleum (bp 40-60°C)-ether] ylcldcd 3 (I 9 g, 81% based on I), [*lo +26” (c 1). tH NMR (CDC13) 6 1.27 (t, 3H, 

SCH2CH3, J 7 4 Hz), 2 65 (AB. 2H, SCH2CH3), 3 68 (dd, IH, H-3, J7>49 4 Hz), 3 81 (dd, IH, H-6, Js,a4.4 Hz, J6.6 

IO 8 Hz), 3 92 (t. lH, H-4, J4,5 9 5 H/), 4 01 (dd, 1 H. H-6’. .I q,6 3.1 HA), 4 20 (m, IH, H-5), 4.44-4.88 (AB, 6H, 

OCHzPh), 5.61 (d. IH, Jt.2 I 6 Hz), 5 X4 (dd, IH, H-2, J2.7 3 2 HI), 7 12-7 98 (m, 20H, H,,,,,).13C(1H)NMR 

(CDC13) 6 14 6 (SCH2CH3), 25 3 (SCH2CH1), 6X 4 (C-6). 71 7, 73 0, 74 8 (OCH:Ph), 71 8, 74.4, 78 I, 80.4 (C-2, C- 

3.C-4,C-5),809(C-1). I21 9-1391 (CH.,,,), 1372, 1377, 1380, lS3O(C,,,,,), lWO(C=S). 

Phenyl 3,4,6-tri-U-benzyl-2-O-phenoxythincarbonyl-l-thio-n-D-mannopyranoside (6).-Prepared 
fmm 49 as described for 3,6 (82% based on 4) had [r~]~) +14” (C 1) 17C[tH)NMR (CDC13) 6 68.5 (C-6). 71.9, 73.1, 

75.1 (OCH2Ph), 72 4, 74.5, 78.1, 800 (C-2, C-3, C-4, C-S), X4 9 (C-l), 121 6-131.9 (CH,,,), 137.2-153 I (C.,,), 

194.0 (C=S). 

Ethyl 3-U-benayl-4,6-0-ben~ylidene-l-thio_P-D-~lucopyranoside (8).-A mixture of compound V2 (5 

mmol, 1.6 g) and dibutyltin oxide (6 mmol, 1 5 g) in McOH (30 mL) was mtluxcd Alter 4h at mom temperature. the 

reacllon mixture was concentrated tn VULUO The rcsiduc was dissolved m DMF (30 mL) and ben7yl bromide (6.0 mmol, 

I 0 g) and CsF (6.5 mmol, 990 mg) wcrc added After stnnng for I6h at room tcmpcraturc, the reaction mixture was 
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concentrated. The residue was dissolved in CHzCl2 (50 mL), washed with M KF (25 mL), dried (MgSO.+), and 
concentrated. Column chromatography [l:O to I:3 light petroleum (bp 4O&PC)-ether] afforded 8 (1.3 g, 65%). [aID -410 

(c 1). ‘3C{‘WNMR (CDcl3) 6 15.1 (sa2a3), 24.4 (SCHFH$, 68.4 (C-6), 70.5.72.8, 81.0.81.4 (C-2, C-3, C-4, 

C-5). 74.5 (OCHzPh), 86.4 (C-l), 101.0 (CHPh), 325.8-128.8 (CH,,,), 137.1. 138.2 (C,_.). 

Ethyl 3-O-benzyi-4,6-0-benzylidene-2-O-phenoxy~hiocarbonyl-l-thio-~-D-glucopy~noside (9).- 
To a sth’n?d SohttiOn Of compound 8 (3.3 mmol, 1.3 g) ‘and DMAP (6.6 mmol, 806 mg) in CH3CN (25 mL) was added 

Phenoxythiocatinyl chloride ( 4.0 mmol. 684 mg). After 16h at mom temperature, the reaction mixture was concentrated 
to dryness. The residue was dissolved in CH2C12 (50 mL), washed with M NaH2P0., (25 mL), water (25 mL), dried 

(MgSW and concentrated. Purification of the residue [1:0 to 1:l light petroleum (bp 40-6oOC)-ether] gave 9 (1.4 g, 

809b), [aID -45“ (C 1). 13C(‘H)NMR (cDc13) 6 14.7 (SCH$H& 24.8 (SCH,CH3). 68.4 (C-6). 74.5 (OCH2Ph) 70.5, 

80.0, 80.7, 81.1 (C-2, C-3, C-4, C-5). 83.9 (C-l), 101.1 (CHPh), 121.8-129.4 (Cl-l.,,), 136 9, 137.9. 153.4 (C,,,), 
194.5 (C=S). 

