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 of Terminal Oligosaccharides from Type Specific

Lipooligosaccharide of Mycobacterium Tuberculosis
Mukund K. Gurjar?% Sanjoy K. Das®, Prathama S. Mainkar®
* Indian Institute of Chemical Technology, Hyderabad, India

To cite this Article Gurjar, Mukund K. , Das, Sanjoy K. and Mainkar, Prathama S.(1994) 'Synthesis of Terminal

Oligosaccharides from Type Specific Lipooligosaccharide of Mycobacterium Tuberculosis', Journal of Carbohydrate
Chemistry, 13: 6, 899 — 907

To link to this Article: DOI: 10.1080/07328309408011690
URL: http://dx.doi.org/10.1080/07328309408011690

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/10.1080/07328309408011690
http://www.informaworld.com/terms-and-conditions-of-access.pdf

09: 28 23 January 2011

Downl oaded At:

J. CARBOHYDRATE CHEMISTRY, 13(6), 899-907 (1994)

SYNTHESIS OF TERMINAL OLIGOSACCHARIDES FROM TYPE SPECIFIC

LIPOOLIGOSACCHARIDE OF MYCOBACTERIUM TUBERCULOSIS

Mukund K Gurjar,* Sanjoy K. Das and Prathama S. Mainkar

Indian Institute of Chemical Technology, Hyderabad 500 007, India

Received August 28, 1993 - Final Form April 22, 1994

ABSTRACT

The coupling reaction between 1,3-di-O-acetyl-4-0O-benzyl-2- O-me-
thyl-a-L-rhamnopyranose (9) and methyl &-O-benzyl-2-O-methyl-a-L-rhamno-
pyranoside (#) was carried out in the presence of boron trifluoride-etherate
followed by deacetylation to give the disaccharide (11) containing a free
3" position. The second glycosylation reaction with 2,3,4,6-tetra-O-acetyl-
a-D-glucopyranosyl bromide in the presence of mercuric salts followed by
removal of benzyl and acetyl groups provided the trisaccharide 2. The boron
trifluoride catalysed condensation of 1,3,4-tri-O-acetyl-2-O-methyl-L-fuco-
pyranose (14) and methyl 2,4,6-tri-O-benzyl-a-D-glucopyranoside (15) gave
the disaccharide (16) from which the protecting groups were removed to
form the disaccharide (3).

INTRODUCTION

It is estimated that 3 million persons die of tuberculosis every year
out of 16 million active patients, while about 1 billion people have been
infected with tuberculosis worldwide.1 The highly immunoreactive glycolipids
obtained from Mycobacterium (M.} tuberculosis (strain Canetti) belong to
the trehalose containing lipooligosaccharides (LOS). Out of the two LOSs
isolated, the simpler glycolipid (LOS-1) was assigned the structure : 2-
O-Me-a-L-Fucp-{1 ~3)-8-D-Glcp-(1+ 3)-2-O-Me-a-L-Rhap-(1 > 3)-2-O-Me-0.-L-Rhap-
(I * 3)-a-D-Glcp-(1 » 3)-4-0O-Me-a -L-Rhap-(l - 3}-6-0-Me-0.-D-Glcp-(1> 1)-tri-O
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-acyl-a-D-Glcp (1), based on IR, NMR, FAB-Mass and chemical degradation
s’rudies.2 The LOS-II contains a distal 4-amino-4,6-dideoxy-galactose residue
for which the absolute configuration is yet not established. The antigenicity
of glycolipids notably resides at the terminal oligosaccharide segment and
therefore synthesis of these determinants formed the basis of our studies.3
In this report, the synthesis of B-D-Glcp-(1~+ 3)-2-O-Me-q-L-Rhap~(1 +3)-2-
O-Me-a-L-Rhap (2) and 2-O-Me-a-L-Fucp-(! > 3)-0-D-Glcp (3), as methy! glyco-
sides which constitute part structures of the larger oligosaccharide LOS-I,

have been presented.
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RESULTS AND DISCUSSION

