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Anal. Caled. for CyHO4: C, 63.45; H, 5.81; OCH,,
14.9; neut. equiv., 208. Found: C, 63.72; H, 5.70;
OCHs, 14.7; neut. equiv., 214.

B. Catalytic Hydrogenation of the Potassium Hydroxide
Fusion Product from I.—A mixture of 57.2 mg. of fusion
product in 3 ml. of 95%, ethanol and 5.8 mg. of platinum
oxide was shaken at room temperature for 10 minutes in the
presence of hyvdrogen at 1 atmosphere pressure. The
hydrogen uptake was quantitative for 1 double bond.
The mixture was filtered, the catalyst washed with a little
ethanol and the combined washings and filtrate concentrated
in vacuum to 1-2 ml. The addition of water caused the
precipitation of 51.1 mg., crystalline material, 89%, m.p.
158-162°. Divaricatinic acid, obtained through the
courtesy of Dr. Wachtmeister, melted 153-164° (literature
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value? m.p. 150-160°). A mixture of these two preparations
had a m.p. 152-163°. The infrared absorption spectra in
potassium bromide pellets of the hydrogenation product
and of divaricatinic acid were identical in the range from
2-15 u.

Anal, Caled. for C11H1404! C, 62.85,‘ H, 6.71,‘ OCH:,
14.8. Found: C, 62.73; H, 6.28; OCH,, 15.3.

Acknowledgments.—The author wishes to thank
Dr. Wachtmeister for the divaricatinic acid, Dr.
K. H. Steinkraus for conducting the growth-
inhibition tests and Dr. G. T. Newbold for helpful
discussions.
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The condensation of ethylene oxide with 1,2;5,6-di-O-isopropylidene-8-p-glucofuranose in aqueous alkali was shown to
proceed to polyethylene oxide derivatives. Conditions were found for the easy preparation of the monomeric hydroxyethyl
derivative, the hydrolysis of which yielded crystalline 3-O-hydroxyethyl-a-p-glucose. The sugar was partly decomposed
by acetylation with acidic catalysts, and drastic tosylation resulted in partial loss of the hydroxyethyl group. The phenyl-
osazone, B-pentaacetate, acetylated benzyl 8-glucoside and a supposed benzyl 3-O-iodoethyl-8-glucopyranoside triacetate

were obtained in crystalline form. Many other derivatives did not crystallize.

Some years ago,? an attempt was made to deter-
mine the mole fraction of primary alcohol units in
an O-hydroxyethylcellulose by the well known tosyl-
ation-iodination method, but some of the hydroxy-
ethyl groups were lost and the results were hard to
explain. In order to study the relevant chemistry
in a simpler case, a suitable glucose derivative has
been hydroxyethylated by the action of ethylene
oxide and alkali, and various derivatives of the re-
sulting hydroxyethylglucose have been prepared.
The only report of the hydroxyethylation of a sugar
found in the literature concerned sucrose; only
one of the products was obtained as a pure, crys-
talline compound, and the structure of this com-
pound was not determined.® Crystalline 2-0-, 3-O-
and 6-O-hydroxyethyl glucoses have been obtained
recently either by the reduction of derivatives of
the corresponding carboxymethyl esters (—CH,-
COOCH;) with lithium aluminum hydride,* or by
the column chromatography of a hydrolyzed
hydroxyethylcellulose.®

Condensation of ethylene oxide with 1,2:5,6-di-
O-isopropylidene-p-glucofuranose (diacetone glu-
cose, mole ratio 16:1) in aqueous 5% sodium hydrox-
ide solution, followed by extraction with chloro-
form, yielded a crude product which was fraction-
ally distilled 4» vacuo to separate 269, of the more
volatile, unchanged starting material. The next
three fractions, which had specific rotations of —37
to —38° in water, consisted of pure or nearly pure
3-0-hydroxyethyl-1,2;5,6-di-O-isopropylidene  glu-

(1) Abstracted from Ph.D. Theses submitted to the University by
G.B.C. in September, 1950, and by H.H.B. in October, 1953.

(2) C. W. Tasker and C. B. Purves, THIS JoURNAL, (a) 71, 1017
(1949); (b) T1, 1023 (1949),

(8) J. W. LeMaistre and R. B, Seymour, J. Org. Chem., 18, 782
(1948).

(4) W. P. Shyluk and T. E. Timell, Can. J. Chem., 84, 571 (19586).
(5) L. Croon and B. Lindberg, Svenskpapperstidn., 22, 794 (19586).

cofuranose, because when hydrolyzed with acid to
remove the isopropylidene groups all yielded a
solid mass of crystalline 3-O-hydroxyethyl glucose
(Ia). Neither the diisopropylidene derivative, nor
its acetate, benzoate, p-toluenesulfonate and iodo-
ethyl analog, could be induced to crystallize and a
description of these compounds has been omitted
from this article. All were levorotatory compounds
and the first three had the expected compositions,
the last was not pure.

