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liquor (yield, 719). The product melted at 164~165° and had
[aIp +8.8° (chloroform), after one recrystallization from ethyl
acetate-petroleum ether (bp 30-60°) (with the latter solvent
being added cautiously so as to avoid gel formation); infrared
bands (em™) 3360 (NH), 1745 (NO,), 1660 (amide I), 1540
(amide II), 1552 (NO,).

Anal. Caled for CisHyN:O, (348.3):
8.05. Found: C, 44.66; H, 5.95; N, 8.14.

Methy! 2-Acetamido-3-amino-2,3-dideoxy-g-p~galactopyrano-
side Hydrochloride (8),—Compound 6 (320 mg) and 0.1 N
hydrochloric acid (12.4 ml) in water (50 ml) were shaken under
hydrogen, at 23° and atmospheric pressure, in the presence of
prehydrogenated platinum catalyst (120 mg of PtOz). Hydrogen
consumption (86.5 ml) was complete within 3 hr (caled for 3 mol
at STP, 81.5 ml). Removal of the catalyst and evaporation
(with several additions of ethanol) gave a residue which was
recrystallized from methanol-ethyl acetate to yield 8 (304 mg,
92.5%), mp 210-215° dee. A further recrystallization gave 8
(269 mg) : mp 222-223° dec; [«Jp +0.6° (water) ; infrared bands
(em™) 3400-3330 (NH, OH), 3000 (broad, NH;*), 1660 (amide
I), 1535 (amide II), 1620, 1590 (NH;* bending).

Anal. Caled for CHCIN,Os (270.7): C, 39.96; H, 7.07;
N, 10.35. Found: C, 39.92; H, 7.20; N, 10.36.

Methyl  2,3-Diacetamido-2,3-dideoxy-g3-p-galactopyranoside
(9)-—Amine hydrochloride 8 (320 mg) in water (10 ml) contain-
ing methanol (1 ml) was stirred in an ice bath for 90 min with
acetic anhydride (0.2 ml) and 6 ml of Dowex 1-X8 (carbonate
form). The filtrate from the anion exchange resin was briefly
stirred with a small amount of cation exchange resin, Rexyn 101
(H*), and then evaporated to give a colorless syrup that was
dehydrated by evaporstion with ethanol. For crystallization,
the material was dissolved in boiling acetone (10 ml) containing
several drops of water, and the hot solution was allowed to cool
very slowly (to avoid gel formation) over a period of several
hours. Compound 9 was s0 obtained as microscopic needles
(200 mg, plus 54 mg by concentration of the mother liquor) that
melted with decomposition at 265-267°. Recrystallized once in
the same way, 9 (232 mg) decomposed at 269-270° upon very
slow heating, or sbove 300° upon more rapid heating. The

C, 44.83; H, 5.79; N,
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rotation was [a Jp —34.3 (water); infrared bands (e¢m™!) 3580,
3420, 3340, 3300 (OH, NH), 1645 (amide I}, 1565, 1555 (amide
II). The product apparently contained water of crystallization,
the analytical values corresponding to & hemihydrate after drying
in vacuo at 56°.

Anal. Caled for C;H3oN;04+0.5H,0 (285.3): C, 46.20, H,
742; N, 9.82. Found: C,46.04; H, 7.37; N, 9.66.

Methyl 2,3-Diacetamido-4,6-di-O-acetyl-2,3-dideoxy-3-p-ga~
lactopyranoside (10).—Amine hydrochloride 8 (100 mg) was
acetylated overnight at room temperature with acetic anhydride
(0.75 ml) and pyridine (4 ml), the inhomogenous mixture being
stirred magnetically. Exhaustive evaporation with ethanol,
toluene, and again ethanol furnished a gel which was dried in a
desiceator. Inspection by tle revealed that the acetylation was
incomplete, a more slowly moving product!® being present in
addition to the main product (10). The material was therefore
subjected to a second, identical acetylation which yielded chro-
matographically homogeneous 10 as colorless needles [mp 258~
260°, [a]p —27.8° (¢ 0.5, chloroform) ] upon crystallization from
methanol and ethyl acetate; infrared bands (em™) 3330, 3300
(NH), 1740 (ester carbonyl), 1665, 1650 (amide I), 1550, 1540
(amide II).

Anal. Caled for 015H24N205 (3604).
7.78. Found: C, 49.91; H, 6.60; N, 7.87.

Registry No.—4, 18888-65-8; 5, 18888-66-9; 6,
18907-05-6; 7, 18888-67-0; 8, 18888-68-1; 9, 18888-
69-2; 10, 18888-10-5.

C, 50.00; H, 6.71; N,
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(13) Part of this produet crystallized from methanol-ethyl acetate; it
melted at 265-267° dec and exhibited infrared absorption at 3480 (hydroxyl)
and at 1730 em™! (ester earbonyl), the latter band being less intense relative
to the corresponding band in 10.
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The long-range effect of p-nitrobenzoyl vs. benzyl groups on the formation and solvolysis of various b-
glucopyranosyl bromides, all having a benzyl group at C-2, has been studied. For this purpose, 2-O-benzyl-
3,4,6-tri-0-p-nitrobenzoyl-e-p-glucopyranosyl bromide (« 3), its anomer (8 3), 2,3-di-O-benzyl-4,6-di-O-p-
nitrobenzoyl-g-p-glucopyranosyl bromide (8 7), 2,3,4-tri-O-benzyl-6-0-p-nitrobenzoyl-g-p-glucopyranosyl
bromide (8 9), and 2,3,4,6-tetra-0O-benzyl-a-p-glucopyranosyl bromide (« 11) have been synthesized through
the action of hydrogen bromide on the corresponding 1-O-p-nitrobenzoyl esters in dichloromethane solution.
In each case, and regardless of the anomeric configuration of the esters used, the B-p-glucopyranosyl bromide
is formed first; equilibration with the more stable a-p-glucopyranosyl bromide then follows at a rate which is
inversely related to the number of p-nitrobenzoyl groups present in the halide. The rates of methanolysis of
the five n-glucopyranosyl bromides, with and without added bromide ion, have been measured and the ratio
of methyl p-glucopyranosides has been determined in each case. In general, the B-p-glucopyranosyl bromides
are more reactive than their « anomers and, with one exception, the a-pD-glucopyranoside is the main product
regardless of the anomeric configuration of the halide used. These and other facts suggest that the more rapid
solvolysis of the equatorial bromides is probably the dominant feature of these reactions. Theoretical con-
siderations aside, 8 3 has been found to be an easily accessible substance and may prove valuable in the synthesis
of a-p-glucopyranosides.

In an earlier paper? from this laboratory, a study
of the methanolysis of 2-O-benzyl-3,5-di-O-p-nitro-
benzoyl-a-p-arabincfuranosyl chloride, 2,3-di-O-benzyl-
5-0-p-nitrobenzoyl-e-p-arabinofuranosyl chloride, and

(1) Associate in the Visiting Program of the National Institutes of Health,
1966-1967.

(2) C. P. J. Glaudemans and H. G. Fletcher, Jr., J. Amer. Chem. Soc.,
87, 4636 (1965).

