This article was downloaded by:

On: 23 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Carbohydrate Chemistry

Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713617200

Synthesis and Hydrogenolysis of Dioxolane-Type Diphenyl-Methylene and
Fluoren-9-Ylidene Carbohydrate Acetals Containing a Neighbouring
Substituted Hydroxyl Function

Janos Hajké®; Aniko Borbas®; Gabriella Szabovik®; Méria Kajtar-Peredy; Andras Liptak®

2 Research Group for Carbohydrates of the Hungarian Academy of Sciences, Debrecen, Hungary ®

Department of Biochemistry, L. Kossuth University, Debrecen, Hungary ° NMR Laboratory, Central
Research Institute of Chemistry, Budapest, Hungary

To cite this Article Hajko, Janos , Borbas, Aniké , Szabovik, Gabriella , Kajtar-Peredy, Maria and Liptak, Andras(1997)
'Synthesis and Hydrogenolysis of Dioxolane-Type Diphenyl-Methylene and Fluoren-9-Ylidene Carbohydrate Acetals
Containing a Neighbouring Substituted Hydroxyl Function', Journal of Carbohydrate Chemistry, 16: 7, 1123 — 1144

To link to this Article: DOI: 10.1080/07328309708005742
URL: http://dx.doi.org/10.1080/07328309708005742

PLEASE SCROLL DOWN FOR ARTICLE

Full terns and conditions of use: http://wwinformworld.conlterns-and-conditions-of-access. pdf

This article nmay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713617200
http://dx.doi.org/10.1080/07328309708005742
http://www.informaworld.com/terms-and-conditions-of-access.pdf

08: 01 23 January 2011

Downl oaded At:

J. CARBOHYDRATE CHEMISTRY, 16(7), 1123-1144 (1997)

SYNTHESIS AND HYDROGENOLYSIS OF DIOXOLANE-TYPE DIPHENYL-
METHYLENE AND FLUOREN-9-YLIDENE CARBOHYDRATE ACETALS

CONTAINING A NEIGHBOURING SUBSTITUTED HYDROXYL FUNCTION

Janos Hajko,* Aniké Borbas,® Gabriella Szabovik,” Maria Kajtar-Peredy,” and
Andras Liptak**

*Research Group for Carbohydrates of the Hungarian Academy of Sciences,
P. O. Box 55, H-4010 Debrecen (Hungary),
*Department of Biochemistry, L. Kossuth University, P. O. Box 55, H-4010 Debrecen

(Hungary),
*NMR Laboratory, Central Research Institute of Chemistry, P. O. Box 17, H-1525

Budapest (Hungary).

Received October 28, 1996 - Final Form May 6, 1997

ABSTRACT

Series of dioxolane-type diphenylmethylene and fluoren-9-ylidene acetals of
hexoses containing adjacent O-alkyl, deoxy or hydroxy functions were prepared and
hydrogenolysed with the LiAIH,-AICl; reagent. The observed direction of ring-cleavage
was discussed in terms of different influences, such as complex formation and ornentation
of the hydride reagent, the configurational arrangements of the free OH group to one of
the oxygen atoms of the dioxolane ring, as well as the conformational relationship of the
rings present in the 1,6-anhydro derivatives.

INTRODUCTION

Our earlier studies on the hydrogenolysis of dioxolane-type benzylidene' or

ethylidene’ acetals of various pyranosides have demonstrated that the direction of the ring-
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cleavage is essentially dependent on the steric arrangement of the 2'-aryl or -alkyl
substituent of the dioxolane ring. However, sporadic experiments with dioxolane type
ketals, such as methylene,? isopropylidene,’ 2'-phenylethylidene® (acetophenone acetals)
resulted, surprisingly, exclusively in axial-ether/equatorial-hydroxy derivatives. These
observations initiated studies of the preparation and hydrogenolysis of dioxolane-type
diphenylmethylene® and fluoren-9-ylidene* acetals. All of these symmetric ketals contained
a free OH group in the vicinity of the dioxolane ring, and the OH groups were located in
the neighbourhood of the equatorial oxygen atom of the dioxolane ring (thus being in a
gauche arrangement). Hydrogenolysis of these ketals resulted exclusively in axial
diphenylmethyl® or fluoren-9-yl* ethers with chloroalane (AIH,CI) as the reagent. It is to
be noted that dichloroalane (AIHCI,) split the diphenylmethyl and fluoren-9-yl ethers, as
well, but under such conditions the benzyl and allyl ethers were stable. These properties of
the diphenylmethylene acetals were successfully utilized in a practical synthesis of the
immunodeterminant trisaccharide of Mjycobacterium leprae.® To extend the synthetic
efficacy of these easily transformable symmetric ketals we decided to investigate the fully
protected derivatives of different diphenylmethylene and fluoren-9-ylidene acetals of

hexopyranosides.
RESULTS AND DISCUSSION

In order to study the applicability and wversatility of dioxolane-type
diphenylmethylene and fluoren-9-ylidene acetals as new protective groups we have
assayed first the partial deprotection reactions on methyl 2,3-O-diphenylmethylene-t-L-
rhamnopyranoside’ (1) and methyl 2,3-O-fluoren-9-ylidene-oi-L-rhamnopyranoside’ (17)
to give substituted benzyl &erivatives. Benzyl and allyl ethers are among the most versatile
carbohydrate derivatives easily prepared, and deprotected under various mild conditions.®