HC—0OX i
HC—OX
YO—CH,CH0—CH O
HC—OX
HC—

|
H,C—0OX
I, X =Y =H
Ib, X = H, Y = =CH,CH,OH
Ic, X =Y = -COCH;

XO—(|)H
H(|)—0Ac
Y—CHzCHzO—(IDH O
HC—OAc
o
H,C—OAc
IIa, X = CHy; Y = OAc
IIb, X = C¢HsCH,s; Y = QAc
IIC, X = CgHsCHg; Y=0- S0207H1
IId, X = CgHgCH,; ¥ =1
Since the less volatile fractions, with smaller

specific rotations of —36 to —32°, failed to give
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the crystalline hydroxyethyl glucose when hydro-
lyzed, it was supposed that they were contaminated
with the diisopropylidene derivatives of 3-O-
hydroxyethoxyethyl glucose (1b) and higher poly-
mers. To verify this supposition, the still residue
from the fractional distillation was separated into
three main fractions by chromatography on an
alumina column (Fig. 1) and the fractions were
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Fig. 1.—Chromatographic fractionation of still-residue
remaining after fractional distillation, in vacuo, of crude 3-0-
hydroxyethyl-1,2;5,6-di-O-isopropylideneglucofuranose.

then separately hydrolyzed by acid. The hydroly-
zates of Fractions A and B were chromatographed
on paper for prolonged periods with water-satu-
rated butanol as the eluent and yielded only the
single spot of R; 0.180 characteristic of 3-O-hydroxy-
ethyl glucose (R; for glucose, 0.09). Hydrolysate
C, however, gave a single spot of Rt 0.187, and when
admixed with 3-O-hydroxyethyl glucose the ad-
ditional spot at R, 0.180 appeared. Analyses sug-
gested that this hydrolysate contained from three to
four ethylene oxide units for each glucose residue,

The sodio derivative of 3-O-hydroxyethyl-1,2;
5,6-di-O-isopropylideneglucose was then condensed
in benzene solution with an equimolecular amount
of ethylene chlorohydrin, and the product was hy-
drolyzed to form the hydroxyethoxyethyl glucose
Ib. This hydrolysate when chromatographed
yielded the single spot of R 0.187. Another un-
crystallized sample of Ib, synthesized by an alter-
native method that formed no higher homologs,
was also reported to move very slightly faster than
Ia on a paper developed by ethyl acetate-acetic
acid-water.?

The recognition that the Rt values of Ia and Ib,
and presumably of higher homologs, differed by
only 3 to 49, and that these compounds often
gave a single elliptical spot on a paper chromato-
gram, made it possible to show that the hydroxy-
ethoxyethyl derivative formed very readily in con-
densations of ethylene oxide with 1,2;5,6-di-O-
sopropylidene glucose. When a mixture of the
ast two substances in the molar ratio of 16:1 orig-
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inally used was shaken at 100° in a sealed tube, the
crude product after hydrolysis yielded a chromato-
gram with both spots. The same result was ob-
tained with a mixture of mole ratio 79:1 made up
with triethylamine instead of sodium hydroxide as
the base and kept at 70° until the diisopropylidene
glucose had reacted completely (6.5 hr.). Blank
experiments containing none of the glucose deriva-
tive resulted in neither of these spots, and the chro-
matographic behavior of the non-carbohydrate
polyethylene glycols formed was markedly differ-
ent.

The above observations suggested that a con-
venient method of preparing pure 3-O-hydroxy-
ethylglucose would be to reduce the molar ratio of
the initial mixture to about 5:1 and thereby reduce
the formation of higher homologs. TUnchanged di-
isopropylidene glucose was then recovered in a
simple distillation and recycled, while the still
residue was hydrolyzed and fermented with yeast
to remove residual glucose. The remaining sirup
readily crystallized when seeded, giving Ia in 309,
yield based on unrecovered diisopropylidene glu-
cose. A crystalline phenylosazone was prepared
from 3-O-hydroxyethylglucose (Ta), and acetyla-
tion with anhydrous sodium acetate yielded a crys-
talline, slightly levorotatory pentaacetate which
was presumably the 8-isomer of Tc. Acetylations
with zinc chloride or sulfuric acid as catalysts gave
black mixtures from which strongly dextrorotatory,
dark colored, sirupy pentacetates were isolated in
high yield.