2,3,5-tri-O-benzyl-a-p-arabinofuranosyl chloride was
described and it was shown that acyl groups further
removed from C-1 than C-2 (7.e., either at C-5 or at C-3)
in these glycofuranosyl halides exert a stabilizing effect
upon the C-1-halogen bond. In this earlier study, all
of the substrates had the same anomeric configuration
and each was substituted at C-2 with the nonparticipat-
ing benzyl group to avoid the added complication of



564 IsHIKAWA AND FLETCHER

neighboring-group participation in the solvolysis of
these halides. We now wish to report a related in-
vestigation of a series of variously substituted b-
glucopyranosyl bromides; the preparative aspects of the
research will be discussed first.

Synthesis of Substrates.—2-0-Benzyl-o-p-glucose
(1, Chart I) was synthesized by the method of Klemer,?

Crarr I
HOR’ CH.OR’
RO R’O%
RO RO
OR “OR/ OR™Br
1, R=CHCH; R =H 3,R = CsH,CH,;
2, R= CH,CH;; R’ = pO,N.CiH,CO

R’ = p-O,N-GH,CO

H,OR/ 0 CH,OR’ 0
OR “Br

OR “OR’

4, R= CsHsCHZ; R'=H
. 5, R = CsHsCHQ; R, = CHgCO

7, R= CsHsCHQ;
R'= p‘OgN'CGH5CO

6, R=C:H,CH,;
R’ = p-O,N.C;H,CO
CH,OR’ 0 C{IZOR’ 0
OR “OR’ OR “pr
8, R = CsHsCHg; 9, R = CGH5CH2;
R= p‘OgN'CQI'L Co R'= p‘OzN‘CeI'LCO
CH,OR o CH,0R 0
E AN
OR™OR/ OR “By

10, R = CH;CH,; R’ = pO,N.CH,CO 11, R= CH,CH,
an elegant and simple procedure which makes this ether
perhaps the most attractive intermediate for the
synthesis of acylated p-glucosyl halides having a non-
participating group at C-2. p-Nitrobenzoylation of 1
afforded both of the anomeric 2-0-benzyl-1,3,4,6-tetra-
O-p-nitrobenzoyl-p-glucopyranoses (o« and 8 2) in
crystalline form, the « anomer predominating (90%).
Treatment of the ¢ anomer (« 2) with hydrogen bromide
in dichloromethane solution caused the precipitation of
p-nitrobenzoic acid; the filtrate readily gave (329
yield) a crystalline, weakly dextrorotatory ([a7*p
+2.4° in dichloromethane) 2-O-benzyl-3,4,6-tri-O-p-
nitrobenzoyl-p-glucopyranosyl bromide (3) with an
nmr spectrum which identified it as the 8 anomer. A
crystalline isomer having [«]®p +472.9° (dichioro-
methane) was isolated from the mother liquor in 139;
yield and found, by its nmr spectrum, to be a 3.
2,3-Di-O-benzyl-p-glucose (4) was first prepared by
Micheel, Klemer, and Flitsch® through the hydrolysis
of phenyl 2,3-di-O-benzyl-g-p-glucopyranoside. For
the purpose of the present research, the somewhat more
readily assessible methyl 2,3-di-O-benzyl-a-p-gluco-
pyranoside® was subjected to acidie hydrolysis and 4 was
isolated in 549, yield. In an attempt to increase this

3) A. Klemer, Chem. Ber., 96, 634 (1963).

(4) F. Micheel, A. Klemer, and R. Flitsch, ibid., 91, 663 (1958).

(3) D. J. Bell and J. Lorber, J. Chem. Soc., 453 (1940); K. Freudenberg
and E. Plankenhorn, Ber., 78, 621 (1940).
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Figure 1.—Plot of rotation against time in reaction of anomeric
2,3-di-O-benzyl-1,4,6-tri-O-p-nitrobenzoyl-n-glucopyranoses with
hydrogen bromide in dichloromethane: @, « 6; A, 8 6.

yield, the glueoside was acetolyzed to give a crystalline
product with an elemental composition and nmr
spectrum which showed it to be 1,4,6-tri-O-acetyl-2,3-
di-O-benzyl-a-p-glucopyranose (o 5). Deacetylation
of a 5 readily gave 2,3-di-O-benzyl-p-glucose (4) but the
over-all yield (46%) was lower than that encountered
in the direet hydrolysis of methyl 2,3-di-O-benzyl-a-p-
glucopyranoside. Micheel and his coworkers* reported
2,3-di-O-benzyl-p-glucose (4) as having mp 102-105°
and [« ]®p +50° (c 1, ethanol) while the most carefully
purified material prepared in the course of the present
research had mp 114-115.5° and showed a levomuta-
rotation: [aJ®p +50.9° (5 min) — +44.7° (2 hr)
(¢ 1.5, ethanol). It is probable that the discrepancy
between our physical constants and those found by the
earlier workers may be attributed to differences in
anomeric composition. Indeed, p-nitrobenzoylation of
a sample of 4 having mp 110-114° gave a levorotatory
tri-p-nitrobenzoate in 789, yield, the nmr spectrum
showing it to be 2,3-di-O-benzyl-1,4,6-tri-O-p-nitro-
benzoyl-g-p-glucopyranose (8 6). From the mother
liquor the anomer (a 6) was isolated in 8.99; yield.
The behavior of the two anomeric esters (« and 8 6)
with hydrogen bromide in dichloromethane solution was
studied polarimetrically, the rotations of the reaction
mixtures being observed until precipitation of p-
nitrobenzoic acid obscured the field. Rotations are
plotted against time in Figure 1 and it may be seen that
the reaction mixture from each anomer appears to be
approaching the same rotational value up to the time
when observations were interrupted. After the p-
nitrobenzoic acid had settled, further observations were
made on the supernatant solution. With the reaction
mixture from « 6 readings were obtained at 4 and 20 hr
and, during this period, the observed rotation increased;
by 20 hr, both reaction mixtures had become much
more dextrorotatory than earlier and had attained
approximately the same value. The experiments were
repeated on a preparative scale and interrupted at the
end of 2.5 hr to give a single, crystalline 2,3-di-O-benzyl-
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4,6-di-O-p-nitrobenzoyl-p-glucopyranosyl bromide (7),
the yield from « 6 being 699, and that from 8 6 being
599,. The nmr spectrum of the bromide showed it to
be the 8 anomer (37). In another experiment, 8 6 was
allowed to react with hydrogen bromide overnight. A
erystalline halide could not then be isolated but the
syrupy bromide obtained gave an nmr spectrum which
showed the presence of 8 7 and included signals which
were interpreted as arising from « 7. The observed
facts appear to suggest that both « and 8 6 are initially
converted into a mixture which is at least rich in 87 and
that partial anomerization of the bromide then takes
place.

p-Nitrobenzoylation of the known 2,3,4-tri-O-benzyl-
p-glucopyranose® gave crystalline 2,3,4-tri-O-benzyl-1,6-
di-O-p-nitrobenzoyl-g-p-glucopyranose (8 8) in 409,
yield; the corresponding « anomer (a 8) was obtained
as a chromatographically homogeneous but syrupy
product. Treatment of 8 8 with hydrogen bromide in
dichloromethane solution afforded a erystalline 2,3,4-
tri-0-benzyl-6-0-p-nitrobenzoyl-o-glucopyranosyl bro-
mide (9) which showed a dextromutarotation in dry
dichloromethane: [a]®p +41.9° (extrapolated) —
+126.5° (283 hr). The nmr spectrum of the bromide in
deuteriochloroform showed initially a doublet charac-
teristic of a B derivative but, on standing, another
doublet of narrower spacing and at lower field appeared
and remained while the first doublet eventually dis-
appeared. These observations are consistent with the
conversion of a 8 bromide to its @ anomer.

