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Table V shows the final equilibrium when §-glucose pentaace~
tate was anomerized in acetic acid purified by a single distil-
lation. Rotations are in arbitrary units.

As a practical procedure one ml. of acetic anhydride was
added to 100 ml. of purified acetic acid in most of the runs.
The catalyst was prepared by dissolving anhydrous silver
perchlorate in dry acetic acid and precipitating the silver
with a stream of dry hydrogen chloride. A stream of dry
nitrogen through the warmed solution removed the excess
hydrogen chloride. Perchloric acid in acetic acid was de-
termined by titration with potassium acid phthalate,?

TABLE V
EQUILIBRIUM ROTATION IN ACETIC ACID SOLUTIONS

H:20 added, Acetic anhydride

ml./100 ml. added, ml./100 ml. Rotation
None 11.2
0.4 10.1
1.0 9.7
2.0 9.6
None 2 11.5
None 5 11.5

(25) J. S. Fritz, "Acid~-Base Titration in Nonaqueous Solvents,”
G, Frederick Smith Chemical Co., Columbus, Ohio, 1952.
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Most rates given at 0.1 M perchloric acid were calculated
assuming the rate first order in acid as reported in acetic
acid-acetic anhydride mixtures.> This has been found true
by checking several solvent mixtures at two concentrations
of acid. When the points were on a straight line through
the origin it was assumed calculation to any concentration
was justified. In Table VI results in a solvent low in acetic
acid are given.

TABLE VI

DEPENDENCE OF RATE ON HCIO; CONCENTRATION AT LOw

ACETIC ACID
——Fk + k1, min, Tl———

(AcOH)q, SOAc, HCI04, Caled. to 0.1 M
M M M Found HCI04

0.103 0.0513 0.0009 0.0083 0.92
.103 .05613 .0018 .0163 .91
103 .05813 .0036 0324 .90
.103 .0513 .0054 .0476 .88

Methylene dichloride was the other solvent.

When concentrations are given in % by volume, the meas-
ured volumes were mixed and the total volume assumed to
be the sum. When concentrations are expressed as molar,
solutions were made up to measured volumes.
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Derivatives of D-Mannitol 1,2,3,5,6-Pentanitrate’
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The synthesis and reactions of several organic acid (acetic, propionic and benzoic) esters of p-mannitol 1,2,3,5,6-penta~
nitrate are described. Polymerization of 3-O-acryloyl-bD-mannitol pentanitrate was effected only with considerable difficulty.
The catalytic reduction of these materials under neutral or basic conditions promoted migration of the various acyl functions

from carbon three to one; no migration was observed under acidic conditions,

Several new ether derivatives, 1-O-methyl-

p-mannitol pentanitrate, 3-O-n-propyl-p-mannitol and 3-O-allyl-pD-mannitol pentanitrate, are described; polymerization

of the last was not effected.

The interesting conversion of 1,6-dichloro-1,6-dideoxy-D-mannitol, by the action of silver

nitrate, to 1,4:3,6-dianhydro-p-mannitol 2,5-dinitrate has been discovered.

This Laboratory has been concerned with the
synthesis of nitrated polymers through the direct
addition polymerization of suitably substituted
ethylenic monomers. The required nitrated mono-
mers may be obtained by two routes. An unsatu-
rated polyhydric substance may be nitrated under
appropriate conditions to afford an unsaturated
polynitrate.2=¢ The alternate route, of major
importance in the current report, concerns the for-
mation of unsaturated derivatives from a partially
nitrated polyhydric alcohol.

Conversion of D-mannitol hexanitrate to bp-
mannitol 1,2,3,5,6-pentanitrate, in 709 yield, has
been effected by treatment with pyridine® and
ammonium carbonate in aqueous acetone.! We
have found that the latter method was more con-
venient for conducting the denitration on a fairly
large scale, since it did not require exhaustive dry-
ing of the explosive hexanitrate. Good reproducible

(1) This work was carried out under Contract DA-33-019-0rd-2025,
between the Ballistic Research Laboratories of Aberdeen Proving
Ground, Md., and The Ohio State University Research Foundation
(Project 675). Preliminary communication: Abstracts Papers Am.
Chem. Soc., 188, 8D (1939).

(2) G. Desseigne, Bull. soc. chim. France, [5] 18, 98 (1946).

(3) R. Evans and J. A. Gallaghan, THiS JOURNAL, 76, 1248 (1953).

(4) L. Fishbein and J. A, Gallaghan, ibid., 78, 1218 (1956).

(5) L. D. Hayward, tbid., 73, 1974 (1951),

(6) D. E. Elrick, N. S. Marans and R. F. Preckel, ¢b7d., 76, 1373
(1954).

yields (789,) were obtained when the reaction was
carried out at 0 to 8°; at higher temperatures,
considerable decomposition resulted. Reaction
of allyl bromide with p-mannitol 1,2,3,5,6-penta-
nitrate in tetrahydrofuran, in the presence of silver
oxide and anhydrous calcium sulfate, afforded a
3% yield of 3-O-allyl-D-mannitol pentanitrate.
Larger amounts of this material were obtained
(719, yield) by nitration of 3-O-allyl-p-mannitol
with absolute nitric acid in acetic anhydride,
following the general method described by Honey-
man and Morgan.”

