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Functionalization of 2-Deoxy-2,3-dehydro-N-acetylneuraminic
Acid Methyl Ester?
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The acetyl protected 2-deoxy-2,3-dehydroneuraminic acid methyl ester was functionalized by modifying its
2,3-double bond to convert it into new glycosyl donors such as 2,3-dibromo-, 2,3-epoxy-, and 2-halo-3-

hydroxyneuraminic acid derivatives.

In the glycosylation of N-acetylneuraminic acid
(NeuAc), most reactions have so far been carried out by
use of 2-chloro derivative of the pentaacetylated neu-
raminic acid methyl ester 1 first prepared by Kuhn et
al.? The largest problem in these reactions is that the
main product is the 2-deoxy-2,3-dehydro-NeuAc deriv-
ative 2% generated by the competitive elimination of
hydrogen chloride when the reactivity of the glycosyl
acceptor is low. As it was difficult to prevent the elim-
ination of hydrogen chloride in the 2-chloro derivative
1, we have tried to utilize 2 having the 2,3-double bond
to prepare new and useful glycosyl donors. The pauc-
ity of reports on reactivity of the 2,3-dehydro com-
pound 2 prompted us to investigate it. We report here
some functionalizations of 2, which was easily pre-
pared in 81% yield by treatment of 1 with DBU in
benzene and by crystallization from hexane-ethyl
acetate.

Reactivity of the 2,3-Double Bond of 2. First we
carried out bromination of 2 by treatment with brom-
ine in dichloromethane or by electrochemical oxida-
tion of sodium bromide? in acetonitrile-water (Pt-Pt
electrodes) to give the 28,3a-dibromide 3a® as white
crystals in 93 or 98% yield, respectively (Table 1,
Entries 1, 2). In !HNMR sepctrum the Jseq4 coupling
constant of 3a is 3.4 Hz, indicating that the configura-
tion of the bromo groups is trans diaxial. The dibrom-
ide 3a is a useful glycosyl donor for the glycosylation
since the 3-axial position is blocked by the bromo
group to prevent the elimination reaction.®

Treatment of 2 with N-bromosuccinimide (NBS) in
acetonitrile-water at 20 °C gave in 98% yield two bro-
mohydrins which were separated by silica-gel column
chromatography (Entry 3). The more mobile isomer
was adduct 4b having a trans diequatorial bromine
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(59% yield), and the slower was trans diaxial adduct
3b (39% yield), which showed 11.0 and 3.7 Hz of Js4
coupling constant, respectively, in 'HNMR spectra.
Interestingly in this bromohydrination, the product
ratio was variable according to the reaction tempera-
ture. Thus, at a low temperature (—20 °C) the diequa-
torial adduct 4b was obtained predominantly (dime-
thyl sulfoxide was used as the solvent since the
reaction was very slow when acetonitrile was used),
whereas at a high temperature (60—80°C) the ther-
modynamically more stable diaxial isomer 3b was
formed in preference to 4b (Entries 4, 5, 6). The use of
N-iodosuccinimide (NIS) instead of NBS gave similar
results but no adduct was obtained with N-chloro-
succinimide (NCS) (Entries 7, 8, 9).

Bromoacetoxylation of 2 was effective with NBS-so-
dium acetate-acetic acid system to give 3d (41% yield)
and 4d (41% yield) (Entry 10). Without sodium acetate
this reaction required a longer reaction time. Similar
result was obtained in iodoacetoxylation of 2 except
the ratio of yields of 3e (80%) and 4e (11%) (Entry 11).
Chloroacetoxylation of 2 did not proceed similarly to
the above chlorohydrin reaction (Entry 12). Treatment
of 2 with NBS or 2,4,4,6-tetrabromo-2,5-cyclohexadien-
1-one (TBCD) in methanol gave in quantitative yield a
mixture of methyl 3-bromo glycosides 3f and 4f
(Entries 13, 14), which was separated and the both
glycosides were debrominated with tributylstannane to
give methyl B-glycoside 5% (3: X=H, Y=0OMe) and o-
glycoside 6% (4: X=H, Y=0OMe) in 96% yield. Iodome-
thoxylation was failed owing to decomposition of NIS
with methanol (Entry 15). Attempts of haloglycosyla-
tion of 2 with NXS (X=Br, I)-sugar derivative combi-
nations” were unsuccessful.

