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Anal. Caled. for CpH;:NO: C, 76.15; H, 7.99; N,
7.40. Found: C, 76.24; H, 8.04; N, 8.32.

Anilide from Bromocyclopentane.—The Grignard re-
agent was prepared by the action of 22.4 g. (0.15 mole) of
bromocyclopentane on 3.6 g. (0.15 mole) of magnesium in a
total of 225 ml. dry ether. To thesolution was added 12.6 g.
(0.12 mole) of phenyl isocyanate in 130 ml. of dry ether.
The stirring of the reaction mixture was continued for 35
minutes after the addition was complete, and the product
was then poured into an ice-water—hydrochloric acid mix-
ture. A total of 18 g. of the anilide was isolated, repre-
senting a yield of 819%. The crude anilide was recrys-
tallized once from methanol and subsequently from carbon
Eetra)chloride to a constant melting point of 160.1-161.2°

cor.).

Anal. Caled. for Cp,H:3NO: C, 76.15; H, 7.99; N,
7.40. Found: C,76.33; H,7.99; N, 7.85.

a-Naphthalide from Bromocyclopentane.—The Grignard
reagent was prepared as in the preparation of the anilide
using 14.9 g. (0.10 mole) of bromocyclopentane and 1.9 g.
(0.08 mole) of magnesium in 225 ml. of dry ether. To this
reagent was added a solution of 19.1 g. (0.08 mole) of -
naphthyl isocyanate in 135 ml. of dry ether. Hydrolysis
of the mixture was accomplished as in the previous experi-
ment and a total of 13.5 g. of the naphthalide was isolated.
The naphthalide was recrystallized once from ethanol and
subsequently from carbon tetrachloride to a constant melt-
ing point of 174.2-175.0° (cor.).

Anal. Caled. for CeHiNO: C, 80.30; H, 7.16, N,
5.85. Found: C, 79.45; H, 6.89; N, 6.07.
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Nitrate Esters of 2,2-Dimethylol-1-propanol Mono-
acetate and Diacetate!?

By N. S. MarANS AND R. F. PRECKEL
RECEIVED FEBRUARY 17, 1954

In continuation of the investigation of nitrate
esters of polyols? the mononitrate, dinitrate, ace-
tate dinitrate and diacetate nitrate of 2,2-dimeth-
ylol-1-propanol, the alcohol commonly known as
metriol, have been synthesized.

A mixture of metriol monoacetate and diacetate
was prepared by equilibration of metriol and me-
triol triacetate in the presence of potassium car-
bonate.? Difficulty was encountered in the separa-
tion of the acetates but nitration of the reaction
mixture gave the readily separable metriol acetate
dinitrate. The metriol diacetate mononitrate was
prepared by nitration of carefully fractionated me-
triol diacetate. Controlled saponification of me-
triol diacetate mononitrate and metriol acetate
dinitrate gave metriol mononitrate and dinitrate,
respectively. The preferential cleavage of the or-
ganic ester grouping in such compounds has been
emphasized previously.*

Experimental

Materials.—Metriol, m.p. 198-200°, and metriol triace-
tate were obtained from Trojan Powder Company and were
used without further purification.
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Metriol Acetate Dinitrate.—A mixture of 106 g. of metriol
and 123 g. of metriol triacetate in the presence of 2 g. of
potassium carbonate was heated at 175-180° for 16 hours in
a 500-ml. round-bottom flask equipped with a reflux con-
denser. Distillation of the crude product at 5 mm. gave
the following fractions: (1) 122-130°, 101.5 g.; (2) 130-
136°, 91 g.; and (3) residue, 16 g., m.p. 160-170°. Treat-
ment of all three fractions with ethylene chloride gave a re-
covery of 65 g. of metriol as an insoluble precipitate.

After removal of the ethylene chloride by reduced pressure
evaporation, a portion of fraction 2, 17 g., was nitrated at
0° using 909, water-white nitric acid and air agitation. The
nitration solution was added to water and the organic layer
separated and washed several times with water. The
metriol acetate dinitrate was isolated by solution in ethanol
and fractional precipitation with water. The first two frac-
tions consisting of 16.5 g. (65.49%) gave similar nitrogen
analyses and were metriol acetate dinitrate, d% 1.302, 72D
1.4566.