Treatment of an uncrystallized sample of the §-
pentaacetate with hydrogen bromide in glacial ace-
tic acid gave the corresponding glucosyl bromide as
a clear amber, unstable sirup. When condensed
with methanol in the presence of silver carbonate,
this sirup yielded the umncrystallized tetraacetate
of methyl 3-O-hydroxyethyl-3-p-glucoside (Ila),
but the corresponding benzyl derivative IIb crys-
tallized. Careful deacetylation of these two prod-
ucts gave the uncrystallized non-reducing gluco-
sides, and re-acetylation of benzyl 3-O-hydroxy-
ethyl--p-glucoside regenerated the crystalline tet-
raacetate IIb in 939 vield. Thus no unexpected
change had occurred during the saponification or re-
acetylation. A catalytic hydrogenolysis of the
benzyl glucoside gave 3-O-hydroxyethyl glucose as
a strongly reducing, colorless sirup which crystal-
lized spontaneously.

Benzyl 3-O-hydroxyethyl-3-p-glucoside, when
condensed with an excess of p-toluenerulfonyl
chloride (tosyl chloride) in pyridine for eight days
at room temperature gave a clear, straw-colored
glass whose sulfur content was close to that re-
quired by the tetratosylate. The hydroxyethyl
content, however, was only about one-third of that
expected, and it was obvious that the greater por-
tion had been eliminated during the prolonged
tosylation. Since the unit partly removed was a
monomer directly attached to the third po ition of
the glucose residue, there was no justification for
the assumption® that similar units in hydroxy-
ethylcellulose were stable during tosylation, and
that only those in the polyethylene oxide chains
were removed. The previous interpretation of the
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tosylation-iodination reaction as applied to hy-
droxyethylcellulose was therefore invalid.

Although benzyl 3-O-hydroxyethyl-8-p-glucoside
was unstable to tosylation under the above drastic
conditions, the use of only one molar equivalent of
tosyl chloride for two hours at 0° gave a monotosyl-
ate which was isolated in more than 909, yield and
analyzed as an uncrystallized triacetate (IIc).
The primary alcohol group in methyl 8-glucopy-
ranoside required about 24 hr. to be tosylated in
similar conditions,® and the shorter period effective
in the present case was similar to that successful
with the mono-alkyl ethers of ethylene and poly-
ethylene glycols.?” As in the last cases, and also
in tosylations of 1,2;5,8-di-O-isopropylidene-3-O-
hydroxyethylglucose not recorded here in detail,
there was an unusually rapid replacement of tosyl-
oxy groups by chlorine from the by-product pyri-
dine hydrochloride. The partial tosylation of
benzyl 3-O-hydroxyethyl-G-p-glucoside thus prob-
ably involved the primary alcohol group in the
hydroxyethyl rather than that in the glucose resi-
due, as indicated in Ilc.

The replacement of the tosyloxy group in Ilc by
an jodine atom was brought about by heating with
an excess of sodium iodide in acetonylacetone, and
proceeded mnormally. The product, presumably
benzyl 2,3,6-tri-O-acetyl-3-O-iodoethyl-3-p-gluco-
side (IId), was obtained in a crystalline, analyti-
cally pure condition. A parallel series of prepara-
tions from the uncrystallized methyl glucoside de-
rivative IIa yielded only sirups whose compositions
were usually close to the expected values. There
seems to be little advantage in describing these
sirups in detail.

Experimental

Materials and Methods.—The preparation of 1,2;5,6-
di-O-isopropylidene-g-p-glucose by one published method?
gave an 859, yield of pure material after two recrystalliza-
tions from hexane and one from isopropyl ether; a recent
modification? resulted in a slightly greater yield that was
more difficult to purify. Commercial ethylene oxide was
used, but other reagents and most solvents were specially
purified. Evaporation of solutions was invariably carried
out under diminished pressure at the lowest convenient
temperature.

Prior to analyses, viscous sirups were dried ¢# vacuo over
phosphorus pentoxide for one to four weeks in order to re-
move traces of solvent that were often tenaciously retained.
Sulfur, chlorine and iodine were determined by a semi-micro
Carius method,! acetyl by a semi-micro method,!® and com-
bined ethylene oxide by Morgan’s modification!! of the Zeisel
method. All paper chromatograms were developed by the
descending flow technique,!? with #-butyl alcohol saturated
with water, and were sprayed with an aniline phthalate
solution. Specific rotations were observed at 20° and with
the p line of sodium.

Condensations with Ethylene Oxide.—(a) Pure 1,2;5,6-
di-O-isopropylidene-p-glucose (20 g., 0.077 mole) was dis-
solved in 300 ml. of aqueous 5% sodium hydroxide. Liquid

(6) J. Compton, THIs JoURNAL, 60, 395 (1938).

