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Abstract

The fucofuranoside method, a recently devised new method for determining the aboslute configuration of
secondary alcohols, by derivatizing to 8-D- and p-L-fucofuranosides, is apglied to six chiral tertiary alcohols (1
to 6) substituted with methyl and two methylene groups. The A8 values (5™ - &) of the protons and carbons are
derived from the 'H and '’C NMR spectra in pyridine-d,. When the compounds are viewed placing the
furanosyl group in front and the methyl group below (Fig. 1B), the following generalizations are derived.

(a) In the 'H NMR, the A, values are positive for the proximate protons in the right segment (R,) and negative
for the proximate protons in the left segment (R)) (Fig. 2). (b) In the 3C NMR, the A8 values are positive for
the right B-carbon and negative for the left B-carbon, except for the five-membered compound §, which gave an
ambiguous result (Fig. 3). © 1998 Elsevier Science Ltd. All rights reserved.
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Introduction

For determining the absolute configuration of secondary hydroxyl groups, many efficient methods, e. g.,
MTPA (2-methoxy-2-trifluoromethylphenyl acetic acid) (Mosher) ester [1-8], O-methylmandelate ester [9-11],
and other 'H NMR methods [12-15], and also the Horeau method [16], have been available and are frequently
utilized. In contrast, for the tertiary hydroxyl groups, no such procedures are available and the development of
pertinent methodology has been a long-pending subject in natural product chemistry. One possible way is the
introduction of a chiral and enantiomeric substituent to the hydroxyl group, to utilize its certain uneven
influences on the alcohol moiety. The uneven shielding effect from the diamagnetic phenyl substituent of the
MTPA esters in the Mosher determination corresponds to this [1]. However, introduction of the ester
substituent to the tertiary hydroxyl group is generally difficult. Also, to correctly interpret the difference in the
chemical shifts (A8), the conformation of the two enantiomeric substituents in solution should be recognized,
but this is also quite difficult in the case of ester substituents.

0040-4020/98/% - see front matter © 1998 Elsevier Science Ltd. All rights reserved.
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The fucofuranoside method is a new NMR method recently proposed by us for determining the absoluie
configuration of secondary alcohols, by derivatizing them to -D- and p-L-fucofuranosides {17]. Both the 'H
and ’C NMR spectra afford information, though, of course, one of the two is sufficient for the judgment. A
characteristic of the fucofuranoside method is that, unlike the MTPA method, for the '"H NMR analyses it
utilizes the strong and uneven paramagnetic (deshielding) effect of pyridine [18], the solvent which solvates to
the polar and chiral fucofuranosyl substituents. For the 13C NMR analyses it utilizes the specific glycosidation
shifts on the o- and B-carbons of the aglycon, and anomeric carbon, which cause carbon chemical shifts
remarkably different between the two diastereomeric furanosides. The prominent advantages of the glycosidic
linkages are that they are subjected to the orientation (exo-anomeric) effect of the sugar moiety [19], and that
their major conformations could be recognized by the NOEs between the anomeric proton and the aglycon
protons. Glycosidation of tertiary hydroxyl groups is possible, though there are no pertinent methods and the
yields are low compared with those for secondary alcohols. In the present paper we applied the principles of
the fucofuranoside method to the most simple tertiary alcohols 1to 6, in which the asymmetric carbon bearing a
hydroxyl group is substituted with methyl and two methylene groups.

Results and Discussion
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in the sugar moiety are n‘-ar}y anti-periplanar to each other, as shown in Fig. 1A. In contrast, the torsion angle
y between C-1'-O-1' d C(x)-Me (the smallest substituent) would vary according to the individual
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compounds. However, if the steric hindrances of the left (R,) and the right (R) substituents were equivaient,
the conformations of the fucofuranosyl substituent of the B-D- and B-L-diastereomers would become
symmetrical with each other, with respect to the O-1'-C(a)-Me plane. Consequently, the anomeric proton of

the both diastereomers would show common NOE with the methyl group.
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In the 'H NMR of the p-fucofuranosides, the pyridine-induced shift (p-shift) arising from the solvent
pyridine molecules, solvated to the polar site involving the 4'-O atom (oxa-side), is substantially larger than that
due to the remote 2'-OH (oxy-side) [17]. Consequently, in the conformation such as shown in Fig. 1B (the
O-1" and carbinyl carbon, and the C-1' and C-2' shown in Newman projection), the left-side (R,) protons of
the B-D-isomer (a), and the right-side (R,) protons of the B-L-isomer (b), are more deshielded. In this case the
anomeric proton shows NOEs with the proximate right-side (R,) protons in the B-D-isomer (a), and with the
left-side (R,) protons in the f-L-isomer (b).  In the '°C NMR, glycosidation causes specific glycosidation
shifts on the aglycon carbons [21-23]. It is deshielding for the c-carbon but is uneven shielding for the
B-carbons, relative to the corresponding carbons of the starting alcohol. This is due to the partial deshielding of
the one B~carbon which is influenced by the -effect of the nearby 4'-O atom (Fig. 1B) [24,25]. Accordingly,
in the conformation shown in Fig. 1B the left-side 8-carbon in the 8-D-isomer (&), and the right-side 8-carbon in
the B-1.-isomer (b), are more deshielded.
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Alkaline hydrolysis followed by column chromatography gave p-fucofuranoside as confirmed by the smaii
coupling constant of 1'-H (J = 2.0 to 2.5 Hz) [30], tnougn in poor yieids (Experimentai). The NMK{ H and
"*C) spectra of the two diastereomeric furanosides were measured in pyridine-d; at identical concentration and
temperature, and the chemical shifts were assigned by using HSQC and HMBC spectra and NOE differential
spectra. The preferential conformation was estimated from the NOEs between the anomeric proton and the
aglycon protons (see below). The A8, (5,"- 8,°) and A8 (5. - 8.") values were obtained by subtracting the
chemical shifts of the p-D-isomer from the corresponding chemical shifts of the B-L-isomer. When the
glycosides are viewed as illustrated in Fig. 1B, placing the furanosyl group in front and the methyl group
below, the A8, values should be positive for the protons in the right segment (R,) and negative for the protons
in the left segment (R,). Also, the A8, values should be positive for the right f-carbon and negative for the left
B-carbon, while they are small for the anomeric, o~ and the methyl carbons.

