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ABSTRACT

A reaction sequence for the preparation of methyl 5-O-feruloyl-a-L-arabinofuranosyl-(1 — 3)-8-p-
xylopyranoside, the companion 5-O-p-coumaroyl disaccharide, and their (1 —2) analogs has been
developed. The (1 — 3) hydroxycinnamoylated disaccharides are available in 11 steps from L-arabinose
and methyl B-p-xylopyranoside in 17% overall yield (based on methyl B-p-xylopyranoside). The
corresponding (1 — 2) materials were prepared in 9 steps in > 37% overall yield. Complete spectral
characterization provides unambiguous assignments for comparison with analogous materials isolated
from plant cell-walls. Conformational aspects of the prepared materials are discussed in relation to
coupling-constant information.

INTRODUCTION

The role of ferulic (4-hydroxy-3-methoxy-trans-cinnamic) and p-coumaric (4-hy-
droxy-trans-cinnamic) acids in the cell-walls of forage grasses is not well under-
stood. The primary site of attachment to polysaccharides is via esterification
through the 5-position of a-L-arabinofuranosyl units of arabinoxylans' >, and
strong evidence has been presented®~!! for both the esterification and etherifica-
tion to lignin. The coupling of lignin to polysaccharide through hydroxycinnamic
acids has been proposed as a mechanism by which cell-wall degradation in
ruminants is inhibited'>!3. The controlled attachment and detachment of polysac-
charide chains via dehydrodiferulic acid has been suggested as a mechanism by
which cell-wall expansions is moderated', while hydroxycinnamoylated polysac-
charides have been implicated as the initial site of lignification!®>. Thus the
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presence of these cross-links, either by dehydrodiferulic acid or a lignin-hydroxy-
cinnamic acid—polysaccharide bridge, would appear to have a definite impact on
the three-dimensional nature of the forage grass cell-wall. Covalent bonds that
cannot be cleaved by esterases or hydrolases, either due to spatial concerns or the
type of linkage (biphenyl or aryl ether, for example) would provide regions of
restricted access where utilizable substrates cannot be accessed by degradative
enzymes. The recent isolation of a diferul-9,9’-dioyl-linked hexasaccharide!® as
well as the incorporation of methyl 5-O-feruloyl-a-L-arabinofuranoside into syn-
thetic lignin preparations by classical free-radical mechanisms'? do indeed suggest
that hydroxycinnamic acids are important structural components of the forage
grass walls.

The use of NMR spectroscopy for the determination of the regiochemistry of
hydroxycinnamic acid attachment to lignin and polysaccharide in native cell-wall
isolates necessitates the synthesis of suitable models for spectral characterization
and optimization of correlation experiments. Our previous synthetic endeavors
were directed at the preparation of hydroxycinnamoylated methyl glycosides!8!®
with the acylation site being the primary hydroxyl position. These materials served
as substrates for the assessment of esterase specificity?®, and methyl 5-O-(9'-
BClferuloyl)-a-L-arabinofuranoside with coniferyl alcohol was used as a substrate
for the incorporation into synthetic DHP lignins'’. The synthetic transformations
developed in these studies, in concert with the recently described strategy for the
regioselective protection of p-xylopyranosides?, allowed for the preparation and
subsequent spectral characterization of several hydroxycinnamoylated disaccha-
rides. These most recent efforts are the subject of this report.

RESULTS AND DISCUSSION

Synthetic aspects.—The key to the preparation of target compounds 16, 17, 20,
and 21 was to prepare the unprotected disaccharides 7 and 11. Since these
disaccharides contain only one primary hydroxyl, selective manipulation of this
hydroxyl according to the strategy developed!® for the selective acylation of methyl
a-L-arabinofuranoside was envisaged. Methyl 2,3,5-tri-O-benzoyl-a-L-arabino-
furanoside was reacted with SnCl—dichloromethyl methyl ether in
dichloromethane to afford the crystalline a-chloride (82%). Methyl B-p-
xylopyranoside (1) was converted to the 3,4-dibenzoate 2 in one step via dibutyltin
oxide-mediated acylation?!, and glycosylation of 2 and the chloride with silver
trifluoromethanesulfonate (silver triflate) and 2,4,6-trimethylpyridine (collidine)
gave 6 in 95% yield with a minimum of excess halide (1.1 equiv). Debenzoylation
(NaOMe, 92%) gave 7 as an amorphous material in 87.5% vyield from 1.