(7) R. S. Tipson, J. Org. Chem., 9, 235 (1944),

(8) H. Van Grunenberg, C. Bredt and W. Freudenberg, THaIS
JourNaAL, 60, 1507 (1938).

(9) W. L. Glen, G. S. Meyers and G. A, Grant, J. Chem. Soc., 2568
(1951).

(10) E. P. Clark, “Semimicro Quantitative Analysis,”” Academic
Press, Inc., New York, N. V., 1943,

(11) P. W. Morgan, Ind. Eng. Chem., Anal. Ed., 18, 500 (1946).

(12) R.]J. Block, R. Le Strange and G. Zweig, “Paper Chromatogra-
phy. A Laboratory Manual,’”” Academic Press, Inc., New York,
N. v., 1952,
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ethylene oxide (57 g., 1.3 mole) was vaporized and passed
through fritted glass for 43 min. into the solution, whose
temperature during this time rose slowly to 92° and then
fell rapidly. The solution was extracted with three 100-ml.
volumes of chloroform, the combined extracts were washed
with five 40-ml. volumes of water, were dried over anhy-
drous sodium sulfate and evaporated to a sirup. This
sirup, 23.1 g., was fractionally distilled through a 60-cm.
vacuum-jacketed column of the Cooke-Bower type!? near
1072 mm. pressure and with a bath temperature of 200-
250°. The first fraction, 5.32 g., was nearly unchanged,
crystalline  1,2;5,6-di-O-isopropylidene-b-glucose,  which
when pure had a specific rotation of —18.7° in water.
Fractions 2 to 7 weighed 3.63, 3.66, 2.05, 3.74, 1.34 and 0.20
g. and their specific rotations in water (¢ 2.3 to 2.8) were
-37.1, —36.8, —38.0, —36.5, —31.2 and -32.1°, re-
spectively. The still residue, 2.12 g., had the specific ro-
tation —24.6° after the aqueous solution had been clarified
with adsorbent carbon.

Portions of fractions 2 to 6 were hydrolyzed separately by
heating for 3 hr. near 100° with 9 parts of 0.19, hydro-
chloric acid, which was then removed by passing the solu-
tion through a column of Amberlite IRA-410 (OH) resin.
Evaporation, drying and seeding produced 71 to 929, yields
of crystalline 3-O-hydroxyethyl-a-p-glucose, m.p. 110 to
127°, from fractions 2, 3 and 4, but fractions 5 and 6 re-
mained as sirups. A 1.24-g. sample of the still residue was
placed on a column containing 300 g. of alumina and was
developed with 3700 ml. of ethylene dichloride containing
19, of ethanol, the eluate being collected in 100-ml. frac-
tions. Essentially all of the material was removed, and a
plot of fraction weight against fraction number exhibited
the sharp peaks A, B and C and a diffuse peak D (Fig. 1).
Elutions with carbon tetrachloride-benzene and with ethyl-
ene dichloride-benzene mixtures were unsuccessful, and
ethylene dichloride containing only 0.5%, of ethanol failed
to elute the sample.

The yields of material from peaks A to D were 10, 37, 44
and 109, respectively, and the specific rotations of the first
three samples were —21.0, —22.5 and —18.1° in ethanol
(¢ 2.1). Material, 0.38 g., from peak C was intensively
dried in vacuo to remove any traces of ethylene dichloride
before being hydrolyzed as described above. The resulting
neutral sirup was thoroughly dried. Awal. Caled. for
glucose with 3 polyethylene oxide units CgHpOs(OCH-
CHz)si OCHzCHz, 42.3. Caled. for CsleOG(OCHz-
CHz)ﬁ OCHzCHg, 48.5. Found: OCHzCH2,46.2.

The chromatographic behavior of hydrolyzates from
peaks A, B and C already has been described.

(b) Ethylene oxide gas, 26.7 g. (0.61 mole), was passed
at 70° into a solution of 2 g. (0.0077 mole) of 1,2;5,6-di-O0-
isopropylidene-g-p-glucose in 10 ml. of triethylamine during
6.5 hr. The solution was evaporated to an oil, which was
dissolved in water and passed through a column of Amber-
lite IR-120 (H) to remove the remaining base. Evapora-
tion of the resulting neutral solution left 2.52 g. of a dry
sirup which was hydrolyzed in 0.19, hydrochloric acid at
100° for 3 hr. After de-ionization, an aliquot containing
0.5 mg. was chromatographed for 12 days on Whatman No. 1
filter paper. The spot for 3-O-hydroxyethyl-a-p-glucose
of R;0.180 was accompanied by another of R;0.187.

