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ABSTRACT

Several ribofuranosyl derivatives bearing trichloroacetimidoyl or acetyl leaving
groups in a Lewis acid promoted ribosylation reaction were prepared and used in an at-
tempt to improve the yield and to avoid donor —» acceptor transacetylation. Trichloroace-
timidates were excellent donors affording disaccharides with very high yields under miid
conditions. The corresponding 1-C-acetylated analogs could also be used with out tran-
sacetylation in the presence of boron trifluoride etherate.

INTRODUCTION

B-D-Ribofuranoside moieties have been identified as constituents of many bacterial
polysaccharides'™ and natural products.>® The formation of this -D-ribofuranosidic bond

was usually accomplished from 1-C-acetylated donors, mostly I-O-acetyl-2,3,5-tri-O-
551
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benzoyl-p-D-ribofuranose 1™ and Lewis acids such as SnCls or trimethylsilyl
trifluoromethanesulfonate (TMSOTT) as catalysts. Furanosyl halides have also been used’
but other potentially useful donors such as trichloroacetimidates,'®'" cyanoethylidene,'?
thioglycosides' and fluorides' were only occasionally studied.

In this paper the use of several ribofuranosyl donors bearing trichloroacetimidoyl

or acetyl leaving groups in the synthesis of disaccharides is reported.

RESULTS AND DISCUSSION

The crystalline 2,3,5-tri- O-benzoyl-B-D-ribofuranosyl trichloroacetimidate 2 was
prepared from 1 after O-deacetylation with hydrochloric acid in dioxane and treatment
with trichloroacetonitrile and potassium carbonate in dichloromethane. The synthesis of
the donors 3 and 4 have been reported earlier, whereas the synthesis of the donors § and 6
are described in the Experimental. Acceptors A-C were selected as representatives of the
reactivity pattern found in the synthesis of oligosaccharides.

Acceptor A was previously condensed with 1 in the presence of TMSOTY® afford-
ing a very high yield of disaccharide 2A. When the same reaction was performed using
the corresponding imidate 2, disaccharide 2A was obtained with a similar yield but in a
faster reaction and milder conditions. The reaction of a slight excess of imidate 2 with the
acceptors B and C in dichloromethane and TMSOTT as a catalyst, gave also the corre-
sponding disaccharides in high yields (see Table 1). The structures of all disaccharides
were confirmed by NMR spectroscopy. The '"H NMR spectra showed typical singlets cor-
responding to H-1"at 6 5.19, 5.76 and 5.57 for the disaccharides 2A-2C, respectively. In
the ®C NMR spectra (Table 2) the signals for C-1' appeared at 105.4-107.4 ppm. The
signal corresponding to the carbon bearing the free hydroxyl group in the acceptors was
deshielded in accordance with the expected effect for ribosylation (61.2 — 67.6, 2A; 73.4
— 80.6, 2B; 68.3 — 74.9, 2C).

Donor 3 with an allyl group at position 3 was prepared previously" for the syn-

thesis of Haemophilus influenzae type b oligosaccharides and could be successfully used
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Table 1. Reaction conditions and results of ribosylation

Exp Donor  Acceptor  Promoter/CICH,CH,Cl  Product Yield

[mmol] [mmol] [mmol] mL %

1 2[0.103] A[0.086] TMSOTF[0.0086) 2A 81

2 2[0.106] B[0.084] TMSOTf[0.0084] 2B 90

3 2[0.110] C[0.092] TMSOTI[0.0092] 2C 75

4 3{056] A[037)  TMSOTf[0.094] 3A 80"