'"H NMR spectra
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The resuits obtained from the 'H NMR spectra of these compounds are shown in Fig. 2. It shouid be
emphasized here that the minute A8, values observed in the remote protons are meaningless. This is because
the B-D-fucofuranoside and B-L-fucofuranoside are different compounds. Even a slight difference in the
aglycon framework can cause small changes in the chemical shifts which are unrelated to p-shifts. For this
reason, except for 6a,b, such Ag, values from +0.02 ppm to -0.02 ppm are omitted.

The anomeric proton of these p-fucofuranosides, except for that of 6a,b, shows NOEs with the methyl
group and R, protons in the B-D-isomer, and with the methyl group and R, protons in the g-L-isomer. For
example, the anomeric proton of 3a-methyl-5a-cholestan-3p-ol B-fucofuranosides (1a,b) shows NOEs with the
3o-methyl and 4-H, in the B-D-isomer, and with the 3a-methyl and 2-H, in the p-L-isomer. Similarly, the
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Fig. 2 The Ay (8" - 5P) values observed for the protons of the -D- and f-L-fucofuranoside derivatives
of the chiral tertiary alcohols 1 to 6, and the secondary alcohols 7 and 8 (400 MHz, in ppm).

anomeric proton of 3p-methyl-Sa-cholestan-3a-ol B-fucofuranosides (2a,b) shows NOEs with the 38-methyl
and 2a-H in the 8-D-isomer, and with the 3f-methy! and 4a-H in the B-L-isomer. These results indicate that in
compounds 1 to 5, the conformations of the fucofuranosyl substutient of B-D- and B-L-isomers are symmetrical
with regard to the plane involving O-1'-C(a)-Me as shown in Fig. 1B.

In the B-fucofuranosides of 3a-methyl-Sa-cholestan-3g-ol (1a,b), the positive (+0.02 and +0.14 ppm) and
negative (-0.02 and -0.07 ppm) A8, values were derived for the 4-H, (right) and 2-H, (left), respectively,
whilst that of the 3o-methyl is small (-0.01 ppm). In 3-methyl-5a-cholestan-3a-ol p-fucofuranosides 2a,b,
the absolute configuration is inverted; the A3, values of the right-side protons (1-H,, 2-H,) are positive but
those of the left-side protons (4a-, Sa-H and 7-H,), except for the 48-H (+0.02 ppm), are negative. In spite
of the axial orientation of the substituent, the distribution of the A3 values are clear-cut and their magnitudes are
substantial. The results obtained for 1a,b and 2a,b are virtually the same as those of the corresponding
secondary alcohols, Sa-cholestan-3p-ol (7) (Experimental) and Sa-cholestan-3a-ol (8) [17], respectively, as
shown in Fig. 2. The 1p-H signal of 1a,b shows small opposite A8, value (+0.02 ppm). Interestingly, the
same opposite value for the 18-H signal was observed in 7a,b (+0.02 ppm), and also in the B-fucofuranosides
of the related 3g-hydroxycholestane derivatives, cholesterol (+0.03 ppm) and 4,4-dimethylcholesterol (+0.02



M. Kobayashi / Tetrahedron 54 (1998) 1098710998 10991

ppm) previously reported [17].

For the pB-fucofuranosides of the two A/B-cis-steroids 3a-methyl-58-cholestan-3p-0l (3a,b) and
3p-methyl-5p-cholestan-3a-ol (4a,b), both derived from coprostanone, the unequivocal distribution of the
positive A, values in the right segment, and the negative A3, values in the left segment, was confirmed. It has
been known that the protons having gauche or 1,3-synperiplanar relation with respect to the polar hydroxyl
function are strongly deshielded by p-shifts but those having 1,2-antiperiplanar relation are less affected. [18]
A similar phenomenon was observed for the fucofuranosyl substituents of 2a,b and 3a,b and for this reason
such axial protons show negligible or small opposite A3, values (48-H of 2a,b and 4a-H of 3a,b).

The magnitudes of the A8, values of 3p-H (right, +0.29 ppm) and 1B-H (left, -0.27 ppm) of the
five-membered alcohol, 2a-methyl-4-nor-5a-cholestan-2p-ol fucofuranosides (5a,b), are the largest observed
in compounds 1 to 6. In contrast, the chemical shifts of the 1o~ and 3a-protons show, probably due to the
nearly anti-relation with the substituent, little difference between the two diastereomers, and the A8, values
observed are zero (3a-H) and small opposite value, +0.02 ppm (la-H).

£rooNT

The meaningful A5, values caused by the equatorialy-oriented fucofuranosyl group of the A/B-trans steroid
1a,b are limited within the neighboring B-methylene protons. In contrast, significant A3, values are observed
also in the remote protons in compounds 2, 3 and 4. This demonstrates that the p-shifts of the polar furanosyl
substituent spread to the fairly remote protons. A similar long-range deshielding has previously been observed

in the p-fucofuranosides of the linear furanoterpene secondary alcohol {17].
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In the B-fucofuranosides of the linear compound (3S)-3,7-dimethyl-3-octanol (6a,b), the 2-H, signal
a single quartet at &, 1.67 in the §-D-isomer (6a) but as two double quartets at 3, 1.60 and 1.68 in
the p-L-isomer (6b). It showed normal distribution of the A3, values, except for one of the 2-H, protons
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carbinyl protons which is useful in the case of secondary alcohols [17]. The only available clue which reflects
the absolute configuration is the 3-shift of the B-carbon caused by the ring-oxygen atom (4-O) of the sugar

.

moiety. By giycosidating the hydroxyi groups, the p-carbons become upfield-shified [2i-23]. However, the
4-0 atom of the furanosyl group effects a small deshielding 5-effect {24,25] on the proximate p-carbon (Fig.
1B), thereby partially cancelling the shielding -shift. In the conformations shown in Fig. 1B, and also in that
for 6a,b shown above, the 4'-O atom deshields the left-side p-carbon in the p-D-isomer, and the right-side
B-carbon in the B-L-isomer.