Thus, benyzlation or allylation of 1 resulted in the suitable model compounds 2 and
3, respectively. Hydrogenolysis was not regiospecific in either case; a mixture of two
structural isomers (4/5 and 6/7) were formed with the predominance of the equatorial
diphenylmethyl ethers. The w-system of the allyl or benzyl groups cannot be responsible
for the lack of selectivity since the 4-O-n-butyl (8), -ethyl (9) or -methyl (10) derivatives

of 1 give a very similar cleavage pattern, although by the decrease of the bulkiness of these
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substituents, the proportion of the axial ethers increased (Scheme 1). A very similar trend

was also observed during the hydrogenolysis of the fluoren-9-ylidene derivatives 18-22

(Scheme 2).
The facts 1)

that the less bulky substituent gave the highest ratio of the

axiallequatorial ethers, and ii) that the hydrogenolysis of the more flexible
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diphenylmethylene acetals was shifted very strongly to the formation of the equatorial
ethers suggested that the 4-O-substituents might prevent the attack of the reagent on the
adjacent equatorial oxygen of the dioxolane ring. To test this assumption we decided to
synthesize methyl 4,6-dideoxy-2,3-O-diphenyimethylene- (33) and methyl 4,6-dideoxy-
2,3-O-fluoren-9-ylidene-a-L-fyxo-hexopyranoside (34). It is to be noted that the Barton-
type deoxygenation’ of the xanthate derivative (35) of methyl 2,3-O-diphenylmethylene-o-
L-rhamnopyranoside (1) failed, and instead of the desired 33, an inseparable 6:1 mixture of
compounds 36 and 37 was obtained and whose structures were determined by high field
NMR techniques (400 MHz) (Scheme 3).

On the other hand, reduction of the xanthate ester® 39 of methyl 2,3-O-
isopropylidene-o-L-rhamnopyranoside® (38) was successful, to give methyl 4,6-dideoxy-
2,3-O-isopropylidene-a-L-Iyxo-hexopyranoside® (40). Hydrolysis of the isopropylidene
function resulted in the desired methyl 4,6-dideoxy-a-L-fyxo-hexopyranoside® (41).
Treatment of compound 41 with dichlorodiphenylmethane or with 9,9-dichlorofluorene'®
gave acetals 33 and 34, respectively. Their hydrogenolysis completely precluded the role
of the substitution of OH-4 because, again, the 3-O-ethers dominated (42:43=1:4.55 and
44:45=1:1.52) suggesting the essential role of the free OH group in all investigated ketals
(Scheme 4).

An acceptable explanation of the high stereoselectivity of the cleavage of the OH
group-containing ketals is based on the proposed mechanism summarized on Scheme 5.

Chlorohydrido-aluminate is formed in the first step of the reaction sequence, which is a
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strong Lewis acid and hydride donor. Thus the cleavage occurs through the intramolecular
complexation of the adjacent oxygen of the acetal ring.

All ketals investigated up to now contained a free OH group located gauche to the
equatorial oxygen of the dioxolane ring. The synthesis of 1,6-anhydro-3,4-O-fluoren-9-
ylidene-B-D-talopyranose (49) has provided a new type of ketal in which the free OH-2 is
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in an equatorial position and is located in the vicinity of the axial oxygen of the dioxolane
ring. Hydrogenolysis of compound 49 resulted, surprisingly, in all of three ether isomers
(54-56) in a 18:62:20 ratio. The formation of the two equatorial ethers (54 and 56) is
explained by migration of the ketal group; from 49, 1,6-anhydro-2,3-O-fluoren-9-ylidene-
B-D-talopyranose (53) was formed in this way. This migration was substantiated by
treatment of 49 with a catalytic amount of AICl; followed by acetylation to afford 2-O-
acetyl-1,6-anhydro-3,4-O-fluoren-9-ylidene-B-D-talopyranose (57) and 4-O-acetyl-1,6-
anhydro-2,3-O-fluoren-9-ylidene-f-D-talopyranose (58). Compound 54 was formed by
hydrogenolysis of 49, the 2-ether derivative (56) was produced from $§3, and the
formation of 55 in a rather high yield can only be explained by the fact that the axial O-3
is extremely hindered, being in a 1,3-cis-diaxial arrangement with both C-6 and O-1, and
thus in such cases an intramolecular delivery system does not work successfully. This
assumption is strongly supported by the obtained cleavage patterns of 1,6-anhydro-3,4-O-
fluoren-9-ylidene-B-D-galactopyranose (47), 1,6-anhydro-2-O-benzyl-3,4-O-fluoren-9-
ylidene-B-D-galactopyranose (50), and 1,6-anhydro-2-O-benzyl-3,4-O-fluoren-9-ylidene-
B-D-talopyranose (51) where the 3-O-fluorenyl ethers (52, 59 and 60, respectively) were
formed in nearly quantitative yield, showing that the axial oxygen of the dioxolane ring is
unapproachable for the free chloroalane (Scheme 6).

