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GENERAL INTRODUCTION 

In a Ph.D. thesis submitted in 1946 G.H. Segall de­

scribed a reaction between hydroxylamine hydrochloride in 

pyridine and cellulose trinitrate in which a stable cellulose 

•mono-oxime dinitrate" was for.med. A gas, predominantly ni-

trous oxide but containing some nitrogen, was evolved. Segall 

also round that cellulose trinitrate reacted with free hy­

droxylamine in pyridine to yield one mole of nitrogen and a 

cellulose "dinitrate". His attempts to discover whether the 

"labile" nitrate group occupied the second, third or sixth 

positions in the glucose units of the cellulose trinitrate led 

to indecisive resulta. In these circumstances Hayward re­

verted to a simpler, crystalline compound, methyl-~-D-gluco­

pyranoside tetranitrate, for his study of the denitrating ac­

tion of the free base hydroxylamine in pyridine. Hayward in 

his Ph.D. thesis (1949) reported that 1.26 moles of nitrogen 

gas was evolved ~rom each mole of the methyl-~-D-glucoside 

tetranitrate and a syrupy mixture of methylglucoside di- and 

trinitrates was formed. The reaction seemed to follow the same 

meChanism as with cellulose trinitrate, but it was not specifie 

for any one nitrate group. 

The present investigation was initiated to study the 

action of hydroxylrumine hydroChloride in pyridine on methyl-~­

D-glucoside tetranitrate, and parallels the work of Hayward on 
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the system employing hydroxylamine as a free base. 

It was observed that a slow reaction accompanied by 

the evolution of a gas, composed of about 70% nitrous oxide 

and 30% nitrogen, occurred and was not quite complete after 

two days. The carbohydrate products consisted of a complex 

mixture of partially nitrated methylglucosides and completely 

denitrated polyoxime derivatives in almost equal amounts. 

Separation of some crystalline compounds was successfully ac­

complished by means of column chromatography. As in the case 

of Dr. Hayward's work, the reaction with methyl-~-D-glucoside 

tetranitrate appeared more complex than with cellulose trini­

trate, and the former substance could not be regarded as 

analogous in this respect to the latter. 



HISTORICAL INTRODUCTION 

The literature concerned with the alkaline decomposi­

tion of simple and polynitrate esters was tully reviewed in the 

thesis by G.H. Segall (1) in 1946. The thesis by L.D. Hayward 

(2) adequately s:uzmnarized the known reactions of the simple su­

gar nitrates up to the end of 1949. Hence in this Introduction, 

to avold unnecessary repetition, only those portions of the 

above surveys directly pertaining to the present investigation 

have been described. 

The reaction of alkali with organic nitrate esters 

was early shown to be quite complicated. Nor.mal saponification 

was accompanied usually by profound decomposition producing oxi­

dation products of the original alcohol as well as nitrite salts. 

This redox reaction, which was not observed in the hydrolysee of 

the analogous organic halides or nitrites, was obviously related 

to tne hign positive valence of the nitrate nitrogen atom. In 

the presence of reducing agents normal saponification eould be 

accomplished. The five general reaction paths which alkaline 

denitrations were observed to follow were summarized in this 

manner (1): 

1. Nor.mal saponification 

RONo,a + KOH -~) ROH + KN03 



2. Carbon-carbon bond formation 

+ 

3. Ether 

RN03 + 

4. Re do .x 

s. Olefin 

NaOEt > 
,o ,o 

RCCHRCOR' 1 + 

formation 

KOH(ethanolic) 

reaction 

RCHON02R 1 
p 

-~) RëR t + HN02 

formation 

RR 1 CHCH20N02 

2. 

+ Et OH 

More than one of these meahanisms was often round in operation 

in a single reaction (3). Such factors as the particular ni­

trate ester, solvant, and alkali affected the final products 

isolated. 

Olefin to~ation and carbon-carbon bond for.mation 

have not been observed in alkaline hydrolyses of carbohydrate 

and related nitrates, and therefore these two meahanisms will 

not be described further. 

Nef (4) in 1899 pointed out that alkyl nitrates in 

alcoholic alkali eould react according to the remaining three 

sChemas. Methyl nitrate with 2 moles of alcoholic potassium 

hydroxide at 30-40° gave dimethyl ether and no nitrite, while 

benzyl nitrate with sodium ethylate in ethanol produced nearly 
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quantitative yields or nitrite and the decomposition products 

or benzaldehyde in alkaai. Ethyl and higher aliphatic nitrates 

yielded mixtures of ethers~ aldehyde decomposition products and 

in same cases the original alcohols. The extent of the straight­

forward hydrolysis to the alcohol, though small~ increased with 

the stability or the nitrate toward alkali. 

