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Anal. Caled for CuH,CIN:O,: C, 53.46; H, 4.00; Cl,
15.81; N, 12.47. Found: C, 53.36; H, 4.08; Cl, 15.95; N,
12.60.

With acetic anhydride the N-oxide (IIb) rearranged to 6-
chloro-7-ethoxy-2-hydroxyquinoxaline (VIIb) as light brown
needles from ethanol, mp 255° dec.

Anal. Caled for CieHoCINOy:  C, 53.46; H, 4.00; N, 12.47.
Found: C, 53.37; H, 4.04; N, 12.33.

Both IIb and VIIb with POCl; were converted to the same
compound, 2,8-dichloro-7-ethoxyquinoxaline (Vb), as greyish-
white needles from light petroleum, mp 133°.

Anal. Caled for C0HsClN:O: C, 49.39; H, 3.29; Cl, 29.22;
N, 11.52. Found: C,49.16; H, 3.33; Cl, 29.04; N, 11.55.

(2) The residue, obtained from the filtrate after removal of
acetyl chloride, gave on crystallization from ethanol pink micro-
needles of 3-chloro-7-ethoxyquinoxaline 1-oxide (IIIb), mp 143~
145°, yield 37%.

Anal. Caled for CiH,CIN,O;: C, 53.46; H, 4.00; Cl,
15.81; N, 12.47. Found: C, 53.30; H, 4.10; Cl, 15.71; N,
12.56.

With POCl; IIIb gave a compound, mp 137-138° (pinkish
white flakes from light petroleum), identical with 2,3-dichloro-7-
ethoxyquinoxaline (VIb) prepared by the reaction of 2,3-di-
hydroxy-7-ethoxyquinoxaline*? with POCl;.

Procedure B.—A dark brown, clear solution was obtained after
16 hr of heating. The dark red, sticky residue left after removal

(19) W. Autenrieth and O. Hinsberg, Ber., 28, 492 (1892).
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of acetyl chloride was chromatographed on alumina and eluted
with light petroleum. The first fraction (about 800 ml) of the
eluent yielded colorless needles of 2,6-dichloro-7-ethoxyquinox-
aline (Vb), mp 135° (yield 12%,). The subsequent fraction (11.)
gave light pink needles of 2,3-dichloro-7-ethoxyquinoxaline
(VIb), mp 137-138° (yield 159,). Further elution with various
solvent failed to give any more identifiable products.

Registry No.—Ia, 2423-66-7; Ib, 39266-91-6; Ic,
39266-92-7; 1Id, 33368-89-7; IIa, 39266-93-8; IIb,
39266-94-9; IIe, 39266-95-0; IId, 39266-96-1; IIla,
5227-59-8; IIlb, 39266-98-3; Illc, 39266-99-4; IIId,
39267-00-0; Vb, 39267-01-1; Ve, 39267-02-2; Vd,
39267-03-3; Ve, 39267-04-4; VId, 39267-05-5; VIIa,
39267-06-6; VIIb, 39267-07-7; VIle, 39267-08-8;
VIId, 39267-09-9; VIIIa, 35676-70-1; acetyl, 75-36-5;
6,7-dichloroquinoxaline, 19853-64-6; 7-chloroquinox-
aline 1-oxide, 39267-11-3.
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The title compound 3 reacts with sodium azide or lithium azide in various media to yield predominantly one of

the following products by selecting appropriate conditions:

nitro azide 5, triazole 6, and 7. The key factor in

determining product was found to be the basicity of the medium. Similar results were obtained when nitro olefin

4, derived from the title compound, or nitro azide 5 was used as a starting material.

Structures 6 and 7 were de-

duced from their nmr, mass, and ir spectra, and the mechanisms involved in the formation of 5, 6, and 7 are dis-

cussed.

In previous papers®® we have dealt with the synthesis
of a new type of nucleosides, in which the purine or
pyrimidine moiety is linked to the C-2 position of a 3-
nitroglucopyranoside. In this reaction e-nitro olefin 2,
formed from methyl 2-O-acetyl-4,6-O-benzylidene-3-
deoxy-3-nitro-B-p-glucopyranoside (1) by the elimina-
tion of acetic acid, was assumed to be an intermediate.*

Recently the following similar substitution reaction

was observed. The thermodynamically unstable all-

cis- (1r,2¢,3c) and cis,trans- (pL-1r,2¢,3¢) dianilino de-
rivatives were isolated in 30 and 209 yields, respec-
tively, on treatment of 1r,3c-diacetoxy-2¢-nitroeyclo-
hexane with aniline, but only a trace of thermodynami-
cally more stable ali-trans (1r,2¢,3¢) isomer was detecta-
ble by tle® The fact that the thermodynamically
stable isomer was not formed in quantity in this reaction

(1) Department of Chemistry, Yokohama City University, Mutuura-cho,
Kanazawa-ku, Yokohamea 236, Japan.

