Filho, J. R. F. Sintese de Aminoagieares ¢ Compogtos Glicoheterociclicos

APENDICE |1

ANEXOS (ARTIGOS PUBLICADOS)

PDF Creator - PDF4Free v2.0 hitp:/Avvwwwy pdfdfree com



CARBOHYDRATE
HESEARCH

wanacalasvier nlflocate foarres

Carbohydrate Research 332 (2001) 335-340

ELSEVIER

Note

Synthesis and hypolipidemic activity of
N-phthalimidomethyl tetra-O-acyl-o-D-
mannopyranosides

Rajendra M. Srivastava,»* Fernando I.S8. Oliveira,* Ladjane P. da Silva,®
Jodo R. de Freitas Filho,* Shalom P. Oliveira,” Vera L.M. Lima®

*Departamento de Ouimica Fundamenial, Universidade Federal de Pernambuce, Cidade Usdversitdria,
S0 T4 540 Recife, PE, Breasd
"Departamento de Bioquimica, Universidade Federal de Pernembuco, Cidade Usniversitdria, 50.670-420 Recife,
PE, Brazil

Eeceived 10 October 2000; received in revissd form 10 March 2001; accepted 22 March 20401

Abstract

A facile synthesis of anomerically pure phthalimidomethy] 2,3,4,0-tetra-C-acetyl- and phthalimidomethy] 2,3-di-0-
acelyl-d, f-di-2-benzoyl-e-m-mannopyranosides (6 and 9b) starting from N-hydroxymethylphthalimide and tri-00-ace-
tyl-D-glucal is described. Compounds 3, 6, 8, 9a and Yb have been tested for their hypolipidemic activity in mice. All
theze compound showed significant reduction of plasma cholesterol and triglyeeride levels. Compound 9 has been

found to possess the highest activity. © 2001 Llsevier Science Lid. All rights reserved.
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Phthalimide derivatives are known to dis-
play  antitumor,!  anticonvulsant,* and
hypolipidemic™ activities. Our own group has
been interested in N-substituted phthalimides
and found that N-[3-phenyl-1.2,4-oxadiazol-5-
yljmethylphthalimide  possesses  enhanced
analgesic activity.” A recent report describes
the synthesis of methyl 2,6-anhvdro-3-deoxy-
3-phthalimido-g-D-mannopyranoside and its
PN-labeled analog, for which the spectro-
scopic and stereochemical studies were carried
out,® but no biological activity tests have been

* Cormesponding author, Tel: + 55-851-271%84443; [ax: +
55-81-2718442,
Fomuptl addrese: rme@npd ufpe.br (.M. Srivaztava).

reporfed. The literature does not record a
phthalimidoylalkyl moiety as an aglycone in
mannopyranoside derivative. If such glycoside
iz prepared, the carbohvdrate moiety might
play an important role as a carrier of this
group to an appropriate site suited for the
pharmacological activity, With this objective
in mind, the synthesis of phthalimidoylmethyl
mannopyranoside was planned and, indeed,
compounds 3, 6, 8, 9a and 9b exhibited signifi-
gant hypolipidemic activity. The results are
described below.

The synthesis of &-phthalimidomethyl 4,6-
di- 7-acetyl-2,3-dideoxy-a-D-erpthro-hex-2-
¢nopyranozide (3) was achieved in high vield
by the reaction of N-hvdroxymethylphthal-
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imide (1) with 3,4.,6-tri-O-acetyl-1,2-dideoxy-
D-arabine-hex-1-enopyranose (in-0-acetyl-D-
glucal) (2) using Ferrier's method’ (Scheme 1).
Although, it is known’ that the unsaturated
sugars formed by Ferrier’s method contain
more than 90% of « anomer, in the present
work, only one product was isclated. In order
to confirm the anomeric configuration of 3, we
hydrogenated it. The product 4 gave an
anomeric proton at & 5.07 ppm as a broad
singlet ( W/2=4.08 Hz) indicating the axial
configpuration of the phthalimidomethyloxy
group. Henece, it is concluded that compound
3 is exclusively the o« anomer. Once the
anomeric configuration of 3 has been estab-

lished, we proceeded to treat it with potassium
permanganate. The reaction furnished pre-
sumably a diol §, but it was diflicult to estab-
lish the configuration of the hydroxyl groups
at C-2 and C-3 by "Il NMR. We acetvlated 5
and got the fetra-(-acetyl derivative 6. The
'H NMR spectrum of this compound showed
four signals between & 2.07 and 2.13 ppm due
to acetyl groups. However, the 'H NMR spec-
trum furned out to be more complicated be-
cause [1-2, I1-3, H-4 and -N-CIH,-O- protons
appeared between & 5.20 and 540 ppm. All
altempts to determine the configurations at
C-2 and C-3 by NMR spectroscopy failed.
Fven the shift reagent did not help to
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Tabh: 1
Effect of compounds 3, 6, & 9a and 9 on mice plasma
cholesteral and triglyeeride levels of mice ®

Com-  Cholesteral (mmal/1.)
pound

Triglycerides (mmaol/L)

Befor: Aller Belom: Alter

3k 3434020 2714037 194 4023 14440244
6" 208 026 242 £022° 1651008 135+ 008°
g° 3074034 2584 40267 163 +0.15 12840127
Bat 3404046 291 40517 1592 4018 148 4013
9h " 3434026 29340289 1834025 13340200
1% AER 4+ 006 26640017 109 £ 00 109 4+ 00k

ChC

*Mumber of mice for each test group= 6. Results are
shown as the mean & 5.D.

P Results for treatment with 20 mg kg per day.

® Rasults for teatment with 10 mgike per day.

4P =001,

® P =000,

E Pz 0007,

separate the peaks sufliciently for configura-
tional analysis. Frusirated with the tetra-0-
acetyl compound 6, we turned our attenfion to
the 4,6-di-(-benzoyl derivative with the hope
to get separation of the II-2, -3 and [14
protons for determining their correct conligu-
rations. To achieve this goal, compound 3 was
hydrolyzed to 7 using a mixture of triethy-
lamine, methanol and water. Benzoylation of
7 and usual work-up afforded a crystalline
compound 8 which showed a single spot on
TLC (R, 0.70). The 300 MHz '"H NMR spec-
trum of this derivative showed a broad signal
for H-1 at & 5.38 ppm with a narrow splitting
at the top of the peak. It was therefore not
possible 1o determine the anomeric conligura-
tion with certainty. However, the COSY (*H-
'H) spectrum clearly showed that H-1 is
coupled with H-2 at & 5.88 and H-4 at & 5.72.
‘The latter coupling between H-1 and H-4 can
only take place il H-1 and H-4 are on the
game side, i.¢., the anomeric proton at C-1 iz
oriented eqguatorially and H-4 is oriented ax-
ially. cis-Hvdroylation of 8 gave 9a, which
was acetvlated. The structure of the resulting
di-O-acetyl derivative 9b was deduced [rom its
'H NMR spectrum. The anomeric proton ap-
pearad as a doublet (/ 2.1 Hz), H-2 as a
doublet of doublets at 5.28 (J 1.5 and 3.3 Hz),

H-4 as a triplet (J 10.1 Hz) and H-3 as a
doublet of doublets (J 10.2 and 3.3 Hz). With
this information, it is obvious that 3 is a
mannopyvranoside with the aglveone portion
oriented axially at C-1.

Compounds 3, 6, 8 9a,b have been tested
for their hypolipidemic activity. Phthalimi-
domethyl 4,6-di-(?-acetyl-2,3-dideoxy-g-D-ery-
thro-hex-2-enopyranoside (3) reduced the total
plasma cholesterol and triglveerides levels by
21 and 25% in nomolipidemic Swiss white
male mice (Table 1) after 16 days of treatment
with 20 mg/ke per dav. A smaller reduction
was found when the animals were treated with
phthalimidomethyl 2,34,6-tetra-O-acetyl-o-D-
mannopyranoside (6), where the cholesterol
and triglveerides levels decreased by 17-18%.
An improvement in hypotriglyceridemic activ-
ity in vivo, but not in the hypocholesterolemic
activity, was observed in compounds 8, %a and
Ob, respectively. As shown in Table 1, the
animals treated with phthalimidoylmethyl 4,6-
di- O-benzoyl-2,3-dideoxy-a-D-erythro-hex-2-
¢nopyranozide  (8), phthalimidovimethyl
4,6-di-C-benzoyl-w-D-mannopyranoside  (9a)
and phthalimidoyvlmethyl 2,3-di-O-acetyvl-4,6-
di-O-benzovl-z-D-mannopyranoside  (9b), at
10/mg/kg per day, exhibited significant reduc-
tion of the plasma triglveeride concentrations
(21, 23 and 27%, respectively). Therefore, al-
though all compounds showed sirong hy-
polipidemic activity for reducing triglvcerides,
compound 9b has been found to possess the
highest activity. Finally, it was found that
administration of 1% carboxymethyl cellulose
(CMC) to the animals had no significant
changes in mice plasma cholesterol and
triglyveerides (29%).

