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ABSTRACT

The title compounds were obtained by condensation of D-glucono-, D-galac-
tono-, or lL-glycero-D-gluco-heptono-1.5-lactones with methyl 2.3-di-O-(trimcthyl-
silyl)-c-D-mannopyranosides having various substituents on C-4 and C-6, in the
presence of trimethylsilyl trifluoromethanesulfonate as the catalyst. Except for a 6-
acetoxyl group on a lactone component and a (ter-butyldiphenylsiloxy) group, the
usual C-substituents, such as benzyloxy, allyloxy, azido, acyloxy, (methyl-
thio)methoxy, and methoxy, did not prevent occurrence of this condensation.

INTRODUCTION

In the preceding paper', a new method for the synthesis of D-gluco-
pyranosylidene acetals by the use of the trimethylsilyl trifluoromethancsulfonate as
the catalyst was described, and it was shown that the reaction was accompanied by
a side reaction when the D-glucono-1,5-lactone derivative had an acetyl group on
0-6.

The new method has now been extended to preparation of the title com-
pounds, and the effect, on the reaction, of various substituents on the lactone and
diol component has been examined.

RESULTS AND DISCUSSION

Preparation of lactone componenis. — As the lactone components, 6-(ben-
zyloxycarbonyl)amino- (16) and 6-azido-2,3 ,4-tri-O-benzyl-6-deoxy-D-glucono-
1,5-lactonc (17), 4-azido-2,3-di-O-benzyl-4-deoxy-D-glucono-1,5-lactone (18) and
its 6-acetate (19), 6-azido-2,3.4-tri-O-benzyl-6-deoxy-D-galactono-1,5-lactone (20)
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and its 4-azido-6-O-benzyl analog (21). and 7-O-acetyl-2.3,3-tri- O-benzyl-6-(ben-
zyloxycarbonyl)amino-6-deoxy-1L-glycero-D-gluco-heptono-1.5-lactone  [22) werce
used, in addition to per-O-benzyl- (14) and 6-O-acetvl-2.3 4-(ri-O-benzyl-D-gluco-
no-1.5-lactone (15), alrcady described'.

Acetolysis  of methyl  2.3.4-tri-O-benzyl-6-(benzyloxvearbonybamino-6-
deoxy-a-D-glucopyranoside (1), which was obtained from the corresponding 6-
azido-6-deoxy derivative™, in 56%¢ yield. by successive reduction and benzyloxycar-
bonylation, gave an anomeric mixture of the corresponding 1. N-diacetyI derivative
(2) in 93% yield, and this was deacetylated with sodium methoxide to 3 in 657
vield. Oxidation of 3 with pyridinium chlorochromate *. or bromine, gave 16 in 68
and 56% yicld. respectively. Compound 17 was prepared i 9477 vield by chloro-
chromate oxidation of the corresponding aldosc”, which was newly prepared trom
the 1-acetate (4). Partial deacctylation of |.6-di-O-acetyl-+4-azido-2 3-di-O-benzyl-
4-deoxy-a,B-D-glucopyranose® with benzylamine gave the corresponding G-acctate
(5) in 949 yield. Oxidation of 5 with chlorochromate. and of deacetylated § with
bromine, gave 19 and 18, respectively, in 86 and 664 yield.

Mesylation of methyl 2.3 4-tri-O-benzyl-a-D-galactopyranoside” gave the
corresponding 6-mesylate (6) in gquantitative vield. The usual treatment of 6 and
of methyl 2.3.6-tri-O-benzyl-4-O-mesyl-a-D-glucopyranoside® with sodium uzide 1n
N.N-dimethylformamide gave the corresponding 6-azido (7) and +4-azido deriva-
tives (8)in 71 and 77% yiclds, respectively. Acctolvsis of 7 and 8 gave the corres-
ponding [-acetates (9 and 11) in 89 and 765 yields, respectivels. Peacetylation of
9 and 11 with sodium methoxide gave the corresponding galactose denvatives (10
and 12). each in quantitative yield. Oxidation of 10 and 12 with pyridinium chloro-
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methane gave 20 and 21 86 and 68% yields. respectively. Partiul deacetylation
of 1,7-di-O-acetyl-2.3.4-tr1-O-henzyl-6-(benzvioxycarbonylamino-6-deoxy-w.B-L-
glveero-nD-gluco-heptopyranose” with benzylamine gave 13 in 807 vield. and this
was then oxidized to 22 in 859 vield

Recently, the conformations of free (in dimethyl sulfoxide-d,)" and peracety-
lated (in organic solvents)” D-glucono-1.5-lactone were assigned as “Ff;y (Jya 8.5,
Jas 7.5, and J, s 8.1 Hz) and a distorted half-chair (/5 3 8.6-8.7. ;4 9.1-9.2, and
Jas 8.8-9.2 Hz). respectively. However, the "H-num.r. parameters of 16 and 17,
shown in Table I, indicate a sofa conformation in which C-4 is exoplanur. Also, the
conformation of the D-galactono-1 . 5-lactones 20 and 21 is deduced to be a Aattened
i,

Preparation of 1.2-diol components. — As the diol components, the 4,6-di-O-
benzyl' (29). 4.6-di-O-acetyl'’ (30). 4.6-di-O-benzoyl (31), 4.6-di-O-allyl (32). 4.6-
di-O-(methylthioymethyt {33), and 4.6-di-O-(zere-butyldiphenylsilyl) (34) denva-
tives of methyl 2,3-di-O-(trimethyisityl)-a-D-mannopyranoside were used. Reac-
tion of methy] 2.3-O-boporpylidenc-a-D-mannopyranoside with allyl bromide-
sodium bydride, with dimethyl sulfoxide—acctic acid—acetic anhydride. and with
tert-butylchlorodiphenylsilanc—imidazole'! gave the corresponding 4.6-di-O-allyl
(23). 4.6-di-O-(methylthio)methyl (24), and 4.6-di-O-(zeri-butyldiphenylsilyl) de-
rivatives (28) in 95, 32, and 95 vyicld. respectively. Partial hydrolysis of 23-25
with 90% acetic acid gave the corresponding (O-deisopropylidenated products (26—
28) in quantitative vyield. Treatment of methyl 4.6-di-O-benzoyl-a-D-man-
nopyranoside’? and of 26-28 in dichloromethane with hexamcthyldisilazane in the
presence of trifluoroacetic acid as the catalyst gave the corresponding 2.3-di-(-
{trimethylsilyl) derivatives (31-34) in quantitative yield.