Phenyl 3-0-benzyl-4,6-0-benzylidene-l-thio-~-D-glucopyranoside (II).-Prepared from 1012 as 
described for 8.11 (66%) had [a]n -36O (c 1). 13C( lH)NMR (CDCl3 6 68.5 (C-6), 70.5, 72.1. 80.9, 81.5 (C-2, C-3, 
C4. C-5). 74.7 (OCH2Ph). 88.3 (C-l), 101.1 (CHPh), 125.9-138.1 (CH,, , C.,,). 

Phenyl 3-O-benzyl-4,6-0-benzylidene-2-O-phenoxythiocarbonyl-l-~hio-~-D-glucopyranoside 
(12).-kpared from 11 as described for 9,12 (82%) had [a]o +15O (c 1). ‘H NMR (CDCl3) 6 3.54 (m, lH, H-5), 3.83 

(t. lH, H-4,54,5 10.3 Hz), 3.85 (t, lH, H-6, Jsb. = &,@9.3 Hz), 3.97 (t, lH, H-3,53,4 9.0 Hz), 4.40 (dd, lH, H-6’, Js.~ 

5.0 Hz), 4.86 (AB, 2H, OCHzPh), 4.90 (d, 1H. H-l, J~J 10.1 Hz), 5.70 (dd, lH, H-2, J2.3 8.6 HZ), 7.1X-7.57 (m, 2OH, 
H ,rnn ).t3C(‘H)NMR (CDC13) 6 68.0 (C-6). 70.0 79 7, 80.4, 80.5 (C-2, C-3, C-4, C-5), 74.2 (OCH2Ph), 86.4 (C-l), 

100.7 (CHPh), 121.5-131.9, 132.5-153.2 (CH,, , C,,,), 194.1 (C=S). 

Phenyl 6-O-terf-butyldimethylsilyl-l-thio-a-D-mannopyranoside (26).-To a solution of 2517 (4.9 
mmO1, 1.3 g) in MeOH (30 mL) was added sodium methoxide (20 mg). After 1 h at mom temperature, the mixture was 

neutralised with Dowex (H+ form), filtered and concentrated. The rcslduc was dissolved in pyridine (30 mL) and TBDMSCI 

(5.9 mmol, 886 mg) was added. After 2h at mom temperature, the reaction mixture was dtluted with CH2C12(50 mL). 

washed with water (25 mLh 0.9 M NaHC03 (25 mL), dned (MgSO.& and conccntratcd. Column chromatography (95:5 
CI-V&-MeOH) afforded 26 (1.4 g, 72%), 1~4~ +147O (c 1) W[‘H)NMR (CDC13) 6 14.1 (CH3S1), 18.3 ((CH3)3C), 

25.9 ((CH3)3C). 64.3 (C-6), 70.0, 72.0, 72.2. 72.3 (C-2, C-3, C-4, C-5). X7 9 (C-l), 127.2-131.4 (CH.,,), 134.1 

(Gem 1. 

Phenyl 2,3,4-tri-O-benzyl-l-thio-a-D-mannopyrannside (27).-To a stmed solution of compound 26 (2 

mmol, 720 mg) in DMF (20 mL) was added sodium hydride (7.8 mmol. 312 mg 60% suspension) and henzyl bromide (7.2 
mmol, 1.2 g). After 3h at room temperature, McOH was added and the mixture dllutcd with CH2C12 (20 mL), washed with 
water (2x 10 mL), dried (MgSO& and concentrated The rcslduc was redissolved in CH3CN (4 mL) and water (1 mL). p- 

TsOH (10 mmol, 1.7 g) was added and the reaction mlxturc stwred for lh at mom tcmpcrature. The mixture was diluted 
with CH$& (20 mL), washed with 0.9 M NaHC03 (10 mL), water (10 mL), dried (MgS04), and concentrated. Column 

chromatography (97:3 CHzClz-acetonc) gave 27 (835 mg, 77%). [alo +W” (c 1). 13C[ lH]NMR (CDC13) 8 61 7 (C-6). 
71.9. 72.1, 75.0 (OCH2Ph). 73.2, 74.4, 76.2, 79.8 (C-2, C-3, C-4, C-S), 85.8 (C-l), 127.3-131.5 (CH,,,). 137.5, 