The A3 values (in ppm) obtained from the "*C NMR spectra of the compounds 1a,b to 6a,b are shown in
Fig. 3. All the six-membered tertiary alcohols (1a,b - 4a,b) show definite A3 values, positive in the right
B-carbon, and negative in the left B-carbon, as expected. The results obtained for 1a,b and 2a,b are virtually

: C-1-0 NN
Me +0s H o md -2 H 02 s +1S H
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Fig. 3 The ASc (8t - 8¢P) values observed for the o-, B-, and anomeric carbons of the B-D- and B-L-
fucofuranoside derivatives of the chiral tertiary alcohols 1 to 6, and the secondary 7 and 8 (100 MHz, in ppm).

the same as those already found in the corresponding secondary alcohols, Sa-cholestan-3p-ol (7) and So-
cholestan-30-0l (8), respectively. The smaller A8 values found in 1a,b and 2a,b implies that, due to the

enhanced steric hindrance, the contribution of $-effect becomes smaller in the tertiary alcohols, compared with
the corresponding secondary aicohols.

In the five-membered alcohol 5, the A8 value of the left B-carbon is indeed r“ng ¢, but that of the right
B-carbon is also a small negative value. This deviation suggests that the conformations of the two furanosyl

R TR

substituents may not be sufficiently symmetrical. Also, due to the five- membered ring, the two B-carbons
should become remoter from the 4-O atom. The ''C NMR rule mentioned above is not applicable to this
compound as it is, but the meaning of such A3 values could be clarified by further study.
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As was deduced in the H NMR of 6a,b, due to the high degree of free rotation about the giycosidic
linkage, the a5, values of the two p-carbons are smail (+0.2 ppm and -0.2 ppm). However, they are
symmetrical and the AS.s of the anomeric, o- and methyl carbons are zero so that the arrangement of the ethyl
group at the left, and the isohexyl group at the right side is evidently recognizable.

Application to other compounds having a different substitution pattern

For the tertiary alcohols having a more complex substitution pattern than 1 to 6, several factors remain
undetermined and such simple results as above are not available. In many examples, the glycosidation is
unsuccessful, or results in the formation of dehydration products. Moreover, the glycosidated compounds
show a rather random distribution of the A5 values, especially in the '’C NMR spectra (data not shown). In
the compounds bearing a bulky substituent at the p-position, the aglycon framework itself seems to be distorted
by glycosidation, resulting in the presently inexplicable A8, values. However, in the 'H NMR, the difference
of the NOEs from the anomeric protons between the B-D- and B-L-isomers should necessarily reflect the

absolute configuration of the asymmetric carbon.  Further investigation is currently in progress, to discover a
general mile in view of these findings.
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The IUCOIUI‘&HOSIQC meinod is appucamc for ue[errmmng the absoluie Cormgurduon Ol tcmary aiconois
substituted with methyi and two methyiene groups, as exemplified by six chiral aicohois 1 t0 6. The A8, and
A3 values are derived by subtracting the chemical shifts, in pyridine-d;, of the B-D-fucofuranoside from the
corresponding chemical shifts of the p-L-fucofuranoside. ~When the compounds are viewed placing the
furanosy! group in front and the methy! group below (Fig. 1B), the following generalizations are derived.

(a) In the '"H NMR, the A3, values are positive for the proximate protons in the right segment (R,) and
negative for the proximate protons in the left segment (R)) (Fig. 2).

(b) In the '°*C NMR, the A3 values are positive for the right p-carbon and negative for the left p-carbon (Fig.
3), except for the five-membered compound §, which gave an ambiguous result.

The principle of the '’C NMR rule is irrelevant to the solvent, so that it is applicable to the spectra taken in

the solvents other than Dvridine—d Efficient glvcosidation of tertiary alcohols is one of the unsolved subjects
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JASCO DIP-370 digital poxarlmecer NMK SpCCIra were determined in pyrmme—a5 on a JEOL JNM GX 400
spectromctcr at 400 MHz ( H) and at 100 MHz ( L) and were referenced to the residual protons in the
solvents (‘H: CHCI3, 7.26 ppm; pyridine, 7.20 ppm) or the solvent carbons (CDCI, 77.03 ppm; pyridine-d,
123.50 ppm) as internal standards. J values are given in Hz. Mass spectra were determined on a JEOL IMS
DX 303 (EI) and JEOL JMS HX 110 (FAB) mass spectrometer. Flash column chromatographyn was

performed on silica gel (Wako gel C-300, 200-300 mesh, Wako Pure Chemical Industries).
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Preparation of p-D- and p-L-fucofuranosides

D- and L-fucofuranose tetraacetate (0.073 mmol) in 1.5ml of dry CH,Cl, was brominated with 54 mg (0.35
mmol) of trimethylbromosilane at room temperature overnight. The solvent was evaported to dryness, and the
bromide was stirred, monitoring by thin-layer chromatography, with a mixture of the alcohol (0.05 mmol) and
powdered dry silver zeolite (200 mg) in dry CH,Cl, (1 ml) for several hours. The mixture was filtered and the
filtrate was evaporated to dryness and dissolved in 1ml of MeOH and one drop of 28 % NaOMe in MeOH and
kept for 30 min.  After usual work-up, the mixture was subjected to flash chromatography over a column of

silica gel with 2-4 % MeOH in CHCI, giving the B-glycoside. The yields are specified for each compounds.