To initiate the synthesis of the trisaccharide (2), the preparation
of the disaccharide (11), containing a free OH group at 3'-position was
first considered. The aglycone, methyl #4-0O-benzyl-2-O-methyl-a-L-rhamno-

pyranoside (4#), chosen for the present synthesis was earlier preparedu in
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these laboratories from methyl a-L-rhamnopyranoside. The synthesis of
the glycosyl donor 1,3-di-O-acetyl-4-0-benzyl-2- O-methyl-L-rhamnopyranose
(9), was carried out as follows. The known5 allyl 4-O-benzyl-a-L-rhamno-
pyranoside (5) and dibutyltin oxide were heated under reflux in benzene
with azeotropic removal of water for 3 h and then the resulting dibutyl-
stannylacetal derivative 6 was treated with allyl bromide in N,N-dimethyl-
formamide at 90 °C to give the 3-G-allyl derivative 7. The free OH group

at C-2 was functionalised as its methyl ether (8) by using sodium hydride-
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methyl iodide in dry tetrahydrofuran. The next reaction was the removal
of both the allyl groups for which 8 was first isomerised in the presence
of tris(triphenyiphosphine)rhodium (1) chloride followed by hydrolysis with
mercury (I} chloride-mercury (II) oxide in aqueous acetone.® The resulting
hemiacetal, after acetylation with acetic anhydride and pyridine, gave the
diacetate (9).

The coupling reaction7 of 4 with 9 was promoted with boron trifluo-
ride etherate to give the disaccharide (18) whose structure was proven by
the NMR studies. For example, in the 13C NMR studies, the anomeric car-
C-LH-1 ~ 170 Hz), and 99.35 (JC—l',H—l'

167 Hz) ppm which were consistent with the assigned structure. The remo-

bons were located at 97.77 (J

val of the acetate group from 10 under Zemplen condition gave the requisite
disaccharide (11), suitable for further glycosylation reaction at 3'-position.

The next coupling reaction of 11 with 2,3,4,6-tetra-G-acetyi-D-gluco-
pyranosyl bromide8 was carried out in the presence of mercury (II) cyanide
and mercury (II) bromide to afford the ftrisaccharide derivative 12 which
was isolated after deacetylation as the tetraol (13). In the Be numr spec-
trum of 13, the requisite anomeric signals were located at 97.79 (JC—I,H—l
= 167 Hz), 99.22 (JC-I',H—I' = 174 Hz) and 103.79 (JC-I",H-I" = 157 Hz)
ppm. Finally, the benzyl groups from 13 were cleaved by hydrogenolysis

over palladium-carbon to afford the trisaccharide (2). In the 4 NMR spec-

trum of 2, the anomeric protons resonated at 4.55 (doublet, Jl" on = 8.1
?
Hz), 4.70 (singlet) and 5.05 (singlet) ppm.
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The synthesis of methyl 3-O-(2-O-methyl-a-L-fucopyranosyl)-o-D-gluco-
pyranoside (3), which constitutes the terminal disaccharide segment of LOS-I
was then investigated. The coupling reaction of 1,3,4-tri-O-acetyl-2-O-methyi-
L-fucopyranose (ll;)9 and methyl 2,4,6-tri-O-benzyl-a-D-glucopyranoside (15)lo
was carried out in the presence of boron trifluoride etherate to afford the
disaccharide (16). In the 13C NMR spectrum of 16, the following chemi-
cal shifts and the coupling constants: 96.25 (JC—I,H-1:175 Hz) and 97.6 (JC-I',
H-1' = 171 Hz) ppm were observed for anomeric carbons. Removal of the
acetyl groups by Zemplen reaction and the benzyl groups by hydrogenolysis
gave the requisite disaccharide 3 whose 1H NMR spectrum revealed two
doublets at 4.66 (31,2 = 1.5 Hz) and 5.22 (J

meric protons.

1.2 = 3.0 Hz) ppm for the ano-
b

EXPERIMENTAL

General Procedures. Optical rotations were determined at 25 °C with
JASCO DIP 370 polarimeter. NMR were recorded on Varian Gemini 200
MHz and Varian Unity 400 MHz spectrophotometers with tetramethylsilane
as an internal standard. Mass spectra were recorded on a CFC-21-110B.
TLC was performed on Silica Gel G (Merck) and detection being either by
charring with a-naphthol or UV detector. Column chromatography was per-
formed on silica gel (Mesh-60-120) purchased from Acme Chemical Com-
pany, Bombay.

