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most promising results were obtained with the petroleum 
ether solvent (above), but they could not be duplicated 
readily because of the volatility of the solvent and the forma­
tion of double fronts. 

The tetra-O-methyl sugar fraction had Ia]25D + 3 3 ° (c 
2, H2O) which indicated a 1:1 ratio of the two tetra-0-
methylhexoses. The mixture (0.25 g.) was dissolved in 3 
ml. of ethanol and refluxed for 6 hours with 0.2 ml. of ani­
line. The odor of aniline was still apparent, so 2 microliters 
of coned. HCl was added and the mixture refluxed briefly 
and allowed to stand overnight. I t was evaporated to a 
sirup and extracted with a few ml. of ether. Petroleum 
ether was added to the ether solution until it became turbid 
and an oil formed. Crystals formed upon slow evaporation 
of the decanted supernatant solution and were recrystal-
lized from an ether-petroleum ether mixture; m.p. and 
mixed m.p. with an authentic specimen of the N-phenyl-
glycosylamine of 2,3,4,6-tetra-O-methyl-D-mannose was 
143-144° (lit.49 m.p. 144-145°). 

(49) W. N. Haworth, R. L. Heath and S. Peat, J. Chem. Soc, 833 
(1941). 

Numerous studies on the chemistry of the ni­
trate esters of the sugars indicate that the reactions 
that any particular nitrate ester will undergo 
depend upon the position of the ester in the sugar 
molecule, other chemical groups present and also 
perhaps the stereochemical configuration of the 
sugar. When methyl 4,6-0-ethylidene-/3-D-glucopy-
ranoside 2,3-dinitrate reacts with sodium iodide in 
acetone the 2-nitrate group is replaced by hydroxyl 
while the 3-nitrate group is not attacked.2 Simi­
larly, dimethylamine will replace the 3-nitrate 
group in 6-0-acetyl-l,2-0-isopropylidene-D-gluco-
furanose 3,5-dinitrate with a hydroxyl group but 
will not replace the 5-nitrate group.8 Pyridine is 
also known to be selective in its reaction with ni­
trate groups. Only the 3- and 4-nitrate groups 
are replaced by hydroxyl groups when either galac-
titol or D-mannitol hexanitrate4 is treated with pyri­
dine. The action of acidic and alkaline conditions 
has also been investigated6 and it would seem that 
although extensive degradation usually occurs, 
acidic or alkaline conditions are selective in their ac­
tion on sugar nitrates. Reducing agents, such as 
zinc and acetic acid6 and sodium amalgam,7 have 
been used to reduce the nitrate group to the parent 

(1) Published with the permission of the Bureau of Ordnance, 
Navy Department. The opinions and conclusions are those of the 
authors. 

(2) D. J. Bell and R. L. M. Synge, J. Chem. Soc, 833 (1938). 
(3) D. J. Bell, ibid., 1653 (1936). 
(4) G. G. McKeown and L. D. Hayward, Can. J. Chem., 33, 1392 

(1955): L. D. Hayward, T H I S JOURNAL, 73, 1974 (1951); J .R .Brown 
and L. D. Hayward, CaK. J. Chem., 33, 1735 (1955). 

(5) J. Honeyman and J. W. W. Morgan, Advances in Carbohydrate 
Chem., 12, 117 (1957). 

(6) J. W. H. Oldham, J. Chem. Soc, 127, 2840 (1925). 
(7) T. N. Montgomery, T H I S JOURNAL, 56, 419 (1934). 

(f) 2,3,4,6-Tetra-O-methyl-D-Glucose (Re 1.00, solvent 
C).—The mother liquors from the above crystallization of 
the tetramethylmannose were evaporated and the solid 
residue recrystallized from petroleum ether. Only enough 
material was available for a single m.p. determination. 
The crystals melted at 134-136° which corresponded to the 
literature50 value (137-138°) of the m.p. of the N-phenyl-
glycosylamine of 2,3,4,6-tetra-O-methyl-D-glucose. 
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alcohol. Catalytic hydrogenation8 is not consid­
ered to be selective in the reduction of nitrate es­
ters. It is impossible to be certain of this, however, 
since the reported reductions have been carried out 
over extended periods of time and hence any pref­
erential reaction with specific nitrate groups might 
not become apparent, particularly if selectivity is 
due to differences in the rates of reaction with spe­
cific nitrate groups. 