3a-Methyl-5a-cholestan-3g-0l 3-O--D-fucofuranoside 1a. (21 % yield); Colorless oil; [a)’D-21.4°
(c 2.90, pyridine); §,, 0.62 (1H, dt,J 3.5, 11.2 Hz, 9a-H), 0.67 (3H, s, 18-H,), 0.75 (3H, s, 19-H,), 0.98
(3H. d, /6.5 Hz, 21 -H,), 1.48 (3H, s, 30-Me), 1.61 (3H, d, 7 6.5 Hz, 6’-H,), 1.75 (1H, br t, J 12.0 Hz,
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3a-Methyl-5a-cholestan-38-0l 3-0-p-L-fucofuranoside 1b. (12 % yield); Mp 166.5-167.5 °C (from
acetone); [a]”’D +67.1° (¢ 1.58, pyridine); 3, 0.62 (1H, dt, J 3.5, 11.2 Hz, 9o-H), 0.67 (3H, s, 18-H,),
0.76 (3H, s, 19-H,), 0.98 (3H, d, J 6.5 Hz, 21-H,), 1.61 (3H, d, J 6.5 Hz, 6’-H,), 1.47 (3H, s, 3-Me),
1.74 (1H, dq, J 12.0, 2.0 Hz, 2a-H), 1.89 (1H, br t, J 12.0 Hz, 4p-H), 5.83 (1H, d, J 2.4 Hz, 1'-H) [1.02
(la-H), 1.20 (Sa-H), 1.20 (6-H,), 1.24 (118-H), 1.29 (88-H), 1.46 (11a-H), 1.56 (1p-H), 1.57 (4a-H), 1.63
(78-H), 1.93 (28-H), detected by HSQC spectrum]; &, 36.4 (C-1), 34.2 (C-2), 77.3 (C-3), 24.4 (3a-Me),
41.5 (C-4), 43.8 (C-5), 29.2 (C-6), 32.4 (C-7), 35.8 (C-8), 54.6 (C-9), 36.3 (C-10), 21.5 (C-11), 40.4
(C-12), 42.9 (C-13), 56.7 (C-14), 24.5 (C-15), 28.6 (C-16), 56.7 (C-17), 12.3 (C-18), 12.1 (C-19), 36.1
-22), 24.2 (C-23), 39.8 (C-24), 28.3 (C-25), 22.7 (C-26), 23.0 (C-27), 103.4

20.6 (C-6); [Found (HRFABRMS, neg ative ion):

et L C

A
R7 5 (C-4")
s/ L4

-
-

R W a4 A .0 D LA own B _* R Ly P 10 or 1AV, ARA. 101 107 O (Earonn
Jp-iVlell'lyl :!0'.- noiesian-oa-01 J-U-p-D-1UCOIUranosiae <ca. (1o 7o yi€iQj, vip 10i-102 L {iilil

~- mD o ‘ b smwr o ry AT FATY 1 r AT 11 A I N TY\
acetone); mj 'p-23.2 (c 2.42, pyridine); &, 0.68 (3H, s, i8-H,), 0.71 (iH, dt, / 3.5, 1.2 Hz, Sa-H), 0.78
(3H, s, 19-H,), 0.98 (3H, d, J 6.5 Hz, 21- u@), 1.3 3 (3H s, 3‘~Mc), 162 (BH, d, J6.5 Hz, 6'-H,), 1.72

[O. 90 (14u H) 0. 95 (7a H) 1. 21 (6- Hz) 1.26 (4B—H) 1.25 (11[3 H), 1 32 (SB-H) 1.43 (IB-H), 1.43 (}.B—H)
1.46 (110-H), 1.52 (1a-H), 1.65 (78-H), 1.91 (5a-H),) detected by HSQC spectrum]; 3. 34.3 (C-1), 33.1
(C-2), 75.3 (C-3), 27.8 (3p-Me), 41.2 (C-4), 40.9 (C-5), 28.7 (C-6), 32.4 (C-7), 35.8 (C-8), 54.6 (C-9),
35.6 (C-10), 21.3 (C-11), 40.3 (C-12), 42.9 (C-13), 56.7 (C-14), 24.5 (C-15), 28.6 (C-16), 56.7 (C-17),
12.3 (C-18), 11.9 (C-19), 36.1 (C-20), 19.0 (C-21), 36.5 (C-22), 24.2 (C-23), 39.8 (C-24), 28.3 (C-25),
22.7 (C-26), 22.9 (C-27), 103.7 (C-1"), 84.8 (C-2’), 78.6 (C-3"), 87.7 (C-4’), 67.3 (C-5, 20.7 (C-6’);
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b 8 ¢

QA ~ - E"" ﬂ(ﬂ‘l
384. C, H,,U; requires 547.4363].

FS

P 'y

3p-Metihyi-Sa-cholestan-3a-0i 3 -0-p-L-fucofuranoside 2b. (i3 % yield); Mp 125-127 °C (from
acetone); [a}“‘D +77.9° (c 1.68, pyridine); 8, 0.67 (3H, s, 18-H,), 0.71 (1H, dt, J 3.5, 11.2 Hz, 9a-H),
0.78 (3H, s, 19-H,), 0.98 (3H, d, J 6.5 Hz, 21-H,), 1.35 (3H, s, 3p-Me), 1.61 (3H, d, J 6.5 Hz, 6’-H,),
1.71 (1H, td, J 13.0, 3.5 Hz, la-H), 2.00 (1H, dq, J 14.0, 2.5 Hz, 2a-H) 5.66 (1H, 4, J 2.4 Hz, 1'-H)
[0.82 (7a-H), 0.87 (14a-H), 1.20 (2H, 6-H,), 1.25 (118-H), 1.28 (48-H), 1.32 (8p-H), 1.44 (2p-H), 1.48
(18-H), 1.51 (11a-H), 1.60 (78-H), 1.61 (4a-H), 1.78 (5a-H), detected by HSQC spectrum]; 5. 34.6 (C-1),
34.3 (C-2), 75.3 (C-3), 28.0 (3p-Me), 40.0 (C-4), 40.8 (C-5), 28.8 (C-6), 32.3 (C-7), 35.7 (C-8), 54.6
(C-9), 35.6 (C-10), 21.4 (C-11), 40.3 (C-12), 42.9 (C-13), 56.6/56.7 (C-14), 24.4 (C-15), 28.5 (C-16),
56.7/56.6 (C-17), 12.3 (C-18), 11.9 (C-19), 36.1 (C-20), 19.0 (C-21), 36.5 (C-22), 24.2 (C-23), 39.8
(C-24), 28.2 (C-25), 22.7 (C-26), 22.9 (C-27), 103.7 (C-1"), 84.8 (C-2’), 78.7 (C-3", 87.7 (C-4*), 674
(C-5",20.6 (C-6); [Found (HRFABMS, negative ion): M-H", m/z 547.4350. C, H, O, requires 547.4363].