Gladding and Purves (5) observed that the reaction 

or alkali with some glucose and methylglucoside mononitrate­

acetates yielded anhydro derivatives (intramolecular ethers) 

when suitably situated rree, or potentially rree, hydroxyl 

groups were present in the carbohydrate molecule. Normal hy­

drolysis resulted, with dirficulty, when auCh hydroxyl groups 

were blocked by methyl ether groups. Thus methyl-2,3,4-tri­

acetyl-a-D-glucoside-6-nitrate (!) when treated with aqueous­

ethanolic sodium hydroxide, at 75-80° for 70 minutes, or with 

sodium methylate in methanol for 48 days at roam temperature, 

was converted in 77-88% yield to methyl-3,6-anhydro-a-D-glu­

coside (II). Two per cent of the nitrate groupa were reduced 

to nitrite. However~ with methyl-2,3,4-trimethyl-~-D-glucoside-

6-nitrate (III), denitration required heating at 60° for 24 

hours with sodium hydroxide in aqueous methanol. Methyl-2,3,4-

trimethyl-~-D-glucoside (IV) was obtained in 75% yield. Twen­

ty per cent or the original nitrate groups were reduced to ni­

trite and 25% or the methylated glucoside was decomposed to a 

discolored tar. Methyl-3 1 4-6-triaeetyl-~-D-glucoside-2-nitrate 

(V) wben treated witb sodium bydroxide in aqueous dioxane gave 
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an 84% yield or a olear, oolorless, nitrate-rree syrup, whien 

appeared to be a mixture or aDhydro methylhexosides (VI). Only 

2.3% of the nitrate groups were reduced to nitrite. 

Sodium methylate in absolute methanol reacted with 

2,3,4,6-tetraacetyl-a-glucosyl nitrate (VII) to give methyl­

~-D-glucoside in 28% yield with probably an equal amount of 

glucosan 1,5 <~> 1,6 (VIII). When the hydrolysis was car-

ried out with sodium hydroxide in aqueous dioxane the glucosan 

was isolated in 33% yield as the trimethyl derivative. The 

nitrite produced in the last reaction corresponded to 4.5% 

of the original nitrate groups. 

Gladding and Purves concluded that the preferred al­

kaline oleavage of the nitrate groups in the mononitrates 
1 studied took place in the sense R1R2CH-r-O-N02 leading to the 
1 -

quick expulsion or the elements of nitric acid in a substantially 

unreduced condition. The mechanism probably involved the mo­

mentary existence of a carbonium ion as well as Walden inver­

sion when the nitrate group was attaehed to an asymmetric car­

bon atom. This method of elimination depended upon the racile 

production of methylglucoside or anhydro structures since, when 

methyl ether groups bloeked anhydro ring formation, normal hy­

drolysis was the main reaction. This reaction resulted only 

with more drastic conditions and scission in the sense 
1 

RCHa9-+-H02 was assumed to occur. A considerably greater con-
1 

version to nitrite was observed in this case, showing that the 

direct hydrolysis of "blocked" nitrate groups was slow enough 



HCOCH3 
1 

HCOAc 
1 

A cO CH 
1 

HCOAe 
1 

HCO 
1 
CH20NÛ2 

I -

CH30CH 
1 

HCOCH3 
1 

CH30CH 
1 

HCOCH3 
1 

HCO 
1 
CH20N02 

ill 

CH30CH 
1 

HCON02 
1 

A cO CH 
1 

HCOAo 
1 

HCO 
1 
CH20Ac 

v 

Na OH 
H20-Et0H > 

80°0. 
70 mins. 

60°0. 
24 hrs. 

lfaOH > 

II -

CH30CH 
1 

HCOCH3 
1 

CH30CH 
1 

HCOCH3 
1 

HCO 
1 
CH20H 

IV -

CH3 0CH 
1 
CH, 
1 0 
CH,.... 
1 

Hcœ 
1 

HCO 
1 

CH20H 

VI -

s. 