137.9, 138 1 (C.,, ). 
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Phenyl 2,3,4-tri-O-benzoyl-1-thio-a-D-mannopyranoside (28).-A solution of compound 26 (3.5 mmol, 
1.4 g) in pyridine (25 mL) and benzoyl chloride (13.7 mmol, 1.9 g). was stirred for 4h at mom temperature, then water (1 

mL) was added and the mixture concentrated. A solution of the residue in CHzClz (40 mL) was washed with 0.9 M 
NaHCOs (20 mL), water (20 mL), dried (MgSO& and concentrated. To a solution of the residue in CH3CN (4 mL) and 

water (1 mL) was added p-TsOH (18 mmol, 3.1 g). After OSh at mom temperature, the mixture was diluted with CHzClz 

(30 mL), washed with 0.9 M NaHC03 (15 mL), water (15 mL). dried (MgSO& and concentrated. Column 

chromatography (97:3 CHzClz-acetone) gave 28 (1.9 g, 92% based on 26). [o]n -26O (c 1). r3C[‘H)NMR (CDCls) 6 
61.0 (C-6). 67.0, 70.0, 71.7, 72.0 (C-2, C-3, C-4, C-5). 85.7 (C-l), 127.9-133.3 (CH.,,,), 128.6. 128.9, 132.4 
(C.,,), 165.1. 166.0 (PhCOO) 

Phenyl 2,6-di-benzoyl-1-thio-g-D-galactopyranoside (30).-A solution of compound 2919 (2.4 mmol, 750 

mg) in pyridine (20 mL) and benzoyl chloride (5.2 mmol, 731 mg) was stirred for 3h at mom temperature, then water (1 
mL) was added and the mixture concentrated. A solution of the residue m CHzClz (20 mL) was washed with 0.9 M 

NaHCOs (10 mL), water (10 mL). dried (MgSOd, and concentrated. The residue was red&solved in 4:l acetic acid-water 
(50 mL) and the mixture stirred for 5h at 5oOC. The reaction mixture was concentrated and toluene (3 x 20 mL) was 

evaporated from the residue. Column chromatography (97:3 CHzClz-MeOH) afforded 30 (1.0 g, 87%), [o]u+13’ (c 1). 
‘H NMR (CD(&) 6 3.89 (dd, lH, H-3,53 4 3.3 Hz). 3 96 (t, IH. H-5, Js,a 6.2 Hz). 4.10 (d, 1H. H-4). 4.64 (m, 2H, H- 

6, H-6’), 4 84 (d, lH, H-l, Jr.2 10 0 Hz),;.35 (1, lH, H-2, J2.3 9.8 HZ), 7.05-8.09 (m, 15H, H,,,). 13C(lH)NMR 
(CDC13) 6 64.6 (C-6), 69.5, 71.5, 73.1, 76.9 (C-2, C-3, C-4, C-5), 86.9 (C-l), 127.5-133.4 (CH.,_), 134.1 (C,,,), 

166.6, 166.8 (PhCOO). 

Phenyl 4-O-acetyl-2,6-di-O-benzoyl-l-thio-~-D-galactopyranoside (31).-To a solution of 30 (2.1 

mmO1, 1.0 g) in CH&N (15 mL) was added trimethyl orthoacetate (4.2 mmol, 505 mg) andp-TsOH (20 mg). After lh, the 
reaction mlxmm was neutrahsed with triethyl amine and concentrated. The residue was dissolved in 4:l acetic acid-water (25 

mL) and stirred for lh at mom temperature then concentrated, and toluene (3 x 25 mL) was evaporated from the residue. 
Purification of the residue on silica gel (97:3 CHzClz-acctonc) afforded 31 (932 mg, 85%). [aID +50 (C 1). *H NMR 

(CDC13) 6 2.21 (s, 3H. CH3COO), 4.44 (dd, IH, H-3.53.4 3 6 Hz). 4.47 (m, lH, H-5). 4.50 (m, 2H, H-6, H-6’), 4.85 
(d, lH, H-l, Jl,z 10.0 Hz), 5.29 (t, lH, H-2, .Iz,s 9.8 HI.). 5.52 (d, lH, H-4). 7.14-8.10 (m, 15H. Hare,,,). 