CTRAOR e
€3
’ SR
RO Otte =0 e
23R = CH OHT=RCh, 26 R = oM, & =
24 R = CHA5Me 27 ® GM LR Oy
258 = S (GMe) Ph, za w O LR T 5 (e PR
29 R = oSiMe, , R = Bn
30 R T OSiMe, . BT & AC
31 R m OuiMey , BT = B
32 R = QBiMe, , R CHAGHmSCOH,
33 R == OSiMe, ., R .t CHASMe
34 R = OSime R SHTMe IR
Methyl 2,3-O-p-glycopyranosylidene-a-D-mannopyranosides. — As already

described’. a lactone component in dichloromethane was condensed with 1.3-1.5
equivalents of a diol component for 2.-3 days at room temperature in the presence
of Mes SIO,SCF; (510 molfe ). and the products were separated as far as possible
by various types of chromatography.
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The reaction of 29 with the luctone components 14-22 gave the orthoesters
35-40 and 4648, rcspectively, as summarized in Table II. The ratio of the two
1somers in the products was estimated from the intensities of the signals of the or-
thoester carbon atom in the *C-n.m.r. spectra when the compounds were insepar-
able. In the case of 48, the two isomers could be separated as O-dcacetylated com-
pounds (49a,b) by treatment with methanolic ammonia. In the case of 19, having
a4 6-0-acety! group, the yield of the product (48) was again lower, as obscrved with
15, and the O-deacetylated product (39) was produced us a by-product; the acetyl
group may have been removed as trimethylsily! acetate'*. Interestingly. compound
18, having a free hydroxyl group at C-6 gave a rather better yield than 19. The 7-O-
acetyl group in 22 showed no important effect on this condensation.

From the yields given in Table 1, the order of substituents on D-glucono-1,5-
lactone favorable to formation of orthoesters is N3 = OBn = NHZ > OH » OAc
for substitucnts at C-6, and N3 > OBn for those at C-4, and the D-gulactono-1,5-
lactone derivative 20 gave a better yield than the corresponding D-glucono-1.5-lac-
tone derivative (17). The result for 22 indicates that the new method will be applic-
able for the synthesis of such natural products as'* destomycin B.
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35 R = RP= oBn.R¥= Bn 46 R = ogn, /¥ = N, 48R = Ac
36 R = OB, RY = 0ac, RY = Bn a7/ = N, .p'= OBn 49R = M
37 R = 0B, RT = NMZ, R 8n
3IBR = OBn.R = W, ROm Ba
38R = Nyl RT = oM, 2 an
40 R = N3,R? = 0ac. R = an
@ ® o= ot m oBa,RY = A
A2R' = rf = oBn, R = B2
a3 /' = RYm 0B0,RY = SHLHmEOH,
44 R = R = 0Ba RS = CHySMe
45r' = R = oBn RY = n

The results of similar reactions of 14 with various methyl 1,2-di-O-(trimethyl-
silyl)-a-D-mannopyranosides (30-34) are summarized in Table H1. Two isomeric
products (41 and 42) from 30 and 31 could not be separated, but, they were success-
fully separated after conversion into the same compound (45) by deacylation with
methanolic ammonia. The condensation product (43) from 32 could be separated
by flash column-chromatography. It is characteristic that the reaction of 14 with
33 gave only one isomer. The reaction of 14 with 34 gave a complex mixture of
products, indicating that the O-terr-butyldiphenylsilyl group is not a suitable pro-
tecting-group, probably duc to gradual removal by the catalyst used. As expected
from the mechanism already described!, acyl groups on a 1.2-diol component



1. YOSHIMURA, K ASANQ, K. UMEMURA. S. HORITO, H HASHIMOTO

192

‘uonRA1338ap £q 8 WO PINEIGU sEm G punodwo ), sISWOSt oml jo Jmaiw vyl

131 WO pA BIEG, HIDH) U1 PINSED]Y, SUMNIW g2 Jo Prdads ag uf RUFIS 1) 2 J0 SauIsLAIN AY) W) 10 SPEIE [EMIE WOl PAIRINIPY 2124 SONRY,

L
150

86°1
ot
8t
06 0
80

6L
801
P60

L8'0
901
oo

1481

STt Her

oF+ 8 i6
9t - T 95t £L6 881 - b6t - -
01 Lssi 96 9021
Sot 01 ¥ 0L £ L6 8811 0cs 214 67 u
et . = 9°66 | £ R ait
ot 07 - L6 ol fle By 67 ¢4
67+ 90 - 9'L6 6021 8¢ %
61+ 01 - L6 Foll F6¢ e 67 07
01 YLo Fozt
- 01 - L6 0611 orl LY
60 £0LL ot
ot 01 9001 €L 881 £8z A 67 61
i+ 60 - 96 vl 09z q6¢
8+ 0t - £'L6 06ll 98 e6¢ 67 81
01 - 96 ozl
&t 01 - L) 88 P 8 67 L1
£l <L FoTt
€&t 01 £951 €L6 6811 oL pL€ 67 91
[t 6 L6 FOT1
9c+ at SoLt €46 67811 00y e 67 Sl
8T+ 90 - £ L6 FoC 99 as¢
01+ 1 - L] 0'alt &t BSE 67 £1
{s9a43p) 0=) I yay]
. . (o1 - . (2] apisounntu U0
Ufn] 20Ny §2qow( wddyowp i w W), P13ty S]npoid Q-0 yrapy - [-ouoppy

SAUISONVAAJONNYI-0-D-INIG] TASON® U MO IA 19:0~()-€ 7 TRHI TN

HA19vL



193

2,3-O-GLYCOSYLIDENE-D-MANNOPYRANOSIDES

"uonei£1908p Aq 78 10 Tp WOI] PAUIRIQO SEM §p pUKoduIo)),, *SIBWIOS! oM JO DINIKIW
W, FIOHD U1 POIMSEa)y, "SeImxiy 943 Jo B310ads auy u [eudis -0 SY1 JO SRISUSTUL A1 WO 10 *SIAWOST 0MT JO SPIIIK [BNIOE WOLY PAIRINI(E 259M SONRY,

8L°1 O+ - - L6 02 - HA5Y - -

181 59+ - - £L6 geli - 5 - -
O o — ——-

$9°0 6T+ 01 - 616 1611 £19 # 5 1

691 §ee+ g0 - £i6 i} 0'LE @y

ort S0+ 01 - (973 6811 143 L33 ® 12
A 991 $071

971 ¥ig+ [i1 1691 9'L6 ¥61L 0'09 g L4 ¥l
§T soLL Li6 80¢1

651 26T+ 01 5691 96 £'611 765 B 0f vl
P (sa3ap) 0=D o JD

— (0] 01) (2) apIsouuvu auayany

v} SONY G0qD v (wrd &) vimp LDy, PIRIA spnpoid G0 -§[-0uomID

SEAISONYHAJONNY WN-Q-0-INIAITASONVHAJODA10-G-0-€ 7 TARLEN

MHIEVL



194 1 YOSHIMURA, K ASANO. K. UMEMURA. S HORITO, H HASHIMOTO

caused no side reaction. It is obvious that the usual protectuing-groups for the diol
component can be used in this condensation, except for O-silyl groups

In both Tables 11 and @I two isomers were distinguished by mcecans of the
chemical shift of the orthoester carbon atoms (C-17). One wsomer possesses lower
(5 120.2-120.9), and the other higher (8 1138 119.4). chemical »hitts. Interest-
ingly. the former isomers always have higher values of specific optical rotation than
the latter. [t was reported’” that the chemical shitt of the (R)-orthoester carbon
atom of destomycin A, in which destomic acid lactone is linked to the cis-diol
grouping at C-2 and C-3 of a D-talopyranoside residue. is 1282 p.pom ' Thete-
fore. the absolute configurations of the two somers hercin described may be tenta-
tively assigned as (R) and (.5). respectively .