Good yields (729;) of crystalline 3-O-acryloyl-
D-mannitol pentanitrate resulted from the reaction
of acryloyl chloride with p-mannitol 1,2,3,5,6-
pentanitrate dissolved in acetonitrile containing
N,N-dimethylaniline. When the aniline deriva-
tive was replaced by pyridine, isolation of the prod-
uct was not possible. Application of this method to
the synthesis of 3-O-methacryloyl-pD-mannitol pen-
tanitrate resulted in a sirup which has not crystal-
lized but readily afforded a hard polymer on ex-
posure to light and air. Only low molecular
weight, gummy polymers have been obtained from
the action of dibenzoyl peroxide on 3-O-acryloyl-b-
mannitol pentanitrate and under the same condi-

(7) J. Honeyman and J. W. W, Morgan, Chem. & Ind. (London)
1035 (1953).
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tions, 3-O-allyl-pD-mannitol pentanitrate has failed
to polymerize. Further investigation of this prob-
lem is being undertaken.

Treatment of 3-O-acryloyl-D-mannitol pentani-
trate with hydrogen and palladium-on-charcoal
afforded a crystalline p-mannitol moenopropionate,
in high yield. Nitration of this compound yielded
a hitherto unreported pentanitrate. The melting
point, specific rotation and infrared absorption
spectrum of this compound were different from
those of the known 3-O-propionyl-p-mannitol
pentanitrate.® The O-propionyl-p-mannitol pen-
tanitrate was characterized through removal of the
propionate group by treatment with sodium hy-
droxide, followed by methylation with methyl
iodide and silver oxide. The product was the
hitherto unreported crystalline 1-O-methyl-D-man-
nitol pentanitrate which subsequently was ob-
tained by nitration of 1-O-methyl-D-mannitol.
It follows that during the hydrogenation of 3-O-
acryloyl-p-mannitol pentanitrate, the acyl group
migrated from C3 to C1.

The above migration is probably a general re-
action, since hydrogenation of 3-O-acetyl-, 3-O-
benzoyl- and 3-O-propionyl-D-mannitol pentani-
trate, under the same conditions, afforded crystal-
line 1 - O - acetyl - D - mannitol,* 1 - O - benzoyl-
D - mannitol and 1 - O - propionyl - D - mannitol,
respectively. In some cases, high and reproducible
vields were obtained only after treating the hy-
drogenated mixture with a trace of aqueous so-
dium hydroxide, the migration of the acyl group
taking place under the influence of traces of alkali.
These are interesting examples of the well estab-
lished migration of acyl groups in partially sub-
stituted carbohydrates.®*'® The addition of excess
benzoic acid to the reduction mixtures prior to
addition of the catalyst prevented the rearrange-
ment. The resulting non-crystalline 3-O-acyl-p-
mannitols afforded the original 3-O-acyl-p-1nan-
nitol pentanitrates on renitration.

The action of silver nitrate on 1,6-dichloro-1,6-
dideoxy-p-mannitol'! in boiling acetonitrile solu-
tion has been shown to produce 1,4:3,6-dianhydro-
p-mannitol 2,5-dinitrate’? as the major reaction
product. A similar reaction has been reported for
1,6-dibenzoyl-p-mannitol on heating with p-tolu-
enesulfonic acid in acetylene tetrachloride.!® Since
the nitrate group is non-participating!? and prob-
ably does not migrate,’® the isomannide dinitrate
probably arises by elimination of hydrogen chloride
to form 1,4:3,6-dianhydro-O-mannitol which is
subsequently nitrated by the nitric acid generated
from the silver nitrate by the hydrogen chloride.

Attempts to prepare various monohydroxy pen-

(8) B. Lindberg, Acta Chem. Scand., T, 1119 (1953).

(9) E. Pacsu, Advances in Carbohydrate Chem., 1, 109, 113 (1945).

(10) M. L. Wolfrom, A. Thompson and M. Inatome, THIS JOUR-
NAL, 79, 3888 (1957).

(11) A. Siwolobofi, Ann., 233, 368 (1886).

(12) S. E. Forman, C. J. Carr and J. C. Krantz, Jr., J. Am. Pharm.
Assoc., 30, 132 (1941).

(13) P. Brigl and H. Griiner, Ber., 66, 1945 (1933);
(1934),

(14) L. Fishbein, THIS JOURNAL, 79, 2939 (1957); S. J. Cristol and
B. Franzus, ibid., 2488.

(15) J. Honeyman and J. W. W. Morgan, J. Chem. Soc., 366D

(1955); these authors report the single example of s possible migration
of a nitrate gronp,

67, 1582
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tanitrates of p-mannitol by the treatment of the
available acyl pentanitrate derivatives with dif-
ferent bases have been inconclusive. In most cases,
the unchanged starting materials were recovered.
More vigorous conditions resulted in the loss of
both nitrate and acyl functions. The acyl penta-
nitrates appear to be quite stable to treatment with
acidic materials.