Lithium aluminum hydride, although it readily 
reduces simple nitrate esters,9 shows some indica­
tion of selectivity in the sugar series. Methyl 4,6-
O-propylidene-a-D-glucopyranoside 2,3-dinitrate on 
reduction yielded 19% of the 3-nitrate but none of the 
2-nitrate.10 Similarly the reduction of methyl 4,6-
0-ethylidene-/3-D-glucopyranoside 2,3-dinitrate on 
treatment with lithium aluminum hydride yielded 
3% of the 3-nitrate.11 

Since sodium borohydride is in general more se­
lective in its action than lithium aluminum hydride12 

it was suspected that sodium borohydride might show 
more selectivity in its reaction with nitrate esters of 
sugars. Knowledge of such selectivity in the reduc­
tion of nitrate groups could not only be applied 
to the synthesis of a particular sugar nitrate but 

(8) L. P. Kuhn, ibid., 68, 1761 (1946); E. P. Swan and L. D. Hay­
ward, Can. J. Chem., 34, 856 (1956); L. D. Hayward, T H I S JOURNAL, 
73, 1974 (1951); L. D. Hayward and C. B. Purves, Can. J. Chem., 32, 
19 (1954). 

(9) L. M. Soffer, E. W. Parrotta and J. DiDomenico, T H I S JOUR­
NAL, 74, 5301 (1952). 

(10) E. G. Ansell, J. Honeyman and G. H. Williams, Chemistry &• 
Industry, 149 (1952). 

(11) E. G. Ansell and J. Honeyman, / . Chem. Soc, 2778 (1952). 
(12) N. G. Gaylord, "Reduction with Complex Metal Hydrides," 

Interscience Publishers, Inc., New York, N. Y., 1956, pp. 100, 379, 
500. 
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The Reaction of Sodium Borohydride with Glycosyl Nitrates as Compared to its Reaction 
with the Nitrate Esters of the Primary and Secondary Alcohol Groups of Sugars1 

BY F. A. H. RICE AND M. INATOME 

RECEIVED MARCH 17, 1958 

It has been found that sodium borohydride will reduce 2,3,4,6-tetra-O-acetyl-a-D-glucopyranosyl nitrate and 2,3,4-tri-O-
acetyl-jS-L-arabinopyranosyl nitrate at room temperature to yield the corresponding 1,5-anhydro alcohol. The nitrate 
esters of the primary and secondary alcohol groups of a sugar were not reduced. 
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could also assist in the identification of unknown 
sugar nitrates that might form, for example, during 
the acid or alkaline degradation of cellulose nitrate. 

Initial experiments were performed to determine 
whether or not there was a difference in the ability 
of sodium borohydride to reduce the nitrate esters 
of the primary and secondary alcohol groups of the 
sugars and a glycosyl nitrate. 

Accordingly, 2,3,4,6-tetra-O-acetyl-a-D-glucopy-
ranosyl nitrate was prepared by treating penta-<9-
acetyl-/?-D-glucopyranose with fuming nitric acid.13 

The nitrate was then reduced with sodium borohy­
dride in aqueous dioxane. Since no attempts were 
made to purify the sodium borohydride and the re­
action of the aqueous dioxane solution was quite 
alkaline and hence could conceivably cause some 
deacetylation, the products of the reduction, after 
removal of the solvent by distillation under reduced 
pressure, were reacetylated. The reacetylated ma­
terial was chromatographed14 and found to consist 
of a major zone representing the major portion of 
the material which was identified as the tetraacetate 
of polygalitol (1,5-anhydro-D-glucitol). 

2,3,4-Tri-O-acetyl-^-L-arabinopyranosyl nitrate 
was prepared by treating 2,3,4-tri-(?-acetyl-j3-L-
arabinopyranosyl bromide with 99.6% nitric acid 
in the manner used for the preparation of the corre­
sponding derivative of D-glucose.13 The com­
pound which we have not been able to find reported 
in the literature was nicely crystalline and melted at 
95°. The large rotation ( + 199° in chloroform) 
indicates the ^-configuration. Treatment of the 
2,3,4-tri-0-acetyl-/3-L-arabinopyranosyl nitrate with 
sodium borohydride again led to the formation of 
the anhydro alcohol (1,5 anhydro-2,3,4-tri-(3-acetyl-
D-arabinitol). 

The nitrate ester of a primary alcohol (methyl 
2,3,4-tri-O-acetyl-a-D-glucopyranoside 6-nitrate) 
was not reduced upon treatment with sodium boro­
hydride. 

In order to study the action of sodium borohy­
dride on the nitrate esters of secondary alcohols, 
apart from any possible influence of a nitrate ester on 
an adjacent primary alcohol group, 1,6-di-O-ben-
zoyl-D-mannitol 2,3,4,5-tetranitrate was prepared 
by nitrating15 1,6-di-O-benzoyl-D-mannitol. 1,0-
Di-(9-benzoyl-D-mannitol 2,3,4,5-tetranitrate, which 
we were not able to find reported in the literature, 
was nicely crystalline and melted at 157°. After 
treatment with sodium borohydride the compound 
was recovered unchanged. 