When 2,3,4,6-tetra-O-benzyl-1-0-p-nitrobenzoyl-a-p-
glucopyranose (10)7-® was dissolved in a dichloro-
methane solution of hydrogen bromide, precipitation of
p-nitrobenzoic acid began within 1 min; when it had
ceased, the supernatant solution was transferred to a
polarimeter tube and a dextromutarotation was ob-
served as plotted in Figure 2. The point at zero time
is based upon the rotation of 10 in dichloromethane
alone. Removal of the solvent and hydrogen bromide
from the reaction mixture after mutarotation had
ceased gave syrupy 2,3,4,6-tetra-O-benzyl-a-p-gluco-
pyranosyl bromide (o 11) which was used in the
solvolysis studies.

Mechanism of Formation of Substrates.—All ob-
servations are consistent with the view that the first
product formed when these 1-O-p-nitrobenzoyl-p-
glucopyranoses are treated with hydrogen bromide in
dichloromethane solutions is, at least predominantly, the
substituted B-p-glucopyranosyl bromide. With short
reaction times, the o form of 2 gives largely 8 3 while
both anomeric forms of 6 give good yields of 37 and 8 8
gives 8 9 in high yield. As the reaction time is ex-
tended, the B-pD-glucopyranosyl bromide tends to
equilibrate with its @ anomer. While efforts to study
the reaction of 10 with hydrogen bromide using nmr
failed to yield a clear picture, the mutarotation of the
dichloromethane solution after removal of the p-
nitrobenzoic acid is in the direction which would be
expected were a B-p-glucopyranosyl bromide to anom-
erize. Actually, Figure 2 corresponds very closely to
the polarimetric observations obtained by Weygand

(8) G. Zemplén, Z. Cslirds, and S. Angyal, Ber., 70, 1848 (1937).

(7} M. E. Tate and C. T. Bishop, Can. J. Chem., 41, 1801 (1963).

(8) M. N. Preobrazhenskaya and N. N. Suvorov, Zh. Obshch. Khim., 86,
888 (1965).
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Figure 2.—Plot of rotation against time in reaction of 2,3,4,6-
tetra-O-benzyl-1-0-p-nitrobenzoyl-a-p-glucopyranose (10) with
hydrogen bromide in dichloromethane.

and Ziemann? when these authors treated ethyl 2,3,4,6-
tetra-0-benzyl-1-thio-a-p-glucopyranoside with 2 mol
equiv of bromine. In this reaction the alkylthio group
is replaced with inversion by a bromide atom. The
optical rotation of the reaction mixture rapidly dimin-
ished as the dextrorotatory thioglycoside was converted
into 8 11 and then a slower dextromutarotation ensued
as 8 11 isomerized to « 11.

While the rate of anomerization of a glycosyl halide
is a function of halide ion concentration,® it is clear
that the B-p-glucopyranosyl bromides mentioned here
differ widely in their tendencies to anomerize and that
these differences arise from the long-range effect of the
p-nitrobenzoyl group. Thus 2,3,4,6-tetra-O-benzyl-8-
p-glucopyranosyl bromide (8 11) anomerizes more
rapidly than 8 7 in the presence of hydrogen bromide
while 8 9 probably represents an intermediate case, its
single p-nitrobenzoyl group being insufficient to inhibit
anomerization even in the absence of added bromide
ion. The bromide 8 3 with its three p-nitrobenzoyl
groups probably represents an extreme case of stabiliza-
tion since a reaction time of 6 hr was used in its prepara-
tion,

By what mechanism do the 1-O-p-nitrobenzoyl-p-
glucopyranose derivatives give these 8-p-glucopyranosyl
bromides? At this junction we can only speculate. A
simple SN2 displacement may be involved although this
would imply that 8 6 must anomerize before attack.
Alternatively, one might envisage steric control through
the formation of an epoxonium ion such as 12, How-

H,0™
0
AN
O

OR
13

~o CH,0"
~

o
S w—o{@

(9) F. Weygand and H. Ziemann, 4nn., 687, 179 (1962).
(10) R. U. Lemieux and J. Hayami, Can. J. Chem., 48, 2162 (1985).
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TasiE I
MEerHANOLYSIS OF D-GLUCOPYRANOSYL BROMIDES
BuNBr, Methyl D-glucopyranosides
Solvolysis Substrate mol/mol of substrate Figure no. k, In, min-1® tie formed, a/8
A a3 3 (Complex) Ca. 18 days 91:9
B a3 4 4 8.5 X 10 14 hr 95:5
C g3 5 3.5 X102 21 min 94:6
D 83 4 6 8.2 X 10 14 hr 94:6
E 87 7 1.8 X107 3.9 min 94:6
F 87 4 8 3.9 X 1073 178 min 92:8
G a9 9 2.7 X 10~ 4.3 hr 96:4
H a9 4 9 1.6 X 102 43 min 90:10
I all 10 2.2 X 102 31 min 45:55
J all 4 10 4.1 X 1072 17 min 72:28
K all (NaOCH,, 10 2.6 X 10 2.7 min 6:94

12 mol equiv)

¢ First-order rate constant calculated from polarimetric observations using the expression k = (1/t) In (g — aw)/(@: — aw).

ever, participation of the benzyloxy group in nuecle-
ophilic displacements has been but rarely encountered
and the known examples!!:®? coneern structures in which
there is less stabilization of a carbonium ion than is
possible with the one which would normally be expected
here (13). It seems more probable that the initial
formation of these B-p-glucopyranosyl bromides is the
result of steric factors involved in the approach of the
relatively bulky bromide ion to ions such as 13, When
B-p-glucopyranose pentaacetateis treated with hydrogen
chloride, kinetic control gives, initially, 2,3,4,6-tetra-O-
acetyl-g-p-glucopyranosyl chloride.* While this phe-
nomenon may be aseribed to participation by the acetyl
group at C-2, the present work suggests that other,
possibly sterie, factors may play a part as well.

Solvolysis of the Halides.—FEach of the halides was
dissolved in dry dichloromethane, methanol was added,
and the optical rotation of the resulting solution was
observed at 20°. When the solvolysis was complete,
the benzyl and p-nitrobenzoyl groups were removed
from the product and the relative porportions of the two
anomeric methyl p-glucopyranosides were determined
by glpe of their trimethylsilyl derivatives. The first-
order rate constants of the solvolyses, as well as the
ratios of the anomeric p-glucopyranosides formed, are
given in Table I. To be sure that the p-glucopyrano-
sides initially formed in the solvolyses were not anomer-
ized by the hydrogen bromide which was simultaneously
released, 2 sample of methyl 2,3,4,6-tetra-0O-benzyl-3-p-
glucopyranoside’ was dissolved in dichloromethane—
methanol containing 1 mol equiv of hydrogen bromide;
the optical rotation of the resulting solution was
constant over the course of 19 hr. Owing to the in-
fluence of the p-nitrobenzoyl group, all of the other
substituted methyl 8-p-glucopyranosides formed in the
solvolyses reported here would be more resistant to
anomerization than methyl! 2,3,4,6-tetra-O-benzyl-g-p-
glucopyranoside.