3a-Methyl-58-cholestan-38-0l 3-0-B-D-fucofuraneside 3a. (21 % vyield); Mp 150-151 °C (from
acetoneY [¢1°°n -23.8° (+ 298 nvridine): 8 067 (3H s 18-H.) 095 (3H. < 19-H.) 099 (3H d 765
hatdnth bt A B S | Qs bdadiied AV Swes My pJEERERREYSY YH Al \~eay vy gl “3/7 MrLA WALy Uy LS RAFJY Vs 4 WALy Wy VO Ve

> I1_ V142 T ¢ 2~v-Mal 1 A1 /2 A TAS H, R HHY SAT(1HT A I74 2 1""HYT1 NS (T~_H\
BRLiy duB™R13)y R5FJ \JA1y Iy JWTLVAV ]y £.V3 \JE1y Uy v U LRy UV ThIyjy SV 18Ky My o & L84y L TRAJ [ r.VG L\ TRATIA),
1 17 (&~ LIN 1 %A 7110 LI 1 14 (G LIV 1 277 (T LIy 1 A7 711, 1IN 1 28 /00 LIY 1 AL /9. 1IN 1 &0
1.0/ (OG-11), l.a* (11p-11), 1.JU (FU-X1), 1.07 \ip-11j), L5 (110-51), 1.00 (0p-11), 1.90 \&G-1n), 1.7
1 5 Y 1 LM AN TTIN 1t O 7£0 TIN 1 04 710 TTI\ 1 O 7A_ T 1 O 790 TTIN 1 NA /&80 TI\N I s s d L. TTOMNMN
(la-rn), 1.0U {4p-r), 1.0 {0Op-rj, 1.84 (1p-nj, 1.0 (40-n), 1.0/ £Lp~-n), 1.4 {Op-n) GEECCA 0y noYL
spectrumj; 8. 32.3 (C-1), 33.4 (C-’z), 75.9 (C-3), 28.1 (Ba-Me), 37.7 (C-4), 38.3 (C-5), 27.2 (C-6), 26.7
(C-7), 36.0 (C-8), 40.4 (C-9), 34.7 (C-10), 21.5 (C-11), 40.5 (C-i2), 43.0 (C-13), 56.7 (C-14), 24.5
(C-15), 28.6 (C-16), 56.7 (C-17), 12.3 (C-18), 24.1 (C-19), 36.1 (C-20), 19.0 (C-21), 36.6 (C-22), 24.2

(C-23), 39.8 (C-24), 28.3 (C-25), 22.6 (C-26), 23.0 (C-27), 103.9 (C-1"), 84.9 (C-2’), 78.8 (C-3'), 87.8
(C-4"), 67.4 (C-5"), 20.6 (C-6"); [Found (HRFABMS, negative ion): M-H", m/z 547.4355. C, H,,0,
requires 547.4363].

3a-Methyl-5p-cholestan-38-0ol 3-0-p-L-fucofuranoside 3b. (18 % yield); Mp 164-166 'C (from
acetone); [a])”'D +55.1° (c 2.42, pyridine); 3, 0.67 (3H, s, 18-H,), 0.96 (3H, s, 19-H,), 0.99 3H, d, J 6.5
Hz, 21-H,), 1.42 (3H, s, 3a-Me), 1.60 (3H, d, J 6.5 Hz, 6"-H,), 1.83 (1H, t, J 13.5 Hz, 4a-H), 2.10 (1H,
m, 58-H), 5.66 (1H, d, J 2.4 Hz, 1'-H) [1.05 (7a-H), 1.22 (118-H), 1.24 (6a-H), 1.35 (9a-H), 1.35 (8p-H),

1.38 (78-H), 1.38 (11a-H), 1.44 (20-H), 1.54 (1a-H), 1.67 (18-H), 1.69 (48-H), 1.75 (28-H), 1.88 (68-H)
detected by HSQC spectrum]; 5. 32.1 (C-1), 32.0 (C-2), 75.8 (C-3), 28.0 (3a-Me), 39.2 (C-4), 38.4 (C-5),
M1 (OB VAT (O &N (C_8\ AN A (C-QY 34 & (C- 10\ 214 (C-11). 405 (C-12). 430 (C-13) 567
Ld ol \NTVUJy LU NTH Jy UL \WTU ), TULTE (T, STFLU (T eV, ST (TR d gy YV (T A, e AT A gy ~
(O 1A DA K (O _1&Y QK (T _1&Y KR (1" 192 (19 24 1 (C_10Y 2K 1 /00N 1Q 0D (C 21 K S
L La), &5.0 \(VvmlJ ), 40U \Wm Uy, UL \WTh )y ML \WT10), &l VT T UL ALV, 10U Te L)y SV
el Y Y. e N als 1o 3 DO O Y AAN NQ D Y AEN AN T ALY Y0 OV TN T I QA Q (VYN TTIQ T
(LmLd), 49.L4 \L~LD), I7.0 \\~4L9), £0.0 \\mLD), Lif \\m2U), Ll.T \\omal )y 1VUO.7 A\ )y, O7 ("L )y 1001
nnnnn OF s AN\ LA s LN AN /N L3N, I 1 XIDMTADAAQ el o\, WA TITY . AT ANOY
(L-3), 8/7.0 (L-4 ), 0/.L (L-~D), 2U./ (L-0 ), |FOUNnd (rnNnrADIVID, NCEALIVC 1011). V1-11 , TIVZLZ 09 /.94071
C,,H,, O, requires 547.4363]