Allyl 3- O-Allyl-4- O-benzyl-2- O-methyl- a -L-rhamnopyranoside (8). A
solution of 5 (5.0 g, 17.0 mmol) and dibutyltin oxide (5.0 g, 20.4 mmol) in
benzene (75 mL) was heated under reflux with azeotropic removal of water
for 3 h. Solvent was removed, and the residue was diluted with dry N,N-dime-
thylformamide (50 mL) followed by the addition of allyl bromide (3.08 g,
25.5 mmol). The reaction mixture was heated at 90 °C for 3 h and then
concentrated. The residue was dissolved in ethyl acetate, washed with water,
dried and concentrated. The residue was purified by column chromatogra-
phy on silica gel by eluting with ethyl acetate-light petroleum (l:4) to give
7 (4.54 g, 81%): [a]D -7.2° (¢ 1.0, chloroform); 'H MR (CDC13) 3 1.28 (d,
3H, J = 6.3 Hz, 5-—CH3), 3.37 {t, |H, J = 9.2 Hz, H-4), 4.61, 4.86 (ABq, 2H,
PhCﬂz), 4.82 (s, 1H, H-1), 5.25 (m, 4H, 2xCH2:), 5.9 (m, 2H, 2xCH=), 7.3
(s, 5H, Ph).

To 7 (4.0 g, 12.0 mmol) in dry tetrahydrofuran (40 mL) sodium hydride
(0.54 g, 80% dispersion in oil) was added. After 2 h, methyl iodide (1.12
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mL) was introduced, the reaction mixture stirred for 5 h, decomposed with
methanol and concentrated. The residue in chloroform was washed with water,
dried and concentrated to afford a residue which was purified on silica gel
by eluting with ethyl acetate-light petroleum (1:9) to give 8 (3.6 g, 86%):
[OL]D -55° (¢ 0.9, chloroform); 1H NMR (CDC13)6 1.26 (d, 3H, 35,6 = 6.5 Hz,
5-CH3), 3.40 (t, 1H, 33,4 = 8.8 Hz, H-4), 3.48 (s, 3H, OMe)}, 4.54, 4.86 (ABq,
2H, PhCﬂz), 4.75 (d, 1H, 31’2 = 1.0 Hz, H-1), 5.2 {m, &H, 2xCﬂ2:),5.9 {m,
2H, 2xCH=), 7.3 (m, 5H, Ph).

Anal. Calcd for CZOHZSOS: C, 69.0; H, 8.0. Found: C, 68.7; H, 7.9.

1,3-Di-O-Acetyl-4-O-benzyl-2-O-methyl-a-L-rhamnopyranose (9). A mix-
ture of 8 (3.0 g, 8.62 mmol) and tris(triphenylphosphine) rhodium (I) chlo-
ride (150 mg) in ethanol-benzene-water (7:3:1, 75 mL) was heated under
reflux for 18 h, and then filtered and concentrated. The residue was diluted
with ethyl acetate and washed with IN hydrochloric acid, sodium bicarbonate
solution, water, dried and concentrated. The residue was dissolved in 1:l
aqueous acetone (40 mL), and mercury (II) chloride (0.75 g) and mercury
(I) oxide (0.3 g) were added. The reaction mixture was stirred for 2 h, filtered
and concentrated. The residue was chromatographed on silica gel by eluting
with ethyl acetate-light petroleum (1:2) to give the diol which was treated
with acetic anhydride (2.4 mL), pyridine (2.5 mL) and N ,N-4-dimethylamino-
pyridine (25 mg) in chloroform (15 mL). After 12 h and usual work-up, the
crude product was purified by column chromatography on silica gel by using
ethyl acetate-light petroleum (l:4) to give 9 (1.73 g, 57%): [a]D -52.5°(¢
0.3, chloroform); lH NMR ,(CDCIB) § 1.30 (d, 3H, 35,6 = 6.4 Hgz, 5—CH3),
2.08, 2.14 (2s, 6H, 2xOAc), 3.48 (s, 3H, OMe), 4.66 (ABq, 2H, PhCﬂz), 5.16
{dd, IH, 32,3 = 2.8, JB,& = 8.8 Hz, H-3), 6.09 (d, IH, 31,2 = 1.0 Hz, H-1),
7.3 (m, 5H, Ph).

