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Methylation of 1,2-O-isopropylidene-a-p-glucofuranose 5,6-thionocarbonate (I) gave only traces of the ex-
pected 3-O-methyl derivative and mainly 1,2-O-isopropylidene-a-p-glucofuranose 3,5,6-(S-methyl monothio-

orthocarbonate) (II).
(II1).
in equilibrium with I.

Benzylation of I gave the analogous S-benzyl monothioorthocarbonate derivative
These etherification reactions are proposed as proceeding »ia an ortho ester type structure (Ia) which is
Methylation of 1,2-O-isopropylidene-5,6-dithio-8-L-iodofuranose 5,6-trithiocarbonate

(X) gave a mixture (XI) of the corresponding 3-O-methyl derivative and the S-methyl ortho ester derivative,

the ratio of which depends on the temperature of the methylation reaction.

Methylation of 1,2-O-isopropylidene-

a-D-glucofuranose 5,6-carbonate (VII) gave only the expected 3-O-methyl derivative (VIII).

The rearrangement—fragmentation of bis(1,2-O-iso-
propylidene-3-O-thiocarbonyl-a-p-glucofuranose) disul-
fide on standing in various organic solvents to give
equimolar quantities of 1,2-O-isopropylidene-a-p-gluco-
furanose 5,6-thionocarbonate (I), 1,2-O-isopropylidene-
a-p-glucofuranose (IX), carbon disulfide, and free
sulfur was reported previously.? In the course of
elucidation of the structure of I the 3-O-acetyl (IV),
3-0-(3,5-dinitrobenzoyl) (V), and 3-O-(p-tolylsulfonyl)
(VI) derivatives were obtained in high yields. At-
tempts to prepare the 3-O-methyl derivative gave only
traces of the expected product and up to 689, of
1,2-O-isopropylidene-a-p-glucofuranose 3,5,6-(S-methyl
monothioorthocarbonate) (II).? Similarly, benzyla-
tion of I gave 1,2-O-isopropylidene-a-p-glucofuranose
3,5,6-(S-benzyl monothioorthocarbonate) (III) in 499,
yield (Scheme I). Methylation of the analogous 1,2-0-
isopropylidene-a-p-glucofuranose 5,6-carbonate (VII)
gave exclusively the 3-O-methyl product, whereas
methylation of 1,2-O-isopropylidene-5,6-dithio-8-L-iodo-
furanose 5,6-trithiocarbonate (X) gave a mixture (XI)
of the 3-O-methyl ether and the S-methyl ortho ester
derivatives.

The structure of IT was formulated on the basis of the
following experimental evidence. Elemental analysis
gave an empirical formula of CH 16068, formula weight
276, which indicates the addition of one methylene
group to I (CioHuOeS). Molecular weight determina-
tion by the Rast method in camphor gave a molecular
weight of 280 as the average of three determinations.
Absence of the hydroxyl group was shown by infrared
analysis and by treatment of an anhydrous ethereal
solution of II with metallic sodium from which no hy-
drogen evolved.

While the ultraviolet spectrum of I showed a strong
absorption for the C=S group at 234 mu (e 15,000},
the spectrum of II had no absorption maximum in this
region. The ultraviolet spectra of IV, V, and VI had
absorption maxima at 234 mp with molar extinction
coefficients of 14,400, 21,400, and 35,000, respectively.
The absence of the C=S group in II was confirmed
when its aqueous—acetone solution gave no silver sulfide
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on treatment with silver nitrate. Similar treatment of
I immediately formed silver sulfide and gave VII in
nearly quantitative yield. Furthermore, a qualitative
test for the C=S group with iodine-sodium azide! was
negative for IT and strongly positive for I.

Possession of the basic 1,2-0-isopropylidene-a-n-glu-
cofuranose (IX) structure by both I and IT was shown
when they were converted to IX in yields of about 909,
on treatment with Raney nickel.