(2) T. Nakagawa, T. Sakekibara, and 8. Kumazawa, Tetrahedron Lett.,
1645 (1870},

(3) T. Bakakibara, 8. Kumazawa, R, Sudoh, and T. Nakagawa, Carbohyd.
Res., in press,

(4) The chemistry of nitro sugars was reviewed by H. H. Baer: H. H.
Baer, Advan. Carbohyd, Chem., 24, 69 (1969),

(5) T. Nakagawa, T. Sakakibara, and F. W. Lichtenthaler, Bull. Chem.
Soe. Jap., 48, 3861 (1970).

can be explained by assuming that subsequent epimer-
ization of the two products is slow. If the reaction
proceeds via a nitro olefin intermediate, the products
may be formed by kinetic control; on the other hand,
they may conceivably be formed by an Sx2 reaction
with starting material. We have therefore studied
further the reaction of 3 with alkali azide, which is
generally accepted as a typical Sn2-type nucleophile, in
a variety of media and we have found that this reaction
affords the corresponding nitro azide 5 and/or the tri-
azole derivatives (6, 7) in excellent yield (Scheme I) and
that one of the three products can be obtained exclu-
sively by selecting appropriate reaction conditions.
The details are described herewith.

Results and Discussions

Structural Assignment of the Products.—Phenyl
2-azido-4,6-0-benzylidene-2,3-dideoxy -3 ~nitro-6 - p-
glucopyranoside (5), phenyl 4,6-O-benzylidene-2,3~
dideoxy-B3-p-erythro-hexopyranosido [2,3-d Jtriazole (6),
and phenyl 4,6-O-benzylidene-2,3-dideoxy-3-nitro-2-
(phenyl 4',6’-O-benzylidene-2/,3'-dideoxy-B-D-erythro-
hexopyranosido [2/,3°-d Jtriazolyl) -§-p-glycopyranoside
(7) were obtained as exclusive products by the reaction
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Figure 1.—Partial nmr spectra of 5, 6, and 7 at 100 MHa.

of 3 with alkali azide when reaction conditions which
will be deseribed later are employed. Structural as-
signment of 8, 6, and 7 was based on the following data.

5.—Its ir spectrum (KBr) shows the presence of an
azide group (2100 em=!) and of a nonconjugated nitro
group (1560 em~!). The large value of the coupling
constants of the nmr signals of the ring protons, i.e.,
Ji2 = 7.5, Jo3 = J3u = 10 Hz, indicates the g-gluco
configuration.

6.—No ir absorption bands corresponding to nitro
and azide group were observed. The elemental analy-
sis of this product is in full accordance with the formula
C1oHy7H;0, which was, in addition, supported by the
observation of a mass spectral peak at m/e 351. The
sugar moiety contains only five protons as shown by the
nmr spectrum (Figure 1). A sharp 1 H singlet at r 3.16
and a 1 H doublet at 4.86 with a spacing of 7.5 Hz are
assigned to H-1 and H-4, respectively, suggesting the
absence of protons on the C-2 and C-3 atoms. From
these data, and in the view of the results reported by
Zefirov, et al.,’ on the similar reaction of nitrostyrenes
with sodium azide in DMSO giving triazoles, compound
6 is deduced to have a triazole skeleton, but the location
of the hydrogen on the ring has not yet been determined.

7.—The ir spectrum (KBr) of this product showed

(8) N. 8. Zefirov, N. K. Chapovakaya, and V. V. Kolesnikov, Chem.
Commun., 1001 (1971). 8-Azapurines and v-triszole{4,5-b]pyridines were
obtained on the treatment of 5-nitropyrimidines and 5-nitropyridines with
sodium azide, respectively: H. Ulrich, I. Wempen, and J. J. Fox, J. Org.
Chem., 88, 1131 (1970).
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no absorption of an azide group but a nitro group
(1560 em~1). Its elemental analysis corresponded to
CssHyaN,Oyp, which is further confirmed by the ap-
pearance of the molecular ion peak at m/e706. Cata-
lytic reduction of 7 with Raney nickel in dioxane contain-
ing a trace amount of triethylamine afforded colorless
crystalline phenyl 3-amino-4,6-O-benzylidene-2,3-dide-
oxy-2-(phenyl 4’,6’-0-benzylidene-2’,3’-dideoxy-8-p-
erythro - hexopyranosido [2/,3" - d]triazolyl) - 8 - D - gluco-
pyranoside (8), which was characterized as its N-acetyl
derivative 9 after acetylation as usual. In the nmr
spectrum of 7 (Figure 1) 1 H signals at 7 3.13 (s), 4.07
(s), and 4.85 (d) could be assigned to H-¥', H-8' (benzyl-
idene methine proton), and H-4', respectively, by com-
parison with those of 6; hence the other signals at =
3.83 (d), 4.19 (s), 4.15 (t), and 4.45 (q) corresponded
to H-1, H-8 (benzylidene methine proton), H-3, and
H-2, respectively. These assignments were further
confirmed by comparison with the spectrum of the C-3-
deuterated derivative of 7 (Figure 1). 7 was deduced
to have the g-gluco configuration for its nitro sugar
moiety on the basis of the coupling constants J,. =
7.5,J23 = J34 = 10 Hz. The presence of the triazole
nucleus” was indirectly confirmed by determining the
uv spectrum of methyl 4,6-O-bromoethylidene-2,3-
dideoxy-2-(methyl 4',6’-O-bromoethylidene-2’,3’-dide~
oxy-8-pD-hexopyranosido{2’,3'-d ]triazolyl) - 3-nitro-g8-p-
hexopyranoside (10) at 228.5 nm, (¢ 1.1 X 109,
which was prepared from methyl 2-O-acetyl-4,6-O-
bromoethylidene-3-deoxy-3-nitro- 8- p-glucopyranoside
(14) and sodium azide by treatment under the same
condition as had been employed in the reaction of 3.
This fact is, moreover, in good agreement with the pro-
posed mechanism for the formation of 7 which will be