In conclugion, the results show that these
drugs are able to reduce the plasma lipid levels
in normolipidemic mice and that they offer
excellent promise as new hypolipidemic
agenfts.

1. Experimental

General methods. —Melting points were de-
termined on an Electrothermal digital melting
point apparatus (model 9100) and are uncor-
rected. Infrared spectra were measured with a
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Bruker model TFS66 IFT-IR spectrophotomer
using potassium bromide discs. NMR spectra
were recorded with a Varian Unity Plus 300
MHz instrument using CIXC, as solvent, un-
less otherwise stated, and Me,Si as internal
standard. The specific rotation of compound 8
was obtained on a Perkin—Elmer, model 241
polarimeter and the sp rotations of other com-
pounds were measured on JASCO, model
DIP-370 polarimeter. Silica gel coated plates
with fluorescent indicator (PF,.,) were used
for thin-layer chromatography (T1.C) and the
spots were revealed under ultraviolet light.
The solvent system for running the TLC
plates was a mixture of 1:9 EtOAc-CH.CI..

Phihalimidomethyl 4.6-di-O-acetyl-2,3-
dideoxy -a-D -crvthro - hex - 2- enopyranoside
{3).— N-{Hvdroxyvmethvljphthalimide (1)
{0.23 g, 1.30 nunel), and tri-0-acetyl-p-glucal
{(2) (0.33 g, 1.2]1 mmol) in dry benzene (40
mL), were stirred in a 150 mL round-bottom
flask under nitrogen atmosphere. Borontri-
fluoride etherate (0.5 ml.) was added fo it and
the stirring continued for 75 min at rt. Thin-
layer chromatography showed a fast moving
spot of R, 0.62 (alcohol 1 had R, 0.34). Neu-
tralization of this solution with solid
NaHCO,, drying with anhyd Na, 50, followed
by solvent evaporation left a crystalline solid
which, after chromatography owver silica gel,
provided crystals (0.36 g, 76.3% based on 2),
which after rc::rys‘rall_izatmn from EtOH
melted at 120-120.8 °C; [z +46° +£2(c 0.9,
CHCl,); 0.62; TR {KRr} 3055 (C-H, ar),
2938 (C F{ aliph.), 1760 (v,, CO, of phthal-
imide part) and 1726 (v, CO of phfhnlimide
group and CO of acetyl groups), 1609 cm ™~
(C=C, ar). '"H NMR (CDCL,): 4 2.08 (s, 3 H,
CH.CO-), 2.09 (s, 3 H, CH,CO-), 4.10-4.26
{m, 3 H, H-5, H-6, H-6"), 5.27 and 5.35 (2d, 2
H, 7 10.20 Hz, -N-CH,-0O-), 538 (m, 2 H,
H-1 and H-4), 5.80 (ddd, J,. 10.20, J,, 2.70,
J,. 1.5 Hz, H-2), 5.90 (d, /5, 10.2 Hz, H-3),
708 (dd, 2 H, / 540, J 30 Hz, AA" BE
system, -5 and H-6"), 7.92 (dd, 2 1, J 5.40,
J 3.00 Tz, AA'BE’ system, [-4' and H-7').
Anal. Caled for C,H,,NO, (389.34): C, 58.61;
H, 4.92; N, 3.60. Found. C, 58.34; H, 4.68; N,
3.58.

Phihalimidomethyl 4. 6-di-O-acetyl-2,3-
dideoxy -z -D-erythro-hexopyranoside  (4).—
Compound 3 (0.1g, 0.26 mmol) in EtOAc (5.0

ml.} was hydrogenated at rt in the presence of
5% palladium on charcoal (15 mg) for 4 h at
101 KPa. Removal of the catalyat by filtration
lett a clear solution which showed one spot on
TLC with R, 0.50; the R, of the starting
material in this svstem was 0.39. Solvent evap-
oration left a solid which weighed 75 mg
(74.6%). Crystallization and recrystallization
of 4 from EtOIT gave crystals with mp 97.2—-
97.7°C; [a]g +79.9°+ 0.4 (¢ 2.0, CHCL,); R,
0.50; IR (K.Br): 3052 (C-H, Ar), 2984 (vCH.),
2025 (v -CH.-), 2993 (v-CH,-), 1778 (v, CO
ol phthalimide function), 1733 (v, CO of ph-
thalimide and acetyl groups), 1615 (vC=C,
Ar). '"H NMR (CDCL): 6 1.68—1.88 (m, 4 H,
2CIH,), 196 (s, 3 H, CH.CO-), 2.00 (s, 3 H,
CH.CO-), 3.92-4.1 (m, 2 H, H-6, H-6"), 4.20
{m, 1 H, H-":], 4.60 (m, 1 H, H-4), 5.07 (bs, 1
H, H- ]}_ 5.12 and 5.22 {2d, 2 H, 7 10.20 Hz,
N-CH.-0O-), 7.72 (dd, 2 H, J 5.?, J 3.3 Hz,
H-5 and H-6), 7.85 (dd, 2 H, J 5.7, 7 3.3 Tz,
H-4" and H 7). Anal. Caled For C,.H,,NO,
(391.36): C, 58.31; H, 5.37; N, 3.58. Found: C,

58.01; H, 32’5 N_ 3.45.

Ph {haﬁmzﬂamem il 4.6-di-O-acetyl-a-D-
mannopyranoside (8).—Compound 3 (0.30 g,
0.77 mmeol) in THF (18 mL) was treated with
a solution of KMnO, (0.14 g, 0.89 mmol in 10
mL of water) and the contents were stirred at
rt for 5 h. TLC showed the disappearance of
the starting material and appearance of a new
product with R, 0.30. Filtration over celite
followed by solvent removal under reduced
pressure gave a crude product which was
chromatographed over a column containing
silica gel. Pure 5 was eluted from 4:1 CHCIl, -
EtOAc. Fractions containing 5 were com-
bined, and the solvent evaporated to give
0.235 g of chromatographically pure product
which, after crystalization from EtOH,
vielded 0.21 g (64.4%) of pure §, mp 115.2-
115.5°C; el +26°4+2 (¢ 0.7, CHCL); R
0.30; IR {KBr} 3100-3661 (bmad OH), 178
{v,. -CON ), 1725 (v, CO of phthalimide group
and vCO of acetyl groups), 1611 cm~'(v-
C=C— ar). '"H NMR (CDCL): 8 2.07-2.13(2s,
6 I, 2CT,CO-), 2.9-3.5 (b, 2 I, OI), 3.80-
4.10 (m, 4 H, H-2, H-3, H-6, H-6'), 4.20-4.36
(m, 1 H, H-5), 5.01-5.18 (dd, 1 H, J 10.2, J
0.0 Hz, H-4,), 5.2 (bs, | H, H-1), 5.26 and 5.29
(2d, 2 I1, 7 10.20 Hz, N CII 0 7.80 (m, 2
H, / 540, J 3.0 Hz, H-% and H-5'), 7.94 (m,
2 H, 7540, 7 3.0 Hz, H-4" and H-T7).
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FPhihalimidomethyl 2,3,4,6-tetra-O-acetyl-a-
D-mnannopyranoside (6).—Compound 5 ({0.14
g, 0.33 mmol) was diszolved in dry pyridine
(2.0 mL), cooled to 0 °C under N, atmosphere
followed by the addition of A¢,0 (1.39 g, 1.5
mL, 13.6 mmeol). The contents were left under
stirfing overnight at ri. Solvent evaporation
left a viscous mass with R, (L5, Ligquid chro-
matography over silica gel using 1:9 hexane—
CHCIL, provided 0.135 g (80.4%) of pure 6;
[x]5 +31°+1 (¢ 1.2, CHCL); R, 0.5; IR
{(KBrj): 2961 (vC-H), 1778 (v CO of phthal-
imide group), 1732 (v CO of phthalimide
groups), 1726 (vCO of acetyl groups), 1610
em~! (v-C=C— ar). '"H MNR (CDCL,): § 1.97
(s, 3 H, CH,CO-), 2.03 (s, 3 H, CH.CO-),
206 (s, 3 H, CH,CO-), 2.16 (s, 3 H,
CH.CO-), 4.00 (dd, | H, / 12.30, 7 2.10, H-6
or H-6'), 412 (m, 1 H, H-5), 427 {dd, 1 H, J
12.30, 7 4.50 Hz, H-6 or H-6"), 5.15(d, 1 H, .J
2.10 Hz, H-1), 5.22-540 (m, 5 H, H-2, H-3,
H-4 and N-CH,-0O-), 7.81 (dd, 2 H, J 5.70,
J 330 Hz AA'BR, T1-5" and H-6%, 7.94 (dd, 2
H, J 57,/ 320 Hz, AANBB, H-4" and H-7').
Anal. Caled, for C, H, NO,, (50743): C,
5443; H, 493 N, 2,70, Found: C, 54.32;
H,5.16; N, 2.59.

