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reported by Paul and Tchelitcheff for their 1:1
adduct agree better with those now found for VII
than with those for VI. We therefore suggest
that their 1:1 product was actually VII, and that
VI, being less stable because its structure contains
an ethoxy group on a tertiary carbon atom, in their
experiments decomposed to VIII.
Acknowledgment.—The authors are indebted to
Cities Service Research and Development Com-
pany for financial support of most of this work in
the form of a fellowship, and to Dr. V. A. Yar-
borough of Carbide and Carbon Chemicals Com-
pany, South Charleston, West Virginia, for de-
termination and interpretation of mass spectrom-
eter data.
Experimental

All condensations of acetals with olefins were effected in
substantially the same way, the details of the several runs
being summarized in Table I. A large excess of the acetal
was cooled and treated with catalyst. The olefin was then
added with good stirring; gaseous olefins were either lique-
fied and confined in a pressure bottle during reaction (Runs
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2 and 8), pressed in at 30-50 lb./sq. in. in an Adams hydro-
genatlon apparatus (Run 1, but failed for Run 2), or dis-
persed in the acetal at atmospherlc pressure (Run 6).
After reaction the mixture was poured into excess aqueous
alkali. In some instances steam distillation was used at this
point for preliminary purification. Heating with alkali
was essential after sulfuric acid had been used as catalyst,
since otherwise sulfuric ester impurities gradually decom-
posed during distillations. In any case the organic product
was salted out with potassium carbonate, extracted with
ether, dried over potassium carbonate, and fractionally dis-
tilled in a Todd column.

Hydrogenation of I with Raney nickel catalyst and hy-
drogen at 25-50 lb./sq. in. and room temperature gave an
899 yield of 1,3-dimethoxypentane, b.p. 140.5-141°,
22, 0.853, n??p 1.4025.

Anal. Caled. for C;Hy0p: C, 63.6; H, 12.1; MR, 37.8.
Found: C,63.2; H,12.1; MR, 37.2.

Hydrogenation of II in the same way produced 1,5-di-
methoxypentane, b.p. 157-157.5°, d%2; 0.854, n3p 1.4060.
Literature values® are b.p. 159° (760 mm.), 45 0.8616,
n1p 1.4094.

Anal. Caled. for C;HisO2: C, 63.6; H, 12.1; MR, 37.8.
Found: C, 63.3; H, 12.3; MR, 37.4.
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3,4-Dimethylglucosamine hydrochloride (2-desoxy-2-amino-3,4- dimethylglucose hydrochloride) has been prepared in crys-

talline form v¢ two 1ndependent rotites.
acetyl, carbobenzoxy and 2'-hydroxynaphthylidene.

Methylglucosamines are required as reference
substances in structural studies on the numerous
complex biological products which contain glucos-
amine. Of the three monomethyl-, the three di-
methyl- and the one trimethylglucopyranosamine,
only the synthesis of 3,4,6-trimethylglucosamine?
and 3- methy]glucosamme4 have been reported. We
have now prepared 3,4-dimethyl-p-glucosamine hy-
drochloride by two independent routes.

The first synthesis started with methy! 2-desoxy-
2-(acetylamino)-a-p-glucopyranoside! (VII) and
proceeded as shown in the accompanying diagram
through VIII, XII, IX to 3,4-dimethyl-p-glucos-
amine hydrochloride (VI). By-products in the
methylation of VIII were methyl 2-desoxy-2-
(acetylamino) - 3 - methyl-6-trityl-a-np-glucopyrano-
side (XI) and a substance believed to be methyl 2-
desoxy - 2 - (acetylamino)-4-methyl-6-trityl-a-p-glu-
copyranoside (I). This structure is tentatively
assigned I on the basis of its high positive rotation
and the fact that no shifting of the ring or migra-

(1) Studies on hyaluronic acid and related substances VII. This is
publication No. 131 of the Robert W. Lovett Memorial for the study
of crippling disease, Harvard Medical School, Boston, Massachusetts.
This work has been made possible by a grant from Eli Lilly and Com-
pany.

(2) Part of this investigation has been carried out at the Worcester
Foundation for Experimental Biology, Shrewsbury, Massachsetts,
aided by a grant from G. D. Searle and Company.

(3) W. O. Cutler, W. N. Haworth and S. Peat, J. Chem. Sac.,
(1937).