To identify the latter spot, 1 g. (0.0033 mole) of 3-O-hy-
droxyethyl-1,2;5,6-di-O-isopropylideneglucose was dissolved
in 10 ml. of dry benzene and 0.08 g. (0.0035 mole) of sodium
wire was added. The mixture was boiled under reflux and
with exclusion of moisture until almost all of the sodium had
dissolved. The clear, red supernatant liquor was then
boiled under reflux for 6 hr. with 0.27 g. (0.0033 mole) of
redistilled ethylene chlorohydrin to form the hydroxyethoxy-
ethyl derivative Ib of the diisopropylideneglucose. After
isolation, the latter weighed 0.79 g. An 0.13-mg. sample
when chromatographed on paper for 4.4 days gave a single
spot of R¢0.187.

Preparation of 3-0-Hydroxyethyl-a-D-glucose (Ia).—Pure
1,2;5,6-di-O-isopropylideneglucose (100 g., 0.385 mole) was
dissolved in 1500 ml. of 5%, aqueous sodium hydroxide, and
gaseous ethylene oxide (78.7 g., 1.79 moles) was passed into
the solution during 1.5 hr. The temperature rose to only
55°. After standing for a further 2 hr., the solution was
extracted with three 500-ml. volumes of chloroform. The

(13) J. R. Bower and L. M. Cooke, Ind. Eng. Chem., Anal. Ed., 18,
290 (1943).
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combined extract was washied with three 500-ml. volumes of
water, was dried and evaporated to a sirup. TUnreacted
1,2;5,6-di-O-isopropylideneglucose was removed by distill-
ing this sirup iz vacue and without a fractionating column
from a bath at 150° until the distillate ceased to crystallize
in the receiver. The still residue, 78 g., was shown to re-
tain a further 24 g. of diisopropylideneglucose by the hy-
drolysis and fermentation of a small aliquot.

The still residue, 78 g., was hydrolyzed in 0.19, hydro-
chloric acid and de-acidified as previously described. After
being washed with two 100-ml. volumes of chloroform, the
neutral aqueous solution was evaporated to 200 ml., and was
fermented with yeast until a paper chromatogramshowed that
glucose was no longer present. The liquor was filtered, and
evaporated to a sirup, which was diluted with 600 ml. of ab-
solute ethanol. A filtration removed inorganic salts and
the filtrate yielded a colorless sirup (39.7 g.). A solution of
this sirup in 100 ml. of anhydrous methanol became turbid
when diluted with 175 ml. of ethyl acetate and, after clari-
fication with the minimum amount of methanol, was seeded
with 3-O-hydroxyvethyl-a-p-glucose. The crude crystals
weighed 21 g. after an extraction with cold acetone, and
their melting point of 110-112° was raised to 122-123° by
two recrystallizations from ethanol. The highest melting
poixgt observed for the 3-O-hydroxyethyl glucose was 134-
135°.

Anal. Caled. for C¢Hy;jOs-CH.CH,OH: C, 42.8; H,
7.2; OCHyCH,, 19.65. Found for an uncrystallized sample,
n2p 1.500: C, 42.7, 42.4; H, 7.3, 7.1; OCH,CH,, 18.9,
19.1. Found for a sample melting at 134-135°; OCH,CH,,
19.6, 19.4.

Pure 3-O-hydroxyethyl-a-p-glucose mutarotated in water
(¢ 1.13) from an extrapolated initial specific rotation of --93°
to an equilibrium value of +451.4°, the change obeying
first-order kinetics. The substance was not affected by the
enzymes in yeast, and 1 mg. was equivalent in Shaffer—
Somogyilt copper reducing power to 0.345 mg. of glucose.

3-0-Hydroxyethyl-p-glucose Phenylosazone.—Fischer’s
procedure!’ and the use of 1 g. of the sugar gave the osazone
as an oil which solidified on cooling. Two recrystallizations
from 209, aqueous ethanol left a 429, yield of yellow crystals
melting with decomposition at 163°.

Anal. Caled. for C3HgOsNy: C, 59.7; H, 6.5; N, 13.9;
OCH.CH,, 11.0; mol. wt., 402. Found: C, 59.9, 59.9;
H, 6.6, 6.4; NP, 13.9, 14.0; OCH.CH,, 11.0, 11.3; mol.
wt. (Rastlo), 410, 379.