The polarimetric data from the methanolysis of 2-0-
benzyl-3,4,6-tri- O-p-nitrobenzoyl-a-p-glucopyranosyl
bromide (« 3) were plotted against time as shown in
Figure 3. From the time scale it will be seen that the
reaction is a relatively slow one, with ;2 approximately

(11} G. R. Gray, F. C. Hartman, and R. Barker, J. Org. Chem., 80, 2020
(1965).

(12) J. 8. Brimacombe and O. A. Ching, Carbohyd. Res., 8, 239 (1967);
tbid., 8, 82 (1968); J. Chem. Soc., C, 1642 (1968).

(13) R. U, Lemieux, Methods Carbohyd. Chem., 8, 224 (1963).

18 days; the shape of the curve bespeaks a complex
reaction. When the solvolysis of « 3 was repeated in
the presence of 4 mol equiv of tetrabutylammonium
bromide, the half-life decreased to 14 hr and the
kinetics (Figure 4) became first order. The equatorial
bromide, 8 3, proved to be more reactive (Figure 5)
with a half-life of but 21 min. In the presence of excess
bromide ion (4 mol equiv), the 8 bromide rapidly
mutarotated to an observed rotation corresponding to
[a]®p +71.7°; the addition of methanol then led to
solvolysis (Figure 6) at a rate (#;» = 14 hr) which was
virtually identical with the rate of methanolysis of « 3
in the presence of excess bromide ion. Extrapolation to
zero time of the curve for the methanolysis of the o
bromide alone (Figure 3) and for the curve for the
methanolysis of the & bromide in the presence of excess
bromide ion (Figure 4) gives values corresponding to
[a]®p +74.4° and +71.9°, respectively; comparison of
these specific rotations with that attained by 8 3 in the
presence of bromide ion, [a]®p 471.7°, shows that « 3
greatly predominates at equilibrium as might be
expected from the anomeric effect.

The steric outcome of the solvolysis of these two
anomeric bromides (o and 8 3) was nearly the same and
was not materially altered by the presence of added
bromide ion (Table I); in each case the «-D-gluco-
pyranoside predominated.

Discussion

Rhind-Tutt and Vernon®® showed that the meth-
anolysis of 2,3,4,6-tetra-O-methyl-a-p-glucopyranosyl
chloride is accompanied by almost complete inversion
and they concluded that an Sx1 mechanism was in-
volved. Later studies in the laboratory on the meth-
anolysis of 2-O-benzylpentofuranosyl chlorides,®*® as
well as on their reactions with N-benzoyladenine® and
with 5,6-dimethylbenzimidazole,” yielded results which
are consistent with the concept that benzylated aldo-
furanosyl halides react largely, if not wholly, by an

(14) It should be noted that specific rotations derived here from kinetic
measurements are calculated on the assumption that the volume of the solution
is identical with that of the solvent used. At the concentrations employed,
the error thus introduced may be regarded as justified by the convenience
involved.

(15) A. J. Rhind-Tutt and C. A. Vernon, J. Chem. Soc., 4637 (1980).

(16) C. P. J. Glaudemans and H. G. Fletcher, Jr., J. Org. Chem., 28,
(1963).

(17) J. D. Stevens, R. K. Ness, and H. G. Fletcher, Jr., ibid., 88, 1806
(1968).
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Figure 3.—Methanolysis of 2-0-benzyl-3,4,6-tri-O-p-
nitrobenzoyl-s-p-glucopyranosyl bromide (8 3).
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Figure 4.—Methanolysis of 2-O-benzyl-3,4,6-tri-O-p-nitroben-
zoyl-a-p-glucopyranosyl bromide (« 3) in the presence of 4 mol
equiv of tetrabutylammonium bromide.
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Figure 5,—Methanolysis of 2-O-benzyl-3,4,6-tri-O-p-
nitrobenzoyl-g-p-glucopyranosyl bromide (8 3).
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Figure 6.—Mutarotation of 2-O-benzyl-3,4,6-tri-O-p-nitroben-
zoyl-g-D-glucopyranosyl bromide (3 3) in the presence of tetra-
butylammonium bromide and methanolysis of the product.
Methanol was added after 19 hr.

ion-pair mechanism with a single Walden inversion
when an acid acceptor is absent.

These pentofuranosyl chlorides were wholly or pre-
dominantly trans at C-1-C-2 and gave products which
were c¢i8 at C-1-C-2. Referring now to Table I, it will
be seen that the methanolysis of both « and 8 3 gave
almost wholly the ¢fs glucoside although the proportion
of trans glucoside from « 3 is significantly greater than
from 8 3. The nmr spectra of « and 3 3 are consistent
with C1 conformations and it should be noted that the
solvolysis of 8 3 with its equatorial bromine atom is
much faster than the solvolysis of « 3 which has an axial
bromine atom. This relationship stands in sharp
contrast to that found in the Sx1 solvolysis of sub-
stituted cyclohexyl tosylates!® where the axial ester is
more reactive than the corresponding equatorial one.

These apparent inconsistencies in the behavior of «
and 8 3 may be attributed to the anomeric effect*® which
renders « 3 stable (and thus, initially, very slow to
solvolyze) and, being opposed in 8 3, makes the solvol-
ysis of this halide relatively rapid. From Figure 6 and
from the fact that solvolyses B and D proceeded at
identical rates and gave virtually identical mixtures of
glucosides, one may infer that the presence of 4 mol
equiv of bromide ion renders interconversion of the two
halides quite rapid. We may, therefore, portray the
sequence of reactions in these solvolyses as shown in
Scheme I. The solvolysis of « 3 in the absence of added
bromide ion initially produces the 8 glucoside (15) and
bromide ion but, as the concentration of the bromide ion
increases, the rate of conversion of « 3 to 8 3 increases
and the rapid and irreversible methanolysis of 8 3 (to
give the « glucoside, 14) accounts for the ultimate fate
of the bulk of the « 3. Now, as we have shown, the
equilibrium between « 3 and 8 3 (ki + k2) lies greatly
on the « 3 side and thus k; may be expected to be much
larger than k;. It is not surprising, therefore, that the
solvolysis of « 3 is more rapid in the presence of added

(18) E. L. Eliel, N. L. Allinger, S. J. Angyal, and G. A. Morrison, “Con-
formational Analysis,” Interscience Publishers, New York, N. Y., 1965, p 84.