—~

3p-Methyl- Sﬂ-cholestan -3ax-0l 3-0-p-D-fucofuranoside 4a. (6.0 % yieid); Mp 130-i32 °'C (from
acetone); [aJ b -20.3° (¢ 0.76, pyridine); 8, 0.63 (3H, s, 18-H,), 0.78 (1H, m, 14a-H), 0.92 (3H, s,
19-H;), 0.98 (3H, d, J 6.5 Hz, 21-H,), 1.48 (3H, s, 38-Me), 1.61 (3H, d, J 6.5 Hz, 6’-H,), 2.39 (1H, t, J
13.5 Hz, 4a-H), 5.86 (1H, d, J 2.4 Hz, I'-H) [1.06 (18-H), 1.08 (7a-H), 1.15 (118-H), 1.17 (6a-H), 1.28
(8p-H), 1.30 (11a-H), 1.32 (78-H), 1.38 (9a-H), 1.42 (58-H), 1.51 (4p-H), 1.67 (28-H), 1.71 (1a-H), 1.81



10996 M. Kobayashi / Tetrahedron 54 (1998) 10987-10998

s WA Pt avel O N s~ AN o Am A b Y

(6p-H), 1.87 (20-H) detected by HSQC spectrum]; 8. 34.5 (C-1), 33.1 (C-2), 78.0 (C-3), 23.9 (3p-Me), 39.6
(C-4), 40.9 (C-5), 27.5 (C-6), 26.6 (C-7), 35.9 (C-8), 40.2 (C-9), 35.3 (C-10), 21.2 (C-11), 40.3 (C-12),
42.8 (C-13), 56.4 (C-14), 24.4 (C-15), 28.5 (C-16), 56.4 (C-1T), 12.3 (C-18), 23.7 (C-19), 36.0 (C-20),
19.0 (C-21), 36.6 (C-22), 24.1 (C-23), 39.8 (C-24), 28.3 (C-25), 22.7 (C-26), 22.9 (C-27), 103.4 (C-1",
84.7 (C-27), 78.5 (C-3"), 87.4 (C-4’), 67.5 (C-5'), 20.6 (C-6"); [Found (HRFABMS, negative ion): M-H",

m/z 547.4366. C, H,,O; requires 547.4363].

3p-Methyl-5p-cholestan-3a-ol 3-O-p-L-fucofuranoside 4b. (7.3 % yield); Colorless oil; [«)*D

+56.5° (¢ 0.96, pyridine); 8,, 0.63 (3H, s, 18-H,), 0.91 (3H, s, 19-H,), 0.98 (3H, d, J 6.5 Hz, 21-H,), 1.47
(3H, s, 3p-Me), 1.61 (3H, d, J 6.5 Hz, 6’-H,), 1.99 (1H, td, J 13.5, 3.5 Hz, 2a-H), 2.29 (1H, t, J 13.5 Hz,
4a-H), 5.86 (1H, d, J 2.4 Hz, 1'-H) [0.99 (7o-H), 1.05 (18-H), 1.14 (118-H), 1.16 (6a-H), 1.26 (88-H),
1.28 (78-H), 1.29 (11la-H), 1.37 (9a-H), 1.40 (58-H), 1.48 (48-H), 1.70 (1a-H), 1.71 (28-H), 1.80 (68-H)

detected by HSQC spectrum]; 5. 34.4 (C-1), 33.8 (C-2), 78.0 (C-3), 23.6 (38-Me), 39.2 (C-4), 41.1 (C-5),
27.5 (C-6), 26.6 (c-7) 35.9 (C-8), 40.2 (C-9), 35.3 (C-10), 21.2 (C-11), 40.3 (C-12), 42.8 (C-13), 56.3
(C-14) 24 4 (C-15). 285 (C-16). §6 .4 (C-1. 123 (C-18). 237 (C-19Y. 38.0 (C-20. 19.0 (C-21). 36.6
(C-14), 24.4 (C-15), 28.5 (C-16), 56.4 (C-17), 12.3 (C-18), 23.7 (C-19), 36.0 (C-20), 19.0 (C-21), 36.6
(O 241 (2 QL (C24) IR R (CI8Y I 7 (CA6Y IMQ (C2TY 1034 (C_1'Y RAK (C7'Y 78 4
\\.4 &6}, P<n 2 § \\4 LJ}, S \\— .Lr—"}, T \\.4 &Jl, et et s | \\_4 hU’, et et + \\( J-l/, AVUVITT (T L )y U Ny .77
(VAN QTR (AN ETT (O ML (O LN TEaind (UIDEADRME magative san)e M_LITY 0/ 847 4209
(\r'J ), or7.2 \b“' Jy U7 7 ("0 )y LUU (U7 }, ll UL \l'll\l £ADIVLY, IICB tiy IULL). IVE-RLl , LWL O T . %I04,
~ A g M i &A™ AL

L34I'159U5 requires o4/7.42905].