(7) These compounds involving such & nucleus generally show an uv
absorption band in the vicinity of 225 nm with molar extinction coefficient
of ~4 X 104 E.p., L. W. Hartze! and F. R. Benson, J. Amer. Chem. Soc.,
76, 667 (1954); G. B. Barlin, J. Chem. Soc., B, 841 (1967).
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Tasre 1
REacrioNs WITH Sop1um Azipe AND HYDRAZOIC AcCID

Starting Mole ratios
Expt material (S) Reagents (R) of Rto 8
1 3 NaN,; 1
2 3 N&Na 1
3 3 NaN,;, NaOH 1,1
11 4 NaN, 1
12 4 NaN; 2
13 4 NaN; 1
14 4 HN;, AcONa excess, 1
4 NaN;, AcOH 1,1
15 4 NaN,;, AcOH 1,1
16 4 HN, 1
17 4 HN, 1
18 4 NaN;, HN, 1, excess
19 4 NEN:, HN) 1, excess
20 4 NaN, - 1
21 5 NaN;, 1
22 5 NaN; 1
23 5 NaOAe 1
24 S NaOAc 1
25 5 NaN, 1
26 5 NaN, 1

ririmemnes Y i01d8, %, Of productab

Solvent aystegs“ 5 (5-d) 6 7 (7-d)
A 93 t t
BorC t 85
A $ q
A t 83
A t q
BorC t q
D
A q
B t q
A q
A-d 50 (50)

A q t

A-d (q) t

E q

Ad (@)

B-d t (q)

A q

B t q

DMTF or t q t
DMSO

THF-D,0 (q) t t

2 A, CH,ON-H,0 (8:1, v/v); A-d, CH,CN-D;0 (8:1, v/v); B, DMF-H,0 (8:1, v/v); B-d, DMF-D,0 (8:1, v/v); C, DMSO-H,0
(8:1, v/v); D, CHCI&-H;0 (8:1, v/v); E, Carbitol. °t, trace; g, quantitative or almost so; blank indicates that product could not be

detected by tle.

0 0
0.0Me 0.0Me
R R'=R 0,
0 0
N ( g
O
N R

10, R= CHzBr
1, R=Ph

discussed later, but final determination of the bonding
position of the nitro sugar moiety on the triazole
skeleton has not yet been accomplished, although it
.likely linked to N-2 of the triazole nucleus on steric
grounds.

Incidentally, the mass spectra of 6 and 7 were exam-
ined in detail. Although carbohydrates® and aliphatic
and alicyclic nitro compounds® are generally said to
exhibit no molecular ion peaks, weak peaks correspond-
ing to the molecular ion were observed in the case of 6
and 7 at m/e 351 and 706, respectively., Compara-
tively strong peaks appear in mass spectra of 7 at m/e
613.1972, 583.1854, 507.1538, and 477.1453, which are
in accord with M — C¢H;O (613.1934), M — C/H;0,
(5831828), M - ClaHnOz (5071515), and M — 014-
H,;0; (477.1410), respectively. Analogous peaks were
observed in 6 at m/e 258, 228, 152, and 122. These
results may be explained as follows. The phenoxy
radical is split off from the molecular ions Ia,b to give
cations Ilab, which were presumably subjected to a
successive elimination of formaldehyde and benzalde-
hyde affording oxetane ions IIIa,b, IVa,b, and pyran
ions Va,b, respectively (Scheme II).

Correlation of Products and Reaction Conditions, —
As previously deseribed, the structure of the product

(8) N. K. Kochetkov and O. 8. Chizhvov, Advan. Carbohyd. Chem., 31,
39 (1966).

(9) R.T. Aplin, M. Fischer, D. Becher, H. Budzikiewioz, and C. Djerassi,
J. Amer. Chem. Soc., 87, 4888 (1965).

varies depending on the reaction conditions. The
details are discussed in this section.