Methyl 4-0O-Benzyl-2- O-methyl-3-0-(3-O-acetyl-4- O-benzyl-2-O-methyi-
a-L-rhamnopyranosyl)- a-L-rhamnopyranoside (10). To a stirred solution of
& (0.45 g, 1.59 mmol), 9 (0.61 g, 1.73 mmol) and 4A molecular sieves (1.0
g) in dry dichloromethane (25 mL) at 0 °C was added freshly distilled boron
trifluoride etherate (30 uL). After 2 h, potassium carbonate (0.3 g) was added,
filtered and the filtrate washed with water, dried and concentrated. The
residue was chromatographed on silica gel by eluting with ethyl acetate-
light petroleum (1:3) to give 10 (0.55 g, 60%): [OL]D -36.5° (¢ 1.9, chloroform);
lH NMR (CDCl,) 8 1.29, 1.32 (2d, 6H, ] =] = 6.0 Hz, 5-CH,, 5'—CH3),

3 5,6 5',6'
2.04 (s, 3H, OAc), 3.15, 3.35 3.50 (3s, 9H, 3xOMe), 4.62, 4.85 (ABg, 2H,
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PhCH,), .65 (s, IH, H-1), 4.69 (ABq, 2H, PhCH,), 4.98 (d, 1H, Jj, 5 = L0

Hz, H-1), 5.22 (dd, IH, 3y 3, = 2.5, 33, = 94 Hz, H-3), 7.3 (m, 10H,
13 )

2xPh); °C NMR (CDCly) 8 97.7 (Je_j ) = 170 H2) and 99.35 (O yy ),

= 167 Haz).
Anal. Calcd for C31H42010: C, 64.8; H, 7.3, Found: C, 64.5; H, 7.l.
Methyl 4-O-Benzyl-2-O-methyl-3-0-{4-O-benzyl-2-O-methyl-3-08-D-gluco-
pyranosyl)- a -L-rhamnopyranosyl}-a -L-rhamnopyranoside (13). Compound 10
(0.43 g, 0.75 mmol), methanol (15 mL) and sodium (25 mg) were stirred for
12 h and then worked up in a usual fashion to give 11 (0.4 g, 100 %). To
a stirred solution of 11 (0.40 g, 0.75 mmol), 4A molecular sieves (0.8 g),
mercury (II) cyanide (0.17 g), mercury (II) bromide (0.06 g) in dry dichloro-
methane (20 mL) was added 2,3,4,6-tetra-O-acetyl-a-D-glucopyranosyl bromide
(0.61 g, 1.5 mmol). After 5 h, the reaction mixture was worked up in a usual
fashion, and then the residue was chromatographed on silica gel by using
ethyl acetate-light petroieum (1:3) to give 12 (0.36 g) which was dissolved
in methanol (12 mL) and sodium (25 mg) was added. After 12 h and usual
work-up, the residue was chromatographed on silica gel by eluting with ethyl
acetate-light petroleum (7:3) to give 13 (0.36 g, 56%): [OL]D -28° (c 2.26,
methanol), 'H NMR (CDCly) 8 1.27, 1.29 (2d, 6H, J5, = J5, ., = 6.0 Hz,
5-CH3, 5'—CH3), 3.23, 3.36, 3.46 (3s, 9H, 3xOMe), 5.08 (s, lH, H-1", 7.3
(m, 10H, 2xPh); '°C NMR (CDCL,) 8 97.79 (J_| ., = 167 Hz), 99.22 (3
bop = 176 H2) and 10379 (I _pu g jw = 157 Ha). ’
Anal. Calcd for C35H50014: C, 60.5 H, 7.2. Found: C, 60.0; H, 7.0.
Methyl 2-O-Methyl-3-0{2-O-methyl-3-0O-(8-D-glucopyranosyl)-a-L-rhamno-
pyranosyl}-a-L-rhamnopyranoside (2). A solution of 13 (0.10 g, C.14 mmol),