(4) A. Neuberger, ¢bid., 50 (1941).

(3) R. C. G. Moggridge and A. Neuberger, bid., 745 (1938),
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The 3,4-dimethylglucosamine was characterized by the following N-derivatives:

tion of the trityl group has ever been observed
during methylation with methyl iodide and silver
oxide. We are attempting confirmation of this
possibility by synthesis. The second synthesis be-
gan with X* and proceeded to VI by way of XTI, XII
and IX.

The preparation of II from IX constitutes proof
that position 5 was not methylated. Barring the
unlikely event of trityl migration from position 6 to
4, it is concluded that the methylglucosamine ob-
tained is the 3,4-dimethylglucosamine. Inasmuch
as the hydrochloride mutarotates from a high to a
low positive value, we assume it is in the a-form.

As with glucosamine and other methylglucosam-
ines, 3,4-dimethylglucosamine hydrochloride de-
composes so extensively on heating as to make melt-
ing points worthless for identification. The N-
acetyl and N-carbobenzoxy derivatives have good
melting points, but their solubility properties made
crystallization of small amounts of material quite
difficult. On the other hand, we found that the 2-
hydroxynaphthaldehyde, introduced by Jolles and
Morgan® for the identification of glucosamine, gave
an excellent, easily recrystallized derivative of 3,4-
dimethylglucosamine.

Experimental

Melting points were taken on a Fisher—Johns apparatus
equipped with a microscope and corresponded to *‘cor-
rected melting point.’ Chromatograms were made with

(6) Z. R. Jolles and W. T. J. Morgan, Biochem. J., 34, 1183 (1940).
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H—C=0 vacuo. The solution of the sirup in

i 50 mil. of absolute ethanol crystal-
H—»C—R lized after standing for several hours

| in the refrigerator; 8.3 g. (82%) of
rectangular prisms was obtained,
welting at 136-139°; recrystalliza-
tion in methanol raised the melting
point to 140-143°, but eveu after
chromatography ou alumina no
sharp nielting point could be ob-
tained, the range depending upon
A the rate of heating, [a]?D +38 £ 2°
: iinchloroform, ¢ 1.53. Anal. Caled.
for C‘_W,I"I;HOSN" C, 7042, I‘I, 654,
N, 2 93 Found: C, 70.57; H,
6.62; N, 3.12. Acetxlatlon of VIII
with acetlc anhydride and pyridine
in the usual manuer gave the 3,4-di-

CH;0-- -—H
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meeon PR R L

CH.oH O k.00, TG bs T Found:

Methylation of VIII with Methyl
¢ Iodide and Silver Oxide.-—Three

hundred milligrams of VI{I was re-
fluxed overnight with 5 ml. of
methyl iodide and 200 ing. of silver
oxide. After cooling, the solution
was filtered over a double layer of
celite and charcoal, and the silver
residue was washed exhaustively
with chloroformi and ether. Con-
centration of the solution gave 320

-—C—OCH,
|
H—C—NHCOCH,
{

HO'_-(‘ """" i : Ho_fﬁ:"'mn CHO‘CHH ng. of crystalline residue which,
N AL ; T . - after recrystallization in ether, af-
H—L} OH ‘ I (‘;:—OH \ H‘w OCH; forded 200 mg. (63%) of methyl
T A A L 2-desoxy-2- (acetylamino)-3,4 - di-
H—C—0 ; H ? 0 H (’ 0 ~  methyl-6-trityl-a-D-glucopyranoside
. - | . . . . (XII) in form of prismatic needles
CT'IeOH 'CI—{’JOL(CHT{I.J& Lf_I?OH melting at 232-233°; recrystalliza-
VII VITI 1X tion from methanol gave elongated
f prisms witli the same m.p.; [a]¥D
’ i T +88 £ 3° in chloroform, ¢ 1.36.
' Anal. Caled. for CgoHzpOeN: C,
3 Steps | \ 71.26; I, 6.98; OCH,, 1841,
: Found: C, 71.11; H, 7.06; OCH;,

! | N 18.26.