The reaction of nitro acetate 3 with an equivalent of
sodium agzide in acetonitrile-water (8:1 v/v) at room
temperature gave nitro azide 5 in 93%, yield, along with
trace amounts of the triazole derivatives 6 and 7 (expt
1, Table I). Under similar conditions, on the other
hand, nitro olefin 4 afforded & different product, t.e., 7,
in 839, yield. A trace of 6 was also detected by tle
(expt 11), but no 5. On the basis of these results 4 can
not be assumed to be the intermediate for the reaction
leading from 3 to 5, but this assumption ignores the
potential participation of acetic acid, which may equili-
brate with sodium azide as shown in eq 1 and is thus

NaN; + CH:COOH &> HN; + CH;COONa (1)

released in the course of the reaction. Therefore, the
reaction of 4 with hydrazoic acid in aqueous chloroform
with sodium azide in aqueous acetonitrile was studied in
the presence of sodium acetate and acetic acid, respec-
tively. Both reaction conditions afforded 5 exclusively
and no 7 (expt 14). If sufficient amounts of a base were
present to neutralize the acetic acid produced, the
reaction of 3 with sodium azide could be expected to
proceed similarly to that of 4. In fact, treatment of 3
with sodium azide in the presence of an equivalent of
sodium hydroxide yielded only 7 (expt 3). Conse-
quently, the assumption that 4 is not the reaction inter-
mediate can be said to be erroneous.

A striking solvent effect was observed in the reaction
of 3 with sodium azide. When either aqueous DMF or
aqueous DMSO was used as the solvent, 7, but no 5, was
isolated in 85%, yield (expt 2). In most instances, the
amount of 6 produced was too small to isolate and it was
only detected by tle. However, the reaction of 5 with
sodium azide in freshly distilled DMF afforded 6 as the
major product, which was isolated by silica gel column
chromatography (expt 25). The application of lithium
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TasLe I1
REacTioNs wrtH LitHIUM AZIDE

Starting

Expt materials (S)% Reagents (R)®
31 3 LiN,
32 3 LiN,
33 3 LiN,
34 3 LiN,
35 3 LiN,
41 4 LiN,
42 4 LiN,
43 4 LiN;
44 4 LiN,
45 4 LiN,
46 4 6

51 5 LiN,
52 5 LiN,
53 5 LiN,
54 5 LiOAc
55 5 LiOAc

¢ Mole ratio of reagent to starting materialis 1:1.

ScueMmE ITs
0 s a,R= H 0
0 OPh o OPh
Ph bR =Ph 0,
(0] 0
N, ( ;3 N
\
N ™R
Ia (0.046)

b (0.0036)

l -0Ph

Ph H

0o

o o
Ph~< N 0 \
0 —
N Q{I
NOR

Ta (LO0) Illa (0.264)
b (1.00) b (0.245)
L— PhCHO
. -PhCHO
H H

+ +
0/~ 7\
——
N Qg -CH,0 N Q{I
\N R \N R

IVa (0.925) Va (0.621)
b (106) b (0.551)

¢ Figures in parentheses mean relative intensity to II.

azide as a nucleophile in these aprotic solvents made the
exclusive formation of 6 possible (expt 34, 35, 44, 45,
and 53, Table II).

The reaction of 4 with hydrazoic acid was studied by
use of deuterium oxide in order to shed light on the pos-
sibilities that the reaction may proceed through 1,4
addition!® to afford an aci-nitro form which isomerizes
to the corresponding nitro form by an intermolecular
proton exchange, that reversal of the Michael-type ad-

(10) The Michael-type addition is generally accepted to proceed through

1,4 addition. E.g., J. March, ‘‘Advanced Organic Chemistry. Reactions,
Mechanisms, and Structure,” McGraw-Hill, London, 1968, pp 567-568.

Yields of products————m——
6 7

t

Solvent
EtOH
THF
CH,CN
DMF
DMSO
EtOH
THF
CH:,CN
DMF
DMSO
CH,CN
CH,CN q
THF q
DMF
CH,CN q
DMF

S22 .00 @

o+
o 0 O

ct

£ O
[ . S T = - =)

O L o o

o+

dition!! could occur with great ease, and that the rate of
deuterium exchange between deuterium oxide and hy-
drazoic acid may be much more rapid than that of the
addition. If this were the case, deuteration at the 3
position should go to completion. Treatment of 4 with
hydrazoic acid in acetonitrile~-deuterium oxide (8:1,
v/v), however, gave 5 containing the deuterated de-

HN; + D;0 &> DN,; + HOD 2)

rivative in only 50%, yield, which was determined from
the nmr spectrum (expt 17). This suggests that the
reaction of hydrazoic acid with 4 may involve, at least
partly, irreversible 1,2 addition of hydrazoic acid to the
Cy—C; double bond of 4, and that the rate of reaction 2 is
comparable with that of the addition reaction.