These investigations clearly show the influences of different parameters'' which
determine the outcome of the ring cleavage reaction, such as complex formation and
orientation of the hydride reagent, the configurational arrangements of the free OH group
to one of the oxygen atoms of the dioxolane ning, as well as a very important role of the

conformational relationship of the rings present in the 1,6-anhydro derivatives. The
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balance of these influencing parameters has to be taken into account to predict the

direction of the hydrogenolytic ring cleavage of the symmetric ketal derivatives.
EXPERIMENTAL

General methods. Solutions were concentrated at 40 °C (bath) under diminished
pressure. Optical rotations were measured in CHCl; at room temperature with Perkin-
Elmer 241 automatic polarimeter. The "H (200 and 400 MHz) and *C NMR (50.3 and
101 MHZz) spectra for solutions in CDCl; were recorded with a Bruker WP-200 SY and
Varian XLA-400 spectrometers (internal Me,Si). Heteronuclear correlation spectroscopy
was used to assign lines in the *C NMR spectra. Melting points were determined on a
Kofler apparatus and are uncorrected. TLC was performed on Kieselgel 60 Fasq (Merck)
with A (9:1) B (85:15) C (8:2) D (7:3) hexane-ethyl acetate, E (99:1) F (98:2) G (95:5)
and H (9:1) dichloromethane-acetone, with detection by spraying with 50% aq sulfuric
acid followed by heating. For HPLC a Hewlett Packard 1090 series II Liquid
Chromatograph equipped with a diode array detector, automatic sampler and
ChemStation was used. Each sample was separated on a Hewlett Packard DIOL 10 pm
(0.46x20 cm) column with different ratios of hexane-ethyl acetate as the mobile phases
flowing at a rate of 1.0 mL/min at 40 °C. The quality of the hexane and ethyl acetate were
HPLC grade. Effluent was monitored at 254 nm.

General method for alkylation of Methyl 2,3-O-Diphenylmethylene-a-L-
rhamnopyranoside (1) and Methyl 2,3-O-Fluoren-9-ylidene-o-L-rhamnopyranoside
(17). To a stirred solution of 1* (1.0 g, 2.92 mmol) or 17¢ (1.0 g, 2.94 mmol) in dry N,N-
dimethylformamide (1.0 mL) was added NaH (105 mg, 1.5 equiv) and the alkylating agent
(2 equiv). The mixture was stirred for 1-2 h at room temperature, then diluted with
EtOAc, washed with water until neutral, dried (N2,SO,), and concentrated. The resulting
crude syrup was purified by column chromatography and/or crystallized from appropriate
solvent.

Methyl 4-0O-Benzyl-2,3-O-diphenylmethylene-a-L-rhamnopyranoside  (2).
From 1, eluted with solvent A; yield: 1.11 g (88%); [a]p -94.0° (¢ 0.45); R¢0.51 (solvent
B).
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Anal. Caled for C7H505 (432.515): C, 74.98; H, 6.52. Found: C, 75.17; H, 6.50.

Methyl 4-0-Allyl-2,3-O-diphenylmethylene-a-L-rhamnopyraneside (3). From
1, eluted with solvent A; yield: 1.03 g (92%); [a]p -95.4° (¢ 1.10); R;0.52 (solvent A).

Anal. Calcd for CxHj0s (382.455): C, 72.23; H, 6.85. Found: C, 72.03; H, 6.87.

Methyl 4-0-n-Butyl-2,3-O-diphenylmethylene-a-L-rhamnopyranoside (8).
From 1, eluted with solvent A; yield: 1,01 g (87%); [o]p -82.0° (c 0.58); R¢0.44 (solvent
A).

Anal. Calcd for C,4H3005 (398.498): C, 72.34; H, 7.59. Found: C, 72.21; H, 7.56.

Methyl 2,3-0-Diphenylmethylene-4-0O-ethyl-a-L-rhamnopyranoside (9). From
1, eluted with solvent A; yield: 0.83 g (77%); [a]p -90.7° (¢ 1.28); R¢0.38 (solvent A); the
product crystallized upon standing, mp 46 °C (after recrystallization from EtOH).

Anal. Calcd for C,pH0s5 (370.344): C, 71.33; H, 7.08. Found: C, 71.45; H, 7.04.

Methyl 2,3-0-Diphenylmethylene-4-O-methyl-c-L-rhamnopyranoside (10).
From 1, eluted with solvent A; yield: 0.95 g (91%); [a]p -101.2° (¢ 0.66); R;0.41 (solvent
A); the product crystallized upon standing, mp 66 °C (after recrystallization from hexane).