HCON02 
1 

HCOAc 
1 

A cO CH 
1 

HCOAc 
1 

HCO _ ___, 
1 
CH20Ac 

VII -

NaOCH3) 
Me OH 

VIII -

6. 

+ methyl-~-D­
glucoside 

to render the still slower si de reaction RCH20N02 ~ RCHO + HH02 

of considerable importance. It was pointed out that the be­

haviour of these mononitrates was very similar to that obserTed 

with the corresponding p-toluenesulfonyl, sultonyl and halide 

derivatives. 

Laohman (6) coneluded that the denitration of nitro­

malle acid (IX) occurred both by normal hydrolysis and by the 

redox cleavage, and that these reactions proceeded at independ­

ant rates. In alkaline solution normal hydrolysis was cata­

lysed to a greater extent than the oxidation reaction, the size 

of the difference depending upon the solvent. In acid solution 

the redox cleavage predaminated. Lachman (6) had previously 

shown that dinitrotartaric acid in acid solution yielded quan­

titatively nitrite and dihydroxytartaric acid (X), which could 

be considered to be the dihydrate of the diketone (XI). In 

basic solution nitrite was again produced quantitatively, but 
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COOH COOH COOH 
1 1 1 
CH2 HOC OH C=O 
1 1 1 
CHN02 HOCOH C=O 
1 1 1 
COOH COOH COOH 

IX x XI ....... 

the dihydroxytartaric acid was decomposed into tartronie and 

oxalic acids. Normal hydrolysis of the nitrotartaric acid 

was aehieved only with concentrated nitric acid containing 

the stoianiometric amount of water. 

Nef (4) observed that alcoholic potassium hydroxide 

and glycol dinitrate reacted to give potassium nitrite and 

glycolic acid, which was presumably for.med by an intramolecular 

Cannizzaro reaction from the initial product, glyoxal. It was 

suggested that a keto-dialdehyde was an inter.mediate in the 

reaction of glyceryl trinitrate and aleoholic potassium hy­

droxide, the potassium salta of acetic, tor.mi~oxalic, mes­

oxalio, and nitrous aeids being actually isolated (4)(7))8). 

Berl and Delpy (8) round a, a'-glyeeryl dinitrate was also 

produced. The ratio of nitrate to nitrite reported by these 

workers was 1:2.37. T.he action of strong alkali on tully ni­

trated sugars and related polynitrates was reported to result 

in complex decompositions yielding considerable amounts of ni-

trite salta (9). 



In 1863 TiahanowitsCh (10) round that mannitol 

hexanitrate (XII) when treated in ether with dry ammonia 

a. 

gas yielded a mixture or products tram whiCh he isolated a 

crystalline pentanitrate (XIII), as well as what appeared to 

be an anhydromannitol tetranitrate and an anhydromannitol 

tetramine. Wigner (11) in 1903 reported that the pentanitrate 

was obtained in improved yield using pyridine instead or am­

monia in ether. In the pyridine reaction no lower nitrates 

or amino compounds were detected. Wigner also obtained a 

pentanitrate of dulcitol from the corresponding hexanitrate 

by the action or pyridine. Hayward (12) in 1951 reported a 

73% yield of the mannitol pentanitrate using dry pyridine and 

the hexanitrate. The pure pentanitrate was not attacked by 

pyridine in similar conditions. Hayward proved the substance 

to be the 1,2,3,5,6-pentanitrate (XIII) when methylation fol­

lowed by hydrogenolysis or the nitrate groups gave the known 

4-methyl-D-mannitol (XIV). Hayward also noted that during 

the partial denitration in pyridine brown nitrogen dioxide gas 

was evolved. It was not ascertained whether the nitrogen di­

oxide was a direct produet of the reaction, or whether nitric 

oxide was for.med and then oxidized on contact with air. 

The conversion of nitrocellulose to cellulose was 

of great interest for both commercial and theoretical reasons 

and several detailed reviews are available (9)(13)(14). De­

nitrations with aqueous alkalies, ammonia or alkali carbonates 

resulted in a deep-seated decomposition of the cellulose. The 



CH20N02 CH20N02, œ2 œ 
1 1 1 

02NOCH Ü2N0CH HOCH 
1 1 1 

02NOCH o2 Noœ HOCH 
1 1 1 

HCON02 HCŒ HCOCH3 
1 1 1 . 