To our knowledge, no example is known of a one-step
cyclization involving the powerfully nucleophilic azide
ion. It has been accepted that the reaction of nitriles
with lithium azide to give tetrazoles proceeds by a two-
step mechanism involving initial nucleophilic attack of
the azide ion on the carbon atom of the cyano group
followed by cyclization of the adduct to the tetrazole.?
On this basis, the reaction of 4 with sodium azide giving
triazole 6 seems to proceed by a two-step mechanism, a
conclusion which may be supported by the faet that
nitro azide 5 also afforded triazole 6 or 7 depending on
the reaction condition: In this case, nitrite ion must be
eliminated from nitro azide 5 or its nitronate 5’. Two
routes may be considered for this process: (i) one via a
vinyl azide or a carbene,® (ii) the other vie a sodium
nitronate. Of these the former may be discounted since
the Michael-type addition is, in general, considered as
one involving a reversible process,’ and elimination of
hydrazoic acid would occur more easily than that of
nitrous acid. In fact, treatment of 5 with sodium
methoxide in methanol gave phenyl 4,6-O-benzylidene-
3-deoxy-2-O-methyl-3-nitro- 8- p-glucopyranoside (12)
by a reaction involving only exchange of the azide group
for the methoxy group. Thus the reaction should pro-
ceed by the second route: sodium 2-azido-3-nitronate
5, which was formed directly by the attack of sodium

(11) 8. Patai and Z. Rappoport in “The Chemistry of Alkenes,”’ S. Patai,
Ed., Interscience, London, 1964, Chapter 8.

(12) A. I. Meyers and J. C. Sircar in “The Chemistry of the Cyano
Group,” Z. Rappoport, Ed., Interscience, London, 1970, Chapter 8.
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azide on 4 (1,4 addition) or indirectly from 3, cyclizes
irreversibly to an unstable intermediate triazoline 6/,
which leads to the more stable triazole 6 by rapid elimi-
nation of a nitrite ion'® and subsequent prototropy
(Scheme III).

ScueME II1
NO: 1. ~NO,~
45 — - 2. prototropy 6
N Ny N7
0+~ S /" \\N/‘/
o /1}3 6
¢

51

With regard to the formation of 7 from 3 or 4, it is
deduced to be formed not by 1,3 cycloaddition of 5 to 4,
but by Michael-type addition of intermediate 6 to 4 on
the basis of the following facts: (i) treatment of 6 with
4 affords 7 exclusively and with great ease even in the
absence of ctalysts (expt 46), similar to the reaction of
heterocyclic compounds such as theophylline, 2,6-di-
chloropurine, and uracil with nitro acetate 1 or nitro ole-
fin 2;%3 (ii) nitro azide 5 does not react with methyl 2-
eno-3-nitropyranoside 2 without catalyst and both com-
pounds were recovered quantitatively [in the presence
of an equivalent of sodium azide in aqueous acetonitrile,
on the other hand, 2 was converted into 11 (the methyl
glycoside analog of 7) in 629, yield, whereas most of 5
wasrecovered]; (iii) nitro olefin 4 does not react at room
temperature in the absence of catalyst with pieryl
azide,'* which is known as a typical reagent for 1,3
cycloaddition. ‘

Tables I and II show the following trends: (i) 3, 4,
and 5 in anhydrous DMF or DMSO gave 6 exclusively
(expt 25, 34, 35, 44, 45, and 53); (ii) 3, 4, and 5 gave 7
exclusively in aqueous DMF or DMSO (expt 2, 13, and
22); (iii) treatment of 3 and 5 in anhydrous or aqueous
ethanol, THF, chloroform, or acetonitrile afforded no
product other than 5 (expt 1, 21, 26, 31, 32, 33, 51, and
52); (iv) treatment of 4 under the same conditions as
de;cribed in iii afforded only 7 (expt 11, 12, 41, 42, and
43).

Experimental Section

Melting points were determined in capillaries and are uncor-
rected. Specific rotations were measured with a Carl Zeiss
photoelectric polarimeter. Nmr spectra were recorded at 100
MH:z with a spectrometer JNM-4H-100 (JEOL), using tetra-
methylsilane as an internal standard. Column chromatography
was carried out on silica gel (100 mesh powder, Mallinckrodt, St.
Louis) and developed with benzene. Tlc were performed on
silica gel (Wakogel B-5, Japan) with a solvent system of xylene—-
acetonitrile (10:1, v/v). Mass spectra were taken on a spectrom-
eter JMS-01SG (JEOL).

Solvents.—Anhydrous acetonitrile was prepared by treatment
with anhydrous potassium carbonate, followed by several dis-
tillations from phosphorus pentoxide. Ethanol was purified by
adding ~5% benzene as azeotroping agent followed by fractional
distillation. Tetrahydrofuran was purified by treatment with
potassium hydroxide and distilled from sodium. Dimethyl-
formamide, dimethyl sulfoxide, and Carbitol were purified by
distilling under reduced pressure followed by treatment with
molecular sieves 3A (}/1s).