These absolute configurations would be controlled by two factors in the reac-
tion pathway already given': 1.e., (/) which one of the trimethylsilyl groups on O-2
and -3 in 29-34 forms a glycosidic bond first; and (i/) from which «ide ot the plane
of the 1,5-lactone ring the ring-closure (to afford a spiro. cyclic ring) occurs, It s
characteristic that diol components having electron-withdrawing substituents at C-
4 and C-6 gave the (R) isomer preponderantly, whercas those having electron-re-
leasing substituents mainly gave the (S) isomer. This fact indicates a possibility for
the stercosclective formation of the (R) or the (8) isomer.

EXPERIMENTAL

General methods. -— Melting points are uncorrected. Solutions were evapo-
rated under diminished pressure at a bath temperature not exceeding 50°. Optical
rotations were measured in a 0.5-dm tube with a Carl Zeiss LEP-Al polarimeter for
solutions in chioroform. unless stated otherwise. L.r. spectra were recorded with a
Hitachi model EPI-G2 spectrometer. '"H-N m.r  spectra were revorded with a
JEOL SP-100 spectrometer for solutions in chloroform-d contaiming tetramethyl-
silane as the internal reference. C-N.m.r. data were recorded at 30" with a JEOL
INM-FX-100 spectrometer, operated in the pulse, Fouricr-transiorm, proton-
noise-decoupled modce, at 2515 MHz, for solutions n chlorotorm-d containing
letramethylsilane. Mass spectra were recorded with @ Hitachr model M-80 spec-
trometer (ion voltage. 70 ¢ V).

Methyvl 2,3 4-tri-O-benzyl-0-(henzyvloxyvearbonvliamuno-t-deo xv-a-D-gluco-
pyranoside (1). ~— A solution of methyl 6-azido-2.3 4-tri-(-benzyl-O-deoxv-a-D-
glucopyranaside” (5.0 g, 10.2 mmol) in methanol ({00 mL) was hydrogenolyzed in
the presence ot platimum oxide (0.1 g). the catalvst filtered otf. and the filtrate
evaporated. To a solution of the dricd. residual syrup in benvene (30 ml.) and
triethylamine (2.5 mL) was added benzyl chloroformate (1.75 mLU). dropwisc at 0°
with stirring., and the mixture was kept overnight at room temperature. The mix-
ture was poured into a cold. saturated solution of sodium hydrogencarbonate. and
extracted with chloroform. The extract was washed with water, dried. and cvapo-
rated, to give 1. which was purified on 4 column of silica gel (12:6:°% benzene-
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hexane-acetone); yield, 3.42 g (55.9%); m.p. 88.5-89.7°, [a]p +10.9° (¢ 1.08);
vXBr 1700 and 1555 cm ™! (urethan); '"H-n.m.r. (C,D¢): 8 7.0-7.4 (m, 20 H, 4 Ph),
5.10 (s, 2 H, CO,CH,Ph), 4.36-5.04 (m, 6 H, 3 CH;Ph), 4.50 (d, J, , 3.3 Hz, H-1),
4.16 (dd, J, 39.2, 75 4 9.0 Hz, H-3), 3.39 (dd, H-2), 3.32 (dd, J4 5 9.2 Hz, H-4), 3.3~
3.8 (m, 3 H, H-5,6), and 3.03 (s, 3 H, OMc¢).

Anal. Calc. for C34H30NO5: C, 72.34; |
6.57: N, 2.05.

1-O-Acetyl-6-(benzyloxycarbonyl)acetamido-2,3,4-tri-O-benzyl-6-deoxy-a,3-
D-glucopyranose (2). — 1o a solution of 1 (3.21 g. 5.36 mmol) in chloroform (4.3
mL) and acetic anhydride (6.7 mL) was added, dropwise, conc. sulfuric acid (0.3
mL) at 0° with stirring. The mixture was kept for 3 h at room temperature, poured
into ice—water, made neutral with sodium hydrogencarbonate, and then extracted
with chloroform. The extract was washed with water, dried, and evaporated, to
give syrupy 2, which was purified on a column of silica gel (3:7 ether-hexane); yield
3.332(93.0%; a:B = 5:1); [alp +47.6° (¢ 1.74); vmac’ 1745 (ester) and 1700 cm ™!
(urethan); '"H-n.m.r. (C,D¢): & anomer, § 7.0-7.4 (m, 20 H, 4 Ph), 6.35(d, J; ., 3.3
Hz, H-1), 4.28-5.12 (m, 8 H, 4 CH,Ph), 3.99 (t, J> 3 = J5 4 9.2 Hz, H-3), 3.44 (dd,
H-2), 3.25 (t, J4,5 9.2 Hz, H-4), 3.44.0 (m, 3 H, H-5,6), 2.35 (s, 3 H, NAc), and
1.60 (s, 3 H, Ac); 8 anomer, § 7.0-7.4 (m, 20 H, 4 Ph), 5.60 (d, J; > 8.0 Hz, H-1),
3.2-5.1 (m, 14 H, H-2,3.4,5,6 and 4 CH,Ph), 2.42 (s, 3 H, NAc), and 1.55 (s, 3 H,
Ac).

) Anal. Calc. for C30H4NOy: C, 70.15; H, 6.19; N, 2.10. Found: C, 70.34; H,

6.23; N, 2.11.

2,3,4-Tri-O-benzyl-6-(benzyloxycarbonylyamino-6-deoxy-a,B-D-glucopyra-
nose (3). — To a solution of 2 (3.10 g, 4.64 mmol) in methanol (70 mL) was added
0.1M methanolic sodium methoxide (4 mL). The mixture was kept for 1.5 h at room
temperature, passed through a column of Dowex 50-W X-8 (H*) resin (10 mL),
and the effluent evaporated to give syrupy 3, which was purified on a column of
silica gel (30:15:4 benzene—hexane—acetone); yield 1.77 g (65.2%, a:B8 = 30:1);
[a]p +12.3° (c 1.09); N 1710 and 1520 cm~ ' (urethan); 'H-n.m.r. (C¢Dy) ol
anomer: § 7.0-7.4 (m, 20 H, 4 Ph), 5.08 (s, 2 H, CO,CH,Ph), 4.4-5.1 (m, 6 H, 3
CH,Ph), 4.75 (d.J, ;4.0 Hz_ H-1), 415 (1, J, ; = J5 4 9.5 Hz, H-3), and 3.34.2 (m,
SH, H-2,4,5,6).

Anal. Calc. for C1sH4;NO,;: C, 72.02; H, 6.39; N, 2.40. Found: C, 71.73; H,
6.39; N, 2.40.