Anal. Calcd for C;H2405 (356.418): C, 70.77; H, 6.79. Found: C, 70.88; H, 6.82.

Methyl 4-0O-Benzyl-2,3-O-fluoren-9-ylidene-a-L-rhamnopyranoside  (18).
From 17, crystallized from hexane; yield: 1.08 g (85%); mp 102-103 °C; [a]p -4.2° (¢
0.73); R¢0.56 (solvent C).

Anal. Calcd for C;7H»60s (430.499): C, 75.33; H, 6.09. Found: C, 75.20; H, 6.14.

Methyl 4-0-Allyl-2,3-O-fluoren-9-ylidene-a-L-rhamnopyranoside (19). From
17, eluted with solvent A; yield: 1.01 g (90%); [at]o +31.2° (¢ 0.95); R¢0.25 (solvent A).

Anal. Calcd for C3H»405 (380.440): C, 72.61; H, 6.36. Found: C, 72.80; H, 6.40.

Methyl 4-0-n-Butyl-2,3-0O-fluoren-9-ylidene-a-L-rhamnopyraneside  (20).
From 17, crystallized from EtOH; yield: 1.03 g (88%); mp 92-94 °C; [a]p +14.2° (c 0.88);
Rf0.36 (solvent A).

Anal. Caled for C,sHz50s (396.482): C, 72.71; H, 7.12. Found: C, 72.81; H, 7.10.

Methyl 4-0O-Ethyl-2,3-O-fluoren-9-ylidene-a-L-rhamnopyranoside (21). From
17, crystallized from EtOH,; yield: 0.93 g (86%), mp 139-140 °C; [a]p +18.5° (¢ 0.83); R¢
0.35 (solvent A).

Anal. Caled for C,H,405 (368.429): C, 71.72; H, 6.57. Found: C, 71.63; H, 6.55.
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Methyl 2,3-O-Fluoren-9-ylidene-4-O-methyl-o-L-rhamnopyranoside  (22).
From 17, crystallized from hexane-EtOAc; yield: 0.93 g (86%); mp 114 °C; [a]p +22.0° (¢
0.69); R¢0.54 (solvent D).

Anal. Caled for C;1Hz,05 (354.402): C, 71.17; H, 6.26. Found: C, 71.30; H, 6.25.

Preparation of diphenylmethyl (4-7, 11-16) and fluoren-9-yl ethers (23-32).
To a stirred solution of acetals (2,3, 8-10, 18-22) in dry 1:1 dichloromethane-ether was
added LiAlH, (4.5 equiv/1 equiv of substrate) and AICl; (1.5 equiv/1 equiv of substrate).
The solution was heated under reflux and the reaction was monitored by TLC. When the
conversion of the starting material was complete (1-2 h) the mixture was diluted with
ether, the excess of LiAIH, was decomposed by successive addition of EtOAc and water,
the organic layer was washed twice with water, dried (Na,SQ,), and concentrated. The
resulting crude syrup was purified by column chromatography.

Methyl 4-O-Benzyl-2-O-diphenylmethyl-a-L-rhamnopyranoside (4) and
Methyl 4-0-Benzyl-3-O-diphenylmethyl-a-L-rhamnopyraneside (5). From 2, eluted
with solvent C. Compound 4: 9%, [alp -1.4° (¢ 0.37); Rs0.39 (solvent C).

Anal. Calcd for C»7H;3005 (434.531): C, 74.63; H, 6.96. Found: C, 74.80; H, 6.93.
Compound 5: 40%,; [a]p -77.6° (¢ 0.15); Rs0.19 (solvent C).

Anal. Caled for C7H;300;5 (434.531): C, 74.63; H, 6.96. Found: C, 74.77; H, 7.00.

Methyl 4-0-Allyl-2-O-diphenylmethyl-o-L-rhamnopyranoside (6) and Methy!
4-0-Allyl-3-O-diphenylmethyl-a-L-rhamnopyranoside (7). From 3, eluted with solvent
C. Compound 6: 15%; [a]p +3.0° (¢ 0.33); R¢0.35 (solvent C).

Anal. Calcd for C;3H,305 (384.471): C, 71.85; H, 7.34. Found: C, 71.76; H, 7.38.
Compound 7:51%; [a]p -81.2° (¢ 0.55); R¢0.17 (solvent C).

Anal. Caled for C;3H»05 (384.471): C, 71.85; H, 7.34. Found: C, 71.70; H, 7.30.

Methyl 4-O-n-Butyl-2-O-diphenylmethyl-a-L-rhamnopyranoside (11) and
Methyl 4-0-n-Butyl-3-0O-diphenylmethyl-o-1-rhamnopyranoside (12). From 8, eluted
with solvent C. Compound 11: 17%,; [a]p +3.3° (¢ 0.60); R¢0.39 (solvent C).

