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ABSTRACT

Treatment of methyl 4,6-O-benzylidene-2,3-dideoxy-3-nitro-o-p-erythro-hex-2-
enopyranoside (3) with sodium nitrite in benzene—water in the presence of small
amounts of tributylhexadecylphosphonium bromide as a phase-transfer catalyst
afforded the 2-nitro alkene 4 in 479 yield. A similar reaction in the presence of 1.3
equiv. of acetic acid gave the 2,3-dinitro derivative 5 in 58 %} yield; it was selectively
counverted into the 2-nitro alkene 4. In these reactions, nitrite ion undergoes addition
from the axial and equatorial sides of 3 and 4, respectively.

INTRODUCTION

We have shown? that the phase-transfer-catalyzed reaction of methyl 2-O-
acetyl-4,6-0O-benzylidene-3-deoxy-3-nitro-§-D-glucopyranoside (1) with sodium nitrite,
or the reaction of the 3-nitro alkene derived from 1 by elimination of acetic acid, with
sodium nitrite in the presence of tributylhexadecylphosphonium bromide, affords
methyl 4,6-O-benzylidene-3-deoxy-3-nitro-g-D-glucopyranoside as a major product
and the isomeric 2-nitro alcohol as a minor product. The latter was assumed to arise
via the 2,3-dinitro intermediate and the 2-nitro alkene. In this paper, we report the
preparation of the « anomers of these presumed intermediates, namely, the 2-nitro
alkene 4 and the 2,3-dinitro compound 5, and the selective conversion of 5 into 4.
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*Stereochemistry of Nucleophilic Addition Reactions, Part VII. For part VI, see ref. 1.
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RESULTS AND DISCUSSION

In contrast to the situation with 1, treatment of the a-anomeric nitro acetate 2
with sodium nitrite in benzene-water in the presence of tributylhexadecylphospho-
nium bromide for 4 days at room temperature resulted only in the recovery of 2.
However, a similar, heterogeneous reaction of the nitro alkene 3 for 2 h gave a mixture
that consisted mainly of 3 and 4, and from which 4 was isolated in 47 % yield.

The nitro-alkene structure was deduced from the results of elemental analysis,
ir. (1527 cm™?!, conjugated nitro-alkene), and n.m.r. spectroscopy (alkenic proton
at § 7.52 in Me,SO-d;).

Similar treatment of 3 with sodium nitrite in the presence of 1.3 equiv. of acetic
acid immediately afforded a precipitate. After 15 min, the precipitate (which gradually
disappeared at longer reaction-times) was collected by filtration and washed with
benzene to give the dinitro derivative S in 729 yield (58 % after recrystallization).
Elemental analysis and i.r. bands at 1567 and 1552 cm~! (saturated nitro groups)
supported the assigned structure. Attempts to record the n.m.r. spectrum of pure S
failed because the compound was insufficiently soluble in such relatively nonpolar
solvents as chloroform-d, and partial conversion of 5 into 4 occurred in such a polar
solvent as dimethyl sulfoxide-dg. Nevertheless, by means of spin decoupling as well
as by comparison with 2-deuterated (5b) and 3-deuterated (5c) derivatives of 5, the
ring-proton signals could be assigned, and the gluco configuration (*C, conformation)
was deduced from the coupling constants, J; , 4.0, J5,5 10, and J;5 4 11.5 Hz.

When the dinitro derivative § was heated in refluxing benzene in the presence
of sodium hydrogencarbonate, the 2-nitro alkene 4 was selectively formed within
6 h. Treatment of § with triethylamine for 15 min at 0° also afforded 4 in 879 yield,
together with traces of the 3-nitro alkene 3. Such a highly regioselective elimination
of nitrous acid may be explained as follows: (f) H-2 is more acidic than H-3 because
of the electron-withdrawing character of the anomeric carbon atom3, and (ii) ab-
straction of H-3 is disfavored by steric hindrance from the anomeric methoxyl group.

In order to confirm the aforementioned assignment of the n.m.r. spectrum of
5, we attempted the preparation, from 3, of the C-3 deuterated derivative (5c) of 5
by use of deuterinm oxide and acetic acid-O-d. The product (5a) was, however,
deuterated at both C-2 and C-3. Therefore, in order to obtain information on the
reaction mechanism, we prepared the 2-deuterated derivative (3a) of 3 from methyl
2-C-deuterio-a-D-glucopyranoside* (10) and the 3-deuterated derivative (4a) of 4 by
treating 3 with sodium nitrite in benzene—deuterium oxide, and performing the
following experiments.