5 5[0.81] A{0.63] TMSOT{[0.063] SA 54

6 6[0.274] A[0.274] TMSOTf[0.153] 6 A 81

7 6[0274] A[0274] BF;Et,0[0.27]/0.07 6 A 79

8 6[0.148] B[0.086] BF;E1,0[0.09)/0.04 6B 45

9 6[0.148] C[0.158] BF;.Et,0[0.27)/0.07 6C 40

10 4[062] A[031] BF;.Et,0 [0.77]/0.40 4A 72

11 4[0.129] B[0.086] BF;.Et,0[0.22}/0.05 4B 74

Table 2. “C NMR Spectral data®
Acceptor Donor

compd C-1 C-2 C3 C4 CS5 C6 compd C-1 C-2 C3 C4 C-5
A® 612 789 787 78.1 69.6 2 1026 747 719 803 645
B 975 794 734 774 695 684 3 1029 723 734 804 645
C 982 683 798 798 675 17.7 4 979 739 703 814 634
5 1024 706 739 819 63.7
6 985 736 762 814 692
2A°> 676 78.5 782 78.1 69.9 1054 755 739 789 654
2B 976 793 806 766 698 0683 1074 755 724 783 649
2C 984 749 80.0 803 682 1738 1067 756 724 79.0 652
3A° 667 77.4 77.5 78.1 69.4 1048 739 777 7187 651
5A> 678 789 719 7719 69.9 1051 747 71,6 783 646
6A°* 673 78.6 782 78.0 69.9 1051 739 779 803 715
4B 97.6 79.5 80.8 765 69.8 68.5 1072 746 71.1 716 646
6B 97.7 79.8 80.0 76.6 69.8 68.5 1073 745 772 1796 1710
6C 987 729 803 804 68.1 180 1060 742 775 804 709

a. Protective groups were as follows:
Allyl -CH,O- 71.2-71.9 ppm, CH;= 116.5-118.9 ppm, -CH= 133.5-134.2 ppm; Bz
-CO- 165.3-166.3 ppm; Bn -CH,0- 71.3-73.5 ppm; Ac -CO- 169.2-170.5 ppm, -
CH; 20.3-20.7 ppm.

b. The C-2, C-3 and C-4 assignments may have to be interchanged.



09: 06 23 January 2011

Downl oaded At:

554 CHIU-MACHADO ET AL.

BzO 0. OR BzO 0. OR
0Bz 0Bz OAll OBz
1 R=Ac _
2 R=C(NH)CCl, 3 REC(NH)CCly
2A -2C;R=A-C 3AR=A
AcO o_ OR BnO O. OR
OAc OAc QA OAc
4 R=Ac 6 R=Ac
5 R=C(NH)CCl, 6A-6C; R=A - C
4A=5A; R=A
48 R=B
R-OH
HO - 1
n
OBn 0OBn
OBy  BnO C 0
B
oBn HO. - no
OAl OCH, OBn o4
A B c

for the ribosylation of acceptor A with high yield. One of the most important problems
frequently found in Lewis acid catalysed ribosylation is the donor — acceptor acetyl group
migration (transacetylation) which until now precluded the use of acetylated donors. Do-
nor 5 was used for the ribosylation of acceptor A, and even though when the yield was

moderate, the acetylated acceptor was only detected in < 5 %.

The results obtained with the ribofuranosyl trichloroacetimidates demonstrated
their usefulness for the synthesis of oligosaccharides, especially for complex acceptors, or
when high yield and/or fast and clean reactions were needed. However, the synthesis of
these donors was generally more troublesome than the corresponding 1-O-acetylated
analogs. In order to find an alternative method for inexpensive and simple acceptors, the

reaction of the 1-Cracetylated donor 6 with A in the presence of several Lewis acids was
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studied. TMSOTTf and boron trifluoride etherate were both excellent catalysts for this re-
action (Table 1, experiments 6 and 7). However, when the reactivity of the acceptor de-

creased, transacetylation became the main reaction with TMSOTf. At the same time no
transacetylation was detected for reactions promoted by boron trifluoride etherate (Table

1, experiments 8 and 9). This fact could be explained probably by the bulky structure of
the intermediate acyloxonium ion pair,'* which hindered the attack on the orthoester car-
bon, resulting in the direct formation of disaccharide. The moderate to low yield obtained
in this reaction was explained by the formation of the nonreducing disaccharide ribofu-
ranosyl §,B-(1-1)-ribofuranose.'®