c-1',

10% palladium-carbon (20 mg) in methano! {10 mL) was stirred under a hydro-
gen atmosphere for 24 h, filtered and concentrated. The residue was purified
by column chromatography on silica gel by using chloroform-methanol (9:1)
(0.07 g, 94%): [OL]D -35° (¢ 1.25, methanol); lH NMR (CDC13+CD3OD) § 1,31
(t, 6H, J5 ¢ = J5i 0 = 6.5 Hz, 5-CHy, 5'-CHy), 3.37, 3.45, 3.47 (3s, 9H, 3x
OMe), 4.55 (d, IH, 3, 0 = 81 Hz, H-1", 470 (s, IH, H-1), 5.05 (s, IH,
H-1; MS : m/z 351 (M"-Glcp), 339 (M"-(OMe),-Rhap).

Anal. Calcd for C21H38014: C, 49.0; H, 7.4, Found: C, 48.3; H, 7.3.

Methyl 2,4,6-Tri-O-benzyl-3-0-(3,4-di- G-acetyl-2-O-methyl-a-L-fucopyra-
nosyl)-a-D-glucopyranoside (16). To a stirred solution of 1,3,4-tri-O-acetyl-2-
Omethyl-L-fucopyranose9 (t4) (0.30 g, 1.0 mmol), methyl 2,4,6-tri-O-benzyl-

Q—D—glucopyranosidelo (15) (0.55 g, 1.18 mmol) and 4A molecular sieves
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(0.6 g) in dichloromethane (30 mL) at 0 °C was added boron trifluoride ethe-
rate (100U L). After stirring at room temperature for 3 h, the reaction mix-
ture was worked up as described above for compound 10. The residue was
chromatographed on silica gel with ethyl acetate-light petroleum (3:7) to
give 16 (0.38 g, 54%): [oc]D -40° (c 2.4, chloroform); 1H NMR (CDCIB) § 0.56
(d, 3H, 35',6' = 6.3 Hz, 5'-CH3), 2.04, 2.10 (2s, 6H, 2xOAc), 3.33, 3.40 (2s,
6H, 2xOMe), #.91 (bs, 1H, H-4Y, 5.31 (dd, iH, 32,’3, = 10.5, 33,’?,3 = 2.1
Hz, H-3'), 5.69 (d, IH, 31’2 = 3.7 Hz, H-1), 7.3 (m, L5H, 3xPh); ~"C NMR
(CDC13)<S96.25 (JC-I,H—I = 175 Hz), 97.6 (JC-I',H—I' = 171 Hz).

Methyl 3- O(2- O-Methyl- @ -L-fucopyranosyl)-a -D-glucopyranoside (3).
Compound 16 (0.35 g, 0.49 mmol), methanol (20 mL) and sodium (50 mg)
were stirred for 3 h, deionised by Amberlite IR 120 (H) resin and filtered.
The filtrate was stirred over 10% Pd-C (50 mg) in a hydrogen atmosphere
for 24 h. The catalyst was filtered off and the filtrate concentrated to afford
a residue which was purified by column chromatography on silica gel by
eluting with chloroform-methanol (10:1) to give 3 (0.098 g, 56%): [cx]D -17°
(¢ 0.65, methanob; 1H NMR (CDC13)<S 1.19 (d, IH, J = 6.5 Hz, 5'—CH3), 3.31,
3.44 (2s, 6H, 2xOMe), 4.66 (d, LlH, Jl,Z = 1.5 Hz, H-1"), 5.22 (d, IH, J
= 3.0 Hz, H-1); CI-MS : m/z 355 (M"+1).

Anal. Calcd for C14H26OIO: C, 47.5;5 H, 7.3. Found: C, 47.45 H, 7.3.

1',2'
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