Phihalimidomethyl 2,3-dideoxy-a-D-crvthro-
nex-2-enopyranoside (7). —Compound 3 (2.75
g, 7.06 mmol} was dissolved in a %:6:1 mixture
of MeOH (27.0 ml), water (18.0 mlL) and
Et,N (3.0 mlL) and stirred at rt for 5 h. TLC
plate revealed the disappearance of the start-
ing material and appearance of a new spot (R,
0.05). Solvent evaporation left 2.42 g of crude
7 which, after column chromatography over
silica gel provided 1.84 g (86%) of pure 7 as a
semi-solid mass; IR (KBr): 3311 (b, vOH),
2044 (vCH,), 2914 (vCH), 1779 (v CO of
phthalimide group), 1734 (v CO of phthal-
imide group), 1610 ¢m~—! (vC=C, ar). 'H
NMR (CDCL,): 6 1.4-24 (b, 2 H, OH), 3.70-
3.81 (m, 3 H, -5, -6, H-6), 4.20 (dd, .7 9.0
Hz, 1.8 Hz, H-4), 5.27 {narrow multiplet, 1 H,
J 2.1 Hz, H-1), 5.31 (s, 2 H, N-CH,-O), 5.72
(ddd, 1 H, 7 10.5, 7 2.7, J 2.1 Hz, H-2), 5.98
(dt, 1 H, 7 10.5, 71.2 Hz, H-3), 7.78 (dd, 2 H,
J 54,730 Hz, H-5 and H-0'), 7.92 (dd, 2 H,
J 37,7 3.0 Hz, H4', and H-7'). Anal. Caled
for C H NO, (305.28): C, 59.01;: I, 4.95; N,
4.58. Found: C, 594%; H, 5.69, N, 4.26.

Phthalimidomethyl  4,6-di-O-benzoyl-2,3-
dideoxy - a - D - erythro - hex - 2 - enapyranoside
{8).—To compound 7 (2.15 g, 7.04 mmol) in
dry pyridine (3.0 mL) at 0 °C and under N,
atmosphere was added BzCl (247 g, 2.04 ml.,
17.6 mmol). The contents were maintained at
this temperature for 3 h under stirring. At this
point, completion of the reaction was checked
by TCL (R, 0.7; starting compound 7 had R;
0.05). Neutralization of the contents with
NaHCO, and extraction with CH,CL,, drying
{(NaSO,) and solvent evaporation afforded
2.53 g of the crude product. Liguid chro-
matography over silica gel using 4:1 hexane—
EtOAc gave 2.42g (66.9%) of chromato-
graphically pure 8. Crystallization and recrys-
tallization from EtOH furnished crystals, mp
12571264 °C; [«]f +91.65% (¢ 2, CHCL);
R, 0.7, IR (KBr): 3033 (vC=C, ar), 3070
(vC=C, ar), 1785 (v,.CO of phthalimide
group), 1723 (v, CO of phthalimide part and
vCO of benzovl groups), 1600 (vC=C, ar). 'H
NMR (CDCl,): & 3.8-4.58 (m, 3 H, H-5, -6,
and -6, 5.31 and 5.39 (2d, 2 T1, 7 10.2 Tz,
O-CH,-N), 544 (nm, 1 H, H-1), 5.72 (d, 1 H,
J 7.8 Hz, H-4), 5.87 (dt, 1 T, J10.5, J2.7,.
2.1 He, H-2), 6.05 (d, 1 H, J 10.5 Hz, H-3),
7.39 (t, 2 H, J 7.5 Hz, meta protons of one
benzovl group), 742 (t, 2 H, 4 7.5 Hz, meta
protons of the other benzoyl group), 7.49-
7.60 (m, 2 H, para protons of the benzovl
groups), 7.76 (dd, 2 H, J 5.55, J 3.30 Hz, H-¥,
H-¢'), 7.90 (dd, 2 H, J 540, J 3.00 Hz, H-4
and H-7), 8.0 (dd, 2 H, J 840, J 1.65 Hz,
ortho protons of one benzoyl group), 8.04
{dd, 2 H, J 840, 7 1.20 Hz, ortho protons of
other benzoyl group). Anal. Caled for
C, H,.NO, (51347) C, 67.83; H, 4.51; N,
2.73. Found: C, 67.81; H, 4.54; N, 2.90.

Phthalimidomethyl  4,6-di-O-benzoyl-z-D-
mannopyranoside (9a).—To a stirred solution
of 8 (0.20 g, 0.039 mmeol) in THE (6.0 mL)
was added KMnO, (0.07 g, 0.44 mmal) drop-
wise in few minutes and the contents were left
for 5 h at rt. TLC showed the formation of a
new product with a R, value of 0.17. Removal
of Mn(Q, by filtration followed by solvent
gvaporation [umished a semi-solid material,
which after chromatography over a short
golumn using 1:1.5 hexane - EtOA¢ gave 0.13
(61%) of pure 9a; [z]5 +52°+3 (e 0.7,
CHCL,); R, 0.17; IR (KBrj: 3494 (b, vOH),
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2953 (CH, aliph.), 1779 (v CO of phthalimide
group), 1723 (v.CO of phthalimide and ben-
zovl groups), 1602 (vC=C, ar). Anal. Caled for
CooHoNOy, (347510 C, 63.61; H, 4.60; N,
2.56. Found: C, 63.82; H, 4.77; N, 2.38.
Phithalimidometiyl 2, 3-di-O-acetyl-4,6-di-
O-benzoyl-e-D-mammopyranoside  (9b).— Lo
the dihydroxy compound 9a (0.095 g, 0.17
mmol) in dry pyridine (2.0 mL), in a 10 mlL
round-bottom fask and cooled to 0°C. Ac.O)
(1.0 mL) was added. Stirring at rt overnight
gave the di-O-acetyl derivative (TLC, R, 0.65).
Purification was achieved by column chro-
matography over silica pel. Elution with 1:9
EtOAc—hexane gave pure 9b (0.10 g, 91%);
[x]5 +35°+2 (¢ 1.0, CHCL); R, 0.65; IR
{(KBr): 1781.2 (v CO of phthalimide group),
1753.2 (v CO of phthalimide part), 1726.1
(vCO of acetyl and benzoyl groups) and
1602.7 ecm ' (C=C, Ar); 'IT NMR (CDCL,): 8
1.87 (s, 3 H, CH,-CO), 215 (s, 3 H,
CH,-CO), 4.32-452 (m, 3 T, H-5, H-6, H-
6, 5.21 (d, 1 H, J 210 Hz, H-1), 5.28 and
537(2d, 2 H, J 10.2 Hz, O-CH.-N), 5.28 (dd,
I H, J 3.3, J 1% Hz, H-2), 556 (dd, 1 H, J
10.20, J 3.30 Hz, H-3), 5.73(t, | H, J 10.1 Hz,

H-4), 7.34 746 (m, 4 H, meta protons of

benzovl group), 7.49-7.60 (m, 2 H, para pro-
tons of benzoyl group), 7.79 (dd, 2 H, J 54, J
3.0 Hz, H-5, H-6'), 7.93 (dd, 2 H, 7 54, J 3.0
Hz, H-4°, H-7), 8.01 (m, 4 1, ortho protons
of benzoyl group). Anal. Caled for
C.H,NO, (631.56) C, 62.75; H, 4.63; N,
2.21. Found: C, 62.71; H, 4.91; N, 2.23.