While I was rapidly and completely desulfurized on
mild treatment with alkali, II was recovered unchanged
when treated similarly. Conversely, 1 was relatively
stable to acid treatment, whereas I1 hydrolyzed rapidly
under mild conditions to give methylmercaptan (up to
0.98 mole/mole of II) and VII. The latter was identi-
fied by its melting point and mixture melting point with
an authentic sample and by its infrared spectrum. The
acid lability and alkali stability of II is characteristic of
ortho ester type structures.® The presence of one
alkyl sulfide grouping per mole of II was also shown by
titration of II with a standard solution of potassium
bromate in acetic acid.®

The proton magnetic resonance (p.m.r.) spectrum of
IT had a signal at r 7.78 for three protons of the S-
methyl group and no signal at 7 6.5 where O-methyl
protons of 1,2-O-isopropylidene-3-0-methyl-a-p-gluco-
furanose 5,6-carbonate (VIII) resonated. The spec-
trum of II also exhibited the characteristic low-field
doublet for H-1 at = 3.88. Conformational studies by
others on numerous 1,2-O-isopropylidene-a-p-xylohexo-
furanose derivatives’ and ribofuranosides® have shown
this low-field doublet to be near r 4 with coupling con-
stants for Ji2 in the range of 3.5-3.9 c.p.s. The
coupling constant for Jy. in II is 3.6 ec.p.s., which
corresponds to a dihedral angle of 50° as calculated
from a modified’” Karplus equation. Examination of
the Dreiding model of II shows that such a dihedral
angle can arise by twisting the model so that C-2 lies
below and C-3 lies above the plane containing the
other three atoms of the furancse ring. However, a
dihedral angle of 50° induces severe ring strain into the
model.
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The methylation of I in dioxane or N,N-dimethyl-
formamide (DMF) with methyl iodide in the presence
of either silver oxide or barium oxide proceeded rapidly
with the formation mainly of the S-methyl ortho ester.
Analysis of the sirup remaining after collection of the
crystals of II indicated that some of the 3-O-methyl
product also was formed. The p.m.r. spectrum of the
sirup showed a weak signal at r 6.5 where O-methyl
protons resonate. The spectrum had a strong signal
at 7 7.78, which indicated that more of the S-methyl
product remained in the sirup.

The treatment of I with benzyl bromide and silver
oxide also produced an ortho ester structure (III) as the
major reaction product. Elemental analysis gave the
formula, C17H306S, which indicates the addition of 1
mole of benzyl group to 1 mole of I. The infrared
spectrum showed no hydroxyl absorption, whereas the
ultraviolet spectrum showed no absorption maximum
at 234 mu for the C=S8 group. The absence of the
C==S group was confirmed when no silver sulfide was
formed on treatment of an acetone solution of III with
aqueous silver nitrate. Acid hydrolysis of III gave
benzyl mercaptan and VII. The same products were
formed from IIT upon standing for a few days at room
temperature.

The formation of the ortho ester structures (II and
III) as the main reaction products suggests that I exists
in solution in the following equilibrium. However,
since the ultraviolet spectrum of I had a molar extinc-
tion coefficient at 234 mu of 15,000 (whereas the molar
extinetion coefficient of IV in which no such equilibrium
is possible was 14,400) and since the infrared spectrum
of I showed no absorption for a sulfhydryl group, the
equilibrium must be shifted greatly to the left. Di-

v
Mixture
I

phenylpicrylhydrazyl (DPPH) was employed to detect
the presence of the sulfhydryl group in Ia. This stable
organic radical is sensitive for a sulfhydryl group.®
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Since the C==8 group also might react with DPPH,»
but at a much slower rate, the reaction rates of I and
IV with DPPH were compared. Although both com-
pounds reacted with DPPH, I did so approximately
eleven times faster. Attempts were unsuccessful to
detect the sulfhydryl group by oxidation with iodine.
Some iodine was consumed but presumably to form VII
(on the basis of infrared analysis) and not the disulfide.
It is known that tertiary sulfhydryl groups are only
oxidized slowly and nonstoichiometrically by iodine.!?