While it is recognized that the reduction of addi­
tional similar compounds should be investigated, it 
would seem at present that although glycosyl ni­
trates are reduced readily by sodium borohydride at 
room temperature, the nitrate esters of the primary 
and secondary alcohol groups in the sugar chain are 
not attacked. 

The formation of the anhydro sugar alcohol by 
the reduction of the glycosyl nitrate may be analo-

(13) W. Koenigs and E. Knorr, Ber., 34, 957 (1901). 
(14) W. H. McNeely, W. W. Binkley and M. L. Wolfrom, THIS 

JOURNAL, 67, 527 (1945). 
(15) J. Honeyman and J. W. W. Morgan, Chemistry & Industry. 

1035 (1953). 

gous to the reduction of glycosyl bromides with 
lithium aluminum hydride.16 

Experimental 
Reduction of 2,3,4,6-Tetra-O-acetyl-a-D-glucopyranosyl 

Nitrate with Sodium Borohydride.—2,3,4,6-Tetra-O-acetyl-
a-D-glucopyranosyl nitrate was prepared from penta-O-
acetyl-^-D-glucopyranose and 99.6% white, fuming nitric 
acid. l s 

An amount of 10 g. of the nitrate, 4 g. of sodium boro­
hydride, 50 ml. of water and 50 ml. of ^-dioxane was placed 
in a 250-ml. erlenmeyer flask, equipped with a mechanical 
stirrer and cooled one hour with ice-water. The mixture 
was stirred overnight at room temperature and then filtered, 
neutralized with glacial acetic acid and concentrated to 
dryness under reduced pressure. The residue was acety-
lated with 60 ml. of pyridine and 40 ml. of acetic anhydride 
and processed in the usual manner resulting in o.l g. of 
sirup. It had first been determined that 2,3,4,6-tetra-O-
acetyl-of-D-glucopyranosyl nitrate could be recovered un­
changed from a pyridine solution. 

The sirup was chromatographed, following the general 
directions of McNeely, Binkley and Wolfrom.14 The sirup 
(5.1 g.) was dissolved in a small amount of benzene and 
placed on a MagnesoF-Celite18 (5:1 by wt.) column (250 
mm. X 75 mm.) and developed with 1500 ml. of a mixture 
of benzene and <-butyl alcohol (100:1 by volume). After 
the column was extruded and streaked with indicator ( 1 % 
potassium permanganate in 10% sodium hydroxide),14 two 
zones appeared. They were numbered from the bottom to 
the top of the column. Zone I, located 160-190 mm. from 
the top, was eluted with acetone and evaporated to a sirup 
(0.8 g.) under reduced pressure. The sirup did not crys­
tallize. 

Zone I I , located 30-160 mm. from the top, was eluted with 
acetone, the eluate evaporated to a sirup (2.87 g.) and crys­
tallized from a chilled ether-petroleum ether (b.p. 30-60°) 
solution; m.p. 62-100°. The crystals were washed with 
ether, retaining 0.04 g. of crystals, m.p. 95-97", unchanged 
on admixture with D-glucitol hexaacetate. The ether solu­
tion was concentrated to a sirup, which was crystallized 
from a chilled ether solution; yield 1.37 g., m.p. 64-66°, 
[a] 25D + 4 2 ° (CHCl3, c 3). The values for polygalitol tetra­
acetate (1,5-anhydro-D-glucitol tetraacetate) are m.p. 65-
67° and 74-75° !9 (the substance is dimorphous), [a]2in 
+ 38.9°. 

Anal. Calcd. for CuH20O9: C, 50.60; H, 6.07; CH3CO, 
12.04 ml. of 0.1 N NaOH per 100 mg. Found: C, 50.89; 
H, 6.08; CH3CO, 12.00 ml. 

The acetate was deacetylated by dissolving 0.8 g. of the 
substance in 20 ml. of methanol and adding 6 ml. of 0.2 N 
sodium methoxide to the solution. After a half-hour the. 
solution was passed over Amberlite IR-12080 and Duolite 
A-4.21 The aqueous solution was concentrated to dryness 
under reduced pressure and the residue was crystallized 
from methanol; yield 0.24 g., m.p. 139-141°, [a]28D +43.5° 
(H2O, c 1), in agreement with the published values for poly­
galitol.19 The compound showed no depression in melting 
point on admixture with an authentic sample of polygalitol. 