In addition to the several new D-mannitol deriv-
atives mentioned above, the catalytic reduction of
both 3-O-allyl-D-mannitol and 1its pentanitrate
derivative produced 3-O-n-propyl-p-mannitol. This
compound was also obtained, in lower yield, from
3-0-allyl-p-mannitol pentanitrate on treatment with
hvdrazine hydrate in boiling ethanol.*

Experimental

Preparation of p-Mannitol 1,2,3,5,6-Pentanitrate.—b-
Mannitol hexanitrate” (90 g., m.p. 102-107°) was con-
verted into p-mannitol 1,2,3,5,6-pentanitrate through the
method of Elrick, Marans and Preckel,® which was modified
by conducting the reaction at 0 to 8°; vield 63 g. (78% ),
m.p. 81-82°,

3-0-Allyl-p-mannitol Pentanitrate. (a) From 3-0-Allyl-
p-mannitol.~—An amount of 11.1 g. (0.05 mole) of 3-0-allyl-
p-mannitol® was added in simall portions, with shaking, to a
solution of 16 ml. (0.38 mole) of absolute nitric acid in 45
ml. of acetic anhydride at 0 to 4°. After 4 mm. at room
temperature, the solution was poured into ice and water con-
taining potassium carbonate. The resulting crude precipi-
tate, which rapidly solidified, was filtered, washed with di-
lute aqueous potassium carbonate and with water and dried;
vield 21.3 g. (949). Recrystallization from 909, ethanol
afforded clustered ncedles; vield 16.1 g. (719 ), u.p. 72-
72.5°, [a] D +40° (¢ 4.560, chloroforimn).

Anal. Calcd. for C9H13X50152 C, 2417;
15.70. Found: C, 23.96; H, 3.03; N, 15.85.

(b) From p-Mannitol 1,2,3,5,6-Pentanitrate.—Allvl bro-
mide (3.3 ml,) was udded, over a period of 15 1nin., to a
stirred suspension of 1 g. of p-mannitol 1,2,3,5,6-pentani-
trate, 5.6 g. of silver oxide and 5.1 g. of anhydrous calcium
sulfatein 20 ml. of boiling tetrahvdrofuran. The mixture was
boiled under reflux for 3 hr. and the solids were filtered and
washed with ethanol. The combined filtrate and washings
were decolorized with activated carbon and then evaporated
to a vellow sirup. Treatment of this with ethanol gave nee-
dles; vield 0.03 g. (39), m.p. 70-71°, undepressed on ad-
mixture with the samiple prepared by method a, [«]%D +39°
(¢ 1.141, chloroform).

3-0-Acryloyl-p-mannitol Pentanitrate.—To a solution of
25.0 g. (61 mmoles) of p-mannitol 1,2,3,5,6-pentanitrate
and 25.0 ml. (198 mmoles) of N,N-dimethylaniline in 100 ml.
of acetonitrile at 0° was added 20 ml. (245 mmoles) of pure
(critical) acryloyl chloride.!®* The green solution obtained
was stirred at 0° for 24 hr. before being poured into ether and
water (500 ml. each). After shaking, the water laver was
discarded and the ether laver was washed with water, 5Y;
hydrochloric acid, saturated aqueous sodium bicarbonate
and water (two times each with 300 ml.). A small amount of
ethanol was added to the ether layer before concentration to
a sirup which was dissolved in ethanol and decolorized. The
nearly colorless filtrate was heated to 50° and water was
added to opalescence whereupon slow cooling (finally to 0°)
afforded 3-O-acrylovl-p-mmannitol pentanitrate; vield 20.3 g.
(729), m.p. 65-66°, [«] D +49° (¢ 3.2, acetonitrile).

Anal. Calcd. for C9H11N5017: C, 2343; H, 239,’ :\:,
15.19. Found: C, 23.58; H, 2.50; N, 15.25.

Following a modification of the general method of Brew-
ster and Ciotti® for the acylation of hvdroxyl groups, the

H, 2.03; X,

(16) K. S. Ennor and J. Honeyman, sbid., 2580 (1958).

(17) Supplied by Atlas Powder Company, Wilmington, Delaware.

(18) P. Bladon and L. N. Owen, J. Chem. Soc., 5391 (1950); in our
hands, omission of the distillation of the intermediate, 3-0-allvl-1,2:5,6-
di-O-isopropylidene-p-mannitol, resulted in improved yields (65%
over-all for the two steps).

1149) G. H. Stempel, Jr.. R. P. Cross and R. P. Mariella, Timns
Jourxan, T2, 2209 (1951)).

210 3. H. Brewster and C. J. Ciotti, Jr., hid.. TT, G214 {1955).
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same substance was obtained in lower vield. Thus, 8.1 g. (20
mimoles) of p-mannitol 1,2,3,5,6-pentanitrate was dissolved
in 50 ml. of acetonitrile and cooled to 0°. While stirring, 4
ml. (60 mmoles) of acrvlic acid, 10 ml. (100 mmoles) of tri-
ethylamine and 4 ml. (31 mmoles) of benzenesulfonyl chlo-
ride were added successively. The mixture was stirred for
24 hr. at room temperature before the acrylate was isolated
in the manner described above; yield 4.4 g. (49%), m.p. 62—
63°. An additional recrystallization afforded pure material
which had the same optical rotation as the product obtained
above and did not depress its melting point. Attempts to
obtain the acrylate from reaction systems that emploved
acryloyl chloride with pyridine as the base were complicated
by the formation of intractable products.

Attempted Preparation of 3-O-Methacryloyl-p-mannitol
Pentanitrate.—Methacryloyl chloride was substituted for
the acryloyl chloride in the method detailed above. Except
for extension of the reaction time to 48 hr. at 0°, the reaction
and isolation of product were identical. However, the im-
pure sirup obtained (409, vield) on evaporation of the final
ethereal solution has not been crystallized and, during at-
tempts to obtain crystalline material, the product polymer-
ized spontaneously to a hard solid.