Peracetylated ribofuranose 4 was also used as a donor in the presence of boron
trifluoride etherate. The reaction of 4 with A gave the disaccharide in a yield exceeding
that obtained with the corresponding imidate 5. Acceptor B in the same reaction affords
the disaccharide in a good yield. The structure of 4B was confirmed by NMR spectros-

copy. The 'H NMR spectrum showed a singlet corresponding to H-1' at 5.51 ppm. In the
BC NMR spectra a signal for C-1' was observed at 107.2 ppm and that for C-3 in the ac-

ceptor was deshielded (73.4 — 80.8).

In conclusion, for easily synthesized acceptors having reactive hydroxyl groups,
the use of peracetylated ribofuranose and boron trifluoride etherate as promoter is recom-
mended. For more complex acceptors the use of ribofuranosyl trichloroacetimidates is the

method of choice.

EXPERIMENTAL

General procedures. Opticdl rotations were measured at 25 °C with a POLA-
MAT A automatic polarimeter, using a 5-cm 5-mL cell. NMR spectra were recorded at
25 °C with a BRUKER AC-250F spectrometer. Chemical shifts (8) are given in ppm rela-
tive to the signal for internal tetramethylsilane; indirectly to CDCls, § 77.03 for *C.

All compounds were purified by column chromatography on Kieselgel 60 (Fluka, <
230 mesh ASTM) and fractions were monitored by TLC on kieselgel 60 Fpss (Merck).
Detection was effected by charring with sulfuric acid after examination under UV light.

Evaporations were conducted under reduced pressure at 50 °C (bath).
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The characterization of the various compounds was performed by 'H and “*C
NMR spectroscopy using homo- and heteronuclear correlation experiments and by ele-
mental analysis, except for 6B which was contaminated by the free acceptor. In the latter
case the structure was accessed only by NMR spectroscopy.

Synthesis of acceptors

5-O-Allyl-2,3,4-tri- O-benzyl-D-ribitol (A).” 'H NMR (CDCL) § 7.4-7.0 (m,
I5H, 3 Ph), 5.88 (m, 1H, -CH,-CH=CH,), 5.18 (m, 2H, -CH,-CH=C /), 4.9-4.4 (m, 6H,
3 PhCH,), 4.0-3.3 (m, 9H, H-1a,1b,2,3,4,5a,5b and -C H,-CH=CH,).

Methyl  2,4,6-Tri- O-benzyl-a-D-glucopyranoside (B).!” 'H NMR (CDCl;) &
7.4-7.2 (m, 15H, Ph), 4.62 (d, 1H, Ji, = 3.5 Hz, H-1), 4.08 (t, 1H, J34 = 9.1 Hz, H-3),
3.72 (m, 1H, H-3), 3.66 (m, 2H, H-6a,6b), 3.52 (t, 1H, Jus= 9.1 Hz, H-4), 3.40 (dd, 1H,
Y23 =9.1Hz, H-2), 3.30 (s, 3H, OCHy).

Benzyl 3,4-Di- O-benzyl-a-L-rhamnopyranoside (C).'"® 'H NMR (CDCl;) § 7.4-
7.2 (m, 15H, Ph), 4.85 (d, 1H, J,; = 1.3 Hz, H-1), 4.03 (dd, 1H, J,3 = 3.3 Hz, H-2), 3.86
(dd, 1H, J54 = 9.1 Hz, H-3), 3.78 (m, 1H, Js5 = 6.2 Hz, H-5), 3.48 (t, 1H, Jss = 9.1 Hz,
H-4), 3.19 (s, 1H, OH), 1.80 (d, 3H, H-6).