The esterification of I with acetic anhydride, p-
toluenesulfonyl chloride, or 3,5-dinitrobenzoyl chloride
gave the 3-ester derivatives in high yields, but none of
the corresponding ortho ester derivatives could be iso-
lated. Similarly, the 3-acetate was obtained in high
yields when I was treated with acetic anhydride in the
presence of sulfuric acid as a catalyst or without any
catalyst, which indicates that pH has little effect on the
pathway of esterification. However, since the rate of

(9) M. S. Blois, Nature, 181, 1199 (1958).
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(11) M. 8. Kharasch, W. Nudenberg, and G. J. Mantell, J. Org. Chem., 16,
524 (1951).
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esterification for a hydroxyl group is faster than for a
sulfhydryl group, the equilibrium mixture (I = Ia)
might be expected to yield mainly the 3-ester.

A similar equilibrium seems to exist in a solution of
X since methylation of X in DMF with methy! iodide
and barium oxide gave a sirup (XI) that contained both
the corresponding O-methyl derivative and an S-methyl
orthoester derivative in a ratio dependent on the tem-
perature of the reaction. Because the infrared spec-
trum of the sirup showed no hydroxyl absorption, com-
plete methylation must have occurred. The ultra-
violet spectrum of the sirup showed an absorption
maximum at 315 mu with ¢ 6000-9000 (dependent on
temperature of the reaction) compared with the value
of 15,000 for unreacted X. Since no sulfur was lost
during methylation, the reduction in absorption at 315
my is thought due to the formation of the S-methyl
ortho ester. Signals at r 7.62 and 6.53 corresponding
to the protons of the S-methyl and O-methyl groups
were revealed in the p.m.r. spectrum of the sirup.
Approximate amounts of the components were esti-
mated from p.m.r. analyses to be 759, for the O-methyl
derivative and 259, for the S-methyl derivative when
the methylation reaction was done at 25°. When the
methylation reaction was carried out at 0°, the respec-
tive amounts were 88 and 129,. Similar values for the
O-methyl isomer were obtained by desulfurization of
the reaction mixtures with Raney nickel and then deter-
mination of the methoxyl content of the desulfurized
products.

The presence of an acid labile S-methyl group, and
presumably of the ortho ester type, in XI was shown by
treatment of XI with 0.2 N hydrochloric acid solution
at 25° for 2.5 hr. As expected by analogy to the acid
hydrolysis of II, the infrared spectrum of the hydroly-
zate showed absorption bands corresponding to hydroxyl
and carbonyl groups. The p.m.r. spectrum of the
hydrolysate had no signal for an S-methyl group.

In contrast to the related sulfur derivatives, methyla-
tion of VII in DMF with methyl iodide and silver oxide
gave only the 3-O-methyl derivative. The infrared
spectrum of the methylated derivative showed no hy-
droxyl absorption but a strong absorption for the
eyclic carbonate group. The p.m.r. spectrum gave a
signal at 7 6.57 for the O-methyl group corresponding to
3.04 protons.

Experimental

Melting points were determined in capillary tubes in a Bichi®?
melting point apparatus _and were corrected. Optical rotations
were measured at 5893 A. with a Rudolph polarimeter. Ultra-
violet spectra were determined with a Beckman DU spectropho-
tometer in which ethanol was used as the solvent. Infrared spectra
were recorded by a Perkin-Elmer Infracord spectrophotometer
with silver chloride optics as Nujol mulls. The p.m.r. spectra
were recorded by a Varian A-60 n.m.r. spectrometer, with tetra-
methylsilane as the external standard.

3-0O-Acetyl-1,2-O-isopropylidene-«a-p-glucofuranose 5,6-Thiono-
carbonate (IV).—The preparation of IV by treatment of &
pyridine solution of I with acetic anhydride was described ear-
Lier.? IV was also prepared by using sulfuric acid as the catalyst.
To a suspension of 500 mg. of I in 5 ml. of acetic anhydride was
added 0.5 ml. of concentrated sulfuric acid. Dissolution
occurred rapidly, and the solution was allowed to stand at 25°
for 2 hr. The product was isolated by precipitation into cold

(12) Mention of firm names or trade products does not imply that they
are endorsed or recommended by the U. 8. Department of Agriculture over
other firms or similar products not named.

