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Abstract : A practical and highly stereoselective glycosidation methodology is described, 
where anomeric mixture of 2-deoxy 2-pyridyl-I-thiopyranoside donors (l-3,27) have been coupled 
with several sugar alcohols (P-&29,31) on activation by methyl iodide to obtain axially linked 
2-deoxysaccharides (9-17,30,32,33). Application of this method for the synthesis of disaccharide 
fragment 28 of avermectin is also described. Utility of this method is also shown by use of 
2-pyridyl-I-thiofuranosides (34-36) as donors to prepare cc-linked furnaosides (42-51). 

Introduction: cc-linked 2-deoxysaccharides are constituents of various naturally occurring anti- 

biotics of therapeutic value’. Due to their significant role in conferring optimal biological 

activity to numerous antibiotics, their syntheses continue to command interest specially for 

studying structure activity relationship. Stereoselective synthesis of I,Zcis glycopyranosides 

in general benefits from the non-participating C-2 neighbouring group2 to forge the axial O-gly- 

cosidic bond; evidently the particular problem in the chemical synthesis of 2-deoxysaccharides 

is the missing neighbouring group which is also associated with enhanced lability. The efficient 

methods3’4 so far developed involve iodo-5 and selenoglycosylation6 of glycals followed by 

reduction to obtain the a-linked 2-deoxysaccharides. 2,6-Dideoxy glycosyl fluoride7 as a donor 

has also been successfully used for achieving a-selectivity; however the 2-deoxy chloro- and 

bromoglycosyl donors were found to be labile and have exhibited low selectivity’. We have 

recently introduced a novel method of activating 2-pyridyl I-thioglycopyranosides which appears 

to be full of promise in the area of glycoside synthesis9. We report here that the so-called 

“methyl iodide activation procedure of pyridyl thioglycosides” is the method of choice also 

for the synthesis of o -linked 2-deoxysaccharides and furanosaccharides. Thiophillic metal and 

proton mediated glycosidation of 2-deoxy 2-pyridyl-1-thioglycsides have earlier resulted in 
10 the formation of anomeric mixture . 
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Results and Discussion: 2-Deoxy 2-pyridyl I-thioglycosyl donors 1-3 and 27 required for glyco- 

sylations are easily accessible either by 1,2-addition of 2-mercaptopyridine to substituted gly- 

cals’l or from the reaction of 2-deoxyglycosides with 2,2’-dithiodipyridyl/nBu_,P 10a . Donors 

l-3,27 were found to be highly stable and possessed a very long shelf life, which merits their 

use over other conventional donors such as glycosyl halides. 
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The coupling ‘* of donors 1-3 (dg mixture) with several sugar alcohols 4-g 23,24 having 

divergent reactivity and protecting groups was performed in dichloromethane at SO°C in pre- 

sence of methyl iodide and molecular sieves (4 A) to obtain nine a-linked 2-deoxysaccharides 

(1+4=9, 1+5=10, 1+8=11, 2+5=12, 2+7=13, 3+5=14, 3+6=15, 3+7=16, 3+8=17) in good yields (65-87%). 

The diasaccharides 11 and 17 were however obtained as anomeric mixtures where the o -ano- 

mers predominated ( 0 /g ca. 85/15, by ‘H-n.m.r.). The reactivity of 2-deoxy donors l-3 and 

27 was found to be higher compared to the corresponding 2-O-substituted ethers 12 , the coup- 

ling reactions being complete in 16-22 h. It was also observed that during the coupling reac- 

tions 2,6-dideoxy donors 3 and 27 alone showed the formation of 1,2-elimination products 

18 and 19 respectively (5-g%), which however can be recycled ‘I. Tri-g-acetyl-&glucal (20)13, 

-Q-galactal-(21)14, di-g-acetyl-&-rhamnal (18)l 5 and 3-g-methyl-4-g-acetyl- &-oleandrose 

(19) have been the sole products (80-85%) when l-3 and 27 respectively were reacted with 

methyl iodide in dichloromethane (50°C) in the absence of a nucleophile. Thus, the ability 

to add (1,2-addition) 11 and eliminate 2-mercaptopyridine represents a new protection and depro- 

tection procedure of glycals. Presence of traces of water resulted in the rapid hydrolysis (45OC, 

2h) of the 2-pyridyl 1-thioglycosyl donors l-3 and 26 to the corresponding 2-deoxyglycosides 

la-3a and 27 respectively. 

Formation of a -linkage at the newly formed 0-glycosidic bond was established based 

on the ‘H-n.m.r. data where the H-l’ appears as a doublet (Jle2a=2.5-3.6 Hz); where as the 

corresponding g -anomer appears as a double doublet (Jla 2a=9-ll Hz, Jla 2e=0-l.5 Hz)16. 

The l3 C-n.m.r. data also supports the formation of o-linkige from the app;arence of C-l’ 

( a-anomer) at ca. 6 97.0-100.0, whereas the corresponding g -anomer at ca.6 102.0-105.0. The 

2-D ’ ’ , H- H COSEY correlation spectra for the disaccharides 9, 10, 13, 14 and 16 were also 

obtained to assign the chemical shift and coupling constants of H-l’ specially when the signals 

were hidden. 

Efficacy of this methodology was also demonstrated by synthesising the disaccharide 

fragment 28 of the antiparasitic agent avermectin I7 (Scheme 1). D-Glucose was converted 

to the known methyl 2,6-dideoxy-3-g-methyl- g-L-arabinopyranoside (22)18 in five steps and 

mesylated to obtain 23 as a crystalline compound. Reaction of 23 with CsOAC in DMF19 at 

100” gave the required $2 bimolecular inversion product 24, which served as a key interme- 

diate for the synthesis of the disaccharide 28. Deacetylation of 24 gave the glycosyl acceptor 

25, which on further acid catalysed hydrolysis provided the glycoside 26. 26 on reaction with 

2,2’-dithiodipyridyl/nBu3P gave the required 2-pyridylthio donor 271°a ( a / B, 2/3). Clycoside 
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coupling of 25 with 27 in dichloromethane containing methyl iodide (20h) gave the crystalline 

disaccharide 28” (m.p. IOO-lOl”C, 78%) along with 19 (8%) as a by-product. Formation of 

o -linkage was evident 17 from the ‘H-n.m.r. spectrum by the appearence of H-l’ as a doublet 

at 6 5.4 with a coupling of J1,2,=2.8 Hz, and also from the 13 C-n.m.r. spectrum where C-i’ 
appeared at 6 98.5. 

Saccharide coupling was also performed by use of disaccharide acceptors 29 and 31. 

Thus reaction of 2920 with the donor 1 gave the trisaccharide 30, likewise the coupling of 

donor 3 with acceptors 292&-rd 31 22 respectively was also carried out to obtain the corresponding 

a-linked trisaccharides 32 and 33 by this methodology. 
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Synthesis of a-linked furanosaccharides 25,26 was also carried out successfully by this 

methodology. The furanosyl donors per g-benzyl 2-pyridyl-I-thio_B-g-ribofuranoside (341, 2-pyri- 

dyl 3,5-di_O-benzoyl-I-thio-2-deoxy-dB-D-ribofuranoside (35) and 2-pyridyl 2,3:5,6-di-G-isopropy- 

lidene-l-thio- BE-mannofuranoside (36) as stable glycosyl donors were prepared from tJ-ribose, 

2-deoxy-g-ribose and D-mannose respectively. Accordingly 2,3,5-tri-g-benzoyla-Q-ribofuranosyl- 

bromide (37J2’ was treated with 2-mercaptopyridine in presence of K2C03 in toluene-acetone 

to give 2-pyridyl 2,3,5-tri-.-benzoyl-1-thio-B -D-ribofuranoside (38), which on debenzoylation 

and subsequent benzylation afforded the donor 34. Similarly, methyl 2-deoxy-a/B-D-ribofurano: 

side28 was benzoylated to give 39, and subsequently hydrolysed with aq. AcOH to furnish the 

reducing sugar 40. Reaction of 40 with 2,2’-dipyridyl disulphide/n-Bu3P in CH2C12 afforded 

35. The mannofuranosyl donor 36 was prepared in one step from the known 2,3:5,6-di-g-isopro- 

pylidene-B-&mannofuranoside (41J2’ on reaction with 2,2’-dipyridyldisulphide. The furanosyl 

donors 34-36 have been characterised fully from the spectral data. In the I 
H NMR spectrum 

of 34, H-l appeared at 6 6.23 as a doublet (J1 2- -3.3 Hz) while H-l in compound 36 resonated 

at 6 5.8 as a doublet (J 1,2=3.7 Hz) whereas 3;, obtained as anomeric mixture (o/B l/l) was 

indicated from the ‘H NMR spectrum where H-l ( B) appeared at 6 6.17 (dd, JI 2=5.5 HZ) and , 



Synthesis of a-linked 2deoxysaccharides 549 

34 

35. 