(13) If the nitro group is situated at the 8 position of carbonyl or ester
group, nitrous acid can be eliminated easily. E.g., M, C. Kloetzel, J. Amer.
Chem. Soc., 70, 3571 (1948); H. H. Baer and W. Rank, Can. J. Chem., 47,
2811 (1969).

(14) A. 8. Bsiley and J. E. White, J. Chem. Soc., B, 819 (1966).
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Materials.—Hydrazoic acid was prepared according to Wolff.18
Commercial sodium azide was used without further purification.
Lithium azide prepared from lithium sulfate and sodium azide
was recrystallized twice from water and dried [90°, (20 mm), 3 hr]
before use, Typical procedures for the reaction of nitro acetate 3
and nitro olefin 4 with sodium azide and lithium azide are de-
scribed. These procedures are almost exact prototypes for the
experiments summarized in Tables I and II.

Phenyl  2-0-Acetyl-4,6-O-benzylidene-3-deoxy-3-nitro-g-n-
glucopyranoside (3).—Phenyl 3-deoxy-3-nitro-g-p-glucopyrano-
side (30 g),!® zinc chloride (30 g), and benzaldehyde (125 g) were
stirred together at room temperature for 30 hr. Water (500 ml)
was added to this mixture. A semicrystalline mass, separated
upon addition of petroleum ether (600 ml, bp 30-60°), was col-
lected and washed twice with 200 ml of petroleum ether, With-
out further purification, to a solution of pyridine (200 ml) dis-
solved in the benzylidene derivative was added acetic anhydride
(65 ml) under cooling with ice water. The reaction mixture was
left overnight at room temperature and then poured into 800 ml
of ice water. The separated crude acetate was washed thoroughly
with water to remove all traces of pyridine and dried. Crys-
tallization from benzene furnished the acetate 3 (35 g): mp
204-205°; [a]®p —109° (¢ 1, CHCI,).

Anal. Caled for CuHuNOs: C, 60.72; H, 5.10; N, 3.37.
Found: C, 60.67; H, 5.23; N, 3.22.

Phenyl 4,6-0O-Benzylidene-2,3-dideoxy-3-nitro-g-p-erythro-hex-
2-enopyranoside (4).—3 (80 g) and dry sodium bicarbonate (120
g) in distilled benzene (600 ml) were refluxed, with stirring, for 60
hr. Thereaction mixture was allowed to cool and filtered, and the
filtrate was evaporated to give a nearly colorless crystalline residue

of 4. Reecrystallization from benzene afforded compound 4
(80%): mp 144-145°; [a]®D —142° (¢ 1, CHCL,).
Anal Ca.lcd for CmI‘InNOeI C, 6422, II, 482, N, 3.94.

Found: C, 64.38; H, 4.98; N, 3.72.

Methyl  4,6-O-Bromoethylidene-3-deoxy-3-nitro-8-p-gluco-
pyranoside (13).—Methyl 3-deoxy-3-nitro-g-p-glucopyranoside
(1.9 g), bromo acetal (4 ml), and concentrated sulfuric acid (0.1
ml) in diethyl ether (15 ml) were stirred for 3 days at room tem-
perature. The mixture was neutralized of 1 N sodium hydroxide
and poured into 10 ml of water. A semicrystalline material,
precipitated upon addition of petroleum ether (80 ml), was col-
lected and washed twice with 10 ml of petroleum ether. Recrys-
tallization from ethanol afforded 13 (75%): mp 215-216° dec;
[a]®Dp —78.5° (¢ 1, acetone).

Anal. Caled for C;HLNO:Br: C, 32.93; H, 4.27; N, 4.27.
Found: C, 32.75; H, 4.21; N, 4.29.
Methyl 2-O-Acetyl-4,6-O-bromoethylidene-3-deoxy-3-nitro-3-

D-glucopyranoside (14).—To a solution of 3.2 g of 13 in pyridine
(20 ml) was added 12 ml of acetic anhydride under cooling with
ice water. The reaction mixture was allowed to stand overnight
at room temperature and then poured into 150 ml of ice water.
The precipitated crude acetate was washed thoroughly with
water. Crystallization from aqueous ethanol furnished the ace-
tate 14 (95%): mp 177.0-177.5°; [a]®p —46.8° (¢ 1, CHCL).

Anal., Caled for CiHieNOsBr: C, 35.68; H, 4.32; N, 3.78.
Found: C, 35.67; H, 4.06; N, 3.85.