13C(1H)NMR (CDC13) S 20.8 (CH3COO), 62.8 (C-6), 70.1, 71 5, 72 3, 75 0 (C-2, C-3, C-4, C-5). 86.5 (C-l), 127.9- 
133.4 (CH.,m), 129.3, 130.1, 132.9 (C,,,), 166.7 (PhCOO), 170.9 (CHsCOO). 

Ethyl 2,3-0-isopropylidene-I-thio-g-L-rhamnopyranoside (34).-Compound 33*’ (7.0 mmol, 1.4 g). 
was dissolved in MeOH (50 mL) and sodium mcthoxrde (SO mg) was added. After stirring for lh at room temperature, the 

reaction was neutrahsed with Dowex (H+ form), tiltcmd and wnccntrated The rcsrduc was redissolved in acetone and 2.2- 

dimethoxypropane (70 mmol, 7.3 g) and p-TsOH (50 mg) was added After 3h at room temperature, the reaction mixture 
was diluted with CHzClz (50 mL), washed with 09 M NaHCOs (25 mL), water (25 mL), dned (MgS04). and 

concentrated. Purification of the crude product (97.3 CH2C12-MeOH) yielded 34 (I 5 g, 85%) [o]o +90° (c 1). 

t3C( ‘H)NMR (CDC13) S 14.1 (SCHzCH3), 16.9 (C-6). 24.9 (SCH2CH3), 25 4, 27 3 ((CH3)3C), 73 6, 74.1, 75.6.79.3 

(C-2, C-3, C-4, C-5). 83.0 (C-l). 109.2 ((CH3)3C). 

Ethyl 4-O-benzyl-l-thio-g-L-rhamnopyranoside (35).-To a snrrcd solunon of compound 34 (6.0 mmol, 

1.5 g) in DMF (50 mL) was added sodmm hydride (7.8 mmol, 316 mg 60% suspcnslon) and benzyl bromide (7.2 mmol, 
I .2 g). The mixture was stirred for 4h al room lcmpcr~turc, McOH was added. and the mixture concentrated. A solution of 

the residue in CHzClz(50 mL) was washed IWKX with water (25 mL). dried (MgS04), and wncentrated. The residue was 
md~ssolved in 9:l acenc acid-water (50 mL) and stirmd for 17h aI SOW. The mrxturc was concentrated and toluene (3 x 50 

mL) was evaporated from the residue. Column chromatography (99:l to 97:3 CH$&-McOH) gave 35 (1.6 g. 89%). [o]o 
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3’.JS.4 2.9 Hz), 3.71-3.92 (m, 3H. H-4”. H-6”. H-6’“), 3.82 (dd, lH, H-2G,Ja3 9.8 HZ), 4.11 (m, lH, H-3M), 4.15- 

4.23 (m, 2H. H-6’“, H-5”), 4.26 (d, 1H. H-lc, J,,* 7.7 Hz), 4.78 (d, IH, H-l”, J,,* 1.4 Hz), 4.55-4.98 (AB, 8H, 

OCHzPh). 5.60 (s. lH, CHPh), 7.12-7.49 (m, 25H, H,,,, ). 13C[ ‘H)NMR (CDC13) 8 14.5 (SCH2CH3), 27.9 

(8CHzCHa). 50.4 (C-Z”), 56.9 (OCH,), 65.7, 68.9 (C-6”. C-6G). 72.6, 73.2, 74.2, 75.0 (OCHaPh), 64.3, 72.6, 73.1, 

74.6. 79.5. 80.0, 82.1 (C-3”-C-5M, C-2G-C-5d), 101.3 (CHPh. C-lM, JC_I,H_, 173 Hz), 104.8 (C-lG), 125.9-129.3 

(CH.,, ), 137.4. 138.3, 138.5 (C,,,). 

Anal Cak. for CScHS60& C, 70.75; H, 6.60. Found: C, 70.86; H, 6.64. 

Methyl 2,3,4-tri-0-benzyl-6-0-(3,4,6-tri-0-benzyl-2-deoxy-2-phenylthio.~-D-glocopyra~osyl)-~- 

D-galactowranoside (18).-Prepared as described above (method A), starting from donor 6 and acceptor 13 in a yield 

of75% blo -l@ (c 1). ‘H NMR (CD(&) 6 3.24 (dd, IH, H-2G1,Jz,3 10.9 Hz), 3.37 (m. lH, H@), 3.38 (dd, H-3d, 