(19) For discussions of this effect, see ref 18, p 375, and also R. U. Lemieux
in ‘*Molecular Rearrangements,”’ P. deMayo, Ed., pt 2, Interscience Publishers,
New York, 1964, p 735.
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bromide as the bromide ion produced in solvolysis C is
much less effective in catalyzing the interconversion of
the two anomeric forms of 3 than is the 4 mol equiv of
bromide ion introduced at the outset in solvolysis B.
Indeed, since the rates of methanolysis of @ and 8 3 are
identical in the presence of added bromide ion and
slower than that of 8 3 alone (solvolysis C), it is prob-
able that the actual rate of methanolysis in these cases
(B and D) is that of the conversion of « 3 into 83 (k).

Scheme I resembles very closely a proposal made by

ScaeME 1
CH,OR 0 N CHZOR’O
Y] L Y}
ROpo Br R OM
OR OR
14 OCH,
CH,OR o
OCH,
OR
15

R= CsHsCHz; R'= }7‘02N'CsH4CO

Rhind-Tutt and Vernon® to rationalize the solvolysis
of 2,3,4,6-tetra-O-methyl-a-p-glucopyranosyl chloride
and it is of interest to note that these authors predicated
their proposal upon the assumption that the rate of
methanolysis of the (unknown) 2,3,4,6-tetra~-O-methyl-
B-p-ghucopyranosyl chloride is much greater than that
of its & anomer. At that time (1960) the only pair of
crystalline anomeric p-glucopyranosyl halides with a
nonparticipating group at C-2 which had been examined
was the 3,4,6-tri-O-acetyl-p-glucopyranosyl chlorides
and Lemieux and Huber® had shown that the 8 anomer
of this pair undergoes acetolysis at a rate ca. 100 times
as great as the a anomer. Concurrently with the
present work, Pravdié and Keglevié®! have succeeded in
synthesizing benzyl 2,3,4-tri-O-benzyl-1-chloro-1-deoxy-
B-p-glucopyranuronate and have found it to be more
reactive than its « anomer. It is clear, then, that
B-p-glucopyranosyl halides are normally more reactive
than their « anomers and that this enhanced reactivity
cannot be ascribed wholly to anchimeric assistance
when a participating group is present at C-2.

As mentioned earlier, Rhind-Tutt and Vernon?® found
that the methanolysis of 2,3,4,6-tetra-O-methyl-a-p-
glucopyranosyl chloride gave almost complete inversion;
in fact 949, B-p-glucopyranoside was formed. The rate
was enhanced in the presence of lithium chloride, the
yield of the a-p-glucopyranoside increasing from 6 to
35%. In terms of Scheme I this fact is readily under-
standable; that the proportion of a-p-glucopyranoside
which they found is lower than that obtained by us
from o 3 in the presence of added bromide ion may be
due to the circumstance that the difference between k;
and k; in the case studied by the earlier authors is
smaller than in the example described here. We will
return to this point later.

The methanolysis of 2,3-di-0-benzyl-3,5-di-O-p-nitro-

(20) R. U. Lemieux and G. Huber, Can. J. Chem., 88, 128 (1955).
(21) N. Pravdi¢ and D. Keglevié, Carbohyd. Res., 7, 167 (1968).

The Journal of Organic Chemistry

0.8~

(e X-] o

0.4/

OBSERVED ROTATION (degrees)

| ! 1
10 20 30

TIME (minutes)

02

Figure 7.—Methanolysis of 2,3-di-O-benzyl-4,6-di-O-p-
nitrobenzoyl-3-p-glucopyranosyl bromide (8 7).
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Figure 8.—Methanolysis of 2,3-di-O-benzyl-4,6-di-O-p-nitro-
benzoyl-g-p-glucopyranosyl bromide (8 7) in the presence of
tetrabutylammonium bromide.

benzoyl-8-p-glucopyranosyl bromide (3 7, Figure 7,
solvolysis E) was more rapid (42 = 3.9 min) than that
of 3. In a qualitative manner, this greater reactivity
may be ascribed to the fact that 8 7 has one less p-
nitrobenzoyl group than has 8 3. In the presence of
added bromide ion (Figure 8, solvolysis E), 8 7 meth-
anolyzed much more slowly ({12 = 178 min).

2,3,4-Tri-0-benzyl-6-0-p-nitrobenzoyl-3-p-glucopy-
ranosyl bromide (8 9) was allowed to anomerize
spontaneously in dichloromethane solution; the addition
of methanol then caused a levomutarotation (solvolysis
G, Figure 9). It is interesting to note that the rate of
this methanolysis (2.7 X 1073, #;,» = 4.3 hr) is of the
same order of magnitude as the rate of anomerization of
8 9 in dichloromethane (5.1 X 1073%); the latter rate
would probably be enhanced by a more polar, methanol-
containing medium and certainly increased by the
presence of bromide ion. Direct methanolysis of § 9
in the presence of excess bromide ion (solvolysis H)
proceeded rapidly (1.6 X 1072 #;» = 43 min), but the
direction of the mutarotation (Figure 9) clearly showed
that the halide had anomerized even before the first
observation.

Finally, the methanolysis of 2,3,4,6-tetra-0-benzyl-a-
p-glucopyranosyl bromide (« 11) was studied. With-
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Figure 9.—Methanolysis of 2,3,4-tri-O-benzyl-6-0-p-nitroben-
zoyl-g-p-glucopyranosyl bromide (9): A, with methanol alone
after anomerization in dichloromethane solution; @, with tetra-
butylammonium bromide and methanol.
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Figure 10.—Methanolysis of 2,3,4,6-tetra-O-benzyl-a-p-gluco-
pyranosyl bromide (« 11): @, with methanol alone; A, in the
presence of 4 mol equiv of tetrabutylammonium bromide; A, in
the presence of 12 mol equiv of sodium methoxide.

out added bromide (solvolysis I, Figure 10) the half-life
of the reaction was 31 min while, in the presence of
excess bromide ion (solvolysis J), this was shortened to
17 min.

It may be noted that the methanolysis of a 3, « 9,
and « 11 involved a levomutarotation and rates which
were increased by the presence of added bromide ion.
On the other hand, the methanolysis of 8 3 caused a
dextromutarotation and its rate was decreased by the
presence of added bromide ion. With methanol alone,
8 7 showed a dextromutarotation (Figure 7), but, with
added bromide ion, a levomutarotation (Figure 8) was
observed; it seems likely, then, that solvolysis F
actually represents the methanolysis of & 7, anomeriza-
tion of 8 7 having taken place prior to the first observa-
tion.

Turning to the last column in Table I, it will be seen
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that the addition of bromide ion caused a 3 to give a
higher yield of the a-p-glucopyranoside. With 87 there
is a slight decrease in the proportion of a-p-glucopy-
ranoside when excess bromide ion is present. The
effect is slightly greater with 8 9 but reversed with « 11.
In this latter case we have a situation comparable with
that which Rhind-Tutt and Vernon® found with the
methanolysis of 2,3,4,6-tetra-0O-methyl-e-p-glucopyran-
osyl ehloride. It would, of course, be unreasonable to
suppose that changing the character of the masking
groups as well as the halide atom would affect the four
reaction constants postulated (Scheme I) in an equal
fashion.