SeasHA, DoANE, RUssELL, AND RisT

Vor. 30

water, washed thoroughly with water, and crystallized from an
ethanol-water mixture to afford 500 mg. (869%). A high yield
of IV was also obtained by treating I with acetic anhydride and no
catalyst at 25° for 2 days.
1,2-O-Isopropylidene-3-0-(3,5-dinitrobenzoyl)-a-p-glucofura-

nose 5,6-Thionocarbonate (V).—To a solution of 600mg. of Iin 8
ml. of dry pyridine was added 1.0 g. of 3,5-dinitrobenzoyl chloride.
The yellow solution was allowed to stand at 25° for 2 days. The
crystals that formed were filtered and washed with ethanol;
yield 1.0 g. (969%,), m.p. 230-232°. Recrystallization from a
dioxane-water mixture gave m.p. 237-239°, [a]®p —78° (¢ 2,
dioxane).

Anal.
S, 7.0.

Caled. for CyHsN:0.,:8: C, 44.7; H, 3.5; N, 6.1;
Found: C,44.6; H,3.5; N,6.0; S, 7.0.
1,2-O-Isopropylidene-a-p-glucofuranose 3,5,6-(S-Methyl
Monothioorthocarbonate (II). A.—To a solution of 500 mg.
of I'in 1.5 ml. of DMF were added 15 ml. of methyl iodide and
1.5 g. of silver oxide. The mixture was stirred at 25° for 16 hr.,
then diluted with 20 ml. of chloroform, and filtered. The pre-
cipitate was washed with additional chloroform, and the combined
solutions were evaporated under reduced pressure at 65° to a
sirup that crystallized partly from acetone. The crystals were
removed by filtration, and a few drops of water were added to
the remaining acetone solution. After standing at room tem-
perature for 2 hr. the acetone—water mixture yielded additional
crystals of II. The filtrate was concentrated to a sirup, washed
with water, and dried to afford about 50 mg. of sample, the p.m.r.
spectrum of which showed the presence of an S-methyl group and
O-methyl group in a ratio of 2:1. The combined crystalline
compound II weighed 360 mg. (68%), m.p. 162-175°, and after
recrystallization from acetone gave large transparent needles,
m.p. 178-180°, [«]®p —3.3° (¢ 3, chloroform).

Anal. Caled. for C H;s068: C, 47.8; H, 5.8; S, 11.6;
mol. wt., 276. Found: C, 47.8; H, 5.7; S, 11.6; mol. wt.,
280 (Rast in camphor).

B.—A solution of 1.0 g. of I in 50 ml. of freshly dried redistilled
dioxane was treated with 30 ml. of methyl iodide and 3 g. of silver
oxide. The mixture was stirred at 25° for 16 hr., then filtered,
and evaporated under reduced pressure to a sirup. Crystalliza-
tion from acetone afforded 540 mg. (519,) of I1.

C.—To a solution of 500 mg. of Iin 5 ml. of DMF were added
2 ml. of methyl iodide and 1.84 g. of anhydrous barium oxide.
After the mixture was stirred at 25° for 4 hr. IT (659, yield)
was isolated as in part A,

Desulfurization of II with Raney Nickel.—To a solution of 200
mg. of IT in 10 ml. of dioxane was added an excess of active Raney
nickel.’® The mixture was refluxed on a steam bath for 2 hr.,
cooled to room temperature, and filtered. The Raney nickel
was washed with dioxane, and the combined solutions were
evaporated to a sirup, which crystallized to afford 141 mg. (88%,)
of 1,2-O-isopropylidene-a-p-glucofuranose (IX), m.p. 163-164°.
The identification of IX was made by comparison of its melting.
point and its infrared spectrum with thdse of an authentic sample.
Desulfurization of I by the same procedure also gave IX in a
high yield.