Preparation of the p-xylopyranosyl unit of (1 — 3)-linked disaccharide 11 was
achieved by benzoylation and subsequent dechloroacetylation of methyl 4-O-ben-
zoyl-3-O-chloroacetyl-B-p-xylopyranoside (3)?!, which is available from 1 in one
step (54% crystalline yield) via dibutyltin oxide-mediated acylation. Benzoylation
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Scheme 1.

of 3 with N,N-(diisopropyl)ethylamine—4-(dimethylamino)pyridine—benzoyl chlo-
ride in dichloromethane afforded 4 as a crystalline material in 86% yield without
silica gel chromatography. Acylation with benzoyl chloride—pyridine provided a
much lower yield of 4, presumably due to the well-known ability of pyridine to
form quaternized compounds with chloroacetate groups??. Dechloroacetylation
was accomplished with thiourea in 10:1 absolute ethanol-pyridine at 50°C in
almost quantitative yield (95-98%). Glycosylation (silver triflate—collidine) gave 10
in 92% vyield, which upon debenzoylation gave crystalline 11.

The protocol for the preparation of 7 and 11 is an improvement on previous
schemes?*~% in that nucleophiles 2 and 5 were prepared in one and three steps,
respectively, from 1. The improved yield and stability of 2,3,5-tri-O-benzoyl-a-L-
arabinofuranosyl chloride relative to the analogous bromide is also an advantage in
that the crystalline chloride can be stored for long periods without the degrada-
tion. Only minor amounts of the presumed B-L-linked disaccharides (< 2%) were
detected in the 'H spectra of the crude reaction products when glycosylation
reactions were performed on a large scale (~ 5 g).

Silylation of the 5-positions of the L-arabinofuranosyl moieties of 7 and 11 with
tert-butylchlorodimethylsilane occurred cleanly with pyridine as the solvent / base!8.
The subsequent addition of acetic anhydride provided 8 and 12 which were
isolable by silica gel chromatography. O-Desilylation with aq 80% acetic acid gave



the crystalline acetates 9 and 13. The entire sequence can be performed without
purification of the intermediate compounds (8 and 12) in the same overall yield
(76% from 7 and 74% from 11). Coupling of 9 and 13 with the appropriate
4-acetoxycinnamoyl chloride in pyridine gave the peracetates 14, 15, 18, and 19 in
> 88% vyield. The final deprotection was accomplished by treatment with ethanolic
pyrrolidine which, after workup, gave 16, 17, 20, and 21 in yields of up to 87%.
Neutralization of the ethanolic pyrrolidine solution via passage through a column
of strongly acidic ion-exchange resin [Amberlite IRA-120 (H*)] had to be con-
ducted at 0-4°C to avoid cleavage of the glycosidic linkage, a reaction which
occurred extensively at room temperature. This facile acid-catalyzed cleavage of
the a-L-arabinofuranosyl linkage is well established?® and emphasizes the need for
mild conditions when isolating native arabinoxylans from plant tissue of manipulat-
ing synthetic preparations.

Interestingly, while the hydroxycinnamoylated (1 — 2)-linked peracetates (14
and 15) were deacetylated in less than 48 h, complete deacetylation of the
(1 - 3)-disaccharides (18 and 19) required up to 6 days. UV monitoring of the
reaction by TLC indicated that there was the rapid elimination of several of the
acetate groups, and after 48 h two spots remained. The slower material was that of
the desired product, while the slightly faster-migrating material was presumably
(for 19) methyl 5-O-feruloyl-a-L-arabinofuranosyl-(1 — 3)-2-0-acetyl-B-p-
xylopyranoside. Unfortunately the longer reaction time needed for complete
deacetylation afforded hydroxycinnamoyl cleavage and thus a lower yield (62-65%)
relative to the (1 — 2)-linked materials (78—-87%).

Spectroscopic aspects.—Acylated p-xylopyranoside derivative can undergo signif-
icant conformational changes in nonpolar aprotic solvents?’?, The phenomenon
typically depends on acylate location®>*°, and this can often lead to difficulty in
assigning anomeric configuration®!. Our routine analysis of intermediate products
led us to discover that 5 has a tremendous solvent dependence with respect to the
favored conformation. For example, the J1, values for § in several solvents are as
follows: acetone-dg, 6.70 Hz; CDCl,; 3.2 Hz; benzene-d,, 2.90 Hz. This compares
toa J, , of 3.55 Hz for methyl 2,4-di-O-benzoyl-a-p-xylopyranoside®! in benzene-d.
Calculations based on the work of Petrikova and Schraml (J,, = 7.1 P + 1; where
P =*C, population)® indicate that the ‘C 1 conformation is favored for acetone-d
(80%) although in benzene-d, this conformer only contributes 27% to the aver-
aged structure. Mixtures of benzene-d,; (or CDCl5) and acetone-d, have intermedi-
ate J,, values depending on solvent polarity.