The 1nother hquors of numerous

N N ' 5 LA 7] preparations were joined and chro-
Hr‘_(\:MIOLH"‘ \ H‘$—OCHR '; H—L’—OCH“ matographed on alumina, XII was
| b Ik . .
H—C—NHCOCH;| —>  H—C— NHCOCH,| —> H— ‘——\HCOCH, cluted with ?A’éturle.i"f b&%ﬁ”%ﬁi

i i . 1.
e (e O ! o cther a crystalline compound was
CH,O0—C—H | CH,0O c{ H | CH,0—C—H eluted, which nielted at 201-204°
i after recrystallization from meth-
H—C“_OH [ H—([:—OH | H—(‘:'_OCH” anol and did 1ot depress the melting
v ! | H , D N -0
P i O e | point of the inethyl 2-desoxy-2-
i C o H ‘C 0 : H C 0 {;Lcctylamino)-3-met_hyl-6-t'rit_vl-a-
eron occi) Ciroc(cny,  pteopmidc X deeibe be
X X1 XII with pure ether and a mixture of

the flowing method, using an alumina Alorco (grade F-20,
%0-200 mesh), washed with acetic acid, then with distilled
water to a pH above 5.5, dried and activated at 200° in
vacuo for 24 hours. Silica Gel Davison (grade 923-(8-08-
226, 100-200 mesh) was used without pretreatment.

Methyl 2-Desoxy-2-(acetylamino)-6-trityl-a-p-glucopy-
ranoside (VIII).-—To a solution of 5 g. of methyl 2-desoxy-
2-(acetylamino)-e-D-glycopyranoside® in 50 ml. of pvridiue,
8.0 g. (1.1 moles) of triphenylchloromethane was added.
After standing for 24 hours at room teinperature, the solu-
tion was heated at 100° for one hour, cooled and poured on
filtely-chipped ice. The gummy precipitate was dissolved
inn chloroform, and the solution washed thrice with cold 109,
potassium bisulfate, thrice with water, and finally dried
with sodium sulfate. After filtration, the solution was con-
centrated i vacuo to a sirup; the last traces of pyridine were
removed by addition of dry toluene and evaporation in

etherand ethyl acetate 19: 1 afforded
a similar amount of a crystalline product. Recrystallizec
from a mixture of acetone, ether and pentane it gave elou-
gated prisms, and from a mixture of chloroforin and ether,
fine needles nielting at 212-213°; {«]®Dp +59 = 2° in chloro-
form, ¢ 1.27. The structure of methy! 2-desoxy-2-(acetyl-

amino)-4-methyl-6-trityl-a-p-glucopyranoside (I) was at-
tributed to this compound. Anael. Caled. for CyuHgOsN:
C, 70.85; H, 6.77; OCH;, 12.63. Tound: C, 70.80; H,

6.68; OCHj;, 12.66. Acetylation of 63 mg. of I in the usual
manier with acetic anlivdride and pyridine gave the 3-
acetyl derivative. Recrystallization fromn a mixture of ace-
tone, ether and pentane afforded 52 mg. (//%) of prisms,

m.p. 182°%; [«!%p +71 =% 2° in chloroform ¢ 2.02. Anal.
Caled. for CuHzO:N: C, 69.77; H, 6.61. Found: C,
69.81; H, 6.74.

Methyl 2-Desoxy-2-(acetylamino)-3-methyl-6-trityl-a-p-
glucopyranoside (XI).—A solution of 400 mg. of methyl 2-
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desoxy-2-(acetylamino )-3-methyl-a-D-glucopyranosidet and
490 mg. of triphenvichloromethane in 10 ml. of pyridine
was heated at 100° for six hours. The pyridine was then
evaporated ¢# vacuo, the last traces being removed by addi-
tion of dry toluene followed by distillation 2z vacuo. The
sirupy residue was dissolved in chloroform, washed twice
with water, and dried over sodium sulfate. After filtration
and evaporation in vacuo, the residue was recrystallized in
ether and in methanol, affording 550 mg. (709%) of pris-
inatic needles, m.p. 206-207°; [«]%D 453 =+ 2° in chloro-
form, ¢ 1.01. Anal. Caled. for CouHzpO¢N: C, 70.85;
H, 6.77; OCH,;, 12.63. Found: C, 70.78; H, 6.64;
OCH;, 12.78.

Acetylation of 40 mg. of XI with acetic anhydride and
pyridine in the usual manner gave the 4-acetyl derivative.
Recrystallization from a mixture of chloroform and ether
afforded 41 mg. (95%) of small prisms, m.p. 228-229°;
[@]®D 476 == 3° in chloroform, ¢ 2.02. Anal. Caled. for
CaH;:0/N: C,69.77; H,6.61. Found: C, 69.76; H, 6.80.