Conversion of 3b and 3c to Glycosyl Donors 7 and
8a—c. Since direct epoxidation of 2 with various
peroxides was unsuccessful, we have examined conver-
sion of 3b and 3c to the epoxide 7. Treatment of the
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Table 1. Reaction of 2 with X+—Y-

Entry Reaction System Reaction Product (Yield/%®)
Temp/°C  Time/h X Y 3 series 4 series
1 gr}‘{’:'gl’;e 0 0.2 Br Br (g‘;) -
2 ﬁaélérl;,__ﬁz)o 20 2.0 Br Br é’s) —
3 ll\\r/lles(SJN-HzO 20 6.0 Br OH (3;3) (;g)
4 11\)11]\34550—}12 o —20 0.5 Br OH (3';) (';l;)
3 mnggN-Hzo 60 1.0 Br OH (5_;71;) (;?S)
6 ?/IE%N—H;»O 80 0.2 Br OH (?;g) é‘; )
7 II\\I/IIeSCN—HzO 20 8.0 I OH (%%) éCS)
8 II:J/ILSCN—Hzo 60 0.5 I OH (3;2) (;fx)
9 II:I/IS(SIN—Hgo 60 12.0 cl OH — _b
10 o Na-ACOH 20 15 Br OAc (i‘;) é"l)
1 ELI‘(S)Na—AcOH 20 1.0 I OAc (?s?) ) (ﬁ )
12 N ONa-ACOH 20 6.0 cl OAc - v
13 ﬁng 20 1.0 Br OMe (3;7) (‘;fs)
14 gg(z:(]?l:)—MeOH 20 0.2 Br OMe (ifs) (1?3)
15 MO 20 2.0 I OMe — —b

a) Isolated yield. b) 2 was recovered. c¢) 2,4,4,6-Tetrabromo-2,5-cyclohexadien-1-one.
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in acetonitrile

3b X=Br (>—)2NEt. 4 h 83°% 7
DBU, 10 min 92°%
3¢ X=1 (>-)2NEt, 2h 76°%%
Scheme 3.

AcO !" pAC (o]

AcO &—7~0—f7~Cco0Me _AcO T~0—7~~Co0Me
AcHNM AcHN OH
1,2-dichloroethane da
OAc rt, 10 min ¢
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Scheme 4.
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Scheme 5.

bromohydrin 3b with N,N-diisopropylethylamine in
anhydrous acetonitrile for 4 h gave the B-epoxide 7 as
white crystals in 83% yield (Scheme 3). As some
decomposition products were detected during the
period of the reaction, 3b was treated with DBU for 10
min to afford 7 in 92% yield. Similarly, the iodohydrin
3c was converted with N,N-diisopropylethylamine to
the epoxide 7 in 76% yield. In 'HNMR spectrum of
the epoxide 7, the J34 coupling constant was 0 Hz, and
in mass (FAB) spectrum of 7, molecular ion m/z 490
(M+1) was observed. On the other hand the diequator-
ial bromohydrins 4b and 4c were unreactive to the
above epoxidation conditions.

We found that the epoxide 7 was very sensitive to the
Lewis acids such as boron trifluoride-ether complex,
titanium(IV) chloride, and titanium(IV) bromide.
When the epoxide 7 was treated with boron trifluori-
de-ether complex in 1,2-dichloroethane, a single prod-
uct was obtained. The vicinal coupling constant
between H-3ax and fluoro group of the product was
22.6 Hz in 'H NMR spectrum and the molecular ion
m/z 510 was observed in mass (FAB) spectrum. From
these data structure of the product was deduced as the
fluorohydrin 8a shown in Scheme 4. The treatment of
7 with titanium(IV) chloride or titanium(IV) bromide
in 1,2-dichloroethane gave the 2-chloro compound 8b
or 2-bromo compound 8c quantitatively. As the ques-

tion still remained in the configuration of the ano-
meric position of 8b and 8¢, the bromo derivative 8c
was treated with silver fluoride in acetonitrile to give
the fluoride 8d in concomitance with the epoxide 7.
The J3.x,r coupling constant of 8d was 15.0 Hz and this
value agreed with a configuration® of the fluorine
atom, different from the 8 isomer 8a.