Anal. Caled. for C:HOsN:: C, 33.33; H, 4.76; N,
11.11. Found: C, 34.24; H, 4.89; N, 10.78.

The ethanolic mother liquors contained a mixture of
metriol acetate dinitrate and metriol diacetate nitrate.
An 85-15 mixture of acetate and diacetate was obtained on
nitration of fraction I.

Metriol Dinitrate.—A solution of 20 g. of metriol acetate
dinitrate, 5.0 g. of sodium hydroxide and 150 ml. of 95%
ethanol was allowed to stand for 20 minutes. The final
solution was neutralized with 2.5 N HCI and then concen-
trated by evaporation under reduced pressure to remove the
ethanol. Extraction of the mother liquors with ether and
evaporation of the ethereal layer under reduced pressure
gave 9.7 g. (5879) of metriol dinitrate, »n%p 1.4692, (26
1.362.

Anal. Caled. for CHioO/Np: C, 28.57; H, 4.81; N,
13.33. Found: C, 28.65; H, 4.87; N, 13.15.

Metriol Diacetate Nitrate.—A mixture of 60 g. of metriol
and 260 g. of metriol triacetate in the presence of 4 g. of po-
tassium carbonate was heated at 140° for five hours, then
distilled collecting four fractions of equal weight. Frac-
tionation of the initial distillate gave 55 g. of metriol diace-
tate, b.p. 107-108° (3 mm.), #%D 1.4409, d% 1.109. The re-
maining distillates were mixtures of metriol acetate and di-
acetate.

Anal. Caled. for CoH605: C, 52.94; H, 7.84.
C, 52.39; H, 7.90.

Metriol diacetate, 18 g., was nitrated at 0° using water-
white 909 nitric acid and air agitation. The nitration
solution was added to ice and water and the solution ethere-
ally extracted. The ethereal extracts were washed three
times with water to remove residual nitric acid and then the
ethereal layers concentrated by reduced pressure distillation
at 2 mm. to give 16 g. (72.79%) of metriol diacetate nitrate,
n%p 1.4455, 4% 1.213.

Anal. Caled. for CHi:0/N: C, 43.37;
5.62. Found: C, 43.39; H, 5.99; N, 5.27.

Material prepared by nitration of a crude mixture of
metriol diacetate and monoacetate and separated by dif-
ferential solubility gave in two runs 5.95 and 6.05%, N.

Metriol Mononitrate.—Metriol diacetate mononitrate,
8.0 g., was dissolved in a solution containing 5.0 g. of so-
dium hydroxide, 30 ml. of ethanol and 10 ml. of water.
After 20 minutes at 25° the solution was neutralized with
3 N HCI and the major portion of the ethanol removed
under reduced pressure. The aqueous solution was satu-
rated with sodium chloride and then ethereally extracted
three times. Evaporation of the ethereal extracts yielded
a semi-solid which was recrystallized from benzene to give
4.0 g. (75%) of metriol mononitrate, m.p. 76-77°.

Anal. Caled. for C;H,OsN: C, 36.37; H, 6.67; N, 8.48.
Found: C, 36.56; H, 6.84; N, 8.08.

Metriol mononitrate was acylated in a 759% vyield to
metriol diacetate mononitrate using acetic anhydride and
pyridine at 25°.

Acknowledgment.—The authors wish to express
their thanks to Dr. L. G. Bonner for his advice
during the course of these investigations. Some
of the initial investigations on this problem were
conducted by Mr. Robert Feero of this Labora-
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tory. The analyses reported were done by Micro-
Tech Laboratories, Skokie, Illinois.
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Synthesis of Acetobromo Sugars

By PaurL GG, SCHEURER AND F. Smrru!?
RECEIVED FEBRUARY , 1954

Acetohalogen derivatives of sugars play an im-
portant role in synthetic carbohydrate chemistry
and ease of preparation of these compounds is of
considerable value. Formerly the classical pro-
cedure for preparing acetobromo sugars has in-
volved treatment of the sugar acetate with a
solution of hydrogen bromide in either glacial acetic
acid or acetic anhydride.®—* Acctyl bromnide has
also been used.’

A simplified procedure for making acetobromo-
glucose has been described’ in which the brominat-
ing agent (HBr) is generated iz sitz by adding
water to a mixture of bromine and red phosphorus
in glacial acetic acid.