Polymerization Studies. (a)—A tube containing 1.15 g.
of molten 3-O-acryloyl-D-mannitol pentanitrate and 1 mg. of
dibenzoyl peroxide was partially evacuated and maintained
at 80 to 85° for 3 hr. The reaction mixture was extracted
repeatedly with boiling ethanol; the residue was a vellow
gum with an intrinsic viscosity of 0.08 in acetone solution;
vield 0.52 g. (45%).

(b).—Molten 3-O-allyl-D-mannitol pentanitrate was kept
at 80° either in air or under a current of oxvgen for 24 hr.
In each case, starting compound was recovered unchanged;
vield 919, after recrystallization from 909 ethanol.

(c).—A solution of 2 g. of 3-O-allyl-D-mannitol pentani-
trate and 0.2 g. of dibenzoy!l peroxide in 10 ml. of benzene
was boiled under reflux for 24 hr. The unchanged mono-
mier was then recovered; yield 739.

(d).—A solution of 1 g. of 3-0-allyl-D-mannitol pentanitrate
and 0.1 g. of Luperox Number 62! in 25 ml. of ethanol was
kept at 65° for 21 hr. Concentration of the solution gave
unchanged compound; yield 859.

Hydrogenation of 3-O-Acryloyl-p-mannitol Pentanitrate.—
A solution of 2.0 g. of 3-O-acryloyl-D-mannitol pentanitrate in
200 ml. of abs. ethanol was hydrogenated in the Parr appara-
tus at 3 atm. for 6 hr. using 0.1 g. of 109, palladium-on-char-
coal.?? The catalvst was filtered, washed with ethanol, and
the combined filtrate and washings were evaporated. The
residual solid was recrystallized from ethanol-ethyl acetate
to give 1-O-propionyl-pD-mannitol; vield 0.83 g. (81%),
m.p. 110-112°, Recrystallization from ethanol afforded
pur)e product, m.p. 115-116.5°, [a]%®D +4.2° (¢ 4.085, wa-
ter).

Anal. Caled. for CoH307: C, 45.37; H, 7.62.
C, 45.19; H, 7.56.

1-O-Propionyl-p-mannitol Pentanitrate.—1-O-Propionyl-
p-mannitol (2.38 g.) was nitrated by the procedure employed
for 3-O-allyl-D-mannitol, except that ice and water were
used in place of aqueous potassium carbonate for the isola-
tion and washing of the crude product; vield 4.26 g. (929,).

Recrystallization from ethanol afforded clustered needles;
vield 3.29 g. (719), m.p. 126-127°, [a]®D +28.6° (¢ 3.912,
acetone).

Anal. Caled. for CoHy3N;0:: C, 23.33; H, 2.83; N,
15.12. Found: C, 23.32; H,2.71; N, 15.06.

Characterization of 1-O-Propionyl-p-mannitol Pentani-
trate.—A solution of 0.24 g. (6 mmoles) of sodium hydrox-
ide in 0.6 ml. of water was added to 0.93 g. (2 mmoles) of
1-O-propionyl-D-mannitol pentanitrate in 6 ml. of acetone
and 2 ml. of methanolat 0°. The brown reaction mix-
ture was left at room temperature for 20 min. and was
then evaporated. Chloroform and water were added to
the residue and, after shaking, the water layer was dis-
carded. The chloroform layer was dried over anhydrous mag-~
nesium sulfate and then evaporated to a colorless sirup.
Silver oxide (2 g.) was added in portions to a suspension of
the sirup in 8 ml. of boiling methy! iodide. The mixture was

Found:

(21) An organic peroxide, a product of Wallace and Tiernan, Inc.,
Buffalo 5, N. Y.

(22) Mathieson, Coleman and Bell Division of the Mathieson Co..
Tnc., Norwood, Ohio.
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boiled for 8 hr. and the silver residue was filtered, washed
with acetone, and the combined filtrate and washings were
evaporated. Treatment of the residue with methanol af-
forded needles of 1-O-methyl-D-mannitol pentanitrate; yield
0.11 g. (13%), m.p. 112-113°, alone or on admixture with
the sample prepared as described below, [«]®D +30.7°
(¢ 2.014, acetone).

Anal. Caled. for C7H11N50151 C, 1996; H, 2.63; N,
16.63. Found: C, 19.88; H, 2.62; N, 16.38.

Preparation of 1-O-Methyl-p-mannitol.—Sucrose was con-
verted to 2,3:4,5-di-O-isopropylidene-p-fructopyranose?s;
yield 579, m.p. 98-99°.

This compound was methylated, in tetrahydrofuran solu-
tion, with dimethyl! sulfate and sodium hydroxide by the
general methylation procedure of Falconer and Adams?¢ to
give 1-O-methy!-2,3:4,5-di-O-isopropylidene-p~fructopy-
ranose; vield 8%, m.p. 48-48.5°. Glen, Myers aud
Grant? report m.p. 48-48.5°.

Hydrolysis of this compound with 0.1 N sulfuric acid af-
forded 1-O-methyvl-D-fructose® as a sirup which was boiled
with Raney nickel in 709, ethanol to give 1-O-methvl-p-
mannitol?; vield 199, m.p. 121-122°. Bayne and Wildy?%
record m.p. 119°.