1-O-Acetyl-6-azido-2, 3,4-tri-O-benz yl-6-deoxy-« ,B-D-glucopyranose (4). —
Acetolysis of methyl 6-azido-2,3,4-tri-O-benzyl-6-deoxy-a-D-glucopyranoside
(24.8 g, 50.7 mmol) with acetic anhydride (50 mL) and conc. sulfuric acid (0.5 mL),
as described for 2, gave syrupy 4 (a:8 = 10:1) in 94.6% yield; [a]p +77.7° (¢
10.9); v 33¢ 2110 (azide) and 1750 cm~! (ester); '"H-n.m.r.: a anomer, & 7.3-7.5
(m, 15 H, 3 Ph), 4.65-5.16 (m, 6 H, 3 CH,Ph), 6.47 (d, J,» 4.0 Hz, H-1), 3.84.0
(m, H-5), 3.96 (t, J,3 = J53 4, 9.8 Hz, H-3), 3.66 (dd, H-2), 3.3-3.7 (m, 3 H, H-
4,5,6), and 2.12 (s, 3 H, Ac); B anomer, 8 7.3-7.5 (m, 15 H, 3 Ph), 4.39-5.02 (m,

, 6.58; N, 2.34, Found:
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6 H. 3 CH,Ph). 5.61 (d.J, 2 8.0 Hz. H-1), 4.00 (dd, J> 5 9.6 Hz, H-2), 3.4-3.8 (m,
3 H. H-3,4.5), 3.59(dd, Js;, 6.8, Jo o 15.0 Hz. H-6), 3.15 (dd. Js . 8.6 Hz, H-6").
and 2.04 (s, 3 H. Ac).

Anal. Calc. for CoyH3 N3O C.67.29; H. 6.04: N, 8.12. Found: C, 67.05; H.
6.07, N, 8.01.

6-O-Acetyl-4-azido-2,3-di-O-benzyl-4-deoxy-a,B-D-glucopyranose (5). — A
solution of 1,6-di-O-acetyl-4-azido-2.3-di-O-benzyl-i-deoxy-a . B-D-glucopyranosc’
(237 mg. 0.530 mmol) in benzylamine (0.5 ml.) was stirred for 30 min at room tem-
perature. poured into M hydrochloric acid. and extracted with chloroform. The
usual processing of the extract. and separation of the products by preparative t.l.c,
(2:1 hexane—cthyl acetate), gave 5 (a:8 = 4:1) in 94177 vield: {«]y, +10.2° (¢
1.06): p3281 2110 (azmde) and 1750 cm ! (ester).

Anal. Calc. for CrI1:sN:Qg: C,61.81: H. 5.90; N, 9.83. Found: C. 62.06: H.
5.79, N, 9.78.

Preparanon of subsiituted D-glucono-1,5-lactones (16-19). — Oxidation of C-
1 of b-glucopyranoses was conducted by three methods. The "H-n.m.r. parameters
are summarized in Table 1.

(1) Pyridinivm chlorochromate oxidation. To a stirred solution of 3 (0.85 g.
1.45 mmol) in dry dichloromethanc was added pyridinium chlorochromate (.63
g). The mixture was stirred tfor 23 h at room temperature. poured into ether (100
mL). and the insoluble material filtered off. The filtrate was evaporated. to give
syrupy 2.3 4-tri-(-benzyl-6-(benzyloxycarbonyl)amino-6-deoxy-D-glucono-1,5-lac-
tone (16: 579 mg. 68.4% ). which was purified on a column of sifica gel (20:10:1
benzene—hexane—acetone); [a], +535.7° (¢ 1.61); N8 1760 (lactone), 1715, and
1620 cm ~F (urethan).

Anal. Cale. for CasH3sNO5: C. 72.27: H. 6.07; N. 2.41. Found: €. 72.53; H.
6.17.:N,2.11.

Similar axidation of  6-azido-2,3.4-tri-O-benzyl-6-deoxy-a S-D>-gluco-
pyranose” (4.0 g, 8.4 mmol) gave 6-azido-2.3 4-tri- O-benzyl-6-dcoxy-D-glucono-
1.5-lactone (17) in 94.1% yield (3.75 g): [a]in +102.97 (¢ 11.2): 2287 2110 (azide)
and 1750 cm ! (lactone).

Anal. Cale. for C,;H,oNzO5: C68.48; H. 5.75: N, .87, Found: €. 68.55: H.
5.72.N, 8.74.

6-0-Acetyl-4-azido-2 3-di-O-benzyl-4-deoxy-D-glucono- 1 .5-lactone (19) was
obtained by similar oxidation of § (203 mg, 0.48 mmol) in 79.77 vicld (161 mg).
[a]p +88° (¢ 2.16): pNET 2110 (azide) and 1750 em ! (ester and lactone ).

Anal. Cale. for C--11-3N304: C,62.16; H, 5.45; N, 9.88. Found: ", ¢1.98: H,
5.55; N.9.79.

(i£) Bromine oxidation. To a suspension of 3 (0.74 g, 1.27 mmol) and barium
carbonate (1.24 g) in water (7.5 mL) and 1,4-dioxane (15 mL) was added bromine
(1 mL), with stirring. The mixture was stirred for 8 h at room temperature. the ex-
cess of bromine was removed with sodium sulfite, the insoluble material was
filtered off, and the filtrate was extracted with chloroform. The extract was washed
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with water, dried, and evaporated to give syrupy 16 (412 mg, 55.9%).

4-Azido-2,3-di-O-benzyl-4-deoxy-D-glucono-1,5-lactone (18) was obtained,
by similar oxidation of 4-azido-2,3-di-O-benzyl-4-deoxy-a.8-D-glucopyranose'’
(1.62 g, 4.20 mmol), in 65.8% yield (1.06 g); [a]p +92° (c 0.81); vz 3400 (OH),
2100 (azide), and 1755 cm ™! (lactone).

Anal. Calc. for C,H, N3O;5: C, 62.65; H, 5.52; N, 10.96. Found: C, 62.92;
H, 5.48; N, 10.69.

(iit) Dimethyl sulfoxide oxidation. A solution of 6-azido-2,3,4-tri-O-benzyl-6-
deoxy-a,B-D-glucopyranose” (268 mg, 0.56 mmol) in dimethyl sulfoxide (3.5 mL)
and acetic anhydride (2.3 mL) was stirred for 17 h at room temperature, and
poured into a solution of saturated sodium hydrogencarbonate. The mixture was
extracted with chloroform, and the extract was washed with water, dried, and
evaporated, to give 17 and the corresponding (methylthio)methyl glycoside in 54.7
(146 mg) and 16.9% (51 mg) yield (a: 8 = 2:1), respectively.

(Methylthio)methyl 6-azido-2,3,4-tri-O-benzyl-6-deoxy-a,B-D-glucopyrano-
side had [a]o +29.3° (¢ 1.91); »N2 2110 cm ™! (azide).

Anal. Calc. for C,gH33N305S: C, 65.03; H, 6.21; N, 7.85: S, 5.99. Found: C,
65.37; H, 6.09; N, 7.30; S, 5.86.

Methyl 2,3,4-tri-O-benzyl-6-O-(methylsulfonyl)-a-D-galactopyranoside (6).
— To a solution of methyl 2,3,4-tri-O-benzyl-a-D-galactopyranoside® (4.0 g, 8.62
mmol) in dry pyridine (15 mL) was added, dropwise, methanesulfonyl chloride (1
mL) with stirring at 0°. The mixture was stirred for 5 h at room temperature, and
then the usual processing gave crude 6 (4.7 g), which was purified on a column of
silica gel (9:1 hexane-ethyl acetate); [e]n +18.6° (¢ 1.02); 'H-n.m.r. (C4Dp): &
7.0~7.4 (m, 15 H, 3 Ph), 4.22-4.95 (m, 6 H, 3 CH,Ph), 4.64 (d, J, 5 3.7 Hz, H-1),
4.28 (dd, Js6 7.6, Jo & 10.2 Hz, H-6), 4.09 (dd, J, 3 10.0 Hz, H-2), 4.01 (dd, J5 ¢
4.6 Hz, H-6"), 3.88 (dd, J3 4 2.8 Hz, H-3), 3.78 (ddd, J, 5 1.2 Hz, H-5), 3.55 (dd,
H-4), 3.31 (s, 3 H, OMs), and 3.16 (s, 3 H, OMe).