The epoxide 7, fluoride 8a, chloride 8b, and bromide
8c are well-suited to be the glycosyl donors for the
glycosylation reaction, since these derivatives are no
longer the deoxysugar at 3 position and the competi-
tive elimination reaction is suppressed.?

Experimental

General. Melting points were taken on a Mitamura
Riken flat-bulb thermometer with a heating metal block and
uncorrected. Elemental analyses were done on a Perkin-
Elmer 240C elemental analyzer. Nuclear magnetic resonance
spectra (NMR) were obtained with a JEOL GX-500 instru-
ment in the FT mode. Chemical shifts were expressed in
parts per million from internal tetramethylsilane (8). Cou-
pling constants are in hertz(Hz) and splitting pattern abbre-
viations are: s, singlet; d, doublet; dd, doublet of doublets;
ddd, doublet of double doublets; br, broad. Mass spectra
(MS) were obtained on a JEOL DX-300 spectrometer. In-
frared spectra (IR) were recorded on a JASCO A-3 spectro-
photometer. Optical rotations [a]p were recorded on a
JASCO DIP-181 digital polarimeter.
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Table 2. 'HNMR Data of 2—8d in Chloroform-d
Com.- Chemical shifts, 8 (multplicity)
pound H-3eq H-3ax H-4 H-5 H-6 H-7 H-8 H-9 H-9 Me ester NH OH-2 OH-3 0O-Ac, N-Ac Aglycon
(d) (d) (dd) (ddd) (dd) (dd) (ddd) (dd) (dd) (s) (d) (brs) (d) (s) (s)
2% 6.00 5.52 4.38 4.41 551 537 420 4.60 381 5.55 1.94, 2.06, 2.07, 2.08, 2.13
3a 5.05 5.77 451 4.46 542 525 4.15 445 391 5.54 1.96, 2.06, 2.09, 2.11, 2.16
3b  4.62 544 442 4.38 535 529 415 489 382 6.03 592 1.93, 2.04, 2.08, 2.09, 2.19
3¢ 4.71 480 4.32 4.42 533 528 415 496 382 6.13 592 1.93, 2.04, 2.07, 2.09, 2.20
3d 4.65 5.65 4.09 4.32 533 5.13 422 458 383 5.63 1.94, 2.04, 2.04, 2.11, 2.19, 2.20
3¢ 4.75 5.02 4.01 433 532 513 423 458 383 5.70 1.95, 2.03, 2.04, 2.11, 2.19, 2.21
3f 4.61 547 4.37 4.09 536 529 4.19 487 384 543 1.91, 2.04, 2.08, 2.08, 2.18 3.30
4b 436 532 4.32 430 533 520 399 438 394 593 5.06 1.89, 2.03, 2.08, 2.09, 2.14
4c 4.40 534 431 4.33 533 5.19 400 437 393 6.13 5.21 1.89, 2.02, 2.09, 2.10, 2.14
4d 410 529 4.33 525 539 511 4.04 437 379 6.00 1.90, 2.04, 2.09, 2.10, 2.12, 2.15
4e 419 527 429 522 538 511 4.04 437 380 6.0l 1.89, 2.04, 2.08, 2.11, 2.12, 2.14
4f 398 549 427 4.65 526 535 4.05 424 385 544 1.91, 2.03, 2.07, 2.08, 2.14 3.54
5 244Y 189Y 526 4.13 393 541 522 413 480 382 542 1.88, 2.02, 2.03, 2.08, 2.15 3.27
6 257% 194" 486 4.07 4.13 533 543 411 4.32 3.82 514 1.89, 2.03, 2.04, 2.14, 2.15 3.32
7 361 521 427 4.08 542 528 4.17 455 385 5.69 1.91, 2.05, 2.08, 2.12, 2.13
8a 4189 5.22 431 434 538 520 404 436 389 6.19 3.82 1.88, 2.05, 2.08, 2.09, 2.14
8b 418" 522 432 438 544 516 4.03 4.40 391 5.66 3.39 1.90, 2.06, 2.10, 2.10, 2.13
8c 3.83" 5924 437 434 546 5.16 4.04 442 392 583 3.65 1.90, 2.07, 2.10, 2.12, 2.13
8d 3.999 538 433 446 529 531 4.09 4.34 386 6.17 4.20 1.90, 2.03, 2.05, 2.11, 2.14
First-order coupling constants, Hz
Compound
J3eq,3ax J3eq, J3ax,4 Jas Js6 Js,NH Je1 I8 Js Js9 X JoH,3ex JaaxF
2 3.4 7.0 8.9 8.8 3.5 4.3 7.0 3.2 —-12.5
3a 3.4 10.0 10.7 9.9 1.8 7.0 5.5 2.8 —-12.5
3b 3.7 10.1 10.2 8.9 1.5 3.6 8.2 2.2 —-12.5
3c 4.0 10.1 10.4 9.5 1.8 2.0 8.6 2.3 -12.2
3d 3.8 9.4 10.7 8.5 1.8 5.6 6.4 2.1 —12.5
3e 4.0 10.4 10.7 8.6 1.8 55 6.4 2.4 -12.5
3f 3.7 10.4 10.7 10.1 1.8 4.3 7.5 2.4 —12.5
4b 11.0 10.7 10.0 9.5 1.8 6.9 7.0 2.4 —12.5
4c 11.0 9.5 10.0 9.5 2.1 7.0 7.0 2.6 —12.5
4d 10.1 10.4 11.0 10.4 2.5 6.1 6.1 2.4 —12.5
4e 11.3 10.1 11.0 10.4 2.4 6.1 6.1 2.4 —12.5
4f 10.7 10.4 10.8 10.4 2.1 8.5 6.1 2.2 —12.5
5 —12.8 5.0 12.5 10.6 10.5 9.3 2.3 2.1 7.6 2.4 -12.5
6 —12.8 4.6 12.5 10.1 10.2 9.8 2.1 8.5 5.5 2.7 —12.5
7 0 7.6 8.5 10.1 3.7 4.9 7.0 2.8 -12.5
8a 9.5 9.3 9.7 8.8 1.8 6.7 6.4 2.5 —-12.5 7.9 —22.6
8b 9.5 9.5 9.7 10.1 2.2 7.3 5.8 2.7 —12.5 4.6
8c 9.2 9.5 9.0 9.5 1.8 7.0 5.8 2.4 —-12.5 34
8d 8.9 9.8 10.7 10.1 1.0 7.5 5.8 2.0 —-12.2 6.1 —15.0