When the 2-nitro alkene 4 was treated with sodium nitrite in benzene-water
with the phase-transfer catalyst in the absence of acetic acid for 25 min at room
temperature, almost all of the starting material 4 was recovered. On the other hand,
the same reaction of the 3-nitro alkene 3 afforded a mixture of 4 and 3 in the ratio of
1:0.6. When deuterium oxide was used instead of water, the reaction was slightly
retarded and gave 4a and 3 in the ratio of 1:1.6. A similar reaction of 3a in benzene—-
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water was much slower, yielding 4 and 3a in a ratio of 1 : 10, whereas it was somewhat
accelerated in benzene-deuterium oxide, affording 4a and 3a in 1:6 ratio. Such
remarkable isotope-effects suggest that proton abstraction from C-2 plays an im-
portant role in determining the reaction rate.

Similar reaction of 3 or 3a in the presence of acetic acid afforded the dinitro
compound 5, but, in benzene—deuterium oxide containing acetic acid-O-d, the 2,3-
dideuterated derivative 5a was produced. Therefore, the hydrogen or deuterium atoms
that were introduced at C-2 and C-3 of the product came from the solvent or acid.
These facts are best explained in terms of epimerization; nitrite ion initially approaches
from the axial side of 3, to give an adduct having an axial nitro group at C-2, and this
intermediary adduct then epimerizes to the more stable gluco isomer 5 (Scheme I).
The predominance of axial over equatorial approach to 3 is in accord with previous
examples®. It is likely that protonation of the intermediary nitronate 7 occurs pre-
dominantly from the axial side, yielding the 2,3-dinitromannopyranoside 8; this
approach is sterically hindered by the methoxyl group, but the alternative approach
would cause a more serious 1,3-diaxial interaction between the methoxyl and nitro

groups.
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Although 4 and 4a did not react with sodium nitrite in benzene—water or ben-
zene—deuterium oxide in the absence of acetic acid, they gave dinitro derivatives
(5, Sa, 5b, or 5¢) when the reactions were performed in the presence of acetic acid.
In these products, the hydrogen or deuterium atom at C-2 was introduced from
the medium, and that at C-3 originated from the starting alkene. The latter facts
strongly suggest that nitrite ion approaches from the equatorial side of the 2-nitro
alkene and the nitro group thus introduced at C-3 did not epimerize.

In these reactions, it was not easy to determine the ratios of deuteration of 4
at C-3, because the H-3 signal appears near those of phenyl protons, and its coupling
constants are small (J; ; and J; , 0, J5 5 2.0 Hz). The ratios of deuteration at C-3
were, therefore, determined after conversion of the compound into the azide 6 or 6a,
by treatment with sodium azide in the presence of acetic acid.
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EXPERIMENTAL

General methods. — Melting points were determined in capillaries and are
uncorrected. L.r. spectra were recorded for potassium bromide discs, and n.m.r.
spectra were determined in chloroform-d and/or dimethyl sulfoxide-d; with tetra-
methylsilane as internal standard on either a Varian EM-360A or JNM-PS-100
(JEOL) spectrometer. Solutions were evaporated under diminished pressure. Column
chromatography was conducted on silica gel (C-300, Wakogel, Japan). T.l.c. was
performed with Merck (Darmstadt) Silica Gel GF 254. The catalyst used refers to
tributylhexadecylphosphonium bromide.

Methyl 3-O-benzoyl-4,6-O-benzylidene-2-deuterio-o-D-glucopyranoside (9). —
To a suspension of methyl 3-O-benzoyl-4,6-0O-benzylidene-a-D-arabino-hexopyranosid-
2-ulose® (2.30 g, 6.0 mmol) in methanol (40 mL)-water (4 mL) was added sodium
borodeuteride (250 mg, 6.0 mmol) and the resulting solution was stirred for 1 h
at room temperature. After the addition of water (150 mL), a precipitate was collected
by filtration and washed with water., Recrystallization from acetone afforded 1.92 g
of 11 (83 %), m.p. 221.5-223.5° (lit.® undeuterated compound, m.p. 219-220°); n.m.r.
(Me,S0-di): 4 8.3-7.2 (10 H, m, Ph), 5.70 (1 H, s, PhCH), 5.47 (1 H, m, H-3), 5.40
(1 H, s, OH), 4.83 (1 H, s, H-1), 4.5-3.6 (4 H, m, H-4, 5, 6a, 6e), and 3.40 3 H,
s, OMe).