Anal. Calc. for C,gH5,048: C, 64.18; H, 6.32; S, 5.91. Found: C. 64.12; H,
6.25; S, 6.02.

Methyl 6-azido-2,3,4-tri-OQ-benzyl-6-deoxy-a-D-galactopyranoside (7). — A
suspension of 6 (4.7 g) and sodium azide (790 mg, 12.2 mmol) in N,N-dimethylfor-
mamide (35 mL) was heated for 20 h at 130°, poured into water, cooled, and ex-
tracted with ethyl ether. The extract was washed with water, dried, and evapo-
rated. Separation of the products on a column of silica gel (9:1 hexane—ethyl ace-
tate) gave 7 (2.98 g, 70.7%) and methyl 3,6-anhydro-2.4-di-O-benzyl-a-D-galac-
topyranoside (0.42 g, 13.7%).

Compound 7: [a]p +10.7° (¢ 2.11); »N2¢' 2100 ecm™' (azide); 'H-n.m.r.
(CeNg): 8 7.1-7.4 (m, 15 H, 3 Ph), 4.36-5.09 (m. 6 H, 3 C/I,Ph), 473 (d, J,, 3.8
Hz, H-1), 4.18 (dd, J, ; 10.0 Hz, H-2), 3.92 (dd, J3 4, 3.4 Hz, H-3), 3.3-3.7 (m, 3
H, H-4,5,6),3.24 (s, 3H, OMe), and 2.74 (dd, J5 ¢ 2.8, Js - 12.0 Hz, H-6").

Anal. Cale. for C,gH;N305: C, 68.70; H, 6.38; N, 8.58. Found: C, 68.32; H,
6.36; N, 8.54.
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Methyl 3.6-anhydro-2,4-di-O-benzyl-a-D-galactopyranoside: [e]y, +19.27 (¢
1.1); '"H-n.m.r. (C,De): 8 7.1-7.4 {m, 10 H. 2 Ph). 4.13-5.01 (m. 4 H. 2 C/{-Ph).
4.77 (d. Jy 2 2.5 Hz, H-1). 4.55 (d. J4 4 0. J, < 2.0 Hz, H-4). 4.50(d, J- 5 5.4 H». H-
3).4.24(dd. J54 2.7, J5e (O Hz, H-5), 401 (dd. J,  10.0 Hz. H-6) 3.86 (d. H-6"),
3.72(dd. H-2).and 3.36 (5. 3 H. OMe); r1/iz2 356 (M "),

Anal. Calc. for C, H-,0,: C.70.76; H, 6.79. Found: (. 70.82; H. (.69,

Methy! 4-azido-2,3,0-1ri-O-benzvi-+-deoxy-a-D-galactopyranoside (8}, —
Reaction of methyl 2.3.6-tri-O-benzyl-4-O-(methylsulfonyl)-a-D-glucopyranoside
(4.1 g. 7.5 mmol) with sodium azide (730 mg), as described for 7. gave 8 in 76.2°%
yield (2.82 g); fa]y, +1.7° (¢ 0.71); £NE 2110 em ¥ (azidey; "Honumor, (C D) 8
7.1-7.5(m, ISH.3Ph). 435 472 (m. 4+ H, 2 CH-Ph), 4.65(d. J, , 3.0 Hz, H-1).
1.39 (s, 2 H. CH-Ph), 4.07 (dd. /> s 100 Hy, T1-2) . 3641 (m. SH, H-3.4.5.6). and
3.12(s.3 H. OMe).

Aral. Cale. for C;oH (N0« CL 08,70, H, 0,38, N, 8.58. Found: C. 68 820 I,
6.34; N. 8.57.

1-O-Acervi-6-azido-2.3, 1-1ri-Q-benzyl-6-deoxy-a B-D-galactopyranose (9). —
Acetolysis of 7 (6.8 g. 13.9 mmol) with acetic anhydride (13 mL} and conc. sulfuric
acid (0.3 ml .}, as described for 2, gave syrupy 9 in 88.5% vyicld (6 36 g) (a8 =
2.8:1.0): fali, +51.0° (¢ 2.02) #5210 (azidey. and 1750 em ' (ester): 'H-
n.m.r.;« anomer: § 7.2-7. 4 (m_ 15 H. 3 Ph). 6.36 (d. J - 4.0 Hr, H-1). 4.53-5 07
(m.4H.2CII,Ph). 4.69 (s. 2 1], CH-Ph). 4.15 {dd. /. . 10.2 Hz, H-2), 3.8-4.0 (m,
3 H. H-3.4.5),3.45(dd, J< o 8.8, J, 4 [2.3 Hz, H-6). 3,12 (dd. J< - 6.0 Hz, H-0").
and 2.12 (s, 3 H. Ac): B anomer: § 7.3-7.5(m, 15 H. 3 Ph), 3.62 (d. J, - 8.0 H7,
H-1). 4.60-5.11 (m., 4 H. 2 CH-Ph). 480 (s. 2 H. C#/,Ph) 399 ¢dd. /. 3 9.6 Hz.
H-2), 3.86 (dd. 1 H, Ja4 2.7 Mz, }H-4). 3.64 (dd. 11-3). 3.5 2.7 (m. 1 H, H-3). 3.51
(dd, Js 0.0, J, o 14.3 Hz . H-6). 3. 14 (dd. /< 8.3 TLe, H-6") and 2.03 (. 3 H. Ac).

Anal. Calc. tor C>oH (N, C, 67.29: H, 6.04: N. R 12, Found: €, 60741, H.,
6.00; N_R8.01.

G-Azido-2. 3, 4-tri-O-benzyi-6-deaxy-a . 8-U-galaciopyrancse (10) - Treat-
ment of 9 (2.1 g. 4.06 mmaot) with methanolic sodium methoxide (0.3, 3 mL). as
described for 3. gave 10 in 98077 vield (1.89 @) o]y, + 50 37 (0 19y,

Arnal Cale. for CosHLuN;O<: CL o819, Ho 6,15 N_U8.8L. Found: €, 68.22; H,
5.90: N_8.75.

1-O-Acetyl-4-azido-2 . 3,6-tri-O-benzyl-d-deoxy-a S-D-galactopyranose  (11).
— Acctolysis of 8 (6,10 g, 12.46 mmol) with acetic anhydride (20 mI.) and conc.
sulfuric acid (1.2 mL). as described for 2, gave 11 and 1.6-di-O-acctyl-4-azido-2.3-
di-O-benzyl-4+-deoxy-a,B-D-galactopyranose in vields of 4.9 g (76,07 . «:8 =
10:1yand 1.1 g (18.8%  «: 3 = 20: 1), respectively.

Compound t1: [a],;, +35.6° (¢ 117} 2N 2110 (azide) and 1755 cm !
(ester).