a) Measured at 40°C. b) Multiplicity: dd.

Analytical thin-layer chromatography (TLC) was con-
ducted on precoated TLC glass sheets (silica gel 60F-254,
layer thickness 0.25 mm) manufactured by E. Merck. Detec-
tion was effected with 2% concentrated sulfuric acid in
ethanol.

IHNMR data were summarized in Table 2 and MS, ele-
mental analyses, mp, Ry, [a]p, and IR data in Table 3.

Methyl 5-Acetamido-4,7,8,9-tetra-O-acetyl-2,3,5-trideoxy-
p-glycero-p-galacto-non-2-enopyranosonate (2). Compound
1 (7.7 g, 15.1 mmol), freshly prepared by Kuhn’s method,?
was dissolved in dry benzene (70 ml). After addition of DBU
(2.7 ml, 18.1 mmol), the mixture was stirred for 1 h at room
temperature under argon atmosphere, washed with water
and brine, dried over anhydrous Na,;SOy, and evaporated in.
vacuo to give a crude material, which was chromatographed
on a silica-gel column (benzene-acetone, 3:2) to give a
syrup. This syrup was crystallized from hexane-ethyl acetate
to give 2 (5.8 g, 81%) as white needles.

Methyl 5-Acetamido-4,7,8,9-tetra-O-acetyl-2,3-dibromo-2,3,5-
trideoxy-B-p-erythro-L-manno-2-nonulopyranosonate (3a).

¢) Multiplicity: ddd.

Method A. To a solution of 2 (280 mg, 0.59 mmol) in dich-
loromethane (5 ml) was added bromine (0.04 ml, 0.78 mmol)
at 0°C under argon atmosphere. After stirring for 10 min,
the mixture was evaporated in vacuo to give a syrup, which
was crystallized from hexane-ethyl acetate to give 3a (350
mg, 93%) as white needles.

Method B. A mixture of 2 (50 mg, 0.11 mmol) and
sodium bromide (250 mg, 2.4 mmol) in acetonitrile (8 ml)-
water (2 ml) was electrolyzed with platinum electrodes (1X2
cm?) 5 mm apart under a constant current density of 5
mA cm™2 for 2 h. The mixture was evaporated to dryness and
the residue was partitioned between ethyl acetate and water.
The organic layer was washed with brine, dried over anhy-
drous NaySOy, and evaporated in vacuo to give a crude mate-
rial, which was treated in a similar manner as above.