This behavior with pentopyranosyl halides has been attributed to the strong
anomeric effect associated with the halide?”*2. The methyl aglycon of 5 is also
under the influence of the anomeric effect, although to a lesser degree, and this
could be the driving force for the molecule to favor the 'C, conformation even in
the presence of unfavorable 1,3-diaxial interactions. It has also been suggested that
preference for the 1C4 conformation is due to the strength of a “hydrogen bond”
which develops between the HO-3 and the methyl aglycon®. Qualitative one-di-



mensional NOE experiments with 5 in acetone-d, reveal the typical H-1-H-3 and
H-1-H-5ax enhancements indicative of the *C,; conformer, whereas no enhance-
ment effects were observed in CDCl;. That the C-5 protons do not change their
relative positions upon changes in solvent polarity suggests that in nonpolar aprotic
solvents (benzene-d, and CDCl,) the upfield proton is in the axial position. This is
in contrast to the typical situation for p-xylopyranosides where H-5eq is downfield
with respect to H-5ax. The combined results of standard and long-range COSY
experiments performed on 5 in benzene-d are shown in Fig. 1. There are several
4] “W-couplings,” namely H-1-H-3, H-2-H-4, H-3-H-5, and H-3-H-5". That the
H-1 and H-3 protons do not have *J couplings to the same H-5 proton as well as
the H-1-H-4 interaction indicate that the averaged conformation is slightly more
complicated than a straightforward !C, & *C, transformation.

The 3C NMR data for the disaccharides prepared in this study are shown in
Table 1. The appropriate inverse-detected one-bond (HMQC, phase-sensitive) and
long-range (HMBC) correlation experiments confirmed all assignments. The te-
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Fig. 1. 'H-'H COSY spectra of 5 in benzene-d, (the aromatic and methoxyl regions are not shown). A,
COSY90; B, long-range COSY (delay, 225 ms). The important long-range correlations are indicated.
The spectra were not symmetrized.



TABLE I
13C NMR chemical shift data @ for selected disaccharides

Compound ®  Chemical shift (ppm)
C-1 C-2 C-3 C-4 C-5 C-6 C-7 C-8 C-9 OCH;

6 A 1069 832 785 819 644
X 1037 757 745 712 627 56.9
7 A 1062 789  747¢ 824 592
X 1008  75.9¢ 735 670 628 55.1
8 A 1067 827 775 840  63.1
X 1039 756 739 704 628 56.8
9 A 1067 826 717 845 622
X 1040 756 738 704 628 56.8
10 A 107.4 829 783 823 639
X 1027 740 772 709 629 56.6
1 A 1062 791 744 820 592
X 101.8 709 798 658 629 552
12 A 1074 824 774 842 633
X 1028 731 781 706 63.1 56.4
13 A 1074 823 776 845 622
X 1028 732 781 706  63.1 56.5
4 A 1067 821 780 818 640
X 1039 758 740 704 629 56.9
C 1328 1302 1233 1535 1233 1302 1448 1187 166.6
15 A 1066 820 779 818  64.0
X 1039 757 739 704 629 56.9
F 1341 1124 1527 1427 1241 1222 1452 1188 1667 56.4
16 A 1064 790 752 798 628
X 1009 763 735 670 621 55.0
C 1242 1285 1139 1563 1139 1285 1443 1117 167.0
17A 1064 790 752 798 621
25 @D Qo (GO @8
X 1009 763 735 670 628 55.0
GD @) GH G2 G a7
F 1246 109.1 1455 1459 1134 1213 1444 1117 1670 537
22 (2 (B2 @0 @6 @4 Q0 G 10 @4
18 A 1075 818 785 8.0 640
X 1028 731 778 706 63.1 56.6
c 1328 1302 1233 1536 1233 1302 1449 1186 166.6
19 A 107.5 818 777 820 640
X 1028 731 784 706 63.1 565
F 1341 1124 1527 1428 1242 1222 1453 1187 1667 564
20 A 1063 791 748 794 618
X 101.8 708 802 658 629 552
C 1243 1285 1139 1562 113.9 1285 1443 1117 167.1




TABLE I (continued)

Compound ®  Chemical shift (ppm)
C-1 C-2 C-3 C4 C-5 C-6 C-7 C-8 C-9 OCH;