Reaction of Phenyl 2-O-Acetyl-4,6-O-benzylidene-3-deoxy-3-
nitro-8-p-glucopyranoside (3) with Sodium Azide. i. Using
Acetonitrile as the Solvent.—To a solution of 3 (830 mg, 2.0
mmol) in acetonitrile (24 ml) containing water (3 ml) was added
sodium azide (143 mg, 2.2 mmol). The mixture was gently
agitated for 10 hr at room temperature by means of a magnetic
stirrer and then evaporated in vacuo at 40°. The remaining
material was washed with water and crystallized from ethanol to
give 740 mg (93%) of 5 as needles of mp 180° dec¢, B¢ 0.78, and
[]®p —43.1° (¢ 1, CHCI,).

Anal. Caled for CsH;sN(Os:  C, 57.28; H, 4.55; N, 14.07.
Found: C, 57.47; H, 4.68; N, 14.10.

ii. Using Dimethylformamide as the Solvent.—To a solution
of 3 (830 mg, 2.0 mmol) in DMF (12 ml) and water (1.5 ml) was
added sodium azide (143 mg, 2.2 mmol). The mixture was
stirred for 10 hr at room temperature and then poured into 100 ml
of water. A separated semicrystalline mass was collected. Re-
crystallization from acetone—ethanol afforded 7 (600 mg, 85%):
mp 238-239° dec; R 0.69; [a]®D —36.7° (c 1, CHCl;).

(15) H. Wolff, Org. React., 3, 307 (1946).
(168) T. Nakagaws, Y. Sato, T. Takamoto, F. W. Lichtenthaler, and N.
Majer, Bull. Chem. Soc. Jap., 48, 3866 (1970).
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Anal. Caled for CgHuNOw: C, 64.58; H, 4.85; N, 7.93.
Found: C, 64.77; H, 4.98; N, 8.13.

Reaction of Phenyl 4,6-0O-Benzylidene-2,3-dideoxy-3-nitro-g-
D-erythro-hex-2-enopyranoside (4) with Hydrazoic Acid.—To 4
(355 mg, 1 mmol) in acetonitrile (8 ml) was added a chloroform
solution containing excess hydrazoic acid. The mixture was
stirred for 10 hr at room temperature and then evaporated in
vacuo to give a crystalline residue. Recrystallization from
ethanol afforded an almost quantitative yield of 5 which was
found to be identical with the product obtained above by tle, ir,
and nmr comparison.

Reaction of Phenyl 2-Azido-4,6-O-benzylidene-2,3-dideoxy-3-
nitro-3-p-glucopyranoside (5) with Sodium Azide.—Nitro azide 5
(398 mg, 1 mmol) and sodium azide (65 mg, 1 mmol) were stirred
in distilled DMF (10 ml) for 10 hr at room temperature. The
mixture was evaporated in vacuo to afford a white material which
was washed with water. Recrystallization from ethanol to give 6
with contamination of a trace of 7. Column chromatography on
silica gel with benzene removed the trace of 7 completely to afford
pure 6: mp 188.5-189.0°; R;0.08; [a]®p —108° (c 1, acetone).

Anal. Caled for CoHiN;Of: C, 64.95; H, 4.88; N, 11.96.
Found: C, 65.13; H, 4.80; N, 12.27.

Hydrogenation of 7.—7 (706 mg, 1 mmol) was stirred under
hydrogen with prereduced Raney nickel in dioxane containing a
catalytic amount of triethylamine for 2 days. After the reaction
mixture was filtered, evaporation of the filtrate afforded white
powder, Recrystallization from ethanol afforded crystalline 8
(85%): mp 215° dec; [«]®p —~93.9° (¢ 0.25, DMSO); ir
(XKBr) 3350 em -1 (NH). '

Anal, Caled for CuHaoNgOsZ C, 67.44; H, 5.36; N, 8.28.
Found: C, 67.17; H, 5.65; N, 8.25.

To a solution of 8 (338 mg, 0.5 mmol) in methanol (40 ml) was
added acetic anhydride (5 ml). The solution was allowed to
stand for 2 hr and then evaporated in vacwo. The remaining
material was washed with water and recrystallized from DMF-
water to give a white powder phenyl 3-acetamido-4,6-0O-benzyli-
dene-2,3-dideoxy-2-(phenyl 4',6'-O-benzylidene-2/,3'-dideoxy-8-
p-erythro-hexopyranosido[2,3'-d] triazolyl)- 8- p - glucopyranoside
(9) in 879% yield: mp 222-224° dec; ([a]®p —17.0° (¢ 0.5,
DMSO0); ir (KBr) 3270 (NH) and 1660 ¢cm ™! (NHAc),

Anal. Caled for CoHuN(Oy: C, 66.84; H, 5.33; N, 7.80.
Found: C, 66.40; H, 5.47; N, 7.85.

Reaction of 4 with 6,—4 (355 mg, 1 mmol) and triazole 6 (351
mg, 1 mmol) were stirred in acetonitrile (24 ml) for 10 hr at room
temperature, and the mixture was then evaporated in vacuo to
afford a white crystalline material. Recrystallization from
ethanol-acetone gave 7 (88%,).