Reaction of 2 with NXS (X=Br, I) in Acetonitrile (or
Dimethyl Sulfoxide)-Water. To a solution of 2 (200 mg,
0.42 mmol) in acetonitrile (or dimethyl sulfoxide) (2 ml)-
water (0.8 ml) was added NXS (0.48 mmol) at the tempera-
ture shown in Table 1. The mixture was stirred for 0.2—8 h
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Table 3. MS, Elemental Analyses, Mp, Ry, [a]p, and IR Data of 2—8d
Com- Formula Ms® Anal. Mp?  Ro [aB? v
pound (M+H) C(%) H%) N(%) 6m/°C (c) NH,OH ester amidel amide Il

2 C20H271NO»2 474 Caled 50.74 5.75 296 126—127 0.46 +79.9°(1.3) 3270 1738 1645 1565
Found 50.84 5.46 2.76

3a C20H271NO12Bre 634 Caled 3793 430 221 156—157 0.52 —57.7°(1.1) 3400 1753 1649 1560
Found 37.84 4.23 2.06

3b C20H2sNO13Br 570, 572 Caled 42.12 495 245 118—120 0.36 +38.7°(1.1) 3380 1742 1640 1522
Found 42.36 4.81 2.68

3c Cz0H2sNOi3sl 618 Caled 3891 4.57 2.27 168—170 0.37 +66.5°(1.1) 3310 1745 1658 1555
Found 39.02 445 224

3d C22H3oNOwBr 612, 614 Caled 43.15 494 229 —2 044 +2.9°(1.6) 3380 1743 1660 1540
Found 43.22 4.69 217

3e C22H3o0NOywl 660 Caled 40.07 4.59 2.12 81—83 0.44 +12.1°(1.4) 3380 1740 1662 1538
Found 40.07 4.46 1.99

3f C21H3oNO13Br 584, 586 Calcd 43.16 5.18 2,40 186—187 0.49 +35.7°(1.5) 3420 1748 1662 1565
Found 43.07 5.03 2.25

4b Cz0H2sNO13Br 570, 572 Caled 42.12 495 245 —9 048 —41.6°(1.5) 3370 1746 1660 1540
Found 42.29 4.92 2.94

4c C20H2sNOjsl 618 Caled 3891 4.57 227 —2 048 —56.4°(1.3) 3370 1745 1660 1540
Found 39.21 447 202

4d C22H3oNO14Br 612, 614 Caled 43.15 4.94 229 95—96 055 —38.5°(1.3) 3380 1745 1660 1540
Found 43.26 4.81 2.34

4e Co2H3oNOwl 660 Caled 40.07 4.59 2.12 86—88 0.56 —51.9°(0.9) 3430 1745 1660 1538
Found 40.34 4.56  2.00

4f C21H3oNO13Br 584, 586 Calcd 43.16 5.18 2.40 158—159 0.54 —69.6°(2.0) 3420 1748 1655 1540
Found 43.51 5.28 2.34

5 C21H31NOq3 506 Caled 4990 6.18 277 —2  0.43 —14.7°(1.5) 3400 1741 1660 1540
Found 50.14 6.38 2.76

6 C21HaiNOq3 506 Caled 4990 6.18 2.77 87—89 0.43 —23.7°(1.1) 3420 1742 1660 1540
Found 49.92 6.11 2.68

7 C20H27NOs3 490 Caled 49.08 5.56 286 177—178 0.46 —10.0°(1.3) 3420 1740 1650 1572
Found 48.97 5.55 2.89

8a C20H2sNOwiF 510 Caled 47.15 554 275 —2  0.26 —37.3°(0.7) 3400 1745 1660 1540
Found 47.48 543 2.86

8b C20H2sNO13Cl 526, 528 Caled 45.68 5.37  2.66 —2  0.30 —66.0°(0.9) 3420 1742 1658 1540
Found 45.79 5.09 2.51

8¢ C20H2sNOw3Br 570, 572 Caled 42.12 4.95 246 —2 035 —91.1°(0.6) 3420 1742 1660 1540
Found 42.01 4.88 2.22