1,2-O-Isopropylidene-a-p-glucofuranose 3,5,6-(S-Benzyl
Monothioorthocarbonate) (III).—A solution of 1.0 g. of I in 2
ml. of DMF was treated with 4 ml. of benzyl bromide and 3.0¢.
of silver oxide. After shaking for 16 hr. the reaction mixture was
diluted with 50 ml. of chloroform and filtered. The filtrate was
evaporated to a sirup and washed with water. After decanting
most of the water, the residue was extracted with ethyl ether.
The extract was dried over anhydrous magnesium sulfate and
evaporated to a thick sirup which was crystallized by addition
of a small volume of hexane. The crystals were filtered and
washed with a few milliliters of ethanol; yield 660 mg. (499,),
m.p. 169-170°, [«]®D 425.4° (¢ 0.8, acetone) and +10.4° (¢
0.6, dioxane).

Anal. Caled. for C;Hy0¢8: C, 58.0;
Found: C, 57.7; H,5.9; S, 8.6.

Although IIT decomposed on standing at 25° to give benzyl
mercaptan and VII, no odor of benzyl mercaptan could be de-
tected after storing III at —5° in the absence of moisture for
several weeks.

Acid Hydrolysis of IT and III.—A solution of 150 mg. of 1T in
5 ml. of acetone was treated with 1 ml. of 1 N hydrochloric acid,
and the solut'on was allowed to stand at 25° for 3 hr. Acetone

H, 57, 8, 9.1.

(13) X. A. Dominguesz, I. C. Lopez, and R. Franco, J. Org. Chem., 236,
1825 (1961).
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(20 ml.) was then added, and the solution was neutralized with
silver carbonate and filtered. After the residue was washed with
acetone, the wash was combined with the filtrate. Following
evaporation, the crystals that formed were washed with benzene
(3 ml.) and dried to afford 126 mg. (909%) of VII, m.p. 229-230°.
The infrared spectrum was identical with one from authentic VII.
A similar hydrolysis of 200 mg. of III gave 110 mg. (799%) of
VII.

In preliminary trial runs the amount of methyl mercaptan
formed from 1 mole of II, when subjected to different concentra-
tions of nitric acid at 25° for 1 hr., was determined by slight modi-
fication of the method of Malisoff and Anding.!* The resuits
were as follows.

HNO; added, N 8 6 1 0.1 0.01
CH,SH, mole 0.94 0.97 0.83 0.19 0.09

The rate of formation of methylmercaptan from 1 mole of IT on
addition of 6 N nitric acid was as follows.

Min. 5 10 25 60 120
CH;SH, mole 0.41 0.64 0.89 0.98 0.96

A typical example of the hydrolysis of II and of subsequent
determination of the methyl mercaptan formed is as follows.
To a solution of 41.0 mg. of IT in 5 ml. of chloroform were added
10 ml. of 0.05 N silver nitrate solution and 2 ml. of 6 N nitric
acid. After the flask was shaken for 1 hr., 5 ml. of ferric alum
indicator was added, and the reaction mixture was titrated with
a standard solution of ammonium thiocyanate (0.050 N).

Qualitative Test for Sulfhydryl Group with Diphenylpicryl-
hydrazyl (DPPH).—To a solution of 11.8 mg. (0.45 mmole) of I
in 10 ml. of absolute ethanol was added 0.4 ml. of DPPH re-
agent (10.0 mg. of DPPH in 1 ml. of acetone diluted to 200 ml.
with ethanol). The reddish solution turned colorless after 4
min. Similarly, 13.7 mg. (0.45 mmole) of IV turned colorless
after 45 min.