Methyl 2-Desoxy-2-(acetylamino)-3,4-dimethyl-6-trityl-
a-D-glucopyranoside (XII) from XI.—Sixty milligrams of
X1 was refluxed overnight with 5 ml. of methyl iodide and
100 mg. of silver oxide, then for eight hours with a new
addition of & ml. of methyvl iodide and 100 mg. of silver
oxide. After filtration, the silver residue was washed ex-
haustively with chloroform and the combined filtrates,
evaporated 1#n vacuo, left 64 mg. of crystalline residue. Re-
crystallization from ether or from a mixture of ether and
pentane afforded 42 mg. (679,) of crystals, m.p. 230-233°,
and showing no depression in admixture with the material
described above.

Methyl 2-Desoxy-2-(acetylamino)-3,4-dimethyl-a-p-glu-
copyranoside (IX).—Three hundred and thirty milligrams of
XII was dissolved in 6 ml. of glacial acetic acid and heated
on the water-bath. Then 4 ml. of water was added drop-
wise and the heating maintained for one hour. After cool-
ing, 20 ml. of water was added, the triphenylcarbinol pre-
cipitate was filtered and washed with water, and the com-
bined filtrates evaporated ¢z vacuo. The last traces of ace-
tic acid were removed by addition of dry toluene followed by
evaporation 7n vacuo, and the crystalline residue was re-
crystallized from ethanol and from a mixture of ethanol and
ether, affording 150 mg. (879%) of long needles, m.p.
192-193°; [«]®D 4152 = 3° in methanol, ¢ 0.447. Anal.
Caled. for CIIHQJOG:\:: C, 5018, H, 804, OCHa, 35.36.
Found: C, 50.37; H, 8.04; OCHj;, 34.90. Thirty milli-
grams of IX was refluxed overnight with 2 ml. of methyl
iodide and 100 mg. of silver oxide; after a new addition of
both reagents, reflux was continued for six hours. The silver
residue was filtered and washed exhaustively with chloro-
form, and the combined filtrates, evaporated in vacuo, left
34 mg. of crystalline residue. Recrystallization from a
mixture of chloroform and pentane gave 25 mg. (809%) of
methyl 2-desoxy-2-(acetvlamino)-3,4,6- trimethyl-«-D-glu-
copyranoside (II), m.p. 1581-153°; [a]®Dp +127 & 3° in
chloroform, ¢ 1.01. Adimixture with authentic material
prepared according to Neuberger’ by methylation of methyl
2-desoxy-2-(acetyvlamino )-a-D-glucopyranoside (VII) with
methyl sulfate and sodium hydroxide did not depress the
melting point.8 Acetylation of 57 mg. of IX with acetic
anhydride and pyridine in the usual manner gave the 6-
acetyl derivative. Recrystallization from ether and from a
mixture of ether and pentane afforded 57 mg. (879%) of
needles, m.p. 171°; {a]®p +123 =+ 3° in chloroform, ¢
1.33. Anal. Caled. for CHsON: C, 51.14; H, 7.59.
Found: C, 50.96; H, 7.57.

3,4-Dimethyl-a-p-glucosamine Hydrochloride (2-Desoxy-
2-amino-3 4-dimethyl-a-p-glucose Hydrochloride) (VI).—

(T) A. Neuberger, J. Chem. Soc., 29 (1940).

(8) Cutler, Haworth and Peat3 recorded m.p. 150°, [«]¥p +120° in
chloroform; Neuberger m.p. 131°. After purification by chroma-
tography on alumina, m.p. 154° was obtained. Some crystallizates
presented m.p. 153-154°, followed by solidification and new m.p. 166~
167°. A similar behavior was also observed in the trimethy! deriva-
tive obtainec from VII.
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Ninety-three milligrams of IX was heated for three hours on
the water-bath with 3 ml. of 3 N hydrochloric acid. " The
solution was evaporated 1# vacuo and the residue left over-
night in a desiccator in presence of calcium chloride and
soda lime. It was then dissolved in water and treated with
charcoal. The water was removed i# vacuo, and the residue
recrystallized twice from a mixture of methanol and acetone
in the cold. Small prismatic needles (64 mg., 759,) were
obtained, which turned yellow at 185° and decomposed at
200-205° without melting, with slow heating. Fast heating
raised these two temperatures to 210° and 215-225°. The
compound showed mutarotation in water; [a]%D +121°
(after 10 minutes), {«]2D +105 =% 2° (after 22 hours), ¢
2.97. Anal. Caled. for CsHisO;NCl: C, 39.43; H, 7.44;
Cl, 14.55; OCH;, 25.47. Found: C, 39.39; H, 7.45; Cl,
14.31; OCH;, 25.64.