8d C20H2sNOisF 510 Caled 47.15 554 275 -9  0.28 —26.9°(0.8) 3410 1742 1660 1540
Found 47.15 5.79 2.64

a) Fast atom bombardment method. b) Recrystallized from hexane-ethyl acetate.

d) Measured in chloroform. e) Viscous syrup.

and dried up, and the residue was chromatographed on a
silica-gel column (benzene-acetone, gradient elution from
3:1to 3:2). The fast migrating zone was a 2,3-diequatorial
isomer, methyl 5-acetamido-4,7,8,9-tetra-O-acetyl-3-bromo-
3,5-dideoxy-a-p-erythro-L-gluco-2-nonulopyranosonate (4b)
or methyl 5-acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-3-
iodo-a-n-erythro-L-gluco-2-nonulopyranosonate (4c), as a
syrup and the slower migrating zone was a 2,3-diaxial
isomer, methyl 5-acetamido-4,7,8,9-tetra-O-acetyl-3-bromo-3,5-
dideoxy-B-p-erythro-L-manno-2-nonulopyranosonate (3b) or
methyl 5-acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-3-
iodo-B-p-erythro-L-manno-2-nonulopyranosonate (3c),
which was recrystallized from hexane-ethyl acetate.
Reaction of 2 with NXS (X=Br, I) in Sodium Acetate-
Acetic Acid. A solution of 2 (200 mg, 0.42 mmol), NXS
(0.48 mmol), and sodium acetate (200 mg) in glacial acetic
acid (2 ml) was stirred for 1—1.5 h at 20°C under argon
atmosphere. After evaporation, the residue was partitioned
between ethyl acetate and water. The organic layer was
washed with 5% NaHCOj, water, and brine, dried over anhy-
drous Na;SOy, and evaporated in vacuo to give a crude mate-
rial, which was chromatographed on a silica-gel column
(benzene-acetone, gradient elution from 3:1 to 2:1). The

¢) Solvent system is benzene-acetone (3:2).

fast migrating zone was a 2,3-diequatorial isomer, methyl
5-acetamido-2,4,7,8,9-penta-O-acetyl-3-bromo-3,5-dideoxy-a-
p-erythro-L-gluco-2-nonulopyranosonate (4d) or methyl 5-
acetamido-2,4,7,8,9-penta-O-acetyl-3,5-dideoxy-3-iodo-a-p-
erythro-L-gluco-2-nonulopyranosonate (4e), as a syrup and
the slower migrating zone was a 2,3-diaxial isomer, methyl
5-acetamido-2,4,7,8,9-penta-O-acetyl-3-bromo-3,5-dideoxy- 8-
p-erythro-L-manno-2-nonulopyranosonate (3d) or methyl 5-
acetamido-2,4,7,8,9-penta-O-acetyl-3,5-dideoxy-3-iodo- 8-p-
erythro-L-manno-2-nonulopyranosonate (3e), which was
recrystallized from hexane-ethyl acetate.

Reaction of 2 with NBS or 2,4,4,6-Tetrabromo-2,5-
cyclohexadien-1-one (TBCD) in Methanol. To a stirred
solution of 2 (100 mg, 0.21 mmol) in absolute methanol (1.5
ml) was added NBS or TBCD (0.23 mmol) at 20 °C under
argon atmosphere. The mixture was stirred for 0.2—2.0 h
and evaporated in vacuo to give a residue. The residue was
dissolved in ethyl acetate and the solution was washed with
water and brine, dried over anhydrous Na,SQO,, and evapo-
rated in vacuo to give a syrup, which was chromatographed
on a silica-gel column (benzene-acetone, 2:1). The fast
migrating zone was a 2,3-diequatorial isomer, methyl
(methyl 5-acetamido-4,7,8,9-tetra-O-acetyl-3-bromo-3,5-di-
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deoxy-a-p-erythro-L-gluco-2-nonulopyranosid)onate (4f) and
the slower migrating zone was a 2,3-diaxial isomer, methyl
(methyl 5-acetamido-4,7,8,9-tetra-O-acetyl-3-bromo-3,5-di-
deoxy-B-p-erythro-L-manno-2-nonulopyranosid)onate (3f),
which was recrystallized from hexane-ethyl acetate.