Hypaolipidemic activity lests

Dyug administration. The compounds were
sugpended in 1% carboxymethyleellulose and
administered orally in the morning® at either
10 or 20 mp/kg per day for 2 week periods to
normolipidacmic male Swizss White mice (age
about 3 months, body weight 30-32 g) by
using an infubation needle. Periodic animal
body weights were obtained during the experi-
ment and expressed as a percentage of the
animal’s weight on day 0.

Lipids analysis. Blood was collected by
retro-orhital plexus into EDTA-containing
tubes (1 mg/mL, disodium salt), on days 0 and
16, and the plasma was separated by centrifu-
gation at 2500g for 10 min at 4 °C. Plasma
cholesterol was determined by the CHOD-

PAP method, an enzymatic assay® for photo-
metric determination, using the enzymes
cholesterol esterase, cholesterol oxidase and
peroxidase contained in E. Merck test
1.14830.0001 Ecoline 23 reagents (Diagnos-
fica—[. Merck KGaA, Darmstadt, Germany),
according to the manufacturer’s instructions.
Plasma  iriglyeerides (K. Merck  test
1.19706.0001 System Moulti-Test) were also
measured enzymatically (GPO-PAP method)"
by a combination of the reactions catalyzed
by lipase, glycerokinase, glycerol phosphate
oxidase and peroxidase.

Stafistics. All groups had ten animals and
gach determination was processed before and
after the drug treatment. The results are ¢x-
pressed as mean + S.D). and we used paired
Student-*4” test. In all cases, P < 0.05 was used
as the criterion of statistic significance.
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Introduction

In our  research oo the  synthesis  of
maonosaccharides, we have been interested in the
preparation of novel D-mannose decivatives and
recently, we wanted 1w incorporate phthalimice
group i nannose. The reason for such a synthesis
1 that A-substituted phithalimides are hiolagically
active, For example, some phibalimide derivatives
are  antlumor [1], anticonvalsam [2],  and
hypolipidacmic [3,4]. The literature does nol
record o phthalimideylatkyl moiety as an aglycone
in monnopyranoside,

Several ol the extrahepatic manilestations of liver
disenses, are  exncerhatcd by abnormal plasma
lipoproteing with allered lipd and apolipoprotein
compositions, The abnormal circulating
lipoprideing have an adverse effect on the process
of reverse cholesterol  ransport,  and [l lowing
internenon with cell membranes, induee cellnlar
dyslunction either indirectly by altering membrane
hpad compasition, which modulate cellular ion
transpart, enzymatic and receptor propertics, or
directly through  apolipoprotein-mediated  effects
[5]. Thiz paper reports the analysis of the
chalesteral content in the high densiy lipoprotein
(HDL-chalesterol) Trom plasma of mice reated
with compounds a, b, ¢, and d (Figure 1),

Experimental methods

=  Materials

An  Electrothermat  digital  melting  poiat
apparatus (maodel 9100) was used 10 determine the
melting points. Inlrarced spectra were  mensured
with a Bruker mode] 115566 FT-IR

PDF Creator - PDF4Freev2.0

spectrophotometer using potassium bromide discs,
NMR spectra were recorded with o Varian Unity
Plus 300 MH: instrument using CDCly as solvent,
unless olherwise stated, and wiramethylsilane as
an internal standard.  Silica gel comted plates with
Mluorescent indicator (PFa,) were used fur thin-
layer chromatography (TLC) and the spots were
revenled wnder ultraviolet Tight,. The solvem
system Tor running the TLO plates was o nixture
ol 1:9 cihyl acetate-dichloromethane

¢ Synthesis of phthalimidomethyl

c=-D-mannopyranoside  and  its
derivatives.

Phthalimide (a), phthalimidometly]  4.0-di-0-
acety]-2, 3-dideoxy-c-D-ervilire-hex-2-
enopyranoside(h),  plibalimidomethyl 4 6-di-¢h-
benzoyl-o-D-mannopyranoside (c) il
phithalimidomethyl 2, 3 i-O-acetyl-d, ndi-¢)
benzoyl-g-D-mannopyranoside () (Figure 1)
were synthesized following the method described
earlier [6], aned their structures were deduced by
spectroscopic means

(a} e,
T, .';-\ L)
- A
O
sy At e b
s Ot
: U b e o
',(IEJ
ArcY
e Y :
B %, ""'(l W - g
Ry e \l Re—Che-H 3 |
e b.- i
d L

Figure 1: Derivatives of A-phihalimidomethy] -
C-mannopyranoside
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« Lipid Analysis

The compounds  were  suspended w1 %
carboxymcthyleellulose (CMC) and administered
orally in the moming [7] at either 10 or 20
mefkefday  for two-week periods to
normolipidacmic male Swiss white mice (body
weight 30-32 p). Blocd was collected tnto tubes
contning ethylencdiaminelelraacetic acid (BDTA

| mpfml, disodivm salt), on days O and 16 and the =

plasma was separted by centrifugation at 2,500 x
g for 10 min, Very low density lipoproteing
(VLDL) and low density lipoproteins (LIDL) in
100 pl. of plasma were removed by precipitation
with 10 pl. of 4% (wiv) natrivm phosphotungstse
and 2.5 plo ol 2M magnesimn chlovide, The
reaction mixture was apitated and centifuged for
15 win ot 3000 x ¢ and the supernatant, plasma
without low densily lipoprotein (LDL) and very
low density lipopratein (VLDL), was separated.
Plasma cholesterol was delermned by the CHOLD-
PAP  method wsing  the  coneymes  cholesterol
eaternse, cholesterol  oxidase  and  peroxidase
conlained in COLESTEROL CODR-ANA reagents
{cnepmatic-trinder),  Can 00-27100 {Labtesl
Diagnostica 5.A., Lagoa Santa = MG - Brazil),
according 1o the manufacturer's instructions.

s Siatislics

AN groups had ten animals and each detenmination
was processed before and after te drug weatment,
The resulis are expressed as mean -+ 5.1, and we
used paived Student 't test In all cases, p< 0.05
was used as the criterion of statistic significance.

Resulls and discussion

s shown in Figure 2, the plasma HDL-cholesterol
for  all  wompounds  tested  were significantly
increased  (p < 05) The groups ol mice reated
with plithalimide at 20 mg/Kg/day (Figure 2, a)
increased by 38% (he HDL-cholesterol levels. A
similar effect was found for phthalimidomethyl
4,6-di-O-acetyl-2,3-dideoxy- o-D-erythro-hex-2-

enopyranoside (Figure 2, b} at 20 mg/Kpfday,

plasma HDI ~chilesterol was reduced by 39T

However, phithalimidomethyl 2, 3-cdi--acetyl-4,6-
di- 0 benzoyl-iz-D-mannopyranoside {Figure 2, d)
al similar dose (20 mg/Kg/day) increased the
nlasma  HDL-cholesierol  enly by 27%.
Surprisingly, the 1D L-cholesteral was increased
by 23% in animals weated with phthalimidomethyl
4 G-di-t=benzoyl- o-D-mannopyranoside  (Figure
2, ¢y at hall of the dose (10 mg/Kg/day) used with
all the other theee drops. Finally, it is important to
report that administration of 1% carboxymethy.-

PDF Creator - PDF4Freev2.0

Y

cellulose (Figure 2, CMC) 10 the animals had no
significant changes  in mice plasma DL
cholesterol (3%:). There is o growing consensus
that elevated levels of HDL-cholesierol have a
strung inverse association with the incidence of
coronary arlery disease [8].