1-0-Methyl-p-fructose 2,4-Dinitropyenylhydrazone.—A
solution of equimolecular amounts of 1-O-methyl-p-fructose
and 2,4-dinitrophenylhvdrazine in abs. ethanol was refluxed
for 3 hr. and the product obtained on cooling was filtered
and recrystallized twice from ethyl acetate-n-hexane; m.p.
185-187°.

Anagl. Caled. for C13H13N4091 C, 4171;
14.97. Found: C, 41.87; H, 4.99; N, 14.90

1-O-Methyl-pD-mannitol Pentanitrate.—Nitration of 3.51
g. of 1-O-methyl-pD-mannitol by the procedure employed to
make 3-0-allyl-D-mannitol pentanitrate afforded a crude
solid; yield 6.28 g. (839%,). This product was recrvstallized
from aqueous methanol as needles; vield 4.99 g. (669),
m.p. 112-113°, [a] 24D +30.7° (¢ 4.333, acetone).

Preparation of 3-O-Acetyl-pD-mannitol Pentanitrate.—A
solution of 48.8 g. (0.12 mole) of p-maanitol 1,2,3,5,6-penta-
nitrate and 18.4 g. (0.18 mole) of acetic anhydride in 80 ml.
of pyridine was kept at 0° for 13 hr. The reaction solution
was poured into ice and water and the resulting solid was
washed with water and then recrystallized from aqueous
methanol to give clustered needles; vield 48.0 g. (899%),
m.p. 83-84°, [a]®D +56.6° (¢ 2.11, chloroform). Elrick,
Marans and Preckel® report m.p. 77-78° on the product ob-
tained by reaction of p-maunitol 1,2,3,5,6-pentanitrate
with acetyl chloride.

Anal. Caled. for CsH 1 N;0y;: C, 21.39;
15.59. Found: C, 21.36; H,2.36; N, 15.42.

Preparation of 3-O-Propionyl-p-mannitol Pentanitrate.—
The above procedure was employed with propionic anhy-
dride in place of acetic anhydride. The product was recrys-
tallized from aqueous methanol to afford clustered needles;
yield 829, m.p. 71-72°, [a]®D +56.5° (¢ 3.12, chloroform).
Elrick, Marans and Preckel report m.p. 65-68° on the prod-
uct obtained by reaction of p-mannitol 1,2,3,5,6-pentani-
trate with propionyl chloride.

Anal. Caled. for CoH;3N:O0p: C, 23.33;
15.12, Found: C, 23.22; H, 2.80; N, 14,90.

Hydrogenation of 3-O-Acetyl-D-mannitol Pentanitrate.— A\
solution of 6.0 g. of 3-O-acetyl-D-mannitol pentanitrate in
250 ml. of abs. ethanol was hydrogenated in the Parr appara-
tus at 3 atm. for 4 hr. using 0.3 g. of 109, palladium-on.
charcoal.?? The solution was filtered and the filtrate was
evaporated to a solid which was dissolved in 35 ml. of 0.005
N aqueous sodium hydroxide and this solution was left for
14 hr. at room temnperature and then evaporated. The resi-
due was repeatedly dissolved in abs. ethanol and the solu-
tion was evaporated to remove traces of moisture. Recrys-
tallization from ethanol afforded 1.74 g. of 1-O-acetyl-D-man-
nitol., m.p. 120-122°. The mother liquor was evaporated
to a sirup which was treated with 35 ml. of 0.005 IV aqueous
sodium hyvdroxide, as described above. This afforded 0.62
g. of 1-O-acetyl-pD-mannitol, m.p. 120-122°; total yield

(23) W. L. Glen, G. S. Myers and G. A. Grant, J. Chem. Soc., 2568
(1951); M. L. Wolfrom, W. L. Shilling and W. W. Binkley, THiIs
JourNar, T2, 4544 (1950).

(24) E. L. Falconer and G. A. Adams, Can. J. Chem. 34, 338
(1956).

(25) S. Bayne and J. Wildy J. Chem. Soc., 1147 (1954),

H, 4.85; N,

H, 2.47; N,

H, 2.83; N,
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2.36 g. (799;). The inelting point of this product was un-
depressed on admixtiire with an authentic sample (m.p.
123-124°) kindly supplied by Dr. B. Lindberg, [a]%D
+4.8° (¢ 6.809, water). Lindberg® reports m.p. 124-125°,
[@]?D +5° (¢ 2, water). Variable and unreproducible re-
sults were obtained on omission of the above treatment with
mild alkali.

1-0-Acetyl-D-mannito!l Pentanitrate.—Nitration of 2.24 g.
of 1-0-acetyl-pD-mannitol by the method described for the prep~
aration of 1-O-propionyl-D-mannitol pentanitrate afforded
a crude solid; yvield 4.24 g. (93%). This was recrystallized
from ethanol-acetone to provide a pure product; vield
3.31 g.(749%), m.p. 147-148°, [a)2%D +31° (¢ 2.25, acetone).

Amnal. Caled. for CsH; NyOy;: C, 21.39; H, 2.47; N,
15.59. Found: C, 21.38; H, 2.69; N, 15.69.

This pentanitrate (1.5 g.) was carried through the se-
quence of reactions employed for the preparation of 1-O-
methyl-D-mannitol pentanitrate from 1-O-propionyl-pD-man-
nitol pentanitrate; 0.19 g. (14%) of the methyl derivative
was obtained.