1,2-O-Isopropylidene-5,6-dithio-g-L-idofuranose 5,6-Trithio-
carbonate (X).—For the preparation of X the method of Creigh-
ton and Owen®® was modified. A solution of IX (22.5 g.) in 250
ml. of dry pyridine was cooled to 0°. p-Toluenesulfonyl chloride
(17.5 g.) in 150 ml. of chloroform was added in small portions
with stirring. The yellow solution was kept at 25° for 16 hr.
After evaporating most of the pyridine at 40° under reduced
pressure, the sirup was dissolved in chloroform and washed
successively with an aqueous solution of sodium hydrogen phos-
phate and water. The chloroform solution was dried over
anhydrous magnesium sulfate and evaporated to dryness.
The colorless sirup was dissolved in 600 ml. of methanol and
treated with 32 g. of pulverized potassium hydroxide and 140 ml.
of carbon disulfide. The solution was refluxed for 2.5 hr. and
then cooled to room temperature. The yellow reaction mixture
was added slowly with stirring to 2 1. of cold water. After stand-
ing for 1 hr. the yellow crystalline product was filtered and washed

(14) W. M. Malisoff and C. E. Anding, Jr., Ind. Eng. Chem., Ancl. Ed.,
7, 86 (1935).
(15) A. M. Creighton and L. N. Owen, J. Chem. Soc., 1024 (1960).
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with water to afford 16 g. (53%,) of X, m.p. 176-176.5°. Creigh-
ton and Owen reported m.p. 179-180°.18 The ultraviolet spec-
trum showed an absorption maximsa at 315 mu (¢15,000). Me-
Sweeney and Wiggins'® reported ¢ 13,500-15,000.

Anal. Caled. for ConuO,aS:gl C, 408, H, 48, S, 32.7.
Found: C, 40.8; H, 4.9; §, 32.6.

Methylation of X.—A solution of 1 g. of X in 1.2 ml. of dry
DMF was treated with 20 ml. of methyl iodide and 3 g. of an-
hydrous barium oxide. The mixture was stirred at 25° for 3 hr.
and then was diluted with 30 ml. of chloroform, filtered, and
concentrated under reduced pressure at 25°. The sirup was
washed with water, dissolved in ether, and dried over anhydrous
magnesium sulfate. Evaporation of the ether gave a yellow
sirup, the infrared spectrum of which showed no absorption of a
hydroxyl group. The ultraviolet spectrum had an absorption
maximum at 315 mu (e 6000).

Anal. Caled. for CiHi048s:
Found: C,43.8; H, 5.6; S, 29.5.

When methylation was done at a higher temperature, or for a
longer period of time, or with silver oxide in place of barium oxide,
a strong absorption for a carbonyl was observed. When methyl-
ation was done at 0°, the infrared spectrum of the resulting sirup
showed no hydroxyl or carbonyl absorption. The ultraviolet
spectrum had an absorption maximum at 315 mu with a molar
extinction coefficient of 9000.

The p.m.r. spectra of the products methylated at 25 and 0°
showed the presence of both O-methyl and S-methyl groups.
To determine the ratio of these groups, the products were de-
sulfurized with Raney nickel and the methoxyl contents of the
resulting sirups were determined. The results indicated that
the ratios of the O-methyl product to the S-methy! product were
9:1and 7:3 at 0 and 25°, respectively.

1,2-0O-Isopropylidene-3-O-methyl-a-p-glucofuranose 5,6-Car-
bonate (VIII).—A solution of 1 g. of VII in 5 ml. of DMF was
treated with 20 ml. of methyl iodide and 3 g. of silver oxide at
25° for 18 hr. After dilution with 30 ml. of chloroform, the
mixture was filtered and evaporated at 70° to a sirup, which was
dissolved in chloroform and washed successively with an aqueous
sodium cyanide solution and water. The chloroform solution
was dried over anhydrous magnesium sulfate, then filtered, and
evaporated to a sirup, which partially crystallized on long stand-
ing at room temperature; [a]®p —49.4° (¢ 6.4, chloroform).
The infrared spectrum showed no absorption for a hydroxyl
group and a strong absorption for a cyclic carbonate.

Anal. Caled. for 011H15071 C, 508, H, 6.2.
C, 50.8; H, 6.4.

C, 429; H, 5.2; S, 31.2.

Found:
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