Phenyl  4,6-0O-Benzylidene-3-deoxy-2-O-methyl-3-nitro-8-p-
glycopyranoside (12).—To a solution of 5 (398 mg, 1 mmol) in
absolute methanol (30 ml) was added a catalytic amount of
sodium methoxide. The mixture was stirred for 8 hr at room
temperature and evaporated in vacuo. The remaining material
was washed with water and crystallized from ethanol to give 12
(290 mg, 753%): mp 170.0-170.5°; [a]®D —64.6° (¢ 1, CHCly);
ir (KBr) 1560 cm ! (NO,); nmr (CDCl;) r4.92(d, 1, J = 7 Hz,
H-1), 5.22(t, 1, J = 10 Hz, H-3), 6.40 (s, 3, OMe).

Anal, Caled for CpoHuNO;: C, 62.01; H, 5.46; N, 3.62.
Found: C, 61.72; H, 5.42; N, 3.85.

SAKAKIBARA, SUDOH, AND NAKAGAWA

Reaction of Methyl 4,6-0-Benzylidene-2,3-dideoxy-3-nitro-8-
D-erythro-hex-2-enopyranoside (2) with Sodium Azide in the Pres-
ence of 3.—To solution of 5 (398 mg, 1 mmol) and 2! (293 mg, 1
mmol) in acetonitrile (16 ml) and water (2 ml) was added sodium
azide (65 mg, 1 mmol).. After stirring for 3 hr at room tempera-
ture, the reaction mixture was evaporated in vacuo, The re-
maining material was washed with water and chromatographed
on a column (3 X 14 cm) of silica gel using benzene as an eluent.
The azide 5, which was eluted as the first portion, was recovered
in 70% yield and a trace amount of several products were frac-
tionally isolated, although their structures have not yet been
determined. Methyl 4,6-O-benzylidene-2,3-dideoxy-2-(methyl
4',6'-0-benzylidene-2’,3’ - dideoxy - 8--erythro-hexopyranosido-
(27,8’-d] triazolyl )-3-nitro-g-p-hexopyranoside (11), correspond-
ing to 7, but its configuration at C-2 of the nitro sugar moiety has
not been determined, was eluted as the last portion and obtained
in 62% yield: mp 222° dec; [a]®p ~62.5° (¢ 1, CHCl); ir
(KBr) 1560 cm ™t (NO,); nmr (CDClLy) 7 4.18 (s, 1, H-1"), 6.49
(s, 3, OMe), 6.64 (s, 3, OMe).

Anal. Ca,lcd for CstaoN4Om! C, 57.73; H, 5,19; N, 9.62.
Found: C, 57.79; H, 5.32; N, 9.80.

Reaction of Nitro Olefin 4 with Picryl Azide.—To a solution of
nitro olefin 4 (355 mg, 1 mmol) and picryl azide (254 mg, 1 mmol)
in-distilled dioxane (20 ml) was added 1 N sodium hydroxide (0.4
ml). The reaction mixture was allowed to stand at room tem-
perature for 12 hr and then evaporated i vacuo. Diethyl ether
(70 .ml) was added to the residue, and the resultant solid was
filtered. The precipitate was recrystallized from ethanol-
benzene to give 240 mg (68%) of 7.

Reaction of Methyl 2-0-Acetyl-4,6-O-bromoethylidene-3-
deoxy-3-nitro-g-p-glucopyranoside (14) with Sodium Azide.—
To a solution of 14 (740 mg, 2 mmol) in DMF (16 ml) and water
(2 ml) was added sodium azide (130 mg, 2 mmol). The mixture
was stirred for 10 hr at room temperature and poured into water
(100 ml). Separated semicrystalline material was collected.
Recrystallization from ethanol afforded 10 (72%): mp 170.0-
170.5°; {a)®p —40.7° (¢ 1, CH,Cl); ir (KBr) 1560 ecm ™ (NOy);
nmr (CDCl;) 7 4.13 (s, 1, H-1"), 6.42 (s, 8, OMe), 6.58 (s, 3,
OMe).

Anal. Caled for ClaHz(N(OmBrz: C, 35.07; H, 3.90; N,
9.09. Found: C, 35.47; H, 4.05; N, 9.35.

Registry No.—2, 25541-58-6; 3, 39727-45-2; 4,
39727-46-3; 5, 3972747-4; 6, 39710-80-0; 7, 37342-
70-4; 8, 37342-71-5; 9, 37342-72-6; 10, 37342-68-0;
11, 37342-69-1; 12, 39727-48-5; 13, 39727-49-6; 14,
39727-50-9; phenyl 3-deoxy-3-nitro-8-p-glucopyrano-
side, 39727-51-0; methyl 3-deoxy-3-nitro-B-p-gluco-
pyranoside, 39727-52-1; sodium azide, 26628-22-8.
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