37 

38 

39 

40. 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

Ro v 

-P 8 
z 

0 
# 

v 

%i# 
0 

m 

X = H, Y = 2+Py, 2 = O&I, R = Bn ; 36. X = H, Y = Z-S-Py 

X/Y=2+Py,Z=H,R=Bz 41. X=H,Y=OH 

x=Br,Y=H,Z=OBz,R=Bt 

X o H, Y = 2-S+, Z = OBz, R = Bz 

X=Z=H,R=Bz,Y=OU$ 

x/Y=oH,Z=H,R=Bz 

Y=H,Z=OBn,R=Bn,X=a 

Y=H,Z=OBn,R=Bn,X=b 

Y =H,Z=OBn,R=Bn,X=c 

Y, Z = H, R = Bz, X = a 

Y,Z=H,R=Bz,X=b 

Y,Z=H,R=Bz,X=c 

Y, Z = H, R = Bz, X = d 

Y=H,X=a 

Y =H,X=b 

Y=H,X=c 

b3r 
52 

(al 



550 H. B. MEREYALA et al. 

H-l ( a ) at 6 6.55 as a triplet (J 1 2’4.0 Hz) together integrating for one proton. 34-36 have 

been found to be highly stable indefi;etely at room temperature, they were subjected to glycosi- 

dation reaction with a variety of sugar alcohols (a-d) in CH2C12, using methyl iodide as activator 

to afford a-linked furanosaccharides 42-5112. 

Thus, glycosidation of 34 and 36 with acceptors such as methyl 2,3-g-isopropylidene- 

BD-ribofuranoside (aJ3’, 1,2:3,4-di-g-isopropylidene-D-galactopyranoside 8)‘” 

isopropylidene- a-D-glucofuranoside (c)~ gave the 

and 1,2:5,6-di-.- 

ctribofuranodisaccharides 4244 and 49-51 

respectively. Likewise, donor 35 on reaction with a,b,c and methyl 2,3-di-Q-benzyla-D-glucopy- 

ranoside (d)31 furnished the 2-deoxyribofuranodisaccharides (45-48) respectively, along with 

1,4-anhydro-2-deoxy-3,5-di-O_benzoyl-D-erythro-pent-l~nitol (52)32 in small amount (6-9%). 

Structures of the furanodisaccharides 42-51 have been fully characterised from the ‘H, 
13 C-NMR and optical rotation. In the ‘H-NMR spectra of ribodisaccharides 42-44, H-l’ from 

the newly formed glycoside linkage, appeared at 6 5.05, 5.15 and 5.16 respectively as doublets 

0,’ 2’ = 4.6 Hz), while C-l’ in 13 C-NMR resonated at ca. 6102.0 that are characteristic of 

&ked ribofuranosides33. Similarly, the manno-disaccharides (49-51) exhibited H-l’ at 6 5.07, 

4.95 and 5.31 respectively as singlets in I H-NMR, while C-l’ resonated at ca. 6 106.6 in the 
13 C-NMR. The H-l’ signals of the 2-deoxyribosaccharides (45-48) in ‘H-NMR spectra appeared 

at 6 5.15, 5.23, 5.30 and 5.15 as broad singlets, while C-l’ in 13 C-NMR was indicated at ca. 

697.7. In the ‘H-NMR spectrum of the by-product 52, the chemical shift for H-l appeared 

at 66.65 as a doublet (J , 2=5.4 Hz) while H-2 signal resonated at 6 5.10 as a 

(J2 3=4.4 Hz) indicating the’ presence of cyclic enol ether 32 in 52 . 
, 

This method of glycosylation offers considerable variation in the use of 

acceptor. Stability, easy preparation of the donors and their use as anomeric 

this method very attractive and practical. 

EXPERIMENTAL 

double doublet 

the donor and 

mixture makes 

Melting points were determined in open capillaries and are uncorrected. NMR spectra 

(lH and I3 C) were recorded for solutions in CDC13 (internal Me4Si) on Varian 200 Gemini spec- 

trometer (‘H-200 MHz, 13C-50 MHz) or Varian MSL 300 (‘H-300 MHz, 13C-75 MHz). Optical 

rotations were measured on a JASCO DIP 360 or 370 polarimeter using sodium vapor lamp. 

Chromatographic purifications were done with silica gel (60-120 mesh, Acme) while flash chro- 

matography on silica gel (finer than 200 mesh, Acme). TLC was performed on silica gel 60 

F254 (Merck) with detection by spraying a solution of 2% phosphomolybdic acid, 1% Ce2S04. 

4H20 in 20% aq. H2S04 and heating the plates at 130”. All the reactions were carried out 

in anhydrous solvents unless otherwise stated. Typical experimental procedures as described 

earlier12 have been followed. 

2-Deoxy-3,4,6-tri+acetyl-a/ BD-&copynnoside (la) - ‘H-n.m.r. (80 MHz, 6 in ppm, 

J in Hz):l.7-1.9 (ddd, IH, Jl 2a=3.1, J2a 3=12.9, J =16.6, H-2a), 2.02, 2.08, 2.1 (3s, 9H, 

3xOCOCI13), 2.2-2.35 (ddd, I;(, J, 2e=l.;J, 
2,2gem 

J 2e 3=5.3, H-2e), 3.65 (br.s, IH, OH), 4.0-4.4 (m, 

3H, H-5,6,6), 4.9-5.1 (m, 2H, H-1,4), >.4 (m, IH, H-3). 
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2-~y-3,4,6-tri~yl-a/~-D-@actopyranoside (2a) - lH-n.rn.r. (80 MHz, 6 in ppm, 

J in Hz):1.6-2.3 (m, 2H, H-2, hidden), 1.91, 2.02, 2.1 (3s, 9H, OCOCFl3x3), 3.24 (br+ lH, OH), 

3.9-4.2 (m, 3H, H-5,6,6), 4.38 (dd, 0.5H, J, 2a=8.0, J, 2e- -1.5, H-I& 4.8 (m, 0.5H, H-l,a), 5.1- 
, , 

5.35 (m, IH, H-l). 

2,6-Dideoxy-3,4-di_yl-c&3-L-rhamnopyranoside (3a) - lH-n.m.r. (80 MHz, 6 in ppm, 

J in Hz):l.l-1.2 (d, 3H, J5 6- -6.1 Hz, H-6), 1.8-2.25 (m, 2H, H-2), 2.05, 2.08, 2.1, 2.18 (4s, 6H, 

0COCk13), 4.0-4.2 (m, lH,‘H-5), 4.25-5.25 (m, 2.5H, H-3,4 and H-la), 5.45 (m, 0.5H, H-l f? ). 

Methyl 6-e-(3,4,6-tri*cetyI-2&xy- a-D-arabinohexopyanosyl)-4-_O-acetyl-2,M 

benzyl-~D-@copyranoside (9): Coupling of donor 1 I1 (0.4 g, 1.06 mmol) with the acceptor 

422 (0.44 g, 1.1 mmol) (22 h) afforded 16 (0.44 g, 68%) as a syrup after column chromatogra- 

phic purification (Si02, hexane/ethyl acetate 4/l). [Ul, + 65” (c 0.4, CHC13). lH-n.m.r. (300 

MHz, 6 in ppm, J in Hz): 1.8 (ddd, IH, Jl, 2,a=3.6, J2,a3,=11.5, J2, 2,=16.7, H-2’ ax), 1.90, 

1.99, 2.03, 2.04 (4s, 12H, OCOCli, x 4), 2.25’ (ddd, IH, Jl,2e,=l.2, J;,e3,=5.4, H-2’ eq), 3.45 

(s, 3~, ocB3), 3.4-4.4 (m, SH, H-2,3,5,5’,6,6’), 4.5-5.0 (m, 9H, H-1,4,1’,3’,4’ and 0a2Phx2), 

4.85 (br.s, IH, H-l’ signal hidden, assigned from 2D, COSEY, ‘H-‘H correlation spectrum), 5.25 

(ddd, IH, J2ve 3=5.4, J2a,3,=9.5, J3, 4,- -11.4, H-3’), 7.2-7.4 (m, IOH, aromatic); 13C-mm.,. (75 

MHz) ( 6 in ppm): 20.4, 20.5, 20.6 i4q, 0COcH3x4), 34.6 (t, C-2’), 55.1 (q, 0CH3), 62.1, 66.3 

(t, 0sH2Ph), 96.5 (d, C-l), 97.7 (d, C-l’), 127.0-139.0 (aromatic), 169.5, 169.6, 170.4 (4s, 

0gOCH3x4). Anal Calcd. for C35H44014: C, 61.03; H, 6.44. Found: C, 60.96; H, 6.39%. 