3-0-Acetoxyethyl-1,2,4,6-tetra-0O-acetyl-8-p-glucose .—
The crystalline sugar, 1 g., fused sodium acetate, 0.4 g., and
acetic anhydride, 4 g., were heated together near 100° for
2.3 hr. When the solution was poured into a stirred mix-
ture of ice and water, the oily product soon redissolved and
the solution was neutralized with sodium bicarbonate. The
solution was extracted three times with chloroform, and the
combined extracts (100 ml.) after being dried yielded 2.0 g.
(1039%,) of the pentaacetate as an oil. Crystallization from
aqueous methanol left 1.2 g. (62%) as needles whose melt-
ing point of 60-76° was raised to 82.5° by three further re-

crystallizations. The specific rotation in chloroform was
—3.7° (c 1.5).
Anal. Caled. for CgH;O7(COCHy)s: C, 49.8; H, 6.0;

acetyl, 49.5; OCH,CH,, 10.1. Found: C, 49.9, 49.8; H,
6.0, 6.2; acetvl, 50.6, 49.6; OCH.CH., 10.2.

Benzyl 3-0-Acetoxyethyl-2,4,6-tri-O-acetyl-g-p-glucoside
(IIb).—A solution of 38.8 g. of uncrystallized 3-O-hydroxy-
ethylglucose pentaacetate in 20 ml. of glacial acetic acid was
mixed with 50 ml. of glacial acetic acid containing 429, of
hydrogen bromide gas. The solution rapidly developed a
dark color which prevented observation of its optical ro-
tation. One hour later, the solution was poured into 1 1. of
ice-water and the product recovered by extraction with
chloroform. This extract was quickly shaken with aqueous
sodium bicarbonate and water, was dried and cautiously
evaporated, but the acetobromo derivative decomposed
when the red-brown sirup (45 g.) was even gently heated.
A 2-g. portion was purified by solution in chloroform, pas-
sage through a small column of alumina and cautious evapo-
ration ¢» pacuo at room temperature to a clear amber sirup.
The specific rotation in chloroform was +130° (¢ 1.58).

(14) P. A. Shaffer and M. Somogyi, J. Biol. Chkem., 100, 695 (1933).
(15) E. Fischer, Ber., 17, 579 (1884).
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Anal. Caled. for CgHpOs(COCHj;)Br: 37.8.
Found: acetyl, 37.9, 37.5.

Following a published procedure,’® 15 g. of the crude
acetobromo derivative was added in three portions during
15 min. to a stirred suspension of Drierite, 20 g., and silver
carbonate, 6 g., in 200 ml. of pure benzyl alcohol. A 3-
necked flask with a mercury sealed stirrer, a guard tube
with anhydrous calcium chloride, and a stopper was used.
The mixture was filtered 3 hr. later, and benzyl alcohol was
removed from the filtrate by steam distillation, leaving the
product as a water-insoluble oil which crystallized on cool-
ing. Three recrystallizations from ethanol raised the melt-
ing point to 113-114°, unchanged by a fourth recrystalliza-
tion. The glycoside did not reduce Fehling solution and
had a specific rotation of —57.4° in chloroform (¢ 2.39).

Anal. Caled. for CyHzxOn: C, 57.3; H, 6.3; acetyl,
35.7; OCH,CH,, 9.14; mol. wt., 482. Found: C, 57.5,
57.4; H, 6.3, 6.3; acetvl, 35.7, 35.8; OCH;CHa, 9.3, 9.3;
mol. wt. (ebullioscopic!?), 480, 461.

Benzyl 3-O-Hydroxyethyl-3-p-glucose.—A solution of 10
g. of the above crystalline tetraacetate in 150 ml. of absolute
methanol was deacetylated!® at 0° by admixture with 5 ml.
of 0.228 M barium methylate in absolute methanol. After
24 hr. at 0°, the solution was diluted with 30 ml. of water
and saturated with carbon dioxide to remove barium as the
carbonate. Evaporation of the clear filtrate left 6.5 g., or
an almost quantitative yield, of a straw-colored sirup Wh_ich
did not reduce Fehling solution and had a specific rotation
of —44.9° in water (¢ 2.06).

Amnal. Caled. for CisHaO5:
OCH,CH,, 14.5, 14.2.

A sample when acetylated with acetic anhydride-pyridine
for 18 hr. near 20° gave a 939, yield of the original tetra-
acetate whose melting point of 113-114° was unchanged
when mixed with authentic benzyl 3-O-acetoxyethyl-8-p-
glucopyranoside triacetate.

Another sample (1.62 g., 0.00515 mole) was dissolved in
50 ml. of absolute ethanol containing 0.1 g. of palladium
black catalyst.l® This suspension absorbed 0.0203 mole of
hydrogen when shaken for 8 hr. at room temperature with
the gas at 2 atm. pressure. Hence 3.96 moles of hydrogen
per mole of glycoside were required, one mole to cleave the
benzyl ether bond and three moles to reduce the aroma_tic
ring.20 After filtration from the catalyst and evaporation
of the filtrate, 3-O-hydroxyethylglucose remained as a clt_zar,
colorless sirup. The yield of 1.17 g. was gquantitative.
The sirup crystallized spontaneously on standing and pro-
vided the seed crystals for the other preparations.