Conclusion

The results show that incorporation of phithalimide
group in Deglucal, which resulted in compound b,
e anl 4, was good enough 1o induce a significanty
increased elfect in plasma 1P L-cholesterol and
that might be polential
hypolipidacmic agents,

% 150

183

nad i

Gorgups of sludy

candidale  as  new

DL el |
E

Figure 2 Effect of the compounds CMC, a, b, ¢
wed oo mice plasma HDL-Cholesteral levels,

Relore tm} and alle [U} teatment Tor [ days,
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Synthesis of Cyclohexyl 6-O-Trityl-c:-D-Thrco-Hexopyranosid-4-ulo-(2,3:3' 4")-2-Pyrazoline
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Fernande Hallwass" and Bogdan Doboszewskl
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A rcagio de in-Jacetl-D-glucal (1) com acloexanol (2) wsando o método de Faner fomecen
o glicosiden cic oexilico insaturado 2, que por sua vez procuziv o composto 12 através da seqiiéncia
envaolvendn hidrdlize, tritilagio sel etiva no oxigénio do C-6, oxidaciio alilica e cicloadicio dipolar
13 com disgzometanc, © produto 17 foi obtido em quatro etapas a partic de 6. Cilculos semi-
empiricos de orbitais moleculares (AM1 ) para o composto 12 fomeceram a conformagio estivel e
também apoiaram a existéncia do efeito anomérico. Foi feitowm esforgo para abrir o anel pirazolinico
dos compostos 12 ¢ 17, porém nio Hvemos sucesso, A cangd negativa para al no C-3 Lol responsivel
pela falta de reatividade deste carbono frente a redugido da ligagao O N,

EBeaction of tri-C-acetyl-D-glucal { 1) with cyclohexanol (2) using Ferriers method provided the
unsaturated cyclohexyl glucoside 3, which furnizhedthetitle compound 12 in a secquence invalving
hydrolysis, selective tritylation of oxygen at C-6, allylic oxidation with MnoO, and 1 3-dipolar
cycloaddition with diazomethane. Starting from 6, product 17 was ohtained in four seps. Semi-
empirical molecular orbital calculations (AMIL) were camied out for compound 12 which gave an
idea about its stable conformation, and also supported the existence of the anomeric effect. Attempts
o open the pyrazoline ning in 12 and 17 failed. Parial negative charge al C-3 was responsible for the
lack of reactivity of 12 towards reduction of &N bond.

Keywords: aminodecy sugars, Fome s reamangemnent, 1,3-dipolar ovcloaddition, discomethane,

allylic cocidation

Introduction

The isolation of the antibiotic streptormyein in 1944 and
the presence of 2-deoxy=-2-md by lamino-L-glucosarming' as
one of ils components gave anoimpeus o the stdy of

T

o

arning sugar synthesis. Other antibiotics of this farnily are
kamarmyeins,? necrny cins? and gentarmy cins.? Many antibiolics
cornposed primarily of carbohydrales have been oblained
from microorganisms and are called amineglycoside
antibiotics because they contain amino groups in their
glycoside moieties” Prumycin, 4-(D-alanylamino)-2-amino-
24-didecxy-L-arabinose, having antitumer activity” was

toeemail rms@npd ufpe br

synthesized® from glycine and L-serine. Another amino sugar
derivative has been shown to completely inhibit the derivation
of turnor necrosis factor mduced by 100 ppgiml. Escherichio
cofi endotoxin® 5-Amine-3-deoy sugars are also known o
be glycosidase inhibitors %1

The importance of amino sugars described above led
us Lo undertake the synthesis of cyclohexy]l 3-amino-2-
arninormetty -2 3-dideosy sc-D-lalopyranoside 18 starling
from 3.4.6-tri-O-acety|-D-glucal 1."* However, this
cornmunication reporls the synthesis and characterizalion
af 12 and 17 only.

Experimental
Greneral methods

Melting points were determined with the Thomas Hoover
(Unimelt) apparatus and are uncorrected. Elemental
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analyses were carried out at the Instituto de Quimica,
Universidade de S&o Paulo and in the Department of
Fundamental Chemistry of this University. IR spectra were
recorded (v__, ey on aPerkin-Elmer models 467 and 237B
spectrophotometers, NME spectrawere measured on a Varian
F00MHz or Bruker 200 MHz mstruments in li'.']'flli.','l3 galution
unless otherwise stated, and the chernical shifts are repored
in pars per million downfield from TMS. Beckmann DR-G
or Carl Zeiss-Jena instrurment was used for recording the TV
spectnum. Specific rolalions were oblained on JASCO
Model DIP-370 polarimeter, TLC was performed on plates
coated with silica gel 60-G (E. Merck). Exposure of the
plates to iodine vapors was used to reveal the spots, Silica
gel G 70-200 mesh was used for gravitational column
chromatography, Anhvdrous magnesium sultate was used
Lo dry the exracts.

Compitationed method

The semi-empirical molecular orbital calculations
(AM1)" were carried out using MOPAC 93 program™ " on
an IBM RISC 6000 computer of this Deparlment.
Complee optirnization of the geometry was achieved and
the gradient nomn dropped to 0.02.

CUvelohexyl 4 6-di-O-acetvi-2, -dideoxy-ce-D-ervthro-fex-
2-enopyremoside (3)

Tri-C-acetyl-D-glucal 1 (5.000 g, 1838 mmol),
cyclohexanol 2 (2.82 g, 28.2 mmeal) in dry benzene (50 cm®)
were stirred al roomn lemperature, and boron rifluoride
etherate (1 cm®) was added. The mixture was stirred for 40
min. During this time the solution turned dark brown, TLC
(CHCL-EtOAe 9:1) showed the presence of two spots: R =
0.25 (product) and other & =0.18 The latter could either
be due tounreacted 1 or tothe f-ancmer 4. The midture was
washed with a saturated aqueous solution of sodium
bicarbonate (5 x 10 cnv®), water {2 x 10 enr), and dried over
Ma,80,, Filtration and evaporation of the volatiles provided
a brown-colored syrup, which was purified by chroma-
tography using hexane-CIHCL, gradient to give 3 as a
colorless syrup (3.29 g, 57%); [or] ¥ + 111 4 2° (¢ 3.3,
CHCLY, IR v__/emr' 1750 and 1740 (COO) (neaty; 1 NMR
(200 Mz) § 5.7-5.9 (m, 2 1, H-2 and 11-3), 5,30 (ddd, ¥/,
H.UELLU” 1.0 11z, U_” Loz, 1M, 1), 517 (m, W/2 =
4.5Hz, 1 H, H-1),4.1-4.3 (m, 3 H, H-5, H-6 and H-6"), 3.64
(m, 1H, O-CH), 2.08 (s, 3 H, OAc), 2.09(5, 3H, OAc), 1.1-2.1
(m, 10H, 5 CH,). Elernental analysis: Found: C, 61.66 H,

7.86. Cale. for C H,,0,: C, 61.52 H, 7.74.

Cwvelohexy! 4, 6-di-O-acetvi-2, 3-dideoxy-c- D-erythro-
hexopyranoside (5

Compound 3 (0,05 g, 1.6 mmoel) in ethyl acetate
(5 e’} in the presence of PtO, (0,01 @) was hydrogenated at
1 atmn. for 12 h at room lemperahre. Filtration and solvent
cvaporation yielded 5§ as 2 synup in almoest quantitative yield
(one spot on TLC with the sarme R, value in CHCL-FIOAc
@1 as that of 3); [¢] %2 + 100° (¢ 0.8, CHCL), "H NMR
(300 MHZ): & 4.99 (s,br, W/2 = 4.5 Hz, | H, H-1), 4.6-4.8
(m, 1 H,H-4),4.23(dd, %/ . 11.7Hz,°J. . 5.6Hz, 1 H, H-6),
410(dd, 5., 11.7Hz, °7., 2.3 Hz, 1 H, H-6"), 4.01 (ddd,
J,10.1Hz, 7, 5.6Hz°J . 2.3Hz, 1H, H-5), 3.56(m, 1
H, O-CH}, 2.08 (5, 3 H, OAc), 2.05 (5, 3H, OAc), 1.2-2.0(m,
14H, 7 CH,). Elemental analysis. Found: C, 61.15, H, §.42,
Cale for C _H O C, 6113 H, 834,
Cyelohexyl 2, 3-dideoxy-o-D-ervthro-hex-Z-enopyranosick
(®