Anal. Calc. for Co,Hy N, CL67.29: H. 6.04: NUS. 12, Found- <, 67.46; H,
6.09; N, 8.02,

4-Azido-2,3.6-tri-O-henzyvi-4-deoxv-a.B-D-galactopyranose (12) — Deacety-
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lation of 11 (0.63 g, 1.22 mmol) with methanolic sodium methoxide (0.2M, 0.3 mL),
as described for 3, gave 12 in quantitative yield; [a]p +20.2° (¢ 2.0); »Na<' 2110
em ™! (azide).

Anal. Calc. for Ca;HxgN:Os: C, 68.19; H, 6.15; N, 8.84. Found: C, 67.93; H,
6.24; N, 8.59.

6-Azido-2,3,4-tri-O-benzyl-6-deoxy-D-galactono-1.5-lactone (20). — Oxida-
tion of 10 (4.0 g, 8.4 mmol) with pyridinium chlorochromate (4.33 g), as described
for 16, gave 20 in 86.1% yield (3.43 g); [a]p +110° (¢ 0.69); » N3¢ 2100 (azide) and
1760 cm ! (lactone).

Anal. Calc. for C,;H»,N;05: C, 68.48; H, 5.75; N, 8.87. Found: C, 68.29; H,
5.68; N, 8.92.

4-Azido-2,3,6-tri-O-benzyi-4-deoxy-b-galactono-1,5-lactone (21). — Oxida-
tion of 12 (516 mg, 1.09 mmol) with pyridinium chlorochromate (700 mg) gave 21
in 76.7% yield (394 mg); [a]p +61.4° (¢ 3.6); pN2E' 2110 (azide) and 1760 cm ™!
(lactone).

Anal. Cale. for C»;H3;N3;05: C, 68.48; H, 5.75; N, 8.87. Found: C, 68.76; H,
5.81; N, 8.61.

7-0O-Acetyl-2,3,4-tri-O-benzyl-6-(benzyloxycarbonyl)amino-6-deoxy-1L-gly-
cero-D-gluco-heptono-1,5-lactone (22). — Oxidation of 13 (0.90 g. 1.37 mmol)
2,3,4-tri- O-benzyl-6-(benzyloxycarbonyl)amino-6-deoxy-L-glycero-D-gluco-hepto-
pyranose® (1.21 g, 2.0 mmol) with benzylamine (2.0 mL), as described for 5, gave
13 in 79.9% yield (908 mg); [¢]p +20.6° (¢ 1.65); »Nac’ 1730 and 1520 cm ™!
(urethan).

Anal. Calc. for C3gH 4 NOy: C, 69.60; H, 6.30; N, 2.14. Found: C, 69.51; H,
6.22; N, 2.21.

7-O-Acetyl-2,3,4-tri-O-benzyl-6-(benzyloxycarbonyl)amino-6-deoxy-L-gly-
cero-D-gluco-heprono-1,5-lactone (22). — Oxidation of 13 (0.90 g, 1.37 mmol) with
pyridinium chlorochromate (0.85 g), as described for 16, gave 22 in 84.8%
vield (761 mg); [alp +54.7° (¢ 0.77); pN#C1 1750 (lactone and ester), 1720 and 1520
cm ™! (urethan).

Anal. Calc. for C33H3oNQo: C, 69.82; H, 6.01; N, 2.14. Found: C, 69.89; H,
6.05:N,2.02.

Methyl 4,6-di-O-allyl-2,3-O-isopropylidene-a-D-mannopyranoside 23). —
To a suspension of methyl 2,3-O-isopropylidene-a-D-mannopyranoside (1.53 g, 6.5
mmol) and sodium hydride (50%: 1.0 g, 21 mmol) in anhydrous N,N-dimethylfor-
mamide (20 mL) was added allyl bromide (2.40 g) dropwise. The mixture was stir-
red for 4 h at room temperature, poured into ice- water, and extracted with chloro-
form. The usual processing of the extract, and purification of the product by flash
column-chromatography on silica gel (7:1 hexane—ethyl acetate) gave pure 23 as a
syrup in 99.8% yield (2.05 g); [a]p +108° (¢ 1.6); '"H-n.m.r.: § 5.7-6.1 (m, 2 H, 2
-CH=), 4.95-5.3 (m, 4 H, 2 =CH,), 4.92 (s, H-1), 3.4-4.4 (m, 10 H, H-2,3,4,5,6
and 2 OCH,), 3.38 (s, 3 H, OMe), and 1.52 and 1.35 (each s, 6 H, 2 CMe).

Anal. Calc. for C,¢H604: C, 61.13; H, 8.34. Found: C, 60.94; H, 8.50.
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Methy! 2,3-O-isopropylidene-4,6-di-O-{{methyithioymethyl]-a-D-mannopyra-
noside (24). — To a solution of methyl 2.3-O-isopropylidene-a-D-man-
nopyranoside (1.99 g, 8.5 mmol) in anhydrous dimethyl sulfoxide (25 mL) was
added a mixture of acetic anhydride (17 mL) and acetic acid (3 ml.). with stirring.
The solution was kept for 46 h at room temperature, pourcd into saturated sodium
hydrogencarbonate, stirred overnight, and extracted with chloroform. 1'he usual
processing of the extract, and purification of the product by flash column-
chromatography on silica gel (20:1 hexanc—cthyl acetate). gave 24 as a syrup (1.57
g) in 52.1% yield: [a];; +116° (¢ 5.2): 'H-n.m.r.: 8 4.8-5.1 (ABq, 2 H, OCH-$).
4.90 (s, H-1). .78 (s. 2 H. OCH,S8). 3.6-4.4 (m. 6 H. H-2.3.4.5.6). 3.43 (». 3 H.
OMe). 2.20 and 2.18 {each s, 6 H,2 SMe). and 1.55 and .34 (each s, 6 H, 2 CMe).

Anal. Cale. for C 1 HA 0S5 C, 47,44, H, 7.39: S. 18.09 Found: (", 47.23; H.
7.16;S.17.85.

Methy! 4,6-di-O-(tert-butyldiphenylsilyl)-2,3-O-isopropviidene-a-D-manno-
pyranoside (25). — To a solution of methyl 2.3-O-isopropylidene-a-D-man-
nopyranoside (1.43 g, 6.1 mmol) and imidazole (1.25 g, 18.4 mmol) in anhydrous
N.N-dimethylformamide (10 mL) was added rerr-butylchlorodiphenylsilane (4.2 g),
and the mixture was stirred for 12 h at room temperature. The usual processing of
the mixture, and purification of the product by flash column-chromatography on
silica gel (20:1 hexane—ethyl acetate), gave pure 25 as a syrup (4.07 g) in 90.7%
vield; [a]np —18.7° (¢ 2.1): '"H-a.m.r.: 8 7.1-7.6 (m. 20 H, 4 Ph). 4.86 (s, H-1), 4.26
(t. J23 = J34 6.4 Hz, H-3), 4,10 (d. H-2), 3.7-4.0 and 3.3-3.5 (m. 4 H. H-4.5.6).
3.49 (5.3 H, Ome), and 1.25,1.05, and 0.98 (each 5. 18 H, 6 CMe).

Anal. Cale. fTor CyioHsyOGSi,: C, 70.94; H., 7.66. Found: C. 70.96; H. 7.50.