5239.8 Hz, J3.42.8 Hz). 3.45 (ddd, lH, lH, H-SG’,J5,s 9.7Hz. Js,~ 3.7 Hz). 3.51 (dd, lH, H-3G’, J3,4 8.6 Hz), 3.53 (s, 

3H, OCH3). 3.66 (d, IH, H-4($ 3.67-3.83 (m. 4H, H-6’dl. H-6G’, H-2”, H@), 3.72 (dd, lH, H-4d’, J4,5 9.7 Hz), 

3.94 (dd, lH, H-6’. 55,6 6 7 Hz, 56,6.10.4 Hz), 4 23 (d. 1H. H-lG, J,,a 7.6 Hz), 4.47 (d. lH, H-Id’, Jlg9.0 HZ), 4.46- 

5 02 (AH, 12H. DCHzPh), 7.08-7 48 (m. 3SH. H,,, ) ‘3CI’H]NMR (CDC13) 55.9 (C-2G’), 57.0 (OCHs), 67.8, 68.5 

(C-6G’. C-6G). 72.6, 73.4, 74.2, 74.8, 75.0, 76 1 (OCHzPh), 72.9, 73.1, 74.5, 79.0, 79.3. 81.3. 82.8 (C-3dl-C-5cl, C- 

2G-C-5G), 103.8 (C-IG’, &_,,&I 157 H7), 104 7 (C-l”), 126.3-130 7 (CH,,, ), 135.9, 137.8. 138.0, 138.3, 138.5. 

138.6 (C.,,). 

Anal Cak. for %H64010S’ C, 74 09; H, 6.48 Found’ c, 74.05; H, 6.51. 

Methyl 2,3,4-tri-O-benxyl-6-0-(3-O-beflxyl-4,6-O-benxylidene-2-deoxy-2-phenylthio-a-D- 

maonoPYranosYl)-P-D-galactopyranoside (19).-Prepared as descrtbed above (method A), startmg from donor 12 

and acceptor 13 in a yield of 71%. [all> +17O (c 1). ‘H NMR (CDC13) 8 3 36-3 42 (m, 2~, H-5d, I$@), 3.50 (&I, lH, 

H-3G. J3.4 2 6 Hz), 3.51 (s, 3H, OCH3). 3.57 (dd, IH, H-2 M,.1a34.8 Hz), 3.70 (d, lH, H-4G), 3.72 (dd, lH, H-6’c, , 

15.6’ 3.8 Hz, J6.t~ 7.1 Hz), 3 80 (dd, 1H. H-2d. 52.3 9 8 Hz), 3 84-3.86 (m. 2H, H-6M, H-4M), 4 10 (m, IH, H-6’M, .Js,# 

=J6.c 7 1 H7.),406-4.09 (m. lH, H-5%420 (dd, 1H, H-3”,J3.49.8 Hz),424 (d, lH, H-ld,J,27.7 Hz),,4.83 (d, 

IH, H-l”.J1,2 1.3 HZ). 4 67-4.91 (AB, 8H, OCHaPh), 5 62 (s, lH, CHPh), 7.10-7.50 (m, 3OH, H,,,,). 

‘3C(1HlNMR (CDC13) S 54.4 (C-2? 56.9 (OCH?), 65.7,68 5 (C-6M, C-6G), 72.2, 73.1, 74 1, 75.0 (DCH2Ph), 64.1, 

72 4, 72 9, 74 0, 79.4, 79.7, 82 0 (C-3”-C-SM. C-2G-C-5G), 100.6 (C-l”, ~c.~,,{., 172 HZ), 101 3 (CHPh), 104.7 (C- 

lG), 125 8-1319 (CH aIorn )> 137.3, 138 1, 138 3, 138 5 (C,,,). 

Anal Ca1c for CS4H560108 C, 72 32, H, 6.25 Found C, 72 27; H, 6 30. 

Methyl 2,3,6-tri-O-be~~yl-4-0-(3,4,6-tri-0-ben~yl-2-deoxy-2-phenylthio-~-D-g~ocopyraoosyl)~~- 

D-galactowranoside @@.-Prepared as dcscnbcd above (mclhod B), startmg from donor 6 and acceptor 14 in a yield 

of 61% [dln -15’ (c 1). ‘H NMR (CDCW 6 3 10 (dd, 1 H, H-2”‘. J2,3 10.9 ~z), 3 34 (dt, IH, ~-501, J~,~ 9.7 Hz, ~~~~ 