A flask containing 3 (5.00 2, 9.62 mmaol) in a solution
(140 ey of MeOH-H,O-ELN (2:6:1)' was kept al room
temperature for 1.5h. TLC in CHCL-AcOEL-CH,OH
(1.0:0.25:0.05) showed the disappearance of the starting
material (R, = 0.75) and the appearance of a new spol with
R, =0.20. Evaporation and chromatography using CHCL-
hexane (1.0:0.43) gave 1 Yo (86.7%) of 6as hygroscopic
crystals: mp. 67-68°C (from LtOAc-cyclohexane); [e] ¥
=+ 460 £ 0.9 (¢ 34, CHCLY: IR v__jem! 3600-3100
(OH) (Nujoly, 'HINMR (300 MI1z): & 5.95 (dt, %/, | 10.2 1z,
4, = 13Hz, W, = 13 Hz, 114, 11-3), 5.73 (ddd, "/,
10.2Hz, 47, 24 Hz, 7, 2. THz, 1 H, H-2), 5.13 (m, 3/ 1.3
Hz, 1 H, H-1),4.20 (d.brJ,, 9 Hz, 1 I, H-1), 3.85 (d, %, .=
., 3.9z, 21, H-6,11-6°), 3.75 (dt, %, 9.0 1z, %), =", .
3.0z, 111, H-5), 3.62 (m, 1 H, O-CH), 2.63 and 2.37 (s,br,
exchangeable, 2 H, 2 OH), 2.04-1.10 (m, 10 H, SCIL).
Elemental analysis: Found: C, 61.19; H, 857, Calc. for
C.H,0,1/2H0:C, 60.72, H, 5.93,

Cvelohexyvl 2, 3-dideaxv-a-D-ervthro-fiexopvranoside (70

Compound 6 (0.22 g, 0.93 mmol) in ethanol (20 cm®)
and 5% Pd/C (0.02 g) was hydrogenated at room
temperature and at atmospheric pressure for 24 h. TLC in
CHCL -benzene (192.0:1.0) showed a new product with
B =046, The product was purified by column chroma-
tography using benzene initially followed by benzene-
chlorotorm as gradient. Chloroform-benzene (1:1) eluted
product 7 as a viscous liguid (0010 g, 45% yield ): "THNMR
(300 MHz): § 4.92 (apparent dd, °J, , 1.5 He, °J 3.0 Hz,

2
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1 H, H-1), 3.84-3.71 (m, 2H), 3.65-3.48 (m, 3 H), 2.69(bs,
5 2H,20H), 1.96-1.10(m, 14 H, 7 CH,).

Cyvelohexyd 2, 3-dideoxy 6-O-trityi-a- D-ervthro-fiex-2-
enapvrancsice (8)

Compound 6 (1,00 g, 438 mmol) in dry pyridine (5
crre’) and trily] chloride (1.43 g, 5.13 mmol) were stirred at
room Lernperature under nitrogen for 72 h following the
reported procedure U TTLC showed only a lrace of unreacted
6. Excess of the trity] chloride was destroved by putting
crushed ice into the flask and letting the contents to warm
up to room temperature, The contents of the flask were
diluted with CHCI,, transterred to a separatory funnel,
washed with a saturated solution of sodium bicarbonate
(3 % 5 o), water (2 x 5 cn), and finally dried (Na,80,).
Solvent removal gave a viscous material which was
chromatographed vsing initially benzene and followed
by benzene-CHCL (19:1) to give 1.9 2 (92.2%) of B as a
semisolid material; [or] ¥ =+ 10° (¢, 1; CHCL); IR v /e
36:40-3120 (OH) and 1600 (C = C aromatic) (Nujol); 'H
NMR (300 MHz) & 7.50-7.20 (i, 15 H, Ph-H), 5.89 (ddd,
37,101 Hz, 4, 1,3 Hz, %7, 1.7 Hz, 1 H, H-3), 5.72 (ddd,
3J,,10.1Hz, %/, 2.7Hz, %, , 2.1 Hz, 1 H, H-2), 5.10 (m, W/
2= 4 Hz, | H, H-1), 4.04 (m, 1 H, H-4), 3.90 (ddd, 3/,
5.5Hz, W, 5.1 Hz, Y, 9.0Hz, | H,H-5), 3.67 (m, L I, O-
CH), 3:42(dd, %), , 9.7 Hz, "), 5.1Hz, 11, H-6"), 3.34 (dd,
Y, 97 Hz %, 5.5 Hz, 1 H, H-6), 230 (s, br,1 1L,
exchangeable, OH), 2.10-1.00(m, 101 5CIL). Elemental
analysis: Found: C, 77.51; I, 7.20. Cale. for C 1 O 1/
IO C, 7763, 1, 7.36,

Cvelohexyd 2 3-dideoxy-c- D-glycero-hex-2-enopyremosicle-
Fudose (W

Compound 6 (1.80 g, 7.90 mmol) was dissolved in dry
CH,CL, (450 ¢m’) and freshly prepared activated MnO,"*
was added (18.50 g, 212.8 mmol}). The mixture was stirred
at room temperature for 4 hours. TLC {CHCL) showed a
new spot with R, = 0.59 and the presence of some starting
alcohol (K, = 0.38). The mixture was filtered through
diatomaceous earth and the clear filtrate was evaporated
to give a semi-solid material. Chromatography using
hexane initially followed by hexane-chloroform eluted
the fast moving compound to furnish 1.0 g (36%) of 9
mp. 99°-100 °C (from ether-petroleum ether); IR v__ /o'
3600-3100 (OH, H bonded), 1690 (C = O conjugated)
(KBr}), 'HNMR (300 MHz): 4 6.87 (dd, "J,, 10.2Hz, 1,
36Hz, 1H, H-2), 611 (d, 3.J’m 10.2Hz, 1 H, H-3), 5.17(d,
3.i'!_2 36Hz, | H H-1), 453 (1, '-‘.IH 4.2Hz, | H, H-5), 3.92
(dd, 27, 11.8 Hz, 4, 4.2 Hz, | H, H-6), 4.02 (dd, %7,

o Braz, Chem. Soe,

11.8Hz,J. . 4.2. Hz, 1 H H-6"), 3.62-3.80 (m, 1 H, O-CH),
2.22 (s,br, exchangeable, 1 H, OH), 2.20-0.80 (m, 10 H, 5-
CH, ). Elemental analysis: Found: C, 63.42; H, 5.07. Calc,
for C.H,,0,: C, 63.72, H, 7.96.

Cyelohexyl 2, 3-didecxy=6=00-trityl-c- D-gly cero=fiex-2-
enopyvranovicd-deudose (16

To a solution of 8 (1.00 g, 2.13 mmol) in CHCIL,
(250 o) was added freshly prepared and dried MnO,*
{5.00g, 57.5 nunol). The mixture was stirred for 4 h, TLC
{CHCL) showed the disappearance of 8. Filtration and
evaporation of the solvent left a viscous material which
was chromatographed using a mixture of benzene-CHCI,
(1.0:0.43) to give amorphous 10 (0.72 g, 72.4%vield); IR
v Jemt 1695 (C=0 conjugated) (KEr); 'H NMR (300
MHiz): § 7.50 - 7.20 (m, 15 EL Ph-H), 6.86 (dd, "/, 10.2
Hz, U'] 23410z, 111 H-2), 6.07 (d, ":J“ 10.2Hz 11, H-3),
S49(d, ), 3.4 Hz, 11, H-1),4,70 (dd, %, 7.2 1z, %,
24 Hz, 1 HL1-5),3.86 (m, 1 I, O-CH), 3.63 (dd, %, 10.2
Hz, %, 2.4 Hz, 1 H, H-6), 3.44 (dd, 2/ 10.2Hz, . 7.2
Hz, 1 H, H-6), 2.20-1.10 (m, 10 H, 5 CH,). Compound 10
was alzo prepared by trily lation of 9 in 86% yield