21 A 106.3 79.1 74.8 79.3 61.9
X 101.8 70.7 80.4 65.8 62.9 552
F 1246 109.1 1455 1460 1134 1214 1445 1116 1669 53.7

2 Recorded at 27°C. Compounds 6, 8, 9, 10, 12, 13, 14, 15, 18, and 19 were in acetone-d4 and referenced
to the central solvent peak (29.8 ppm). Compounds 7, 11, 16, 17, 20, 21 were in D,O and referenced to
internal acetone (2 uL/mL, 28.225 ppm). b A, a-L-arabinofuranosyl; X, B-p-xylopyranosyl; C, p-
coumaroyl; F, feruloyl. ¢ Reversal of values reported in original preparation (ref. 25). ¢ Values in
parentheses represent the chemical shift differences between 4:1 acetone-d4—D,0O (referenced to the
acetone-dg central peak at 29.8 ppm) and D,0 (4:1 values—-D,O values).

sults compare favorably with those obtained with the hydroxycinnamoylated methyl
a-L-arabinofuranosides'®. The C-2 and C-3 carbons of the p-xylopyranosyl moieties
of the (1 - 2) and (1 — 3) disaccharides display standard glycosylation shifts, which
allows for their facile differentiation. Comparison of the carbon assignments for
the hydroxycinnamoylated (1 — 3) disaccharides 20 and 21 with the analogous
carbons from hydroxycinnamoylated arabinoxylans'~> and arabinoxylan oligosac-
charides® isolated from native tissue is somewhat difficult owing to the use of
different references and temperatures. Most of the differences can be attributed to
the choice of reference, as the chemical-shift differences are generally constant.
However, it should be noted that there is a fairly strong solvent effect as can be
seen in Table I, compound 17, where the differences in chemical shifts between
4:1 acetone-d,—D,0 and D,O are shown. Although there is a standard difference
of ~2.2 ppm due to the choice of internal standard, some of the differences
cannot be explained solely by the choice of reference. For example, the F4 and X3
carbons differ by 4.0 and 3.4 ppm, respectively; whereas the X2 carbons differ by
only 1.1 ppm. Thus the assignment of the carbon chemical shifts of hydroxycin-
namoylated arabinoxylan oligosaccharides is tenuous if unambiguous C-H correla-
tion data are not available for the particular solvent used.

Conformational aspects.—Considerable effort has been made in determining the
extent to which 'J._p; data can be used for obtaining conformational information
on pyranosidic oligosaccharides®*~3¢. These coupling constants are much easier to
obtain than the three- and four-bond constants, and empirical relationships have
been developed for carbohydrate systems®*~3. The J._j; values for several
disaccharides prepared in this investigation are shown in Table II. The X1 Jo_y
values were from 162 Hz (11) to 167 Hz (20) and the X2 and X3 J._y values were
within the range of 145.6-148.3 Hz. These values suggest that the conformation of
the p-xylopyranosyl moiety is somewhat insensitive to the position of L-
arabinofuranosyl substitution. This is corroborated by the 'H NMR data shown in
Table III as the p-xylopyranosyl 3J;_j; coupling constants are also quite similar for
the (1 - 2)- and (1 - 3)-linked disaccharides. The *J, , proton values in combina-



TABLE 1I

1J_yg values @ for selected disaccharides in D,O at 27°C

Carbon ? Compound
7 11 16 17 20 21

Al 175.9 175.7 176.0 175.8 176.0 175.8
A2 152.2 ~151 151.3 151.4 151.5 151.6
A3 148.0 147.1 148.2 147.4 149.0 148.3
X1 163.6 162.1 166.9 163.1 164.2 166.4
X2 146.8 148.3 146.7 ~ 148 146.9 147.0
X3 147.2 145.6 146.6 147.1 147.1 147.8

“ Values are within +0.3 Hz. ® A, a-L-arabinofuranosyl; X, B-p-xylopyranosyl. The number refers to
the carbon position.

tion with the J,, and J,5 values indicate a p-xylopyranosyl unit in a *C,
conformation, with the unprotected (1 — 3) disaccharides in D,0O (11, 17, and 21)
showing a slight preference for the *C, conformer relative to their companion
(1 — 2) disaccharides (7, 16, and 20).

The use of the 'J-_y coupling constants for furanosides has not been estab-
lished due to the rapid interconversion of the furanosyl ring between various
envelope and twist forms®’, The Al J._;; values were in the range of 175.7-176.0
Hz (Table II), which compares to an Al J._, value of 173.0 Hz for methyl
a-L-arabinofuranoside. This difference is probably a manifestation of the anomeric
effect associated with the quasiaxial directing affect of the methoxyl and/or the
stereochemical effect of the p-xylopyranosyl moiety. That there is very little
difference between the other r-arabinofuranosyl 'J._;; couplings indicates that
furanosidic 'J_y values are not useful in determining favored conformations?*.