Synthesis of donors

2,3,5-Tri-O-benzoyl-B-D-ribofuranosyl Trichloroacetimidate (2). o/B 1:8; 'H
NMR (CDCl;) 2a-anomer 8 8.65 (s, 1H, C(NH)CCly), 8.2-7.8 (m, 6H, Ph), 7.65-7.2 (m,
9H, Ph), 6.89 (d, 1H, J,2 = 4.4 Hz, H-1), 593 (t, 1H, s, = 6.6 Hz, H-3), 5.66 (dd, 1H,
J23 = 6.6 Hz, H-2), 490 (m, 1H, H-4); 2B-anomer § 8.70 (s, |H, CINH)CCl), 8.2-7.8
(m, 6H, PhCO), 7.65-7.2 (m, SH, PhCO), 6.62 (s, 1H, H-1), 5.99 (d, 1H, J,3 = 4.9 Hz, H-
2),5.93 (dd, 1H, J34 = 6.0 Hz, H-3), 4.90 (m, 1H, Jus, = 4.5 Hz, Ju5, = 5.7 Hz, H-4), 4.70
(dd, 1H, Js,,s = 11.9 Hz, H-5a), 4.61 (dd, 1H, H-5b).

Anal. Calcd for CosHnOgNCls: C, 55.42; H, 3.66. Found: C, 55.13; H, 3.99.

3-0-Allyl-2,5-di- O-benzoyl-B-D-ribofuranosyl Trichloroacetimidate (3)." o/B
1:8; '"H NMR (CDCl3) 3a-anomer 6 8.51 (s, 1H, C(NH)CCL), 6.67 (d, 1H, J,, = 4.3 Hz,
H-1); 3B-anomer & 8.63 (s, 1H, C(NH)CCl;), 6.48 (s, 1H, H-1), 5.73 (d, 1H, J,5 =43
Hz, H-2). For further NMR data, see Ref 19.

1,2,3,5-Tetra- O-acetyl-B-D-ribofuranose (4).” 'H NMR § 6.18 (s, 1H, H-1),
5.43-5.13 (m, 2H, H-2,3), 4.42-4.18 (m, 2H, H-5a,5b), 2.21-2.11 (4s, 12H, 4 CH;CO).
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2,3,5-Tri-O-acetyl-a,B-D-ribofuranosyl Trichloroacetimidate (5). A solution of
methyl 2,3,5-tri-C-acetyl-B-D-ribofuranoside (2.0 g, 6.9 mmol) in 90 % trifluoroacetic
acid (10 mL) was stirred for 5 h and the mixture was concentrated at room temperature
and co-concentrated with toluene (2 x 10 mL). Then dichloromethane (50 mL) was added
and the solution was washed with water, aq 5 % sodium hydrogencarbonate and water,
dried, filtered and concentrated. A solution of the residue (589 mg, 2.13 mmol), potassium
carbonate (186 mg, 1.34 mmol) and trichloroacetonitrile (0.2 mL) in dried di-
chloromethane (4 mL) was stirred for 12 h at room temperature. The mixture was filtered
over celite, and the filtrate was concentrated to yield 5 (870 mg, 30 %) as an o, mixture
(1:10): Ry 0.8 (dichloromethane/acetone 2:1 v/v). '"H NMR (CDCl;) Sa-anomer 8 8.52 (s,
1H, C(NH)CCl;), 6.52 (d, 1H, J;; =4.2 Hz, H-1); 58-anomer § 8.61 (s, lH, CINH)CCl,),
6.28 (s, 1H, H-1), 5.48 (d, 1H, J,5 = 4.8 Hz, H-2), 5.36 (dd, 1H, Js4 = 7.2 Hz, H-3),
2.18-2.10 (3s, SH, 3 CH;CO).