Cyelohexyl G=0=trityfece= D=threo-fexopyranoside-d-ido-
23,30 d0-2-pyrezofing (12)

Compound 10 (010 g, .21 mmol) was dissolved in
ether (5.0 cm®), and the freshly prepared diazomethane'® in
ether was added dropwise at room temperature until the
vellow color persisted. ™ The crystals appeared gradually.
Diecantation of the ethereal layer provided 0.08 g (70.0%6)
of the crude product. Recrystallization from a large quantity
of hot CILCL gave 12 (0.07g . 61.9%): m.p. 184°-186 °C;
[e],® -2007 (c 0.2, pyridine); IR v__ /o' 3322 (N1D) and
1660 (C=0) (KBry; 'HNMR (300 Mz, pyridine-d) 4 9.92
isbr, 1 H, N-H, exchangeable), 7.8 - 7.1 {m, 15 H, Fh-H),
551(d, % ,42Hz 1H, H-13, 491 t,°F, *J . 48H=z 1 H,
H-5),4.24(d,"J2.1Hz, 1 H, H-7"},4.03 (m, 1 H, O-CH]}, 3.90
{(d,"J S 48Hz 2H H-6 and H-6"), 3.79 {unresolved, 2
H, H-2, H-7", 2.2-1.1 {m, 10 H, cyclohexyl). Elemental
analysis: Found: C, 74.40; 11, 6.68; N, 525 Cale. for
C AL N0 O C 74,611 H, 675 N, 543,

Cyvelohexyl 1-N-acetyl-4,6-di-O-acetyl-c-D-lyxo-fexo-
Dvremoside-2,3: 3140-2-pyrezoline (17)

Compound 900.27 g, 1.2 mmol) was dissolved in ether
(10 crn®) and to this solution was added diazormethane in
cther dropwise al room ternperature until the greenish
yellow color persisted. TLC (CH,CL-FIOAC, 9:1) showed
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the disappearance of the substrate after 5 min. Solvent
evaporation lett 15 which was lvdrogenated (10 atm) in
EtOAc (10 cm® at room temperature overnight in the
presence of 0,020 g of PtO,. Filtration and solvent
evaporation under vacuwm fumished intermediate 16,
which was acetylated and purified by chromatography
(hexane-FIOAc 7:3)to give 17 (0,21 g, 45. %) mp. 117-
118 °C (hexane- ether), "H NMR (300 MHz): d 5.85 (i,
H'I:,a 5.1 Hz, 1 H, H-4), 4.85(d, '-‘.J’u 6.3Hz | H,H-1),4.57
(ddd, °7 =37 43 He, U 84 Hz, | H, H-5), 433 (dd,
S 7.8Hz 4 . 123 Hz 1 H, H-6), 425-4.10(m, 3H, H-
¢, H-7", OCH), 3.73(dd," /., 7.5Hz,°J,. .. 12.0Hz, 1 H,
H-71. 3.28 (guintet, *J = 6 Hz, 1 H, H-2), 2.25 and 2.17
(twos, 6H, OAc), 206 (5, 3H, WNAC), 1.90-1.20{m, 10H, 5
CH,). Elemental analysis: Found: C, 57.16 H, 7.37, N,
6.87. Cale. for C JH, ON,: ¢, 57.56; H, 7.1Z N, 7.06.

Results and Discussion

Reaction of tri-C-acetyl-D-glucal 1 with cvclohexanol
2 and a catalytic quantity of boron trifluoride etherate
using the previously reported procedure,® provided
cyclohexyl 4, 6-idi-0-acety -2, 3-dideosy --D-grpthro-hex-
2-enopyranoside 3 as the main product (Scherme 1), The
f-anomer which was probably firrned as the minor product
was inseparable from the unreacted 1 and no effort was
made to isolate it. Column chromatography furmnished 3 as
a thick viscous liquid. Its 'I1 NMR agreed with the
proposed structure but the configuration o became clear
only after catalytic reduction of the C-2-C-3 double bond
(3—35). The J  coupling constants in the ¢- and §-2,3-
unsalurated hexopyranosy | gly cosides are known Lo be
similar.™ Consequently, evaluation of the anomeric
configuration on the basis of these couplings alone is
difficult. The 300 Mz 'H NMR spectrum of the reduced

o ’:‘3""“ Calyiu —La A e - A S o
' 1 3 (Mrjex) .n:r-}“
o i ocr
3 —r - R h/ — e g Xﬂ
Pytin Oty

Scheme 1. a) Benzene, BF, ELO, it (57%), b) ELM, MeOH, HO, rt
(ET%), o) Pyndine, Tatyl chloride, rt (520 4 EtQAc, FL/FO,, ol
(99940, &) ELOH, HJPL, rt (#5%), D MnO,, CH.CL, it (56% for
compoaund 9 and 72% for compound 107

product 5 showed a signal of the anomeric proton as a
broad singlet having a half-width of ca 4.5 Hz. This value
together with a coupling constant 7, . 10.1 Hz proves that
Sis an« anomer which adopts *C, conformation. Observed
couplings are incompatible with the § configuration.

Deacetylation of 3 using triethy lamine in rethanol™
gave 6. Tritylation al the primary OH group'? fumished 8§,
which in lum was subjected Lo the allylic oxidation at C-
4 with activated MnO, 1o give the enone 10. The same
compound was oblained by performing the allylic
oxidation first (639 followed by tritylation (9-310),
however the former sequence gave a better vield.
Compound 6 was also hvdrogenated to give cyclohexyl
2. 3-dideoxy -ee-D-ervtiro-hexopyranoside 7.

Addition of diazomethane to C-2-C-3 double bond in
10 occurred from the opposile side of the cyclohexyl
function to give a transient product 11 which rapidly
tautomerized to 12 (Scheme 2).° An alternative approach
of CELN, from the same side is unlikely due to the

”",/ 17 R=hAe
o -'m e Ho
-\.l‘.u."o". H b ! < E
:H b ﬂ . iHa
’ ! ¥ K)wﬂ" OCdHu
in HHy

Scheme 2. a) Fynidine, tnbyl chlonde, of, b) CILM,, ELO, rt ($2% tor
compound 12); o) H PO, EtOAc, it or MaBH,, MeOH, rt; 4}
Pyridine, Ac, 0, b (46%% [rom 2

bulky aglvcon. It has already been shown earlier™ that
much smaller ethoxy group in ethyl 6-0-acety]-2,3-
dideoxy-a-D-giveers-hex-2-enopyranoside-4-ulose 13
controlled the approach of CILMN, in the same way as in
our case to furnish 14 exchisively (Scheme 3). The UV
spectrum of 12 (4 _ = 325 nm) is similar to that of 14
(A, =326 nm).”

R “\ﬁ‘ia

13 14

Scheme 3
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Following the procedure described above, compound
O was treated with diazomethane to give 15 Attempted
reduction of 15 with the hope of obtaining a cvclohexyl
J-amino-2-aminomety -2, 3-dideoxy - -D-talopyranoside
18 wnexpectedly didn't go bevond the reduction of the
keto function al the C-4 atom. The pyrazoline ring
rernained unallered using either sodium borohydride as a
reductant or hydrogenation of 15 in the presence of PLO,
using difTferent conditions (solvent, ternperalure, pressure).
Compound 16 which invariably resulted in all these
reactions was isolated and characterized as its triacetate
17. Similarly, attempted cleavage of the pyrazoline ring in
12 also failed. The inertness of 12 and 15 towards reducing
agents to funish 18 can be rationalized in terms of the
partial charges on the carbon atoms 3 and 4 (Table 2).
According Lo the semi-empirical molecular orbital
caleulations using AM1 method, C-1 in compound 12 has
acharge of +0.2845 e u. whereas -3 possesses a charge of
(12087 e Forthisreason, anucleophile (base) can attack
-1 easily, but not C-3 due to the partial negative charge
present on it