There is, however, information concerning the general conformational aspects
of the L-arabinofuranosyl ring within the 'H NMR data of Table III. The H-5proR
and proS assignments are based on the deuterium exchange studies of Serianni et
al.®. It can be readily seen that the r-arabinofuranosyl ring °J;;_; coupling
constants change depending on substitution and linkage position, suggesting slightly
different pseudorotational itineraries. The conformational aspects of arabinoxylan
oligosaccharides have recently been described*'. A fast equilibrium between two
favored conformations (N- and S-types) was described for both (1 — 3)- and
(1 — 2)-linked a-L-arabinofuranosyl residues. The (1 — 3)-linked furanosyl rings
favored equal amounts of the *E~*T, (N) and 'T,—, E (S) conformers (Fig. 2). The
(1 - 2)-linked r-arabinofuranosyl residue (which had a vicinal a-1-arabinofurano-
syl moiety attached at the p-xylopyranosyl O-3 position) favors “7,—*E (N) and
'E-'T, (S) conformers.

Comparison of the ring proton coupling constants reported by Hoffmann et al.*!
with the disaccharides (7 and 11) and hydroxycinnamoylated disaccharides (16, 17,
20, and 21) reveal that the (1 — 2)-linked materials prepared in this work (7, 16,
and 20) have couplings constants quite similar to the (1 — 3)-linked furanosyl



Fig. 2. Pseudorotational pathway of the L-furanose ring (adapted from ref. 41).

moieties of the oligosaccharides*'. The (1 — 3) disaccharides (11, 17, and 21) have
coupling constants very comparable to the oligosaccharide (1 — 2)-linked furanosyl
rings. Thus the (1 — 2)-linked disaccharides favor the *E-*T, (N) and 'T,—, E (S)
conformers, whereas the (1 — 3)-linked materials prefer the *7,-*E (N) and
'E-'T, (S) conformers (Fig. 2). These results suggest that the a-L-arabinofuranosyl
ring conformation of arabinoxylans may be influenced by both the xylan chain and
vicinal furanosyl xylan substituents.

Methyl a-p-arabinofuranoside in D,O is considered to favor the °T,—, E confor-
mations*?>*3. The pseudorotational itinerary for the rL-furanoside (mirror image)
would then be *T—'E, which places its averaged conformation intermediate to that
of the arabinoxylan oligosaccharides. Comparison of the 3Jy;_;; values of the
furanoside with the data reported in Table III for disaccharides in D,O (7, 11, 16,
17, 20, and 21) indicate that the (1 — 3) disaccharides (11, 20, and 21), behave
quite similarly to the methyl furanoside. The (1 — 2)-linked disaccharides (7, 16,
and 20) have ring-proton coupling constants similar to those reported for methyl
a-p-threofuranoside*?. The tetroside, with respect to L-furanosides, favors the
more southerly E—, E conformers, which experimentally results in lower °J, , and
3], 5 values and a slightly more effective %/, ; coupling.

The comparable results obtained between the synthetic disaccharides described
here and monosaccharides*>*? and oligosaccharides*! suggest that a rigid C-4-O-
4-C-1-O-1 segment of the furanosyl ring is present as was described in the
previous studies. The quasiaxial directing affect of the aglycon and the preference
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of the hydroxymethyl group to be in a quasiequatorial position affords this
conformation. The hydroxycinnamate group does not affect the observed ring-pro-
ton coupling constants and is probably not a major factor in favored ring confor-
mation. The J, 5 and Jsp 55 values for 16, 17, 20, and 21 are about 1 Hz different
than for the disaccharides (7 and 11) and arabinoxylan oligosaccharides. Thus the
preferred exocyclic rotomer distribution may be somewhat different than reported
by Hoffmann et al.*! but the electronegativity of the acyl group must be included
in the appropriate Karplus equation.

The protected (1 —»2) and (1 — 3) precursors (analyzed in acetone-dq) have
37 u-u couplings associated with the more southerly N and S conformers. In some
cases *J,;>°J,, (Table III). However, assignment of favored conformations to
these samples is hindered as much less information is available for arabinofurano-
sides in this solvent. It should be stated, however, that the */};_;; values observed
for methyl a-L-arabinofuranoside in D,O and acetone-dy are quite similar.