Methyl 2-C-deuterio-o-D-glucopyranoside (10). — To a suspension of 9 (1.9 g,
4.9 mmol) in methanol (20 mL) was added M sodium methoxide (2 mL). The solution
was warmed briefly until the crystals dissolved and then kept for 15 h at room
temperature. After deionization with Amberlite IR-120 (H") cation-exchange resin,
the mixture was evaporated, and 809, aqueous acetic acid (20 mL) added to the
residue. The solution was warmed for 1 h in a water bath (~90°) and then evaporated.
The residue was dissolved in 40 mL of water and washed with chloroform (3 x 20mL).
The aqueous layer was evaporated, and recrystallization of the residue from methanol
afforded 730 mg of 10 (87 %), m.p. 167.5-169.5° (lit.* m.p. 169-171°).

Methyl 4,6-O-benzylidene-3-deoxy-2-deuterio-3-nitro-a-D-glucopyranoside (11).
— A mixture of sodium metaperiodate (2.24 g, 10.5 mmol) and sodium hydrogen-
carbonate (0.44 g, 5.23 mmol) was added to an ice-water-cooled aqueous solution
(8 mL) of 10 (1.02 g, 5.23 mmol) in portions during 15 min with stirring. The resulting
solution was allowed to warm to room temperature and kept for 1 h. Ethanol was
added and the precipitate that separated was filtered off and washed with small
amounts of ethanol. The filtrate was evaporated and ethanol added to the residue.
The salt was filtered off and the filtrate evaporated. This procedure was repeated
twice more. To an ice-water-cooled solution of the dialdehyde in 10 mL of methanol
were successively added nitromethane (0.37 mL, 6.80 mmol) and M sodium methoxide
(5.3 mL). After 1 h at room temperature, the solution was deionized by addition of
Amberlite IR-120 (H") cation-exchange resin. The resin was removed and the solu-
tion evaporated. Anhydrous zinc chloride (1 g) and benzaldehyde (4 mL) were added
to the residue and the resulting solution stirred for 28 h at room temperature. Water



55

METHYL-4,6-O-BENZYLIDENE-2,3-DIDEOXY-2,3-DINITRO-¢~D-GLUCOPYRANOSIDE

R A RS SRR

‘ptoaq sem 19[qnop ay I, "sfeudis [Auayd oy yim padde[1oro sem [UBIS 9Y L, ‘PIEpUR)S [BUIAIUL SB ISYIIAp

§'6 20'U0p g 90" O W0'sp ‘gl 9" ‘GG V'Er ‘S0 83 Sy 3L

®etc  09.-8TL  (58ss  (Deey  (Ore (Wgee~ st (Mesy  Ogey  (PoTS 50dd 9
, OI 9% “§" [T VoL ‘01 '%f ‘0 2T :
Sov'e oL~ GLLS — (WSr9¢ - bizy  Gxss  (Gory (PSS P-0SPHW s
0°6 200 ‘' 20'sp ¢ W'Sp ‘06 8L QT VL ‘o~ V'L = B
O 43 oL~ (Gogs  (b)Ey « @WTY-9¢ — (PWY  (PSL ®)ss  p-0SPW 14
§'8 20'Ip ‘G 0'9p 1676 V0'Sp 06 3V 1L VL g~ VI = BIp _
©)ose  9s'L-8TL (1SS gey~  (Owge  (Wiop~  (Wgey~ e Glev's §0dd v
N0 4 HOUd 29-H v9-H SH rH EH H I'H pasjog  punoduiop

ZHI 001 LV (ZE) SINVLSNOO DNITIN0D YIAUO-ISUIA ANV 4»(@) SIJIHS TYOINAHD

I1474V.L



56 Y. TACHIMORI, T. SAKAKIBARA, R. SUDCH

and hexane were added to the solution and most of the organic layer was decanted.
After repetition of the decantation twice more, the product was extracted with
chloroform. The extract was dried (magnesium sulfate) and evaporated. The syrup
was chromatographed on silica gel and the products were successively eluted with
benzene and benzene—ethyl acetate (50:1, 20:1, and 10:1, v/v). The fractions con-
taining the products were combined and evaporated to give crystalline material.
Recrystallization from ethanol afforded 270 mg of the gluco isomer 11 (19% from
10). The mother liquor consisted mainly of the manno 12 and gluco 11 isomers in the
ratio 3:1, as judged from n.m.r. spectroscopy conducted directly after evaporation
(566 mg, 40%). The gluco isomer 11 had the following physical data: m.p. 167-168°
(lit.” undeuterated compound, m.p. 167°); n.m.r. (CDCl;): é 7.17 (5 H, s, Ph), 5.50
(1 H,s, PhCH), 4.80 (1 H, s, H-1),4.77 (1 H, m, H-3), 4.47-3.60 (4 H, m, H-4,5,6a,6¢),
342 (3 H, s, OMe), and 2.48 (1 H, m, OH).