The 300 MHz 'H NMR spectrumn of 12 (in pyridine-d,)
showed the anomeric proton signal al 4 5.51 ppm (J 4.2
Hz) as & doublel. The coupling constant between H-1 and
H-2 suggeslz a torsion angle of -130°. The semi-ermpirical
calculations provided a value of -131.647 for the same
dihedral angle The protons 11-2 and 11-7" form a multiplet
at & 3. 79 ppm. Irradiation of the 1-1 proton simplified this
signal to a four-line pattermn. Sharpening of this signal
indicated a loss of a small long range coupling between H-
1 and 1-77. A doublet at 3.90 ppm (/4.8 Hz) was ascribed
to H-6 and H-6" since iradiation of H-5 al 4 4.92 ppm
caused its collapse to a singlet. The fact that H-éand H-&
form a doublet means that the couplings between 11-3 and
both 11-6 and 11-6° are similar and implies that the torsion
angles between -5 and H-6, and -5 and H-6" to be
approximately ca. 50° and ¢a 1307, respectively. We also
carried out a variable temperature experiment and found
that at 70 *C, H-5 became a doublet of doublet indicating
the nonequivalence of H-6 and HG® due to the slow rotation
of the C-5 and C-6 bond. In this situation, the coupling
constants between I1-6 and I1-5 and I1-6" and I1-5 became
6.30and 2.70 Hz, respectively. Besides this conformational
change no other spectral modification was observed duning

Table 1. B2 BHbE shills® of the corpourd 12%

o Braz, Chem. Soe,

the variable temperature experinent. Irradiation of the
protons at & 3.79 ppm (H-2 and H-7") simplified two
signals; (a) H-1 became a singlet, and {(b) the doublet at
4.24 ppm belonging to H-7° collapsed to a singlet. H-7°
resonates at lower field due to the weak anisotropic effect
produced by the & orbilal of C=N bond. COSY spectrum
confirmed the suggested connectivities. The chernical
shifts of the other protons are given in the experimental
seclion.

The BCNMR proton decoupled spectnum (in pyridine-
d.) of compound 12 provided all necessary carbon signals
and pemmitted to assign the chemical shifts of all the carbon
atoms, The carbonyl carbon and imine carbon atoms
showed signals at & 190,81 and 142.60 ppm respectively.
The anomeric carbon is assigned at & 100,35 ppm. That
the oxyvgen alom of C-1 is attached equatorially 1o the
cyclohexyl ring can be inferred from the chemical shift of
-1, which is at § 74.9 ppm. This is supported by the
published values for cyclohexyl derivatives:™ a carbon
atom linked with an equatorial and axial alkoxy group
resonate at ca 4 71 ppm and ca &5 ppm respectively.
Five carbon signals appeared between 4 24.2 and
34.1 ppm, respectively. This indicates thal C-2" and C-6",
C=3" and C-5" earbons are disstereotopic. ** The chernical
shifts of the other carbon atorms of the compound 12 are
aiven in Table 1.

Modecular orbited calcilations

The semi-empirical molecular orbital caleulations
(AM1) of compound 12 gave the expected conformation
and relative configurations. The torsion angle (H-1)-(C-
1-(C-2)-(11-2) 15 -131.64° which clearly shows that the
anomeric hy drogen is oriented equatorially. The molecular
model shows that five carbon atoms of the pyranoze ring
are somewhat planar and the ring oxygen atom is above
the plane, The other conformation where the anomeric
hydrogen and CH, group are disposed axially gives the
enthalpy of formation 1.69 keal/mole higher than the first
one where the anomeric effect dominates.

The calculations showed that the function O=C-C=N
behaves like an ¢ S-unsaturated ketone. The carbon and
nitrogen atoms of C=N bond have the atomic charges of
- (.2087 and 0. 0394 e respectively. That this is true can

C-1 2-2 2-3 2 2-5 [ 27 21

C2or O O oe O50 Q4" S5 CFF Qo 27

1003 487 1426 1008 7LD 64,4 S5h.4 4.9

4.1 246 2610 4.2 .8

& Recorded in pyndine-d, with TMS az an nternal sandard

b. Quaternary carbon of CPh, group appearsd at €7.4 ppm. There are four phenyl signals at 144.5, 1222, 1284, 117.5 ppm
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be seen from the resonance forms given below
{Figure 1.

i 8o ;?5—c<r_ Hf___
‘5‘0_ = -— - o -'HI/:
N o e N M, %,
S

Figure 1. Purtial strocture of 12 showing the resonunee forms of
the o funsaturated carbonyl function

The atomic charges, bond lengths, bond angles, and
torsion angles of compound 12 are given in Table 2,

The calculations also showed the dihedral angle (H,)-
()-(C)-(H,.) as 16.86" and (H..)-(C,)-(N, )-(H. ) as 103.56°,
With this, it is presumed that the inversion of the nilrogen
MN-8isslow. The tersion angle (O )-(C )-(0, HC,) of 75.35°
also confirms the psendoaxial disposition of (-12. The
structure of the molecule 12 obtained by the semi-
empirical molecular orbital calculations (AM1) is given
in Figure 2.

Conclusions

We have achieved the syntheses of 12 (Tour steps and
32.5% overall vield) and 17 (six steps and 46.0% overall
vield) starting from 1. The structure of 12 has been
established with the help of [ and NMR spectroscopies
and elemental analyses. Reduction of 12 as well as 15 did
not lead to the expected diamino sugar 18, This difficulty
was rationalized in terms of the partial negative charge at
-3, which impedes the approach of the reducing agents.
Semi-empirical molecular orbital caleulations using AM1

Figure 2. Stracture of compound 12 chtained by AMI1 caloulations

method provided the stable conformation of comp ound
12 and showed the negative electronic charge at C-3.%
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SYNTHESIS OF NEW 2,3-UNSATURATED
O-GLYCOSIDES THROUGH FERRIER
REARRANGEMENT!

Jodio R. de Freitas Filho,' Rajendra M. Srivastava,' Yaya Soro,>
Louis Cottier,? and Gérard Descotes®

'Departamento de Quimica Fundamental, Universidade Federal de
Pernambuco Cidade Universitdria, 50.740-540, Recife, PE, Brazil
?Ecole Supérieure de Chimie Physique Electronique de Lyon,
Laboratoire de Chimie Organique 2, UMR CNRS 5622, Université
Claude Bernard Lyon 1, 43 Boulevard du 11 Novembre 1918,
69622-Villeurbanne CEDEX, France

ABSTRACT

The synthesis of five new 2,3-unsaturated O-glycosides (3a—e) employing
Ferrier’'s rearrangement with different catalysts, is reported.

INTRODUCTION

Glycals are key compounds in the synthesis of several groups of natural prod-
ucts®* and 2,3-unsaturated sugars*® and have also been used in electrophilic ad-
dition reactions.® Similarly 2,3-unsaturated glycosides are very versatile chiral
synthetic intermediates,” and precursQrs of 2,3-dideoxy sugars, important struc-
tural units in many bioactive natural products such as antibiotics.”

The Lewis acid-catalysed rearrangement of glycals in the presence of alco-
hol, known as the Ferrier reaction,” is an important method employed to obtain
2,3-unsaturated glycosides.”'” In the present work, the glycosidation reaction of
3,4,6-tri-O-acetyl-p-glucal with six alcohols has been examined. The purpose of
making these glycosides was twofold: first, these unsaturated glycosides are start-
ing materials for other interesting carbohydrates including aminosugars; second,

hydrogenation of the double bond can lead 1o alkyl 4,6-di-O-acetyl-a-p-eryrhro-
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Figura 35: Espectro de RMN 'H (300 MHz) em CDCl; do Etil 4,6-di- C-Acetil-2,3-
didesoxi-o-D-eritro-hex-2-enopiranosideo { 734a)
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Figura 36: Espectro de RMN C (75 MHz) em CDCls do Etil 4,6-di- C-Acetil-2,3-
didesoxi-a- D-gritro-hex-2-cnopiranosideo { 7.24a)
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Flgura 37 Espeetro de Infravermelho do Etil 4,6-di- CrAcetil-2 3-didesoxi-a-D-eritro-
hex-2-cnopiranosideo ( 732)
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Figura 39: Espectro de Infravermelho do Ciclopentil-2-Nitrometil-2,3-didesoxi-o- -
lixo-hexopiranosid-A-ulose (100d)
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Figura 40: Espeetro deRMN 'H (300 MHz) em CDCl; do Etill-2-Nitrometil-2,3-
didesoxi-a-D-/ivo-hexopiranosid-4-ulose (1002)
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