Methyl 4-c-(3,4,6-tri-(I-acetyl-2-deoxy- a-D-arabino-hexopyranosynosyl)-6_0_benzoyl-2,3- 

di-O_benzyla-D-&copyranoside (IO) - Coupling of donor I (0.42 g, 1.1 m-nol) with the accep- 

tor 521 (0.58 g, 1.2 mmol) for 30 h afforded 10 (0.56 g, 68%) as a syrup after chromatographic 

purification (Si02, hexane/et hyl acetate 9/2), [ alD + 61“ (c 0.63, CHC13), ‘H-n.m.r. (300 MHz) 

( 6 in ppm, J in Hz): 1.67 (ddd, IH, Jl,2,a- -3.9, J2,a 3=11.7, J2, 2,=16.9, H-2’ ax), 1.9, 2.0, 

2.01 (3s, 9H, 0COCH3x3), 1.98-2.04 (IH, hidden, H-2’ ‘eq), 3.4 (s: 3H, DCH3), 3.71 (dd, lH, 

J 3 4=8.8, J -9.6, H-2), 3.85-4.1 (m, 5H, H-3,5,6, 5’,6’), 4 ;g (dd 

. f 

,;5;‘.0, H-4), 3.8 (dd, IH, J1,2=3*5, J2,3- 
, 6,6,=12.5, J5,6=4.0, H-6 or 6’), 4.43 (dd, lH, J6,,6,=ll.5, H-6 or 6’), 4.5-4.8 (m, 

4H, H-l, OCLi;?Ph), 4.92 (dd, IH, J3, 4,=9.6, J4, 5,- -9.8, H-4’), 5.05 (d, iH, 0CH2Ph), 5.25 (ddd, 

IH, J 2,e3,=5.1, ~~‘~~~9.4, J3, 4,=11.6,’ H-3’), 5.4;1 (br.d, IH, J,,2,a=2.78, H-l’), 7.3-8.1 (m, 15H, 

aromatic). 13C-n.m.r. (75 MH)z) ( 6 in ppm) : 20.4, 20.5, 20.7 (3q, OCOCH3x3), 35.0 (t, C-2’), 

55.1 (q, 0CH3), 62.1, 63.7 (t, OCH2Ph), 68.1, 68.6, 68.9, 69.0, 77.1, 80.1, 81.62 (7d, C-2,3,4,5, 

3’,4’,5’), 73.0, 75.4 (2t, C-6,6’), 97.5 (d, C-l), 127.0-139.0 (aromatic), 166.0, 169.6, 169.9, 170.4 

(4s, 0ECH3x3, OEPh). Anal. Calcd. for C40H460,4: C, 63.99; H, 6.18. Found: C, 63.87; 

H, 6.09%. 

1,2:3,4-Di_O-isopropyMene-6~-(3,4,6-tri~cety~~2-deoxy- a / B-D-arabinohexoams& 

a-D-@actopyranoside (11) - Coupling of 1 (0.4 g, 1.06 mmol) with the acceptor 8 (0.3 g, 

1.16 mmol) for 18 h gave the 2-deoxysaccharide 11 (0.49 g, 88%) (ti@ as a syrup after column 

chromatographic purification (Si02, hexane/ethyl acetate, 4/l), [aa], + 10.4” (c 1.0, CH30H), 

‘H-n.m.r. (90 MHz) (48 85/15) ( 6 in ppm, J in Hzk1.26~2, 1.62x2 (2s, 12H, 02C&2~2), l.i’l- 

1.85 (m, IH, H-2’ ax), 1.92-2.05 (3s, 9H, oCoa3x3), 2.10-2.33 (m, IH, H-2’ eq), 3.33-5.42 

(m, 12H, H-2,3,4,5,6,1*,3U,4*,5’,6’), 5.5 (d, IH, J1 2=5.0, H-l); 13C-n.m.r. (22.63 MHz) ( 6in ppd 
, 
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(o/8): 20.5x2, 20.7 (3q, 0COC_H3x3), 24.3, 24.8, 25.9x2 (4q, 02CMe2x2), 34.9 (t, C-2’), 36.0 (t, 

C-2’ isomer), 62.4, 66.3 (2t, C-6,6’), 68.0, 69.2, 69.6, 70.5, 70.7, 71.0 (7d, C-2,3,4,5,3’,4’,5’), 

96.3 (d, C-l), 97.0 (d, C-l’), 100.0 (d, C-l’8 anomer), 108.5, 109.3 (2s, 0,CMe2x2), 169.8, 170.0, 

170.5 (35, 0cOCH3x3). Anal. Calcd. for C24H36013: C, 54.13; H, 6.81. Found: C, 54.07; H, 

6.79%. 

Methyl 4-e-(3,4,6-tri-Q-acetyl-2-deoxy- a-D-lyxo-hexopyranosyl~~~yol-2,3_di- 

benzyl-*D-glucopyranoside (12) - Coupling of 2” (0.44 g, 1.06 mmol) with the acceptor 521 

(0.56 g, 1.17 mmol) for 24 h afforded 12 (0.51 g, 68%) as a syrup after chromatographic puri- 

fication (Si02, benzene/ethyl acetate, 4/l), [al, + 76 (c 1.1, CHC13), ‘Hi-n.m.r. (300 MHz) 

( 6in ppm, J in Hz):l.9-2.05 (m, 2H, H-2’ax, 2’eq), 1.96, 1.97, 2.08 (3s, 9H, 0C093x3), 3.38 

(s, 3H, Om3), 3.54 (dd, IH, J -3.5, J2 3=9.6, H-2), 3.72 (dd, lH, J3 4=9.7, J4 5=9.9, H-4), 

3 9-4 05 (m 5H H-5 6 6’) 4 26 tp2- . . , , ,,I. m, IH, H-;I), 4.42 (dd, IH, J3,4,=5.0, J4:5,=12.0, A-4’), 4.6-4.8 

(m, SH, H-l, 3, 0CH2Phxl.5), 5.1 (d, lH, 0CH2Ph), 5.3 (ddd, lH, J2,a 

J 3, 4,=5.0, H-3’), 5.5 (d, lH, Jl,2,a- -3.0, H-l’), 7.2-8.0 (m, 15H, aromatic); 

,?13=7.5, J2*,e3*’ 3-O, 

C-n.m.r. (75 MHz) 

( 6 In ppm) : 20.4, 20.5, 20.7 (3q, OCOcH3x3), 30.4 (t, C-2’), 55.2 (q, 0CH3), 65.8, 66.4, 67.6, 

68.3, 77.2, 80.2, 81.6 (7d, C-2,3,4,5,3’,4’,5’), 62.1, 63.8, 73.1, 75.5 (4t, C-6,6’ and OcH2Phx2), 

97.6 (d, C-l), 99.7 (d, C-l’), 127.0-139.0 (aromatic), 166.0, 169.8, 170.0, 170.3 (4s, 0c0CH3x3, 

OsOPh). Anal. Calcd. for C40H46014: C, 63.99; H, 6.18. Found: C, 63.87; H, 6.08%. 

Methyl 6-0-(3,4,6-tri~~~ty~-2~xy~-~l~~~x~~~yl~-2~3,4-tri~l-cr~l~- 

copyranoside (13) - Coupling of donor 2 I1 (0.4 g, 1.06 mmol) with the glycosyl acceptor 723 

(0.55 g, 1.17 mmol) for 20 h gave 13 (0.56 g, 71%, as a colourless syrup after work-up and 

chromatographic purification (Si02, hexane/ethyl acetate, 7/3), [al,, +86O (C 0.18, CHC13), ‘H- 

n.m.r. (300 MHz), ( 6 in ppm. J in Hz): 1.90 (ddd, lH, J,, 2,a = 2.8, JZqa 3, = 6.0, J2, 2t = 13.0, 
H-Z’ax), 1.95, 1.98, 2.12 (3s, 9H, 0COa3x3), 2.0 (dd, IH: H-2’ eq, hidd&), 3.4 (s, 3& 0CH3), 

3.48 (t, lH, J3 4 = J4 5 = 

H-6), 3.78 (m, ‘2H, HT6,6’), 

9.48, H-4), 3.52 (dd, IH, J, 2 = 3.6, J2 3 = 9.6, H-2), 3.6 (d, lH, 

3.95-4.05 (m, 3H, H-3,5,6’;, 4.6-5.0 (m), 8H, H-1,5’, 0CH2Phx3), 

5.05 (d, lH, H-l’), 5.21-5.30 (m, 2H, H-3’,4’), 7.25 -7.38 (m, 15H, aromatic); 13 C-n.m.r (75 

MHZ), ( 6 in ppmh20.5, 20.6x2 (3q, OC0cH3x3), 29.9 (t, C-2’), 54.9 (q, 0CH3), 62.2~2, 73.1, 

74.7, 75.5 (5t, C-6,6’, 0CH2Phx3), 66.0, 66.5, 66.6, 69.6, 77.8, 79.9, 81.9 (7d, C-2,3,4,5,3’,4’,5’), 

97.4 (d, C-l), 97.7 (d, C-l’), 127.0-139.0 (aromatic), 169.8, 170.1, 170.2 (3s, OsCCH3x3). Anal 

Calcd. for C40H48013: C, 65.20; H, 5.88. Found: C, 65.11; H, 5.78%. 

hkthYl 4-o-(3,4-di_O-acetyI-2,6-dideoxy- 0 -L-arabinohe~OpYranOl)~~~oYl-2,3~~- 

~f_eD_glucoPyranoside (14) - Saccharide coupling of donor 3” (0.41 g, 1.25 mmol) with 

the acceptor 5 (0.66 g, 1.38 mmol) for 28 h afforded 14 0.34 g, 66%) as a syrup after chromato- 

graphic purification (Si02, hexane/ethyl acetate, 4/l), [ d$-, -28” (c O-8, CHCl3); ‘H-n.m.r. (3OO 

MHZ) ( 6 in ppm, J in HZ): 0.8 (d, 3H, J5,,6, = 6.5, H-6’), 1.75 (ddd, lH, J1a,2ta = 3-5, J2ta,3t 

= 11.0, J2,,2, = 13.0, H-Z’ax), 2.0x2 (2s, 6H, 0C0z3 x 2), 2.2 (ddd, 1H, JIo ze = 0.99 JZte 38 
= 5.0, H-2’e), 3.4 (s, 3H, 0CH3), 3.6 (dd, lH, Jl 2 = 3.6, J2 3 = 9.4, H-2)9 3175 (d4 If+, J; 4 

= 9.7, H-3), 3.8-4.35 (m, 4H, H-4,5,6,5’), 4.5-4.8 (m, 6H, ;1-1,6,4’, 0CH2Phxl.5), 5.05 (br.k., 

IH, 3 l,,2,a = 3.5, H-l’), 5.1 (d, lH, 0CH2Ph), 5.25 (ddd, IH, H-3’), 7.3-8.2 (m, 15H, aromatic). 