Rhind-Tutt and Vernon® found that the methanolysis
of 2,3,4,6-tetra-O-methyl-a-p-glucopyranosyl chloride
gave a mixture of the methyl 2,3,4,6-tetra-0O-methyl-p-
glucopyranosides containing 69, a anomer and that the
ratio of anomers was unchanged when sodium methoxide
was used, although the rate of the reaction was in-
creased. We have found that the methanolysis of a 11
(solvolysis T) gives 459 a-p-glucopyranoside, but that,
when sodium methoxide is used (solvolysis K), the
proportion falls to 69,. The marked difference in the
effect of sodium methoxide on the steric outcome of the
solvolysis of these two halides is not due, we believe, to
the fact that the masking groups in the two halides are
different. It seems more reasonable to attribute this
contrast to the fact that one halide is a chloride while
the other is a bromide. Since isomerization of a
bromide by bromide ion should be more effective than
isomerization of the corresponding chloride by chloride
ion, it is to be expected that anomerization prior to
solvolysis will be a more prominant feature of the
methanolysis of @ 11 than of 2,3,4,6-tetra-O-methyl-a-b-
glucopyranosyl chloride. The presence of ca. 12 mol
equiv of sodium methoxide approximately doubles the
rate of solvolysis of 2,3,4,6-tetra-O-methyl-a-p-glucopy-
ranosyl chloride!® while the rate of solvolysis of « 11 is
increased by 12-fold. This enhancement of the rate of
solvolysis tends to suppress anomerization of the halide,
the effect being more marked in the case of & 11. It is
probably significant that the proportion of a-p-glucopy-
ranoside formed in solvolysis K is identical with that
obtained by the earlier workers®® in the methanolysis of
2,3,4,6-tetra-0-methyl-a-p-glucopyranosyl chloride.

In conclusion, we would like to suggest that the
readily accessible 8 3 may prove useful for the synthesis
of difficultly accessible a-p-glucopyranosides.

Experimental Section™

The Anomeric 2-0-Benzyl-1,3,4,6-tetra-O-p-nitrobenzoyl-p-
glucopyranoses (« and 8 2).—2-O-Benzyl-a-p-glucopyranose?
(1 2.5 g) was added to a mixture of p-nitrobenzoyl chloride
(9.2 g) and pyridine (50 ml) which had been cooled to 10-15°.
The reaction mixture was stored at room temperature overnight
and then treated with aqueous sodium bicarbonate solution to
give a precipitate which was removed by filtration and washed
with water. The crude product thus obtained was dissolved in

(22) Melting points correspond to corrected values. Thin layer chroma-
tography (tle) was conducted on silica gel Gops (E. Merck AG, Darmstadt)
using the solvent systems specified, components being detected either by
viewing under ultraviolet (uv) light or by spraying with 109 sulfuric acid
and heating. Column chromatography was carried out with silica gel no.
7734 (0.05-0.20 mm) of E. Merck. Nmr spectra were determined using a
Varian A-60 spectrometer and tetramethylsilane (tms) as an internal standard.

(23) The nmr spectrum of the substance in (CH3):80-ds included a doublet
(J1,2 = 4.8 Hz) centered at 7 3.72 and, hence, this is anc anomer.
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dichloromethane and the solution was dried with sodium sulfate.
Upon concentration and dilution with ligroin (bp 60-70°), the
solution deposited 7.2 g (90%) of « 2 as fibrous crystals which
were recrystallized from ethyl acetate: mp 227-228° [«
+60.1° (¢ 1.43, dichloromethane). The nmr spectrum of the
substance in dimethyl sulfoxide-ds included a doublet (J1,, =3.6
Hz) centered at  3.08 while that in tetrahydrofuran showed a
doublet of the same spacing at 3.14.

Anal. Caled for CyqHgN,O1s (866.72): C, 56.82; H, 3.49;
N, 6.46. Found: C, 56.84; H, 3.46; N, 6.47.

The mother liquor contained a second component (tlc; ben-
zene—ether, 7:1); it was concentrated in vacuo; and the residue
was chromatographed on silica gel using dichloromethane-meth-
anol (200:1) for elution. A fraction was obtained and con-
centrated, the residue being crystallized from ethyl acetate-
ligroin (bp 60-70°) to give 8 2 as a fine powder: yield 0.2 g
(2.6%), mp 257-258° [«]*p —10.5° (¢ 0.5, dichloromethane).
The nmr spectrum of the substance in tetrahydrofuran included
a doublet (Jy . = 7.9 Hz) centered at 7 3.69.

Anal. Caled for CuHsN.Oy;s (866.72): C, 56.82; H, 3.49;
N, 6.46. Found: C, 56.71; H, 3.66; N, 6.70.

The Anomeric 2-0-Benzyl-3,4,6-tri-O-p-nitrobenzoyl-p-gluco-
pyranosyl Bromides (« and 8 3).—One gram of « 2 was dissolved
in a saturated solution of hydrogen bromide in dichloromethane
(50 ml, ca. 0.6 N). After 6 br at room temperature, the pre-
cipitated p-nitrobenzoic acid (181 mg, 949,) was removed by
filtration, the filtrate was evaporated, and the residue was crys-
tallized from ether: yield of 3 3 290 mg (32%). Recrystal-
lized from dichloromethane—ether, 8 3 was obtained as flat
plates: mp 143-144°, [a]®p +2.4° (¢ 2.1, dichloromethane).
Its nmr spectrum (CDCl;) showed a doublet (J:,: = 7.2 Hz)
centered at = 4.18.

Anal. Caled for CsHyBrN;Oy, (780.52): C, 52.32; H, 3.36;
Br, 10.24; N, 5.38. Found: C, 52.33; H, 3.12; Br, 10.31;
N, 5.36.

The original mother liquor from the above preparation was
stored at room temperature for 1 week to give o 3 as prisms
(120 mg, 13%) ; recrystallized from dichloromethane-ether, the
pure « 3 had mp 150-151° and [eJ®p +72.9° (¢ 2.0, dichloro-
methane). Its nmr spectrum (CDCL) included a doublet
(J1,2 = 4.0 Hz) centered at r 3.48.

Anal. Caled for C;HauBrN:Oy (780.52): C, 52.32; H, 3.36;
Br, 10.24; N, 5.38. Found: C, 52.11; H, 3.51; Br, 10.34;
N, 5.30.

2,3-Di-0-benzyl-a-p-glucose (¢ 4). A. Hydrolysis of Methyl
2,3-Di-0-benzyl-a-p-glucopyranoside.—Methyl 2,3-di-O-benzyl-
a-D-glucopyranosidet (5.0 g) was stirred and heated on a steam
bath with 3 N sulfuric acid (500 ml) for 4 hr. After cooling,
the reaction mixture was filtered and the filtrate was neutralized
with sodium bicarbonate and then extracted with ether. After
drying, the extract was concentrated to yield crystalline « 4
(2.6 g, 549,) which was recrystallized from dichloromethane-
ether: mp 114-115.5° [«]®p +50.9° (5 min) — +44.7° (2 hr)
(¢ 1.5, ethanol).

Anal. Caled for Cy,HaOs (360.41):
Found: C, 66.57; H, 6.61.