O-Deisopropylidenation of methy! 2.3-O-1sopropylidene-a-D-mannopyrano-
side derivatives (23-25). — Rcaction was generally performed as follows. A solu-
tion of the 2,3-O-isopropylidene derivative (3 mmol) in 3:1 acetic acid—water (40
mL) was stirred at 40°. After the reaction was complete, the acetic acid and water
were removed by azcotropic evaporalion with toluene, and the residual syrup was
purified on a column of silica get with (A) 1:1 or (B) 3: | hexane—ethyl acctate.

Methyl 4,6-di-O-allyl-a-D-mannopyranoside (26): 98.1% vicld {solvent A};
[a]lp +69.2° (¢ 2.3).

Anal. Cale. for C,3H,,04: C.56.92; H, 8.08. Found: C. 56.93; H, 8.09.

Methyl 4,6-di-O-[(methylthio)methyl]-a-D-mannopyranoside (27): 76.0%
yield (solvent A): [a], +36.7° (¢ 1.9).

Anal. Calc. for CH,,0.S5: C,42.02; H, 7.05: S, 20.39, Found: C, 41.65; H,
7.14;8.20.54,

Methyl 4.6-di-O-(terr-butyldiphenylsilyl)-a-D-mannopyranoside (28): 87.29
yvield (solvent B, [a]p +17.7° (¢ 2.6).

Anal. Calec. for CioHs(6Sia: €L 69.81; H, 7.51. Found: C, 69.56; H, 7.69.

Preparation of 2,3-di-OQ-(trimethylsilyl) derivatives (30-34). -~ The 2.3-di-
(trimethylsilyl) ethers were generally preparcd as follows. To a solution of the
methyl a-D-mannopyranoside derivative (3.0 mmol) and hexamethyldisilazane
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(7.8-8.0 mmol) in dichloromethane (10 mL) was added trifluoroacetic acid (2
drops) at 0°, with stirring, and the mixture was stirred overnight at room tempera-
ture. After the reaction was complete, the mixture was evaporated. The residual
syrup was separated by flash column-chromatography on silica gel with 10-20:1
hexane—ethyl acetate.

Methyl 4,6-di-O-acetyl-2,3-di-O-(irimethylsilyl)-a-D-mannopyranoside”
(30): 91.8% vyield; [alp +31.5° (¢ 3.6); 'H-n.m.r.: § S.18 (, J54 = J, 5 9.8 Hz, H-
4), 4.57(d,J, 2.0 Hz, H-1), 422 (dd, J5 5.3, Jg ¢ 12.0 Hz, H-6), 4.08 (dd, Js ¢
3.4 Hz, H-6"), 3.74.1 (m, 3 H, H-2,3,5), 3.37 (s, 3 H, OMe), 2.04 and 2.06 (each
s, 6 H,2 Ac), and 0.12 (s, 18 H, 6 SiMe).

Anal, Calc. for C;H3,05Si5: C, 48.31; H, 8.11. Found: C, 48.36; H. 8.07.

Methyl 4 6-di-O-benzoyl-2,3-di-O-(trimethylsilyl)-a-D-mannopyranoside
(31): 98.6% yield; [a]p +31.1° (¢ 3.0); 'H-n.m.1.: §8.0-8.2and 7.4-7.6 (m, 10 H,
2Ph), 5.72(t, J3.4 = J4 5 10.0 Hz, H-4), 4.67 (d, J, ; 2.2 Hz, H-1), 4.56 (dd, J5 ¢ 3.6,
Js.er 11.8 Hz, H-6), 4.39 (dd, 756 5.0 Hz, H-6’),3.92 (t, J, 3 2.2 Hz, H-2), 4.0-4.3
(m, 2 H, H-3,5), 3.45 (s. 3 H. OMe). and 0.16 (s, 18 H. 6 SiMe).

Anal. Calc. for C,7H3¢045i5: C, 59.31; H, 7.01. Found: C, 59.35; H, 6.93.

Methyl 4,6-di-O-allyl-2,3-di-O-(trimethylsilyl)-a-D-mannopyranoside (32):
98.1% yield; [alp +55.4° (¢ 1.7); 'H-n.m.r.: § 5.7-6.2 (m, 2 H, 2 CH=), 5.1-5.5
(m, 4 H, 2 =CHy), 4.57 (d. J; 5 2.0 Hz, H-1), 3.64.4 (m, 10 H, H-2,3,4,5,6 and
2 CH,0), 3.45 (s, 3 H, OMe), and 0.18 (s, 18 H, 6 SiMe).

Anal. Calc. for CoH3xO04Si>: C, 54.50; H, 9.15. Found: C, 54.70; H, 9.14.

Methyl 4,6-di-O-[(methylthio)methyl}-2,3-di-O-(trimethylsilyl)-a-D-manno-
pyranoside (33): 72.5% yield; [a],, +82.5° (¢ 1.7); 'H-n.m.r.: §4.79 and 4.84 (m,
4 H, 2 OCH,S), 4.57 (d, J, , 2.0 Hz, H-1), 3.6-4.1 (m, 6 H, H-2.3,4,5.6), 3.39 (s,
3 H, OMe), 2.18 and 2.25 (each s, 6 H., 2 SMe), and 0.12 and 0.15 (each s, 18 H,
6 SiMe).

Anal. Calc. for Ci7H33048,815: C, 44.50; H, 8.35: 8, 13.98. Found: C, 44.68;
H,8.17;8, 13.66.

Mcthyl 4,6-di-O-(tert-butyldiphenylsilyl)-2,3-di- O-(trimethylsilyl)-a-D-man-
nopyranoside (34): 96.9% yield; [a]p +32.0° (¢ 1.8); 'H-n.m.r.: § 7.5-8.0 (m, 20
H, 4 Ph). 4.71 (d. /1> 2.0 Hz. H-1), 3.8-4.3 (m, 6 H, H-2.3,4,5,6), 3.66 (s, 3 H,
OMe), 1.16 and 1.21 (each s, 18 H, 6 CMe), and 0.17 and 0.37 (ecach s, I8 H, 6
SiMe).

Anal. Calc. for CysHgeOsS1,4: C, 66.29; H, 8.16. Found: C, 66.66; H, 7.90.

Synthesis of methyl 2,3-O-D-glycopyranosylidene-a-D-mannopyranoside de-
rivatives (3744 and 46-48). — These compounds were generally synthesized as fol-
lows. To a solution of an aldono-1,5-lactone (1.0 mmol) and a methyl 2,3-di-O-
(trimethylsilyl)-a-D-mannopyranoside  (1.3-1.5 mmol) in anhydrous di-
chloromethanc {2-3 ml) was added trimethylsilyl trifluoromethanesulfonate
(0.05-0.1 mmol) in dichloromethane at 0°, and the mixture was kept for 2-4 days
at room temperature. After the reaction was complete, the mixture was diluted
with chloroform. The usual processing of the reaction mixture, and purification of
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the product on a column of silica gel (flash column, or Lobar column) with hexane—
ether or hexane—ethyl acetate gave pure products. The yields and physical con-
stants of the purc isomers arc summarized in Tables IT and 111,

Methyl 3.6-di-O-benzyl-2 3-0-[ 2.3 4-tri-O-benzyi-6-(benzyloxycarbonyl)-
amino-6-deoxy-D-glucopyranosylidenc -a-D-mannopyranoside (37): reaction of 16
with 29 for 2 days gave a mixture (37) of two isomers as a syrup that could not be
separated.