1,2-Di-O-acetyl-3- O-allyl-5- O-benzyl-a,B-D-ribofuranose (6). To a cooled (0
°C) solution of 3-Crallyl-1,2-O-isopropylidene-a-D-ribofuranose (1.0 g, 4.3 mmol) in di-
methylformamide (5 mL) was added powdered sodium hydroxide (0.7 g, 12.5 mmol) and
stirred for 20 min. Then, to the mixture was added benzyl chloride (1.5 mL, 13.4 mmol).
After 2 h, TLC (dichloromethane/acetone 20:1 v/v) indicated the disappearance of the
starting material and a new spot at R 0.85. The mixture was then poured into water (20
mL) and extracted with dichloromethane (3 x 5 mL); the combined extracts were washed
with water, dried, filtered and concentrated. A solution of the residue in dioxane/water
(3:2 viv, 20 mL) and Dowex-50 (H") resin (2 g) was stirred at 60 °C. After 16 h, TLC
(dichloromethane/acetone 10:1 v/v) showed the reaction to be complete. The mixture was
filtered over a glass filter and concentrated. To a solution of the residue in pyridine (5 mL)
was added acetic anhydride (5 mL). After 4 h, TLC (hexane/ethyl acetate 4:1 v/v) showed
the reaction to be complete. Column chromatography (hexane/ethyl acetate 5:1 v/v) of
the residue afforded 6 (1.4 g, 89 %) as a syrup: Rr 0.61 (hexane/ethyl acetate 2:1 v/v). 'H
NMR (CDCl;) 6B-anomer 8 6.15 (s, 1H, H-1), 5.23 (d, 1H, J,3 = 4.6 Hz, H-2), 4.15 (m,
1H, H-4), 4.25 (t, 1H, J;4 = 4.6 Hz, H-3), 3.65 (m, 2H, H-5a,5b).

Anal. Calcd for CisH2,04: C, 62.63; H, 6.64. Found C, 62.71; H, 6.65.
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TMSOTf promoted glycosylation. For details concerning amounts, see Table 1.
Acceptor and donor were dried in a high vacuum system for 2 h. Dry dichloromethane (6
mL/mmol of donor) and molecular sieves 4A were added and the mixture was stirred for
30 min. The reaction was cooled to 0 °C and TMSOTf was added under an argon atm.
After 5 min, TLC (hexane/ethyl acetate) showed the reaction to be complete. Triethy-
lamine was added and the mixture was filtered, washed with water, dried and concen-
trated. The resulting disaccharides were isolated via column chromatography.

5-O-Allyl-1-0-(2,3,5-tri- O-benzoyl-B-D-ribofuranosyl)-2,3,4-tri- O-benzyl-D-
ribitol (2A).* Column chromatography (toluene/acetone 90:1 v/v) of the residue afforded
2A as a syrup: {a]p +51.2° (¢ 1, chloroform); 'H NMR (CDCl;) & 8.2-7.8 (m, 6H, Ph),
7.6-7.1 (m, 24H, Ph), 5.87 (m, IH, -CH,-CH=CH,), 5.80 (dd, IH, Js,s = 6.6 Hz, H-3'),
5.65(d, 1H, Jo3= 5.0 Hz, H-2"), 5.24 (m, 2H, -CH,-CH=C#), 5.19 (s, 1H, H-1").

Methyl 2,4,6-Tri- O-benzyl-1-0-(2,3,5-tri- O-benzoyl-B-D-ribofuranosyl)-a.-D-
glucopyranoside (2B). Column chromatography (toluene/acetone 90:1 v/v) of the resi-
due afforded 2B as a syrup: [a]p +38.2° (¢ 1, chloroform); R 0.56 (toluene/acetone 20:1
v/v); '"H NMR (CDCl;) & 8 2-7.8 (m, 6H, Ph), 7.60-7.15 (m, 15H, Ph), 5.85 (m, 2H, H-
2'3), 5.76 (s, 1H, H-1'), 4.7-4.4 (m, 6H, PhCHs), 4.59 (m, 1H, H-4"), 4.54 (d, 1H, J,, =
3.5 Hz, H-1), 4.53 (m, 1H, H-5a"), 4.17 (t, 1H, Js4 = 9.2 Hz, H-3), 3.64 (m, 1H, H-5b"),
3.60 (m, 2H, H-6a,6b), 3.54 (m, 2H, H-2,4), 3.29 (s, 3H, OCH}).