2-Desoxy-2-(acetylamino)-3,4-dimethyl-a-p-glucose (III).
—To a solution of 33 mg. of VI in 2 ml. of absolute methanol
were added 63 mg. of silver acetate and 0.055 ml. of acetic
anhydride. The mixture was left at room temperature
overnight, then boiled for five minutes, and filtered hot.
The silver residue was washed with 5 ml. of water, and two
drops of 2 N hydrochloric acid were added to the combined
filtrate. After two hours the solution was filtered over a
double layer of celite and charcoal and the filtrate evapo-
rated in vacuo. The crystalline residue (90 mg.) presented
difficulties to be crystallized due to gel formation. On
chromatography over silicic acid, fractions were eluted with
various mixtures of acetone and methanol. Recrystalliza-
tion from a mixture of acetone and ether gave a small amount
of crystals melting at 173-175°. By slow evaporation of a
water solution, long needles in high yield were obtained,
but with unsharp m.p. The compound showed mutarota-
tion from [a]2p +64° (after 10 minutes) to [«]®D 448 =+
5° (after 24 hours) in water, ¢ 0.81. Anal. Calcd. for
CoHisOsN: C, 48.18; H, 7.68. Found: C, 48.03; H, 7.74.

2-Desoxy-2-(carbobenzoxylamino)-3,4-dimethyl-p-glucose
(IV).—To a solution of 100 mg. of VI in 0.5 ml. of water were
added 86 mg. of sodium bicarbonate and 0.112 ml. of carbo-
benzoxy chloride. The mixture was shaken well and crys-
tallized. Then 0.5 ml. of water was added, and the mixture
was left in the refrigerator overnight. The crystals were
dissolved in chloroform, the solution was washed thrice with
saturated bicarbonate, thrice with water, and dried over
sodium sulfate. After filtration, the chloroform was evap-
orated in vacuo and the residue, dissolved in a mixture of
ether and benzene 1:1, chromatographed on silicic acid.
Crystalline fractions (85 mg.) were eluted with various mix-
tures of ether and ethyl acetate. Recrystallization was
difficult and best effected in very cold mixtures of methanol
and water (m.p. 146-148°). Evaporation from water
solution gave long needles, but with m.p. varyving over a
large range. A4nal. Caled. for CigHxO;N: C, 56.29; H,
6.79. Found: C, 55.64; H, 6.54.

2-Desoxy-2-(2'-hydroxynaphthylidenamino)-3,4-dimeth-
yl-p-glucose {V).—To a solution of 27.7 mg. of VIin 0.5 ml. of
water were added 25 mg. of sodium acetate (40 mg. CH;-
COONa 3H:0) and a solution of 60 mg. of 2-hydroxynaph-
thaldehyde in 4 ml. of methanol. Tkhe solution was left at
room temperature for three hours in the dark, then evapo-
rated in zecuo below 20°, Due to the solubility in ether or
chloroform of the Schiff base of the sugar, the excess of hy-
droxynaphthaldehyde could not be removed by extraction.
The residue was dissolved in benzene and chromatographed
on silicic acid. The excess of hydroxynaphthaldehyde was
eluted with mixtures of benzene and ether, whereas V was
eluted with mixtures of ethyl acetate and acetone. The
total of the crystalline fractions, weighing 35.5 mg. (90%),
was recrystallized from methanol and froin methanol-ether,
and gave 24 mg. of yellow prismatic needles, m.p. 198-200°,
with decomposition, moistening at 190°; [a] %5 +348 &= 5°
(at the equilibrium) in methanol, ¢ 1.29. Anal. Calced.
gog CiyHgOsN: C, 63.14; H, 6.41. Found: C, 63.04; H,

.51,

BOSTON, MASSACHUSETTS