Drastic Tosylation of Benzyl 3-0-Hydroxyethyl-8-p-gluco-
side.—The conditions were similar to those used in the tos-
ylation of a hydroxyethylcellulose.?> A 2.65-g. (0.0084
mole) sample of the glucoside was dissolved in 26.5 ml. of
anhydrous pyridine containing 18.7 g. (0.098 mole) of re-
crystallized p-toluenesulfonyl chlori(fe. After being kept
at room temperature for 8 days, the solution was poured
into ice-water, and the mixture was extracted three times
with chloroform. The combined extracts were washed in
succession with dilute sulfuric acid, aqueous sodium bicar-
bonate and with water, were dried and evaporated. . A
clear, straw-colored glass, 5.96 g., remained with a specific
rotation in chloroform of —4.2° (¢ 2.74).

Anal. Caled. for a tetratosylate of benzyl 3-O-hydroxy-
ethylglucoside, CysH6O158: S, 13.8; Cl, 0.0; OCH.CH,,
4.73. Found: §, 12.1, 12.2; Cl, 1.88, 1.95; OCH.CHa,
1.57, 1.56. Thus two-thirds of the hydroxyethyl groups
were absent and some of the tosyl groups had been replaced
by chlorine.

Benzyl 2,4,6-Tri-O-acetyl-3-O-tolylsulfonyloxyethyl-8-D-
glucoside (IIc).—A solution of the benzyl hydroxyethyl-
glucoside (2.52 g., 0.008 mole), in 9 ml. of dry pyridine was
cooled to 0° and mixed with 1.53 g. (0.008 mole) of pure
tosyl chloride. After being kept at 0° for 2 hr.,” the solu-
tion was diluted with 10.5 ml. of acetic anhydride and kept
at room temperature overnight. The method of isolating

acetyl,

OCHzCHz, 14.0. Found:

(16) L. C. Kreider and W. L, Evans, THis JourNaL, 68, 1661
(19386).

(17) A. W. C. Menzies and 8. L. Wright, ibid., 43, 2314 (1921).

(18) P. A. Levene and R. S. Tipson, J. Biol. Chem., 98, 631 (1931).

(19) J. Tauz and N. von Putnoky, Ber., §2, 1573 (1919).

(20) N. K., Richtmyer, THIS JOURNAL, 66, 1633 (1934).
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the product was as just described, and a pale yellow sirup
resulted in 929 yield. The specific rotation in chloroform
was —43.6°.

Anal. Caled. for a monotosyl triacetyl derivative,
ngH;gaOle: S, 5.4; Cl, 0.0; CH;;CO, 21.7; OCHzCHz, 7.4.
Found: §, 4.9, 5.0, 5.1; Cl, 1.53, 1.58, 1.54; CH,CO, 21.8,
22.1; OCH,CH,, 7.7, 7.9. A preparation made at 21° in-
stead of 0° had S, 4.7, 4.8; Cl, 2.09, 2.30.

Benzyl 2,4,6-Tri-O-acetyl-3-O-iodoethyl-8-p-glucoside
(IId).—A 1-g. sample of the tosyloxyethyl triacetate and 1
g. of sodium iodide were heated in 20 cc. of dry acetonyl-
acetone at 110-115° for 2 ir. The solution was poured into
300 ml. of water and the mixture was extracted with ether;
the extract was washed with dilute aqueous sodium thio-
sulfate to remove free iodine, was dried and evaporated.
The residual amber sirup (vield 90%) crystallized, and after
three recrystallizations from ethanol the white needles
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melted sharply at 114-115° and had a specific rotation in
chloroform of —26.8°.

Anal. Caled. for a benzyl iodoethyl glucose triacetate,
C21H27OQI: I, 23.1. Found: I, 22.7, 22.8.

When the tosyloxy derivative was iodinated for five hours
in boiling acetone (56°), the uncrystallized product had
only 10.9% of iodine.
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Derivatives of D-Glucose Containing the Sulfoamino Group!

By M. L. WoLFroym, R. A. GiBBoNs? AND A. J. HUGGARD?
RECEIVED MAvY 22, 1957

Methyl 2-deoxy-2-sulfoamino-«-bD-glucopyranoside (sodium salt monohydrate, XIII) was prepared from methyl 2-amino-
N-(benzoxycarbonyl)-2-deoxy-a-p-glucopyranoside (I) by acetylation followed by hydrogenolysis of the N-blocking group,

sulfation (without deacetylation) and final deacetylation.
inethyl ether of 1.
vielded 2-sulfoamino-2-deoxy-p-glucose (IX).