Hydrogenation of 1-O-Acetyl-D-mannitol Pentanitrate.—
One gram of 1-O-acetyl-D-mannitol pentanitrate was hy-
drogenated by the procedure employed for 3-O-acetyl-p-man-
nitol pentanitrate, except that the treatment with alkali was
omitted. The product was 1-O-acetyl-D-mannitol; yield
0.39 g. (78%), m.p. 123-124°, alone or on admixture with
an authentic sample, [o]%D +4.9° (¢ 5.16, water.).

Hydrogenation of 3-O-Propionyl-p-mannitol Pentanitrate.
—The reaction was carried out as described for 3-O-acetyl-
D-mannitol pentanitrate. The crude product had m.p.
105~107°, vield 779,. Recrystallization from ethanol af-
forded pure 1-O-propionyl-D-mannitol, m.p. 115-116°,
[@] 28D +4.2° (¢ 4.27, water).

3-O-n-Propyl-p-mannitol. (a).—Hydrogenation of 10 g.
of 3-O-allvl-D-mannitol pentanitrate by the procedure used
above in the reductive denitration of 1-O-acetyl-D-mannitol
pentanitrate afforded 3-O-n-propyl-pD-mannitol as a solid
which was recrystallized from ethanol; yield 4.1 g. (829%,),
m.p. 140-141°, [a]'*D +21° (¢ 3.76, water).

Anal. Caled. for CoHyOs: C, 48.20; H, 8.99.
C, 48.37; H,8.92.

(b).~Four grams of 3-O-allyl-pD-mannitol was treated as
in method a to provide a crude product; vield 3.7 g.(92%,),
m.p. 131-136°. Recrystallization from ethanol and then
water afforded the pure compound, m.p. 140-141° alone or
on admixture with the previous sample.

(¢).—A solution of 1.79 g. (4 mmoles) of 3-O-allyl-pD-man-
nitol pentanitrate and 2.0 g. (40 mmoles) of 1009, hvdrazine
hydrate in 20 ml. of ethanol was boiled under reflux for 90
min. The solution was then boiled with Raney nickel for
15 min., filtered and the filtrate was evaporated to a solid.
Recrystallization from ethanol afforded 3-O-n-propyl-b-
mannitol; yield 0.44 g. (49%,), m.p. 139-140°, undepressed
on admixture with the previous sample.

3-0-Benzoyl-p-mannitol Pentanitrate.—Benzoy! chloride
(25 ml.) was cooled to 0° and 8.0 g. of solid D-mannitol
1,2,3,5,6-pentanitrate was added slowlv under stirring.
Stirring was maintained at room temperature for 30 hr. and
the solution was then poured into 350 ml. of saturated aque-
ous sodium bicarbonate. The aqueous mixture was stirred
for 24 hr. and then extracted with chloroform. The chloro-
form solution was washed repeatedly with saturated aqueous
sodium bicarbonate and subsequently with water. The sirup
obtained on chloroform removal was dissolved in warm
aqueous ethanol. Cooling afforded an oil which crystal-
lized on standing for six weeks at 5°; vield 4.1 g. (45%),
m.p. 64.0-64.5° after another crystallization from ethanol-
water, [«]*D +60° (¢ 5.23, ethanol).

Anal. Caled. for C13H13N50173 C, 3054, H, 256, N,
13.70. Found: C, 30.65; H,2.71; N, 13.86.

Hydrogenation of 3-O-Benzoyl-p-mannitol Pentanitrate.—
This reduction was carried out with 2.3 g. of the benzoate es-
ter employing the method (without alkali treatment) used
for the aliphatic acyl derivatives. There was obtained a
white crystalline substance; yield 1.05 g. (829,). Pure ma-
terial was obtained on recrystallization from ethanol-ether,
m.p. 121-122°, [a]®D +9° (¢ 5.22, ethanol).

Anal. Caled. for C3H1307: C, 54.54; H, 6.34. Found:
C, 54.60; H, 6.19.

Since nitration of this material afforded (below) a pentani-
trate convertible to 1-0O-methyvl-p-mannitol pentaunitrate,
this substance is 1-0-benzoyl-D-mannitcl.

Found:
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1-0-Benzoyl-p-mannitol Pentanitrate.—The 1-O-benzoyl-
p-mannitol (0.5 g.) was added to 25 ml. of cold absolute ni-
tric acid. The solution was stirred for 2 hr. at 0° and poured
into water. The aqueous mixture was extracted with ether
and the ether extract was washed successively with water,
saturated aqueous sodium bicarbonate and again with water.
Evaporation of the ether afforded a sirup which was dissolved
at room temperature in aqueous ethanol. Cooling produced
an oil which slowly crystallized. Two crystallizations from
aqueous ethanol gave pure 1-O-benzoyl-D-mannitol pentani-
trate; vield 0.08 g. (9%,), m.p. 82-83°, [a]%3D +49° (¢ 1.47
ethanol). This nitrate depressed the melting point of 3-
O-benzoyl-p-mannitol pentanitrate.

Amnal. Caled. for C13H13N5017: C, 3054, H, 256, N,
13.70. Found: C, 30.33; H, 2.59; N, 13.72.