2a-Methyl-4-nor- Sa cholestan-2p-oi 2-0-p-D-fucofuranoside 5a. (9.6% yield); Mp 139-140°C
(from acetone); [a] D -31.2° (c 1.84, pyridine); 5, 0.64 (3H, s, 18-H,), 0.69 (1H, dt, J 3.5, 11.2 Hz,
9a-H), 0.97 (3H, d, J 6.5 Hz, 21-H,), 1.05 (3H, s, 19-H,), 1.49 (3H, s, 2a-Me), 1.64 (3H, d, /6.5 Hz, 6’-
H,), 1.71 (1H, dd, J 12.5, 6.0 Hz, 3a-H), 2.04 (1H, dd, J 12.0, 12.5 Hz, 3p-H), 2.36 (1H, d, J 13.0 Hz,
13-H), 5.66 (1H, d, J 2.4 Hz, 1'-H) [0.87 (7a-H), 1.15 (1a-H), 1.28 (68-H), 1.28 (5a-H), 1.30 (11a-H),
1.31 (88-H), 1.43 (118-H), 1.49 (6a-H), 1.66 (7p-H) detected by HSQC spectrum]; 8. 54.2 (C-1), 84.1
(C-2), 29.6 (2u-Me), 44.9 (C-3), 49.6 (C-5), 25.2 (C-6), 32.5 (C-7), 35.5 (C-8), 55.5 (C-9), 44.4 (C-10),
23.7 (C-11), 40.3 (C-12), 43.3 (C-13), 56.5 (C-14), 24.7 (C-15), 28.5 (C-16), 56.6 (C-17), 12.4 (C-18),
14.0 (C-19), 36.1 (C-20), 19.0 (C-21), 36.6 (C-22), 24.2 (C-23), 39.8 (C-24), 28.3 (C-25), 22.7 (C-26),
22.9 (C-27), 1049 (C-1", 84.9 (C-2’), 78.5 (C-3"), 87.3 (C-4"), 67.3 (C-5Y, 20.6 (C-6’); [Found

(HRFABMS, negative ion): M- H', m/z 533.4213, C HS.,()) requires 533 .4206].

Yo . Maothvl Ad_nnr_&w.chalactan.?fhanl 2.N.RT fucnfuranacide 8h (11 A% vieldy: Mn 144-145 °C
At VAT ILYREN L ER ITFTIAIVI T AT VIRVIV O VER R HP"UI bt TRX T M E4TRLAWUA WL BBARVIRINAL SRF e | 1R JUANLjy AVAR & A v
[ amatanaY [~123m 122 A° (A0 94 nuridinal: 8§ NAS (AT o 1.9\ NGO (W At 7 28§ 1192 He
{1 i1 at WIIC ), U] D TI0.9 (L L.2%, PYyLIULID), Oy U.UJ (JI1, 5, 107113), V.UJ {111, UL, J  JoJdy 1.4 11ey
n T¥Y Y NN /AYT 1 T £ & I A1 IT Y 1 AL MIT - 1O TIT N 1t AN 72T o .. RAAY 1 £ 721 A T K & 1I» A
a-11), U.J/7 (51, 4, J 0.0 1L, 41-1,), 1.U2 {20, 5, 17-I14), 1.47 (OI1, 5, LU-IVIL), 1.V&L (211, U, J U.J 114, U
Yy - /1YY 1.3 T 1A N I NTY -~ TIN A NN 71EY 3 7F 12 N LY 10 ITN " 127 7117 11 r1n &£ 127 N 1Y
H;), 1./1 (1 aq, J 13.0, 0.U 1z, so-n), 2.UY (1IN, 4, J 13.U Nz, 1p-n), £.53 (i, 44, 4 129, 15.V 11z,
-~ - - - 1 ~ o2 v PRI TS e 87 P - - - -~ 111 Ty Y \ Ty

2
o
=
P
[
D
-
N
‘CF?
o
~—r
o
[
O
—
W
R

(C 2),29.6 (2(1 Me), 44.8 (C- 3) 499 (C 5) 25.2 (C-6), 32.4 (C-7), 35.5 (C-8), 55.4 (C-9), 44.4 (C-10),
23.7 (C-11), 40.3 (C-12), 43.3 (C-13), 56.4 (C-14), 24.7 (C-15), 28.5 (C-16), 56.6 (C-17), 12.4 (C-18),
14.0 (C-19), 36.1 (C-20), 19.0 (C-21), 36.6 (C-22), 24.2 (C-23), 39.8 (C-24), 28.3 (C-25), 22.7 (C-26),
22.9 (C-27), 105.2 (C-1"), 84.6 (C-2'), 78.6 (C-3"), 87.6 (C-4"), 67.4 (C-5", 20.6 (C-6’); [Found
(HRFABMS, negative ion): M-H', m/z 533.4211. C,,H,,O; requires 533.4206].
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(3S)-3,7-Dimethyi-3-octanol 3-0-p-D-fucofuranoside 6a. (2 % yield); Coloriess oil; [a]’’D -71° (¢
0.18, pyridine); &, 0.85, 0.85 (each 3H, d, J 7.0 Hz, 7-Me and 8-H,), 0.97 (3H, t, J 7.0 Hz, 1-H,), 1.14
(2H, m, 6-H,), 1.29 (3H, s, 3-Me), 1.45 (2H, m, 5-H,), 1.49 (1H, m, 7-H), 1.58 (3H, d, J 6.5 Hz, 6'-H,),
1.60 (2H, m, 4-H,), 1.67 (2H, q, J 7.0 Hz, 2-H,), 5.63 (1H, d, J 2.4 Hz, 1'-H); 3. 8.41 (C-1), 32.33 (C-2),
78.66 (C-3), 23.90 (3-Me), 39.52 (C-4), 21.71 (C-5), 39.83 (C-6), 28.13 (C-7), 22.75 (C-8), 22.79 (7-Me);

[Found (HRFABMS, negative ion): M-H", m/z 303.2181. C,H,,0; requires 303.2171].

(35)-3,7-Dimethyl-3-octanol 3-O-p-L-fucofuranoside 6b. (4.4 % yield); Colorless oil; [a) D +60°
(c 0.40, pyridine); &, 0.86, 0.86 (each 3H, d, J 7.0 Hz, 7-Me and 8-H,), 0.94 (3H, t, J 7.0 Hz, 1-H,), 1.16
(ZH, m, 6-H,), 1.29 (3H, s, 3-Me), 1.47 (2H, m, 5-H,), 1.50 (1H, m, 7-H), 1.58 (3H, d, J 6.5 Hz, 6'-H,),
1.60 (1H, dq, J 14.5, 7.0 Hz, 2-H), 1.62 (2H, m, 4-H,), 1.68 (1H, dq, J 14.5, 7.0 Hz, 2-H), 5.63 (1H, d, J
2.4 Hz, 1-H); 8. 8.43 (C-1), 32.13 (C-2), 78.66 (C-3), 23.89 (3-Me), 39.74 (C-4), 21.71 (C-5), 39.87
(C-6), 28.17 (C-7), 22.77 (C-8), 22.81 (7-Me); [Found (HRFABMS, negative ion): M-H', m/z 303.2163.