We have been making use of a similar method
except that no water was added to the brominating
reagent (CH;COBr). The reaction may be applied
to either the free sugars or their acetates. Thus
acetobromo derivatives have been prepared from
the following: vr-arabinose, n-xylose, D-glucose,
B-p-glucose pentaacetate and B-cellobiose octa-
acetate (see Table I).

TagLe I
Acetobhromo derivative

Compound Yield, 20 M. p., °C. [a]2p (CHCl;) Ref.
1.-Arabinose 22 137 +284° 8
p-Xylose 635" e A 9
p-Glucose 66 87-89 +195 10
B-p-Glucose pentaacetate 84 88--80 +198 10
B-Cellobiose octaacetate 95-100 185 + 94 11

@ This value is based on the yicld of methyl g8-b-xylopy-
ranosine triacetate {m. p. 112-113°, [a]%p —60° (CHCl;))
derived from the acetobromo compound.

Experimental

Generation of the Brominating Reagent.—Bromine (180
g.) is added dropwise to suspension of red phosphorus (30 g.)
in glacial acetic acid (300 ml.) with cooling. After the re-
action is complete the mixture is filtered (glass wool) and
kept in the cold room if not required for immediate use.

Preparation of Acetobromo Sugars. (a) From the Sugars,
e.g., p-Glucose.—The sugar (10 g.) was added with shaking
to the brominating reagent (100 ml.), the temperature being
kept at or below 40°. After 2 hours at room temperature,
the reaction mixture was diluted with chloroform (100 ml.)
and poured with stirring into a mixture of ice and water (200
ml.). The chloroform laver was separated and the aqueous
layer extracted with chloroforni. The chloroform extracts
were combined, washed with water then with an aqueous
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solution of sodiumn bicarbonate and dried (CaCly). Re-
moval of solvent #n vacuo gave «-acetobromo-p-glucose
which was crystallized from ether. More material was ob-
tained by adding petrolewn ether to the ethereal mother
liquors.

(b) From the Sugar Acetates, ¢.g., 8-p-Glucose Penta-
acetate.—The acetate (216 g.) was added in portions with
shaking to the brominating reagent prepared from bromine
(180 g.). After 2 hours at room temperature the re-
action mixture was diluted with chloroform (300 ml.) and

poured into a mixture of ice and water (800 ml.). The a-
acetobromo-bp-glucose was isolated as in (a).
Acknowledgment.—The authors thank Mr.

E.F. Garner and Mr. G. H. Huffman for their help
in carrying out these experiments.
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Synthesis of Glycol Bis-(alkyl Sulfites)!

By D. C. MORRISON
RECEIVED JANUARY 29, 1954

Esters of sulfurous acid of various types are
known, simple esters having been prepared long
ago.? Richter? obtained diaryl sulfites while
Carre and Libermann® prepared many mixed esters,
including alkyl aryl sulfites. Some cyclic esters of
glycols are known?® and also the cyclic ester of cate-
chol.®

However, no mixed diesters of glycols have been
reported. It was the purpose of this work to at-
tempt to prepare mixed glycol bis-(alkyl sulfices)
of the type formula: RO-SO-O-(CHs)s-X-(CHy)
O SO-OR where R is ethyl or p-chloroethyl and
X is oxygen or sulfur. In addition diesters of
tetramethylene glycol were studied.

The compounds were employed in tumor chemo-
therapy tests in mice. Structures of this type
possess a formal analogy to the disulfonic esters of
Timmis” who showed that the dimethanesulfonate
of tetramethylene glycol has activity in causing
tumor regression.

The glycol diesters were prepared by reaction of
one mole of glycol in inert solvent medium with two
moles of an ester chloride of sulfurous acid (alkyl
chlorosulfites) in the presence of pyridine.® The
syntheses were stuccessful with tetramethylene gly-
col, diethylene glycol, thiodiglycol and butyne diol,
when reacted with ethyl or 8-chloroethyl chlorosul-
fites. The products, after appropriate purifica-
tion, were high boiling oils of little or no odor.
Several of the bis-(ethyl sulfites) were distilled but
no attempt was made to distil the chloroethyl
esters. Nomne of these substances is steam vola-
tile and they did not appear to decompose during
short contact with boiling water.
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