Methyl 4,6-O-benzylidene-2,3-dideoxy-2-deuterio-3-nitro-a-pD-erythro-hex-2-eno-
pyranoside (3a). — (a) To a solution of the syrupy mixture of 11 and 12 (536 mg,
1.72 mmol) and methanesulfonyl chloride (220 mg, 1.91 mmol) in dichloromethane
(6 mL) was added triethylamine (382 mg, 3.78 mmol)® dropwise with stirring at 0°.
After stirring for 15 min, the solution was chromatographed directly on silica gel,
with benzene as eluant. The eluate was evaporated to a solid that was recrystallized
from isopropyl alcohol to give 368 mg of 3a (72 %), m.p. 183-184.5° (lit.? undeuterated
compound, m.p. 183°); n.m.r. (CDCl3): 6 5.17 (1 H, d, H-1) and 4.70 (1 H, m, H-4).

(b). Similar treatment of 11 (266 mg, 0.853 mmol) afforded 3a in 74 9} yield.

Methyl 4,6-O-benzylidene-2,3-dideoxy-2-nitro-«-pD-erythro-hex-2-enopyranoside
(4). — (@) From the 3-nitro alkene® 3. A mixture of 3 (147 mg, 0.5 mmol), sodium
nitrite (70 mg, 1 mmol), the catalyst (10 mg), benzene (10 mL), and water (5 mL)
was stirred for 2 h at room temperature. Benzene (30 mL) was added and the organic
layer was separated, washed with water, and dried (magnesium sulfate) for 5 min*.
After removal of inorganic material, the filtrate was evaporated. Recrystallization
from isopropyl alcohol afforded 69 mg of 4 (47 %), m.p. 199-199.5° ,[«]22 +220°
(c 1.2, dichloromethane); v,,, 1527 cm™! (C=C-NO,).

Anal. Calc. for C,,H,sNOg: C, 57.33; H, 5.16; N, 4.78. Found: C, 57.11;
H, 5.11; N, 4.58.

Similar treatment of 3 (147 mg) with sodium nitrite (70 mg) in the presence of
deuterium oxide instead of water afforded 85 mg of 4a (589;); n.m.r. (CDCl;):
0542 (1 H, s, H-1), ~4.38 (1 H, d, J, s 9.0 Hz, H-4), and 7.28-7.56 (5 H, Ph);
(Me,SO-dg): & 5.55 (1 H, s, H-1) and 4.64 (1 H, d, H-4).

In order to clarify the deuterium effects, a mixture of the 3-nitro alkene 3
or 3a (30 mg), sodium nitrite (30 mg), the catalyst (2 mg), benzene (0.8 mL), and
water or deuterium oxide (0.2 mL) was stirred for 25 min at room temperature. A
similar isolation as before afforded crude product. The composition of the product

*When the solution was kept overnight, the yield of 4 dramatically decreased and many spots
appeared in t.l.c.
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was determined by n.m.r. spectroscopy as described in the Results and Discussion
section.

(b) From the dinitro compound 5. To a stirred solution of 5 (170 mg, 0.5 mmol)
and urea (12 mg, 0.2 mmol) in dichloromethane (12 mL) was added tricthylamine
(51 mg, 0.5 mmol) at 0°. After 15 min at 0°, the solution was washed with water,
dried (mnagnesium sulfate), and evaporated. Recrystallization from isopropyl alcohol
afforded 127 mg of 4 (87 %).

Similar treatment of 5a (171 mg, 0.5 mmol) with triethylamine afforded 128 mg
(87%) of 4a.

Compound 5 (340 mg, 1 mmol) and dry sodium hydrogencarbonate (3.4 g)
in distilled benzene (40 mL) were boiled for 6 h under reflux, with stirring. The
mixture was cooled and filtered, and the filtrate evaporated to give a crystalline
residue. Recrystallization from isopropyl alcohol gave 197 mg of 4 (67 %).