Anal. Calcd for C24H3,05 (400.514): C, 71.97; H, 8.05. Found: C, 72.14; H, 8.00.
Compound 12: 65%; [o]p ~78.5° (¢ 0.83); R¢0.22 (solvent C).

Anal. Calcd for CsH3,05 (400.514): C, 71.97; H, 8.05. Found: C, 72.11; H, 8.10.
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Methyl 4-O-Ethyl-2-O-diphenylmethyl-a-L-rhamnopyranoside (13) and
Methyl 4-0-Ethyl-3-O-diphenylmethyl-a-L-rhamnopyranoside (14). From 9, eluted
with solvent C. Compound 13: 11%; [a]p -3.0° (¢ 0.23); R¢0.35 (solvent C); the product
crystallized upon standing, mp 116 °C (after recrystallization from EtOH).

Anal. Calcd for C,H»O5 (372.360): C, 70.96; H, 7.58. Found: C, 71.13; H, 7.60.
Compound 14: 40%; [a]p -74.1° (¢ 0.52); R¢0.18 (solvent C).

Anal. Caled for C,H20s5 (372.360): C, 70.96; H, 7.58. Found: C, 70.75; H, 7.62.

Methyl 2-0O-Diphenylmethyl-4-O-methyl-a-L-rhamnopyranoside (15) and
Methyl 3-0O-Diphenylmethyl-4-O-methyl-a-L-rhamnopyraneside (16). From 10,
eluted with solvent F. Compound 16: 45%; [a]p -71.5° (¢ 0.56); R¢0.37 (solvent F).

Anal. Calcd for C;;Ha60s (358.434): C, 70.37; H, 7.31. Found: C, 70.59; H, 7.28.
Compound 15: 25%,; [a]p +3.0° (¢ 0.33); R¢0.27 (solvent F).

Anal. Calcd for Cy;Hz60s (358.434): C, 70.37; H, 7.31. Found: C, 70.21; H, 7.30.

Methyl 4-0O-Benzyl-2-O-fluoren-9-yl-a-L-rhamnopyranoside (23) and Methy!
4-0-Benzyl-3-O-fluoren-9-yl-o-L-rhamnopyranoside (24). From 18, eluted with
solvent C. Compound 23: 38%, [a]p -15.9° (¢ 0.58); R 0.36 (solvent C); the product
crystallized upon standing, mp 113-114 °C.

Anal. Calcd for C2;H2:0s (432.515): C, 74.98; H, 6.52. Found: C, 75.10; H, 6.53.
Compound 24: 37%; [a)p -63.7° (¢ 0.61); R¢0.18 (solvent C).

Anal. Calced for C;7H505 (432.515): C, 74.98; H, 6.52. Found: C, 75.15; H, 6.57.

Methyl 4-0-Allyl-2-O-fluoren-9-yl-a-L-rhamnopyranoside (25) and Methyl 4-
0-Allyl-3-O-fluoren-9-yl-o-L-rhamnopyraneside (26). From 19, eluted with solvent C.
Compound 25: 43%,; [o]p -27.0° (¢ 0.71); R 0.34 (solvent C); the product crystallized
upon standing, mp 88 °C.

Anal. Calcd for Cx3Ha6O5 (382.455): C, 72.23; H, 6.85. Found: C, 72.37; H, 6.86.

Compound 26: 45%; [a]p -85.0° (¢ 0.56); Re 0.22 (solvent C); the product
crystallized upon standing, mp 72 °C.

Anal. Calcd for C,3HxOs5 (382.455): C, 72.23; H, 6.85. Found: C, 72.11; H, 6.87.

Methyl 4-O-n-Butyl-2-O-fluoren-9-yl-a-L-rhamnopyranoside (27) and Methyl
4-0-n-Butyl-3-O-fluoren-9-yl-a-L-rhamnopyraneside (28). From 20, eluted with



08: 01 23 January 2011

Downl oaded At:

SYNTHESIS AND HYDROGENOLYSIS 1139

solvent C. Compound 27: 50%,; [a]p -21.3° (¢ 0.85); R 0.37 (solvent C); the product
crystallized upon standing, mp 80 °C (after recrystallization from EtOH).

Anal. Calcd for Cp4H300s (398.498): C, 72.34; H, 7.59. Found: C, 72.45; H, 7.61.
Compound 28: 30%; [alp -70.2° (¢ 0.22); Rr0.22 (solvent C); the product crystallized
upon standing, mp 109-110 °C (after recrystallization from EtOH).

Anal. Caled for Cy4H3005 (398.498): C, 72.34; H, 7.59. Found: C, 72.52; H, 7.62.

Methyl 4-O-Ethyl-2-O-fluoren-9-yl-o-L-rhamnopyranoside (29) and Methyl
4-0-Ethyl-3-O-fluoren-9-yl-a-L-rhamnopyranoside (30). From 21, eluted with solvent
C. Compound 29: 48%; [a]p -23.0° (c 0.48); R¢0.56 (solvent D); the product crystallized
upon standing, mp 122 °C (after recrystallization from EtOH).