The sulfoamino group is present in the 2-amino-
2-deoxy-p-glucose (p-glucosamine, chitosamine)
unit of heparin.* The only derivatives of this
sulfoamino sugar hitherto described are the amor-
phous 2-deoxy-2-sulfoamino-p-glucose (ammonium
salt)® and the amorphous barium salt of methyl 2-
deoxy-2-sulfoamino-3-p-glucopyranoside trisulfate
dihydrate® The first compound was obtained by
the direct sulfation of 2-amino-2-deoxy-p-glucose
base and was believed to be a mixture of sulfate
and sulfoamino derivatives having some 809, of
the sulfur function on the nitrogen atom. We de-
scribe herein the synthesis of the crystalline sodium
salt (monohydrate) of methyl 2-deoxy-2-sulfo-
amino-a-p-glucopyranoside (XIII), its triacetate
XI, and the crystalline sodium salt of tetra-
O-acetyl-2-deoxy-2-sulfoamino-G-p-glucose (VI).
Our preparation of 2-deoxy-2-sulfoamino-p-glucose
(IX) was an amorphous anomeric mixture but was
analytically pure and was obtained through crys-
talline intermediates. Our methyl 2-deoxy-3,4,6-
tri - O - methyl-2-sulfoamino - a-p-glucopyranoside
(XII), although obtained through crystalline inter-

(1) Preliminary communication: Abstracts Papers Am. Chem. Soc.,
130, 21D (1056).

(2) Postdoctoral Fellow of the Foreign Research Scientists Pro-
gram of the Foresgn Operations Administration (Project TAOI-101-
3006 EPA 151).

(3) Recipient of a Postdoctoral Fellowship from The Ohio State
University Advisory Committee on Research Grants (Project 557).

(4) J. E. Jorpes, H. Bostrém and V. Mutt, J. Biol. Chem., 188,
607 (1930); A. B. Foster, E. F. Martlew and M. Stacey, Abstracts
Papers Am. Chem. Soc., 126, 6D (1954); A. B. Foster and A. J.
Huggard, Advances in Carbohydrate Chem., 10, 352 (1955).

(3) K. H. Meyer and D. E. Schwartz, Helv. Chim. Acta, 38, 1651
(1950).

(6) M. L. Wolfrom, T. M. Shen and C. G. Summers, TaIs JOURNAL,

75, 1519 (1953); T. M. Shen Han, Ph.D. Dissertation, The Ohio State
University, 1954,

Analogous reactions were carried out with the corresponding tri-
Sulfation and subsequent deacetylation of 1,3,4,6-tetra-O-acetyl-2-amino-2-deoxy-8-p-glucose (I11I)

mediates, was amorphous and contained extraneous
ash (not sulfate).

Methyl 2-amino-N-(benzoxycarbonyl)-2-deoxy-
a-D-glucopyranoside (I), prepared by the glycosida-
tion of 2-amino-N-(benzoxycarbonyl)-2-deoxy-D-
glucose according to Neuberger and Rivers,” was
acetylated, the amino blocking group was removed
by catalytic hydrogenation and the resultant amine
was isolated as the hydrochloride V. When the re-
action contained the equivalent amount of hydro-
gen chloride to exactly neutralize the amine, the
product V was obtained in good yield without de-
acetylation. In one experiment wherein slightly
more than one equivalent of acid was present, a
crystalline monoacetyl derivative of methyl 2-
amino-2-deoxy-a-p-glucopyranoside hydrochloride
was obtained. The amino-blocked glycoside I
was also methylated by treatment with methyl! io-
dide and thallous hydroxide followed by reaction
with methyl iodide and silver oxide. The crystal-
line trimethyl ether IV then was converted to the
hydrochloride VII by -catalytic hydrogenation.
Utilizing a different synthetic route, Cutler, Ha-
worth and Peat® have recorded the same substance
(VII).

For the purposes of N-sulfation, a study was
first made of the conditions required to sulfate the
1,3,4,6-tetra-O-acetyl-2-amino-2-deoxy- 8- b-glucose
(III) of Bergmann and Zervas.! This free base
was sulfated with sulfur trioxide in pyridine.
The product VI was isolated as the crystalline
sodium salt which contained acid-hydrolyzable sul-
fate and exhibited negative tests for the amino

(7) A, Neuberger and Rosalind Pitt Rivers, J. Chem. Soc., 122
(1939).

(8) W. O. Cutler, W. N. Haworth and S. Peat, thid,, 1979 (1937).
(9) M. Bergmaun and L. Zervas, Ber., 64, 975 (1931).