3.2 H7.A 3 46 (dd, IH, H-3G’,.13,48.6 HI.), 3.51 (dd, H-3G,J3,4 2.5 HZ), 3.55 (S, 3H, 0CH3), 3.58 (m, 2H, H-6”‘, H- 

sG) 3.63 (t. lH, H-4GJ, J4,5 9.9 Hz). 3.69 (m, 2H. H-6 G’. H-6’) 3 73 (dd, 1H, H-6G, .,5,6 5 I Hz, J 6.6 10 0 Hz), 3.92 

(dd, 1H, H-2G, 52.3 9 8Hz), 4.27 (d, 1H. H-l”, J1.2 7.6 Hz), 4.31 (d, 1H, H-4”), 5.06 (d, lH, H-lG’,JIJ 8.8 Hz), 4.46- 

5 02 (AB. I2H. OCHaPh), 7.08-7 48 (m, 35H. H amm ). 13C( ‘HJNMR (CDCIS) 8 56.6 (C-2G’, 0CH3), 69.0, 70.0 (C- 

6G’$ C-6G), 72.9, 73.3, 74.4, 74 8, 75 0, 75.5 (OCHzPh), 70 7, 73 7, 74.4, 78.9, 79 2, 82.4, 83.1 (C-3c’-C-5=‘, C-2c- 

C-5”). 101 6 (C-IG’,Jc_,,w 159 Hz), 104 7 (C-V-r), 1264-132.9 (CH,,,, , ) 135.7, 1379, 138.1, 1384, 138.5. 138.5 

(C.,, ) 

Anal Ca1c for C6~H&&,S C, 74 (ti H, 6 48. Found. C, 74 04, H, 6 44 

Methyl 2,3,6-tri-O-benzyl-4-0-(3-O-benzyl-4,6-0-ben~ylidene-2-deoxy-2-phenylthio-a-D- 

mannopyranosyl)-a-D-glucopyranoside (tl).-Prepared as described above (method B), starting from donor 12 and 
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Methyl 2,3,4-tri-O-benzyl-6-0-(3-0-benryl-4,6-0-benzylidene-2-deoxy-a-D-arabino- 
hexopyranosyl)-P-D-galactopyranoside (23).-To a solution of compound 17 (0.2 mmol, 170 mg) or 19 (0.2 

mmol, 179 mg) in dry THF (12 mL) was added Raney nickel (W2.1.6 g) at mom temperature. When TLC analysis (97:3 
CHzClz-acetone) showed the reaction to be complete (17: 5 days; 19: 2h). the reaction mixture was filtered and the solid 

Washed whb THF (3 x 5 mL). The solvent was removed in vacua and the residue was purified by silica gel chromatography 
(97:3 CHaCla-acetone) to yield compound 23 (R = Et: 50%. R = Ph: 81%). [u]n +loO (c 1). iH NMR (CDCls) 6 1.66 

(ddd, lH, H-2a*, J&,2 12.0 Hz, J&,3 11.0 Hz), 1.98 (dd, lH, H-2e*, Jh,s 5.1 Hz). 3.43 (m, lH, H-5*), 3.54 (OCHs), 
3.56 (dd, lH, H-3G. Js.4 2.7 Hz), 3.65 (t. lH, H-4*, J43 8.5 Hz), 3.67 (m, IH, H-6”), 3.75 (m, lH, H-5o) 3.81 (d, 

lH, H-4G), 3.82 (dd, lH, H-2G, J2,3 9.8 Hz), 3.91 (ddd, lH, H-3*, J3,4 8.9 Hz), 4.24 (dd, lH, H-6G, Js,e 3.8 Hz, Je,e 
9.2 Hz), 4.28 (d, lH, H-lo, J1,* 7.7 Hz), 4.49 (d. lH, H-l*, Jlp 3. 4 Hz). 4.61-4.97 (AB, 8H. OCH2Ph), 5.60 (s, lH, 

PhCH), 7.20-7.52 (m. 25H, H,,,). r3C( ‘HJNMR (CDCls) 8 36.2 (C-2*), 57.0 (OCH3), 65.4, 69.0 (C-6A. C-6c) 63.0, 
72.7. 79 7, 82.4, 83.7 (C-3*-C-5*, C-2G-C-5c), 73.2, 74.2, 75.1 (OCH2Ph), 97.8 (c-l*), 101.3 (c-lo), 120.8-133.1 

(CH.,, . Cm, ). 
Anal. C&Z. for C4sH5zOiaS. C, 70.24; H, 6.34. Found: C. 70.18, H. 6.41 
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