Anal. Calcd for C;H,605 (370.344): C, 71.33; H, 7.08. Found: C, 71.55; H, 7.03.
Compound 30: 40%,; [a]p -73.4° (¢ 0.57); R¢0.47 (solvent D).

Anal. Calcd for CH»0s (370.344): C, 71.33; H, 7.08. Found: C, 71.09; H, 7.13.

Methyl 2-O-Fluoren-9-yl-4-O-methyl-a-L-rhamnopyranoside (31) and Methyl
3-O-Fluoren-9-yl-4-O-methyl-o-L-rhamnopyraneside (32). From 22, eluted with
solvent D. Compound 31: 52%; [a]p -25.6° (¢ 0.59); R 0.30 (solvent D); the product
crystallized upon standing, mp 104 °C (after recrystallization from hexane).

Anal. Calcd for C21H405 (356.418): C, 70.77; H, 6.79. Found: C, 70.95; H, 6.83.
Compound 32 did not exsist in pure form, because the mother liquor was an inseparable
mixture of 31 and 32. Having obtained the ’C NMR spectrum of pure 31 it was possible
to unambigously assign the signals due to 32 in a mixture of the two isomers.

Methyl 4,6-Dideoxy-2,3-O-diphenylmethylene-a-L-lyxo-hexopyranoside (33).
To a stirred solution of 41° (0.50 g, 3.1 mmol) in dry pyridine (2 mL) was added dichloro-
diphenylmethane (1.18 ml, 2 equiv). The mixture was stirred overnight at 100 °C. The
dark-red solution was poured onto crushed ice and, after 1 h, the mixture was partitioned
between dichloromethane and 0.1 M sulfuric acid. The organic phase was washed with
water until neutral, dried (Na,SO,), and concentrated. The dark-red residue was passed
through a short column of silica gel (solvent E). The resulting crude syrup was purified by
column chromatography (solvent A) to give 33 (0.48 g, 47%); [alp -51.0° (¢ 1.78); R¢
0.39 (solvent A).
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Anal. Caled for Cp0H»04 (326.391): C, 73.60; H, 6.79. Found: C, 73.86; H, 6.75.

Methyl 4,6-Dideoxy-2,3-O-fluoren-9-ylidene-a-L-Iyxo-hexopyranoside (34).
To a stirred solution of 41° (0.50 g, 3.1 mmol) in dry pyridine (2 mL) was added 9,9-
dichlorofluorene'® (1.48 g, 2 equiv). The mixture was stirred for 2 days at 100 °C. The
method used for the isolation and purification of 33 was applied to give 34 (0.45 g, 45%);
[o]p -5.40° (¢ 1.79); Re0.31 (solvent A).

Anal. Caled for C,0H04 (324.376): C, 74.06; H, 6.21. Found: C, 73.81; H, 6.25.

Methyl 2,3-O-Diphenylmethylene-4-0-(methylthio)thiocarbonyl-o-L-rham-
nopyranoside (35). To a stirred suspension of 1° (1.0 g, 2.92 mmol) and 80% NaH
(0.175 g, 2 equiv) in dry tetrahydrofuran (10 mL) was added imidazole (4 mg, 0.02
equiv). The mixture was stirred for 15 min at room temperature, then CS; (1.32 mL, 7.5
equiv) and, after 1 h, CH;I (0.4 mL, 2 equiv) were added to this mixture. The stirring was
continued for an additional 1.5 h. The mixture was then diluted with dichloromethane, and
the organic layer was washed with water until neutral, dried (Na,SO,), and concentrated.
Column chromatography (eluant C) of the crude product yielded amorphous 35 (1.17 g,
93%); [o]p -81.4° (¢ 0.81); R¢0.64 (solvent D).

Anal. Calcd for CH,.05S, (432.557): C, 61.09; H, 5.59; S, 14.83. Found: C,
61.30, H, 5.61; S, 14.94,

Methyl 2-O-Benzoyl 3,4,6-trideoxy-4-C-phenyl-a-L-lyxo-hexopyranoside (36)
and Methyl 3-O-Benzoyl 2,4,6-trideoxy-4-C-phenyl-o-L-Iyxo-hexopyranoside (37).
To a solution of 35 (1.1 g, 2.54 mmol) in dry toluene (10 mL) was added a catalytic
amount of AIBN and then Bu;SnH (0.82 mL, 1.2 equiv) was added dropwise. The
mixture was stirred under Ar at reflux temperature for 1 h, then concentrated. The column
chromatography of the crude product gave a 6:1 mixture of 36 and 37. The ratio of
products was determined by NMR.