13C-n.m.r. (75 MHz) ( 6 in ppm) : 17.2 (q, C-6’), 20.6, 20.8 (2q, 0C0z3x2), 35.4 (t, C-2’), 
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55.2 (q, OCH3), 63.2, 73.2, 75.5 (3t, C-6, Om2Phx2), 96.8 (d, C-l), 97.7 (d, C-l’), 127.0-138.0 

(aromatic), 165.9, 169.8, 170.0 (3s, OcOCH3x2, OC_OPh). Anal. Calcd. for C38H44012: C, 65.88; 

H, 6.40. Found: C, 65.84; H, 6.36%. 

Methyl 4~3,4-di+acet yl-2,6-&koxy- a -L-arab~~xopyra-2,~~~~~~- 

a-L-rhmmopyranoside (15) - Coupling of the donor 3 (0.38 g, 1.2 mmol) with the acceptor 6 24 

(0.29 g, 1.3 mmol) for 18 h gave I5 (0.41 g, 81%) as a colourless syrup, after column chromato- 

graphic purification (Si02, hexane/ethyl acetate, 4/l), [al, -121” (c 1.0, CHC13), ‘H-n.m.r. 

(300 MHz) ( 6 in ppm, J in Hz); 1.17 (d, 3H, J5 6 = 6.28, H-6), 1.31 (d, 3H, J5 6, = 6.24, H-6’), 

1.33, 1.54 (2s, 6H, 02Cf&z2), 1.8 (ddd, lH, Jl, ;,, = 3.1, J2,a 3 = 12.9,, J2, 2, ‘= 16.6, H-2’ ax), 

2.01, 2.05 (2s, 6~, 0COc3 x 2), 2.22 (ddd, ‘IH, J2,e 3 = ;.3, J2,e ,, = \.O, H-2’e), 3.38 (s, 

3H, 0CH3), 3.47 (m, IH, H-4), 3.67-3.85 ( m, 2H, H-5,5’), 4.08 (dd, I& Jl 2 = 0.58, J2 3 = 5.6, 

H-2); 4.16 (dd, IH, J3 4 = 7.1, H-3), 4.73 (t, lH, J3, 4, = J4, 5, = 9.6, H-I;‘), 4.85 (d, ;H, H-l), 

5.18 (ddd, lH, H-3’), ;.49 (dd, IH, J,, 2,a = 3.1, J;, 2e = i.0, H-l’). 13C-n.m.r. (22.63 MHz) 

( 6 in ppm); 17.5, 18.1 (2q, C-6,6’), 20.?, 20.9 (2q, 0COCH3x2), 26.3, 27.9 (2q, 02C&2), 35.6 

(t, C-2’), 54.7 (q, 0CH3), 64.0, 66.2, 69.1, 75.0, 76.2, 77.3, 78.8 (7d, C-2,3,4,5,3’,4’,5’), 95.3 

(d, C-l), 98.3 (d, C-l’), 109.5 (s, 0fiMe2), 170.1 (25, X_OCH3x2). Anal. Calcd. for C20H32C10; 

C, 55.54; H, 7.45. Found: C, 55.48; H, 7.32%. 

Methyl 6-e-(3,4-di-c-acetyl-2,6-dideoxy- a -L-arabinohexopyra2,3,4-tri~~~yJ- 

a-D-glucopyranoside (16) - Coupling of donor 3 (0.4 g, 1.25 mmol) with the acceptor 7 (0.64 

g, 1.38 mmol) for 24 h gave 21 (0.6 g, 74%) as a syrup after column chromatographic purification 

(Si02, hexane/ethyl acetate 9/l), [d, - 18” (c 1.0, CHC13), ‘H-n.m.r. (300 MHz) (6 in ppm, 

J in Hz) : 1.12 (d, 3H, J5,,6, = 6.5, H-6’), 1.7 (ddd, IH, J1,,2,a = 3.6, J2,a,3, = 11.0, J2,,2, q 

13.0, H-2’a), 2.0, 2.1 (2s, 6H, OCOE3x2), 2.22 (ddd, lH, J2,e,3, = 5.3, H-2’e), 3.4 (s, 3H, OCH3), 

3.48-3.51 (m, 3H, H-3,5,5’), 3.7-4.1 (m, 4H, H-3,4,6), 4.5-5.1 (m, 9H, H-1,1’,4’ and 0a2Phx3), 

5.25 (ddd, IH, J2,e 3, = 2.0, J3, 4, = 11.7, H-3’), 7.2-7.4 (m, 15H, aromatic); 13C-n.m.r. (75 

MHz) ( 6in ppm): ‘17.8 (q, C-6’): 20.7, 20.9 (2q, 0COcH3x2), 35.2 t, C-2’), 55.1 (q, 0CH3), 

66.3, 73.3, 74.9, 75.6 (4t, C-6, 0sH2Phx3), 65.5, 69.0, 69.9, 74.8, 77.8, 80.2, 82.4 (7d, C-2,3,4,5, 

3’,4’,5’), 96.9 (d, C-l), 97.9 (d, C-l’), 127.0-139.0 ( aromatic), 170.0, 170.6 (2s, OECH3x2). 

Anal. Calcd. for C38H47011: C, 67.14; H, 6.96. Found: C, 67.09; H, 6.87%. 

1,2,3,4-Di-~-isopropylidene-6-0~3,4-di+acetyl-2,6-dideoxy- a -L-arabiihexopymmsynosyl)- 

WJ-gdactopyrmoside (17) - Coupling of the donor 3 (0.4 g, 1.25 mmol) with the acceptor 8 13b 

(0.35 g, 1.38 mnol) for 16 h afforded 17 (0.49 g, 86%) as a colourless syrup (Si02, hexane/ethyl 

acetate, 4/l), [al, - 103” (c 1.26, CHC13), ‘H-n.m.r. (300 MHz, gin ppm, J in Hz), (85/15p/8 

) : 1.16 (d, 2.55 H, J5,,6, = 6.2, H-6’), 1.21 (d, 0.45H, H-6’), 1.34x2 (s, 6H, 02CMe2), 1.44, 

1.56 (2s, 6H, 02Me2), 1.77 (ddd, IH, J, 2,a = 3.2, J2,a 3, = 9.6, J2, 2, = 13.3, H-2’& 2.00, 

2.04 (2s, 6H, OCOCH3x2), 2.24 (ddd, 1H: Jl 2,e = 1.4, ;2,e 3, = 5.O,‘H-Z’e), 3.5-4.7 (m, 7H, 

H-2 3 4 5 6 5’), 4.73 (t, IH, I 3 9 t f J 
?b4’ 

= J4,,5, =’ 9.6, H-4’), 4.9; (d, H-l’), 5.25 (ddd, lH, H-3’), 

5.5 (d, lH, J1,2 = 5.0, H-l), C-n.m.r. (22.63 MHz) (6 in ppm) : 17.4 (q, C-6’), 17.6 (q, C-6’ 

anomer), 20.7, 20.9, 24.5, 25.0, 26.1x2 (6q, 0COsH3x2, 02CK2x2), 35.4 (t, C-2), 65.5 (t, C-6), 

65.7, 67.0, 69.3, 70.9~2, 71.2, 75.1 (7d, C-2,3,4,5,3’,4’,5’), 96.4 (d, C-l), 96.9 (d, C-l’,a), 100.0 

(d, C-I’S), 108.7, 109.3 (2s, 0&Me2x2), 170.2, 170.3 (2s, 0sOCH3x2). Anal. Calcd. for 

C22H34011: C, 55.68; H, 7.22. Found: C, 55.59; H, 7.20%. 
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Synthesis of tri+aetyl-D-glucal (18) - D-galactal (19), 2,64ideoxy-3&-di+acetyl-L- 
rhamnal (20) and 2,6-dideoxy-~methyl~~~yl-L~~~ (21). - Substrates l-3 and 26 

(2 mmol) were reacted with methyl iodide (0.1 ml) in dry dichloromethane (7 ml) at reflux 

for 6 h. After completion of the reaction more dichloromethane (50 ml) was added, the organic 

phase was washed with 1% Na2S203, 1% cold aq. KOH and water. The organic phase was sepa- 

rated, dried (Na2S04) and evaporated to obtain the corresponding glycals 18-21 @O-85%). (21). 