An additional quantity (0.8 g.) of the 1-O-benzoyl-p-
mannitol pentanitrate was prepared and converted to 1-0O-
methyl-pD-mannitol pentanitrate as described for the char-
ggt(;rization of 1-O-propionyl-D-mannitol pentanitrate; yield

(o1}
Catalytic Reduction Under Acidic Conditions.—Reduction
of the 3-O-acetyl-, 3-O-propionyl- and 3-O-benzoyl-pD-1nan~
nitol pentanitrates under conditions equivalent to those de-
scribed above, except that benzoic acid (weight equal to
nitrate taken) was added to the mixture prior to reduction,
afforded sirups (85-909, yields) that failed to crystallize.
These were shown to be the corresponding 3-O-acyl-D-man-
nitol derivatives by nitration with absolute nitric acid in ace-
tic anhydride. The original 3-O-acyl-pD-mannitol pentani-
trates were recovered in 75 to 809, yields.

1,4:3,6-Dianhydro-p-mannitol 2,5-Dinitrate.—A suspen-
sion of 10 g. of 1,6-dichloro-1,6-dideoxy-D-mannitol!! in
acetonitrile (75 ml.) was stirred and 40 g. of silver nitrate in
50 ml. of acetonitrile was added. The mixture was refluxed
for 80 hr., cooled and filtered from the insoluble material.
The solid was a mixture of silver chloride (51%;) and unre-
acted starting material (359;) which latter was isolated by
Lot water extraction and crystallization (on cooling). The
filtrate was poured into ether and water (200 ml. each) and
the resulting ether layer was extracted five times with an
equal volume of water. The sirup obtained on evaporation
of the ether was dissolved in warm ethanol and water was
added to incipient turbidity; vield 3.1 g. (29%) of 1,4:3,6-
dianhydro-p-mannitol 2,5-dinitrate, m.p. 66-67° unde-
pressed on addition of authentic material,!? [«]??D +304°
(c 0.5, acetonitrile). Further identification was effected by
reduction with hvdrogen over 109 palladium-on-charcoal
which afforded 1,4:3,6-dianhydro-p-mannitol; yield 87%,
m.p. 87-88° unchanged on addition of an authentic sample.?

Preparation of 1,6-Dichloro-1,6-dideoxy-p-mannitol Tet-
ranitrate.—This compound, first reported over eighty
vears ago,?” was prepared by modern methods. An amount
of 2.0 g. of 1,6-dichloro-1,6-dideoxy-p-mannitol! was added
to abs. nitric acid (40 ml.) at 0°. The heterogeneous mixture
was stirred (0°) for 2 hr. and was then poured into ice and
water (300 ml.). The precipitated solid was filtered, washed
with water and crystallized twice from acetone-water;
vield 1.4 g. (31%,), m.p. 145-146° (145°%), [a]%D +18°
(¢ 1.0, acetonitrile).

Anal. Caled. for CgHsCIgNAOlg! C, 1806, H, 202, CI,
17.77; N, 14.04. Found: C, 18.23; H, 2.37; CI, 17.73;
N, 13.84.

Reduction of this tetranitrate with hydrogen over palla~
dium-on-charcoal afforded 1,6-dichloro-1,6-dideoxy-p-man-
nitol in 919, vield.

Action of Acids and Bases on Various Derivatives of p-
Mannitol 1,2,3,5,6-Pentanitrate.—The reaction of pyvri-
dine,’ aqueous acetone containing ammonium carbonate® or
sodium hydroxide in aqueous acetone with 3-O-allyl- and the
3-O-acyl derivatives of D-mannitol 1,2,3,5,6~-pentanitrate
was investigated, In every case, the only crystalline prod-
ucts obtained were the respective starting materials in 40—
809, vields. In addition, varying amounts of non-crystal-
lizable materials were obtained. Since these attempts did
110t appear to afford either new partially substituted p-man-
nitol derivatives or the known pentanitrate, as specific high
yield reaction products, no further investigation was under-
taken. Similar results were reported® for 3-O-methyl-p-
mannitol pentanitrate.

(26) A. Fauconnier, Bull. soc. chim. France, (2] 41, 119 (1884).
(27) G. Bouchardat, Aunn. chim. phys., [5] 6, 126 (1873).
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D-Mannitol hexanitrate was treated with either triethyl-
amine or N,N-dimethylaniline following the Hayward pyri-
dine denitration technique.? Triethylamine effected a vigor-
ous reaction that teminated in a fire, Dilution of the sys-~
tem with acetonitrile was employed to moderate the reaction
but no crystalline products were obtained. In contrast,
N,N-dimethylaniline diluted with acetonitrile afforded b-
mannitol hexanitrate in 609, yield as the only crystalline
product. In view of the diversity of the two bases (above)

3,4,5-TR1-O-BENZOYL-D-XYLOSE DIMETHYL ACETAL
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which effect the denitration in high yield, these results are
surprising.

Solutions of either 3-O-allyl- or 3-O~propionyl-pD-mannitol
in ethanol containing twice their weight of p-toluenesulfonic
acid were stirred at room temperature for 20 hr. Cooling
and adding water in each case afforded the unchanged start-
ing material quantitatively.
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3,4,5-Tri-O-benzoyl-D-xylose Dimethyl Acetal!

By M. L. WoLFROM AND WALTER VON BEBENBURG
RECEIVED MAyY 28, 1959

p-Xylose diethyl dithioacetal was partially benzoylated to form a tribenzoate followed by successive conversion of the

diethy! dithioacetal to the dimethyl acetal tribenzoate and the methyl hemiacetal tribenzoate,

The latter substance pro-

duced a phenylosazone, without loss of benzoy! groups, identical with the product of benzoylation of p-xylose phenylosazone,
indicating that carbon two in the members of this series was unbenzoylated.