Implications.—The preparation of 11, 20, 21, and the feruloylated and p-
coumaroylated methyl a-L-arabinofuranosides'® provides the necessary models to
begin the task of developing monoclonal antibodies. These antibodies can then be
used to search for these types of structures in cell walls. Although at present there
is no direct evidence for (1 — 2)-linked feruloylated and p-coumaroylated arabi-
noxylans, there is evidence from methylation analysis for (1 — 4)-p-xylans with
substituents at the 2-position**~*6, The preponderance of 2,3-disubstituted arabi-
noxylans isolated from wheat endosperm®*! indicates that 2-O-L-arabinofuranosy-
lation can occur on xylan chains. It remains to be determined if the 3-substitution
is necessary for 2-substitution to occur, as well as if any or all of these L-
arabinofuranosyl moieties can possess 5-O-hydroxycinnamoyl substituents.

EXPERIMENTAL

General. —Instrumentation and general procedures were as described previ-
ously'®?! unless noted otherwise. All NMR spectra were recorded at 27°C with a
Bruker AMX-360 spectrometer fitted with a 5-mm 4-nucleus (QNP) probe with
normal geometry. The two-dimensional C-H correlation experiments (both one-
bond and long range) were performed with the probe in the inverse mode (HMQC
- and HMBGC, respectively). Chemical shifts are relative to the central solvent peaks
of acetone-ds (8c 29.8 ppm, &y 2.04 ppm). Spectra recorded in D,O were
internally referenced to acetone (2 uL/ml; 8¢ 28.225 ppm, &, 2.225 ppm)*.

Methyl 2,4-di-O-benzoyl-3-O-chloroacetyl-B-p-xylopyranoside (4).—Methyl 4-O-
benzoyl-3-O-chloroacetyl-8-p-xylopyranoside (3, 5.61 g, 16.3 mmol)?' was dissolved
in CH,Cl, (150 mL) and cooled in an ice—water bath. Benzoyl chloride (1.93 mL,
16.6 mmol), N,N-(diisopropyl)ethylamine (4.2 mL, 24 mmol), and 4-(dimethyl-
amino)pyridine (1.58 g, 12.9 mmol) were added in respective order. The flask was
removed from the bath and the solution stirred for 70 min, at which time TLC
(19:1 CHCI;-EtOAc) indicated complete conversion to a faster moving material.



The solution was washed with cold aq 3% HCI (2 X ) and subsequently with aq
NaCl (2 X ). Standard processing and crystallization from MeOH gave 4 as large
rhombic crystals in two crops (6.29 g, 86.2%): mp 111.0-112.5°C; [al, —42°C (c
1.18, acetone); NMR (acetone-d,); 8y 3.46 (OCH3), 3.77 (dd, 1 H, Js, 4 838, Jyop
—11.8 Hz, H-5a), 413 and 4.19 2 d, 2 X 1 H, J,,,,, 14.9 Hz, CH,Cl), 4.35 (dd, 1 H,
Js.4 5.2 Hz, H-5e), 4.84 (d, 1 H, J,, 6.8 Hz, H-1), 5.24 (dt, 1 H, J;,~J,5,~8.8
Hz, H-4), 5.26 (dd, 1 H, J, 5 8.7 Hz, H-2), and 5.68 (t, 1 H, H-3); 6. 41.3 (CH,Cl),
56.7 (OCH ), 62.5 (C-5), 70.6 (C-4), 71.9 (C-2), 73.8 (C-3), and 102.4 (C-1). Anal.
Calcd for C,,H,,ClOg: C, 58.87; H, 4.72. Found: C, 58.49; H, 4.85.

Methyl 2,4-di-O-benzoyl-B-p-xylopyranoside (5).—Crystalline 4 (4.06 g, 9.05
mmol) was added to a solution of abs EtOH (160 mL) and pyridine (1.6 mL)
maintained at 50°C. Thiourea (2.70 g, 35.4 mmol) was added, the mixture was
stirred for 5 h, and evaporated to a solid. The crude product was dissolved in an
immiscible mixture of 1:1 CH,Cl,-3% aq HCI and the separated organic layer
was washed with aq NaCl (2 X ). Processing afforded 5 as a foam in > 97% purity
and nearly quantitative yield. This material was of adequate purity to be submitted
to the next step, although an analytical sample was prepared by silica gel chro-
matography (19: 1 CHCl,-EtOAc): [a], —40° (¢ 0.98, acetone), lit.” [a], —40° (¢
1.0, CHCI,).

Glycosylation.—Nucleophile 2 (ref. 21) or 5 (1.30 g, 3.5 mmol) was dissolved in
CH,CI, (100 mL) and freshly dried 4A molecular sieve (3.1 g) was added. Silver
triflate (1.37 g, 5.35 mmol) and collidine (505 mg, 4.16 mmol) were added, and the
solution was cooled to 0°C in an ice—water bath. Crystalline 2,3,5-tri-O-benzoyl-a-
L-arabinofuranosyl chloride?! (1.85 g, 3.85 mmol) was added, and a white precipi-
tate (AgCl) formed immediately. TLC indicated the complete disappearance of
nucleophile within 15 min. The solution was stirred for an additional 30 min and
subsequently filtered through a pad of Celite and washed successively with aq
Na,SO,, cold 1.5 M H,SO,, and H,O. The organic layer was dried and processed
to afford crude 6 or 10. Purification by silica gel chromatography (20:1 CCl,-
acetone) gave the desired disaccharide perbenzoates in yields ranging from 92-
96%.