Preparation of 2,3,4-Tri-0-acetyl-/3-L-arabinopyranosyl 
Nitrate.—2,3,4-Tri-0-acetyl-(3-L-arabinopyranosyl bro­
mide22 was treated with 99.6% nitric acid, following the 
general directions of Koenigs and Knorr devised for the 
preparation of 2,3,4,6-tetra-O-acetyl-a-D-glucopyranosyl ni­
trate. 

An ice-cold solution of 200 ml. of chloroform-99.6% nitric 
acid solution (1:1 by vol.) was added to 5 g. of 2,3,4-tri-O-
acetyl-/3-L-arabinopyranosyl bromide dissolved in 30 ml. of 
chloroform. After 5 minutes, the solution was washed 

(16) R. K. Ness and H. G. Fletcher, Jr., T H I S JOURNAL, 78, 2011) 
(1953). 

(17) A product of the Westvaco Chlor-Alkali Division of Food Ma­
chinery and Chemical Corp., South Charleston, W. Va. The regular 
grade was used. 

(18) A product of the Johns-Manville Co., New York, N. Y. 
(19) X. K. Richtmyer and C. S. Hudson, T H I S JOURNAL, 68, 64 

(1943). 
(20) A product of the Rohm and Haas Co., Resinous Products 

Division, Philadelphia, Pa. 
(21) A product of the Chemical Process Co., Redwood City, Calif. 
•22) C. S. Hudson and J. K. Dale, THIS JOURNAL, 40, 992 (1918). 
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successively with ice water, sodium acetate, sodium bisulfite, 
sodium bicarbonate solutions and finally with ice-water. 
The chloroform solution was dried and concentrated under 
reduced pressure. The sirup crystallized from ether solu­
tion; yield 3.96 g., m.p . 95°, W25D +199° (CHCl3, c 6). 

Anal. Calcd. for CnH16OiON: C, 41.13; H, 4.70; N, 
4.36. Found: C, 40.90; H, 4.66; N, 4.20. 

Reduction of 2,3,4-Tri-0-acetyl-j3-L-arabinopyranosyl Ni­
trate.—2,3,4-Tri-0-acetyl-(3-L-arabinopyranosyl nitrate (10 
g.) was treated with sodium borohydride in the same manner 
as 2,3,4,6-tetra-O-acetyl-a-D-glucopyranosyl nitrate. The 
sirup (3.42 g.) was chromatographed as described previously. 
Zone I, located 105-130 mm. from the top of the column, was 
eluted with acetone, evaporated to a sirup and crystallized 
from a cold ether-petroleum ether solution; yield 0.09 g. 
No further work was done on this material. 

Zone I I , located 20-60 mm. from the top, was eluted with 
acetone, evaporated to a sirup and crystallized from a cold 
ether-petroleum ether solution; yield 0.83 g. After recrys-
tallization, the melting point was 50-52° and [a]25D +73.6° 
(CHCl3, c 1.7). The melting point of 1,5 anhydro-2,3,4-
tri-O-acetyl-D-arabinitol is 58°. Its rotation is —74.2° 
(CHCl 3 ) . " 

In another experiment, 6.36 g. of sirup, obtained from 10 
g. of the nitrate, was chromatographed as described pre­
viously. Zone I, located 100-200 mm. from the top, 
yielded 0.5 g. of crystals from ether-petroleum ether solu­
tion. Zone I I , located 45-100 mm. from the top, yielded 
0.5 g. of crystals from ether-petroleum ether solution. 

The crystals were combined and rechromatographed, as 
described previously. Zone I, located 80-100 mm. from 
the top, yielded 0.8 g. of crystals, m.p. 49-52° after several 
recrystallizations from ether-petroleum ether (b.p. 30-
60°). Zone I I , located 30-75 mm. from the top, yielded 
0.20 g. of crystals from ether-petroleum ether solution. 
I ts melting point was 74-75°, unchanged on admixture with 
a known sample of penta-O-acetyl-L-arabinitol. 

The substance (0.4 g.) melting at 50-52° was deacety-
lated in the usual manner. The sirup was crystallized from 
an ethanol-ethvl acetate solution; vield 0.1 g., m.p. 95-96°, 
H 2 6D +101° (H2O, c 1.8). The accepted values for 1,5-
anhydro-D-arabinitol are m.p. 96-97°, [Qi]26D - 9 8 . 6 ° 
(H2O).23 

Attempted Reduction of Methyl 2,3,4-Tri-O-acetyl-a-D-
glucopyranoside 6-Nitrate.—An amount of 5 g. of methyl-

(23) H. G. Fletcher, Jr., and C. S. Hudson, T H I S JOURNAL, 69, 1672 
(1947). 