Methyl 4,6-O-benzylidene-2,3-dideoxy-2,3-dinitro-a-nD-glucopyranoside (5). —
To a stirred solution of 3 (750 mg, 2.56 mmol), the catalyst (50 mg), and acetic acid
(200 mg, 3.33 mmol) in benzene (20 mL)—water (5 mL) was added sodium nitrite
(750 mg, 10.9 mmol) at room temperature. After 15 min, a precipitate that separated
immediately was collected by filtration and washed successively with water (2 x 10 mL)
and benzene (10 mL). The precipitate (626 mg, 729%) was recrystallized from
benzene to afford 504 mg of 5 (589;), m.p. 187-192° (dec.), [a]3* +92° (c 0.94,
dichloromethane); v_,, 1552 and 1567 cm~! (NO,).

Anal. Cale. for C,,H,(N,Og4: C, 49.41; H, 4.74; N, 8.23. Found: C, 49.40;
H, 4.65; N, 8.13.

T.l.c. of the mother liquor showed strong spots of 4 and 5, together with weak
spots corresponding to the 2- and 3-nitro alcohols.

TABLE II

REACTION OF 3, 3a, 4, AND 4a WITH SODIUM NITRITE IN THE PRESENCE OF ACETIC ACID%

Starting Solvent Product Yield®, %,
material

3 H:0¢ 5 51 (75)

3 D204 5a 51 (78)
3a H-.0 5 38 (60)
3a D-0¢ 5a 32 (68)

4 H20 5 32 (56)

4 D202 5b 49 (71
4a H:=0 5S¢ 46 (63)
4a D04 5a 34 (55)

s A mixture of the nitro alkene (75 mg), sodium nitrite (75 mg), acetic acid (20 mg), tributylhexadecyl-
phosphonium bromide (5 mg), benzene (2 mL for 3 and 3a, 4 mL for 4 and 4a), and water or deuterium
oxide (0.5 mL) was stirred for 25 min at room temperature. ?Isolated yield; the figures in parentheses
show the crude yield. cScale was doubled. ¢Acetic acid-O-d was used instead of acetic acid.
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Similar treatment of 3 (750 mg) in the presence of acetic acid-O-d and deuterium
oxide afforded the 2,3-dideuterated derivative 5a in 649/ yield; n.m.r. (Me,SO-dy):
8 5.55 (1 H, s, H-1) and 4.27 (1 H, d, J, 5 10 Hz, H-4).

Compounds 5b and 5S¢ were prepared from 4 and 4a, respectively, as described
in Table IT; n.m.r. (Me,SO-d;) for 5b: 6 5.55 (1 H, s, H-1),5.53 (1 H, d, J5 4 11.5 Hz,
H-3), and 4.27 (1 H, q, J4 s 10 Hz, H-4); for 5¢: 6 5.55 (1 H, d, J; ; 4.0 Hz, H-1),
6.16 (1 H, d, H-2), and 427 (1 H, d, J, s 10 Hz, H-4).

Methyl 3-azido-4,6-O-benzylidene-2,3-dideoxy-2-nitro-a-D-glucopyranoside (6).
— A mixture of 4 (88 mg, 0.3 mmol), sodium azide (29 mg, 0.45 mmol), acetic acid
(50 mg, 0.83 mmol), acetonitrile (4.8 mL), and water (0.6 mL) was stirred overnight.
The mixture was made neutral with sodium hydrogencarbonate and then extracted
with chloroform. The extract was washed with water, dried (magnesium sulfate), and
evaporated to give a solid residue in nearly quantitative yield. Recrystallization from
cyclohexane afforded 62 mg of 6 (61%), m.p. 122-123.5°, [«]3° +180° (¢ 1.1,
dichloromethane); v_,, 2130 (N3) and 1570 cm~! (NO,).

Anal. Calc. for C,,H,cN,O4: C, 50.00; H, 4.80; N, 16.66. Found: C, 50.11;
H, 4.75; N, 16.60.

The n.m.r. spectrum of the mother liquor revealed that it was almost pure 6.

Similar treatment of 4a (36 mg) or Sc (30 mg) afforded the 3-deuterated deriva-
tive 6a in 63 and 60 9} yield, respectively; n.m.r. (CDCl3): 6 5.20 (1 H, d, J, , 4.5 Hz,
H-1), 438 (1 H, d, H-2), and 3.53 (1 H, d, J, s 10 Hz, H-4).
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