- lH-n.m.r. (90 MHz, 6 in ppm, J in H&1.16 (d, 3H, J5 6 = 6.2, H-6), 2.02 (s, 3H, OCOCI13), 

3.36 (s, 3H, 0CH3), 3.65-3.72 (m, lH, H-3), 3.96 (dq, 14, J4 5 = 5.6, H-51, 4.72 (dd, lH, Jl 2 

2.6, H-2), 4.94 (dd, lH, H-4), 6.24 (dd, IH, Jl 3 = b.9, H-l). 
, 

= 7.4, J2 3 = 

dthyl 2,6-dideoxy-3-g-methyl-4~meduesdf any;-S -&-lyxo-hexopyranoside (23) - To 

a solution of 22 l8 (1.49 g, 7.82 mmol) in dry pyridine (12 ml) was added at O’C methanesulfonyl 

chloride (0.72 ml, 8.72 mmol) and stirred at room temperature for 1 h and diluted with dichloro- 

methane (100 ml), organic phase was washed with water, 2% cold aq. HCI, saturated NaHC03, 

water, dried (Na2SC4) and concentrated to obtain 23 (1.6 g, 80%) as crystals, m.p. 93” C. 

MD +9.Y” (c 0.53, CHC13), ‘H-n.m.r. (90 MHz) ( 6 in ppm, J in Hz) : 1.35 (d, 3H, J5,6 = 6.0, 

H-6), 1.5-2.2 (m, 2H, H-2,2), 3.13 (s, 3H, S02UL3), 3.1-3.7 (m, 2H, H-3,5), 3.44-3.5 (s, 6H, 

OCH3x2), 4.4 (dd, lH, J,,2a = 10, Jl 2e = 2, H-l), 4.8 (d, IH, J3 4 = J4 5 = 3.0, H-4), 13C-n.m.r. 

(22.63 MHz) (6 in ppmh17.0 (q, C-6;, 31.9 (t, C-2), 38.9 (q, SO&H3), ‘56.2, 56.4 (2q, 0CH3x2), 

69.2, 76.8, 78.0 (d, C-3,4,5), 100.9 (d, C-l); Anal. calcd for CyH1806S: C, 42.50; H, 7.13. Found: 

C, 42.39; H, 7.15%. 

Methyl 2,6-dideoxy-3-0_methyl-44J-acetylS-l_arab (24). - To a solution 

of CSOAC’~ (0.99 g, 5.19 mmol) in dry DMF (5 ml) was added 23 (1.19 g, 4.33 mmol) in dry 

DMF (5 ml). The reaction mixture was heated to IOO’C for 26 h under nitrogen atmosphere. 

After completion of the reaction it was cooled and diluted with water (250 ml) and extracted 

into dichloromethane/ethyl ether (l/3). The organic phase was washed with 5% aq. HCI (10 

ml), water, brine, dried over Na2S04 and the solvent removed to obtain 24 (0.61 g, 72%) as 

a syrup, after filtration over a bed of silica gel (hexane/ethyI acetate, 2/l), PI, +W k 1.0, 

CHC13), ‘H-n.m.r. (90 MHz)( 6 in ppm, J in Hzh1.18 (d, 3H, J5,6 = 6.0, H-6), 1.7-2.15 (m, 2H, 

H-2), 2.05 (s, 3~, ococli,), 3.3, 3.4 (2s, 6H, 0CH3x2), 3.2-3.5 (m, 2H, H-3,5, signals hidden), .^ 
4.3 (dd, lH, J1,2e = 2.0, J1,2q = 10.0, H-l), 4.6 (t, lH, J3 4 = J4 = 5 10.0, H-4)9 “C-n+m.rU 
(22.63 MHz) ( 6 in ppm) : 17.6 (q, C-6), 20.9 (q, OCOCH,), 3;.9 (t, d-2), 56.3, 56.4 (q, 0CH3x2), 

70.1, 75.8, 78.0 (3d, C-3,4,5), 100.7 (d, C-l), 170.1 (5, 0cOCH3). Anal. calcd. for CloH1g05: 

C, 55.03; H, 8.3. Found: C, 55.1; H, 8.25%. 

Methyl 2,64deoxy-3_0_methyl-B-L-arabiihexopyranoside (25).- To a solution of 24 

(2.2 g, 10.1 mmol) in anhydrous methanol (20 ml) was added sodium metal (20 mg) and left 

at room temperature for 6 h. The reaction mixture was neutralized with amberlite H+ resin 

(IR 120), resin was filtered off and methanol evaporated to obtain 25 (1.79 g, 98%) as colourless 

crystals, m.p. 69-70°C. [al, +3Y.7O (C 0.5, CHC13), ‘H-n.m.r. (90 MHz) ( 6 in ppm, J in Hz), 

1.3 (d, 3H, 35,6 = 6.0, H-6), 2.12-2.4 (m, 2H, H-2), 3.05-3.3 (m, 3H, H-3,4,5), 3.35, 3.40 (2s, 

6H, 0CH3x2), 4.3 (dd, lH, JI 2e = 2.0, JI 2a = 10.0, H-l), l3 C-n.m.r. (22.63 MHzX 6 in ppm): 

17.4 (q, C-61, 34.7 (t, C-21, H0.0~2 (2q, 0CH3x2), 70.4, 74.3, 79.4 (d, C-3,4,5), 90.0 (d, C-l). 
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Anal. calcd. for C8Hl604: C, 54.53; H, 9.15. Found: C, 54.42; H, 9.07%. 

2,6-Dideoxy-3+methyl-4+acetyl- aj3 -L-arabiixopyrarmside (26)‘Oa.- A solution 

of 24 (1.0 g, 4.9 mmol) and acetic acid/water (3/l, 20 ml) was heated to 60°C for 6 h. Water 

was co-distilled with toluene several times and the resulting residue was filtered on a bed of 

silica gel (hexane/ethyl acetate, 2/l) to give 26 (0.58 g, 79%) as a syrup. 

Methyl 4~4~~~yl~-L-olean~osyl)-~-L~leandroside (28).- In a single neck round 

bottom flask (10 ml) were taken 27 (0.31 g, 1.00 mmol), 25 (0.16 g, 1.1 mmol) and molecular 

sieves (4A) (0.3 g) in 5 ml dichloromethane containing 3% methyl iodide and was reacted at 

50” for 2h to obtain after column chromatography (Si02, hexane/ethyl acetate, 2/l), 19 (6%) 

and 28 (0.22 g, 78%) as a crystalline solid, m.p. lOO-lOIT. [al,, -37” (c 1.0, CHC13), ‘H-n.m.r. 

(300 MHz) ( &in ppm, J in Hz) : 1.13 (d, 3H, J5, 6, = 6.3, H-6), I.34 (d, 3H, J5 6 = 6.1, H-6’), 

1.44 (ddd, IH, J1,2a = 9.5, J2,3 = 11.0, J2,2 = ;3.0, H-2a), 1.66 (ddd, IH, Jl, ;, = 2.8, J2, 3, 

= 10.8, J2,,2, = 13.0, H-2’a), 2.11 (s, 3H, OCOCH3), 2.24-2.37 ( m, 2H, H-2e,;‘e), 3.2 (t, l’H, 

J3,4 = J4,5 
= 9.4, H-4), 3.25-3.33 (m, 2H, H-3,3’, hidden), 3.35x2 (2s, 6H, 0CH3x2), 3.49 (s, 

3H, 0CH3), 3.56 (dq, IH, H-5), 3.84 (dq, IH, J 
4’923 

= 9.87, H-5’), 4.34 (dd, lH, H-l), 4.66 (t, 

1H, J3,,4u = J4,,5, = 9.8, H-4’), 5.4 (d, IH, H-l’); C-n.m.r. (22.63 MHz) ( &in ppm); 17.5, 18.6 

(2q, c-6,6’), 35.3, 35.9 (2t, C-2,2’), 56.4, 56.9 (2q, OCH3x2), 66.7, 71.0, 75.8, 76.5, 80.6, 8l.7( 

6d, c-3,4,5,3’,4’,5’), 98.5 (d, C-l’), 100.8 (d, C-l), 170.2 (s, 0sOCH3). Anal. calcd. for C17H3008: 

C, 54.34; H, 8.34. Found: C, 54.29; H, 8.26%. 

g-(3,4,6-Tri+acetyl-2-deoxy- a -D-arabino-hexopyr~ynosyl-)-(I-6~~~2,3-di~~tyl-a -D- 

~l~~~~yl)_(l-4)-1,2,3,6-tetra~c~yl~ -D-glucopyranoside (3% Coupling of f (0.4 g, 

1.06 mmol) with the saccharide acceptor 2920 (0.6 g, 1.16 mmol) for 31 h gave the a-linked 

2-deoxy trisaccharide 30 (0.56 g, 63%) as a white foam after column chromatographic purifi- 

cation (Si02, hexane/ethyl acetate, l/2), m.p. IOO-102”C, [c$, +66’ (c 1.18, CHC13); ‘H-n.m.r. 