3,4,5,6-Tetra-0-benzoyl-np-glucose diethyl dithio -
acetal? has been prepared by the partial ben-
zoylation of D-glucose diethyl dithioacetal. The
free hydroxyl group was substituted by a thio-
ethoxyl group® which after demercaptalation and
debenzoylation* produced D-arabino-hexose (D-
glucose) phenylosazone indicating that the un-
substituted hydroxyl group was on carbon two.
Since the pentose D-xylose possesses the same con-
figuration as D-glucose for the two centers below

HG(SC,Hg 1, H?tsczng H?(OGHs)z
1
HCOH H?OH HgClz H?OH
! d
HOGH 82001 g;0cH £dC0s_ g,00H
1 NaOH 1 MeOH 1
HCOH H?OB: H?OBZ
1
CH0H CH, 0Bz CH,08z
I hie I (sirup)
H(OH NHPh
| TOCHy //N/
AcOH HCOH PhHN~NH, He?”
—_— 1 —_ | |
Me OH BzOCH ¢ N
1 xS N
He0 HCOBz [N Ph
1 BzOCH
CH,08Bz 1
HCOBz
1
CH,082
havy v
Bz = benzoyl; Ph = phenyl

the carbonyl group, it was considered that the ex-
tension of this reaction to p-xylose would be feas-
ible. D-Xylose diethyl dithioacetal (I) was par-
tially benzoylated to produce 3,4,5-tri-O-benzoyl-
D-xylose diethyl dithioacetal (II). The diethyl
dithioacetal (II) was converted® successively to

(1) Supported by Grant No., CY-3232 from the Department of
Health, Education and Welfare, Public Health Service, National In-
stitutes of Health, Bethesda 14, Md.

(2) P. Brigl and H. Mithlschlegel, Ber., 63, 1551 (1930).

(3) P. Brigl, H. Miihlschlegel and R. Schinle, ibid., 64, 2921 (1931).

(4) P. Brigl and R. Schinle, ibid., 66, 1890 (1932).

(5) M. L. Wolfrom, L. J. Tanghe, R. W, George and S. W. Waisbrot,
THrs JOURNAL, 60, 132 (1938).

the sirupy dimethyl acetal III, the crystalline
methyl hemiacetal IV and the crystalline phenyl-
osazone without loss of a benzoyl group, indicating
that the free hydroxyl group is at carbon two.
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Experimental

3,4,5-Tri-O-benzoyl-pD-xylose Diethyl Dithioacetal (II).—
p-Xylose diethyl dithioacetal® (I, 90 g., 0.35 mole) was dis~
solved at 0° in 1500 ml. of 2 N sodium hydroxide. A solution
of 160 g. (1.15 mole) of benzoyl! chloride in 600 ml. of chloro-
form was added portionwise with vigorous stirring and cool~
ing in an ice-salt-bath so that the temperature did not ex~
ceed 10°. After the addition, stirring was continued for 30
min. The chloroform layer was washed several times with
water and dried with anhydrous sodium sulfate. The chloro~
form was evaporated under reduced pressure and the sirupy
residue was dissolved in 500 ml. of hot ethanol and 150 mil.
of water added. Fine needles separated and after standing
for 24 hr. at room temperature, the mixture had completely
solidified. The compound was recrystallized thrice from
ethanol-water; yield 58 g. (299), m.p. 138-140°, [«]%D
+6° (¢ 3, chloroform).

Anal. Caled. for CoHnO:S:: C, 63.34; H, 5.67; S,
11.28. Found: C,63.27; H, 5.61; S, 11.38.

3,4,5-Tri-O-benzoyl-aldehydo-D-xylose Methyl Hemiacetal
(IV).—3,4,5-Tri-O-benzoyl-pD-xylose diethyl dithioacetal (II,
10 g., 0.176 mole) was dissolved in 120 ml. of dry methanol
in which 25 g. of dry cadmium carbonate was suspended and
the mixture was heated to boiling. A solution of 45 g. of
mercuric chloride in 100 ml. of methanol was added in por-
tions with vigorous stirring. The mixture was refluxed for 4
hr. with the occasional addition of small amounts of cad-
mium carbonate, The solution was filtered into a flask con~
taining 5 g. of cadmium carbonate, and the filtrate was evap-
orated to dryness under reduced pressure. The residue was
extracted several times with chloroform. The combined
chloroform extract was washed with potassium iodide solu-
tion, and water, dried with sodium sulfate and evaporated
under reduced pressure to a sirup. This colorless sirup con-
tained no sulfur and failed to crystallize after six months.
This sirupy 3,4,5-tri-O-benzoyl-D-xylose dimethyl acetal
(II1, 2 g.) was dissolved in 100 ml. of methanol to which 1
ml. of acetic acid and 10 ml. of water were added, and the
solution refluxed for 3 hr. A 50-ml. portion of this solution
was diluted with 30 ml. of water. After standing overnight,
crystalline material separated and was recrystallized twice
from methanol; yield 750 mg., m.p. 131°, [«]¥D + 24 —
—18° (¢ 0.7, methanol, 42 hr,).

(6) M. L. Wolfrom, Mildred R. Newlin and E. E. Stahly, ¢bid., 53
4379 (1931).