Anal. Calcd for CssHs;013: C, 71.72; H, 5.69. Found: C, 72.08; H, 6.09.

Benzyl 3,4-Di- O-benzyl-1-0-(2,3,5-tri- O-benzoyl-B-D-ribofuranosyl)-a-L-
rhamnopyranoside (2C). Column chromatography (toluene/acetone 90:1 v/v) of the resi-
due afforded 2C as a syrup: [a]p +20.6° (c 1, chloroform); R 0.56 (hexane/ethyl acetate
3:1 v/v), 0.70 (toluene/acetone 20:1 v/v); '"H NMR (CDCls) 6 8.2-7.8 (m, 6H, Ph), 7.65-
7.20 (m, 1SH, Ph), 5.86 (dd, 1H, H-3"), 5.84 (d, 1H, H-2'), 5.57 (s, 1H, H-1"), 4.96 (d,
IH, J;2 = 1.6 Hz, H-1), 4.65 (m, 1H, H-4), 4.58 (m, 2H, H-5'3,5'), 4.15 (bt, 1H, J;; =
2.5 Hz, H-2),3.92 (dd, IH, t, 1H, J;s = 9.3 Hz, H-4), 1.20 (d, 3H, H-6).

Anal. Calcd for Cs3HsoO,2: C, 72.42; H, 5.73. Found C, 73.11; H, 6.19.

1-O-(3- O-Allyl-2, 5-di- O-benzoy!-B-D-ribofuranosyl)-5- G-allyl-2, 3, 4-tri- O-
benzyl-D-ribitol (3A)."” Column chromatography (toluene/acetone 90:1 v/v) of the resi-
due afforded 3A as a syrup: 'H NMR (CDCly) 6 5.43 (d, 1H, J»,3 =4.3 Hz, H-2"), 5.04 (s,
1H, H-1"). For further NMR data, see Ref 19.
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1-0-(2,3,5-Tri- O-acetyl-8-D-ribofuranosyl)-5- O-allyl-2,3,4-tri- O-benzyl-D-
ribitol (4A=5A).*" Column chromatography (toluene/acetone 50:1 v/v) of the residue
afforded 4A as a syrup: [a]p -10° (¢ 1, chloroform); 'H NMR (CDCls) § 7.4-7.2 (m, 15H,
Ph), 6.0-5.8 (m, 1H, -CH,-CH=CH,), 5.4-5.2 (m, 2H, -CH,-CH=CH,), 5.31 (m, 1H, H-
3, 5.23 (m, 1H, H-2"), 4.92 (s, 1H, H-1"), 4.28 (m, 1H, H-4"), 4.27 (m, 1H, H-5b"), 4.08
(m, 1H, H-5a"), 2.10, 2.00 and 1.96 (3s, 9H, 3 CH;CO).

1-0-(2-O-Acetyl-3-G-allyl-5- O-benzyl-B-D-ribofuranosyl)-5- G-allyl-2,3,4-tri-
O-benzyl-D-ribitol (6A).” Column chromatography (toluene/ethyl acetate 10:1 v/v) of
the residue afforded 6A as a syrup: [a]p -15.2° (¢ 1, chloroform); 'H NMR (CDCl;) &
7.4-7.2 (m, 20H, Ph), 6.0-5.8 (m, 2H,-CH,-CH=CH,), 5.4-5.2 (m, 4H, -CH,-CH=CH),
5.15 (m, 1H, H-2'), 4.96 (s, IH, H-1), 4.12 (m, 1H, H-4), 4.03 (m, 1H, H-3", 3.55 (dd,
2H, H-5a',5b"), 2.15 (s, 3H, CH;CO).