B. Via 1,4,6-Tri-O-acetyl-2,3-di-O-benzyl-a~D-glucopyranose
(e 5).—Methyl 2,3-di-O-benzyl-a-p-glucopyrancside (4.0 g) was
dissolved in a mixture of glacial acetic acid (40 ml) and acetic
anhydride (10 ml). The solution was cooled in an ice bath and
a solution of concentrated sulfuric acid (0.6 ml) in glacial acetic
acid (6.0 ml) was added dropwise. The reaction mixture was
stored at room temperature overnight and then poured into ice-
water and the product was extracted with ether. After being
washed with aqueous sodium bicarbonate solution and with
water, the extract was dried with sodium sulfate and concentrated
in vacuo. The residue was crystallized and recrystallized from
methanol: yield 2.7 g (529), mp 123-125°. A further recrys-
tallization from ethyl acetate-ligroin (bp 60-70°) gave pure 1,4,6-
tri-O-acetyl-2,3-di-O-benzyl-a-p-glucopyranose (o 5): mp 125-
126°, [e]®p +33.7° (¢ 1.4, chloroform). The nmr spectrum of
the substance included a doublet (J;. = 3.0 Hz) centered at
+ 3.61 and three-proton signals at 7.81, 7.93, and 8.06.

Anal. Caled for CuHsOs (486.53): C, 64.18; H, 86.22.
Found: C, 64.12; H, 6.22.

The triacetate (« 5 10 g) was treated with sodium methoxide
in methanol and the solution was deionized with a mixture of
Amberlite IR-120 (H*) and Dowex 1-X4. Concentration of
the solution afforded a crystalline residue (6.5 g, 889) which

C, 66.65; H. 6.71.
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was recrystallized from ethyl acetate-ligroin (bp 60-70°): mp
and mmp 114-115°,

The Anomeric 2,3-Di-O-benzyl-1,4,6-tri-O-p-nitrobenzoyl-p-
glucopyranoses (¢ and 8 6).—2,3-Di-O-benzyl-p-glucose (2.0 g,
mp 110-114°) was dissolved in pyridine (20 ml) and to the cooled
solution p-nitrobenzoyl chloride (3.7 g) was added with stirring.
After storage at room temperature overnight, the reaction mix-
ture was poured into ice-water and the precipitate which formed
was removed and dissolved in ether. The ether solution was
washed successively with water, aqueous sodium bicarbonate
solution, and water. It was then dried and concentrated in
vacuo to give a residue which was crystallized from ethyl acetate—
ligroin (bp 90-100°): yield 3.5 g (78%). The fibrous crystals
of 8 6 thus obtained were recrystallized from ethyl acetate-
ligroin (bp 90-100°): mp 177-177.5°, [«]¥p —18.3° (¢ 2,
dichloromethane). The nmr spectrum (CDCL;) of the substance
included a doublet (Ji,; = 6.7 Hz) centered at  3.95.

Anal. Caled for C,HisNsOy; (807.74): C, 60.97; H, 4.12;
N, 5.20. Found: C,60.71; H, 4.09; N, 5.12.

Examination of the mother liquor (tle; benzene-ether, 7:1)
showed the presence of a second component in addition to 8 6.
Chromatography on a column of silica gel, using benzene for
elution, gave « 6 which was crystallized from ethy! acetate-
ligroin (bp 90-100°): yield 0.4 g (8.99%), mp 148.5-150°,
[«]*p +48.8° (¢ 2.0, dichloromethane). The nmr spectrum
(CDCls) of the substance included a doublet (Jy. = 3.0 Hz)
centered at r 3.37.

Anal. Caled for CaHsN:Oy; (807.74): C, 60.97; H, 4.12;
N, 5.20. Found: C,61.09; H, 3.89; N, 5.23.

2,3-Di-0-benzyl-4,6-di-O-p-nitrobenzoyl-5-p-glucopyrancsyl
Bromide (8 7). A. From g 6.—In a preliminary experiment,
B8 6 (100 mg) was dissolved in dichloromethane saturated with
hydrogen bromide (5 ml) and the optical rotation of the solution
was observed in a 1-dm tube at 20°. The observed rotations
are plotted against time in Figure 1 where the initial value
has been caleulated from the specific rotation of 8 6 in dichloro-
methane. Shortly after 1.75 hr, precipitation of p-nitrobenzoic
acid obscured the field. At 20 hr the observed rotation of the
solution above the precipitate was -+1.312° corresponding to
a specific rotation of [a]®> +73.5° based on the assumption
of total conversion of 8 6 into 7. After 5 days, the rotation of
the solution was still increasing slowly and the solution had
become colored.

For preparative purposes, 8 6 (515 mg) was dissolved in a
saturated solution of hydrogen bromide in dichloromethane
(40 ml) and the mixture was held at room temperature for 2.5 hr.
It was then concentrated in vacuo at room temperature and small
batches of dichloromethane were repeatedly evaporated from the
residue which was finally extracted with dichloromethane and
the p-nitrobenzoic acid (97 mg, 919,) filtered off. The filtrate
was evaporated in vacuo and the residue (468 mg) was crystal-
lized from ether; recrystallization from benzene-ligroin (bp
60-70°) gave 270 mg (599%) of product, mp 112.5-116°. On
further recrystallization from benzene-ether, pure 8 7 was ob-
tained as needles: mp 124-125° [o1¥p +10.2° (¢ 2.24, di-
chloromethane). The nmr spectrum of the substance (CDCl)
included a doublet (J1. = 7.2 Hz) centered at r 4.34.

Anal. Caled for C3HyuBrN,On (721.53): C, 56.60, I{, 4.05;
Br, 11.08; N, 3.88. Found: C, 56.40; H, 3.94; Br, 11.18;
N, 3.98.

B. From o« 6.—A sample of « 6 (100 mg) was dissolved in a
saturated solution of hydrogen bromide in dichloromethane
(5 ml) and the optical rotation of the resulting solution was
observed in a 1-dm tube at 20°, the data obtained being plotted
against time as shown in Figure 1. The initial rotation shown
in Figure 1 was calculated from the specific rotation of « 6 in
dichloromethane. p-Nitrobenzoic acid obscured the solution
while the rotation was still falling; readings taken through the
supernatant solution at 4 hr and 20 hr indicated a rising rotation,
the value at the latter time (+1.237°) corresponding to [«}*n
+69.3°,

A sample (210 mg) of « 6 was dissolved in a saturated solution
of hydrogen bromide in dichloromethane (20 ml) and the solu-
tion was stored at room temperature for 2.5 hr. Worked up as
described in A above, this mixture afforded 130 mg (69%) of
crude 8 7. After recrystallization from dichloromethane~pen-
tane, the needles (95 mg) had mp 121-123° and [a]®p +12.2°
(¢ 2.0, dichloromethane).

In another experiment, 8 6 (153 mg) was dissolved in dichloro-
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methane saturated with hydrogen bromide (20 ml) and the
solution was stored at room temperature overnight. After being
worked up as described in A, this mixture afforded a syrup
(138 mg) with an nmr spectrum (CDCl;) which included &
doublet (J;. = 7.0 Hz) centered at r 4.36' (8 7) and a doublet
(J1,2 = 3.4 Hz) centered 8t 3.54 (« 7). In a paraliel experiment,
the mixture, allowed to stand for 5 days, afforded a syrup
showing a doublet (3.6 Flz) centered at 7 3.56; the doublet of
the 8 anomer was not discernible in the background. However,
attempts to obtain from this reaction a product having an
elemental composition corresponding to a di-O-benzyl-di-O-p-
nitrobenzoylhexosyl bromide were unsuccessful and it seems
probable that partial debenzylation had taken place.