R -k B Bagh Buhhe et S 4

R Mhaolactan . IR al PN AN_fucafuranncids Ta narad hy the canditinon chown in it 17 (0 G,
SELIIUITSLAINITIPrUI JSUS R MIBMlUIRIailiUsIul /7 a. DiCpaitd Uy ull CONGIUOI SHUWIL U LI 17 \&U 70
PaldN. AAa 100Q_IND °F (formmn nnatanal f,«‘zsn 221 7% 70 D) 79 muridinal. £ N&EY A« T 28 1197 U Q~_IIN

yl A\ ), 1V 177-4U4 W {HULTAACWULIC ), (R ] D) ~01.4 (L 4L.70, Pyllulllc}, UH V.Jo ML v DWWy 1.4 K14, TUTEL),
Hn LA 1T 1Q IT \ nNn "1 /3177 . 10 LY N N OAL 72317 | T £ £ 1T N1 LY \ 1 ££L 21T a3 T £ £ TY. £ YIX N\

v.64 (2N, §, 16-114), V.73 (o1, §, 1Y-11,), VY0 (On, 4, v 0.0 1z, 2i-n,), 1.00 LN, 4, J 0.0 Nz, 0 -11,),
aYaYel Yw ¥ 4 o4 MTYT ~ b & 3 A DN e ITY ~ A & AN = o 7 Y 1 1 TN Fi O 71 h & &% N oL sy t 4 Y

2.UY (1H, bor 4, J 14.U HZ, Z0-R1), 3.3V (11, m, 5a-H), 3.08 (1A, D0r s, 1 -n) j[U.38J (la- , U.B0 (/a-11),
1.17 (6-H,), 0.94 (50-H), 1.22 (11p-H), 1.26 (8p-H), 1.31 (4p-H), 1.43 (11a-H), 1.60 (7p-H), 1.61 (1p-H),

1.63 (2p-H), 1.69 (4a-H), detected by HSQC spectrum]; §. 37.3 (C-1), 30.2 (C-2), 76.3 (C-3), 34.9 (C-4),
449 (C-5), 29.1 (C-6), 32.4 (C-7), 35.7 (C-8), 54.6 (C-9), 35.8 (C-10), 21.5 (C-11), 40.3 (C-12), 429
(C-13), 56.6 (C-14), 24.5 (C-15), 28.5 (C-16), 56.6 (C-17), 12.3 (C-18), 12.4 (C-19), 36.1 (C-20), 19.0
(C-21), 36.5 (C-22), 24.2 (C-23), 39.8 (C-24), 28.3 (C-25), 22.7 (C-26), 22.9 (C-27), 107.3 (C-1'), 84.2
(C-2’), 79.3 (C-3"), 88.2 (C-4’), 67.9 (C-5, 20.5 (C-6’); [Found (HRFABMS, positive ion): MH', m/z
535.4351. C,,H,,0; requires 535.4362].

5a-Cholestan-3p-0l 3-0-p-L-fucofuranoside 7b. Prepared by the condition shown in lit. 17 (23 %
yield); Mp 204-206 °C (from acetone); {a]*’p +48.2° (¢ 3.16, pyridine); &, 0.53 (dt,J 3.5, 11.2 Hz, 9a-H),

0.64 (3H, s, 18-H,), 0.73 (3H, s, 19-H,), 0.85 (la-H), 0.96 (3H, d, J 6.5 Hz, 21-H,), 1.66 (3H, d, J 6.5
Hz, 6’-H)), 3.79 (1H, m, 3a-H), 5.68 (1H, 4, J 2.0 Hz, I’-H) [0.86 (7a-H), 0.98 (5¢-H), 1.17 (6-H,),
ARLy VO TAR3 s i S LS, ] ARy vV | ’ ) ’ Rt A 8 \ 73 N 73 A 77
1722 (118-BY 127 (RR&-HY 1458 (11a-H) 150 (2&8-H) 1582 (43-H). 1 60 (78-H). 1.63 (138-H). 1.87 (4a-H)
L.LA \Lipril), 1,47 \Of-1), 1.590 (1a0-11), 1.2V \aprii), 1.04 (Sp-i1), 1.0V (/prit), 1,02 (ipriiy, .80 (Ui,
107 /10 hed T1AN0 o Ve HY Aatantad hy AN crantrnm1:R 272 (C_1Y IRK (O TE&T (.Y KR QO
1.77 i1, O Q, v 14.V 114, &U0-11) GCICCIWCA O noNyw SPeCUUillf,Oc J7.4 \m1), 400 74y, 1U.7 \W7D ), JUS
SV AN AL 1 /Y EN DO YT M LN 2N 2 (TN AR T O AL O AR Q M INN YT K 1IN AN (TN
-4), 4.1 (LoD, £¥01 (L-0), D240 (-1}, DI.7 (=0, J4.0 (L ~T), J2J.0 (L"1U), £1.9 \\"11), FU.0 ("14),
AMm N s 1Y L4 LIEL ™ 78 VAN NA L 4N 18N AQ L (AL ELIEL Lo 1IN 1D 10N 1A O 10N 3L
4.7 (L-13), 20.0/00./7 (L~-14), 24.0 (L.~1J), £&0.0 (L-10), 30.//20.0 (L~-17), 14.0 ({o-10), 1&.4 (\L"17}, JO0V.1
(C-20), 19.0 (C-21), 36.5 (C-22), 24.2 (C-23), 39.8 (C-24), 28.3 (C-25), 22.7 (C-206), 23.0 (C-27), 107.7
(C-1, 84.2 (C-2), 79.4 (C-3), 88.4 (C-4"), 67.9 (C-5°), 20.5 (C-6); [Found (HRFABMS, positive ion):
MH’, m/z 535.4351. C,,H,,O; requires 535.4362]
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