Methyl  (2,3,5-tri-O-benzoyl-a-L-arabinofuranosyl)-(1 — 2)-3,4-di-O-benzoyl-B-p-
xylopyranoside (6).—Compound 6 was obtained as a white foam [a], —34° (¢ 0.66,
acetone). Anal. Calcd for C,sH, O, C, 67.64; H, 4.94. Found: C, 67.66; H, 4.91.

Methyl (2,3,5-tri-O-benzoyl-a-L-arabinofuranosyl)-(1 — 3)-2,4-di-O-benzoyl-B-p-
xylopyranoside (10).—Compound 10 was obtained as a white foam: [a], —6.1° (¢
1.46, acetone). Anal. Calcd for C,(H,,O,,: C, 67.64; H, 4.94. Found: C, 67.64; H,
4.83.

Debenzoylation.—Perbenzoates 6 and 10 (2.9 g, 3.6 mmol) were suspended in
MeOH (100 mL) and NaOMe (100 mg) was added. The reaction was monitored by
TLC (6:1 CHCI;-MeOH) and quenched (after at least 12 h) by the addition of
strongly acidic ion-exchange resin. Processing and subsequent silica gel chromatog-
raphy (6:1 CHCl;-MeOH) afforded the disaccharides 7 and 11 in 92% yield.



Methyl a-v-arabinofuranosyl-(1 — 2)-B-p-xylopyranoside (7).—Compound 7 was
obtained as an amorphous powder: [a], —111° (¢ 0.72, acetone); lit. [a], —112°
(c 1, H,0).

Methyl a-L-arabinofuranosyl-(1 — 3)-B-p-xylopyranoside (11).—Compound 11
crystallized from acetone as long, thin needles: mp 139.5-140.5°C; [a], —126°
(c 1.1, 1:1 acetone-H,0); lit.*> mp 135-137°C; [a], —127.5° (¢ 1, H,0).

Methyl  2,3-di-O-acetyl-a-L-arabinofuranosyl-(1 — 2)-3,4-di-O-acetyl-B-p-
xylopyranoside (9).—Amorphous 7 (813 mg, 2.75 mmol) was dissolved in pyridine
(8 mL) and tert-butylchlorodimethylsilane (448 mg, 2.97 mmol) was added. When
TLC (6:1 CHCl;-MeOH) indicated complete conversion to a faster-moving
material (typically 2-4 h), Ac,0 (1.5 mL) was added and the mixture was left
overnight at room temperature. The reaction was quenched with abs EtOH,
diluted with CH,Cl, and washed successively with H,O, cold aq 3% HCI, and
H,0. Processing and silica gel chromatography (19:1 CHCI;~EtOAc) afforded 8
in 90% yield: [a], —37° (¢ 0.97, acetone).

The crude product was typically of adequate purity (> 95%) to continue with
the next step without intermediate purification. Crude 8 was treated with aq 80%
HOAc (5 mL) for 24 h. The resulting solution was diluted with CH,Cl, and
washed successively with H,0, aqg NaHCO,, and H,O. Processing and silica gel
chromatography (4:1 CHCl;-EtOAc) gave 9 as a syrupy solid which crystallized
from abs EtOH-petroleum ether (974.2 mg, 76% from 7): mp 98.5-99.5°C; [a]},
—59° (¢ 0.62, acetone). Anal. Calcd. for C;gH,40,;: C, 49.14; H, 6.08. Found: C,
49.39; H, 6.26.

Methyl (2,3-di-O-acetyl-a-L-arabinofuranosyl)-(1 — 3)-2,4-di-O-acetyl-B-p-
xylopyranoside (13).—Compound 13 was prepared according to the procedure
outlined for 9. Processing of the silylation—acetylation product gave 12 in 88%
yield as a clear syrup: [a], —88° (¢ 0.69, acetone). Subsequent O-desilylation and
work-up as described for 9 gave 13 which crystallized from abs EtOH-petroleum
ether (74% yield from 11): mp 118-118.5°C; [al, —63° (¢ 0.69, acetone). Anal.
Calcd. for C;yH,40,5: C, 49.14; H, 6.08. Found: C, 49.31; H, 6.12.