Methyl 4,6-Dideoxy-2-O-diphenylmethyl-a-1-lyxo-hexopyranoside (42) and
Methyl 4,6-Dideoxy-3-(O-diphenyimethyl-a-L-lyxo-hexopyranoside (43). The method
used for the preparation of diphenylmethy! ethers (4-7, 11-16) was applied to 33 to give a
1:4.55 mixture of 42 and 43. The ratio of products was determined by HPLC.

Methyl 4,6-Dideoxy-2-O-fluoren-9-yl-a-L-lyxo-hexopyranoside (44) and
Methyl 4,6-Dideoxy-3-O-fluoren-9-yl-a-L-lyxo-hexopyranoside (45). The method used
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for the preparation of fluoren-9-yl ethers (23-32) was applied to 34 to give a 1:1.52
mixture of 44 and 45. The ratio of products was determined by HPLC.

1,6-Anhydro-3,4-O-fluoren-9-ylidene-B-D-galactopyranose (47). To a stirred
solution of 46" (238 g, 14.7 mmol) in dry pyridine (10 mL) was added 9,9-
dichlorofluorene’® (1.48 g, 2 equiv). The mixture was stirred for 4 days at 100 °C. The
method used for the isolation of 33 was applied to give 47. The resulting crude syrup was
purified by column chromatography (eluant G) to give 47 (2.0 g, 42%); [op -77.0° (¢
0.72); R¢0.27 (solvent G). The product crystallized upon standing, mp 186-188 °C (after
recrystallization from EtOH).

Anal. Calcd for CyoH;605 (324.332): C, 70.36; H, 4.97. Found: C, 70.30; H, 4.98.

1,6-Anhydro-3,4-O-fluoren-9-ylidene-B-D-lyxo-hexopyranos-2-ulose (48). To a
stirred solution of 47 (1.43 g, 4.4 mmol) in dry dichloromethane were added powdered
molecular sieves 4 A (1.50 g) and pyridinium chlorochromate (6.0 g). The mixture was
stirred in the dark at room temperature overnight, then diluted with ether, filtered through
a short column of silica gel (eluant G, R¢ 0.50), and concentrated. The yellow residue was
used for the next step without any purification.

1,6-Anhydro-3,4-O-fluoren-9-ylidene-B-D-talopyranose (49). To a solution of
48 (0.78 g, 2.4 mmol) in dry methanol (15 mL) was added NaBH, (0.18 g, 2 equiv) and
the solution was stired for 1 h at room temperature. The excess of NaBH, was
decomposed with 60% aqueous acetic acid. The mixture was diluted with dichioro-
methane, washed with water, dried (Na,SO,), and concentrated. The residue was
crystallized from dichloromethane-hexane to give 49 (0.63 g, 80%); mp 222-224 °C; [a]p
-105.6° (¢ 0.97); R¢0.43 (solvent G).

Anal. Calcd for Ci9H ;605 (324.332): C, 70.36; H, 4.97. Found: C, 70.28; H, 4.96.

1,6-Anhydro-2-0-benzyl-3,4-O-fluoren-9-ylidene-p-D-galactopyranose  (50).
The method used for the conversion of 17 into 18 was applied to 47 to give 50. The
purification of the crude product by column chromatography (eluant E) gave pure 50
(88%); [a]p -8.4° (¢ 1.21); R0.53 (éolvent F). The product crystallized upon standing, mp
166-168 °C (after recrystallization from EtOH).

Anal. Caled for CoH»0s (414.457): C, 73.35; H, 5.35. Found: C, 73.14; H, 5.40.

1,6-Anhydro-2-0-benzyl-3,4-O-fluoren-9-ylidene-p-D-talopyranose (51). The
method used for the conversion of 17 into 18 was applied to 49 to give 51. The
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purification of the crude product by crystallization from dichloromethane-EtOH gave pure
51 (89%); mp 201-203 °C; [a]p -22.1° (¢ 0.27); R;0.38 (solvent D).

Anal, Calcd for C2sH»0s (414.457): C, 73.35; H, 5.35. Found: C, 73.57; H, 5.31.

1,6-Anhydro-3-O-fluoren-9-yi-B-D-galactopyranose (52). To a stirred solution
of 47 (100 mg, 0.31 mmol) in dry 1:1 dichloromethane-ether were added LiAlH, (23 mg,
2 equiv) and AlICl; (82 mg, 2 equiv). The stirring was continued for additional 30 min at
room temperature, then the mixture was diluted with ether, the excess of LiAlH; was
decomposed by successive addition of EtOAc and water, the organic layer was washed
twice with water, dried (Na,SO,), and concentrated. The resulting crude syrup was
purified by column chromatography (eluant H) to give 52 (79 mg, 79%), the product
crystallized upon standing, mp 176-180 °C; [a]p -28.5° (¢ 0.24); R;0.27 (solvent H).

Anal. Calcd for CyoH,505 (326.348): C, 69.93; H, 5.56. Found: C, 69.71; H, 5.60.