The Anomeric 2,3,4-Tri-O-benzyl-1,6-di-O-p-nitrobenzoyl-p-
glucopyranoses (a and 38 8).—2,3,4-Tri-O-benzyl-p-glucopyranose®
(10 g), prepared by the deacetylation of 1,6-di-O-acetyl-2,3,4-
tri-O-benzyl-a-p-glucopyranose,® was added to pyridine (50 ml)
and to the cooled and stirred solution p-nitrobenzoyl chloride
(12 g) was added. The mixture was stirred until homogeneous
and then stored at room temperature overnight. Worked up
as described for the p-nitrobenzoylation of 4, the reaction mix-
ture afforded 8 8 which was crystallized from ethyl acetate—
ligroin (bp 90-100°): yield 6.6 g (40%). Reerystallized from
the same mixture of solvents, the pure 8 8 had mp 144.5-145.5°
and [a]®p —5.1° (¢ 2.0, dichloromethane). Its nmr spectrum
(CDCl;) included a doublet (Jy1: = 7.0 Hz) centered at = 4.01.

Anal. Caled for CoHN,Ow (748.75): C, 65.77; H, 4.85;
N, 3.74. Found: C, 65.61; H, 4.89; N, 3.82.

The material remaining in the mother liquor was chromato-
graphed on a column of silica gel using benzene—ether (200:1)
for elution. An amorphous but chromatographically homogene-
ous product (o 8) was obtained: [«]®p +55.4° (¢ 2.0, dichloro-
methane). The nmr spectrum (CDCl;) included a doublet
(J1,2 = 3.3 Hz) centered at = 3.37.

Anal. Caled for CHgpN,Or (748.75): C, 65.77; H, 4.85;
N, 3.74. Found: C, 65.72; H, 4.84; N, 3.55.

2,3,4-Tri-0-benzyl-6-0-p-nitrobenzoyl-8-p-glucopyranosyl Bro-
mide (8 9).—One gram of 8 8 was dissolved in a saturated solu-
tion of hydrogen bromide in dichloromethane (30 ml) and,
after standing for 10 min at room temperature, the reaction
mixture was filtered to remove the p-nitrobenzoic acid (210 mg,
949,). The filtrate was concentrated in vacuo and successive
portions of dichloromethane were evaporated in vacuo from the
residual syrup at room temperature. The product was crystal-
lized from ether (715 mg, 81%) and recrystallized from benzene-
isopropyl ether: mp 95.5-98°. In dry dichloromethane (c 2.63)
the substance mutarotated from [a]¥p -+41.9° (extrapolated)
to +126.5° (7 hr) with first-order kinetics, In & = 5.1 X 102
(min™), corresponding to & half-life of 136 min. The nmr
spectrum (CDCl;) of the substance showed a doublet (Jy. =
6.7 Hz) centered at r 4.30 5 min after solution; a spectrum
taken 2 hr after solution also showed a doublet (Ji,; = 2.9 Hz)
centered at 3.35; after 24 hr the latter signal remained while
that at higher field had disappeared. Other peaks (r 4.9-6.5)
shifted during the course of the reaction.

Anal. Caled for CuH;;QBrNOg (662-55).
Br, 12.06; N, 2.11. Found:
N, 2.03.

Behavior of 2,3,4,6-Tetra-O-benzyl-1-O-p-nitrobenzoyl-a-p-
glucopyranose (10) with Hydrogen Bromide.—2,3,4,6-Tetra-O-
benzyl-a~-p-glucopyranose®:# was p-nitrobenzoylated in conven-

C, 61.64; H, 4.87;
C, 61.34; H, 4.63; Br, 11.95;

(24) N. Pravdié and D. Keglevi¢, Tetrahedron, 81, 1897 (1965).

(25} O. T. Schmidt, T. Auer, and H, Schmadel, Chem. Ber., 98, 556 (1960).

(26) T. D. Perrine, C. P. J. Glaudemans, R, K. Ness, J. Kyle, and H. G.
Fletcher, Jr., J. Org. Chem., 38, 664 (1967).
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tional fashion to give o 10: mp 127-128°, [a]®» +71.8°
(¢ 2.07, chloroform). The nmr spectrum (CDCl;) of the sub-
stance included a doublet (Ji1,: = 2.9 Hz) centered at = 3.35,
confirming the anomeric configuration tentatively assigned by
Tate and Bishop.” A sample (105.4 mg) of 10 was dissolved
in dichloromethane saturated with hydrogen bromide (5 ml).
p-Nitrobenzoic acid began to precipitate within 1 min; there-
after, the rotation of the supernatant solution (i-dm tube, 20°)
was observed until it was constant. The observed rotations are
plotted against time in Figure 2. Attempts to obtain a crystal-
line product after 2.5 hr were unsuccessful.

Methanolysis of the p-Glucopyranosyl Bromides.—The sample
of bromide (ca. 100 or 20 mg) was dissolved in dry dichloro-
methane (5 or 1 ml), methanol (0.5 or 0.1 ml) was added and
the optical rotation of the resulting solution was followed polari-
metrically in a 1-dm tube at 20°. In Figures 3 to 10, plots of
rotation vs. time have been adjusted to a uniform 100-mg basis
to make the curves comparable. On completion of the reaction,
the solution was neutralized by shaking it with aqueous sodium
bicarbonate solution; moisture was removed with sodium sulfate;
and the solution was concentrated i wvacuo. Where p-nitro-
benzoyl groups were present, they were removed in conventional
fashion with sodium methoxide in methanol; the methyl p-nitro-
benzoate was removed by filtration; and the solution was de-
ionized with Amberlite IR-120 (H*) and Dowex 1-X4. Benzyl
groups were then removed by catalytic hydrogenolysis in 809,
aqueous ethanol using palladium on charcoal as catalyst. The
resulting mixture of methyl p-glucopyranosides was trimethyl-
silylated using ‘“Tri-Sil” reagent?” and subjected to glpe using
a column (0.25-in. id X 6 ft) packed with 39, SE-52 on Gas-
Chrom A2 at 150-170° with nitrogen (20-30 ml/min) as a
carrier. The relative proportions of anomers were determined
from peak heights which were calibrated through the use of
known quantities of authentic samples. Toward the end of
this research, a column (0.25-in. id X 6.5 ft) of 159, Apiezon N
on Chromosorb P2 was found to give slightly better resolution
of the TMS derivatives of the methyl p-glucopyranosides and
was used following solvolyses I and K. Solvolysis K was allowed
to stand at room temperature overnight before it was worked up.

Registry No.—a 2, 18933-75-0; 3 2, 18933-76-1;
a 3, 18933-77-2; B 3, 18933-70-5; o 4, 18933-71-6;
« 5, 18933-72-7; o 6, 18933-73-8; B 6, 18933-74-9;
8 7, 18920-93-6; a 8, 38920-94-7; § 8, 18929-95-8;
3 9, 18029-06-9: « 10, 4196-36-5; a 11, 4196-35-4.
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