(300 MHZ) ( 6in ppm, J in Hzhl.19 (ddd, lH, J ,,,, 2,,a = 3.6, J2,,a,3,, = 12.0, J2,, 2,, = 15.4, H-2%), 

2.0-2.15 (SS, 27H, 0COCH_3~9), 2.3 (dd, lH, Jl,, 2,,e = 0.42, J2,,e 3,, = 5.5, H12”e), 3.55-4.5 (m, 

llH, H-2 3 4 5 6 2’,3’,4’,5’,51’), 5.01 (brs, lH, H-l”), 4.7-5.4 (m, t , , , , :H, H-1’,6’,3”,6”), 5.78 (d, IH, 

J 1 2 = 8.2, H-l), 13C-n.m.r. (75 IMHz) ( 6 in ppm): 20.3x3, 20.4x3, 20.5x3 (9q, OCOsH3x9), 34.6 

(t,’ C-2”), 62.3, 62.6, 64.9 (3t, C-6’,6”,6”‘), 67.7, 68.4, 68.7, 69.4, 70.0, 70.8, 71.8, 72.2, 72.3, 

75.1 (Ild, C-2 3 4 5 2’,3’,4’,5’,3”,4”,5”), 91.1 (d, C-l’), 95.7 (d, C-l), 96.9 (d, C-l”), 168.6, 169.3, f f , 9 
169.7, 169.8, 169.9, 170.3~2, 170.7, 171.1 (9s, 0COCH3x9); Anal. calcd. for C36H50024: C, 

49.88; H, 5.89. Found: C, 49.74; H, 5.79%. 

ga(3,4-Di-CJacetyl-2,6-dideoxy-a -L-arabinohexopyr~~~~I-6)~2,3-di~~tyl-~ -D-gko- 

pymmsyl)~l-4)-1,2,3,4-tetra+-acet yl-f3-D-glucopyranoside (32).- Coupling of the donor 3 (0.44 

g, 1.36 mmol) with the acceptor 29 (0.89 g, 1.49 mmol) for 25 h gave 32 (0.68 g, 71%) after 

column chromatographic purification (Si02, hexane/ethyl acetate, l/l) as a foam, m.p. 85-87”C, 

[a], -4.8” (c 1.12, CHC13); ‘H-n.m.r. (300 MHz) ( 6 in ppm, J in Hzb1.25 (d, 3H, J5,,,6,, = 6.4, 

H-6”), 1.85 (ddd, IH, J1w2wa = 3.6, J2,,a,3,, = 11.0, J2u2,, = 13.0, H-2”a), 2.1-2.25 (8s, 24H, 

ococl+3~8), 2.3 (ddd, IH, J ,,,, 2,,e = 0.9, J2,,e,3,, = 5.3, H-2,,e), x6-4.0 (m, U-l, I+2,5,2’,4’,5’,5”), 

4.1 (dd, IH, J3 4=J4 5 = 9.6, H-4), 4.2-4.85 (m, 4H, H-3,6,3’,6’), 4.9 (d, IH, H-l”), 5.1 (dd, lH, , 
J3u4,, = 8.09 J4u5u - Y 9.0, H-4”), 5.2-5.5 (m, 4H, H-6,1’,6’,3”), 5.8 (d, IH, J, 2 = 8.2, H-l); 13C- 

, 



556 H. B. MEREYALA et al. 

n.m.r. (75 MHz)( 6 in ppm): 17.2 (q, C-6”), 20.2, 20.3, 20.5~6 (8q, OCO&H3x8), 34.7 (t, C-2”), 

62.6, 65.6x2, 68.8x2, 70.1, 70.8, 71.6, 72.2x2, 73.2, 74.5, 78.1 (13d, C-2 9 3 , 4 9 5 t 6 I 2’,3’,4’,5’,6’,3”,- 

4”,5$ 91.2 (d, C-l’), 95.8 (d, C-l), 97.2 (d, C-l”), 169.0-171.5 (8s, 0C_OCH3x8). Anal. calcd. 

for C34H48022: C, 50.49; H, 5.98. Found: C, 50.41; H, 5.88%. 

Q-(3,4-Di-O_acetyl-2,6-dide!oxy- a -L_arabino_heropyr~~~1_4~_(2,3_di-_0racetyl~- 

zoyl- a -D_gl~~anosyl~_(l~tl,2,3,6_tetra~yl- a-D-glucopyranoside (33).- Coupling of 

3 (0.42 g, 1.39 mmol) with the disaccharide acceptor 31” (0.98 g, 1.41 mmol) in dry dichloro- 

methane at 50” for 36 h gave the 2-deoxytrisaccharide 33 (0.74 g, 66%) as a colourless foam, 

m.p. 103-105T, [ 4, +11.4O (c 0.98, CHC13), ‘H-n.m.r. (300 MHz)( 6 in ppm, J in Hz):l.l (d, 

3H, H-6$ 1.75 (m, IH, H-Z”e), 2.0-2.22 (8s, 25H, 0COC-i3x8, H-2”e hidden), 3.8-4.3 (m, 6H, 

H-2,4,5,2’,4’,5’), 4.4-4.8 (m, 4H, H-3,6,3’,6’), 4.9-5.55 ( m, 6H, H-6,1’,6’,1”,3”,4”), 5.75 (d, IH, 

J 1 2 = 9.2, H-l), 7.4-8.1 (m, 5H, aromatic); 13C-n.m.r. (75 MHz)( 6 in ppm):l7.3 (q, C-6”), 20.5x2, 

20:6x2, 20.7x4 (7q, OCOcH3x8), 36.0 (t, C-Z”), 62.2, 62.3, 67.0, 68.3, 69.8, 70.3, 70.5, 70.9, 

72.6, 73.0, 74.3, 75.2, 75.3 (lid, Zt, C-2 3 4 5 6 2’,3’,4’,5’,6’,3”,4”,5”), 91.2 (d, C-l’), 95.8 (d, , f , , , 
C-l), 98.6 (d, C-l”), 128.5, 129.6 (aromatic), 168.7-170.0 (Xs, 0COCH3x7, OcOPh). Anal. calcd. 

for C41H52023r C, 53.94; H, 5.74. Found: C, 53.89; H, 5.71%. 

2-Pyridyl 2,3,5-tri+benzyl-I-thi& -D-ribofuranoside (34).- Reaction of 37 (5.25 g, 

10 mmol), 2-mercaptopyridine (1.33 g, 12 mmol) and K2C03 (1.65 g, 12 mmol) in toluene- 

acetone (300 ml, l/l) afforded 38 (4.88 g, 88% yield) as a syrup, [al, -15.6” (c 1.0, CHC13). 

Anal. Calcd. for C H 
131 25 N07S: C, 67.01; H, 4.54; N, 2.52; S, 5.77. Found: C, 66.94; H, 4.52; 

N, 2.50, S, 5.72%. H-n.m.r. (200 MHz) ( 6in ppm, J in Hz): 4.5-4.85 (m, 3H, H-4,5,5’), 5.85-6.05 

(m, ZH, H-2,3), 6.23 (d, IH, J , 2=3.1, H-l), 7.0-8.5 (m, 19H, ArH). Debenzylation of 38 (4.5 

g, 8.1 mmol) with catalytic amount of NaOMe in methanol gave the hydroxy compound in 

quantitative yield. Reaction of the above crude product (1.96 g, 8.1 mmol) with NaH (0.873 

g, 36.3 mmol) and benzyl bromide (3.83 ml, 32.6 mmol) in dry DMR (5 ml) afforded, after 

chromatographic purification (Si02, hexane/ethyl acetate, 6/l) 34 (3.55 g, 86% yield) as a 

syrup, Lo I, +20.9O (c 1.0, CHC13). Anal. Calcd. for C ,H31N04S: C, 72.49; H, 6.08; N, 2.73; 

S, 6.24. Found: C, 72.45; H, 6.10; N, 2.69; S, 6.20%. 3 H-n.m.r. (200 MHz)( 6in ppm, J in Hz): 

3.5-3.8 (m, ZH, H-5,5’), 4.1-4.9 (m, 9H, H-2,3,4, 0Ct12Phx3), 6.23 (d, lH, Jl 2=3.l, H-l), 7-O- 
, 

8.5 (m, 19H, ArH). 