Methyl (Methyl 5-Acetamido-4,7,8,9-tetra-O-acetyl-3,5-di-
deoxy-B-p-glycero-p-galacto-2-nonulopyranosid)onate (5). To
a solution of 3f (30 mg, 0.05 mmol) in anhydrous tetrahy-
drofuran (0.6 ml) was added tributylstannane (0.034 ml, 0.13
mmol). The mixture was heated for 2 h at 60 °C with stirring
under argon atmosphere and evaporated in vacuo to give a
syrup, which was chromatographed on a silica-gel column
(benzene-acetone, 3:2) to give 5 (25 mg, 96%) as a syrup.

Methyl (Methyl 5-Acetamido-4,7,8,9-tetra-O-acetyl-3,5-di-
deoxy-a-glycero-n-galacto-2-nonulopyranosid)onate (6). To
a solution of 4f (48 mg, 0.08 mmol) in anhydrous tetrahy-
drofuran (1 ml) was added tributylstannane (0.05 ml, 0.19
mmol). The mixture was worked up in a similar manner as
3f and recrystallized from hexane-ethyl acetate to give 6 (40
mg, 96%) as a white amorphous powder.

Epoxidation of 3b. To a stirred solution of 3b (500 mg,
0.88 mmol) in anhydrous acetonitrile (4 ml) was added N,N-
diisopropylethylamine (0.22 ml, 1.26 mmol) or DBU (0.16
ml, 1.07 mmol). The mixture was stirred for 4 h or 10 min,
respectively, at room temperature and evaporated in vacuo to
give a crude material, which was chromatographed on a
silica-gel column (benzene-acetone, 3:2) and crystallized
from hexane-ethyl acetate to give methyl 5-acetamido-
4,7,8,9-tetra-O-acetyl-2,3-anhydro-5-deoxy-B-p-erythro-L-gluco-
2-nonulopyranosonate (7) (83 or 92%) as white needles.

Epoxidation of 3c. To a solution of 3c (50 mg, 0.08
mmol) in anhydrous acetonitrile (0.6 ml) was added N,N-di-
isopropylethylamine (0.02 ml, 0.11 mmol). The mixture was
stirred for 2 h at room temperature and worked up in a
similar manner as 3b to give 7 (30 mg, 76%) as white needles.

Reaction of 7 with Halogenating Agents (BF3-OEty,
TiCly, and TiBrs). To a solution of 7 (200 mg, 0.41 mmol)
in 1,2-dichloroethane (3 ml) was added boron trifluoride-
ether complex, titanium(IV) chloride, or titanium(IV) brom-
ide (0.45 mmol). The mixture was stirred for 10 min at room
temperature and evaporated in vacuo to give a residue,
which was dissolved in ethyl acetate. The organic layer was
washed with saturated Na,SO, solution (when boron tri-
fluoride-ether complex was used, this operation was not
required), 5% NaHCOj3;, and brine, dried over anhydrous
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Na,SO,, and evaporated in vacuo to give a crude syrup,
which was purified by chromatography on a silica-gel
column (benzene-acetone, 1:1) to give methyl 5-acetamido-
4,7,8,9-tetra-O-acetyl-2-fluoro-, chloro-, or bromo-2,5-dideoxy-
B-p-erythro-L-gluco-2-nonulopyranosonate (8a), (8b), and
(8c), respectively, in yields as shown in Scheme 4.

Fluorination of 8c with Silver Fluoride. A mixture of 8¢
(150 mg, 0.26 mmol) and silver fluoride (130 mg, 1.0 mmol)
in anhydrous acetonitrile was stirred for 40 min at room
temperature in the dark. The mixture was filtered through a
Celite 545 bed and the solid was washed with ethyl acetate.
The combined filtrates and washings were evaporated to give
aresidue. The residue was dissolved in ethyl acetate, washed
with 5% sodium thiosulfate and brine, dried over anhydrous
Na,;SOy, and evaporated in vacuo to give a crude material,
which was chromatographed on a silica-gel column (benzene-
acetone, gradient elution from 3:2to 1:1). The fast migrat-
ing zone was the epoxide 7 (36 mg, 28%), which was obtained
as white needle crystals, and the slow migrating zone was the
a-fluoride, methyl 5-acetamido-4,7,8,9-tetra-O-acetyl-2,5-di-
deoxy-2-fluoro-a-n-erythro-L-gluco-2-nonulopyranosonate
(8d) (86 mg, 64%) which was obtained as a syrup.
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