1,6-Anhydro-2,3-O-fluoren-9-ylidene-f-D-talopyranose (53). To a solution of
49 (0.32 g, 1.0 mmol) in dry dichloromethane (1 mL) was added AICl; (0.13 g, 1 equiv)
The solution was a stimed for 1 min at room temperature, then diluted with
dichloromethane, washed with aqueous 5% NaHCQO; and water until neutral. The organic
layer was dried (Na,SO,) and concentrated. The resulting crude syrup was purified by
column chromatography (eluant G) to give 53 (0.30 g, 94%); [a]p -46.8° (¢ 0.12); R¢0.67
(solvent H).

Anal. Calcd for C1oH;605 (324.332): C, 70.36; H, 4.97. Found: C, 70.61; H, 4.90.

1,6-Anhydro-4-O-fluoren-9-yl-B-D-talopyranose (54), 1,6-Anhydro-3-O-fluo-
ren-9-yl-B-D-talopyranose (55), and 1,6-Anhydro-2-O-fluoren-9-yl-3-D-talopyranose
(56). Compound 49 was hydrogenolysed as described above (47—52). Column chroma-
tography of the crude product (eluant G) gave the following compounds.

Compound 53: 25%
Compound 55: 40%; [at]p -51.3° (¢ 0.05); Rs0.44 (solvent H).

Anal. Calcd for C1sH;505 (326.348): C, 69.93; H, 5.56. Found: C, 69.69; H, 5.60.
Compounds 54 and 56: 24% (~1:1 inseparable mixture); {a]p -30.8° (¢ 0.20); R¢ 0.23
(solvent H).

Anal. Calcd for CyoH,;50s5 (326.348): C, 69.93; H, 5.56. Found: C, 70.20; H, 5.50.

2-0-Acetyl-1,6-anhydro-3,4-O-fluoren-9-ylidene-f3-D-talopyranose (57). To a
solution of 49 (0.15 g, 0.46 mmol) in pyridine (2 mL) was added acetic anhydride (2 mL).
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The mixture was stirred for 2 h, then concentrated. The residue was purified by column
chromatography (eluant F) to give §7 (0.16 g, 96%), the product crystallized upon
standing, mp 172-174 °C; [a]p -45.0° (¢ 0.10); R¢0.40 (solvent F). '"H NMR: § 5.53 (d,
1H, H-1), 5.31 (t, 1H, H-3), 5.09-4.88 (m, 3H, H-2,4,6), 4.78 (t, 1H, H-5), 3.89 (dd, 1H,
H-6), and 2.05 (s, 3H, CH;CO); *C NMR: § 170.15 (CH;CO), 114.10 (C-9"), 97.77 (C-
1), 73.42, 72.34, 70.77, 70.34 (C-2,3,4,5), 64.62 (C-6), and 20.66 (CH;CO).

Anal. Calcd for C;1H,506 (366.370): C, 68.85; H, 4.95. Found: C, 68.99; H, 4.90.

4-0-Acetyl-1,6-anhydro-2,3-O-fluoren-9-ylidene-B-D-talopyranose (58). Com-
pound 53 (0.10 g, 0.31 mmol) was acetylated as described above. Column chromato-
graphy of the mixture (eluant F) gave 58 (0.10 g, 91%); the product crystallized upon
standing, mp 213-215 °C; [a]p -83.7° (¢ 0.15); R¢0.45 (solvent F). '"H NMR: & 5.60 (d,
1H, H-1), 5.34-5.20 (m, 2H, H-3,4), 4.61-4.49 (m, 3H, H-2,5,6), 3.90 (dd, 1H, H-6'), and
2.03 (s, 3H, CH;CO); >C NMR: § 170.01 (CH;CO), 114.66 (C-9"), 99.52 (C-1), 75.51,
72.01, 70.93, 67.87 (C-2,3,4,5), 64.44 (C-6), and 20.75 (CH;CO).

Anal. Calcd for C;H,306 (366.370): C, 68.85; H, 4.95. Found: C, 68.94; H, 4.93.

1,6-Anhydro-2-0-benzyl-3-O-fluoren-9-yl-B-D-galactopyranose (59). Com-
pound 50 (0.10 g, 0.24 mmol) was converted to 59 as described in the synthesis of 52.
Column chromatography of the crude product (eluant G) gave 59 (0.09 g, 92%); [o]p
-48.2° (¢ 0.39); R¢0.36 (solvent G).

Anal. Calcd for CsH,405 (416.473): C, 74.98; H, 5.81. Found: C, 75.21; H, 5.85.

1,6-Anhydro-2-0-benzyl-3-0-fluoren-9-yl-B-D-talopyranose (60). Compound
51 (0.12 g, 0.29 mmol) was hydrogenolysed as described in the synthesis of 52. Column
chromatography of the crude product (eluant F) gave 60 (0.10 g, 80%); [a]p -28.9° (¢
0.34); R;0.48 (solvent G).

Anal. Calcd for CosH2405 (416.473): C, 74.98; H, 5.81. Found: C, 74.73; H, 5.77.
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