2-Pyridyl 2,5_di-+emzoyl-2-deoxy-l-thio- a & -D-ribofrranoside (35).- Compound 39 28 

(3.2 g) in aq AcOH (3 ml, l/l) containing a drop of cont. HCI was heated at 80°C for 1 h. 
Usual workup gave the lactol 40 in quantitative yield. 40 (2.7 g, 7.89 mmol) and 2,2’-dipy- 

ridyl disulfide (1.8 g, 8.2 mmol) in dry CH2Cf2 (20 ml) was treated with n-Bu3P (2.16 ml, 

8.37 mmol) at room temperature. After 30 min. the solvent was concentrated to 5 ml and 

purified by column chromatography (Si02, hexane/ethyl acetate; 6/l) to afford 35 (3 g, 87% 

yield, a/& l/l) as a syrup. Anal. Calcd. for Cz4H2,N05S: C, 66.19; H, 4.86; N, 3.22; S, 9.07. 

Found: C, 66.14; H, 4.82; N, 3.18; 5, 9.01%. ‘H-n.m.r. (200 MHz)( &in ppm, J in Hz)(dB ; l/l): 
2.2-3.0 (m, ZH, H-2,2’), 3.9-4.2 (m, lH, H-5), 4.3-4.7 (m, 2H, H-4,5’), 5.4-5.65 (m, lH, H-3), 

6.17 (dd, 0.5 H, J1 2a=5.5, J, 2e- 
, , 

-4.0, H-la), 6.55 (t, 0.5 H, Jl,2a=Jl 2,e=3.0, H-k), 7.0-8.5 
, 

(m, 14H, ArH). 
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2-Pyridyl 2,3,5,6-di~isopropylidene-I-thio- B-~mannoflranoside (36).- Reaction of 

413’ (2.6 g, 10 mmol) with 2,2’-dipyridyl disulfide (3.44 g, 10.39 mmol) and n-Bu3P (3.68 ml, 

10.60 mmol) in CH2C12 and purification by column chromatography (Si02, hexane/ethyl acetate, 

5/l) afforded 36 (2.5 g, 71% yield) exclusively as B -anomer as yellow needles, m.p. 145”, 

[u], -68.5” (c 0.7, CHC13). Anal. Calcd. for C H 

Found: C, 57.71; H, 6.52; N, 3.92; S, 9.01%. 
17 23 NO5S: C, 57.77; H, 6.56; N, 3.96; S, 9.07. 

H-n.m.r. (200 MHz) ( 6 in ppm, J in Hz): 1.31, 

1.33, 1.38, 1.50 (4s, 12H, 02C&e2x2), 3.6 (dd, IH, J4 5=8.3, J3 4=3.7, H-4), 3.9-4.15 (m, 2H, 

H-6,6’), 4.35-4.55 (m, IH, H-5), 4.80 (dd, lH, Jl 2=3.7: 
I 

J2 3=5.0: H-2), 4.9 (dd, IH, H-3), 5.8 
, 

(d, IH, H-l), 6.9-8.5 (m, 4H, Spy). 

Methyl 2,3_O-isopropylidene-5%2,3,5-tri-C+knz yl-a-D-ribofIranosyl)-&D-riboflaanoside 

(42).- Coupling of 34 (0.513 g, 1 mmol) with a (0.224 g, 1.1 mmol) gave 42 (0.472 g, 78% yield) 

as a syrup. [o], +21° (c 1.0, CHC13). Anal. Calcd. for C35H420q: C, 69.29; H, 6.98. Found: 

C, 69.25; H, 6.95%. ‘H-n.m.r. (200 MHz)( &in ppm, J in Hz): 1.3, 1.5 (2s, 6H, 02CMe2), 3.3 

(s, 3H, 0CH3), 3.35-3.90, 4.30-4.90 (m, 16H, H-2,3,4,5,2’,3’,4’,5’, OCH2Phx3), 4.95 (s, lH, 

H-l), 5.05 (d, IH, J ,, 2,=4.1, H-l’), 7.12-7.50 (m, 15H, ArH). 13C-mm.,. (50 MHz, d in ppm). 

24.8, 26.2 (2q, 02C&2), 54.6 (q, OCH3), 69.2, 69.9, 72.2, 72.5, 73.3, 75.3, 76.4, 81.7, 82.0, 

85.1~2 (6d, 5t, C-2,3,4,5,2’,3’,4’,5’, OsH2Phx3), 102.2 (d, C-l’), 109.5 (d, C-l), 112.1 (s, 0fiMe2), 

126.0-139.0 (aromatic). 

1,2:3,4-Di-O_isopropyMene-6~-(2,3,5-tri-o-benzyL a-D-ribofmanosyl)-a -D-galactopyrano- 

side (43).- Reaction of 34 (0.513 g, 1 mmol) with b (0.286 g, 1.1 mmol) gave 43 (0.536 g, 81% 

yield) as a syrup. [al, +27.8” (c 1.0, CHC13). Anal. Calcd. for C38H46010: C, 68.86, H, 7.00. 

Found: C, 68.84; H, 6.98%. ‘H-n.m.r. (200 MHz)(G in ppm, J in Hz): 1.30, 1.35, 1.43, 1.52 (4s, 

12H, 02C&e2x2), 3.30-4.85 (m, 17H, H-2,3,4,5,6,2’,3’,4’,5’, OCH Phx3), 5.15 (d, IH, J , ,-4.1, 

H-l’), 5.52 (d, lH, J -t3 , 2=4.9, H-l), 7.22-7.50 (m, 15H, aromatic). C-n m r (50 MHz 6 ‘1A2pirn) . . . , . 
24.2, 24.3, 24.8x2 (4;, 02C&e2x2), 65.8, 66.6, 69.9, 70.6x2, 70.7, 71.6, 72.2, 73.4, 75.4, 76.4, 

81.5 (7d, 5t, C-2 3 4 5 6 2’,3’,4’,5’, E_H2Phx3), 96.35 (d, C-l), 102.1 (d, C-l’), 108.6, 109.0 9 , , 7 9 
(Zs, 0&Me2x2), 126.0-139.0 (aromatic). 

1,2:5,6-Di-O_isopropyMene-3+-(2,3,5-tri-CJ-benzyl-a -D-ribofuranosyl)-cr -D-glucofwanoside 

(44).- 34 (0.513 g, 1 mmol) on reaction with c (0.286 g, 1.1 mmol) afforded 44 (0.443 g, 67% 

yield) as a syrup. [a], +35.2” (c 1.0, CHC13). Anal. Calcd. for C38H46010: C, 68.86; H, 7.00. 

Found: C, 68.83; H, 6.97%. ‘H-n.m.r. (200 MHz)( 6in ppm, J in Hz): 1.31, 1.34, 1.38, 1.41 (4s, 

12H, 02CBe2x2), 3.36-4.85 (m, 17H, H-2,3,4,5,6,2’,3’,4’,5’, OCH2Phx3), 5.16 (d, IH, Jl, 2,=4.1, 
I 

H-l’), 6.02 (d, IH, 3 , 2=3.85, H-l), 7.1-7.5 (m, 15H, ArH). 

Methyl 2,3-&opropylidene-5~3,5-di+benzoyl-2-deoxy-a -D-ribofwanosyl)- B -D-ribo- 

furanoside (45).- 35 (0.435 g, 1 mmol) with a (0.224 g, 1.1 mmol) in CH2C12 (4 ml) gave 45 

and 52 after chromatographic purification (Si02, hexane/ethyl acetate, 4/l). The first eluted 

was 1,4-anhydro-2-deoxy-3,5-di-O-benzoyl-D-erythro-pent-l-enitol 52 (0.029 g, 9% yield). ‘H- 

n.m.r. (200 MHz) ( Sin ppm, J in Hz): 4.3 (m, 2H, H-5), 5.1 (dd, IH, Jl 2=5.4, J2 3=4.4, H-21, 

5.55 (m, IH, H-4), 5.8 (t, lH, J 2 3=J3 4=4.4, H-31, 6.65 (d, IH, H-l), 7).3-8.1 cm,’ IOH, ArH). 

The second eluted was 45 (0.379 i, 72k yield). [al, -115.5” (c 1.0, CHC13). Anal. Calcd. for 

C28H32010: c, 63.62; H, 6.10. Found: C, 63.60; H, 6.05%. ‘H-n.m.r. (200 MHz) ( 6 in ppm, 
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J in Hz): 1.35, 1.50 (Zs, 6H, 02C&e,), 2.1-2.7 (m, 2H, H-2’), 3.35 (s, 3H, 0CH3), 3.5-4.8 (m, 

8H, H-2,3,4,5,4’,5’), 5.01 (s, IH, H-l), 5.15 (brsj IH, H-l’), 5.4-5.6 (m, IH, H-3’), 7.2-8.2 (m, 

IOH, ArH). 13C-n.m.r (50 MHz)( 6 in ppm): 24.6, 26.1 (2q, 02C.e2), 31.0 (t, C-2’), 54.6 (q, 

0C_H3), 60.9, 66.4, 68.2, 68.6x2, 81.8, 84.9, 85.0 (5d, 3t, C-2,3,4,5,2’,3’,4’,5’), 97.7 (d, C-l), 

109.4 (d, C-l), 112.2 (s, 0fiMe2), 128.0-134.0 (aromatic), 165.4, 165.8 (2s, OsOPh). However 

a reaction of 35 with a in 0.4M solution of CH2C12 (2.5 ml) gave exclusively 45 in 85% yield. 