4-Acetoxycinnamoylation.—Crystalline 9 or 13 (847 mg, 1.82 mmol) was dis-
solved in pyridine (10 mL) and the mixture was cooled to 0°C. The appropriate
4-acetoxycinnamoyl chloride!®!® (2.19 mmol) was added, and the solution was
stirred for 30 min at 0°C and subsequently at room temperature 1 h. The crude
mixture was diluted with CH,Cl, and washed successively with H,0O, 3% HCI, and
H,0. Processing and silica gel chromatography (4:1 CHCl,—EtOAc) gave the
peracetylated derivates 14, 15, 18, and 19 in yields ranging from 88-98%.

Methyl  2,3-di-O-acetyl-5-O-(4-acetoxy-p-coumaroyl)-a-L-arabinofuranosyl-(1 —
2)-3,4-di-O-acetyl-B-p-xylopyranoside (14).—Compound 14 was isolated as a white
foam in 88% vyield: [al, —43° (¢ 0.89, acetone). Anal. Caled for C5)H;0,4: C
55.21: H, 5.56. Found: C, 55.56; H,-5.72.

Methyl  2,3-di-O-acetyl-5-O-(4-acetoxyferuloyl)-a-1-arabinofuranosyl-(1 — 2)-3,4-
di-O-acetyl-B-p-xylopyranoside (15).—Compound 15 was isolated as a white foam

b



in 98% vyield: [a], —37° (¢ 1.48, acetone). Anal. Calcd for C;H30,;: C, 54.55; H,
5.61. Found: C, 54.49; H, 5.63.

Methyl  2,3-di-O-acetyl-5-O-(4-acetoxy-p-coumaroyl)-a-L-arabinofuranosyl-(1 —
3)-2,4-di-O-acetyl-B-p-xylopyranoside (18).—Compound 18 was isolated as a white
foam in 98% yield: [a]l, —63° (¢ 0.70, acetone). Anal. Calcd for C;,H3504: C,
55.21; H, 5.56. Found: C, 55.22; H, 5.66.

Methyl  2,3-di-O-acetyl-5-O-(4-acetoxyferuloyl)-a-L-arabinofuranosyl-(1 — 3)-2,4-
di-O-acetyl-B-p-xylopyranoside (19).—Compound 19 was isolated as a white foam
in quantitative yield: [a], —62° (¢ 1.51 acetone). Anal. Calcd for C;;H3,0,,: C,
54.55; H, 5.61. Found: C, 54.82; H, 5.58.

Deacetylation.—The procedure was as described previously'® with the excep-
tion that the neutralization was accomplished by passage through an ion-exchange
resin maintained at 4°C. The eluate obtained from the ion-exchange column was

evaporated to a syrup and purified by silica gel chromatography (6:1 CHCl;-

MeOH) to provide 16, 17, 20, and 21. The (1 — 3) disaccharides required pro-
longed exposure to the basic solution for complete deacetylation (up to 6 days).
This resulted in lower yields due to hydroxycinnamoyl cleavage. The resulting
disaccharide (11) could be recovered during the chromatographic purification on
silica gel.

Methyl 5-O-p-coumaroyl-a-L-arabinofuranosyl-(1 — 2)-B-p-xylopyranoside (16).
—Compound 16 was isolated as a white foam in 78% yield: [a], —89° (¢ 0.71,
acetone). Anal. Calcd for C,,H,40,;: C, 54.30; H, 5.92. Found: C, 54.11; H, 5.91.

Methyl 5-O-feruloyl-a-L-arabinofuranosyl-(1 — 2)-B-p-xylopyranoside (17).—
Compound 17 was isolated as a white foam in 87% yield: [a], —84° (¢ 0.78,
acetone). Anal. Caled for C,,H,40,,: C, 53.39; H, 5.97. Found: C, 53.60; H, 6.09.

Methyl 5-O-p-coumaroyl-a-L-arabinofuranosyl-(1 — 3)-B-p-xylopyranoside (20).
—Compound 20 was isolated as a white foam in 65% yield: [aly, —92° (¢ 0.94,
acetone). Anal. Calcd for C,,H,cO,;: C, 54.30; H, 5.92. Found: C, 54.68; H, 6.02.

Methyl 5-O-feruloyl-a-L-arabinofuranosyl-(1 — 3)-B-p-xylopyranoside (21).—
Compound 21 was isolated as a white foam in 62% vyield: [a]l, —86° (¢ 1.14,
acetone). Anal. Caled for C,,H,40,,: C, 53.39; H, 5.97. Found: C, 53.55; H, 6.04.
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