Anal. Cale. for Cs; HsoNQO 52 CL71.70; H, 6.34: N. 1.49. Found: C.71.69: I,
6.49; N, 1.25.

Methyl  2.3-0-(6-azido-2,3,3-1ri-O-benzyl-6-deoxy-D-glucopyranosylidene )-
4.6-di-O-benzyl-a-D-mannopyranoside (38): rcaction of 17 with 29 for 3 days gave
amixture (38) of two isomers as a syrup that could not be separated.

Anal. Cale. for C, H N-O(,: C. 69.47; H, 6.19; N, 5.06. Found: C. 64.18;
H. 6.30: N.5.04.

Mecthyl 2.3-O-(4-azido-2 3-di-O-benzyl-4-dcoxy-D-glucopyranosylidenc )-+4,6-
di-O-benzyl-a-D-mannopyranoside (39): reaction of 18 with 29 for 33 h, and sep-
aration of the product with 17:3 hexane—cthyl acetate. gave 39a and 39b.

Anal. Cale. for C, HN2O,: C.66.43; H, 6.13; N, 5.68. Found for 39a: C,
66.57; H.6.24: N, 557 and for 39b: C, 6627, 1T, 6.17; N. 5.53.

Methyl  2.3-O-(6-0-acetyl-4-azido-2.3-di-O-benzyl-4-deoxy-D-glucopyrano-
sylidene)-4,6-di-O-benzyl-a-D-mannopyranoside (40): reaction of 19 with 29 for 2
days, and separation of the product by preparative t.l.c. (1:1 hexane-—-ether). gave
39 and 40.

Anal. Calc. for C  H-N;O 0 C, 66.06: H, 6.06; N, 3.37. Found: C. 66.45,;
H.6.15; N.5.47.

Methyl 2,3-0-(6-azido-2 3 ,4-tri-OQ-benzyl-6-deoxy-D-galactopyranosyl-
idene)-1.6-di-Q-benzyl-a-D-mannopyranoside (46): reaction of 20 with 29 for 2
days. and separation of the product with 100:3 hexane--ethyl acetate, gave 46a and
46b.

Anal. Calc. for CyqH N3O C. 69.47; H, 6.19: N, 5.06. Found for 46a: C.
69.41;: H, 6.18. N, 4.73; and for 46b: C. 69.38: H, 6.20: N. 4.99.

Methyl 2.3-0-(4-azido-2.3 ,6-tri-(O-benzyl-4-deoxy-bD-galactopyranosyl-
idene)-+4.6-di-O-benzyl-a-D-mannopyranoside (47): reaction of 21 with 29 for 3
days, and separation of the product with 7:3 hexanc—cther. gave 47a and 47b.

Anal. Calc. for Ci,gH N:O | C.69.47; H. 6.19: N, 5.06. Found for 47a: C,
69.42;: H,5.90; N, 5.09; and for47b: C. 69.33; H. 6.18; N, 5.12.

Methyl 2.3-O-[7-O-acctyl-2.3 4-tri-O-benzyl-6-( benzyloxycarbonyl)amino-6-
deoxy-1.-glvcero-v-gluco-heptopyranosylidene]-4,6-di- O-benzyl-a-D-mannopyra-
noside (48): reaction of 22 with 29 for 43 h gave a mixture (48) of two isomers as
a syrup that could not be separated.

Anal. Calc. for CssH3 \NO 4 C, 70.15; H, 6.29; N, 1.39. Found: C_69.81: H.
6.24: N. 1.39.

Methyl 4.6-di-Q-acetyl-2 3-O-(2.3 4. 6-tetra-O-benzyl-D-glucopyranosyl-
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idene)-a-D-mannopyranoside (41): reaction of 14 with 30 for 4 days gave a mixture
(41) of two isomers as a syrup that could not be separated.

Anal. Calc. for C4sHs0044: C, 67.65; H, 6.31. Found: C, 67.36; H, 6.24.

Methyl  4,6-di-O-benzoyl-2,3-0-(2,3,4,6-tetra-O-benzyl-D-glucopyranosyl-
idene)-a-D-mannopyranoside (42): reaction of 14 with 31 for 4 days gave a mixture
(42) of two isomers as a syrup that could not be separated.

Anal. Calc. for CssHs,0,4: C, 71.57; H, 5.90. Found: C,71.46; H, 5.93.

Methyl 4,6-di-O-allyl-2,3-0-(2,3.4,6-tetra-O-benzyl-D-glucopyranosyl-
idene)-a-D-mannopyranoside (43): reaction of 14 with 32 for 3 days. and separa-
tion of the product mixture with 15: 1 hexane—ethyl acetate, gave 43a and 43b.

Anal. Cale. for C47;Hs,O,: C, 71.01; H, 6.85. Found: C, 70.75; H, 6.91.

Methyl 2,3-0-(2,3,4,6-tetra-O-benzyl-D-glucopyranosylidene )-4,6-di-O-
[(methylthio)methyl]-a-D-mannopyranoside (44): reaction of 14 with 33 for 4 days,
and purification of the product with 9:1 hexane—ethyl acetate (flash column), gave
one isomer (44).

Anal. Calc. for C4sHs,0,,S,: C,64.72; H, 6.52; S, 7.68. Found: C, 64.77, H,
6.31; S, 7.57.

Deacylation of 40, 42, and 48. — The reaction was gencrally performed as
follows. A solution of 40, 42, or 48 (0.6 mmol) in anhydrous methanolic ammonia
(1:1 methanol-saturated methanolic ammonia) was kept at room temperature.
After the reaction was complete, the mixture was evaporated, to give a syrupy
product (39, 45, or 49) which was purified on a column of silica gel with hexane—
ether or hexane—ethyl acetate. The physical data for the pure isomers are sum-
marized in Tables IT and III.

The reaction of 40 for 4 h gave 39 (93.4%), which was separated as already
described for 39.

Methyl 2.3-0-(2,3.4,6-tetra-O-benzyl-D-glucopyranosylidenc)-a-D-manno-
pyranoside (45): the reaction of 42, and separation of the product by preparative
t.1.c. with 1:2 hexane—ethyl acetate, gave 45a (30.3%) and 45b (65.2%).

Anal. Calc. for C4;HaqOqy: C. 68.89; H, 6.49. Found for 45a: C. 69.01; H,
6.60; and for 45b: C, 68.77; H, 6.66.

Methyl  4,6-di-O-benzyl-2,3-0-[2,3,4-tri-O-benzyl-6-(benzyloxycarbonyl)-
amino - 6-deoxy - L-glycero -D-gluco-heptopyranosylidene]-a-D-mannopyranoside
(49): the reaction of 48 for 6 h, and separation of the product with 83:17 hexane—
ethyl acetate, gave 49a (46.3%) and 49b (45.1%).

Anal. Calc. for Cs;HgNO,5: C, 70.71; H, 6.35; N, 1.45. Found for 49a: C,
70.72; H, 6.46; N, 1.34; and for 49b: C, 70.52; H, 6.30; N, 1.30.
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