1,2:3,4-Di-O_-isopropylidene-5~3,5-di~nzoyKSdeoxy- a-Lkiboftrana6yl)-a-D-galacto- 

pyranoside (46).- Coupling of 35 (0.435 g, 1 mmol) with b (0.286 g, 1.1 mmol) gave 46 (0.478 

g, 82% yield) as a syrup. [a], -105.7” (c 1.0, CHC13). Anal. Calcd. for C31H36011: C, 63.69; 

H, 6.21. Found: C, 63.66; H, 6.18%. ‘H-n.m.r. (200 MHz) (6 in ppm, J in Hz): 1.35, 1.40, 1.50, 

1.60 (4s, 12H, 02Cxe2x2), 2.1-2.8 (m, 2H, H-2’), 3.65-4.75 (m, 9H, H-2,3,4,5,6,4’,5’), 5.23 

(brs, lH, H-l’), 5.6 (d, IH, J l 2=5.52, H-l), 5.65-5.80 (m, IH, H-3’), 7.3-8.2 (m, IOH, ArH). 

13C-n.m.r. (50 MHz) (6 in ppmi: 24.4, 24.7, 25.9x2 (4q, 02C.e2x2), 31.2 (t, C-2’), 61.1, 66.3, 

66.7, 66.9, 68.6, 70.5, 70.6, 71.7 (6d, 2t, C-2 3 4 5 6 2’,3’,4’,5’), 96.4 (d, C-l), 98.0 (d, C-l’), , , 7 9 , 
108.7, 109.4 (2s, 0,CMe2x2), 126.0-134.0 (aromatic), 165.8, 166.1 (2s, OsOPhx2). 

1,2:5,6-Di~isopropylidene-3-_~3,5-di~nzoy~-2-&oxy-a -D-riboflranosyl)- a -D-gko- 

fuanoside (47).- Coupling of 35 (0.435 g, 1 mmol) with c (0.286 g, 1.1 mmol) afforded 47 (0.455 

g, 78% yield) as a crystalline solid, m.p. 45”, [a], -102.0° (c 1.0, CHC13). Anal. Calcd. for 

C31H36011: c, 63.69; H, 6.21. Found: C, 63.67; H, 6.20%. ‘H-n.m.r. (200 MHz)( 6 in ppm, 

J in HZ): 1.45, 1.55, 1.65x2 (4s, 12H, 02C&e2x2), 2.1-2.7 (m, 2H, H-2’), 3.9-4.7 (m, 9H, H- 

2 3 4 5 6 4’,5’), 5.3 (brs, IH, H-l’), 5.5-5.65 (m, lH, H-3’), 5.9 (d, IH, 3, 2=4.0, H-l), 7.3-8.2 f 9 , 7 , 
(m, lOH, ArH). 13C-n.m.r. (50 MHz) (6 in ppm): 25.3, 26.1, 26.6, 26.7, ((q, 02C&e2x2), 30.9 

(t, C-2’), 61.5, 66.5, 67.9, 68.6, 72.1, 76.3, 81.1, 81.8 (6d, 2t, C-2 3 4 5 6 3’,4’,5’), 94.7 (d, , , 7 9 I 
C-l’), 105.3 (d, C-l), 109.4, 112.0 (2s, O&Me2x2), 127.0-134.0 (aromatic), 165.6, 166.1 (i’s, 

OsOPhx2). 

Methyl 2,3-di+-benzyl-6+-(3,5-di+benzoy~-2-deoxy~ -~ibof~~Osy~~-D-gkOp~anO- 

side (4g).- Coupling of 35 (0.435 g, 1 mmol) with d (0.411 g, 1.1 mmol) gave 48 (0.502 g, 72% 

yield) as a syrup, [a], -70.8” (C 1.0, CHC13). Anal. Calcd. for C40H42011: C, 68.75; H, 6.06. 

Found: C, 68.73; H, 6.04%. ‘H-n.m.r. (200 MHz) ( 6 in ppm, J in Hz): 2.1-2.7 (m, 2H, H-2’), 

3.4 (s, 3H, OCH3), 3.5-5.1 (m, 14H, H-1,2,3,4,5,6,4’,5’, 0CH2Phx2), 5.15 (brs, II-I, H-l’), X3-5.4 

(m, lH, H-3’), 7.2-8.1 (m, 20H, ArH). 13C-n.m.r. (50 MHz) ( 6in ppm): 30.9 (t, C-2’), 54.9 (q, 

0CH3), 66.5x2, 68.2, 69.7, 70.1, 72.9, 75.1x2, 79.7, 81.3 (6d, 4t, C-2,3,4,5,6,2’,4’,5’, OCH2Phx2), 

97.8x2 (2d, C-1,1’), 127.0-139.0 (aromatic), 165.5, 165.9 (2s, OsOPhx2). 

Methyl 2,3~isopropylidene-fi_2,3:5&-di~isopropykJene- a -D-mannofuranosyl)- B -D- 

ribofwmide (49).- Reaction of 36 (0.353 g, 1 mmol) with a (0.224 g, 1.1 mmol) afforded 

49 (0.356 g, 80% yield) as a syrup, [aI, +10.5O (c 1.0, CHC13). Anal. Calcd. for C21H34010: 

C, 56.49; H, 7.68. Found: C, 56.47; H, 7.66%. ’ H-n.m.r. (200 MHz) (6 in ppm, J in Hz): 1.40, 

1.45, 1.50, 1.52, 1.56, 1.61 (6s, 18H, 02C&e2x3), 3.38 (s, 3H, OCH3), 3.45-4.90 (m, llH, H-2,3,4, 

5,2’,3’,4’,5’,6’), 5.02 (s, lH, H-l), 5.07 (s, IH, H-l’). 13C-n.m.r. (50 MHz) (6 in ppm): 21.6, 

22.0, 25.2, 25.9, 28.1, 28.8 (6q, 02Cxe2x3), 55.0 (q, 0CH3), 66.0-85.0 (7d, 2t, C-2,3,4,5,2’,3’,4’, 

5*,6’), 106.9 (d, c-l’), 109.2 (d, C-l), 109.3, 112.6, 112.8 (3s, 0+Me2x3). 
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1,2:3,4-Di-~-isopropylitk~2,3~5,6-di~isopropylidene- a -D-mannofuranosyl)- a -D- 

galactopyranoside (50).- Reaction of 36 (0.353 g, I mmol) with b (0.286 g, 1.1 mmol) gave 

50 (0.396 g, 79% yield) as a syrup, [al, -8.82O (c 1.0, CHC13). Anal. Calcd. for C24H38011: 

C, 57.36; H, 7.62. Found: C, 57.34; H, 7.60%. 1 H-n.m.r. (200 MHz) (6 in ppm, J in Hz): 1.25x2, 

1.27, 1.29, 1.37x2, 1.39, 1.46 (Ss, 24H, 0 CMe x4), 3.5-4.8 (m, 12H, H-2 3 4 5 6 2’,3’,4’,5’,6’), 
2-& 

, , , , , 
4.95 (s, IH, H-l’), 5.45 (d, IH, Jl 2=5.0, H-l). C-n.m.r. (50 MHz) ( 6 in ppm): 24.4-26.8 (Sq, 

02CMe2x4), 66.0-85.0 (Sd, 2t, C-;,3,4,5,6,2’,3’,4’,5’,6*), 96.2 (d, C-l), 106.6 (d, C-l’), 109.4, 

109.6, 109.7, 112.4 (4s, 0&Me2x4). 

1,2:5,6-Di-O-iipropylidene-3~~2,~5,6-di~-isopropyMene- a -D-mannof wanosyl)-a -D-glu- - 
cofuranoside (51).- Coupling of 36 (0.353 g, I mmol) with c (0.286 g, 1.1 mmol) afforded 51 

(0.371 g, 74% yield) as a syrup, [a]D +26.07O (c 1.0, CHC13). Anal. Calcd. for C24H38011: 

C, 57.36; H, 7.62. Found: C, 57.24; H, 7.56%. 1 H-n.m.r. (200 MHz) ( 6in ppm, J in Hz): 1.36, 

1.37, 1.38, 1.41, 1.46, 1.50x2, 1.52 (Ss, 24H, 02C&e2x4), 3.99-4.90 (m, 12H, H-2,3,4,5,6,2’,3’, 

4’,5’,6’), 5.31 (s, lH, H-l’), 5.88 (d, lH, Jl 2=3.8, H-l). 13C-n.m.r. (50 MHz) ( 6in ppm): 24.4, 

26.1, 26.2, 26.7, 28.1, 28.7x3 (Sq, 02C&e2;4), 66.8, 67.5, 72.5, 73.2, 79.5, 80.8x2, 81.0, 83.8, 

85.2 (Sd, 2t, C-2 3 4 5 6 2’,3’,4’,5’,6’), 105.0 (d, C-l), 107.6 (d, C-l’), 109.0, 109.2, 111.9, 112.7 f , 9 9 9 
(4s, 0&Me2x4). 
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