In connection with other work2 done in these 
laboratories a need arose for crystalline, easily ac­
cessible derivatives of alkyl and aryl substituted 
coumarans (2,3-dihydrobenzofurans) suitable for 
their characterization. Nitro derivatives seemed 
appropriate for this purpose. Curiously enough 
the literature has very little to say about nitration 
of coumarans or rules of orientation in this reac­
tion. 

Nitro coumarans as a class of compound are 
virtually unknown. The only examples of nitra­
tion of coumarans are those reported by Arnold and 

(1) Weyerhaeuser Timber Foundation Fellow, 1955-1057. 
(2) To be published. 

2,3,4-tri-0-acetyl-o;-D-glucopyranoside 6-nitrate,2* 25 ml. 
of ^-dioxane, 25 ml. of water and 2 g. of sodium borohydride 
were combined and stirred at ice-water temperature for 8 
hours and at room temperature overnight. Then the mix­
ture was filtered, neutralized with glacial acetic acid and 
concentrated to dryness under reduced pressure. The 
residue was acetylated with 30 ml. of pyridine and 20 ml. of 
acetic anhydride. After 18 hours, the mixture was poured 
into ice-water. Crystals appeared which were filtered and 
recrystallized from ethanol; yield 4.51 g., m.p. 112°, un­
changed on admixture with the starting material. 

Preparation of 1,6-Di-O-benzoyl-D-mannitol 2,3,4,5-Tetra-
nitrate.—1,6-Di-O-benzoyl-D-mannitol 2,3,4,5-tetranitrate 
was prepared by adding a cold solution of nitrating mixture 
consisting of 10 ml. of 99.6% nitric acid in 20 ml. of acetic 
anhydride16 to 5 g. of 1,6-di-O-benzoyl-D-mannitol25 dissolved 
in 10 ml. of chloroform and kept at ice-water temperature. 
After 10 minutes, the solution was poured into ice-water. 
Crystals which appeared were filtered and recrystallized 
from hot ethanol; yield, 2.3 g., m.p. 157°, [a]25D +29.7° 
(CHCl3, c 0.5). 

Anal. Calcd. for C20H18Oi6N4: C, 42.12; H, 3.21; N, 
9.82. Found: C, 42.36; H, 3.21; N, 9.62. 

When the compound was reduced catalytically with hy­
drogen in the presence of palladium-on-charcoal8 it yielded 
1,6-di-O-benzoyl-D-mannitol. 

Attempted Reduction of 1,6-Di-O-benzoyl-D-mannitol 
2,3,4,5-Tetranitrate with Sodium Borohydride.—An amount 
of 5 g. of 1,6-di-O-benzojd-D-mannitol 2,3,4,5-tetranitrate, 
45 ml. of ^-dioxane, 25 ml. of water and 2 g. of sodium boro­
hydride were combined and stirred at ice-water temperature. 
After 6 hours, the mixture was filtered, neutralized with 
glacial acetic acid and refiltered. The filtrate was concen­
trated to dryness under reduced pressure below 40°. The 
residue was filtered with the aid of water and the residue 
was crystallized from hot ethanol; yield 3.61 g. (crude, 
after recrystallization the yield was 2.0 g.), m.p. 157° un­
changed on admixture with the starting material. 
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(24) E. K. Gladding and C, B. Purves, ibid., 66, 153 (1944). 
(25) P. Brigl and H. Griiner, Ber., 65, 641 (1932). 
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McCooP and by Chatelus.4 Arnold and McCool 
nitrated 5-acetamido-2-methylcoumaran expecting 
to obtain 5-acetamido-2-methyl-6-nitrocoumaran, 
but they obtained the 4-nitro derivative instead; 
on nitration of coumaran itself Chatelus obtained a 
dinitrocoumaran. The same author also nitrated 
chroman to obtain a dinitrochroman. He consid­
ered 6,8-dinitrochroman and 5,7-dinitrochroman 
as possible structures and preferred the former be­
cause of analogy to the nitration of tetralin. As­
signment of structure to the nitration product of 
coumaran as 5,7-dinitrocoumaran then was made 

(3) R. T. Arnold and J. C. McCool, T H I S JOURNAL, 64, 1315 (1942). 
(4) G. Chatelus, Ann. chim., 4, 505 (1949). 
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A number of alkyl substituted coumarans have been nitrated to give dinitrocoumarans. A phenyl substituted coumaran 
yielded a trinitro compound. Degradation of the nitration product of 2-methylcoumaran afforded" evidence that the nitro 
groups were in the 5,7-positions. 
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