Boron trifluoride etherate promoted glycosylation. For details concerning
amounts, see Table 1. To a cooled (0°C) and stirred solution of acceptor and donor in dry
dichloroethane (23 mL/mmol of donor) was added a solution of boron trifluoride etherate
in dichloroethane. After 15 min, TLC (hexane/ethyl acetate) indicated a faster moving
spot. The mixture was treated with an excess of solid sodium hydrogencarbonate and, af-
ter the addition of diethyl ether and aq 5 % sodium hydrogencarbonate, the organic layer
was washed with water, dried and concentrated. The resulting disaccharides were isolated
via column chromatography.

Methyl  3-0-(2,3,5-Tri- G-acetyl-p-D-ribofuranosyl)-2,4,6-tri- O-benzyl-o-D-
glucopyranoside (4B). Column chromatography (toluene/acetone 100:1 v/v) of the resi-
due afforded 4B as a syrup: [a]p +11.0°(c 1, chloroform); '"H NMR (CDCl;) § 7.4-7.2 (m,
15H, Ph), 5.51 (s, 1H, H-1"), 5.36 (m, 2H, H-2'3"), 4.54 (d, IH, J;, = 3.6 Hz, H-1), 4.21
(m, 1H, H-4"), 4.18 (m, 1H, H-5a"), 4.11 (m, 1H, H-3), 4.10 (m, 1H, H-5b"), 3.70 (m, 1H,
H-5), 3.68 (m, 1H, H-6a), 3.60 (m, 1H, H-6b), 3.55 {(m, 1H, H-4), 3.45 (dd, 1H, J,5 =
10.7 Hz, H-2), 3.26 (s, 3H, OCH3), 2.10, 2.00 and 1.87 (35, 9H, 3 CH;CO).

Anal. Calcd for C3HssO13: C, 63.92; H, 7.70. Found C, 64.01; H, 7.78.

Methyl 3-0-(2-O-Acetyl-3-O-allyl-5- O-benzyl-B-D-ribofuranosyl)-2,4,6-tri- O-
benzyl-a-D-glucopyranoside (6B). Column chromatography (toluene/acetone 100:1 v/v)
of the residue afforded 6B contaminated with some B: 'H NMR (CDCl3) § 7.45-7.15 (m,
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20H, Ph), 5.79 (m, 1H, -CH,-CH=CH,), 5.48 (s, 1H, H-1"), 5.32 (d, 1H, J;3 = 4.4 Hz, H-
2", 4.54 (d, 1H, J;,=3 Hz, H-1), 4.09 (m, 1H, H-3), 4.05 (m, 1H, H-3'), 3.96 (m, 2H, H-
5a',5b"), 3.85 (m, 1H, H-4"), 3.72 (m, 1H, H-5), 3.63 (m, 2H, H-6a,6b), 3.56 (m, 1H, H-
4), 3.42 (m, 1H, H-2), 3.26 (s, 3H, OCHa), 2.04 (s, 3H, CH;CO).

Benzyl  2-0-(2-O-Acetyl-3-O-allyl-5- O-benzyl-3-D-ribofuranosyl)-3,4-di- G-
benzyl-at-L-rhamnopyranoside (6C). Column chromatography (toluene/ethyl acetate

10:1 v/v) of the residue afforded 6C as a syrup: [a]p -40.3° (c 1, chloroform); '"H NMR
(CDCl3) 8 7.4-7.2 (m, 20H, Ph), 6.0-5.8 (m, 1H, -CH,-CH=CH,), 5.4-5.2 (m, 2H, -CH,-

CH=CH), 5.35 (m, 1H, H-2"), 5.32 (s, 1H, H-1'), 4.86 (d, 1H, J,;2 = 1.5 Hz, H-1), 4.18
(m, 1H, H-2), 4.13 (m, 2H, H-3",4"), 3.87 (m, 1H, H-3), 3.70 (m, 1H, H-5), 3.50 (m, 2H,
H-5'4), 2.10 (s, 3H, CH,CO), 1.35 (d, 3H, H-6).

Anal. Calcd for C44Hs¢Oyo: C, 71.53; H, 6.82. Found C, 72.05; H, 7.22.
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