HCON02. HCON02 HCŒ 
1 1 1 
CH20NÜ2 CH20N02 CH20H 

XII XIII XIV - - -

organic products isolated included carbon dioxide, ~or.mie, 

oxalic and other organic acids. Inorganic nitrates and ni-

trites, ammonia, cyanide and nitrogen were also identified. 

Acid hydrolysis of nitrocellulose resulted in degradation of 

the macromolecule and did not give complete denitration. In 

the commercial manufacture o~ nitrofilm and nitrosilk, denitra­

tion was aChieved by carrying out the denitration process in 

a reducing medium (15}(16). 

Wolfrom and co-workers (17} in 1947 described a 

method of simultaneous denitration and acetylation of ni-

trate esters by treating a solution of the nitrate in acetic 

anhydride with zinc dust and a suitable promoter. The most 

satisfactory promoter round was dry hydrogen chloride gas; an­

hydrous pyridine was also used, but it was said to give smaller 

yields. Cellulose nitrate, although successfully denitrated 

and acetylated by this process, was badly degraded. In 1951 

Wolfrom, Bower and Maher (18} reported a direct acetolysis, 

applicable to nitrate esters of small carbohydrate units, was 
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accomplished by the use of a sulfuric acid - acetic anhydride 

medium. 

The decomposition of cellulose nitrate by pyridin• 

at rocm temperature was studied by .Angeli (19) and Gia.nnini 

(20). Analysis of the carbohydrate products indicated tb.at 

the cellulose was degraded considerably and highly oxidized. 

Since the degree of denitration was not greàt, muCh of what 

denitration occurred was probably by the redox mechanism. 

Gladding and Purves (5) found that pure dry pyridine caused a 

vigorous decomposition of dissolved, stabilized guncotton at 

steam-bath t~perature. Nitrogen dioxide was evolved as a 

volatile pyridine complex that readily crystallized above 

the solution on eooling. 

Se gall ( 1) concluded from the s tudy of the publiahed 

resulta on the alkaline denitration ot nitrocellulose that "no 

detinite evidence was obtained for a possible variation in the 

reactivities of the tnree nitrate groups in eaah glucose unit 

or of the relative importanee of the various meehanisms 0f ni-

trate cleavage; except that redox cleavage probably oecurred 

to a great extent". 

Segall, interested in the relative reactivities ot 

the nitrate groups, studied the reaction of cellulose trini­

trate with pyridine in the presence or hydroxylamine, methoxy­

amine, and the corresponding hydroehlorides. Since mueb. of 

the denitration of nitrocellulose in pyridine was know.n to 
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occur by the redox reaction, it was thougnt that the above re­

agents would react with, and thus protect, the carbonyl groups 

as they were for.med. This action might then be expeeted to 

prevent secondary decomposition of the oxidized glucose resi­

dues, and per.mit the isolation of a s11ghtly degraded partial1y 

nitrated cellulose derivative. 

Segall found that the reaction of cellulose trini­

trate with a large excess of hydroxylamine in pyridine solu­

tion at room temperature was rapid and exother.mic. One mole 

of nitrogen sas was evolved per glucose residue. The analysis 

of the carbohydrate product, obtained in 98% yield, indieated 

1.7 nitrate and o.oa oxtme groups per arihydroglucose unit. 

Chain degradation was slight. Renitration almost to the tri­

nitrate, methylation and aeetylation to derivatives analysing 

for monomethyl and monoacetyl dinitrates confirmed the tact 

that the product was approximately a dinitrate. ~e resulta 

of iodination, with sodium iodide in acetone, showed that the 

nitrate group removed was of a secondary nature. The "dini­

trate" was stable for long periods of time in pyridine, 

pyridine-hydroxylwœine, and pyridine - methoxyamine hydroChlor­

ide. Segal1 claimed that this dinitrate was the first cellu­

lose nitrate to be reported as being stable to pyridine. These 

resulta suggested that the instability of cellulose trinitrate 

in pyridine-hydroxylamine solution was due to a specifie ni­

trate group in a definite position in the glucose residue. At­

tempts to reduce the monomethyl-dinitrate to a monomethyl cel-
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lulose and to determine the structures of the glucose methyl 

ethers whirih would be obtained after hydrolysis were unsuccess­

ful. This failure made it impossible to determine the location 

of the nitrate groups removed from cellulose by pyridine-hydrosyl­

amine. 

Methoxyamine in pyridine yielded the same "dinitrate" 

but there was no notieeable evolution of nitrogen gas in this 

reaction. 

Segall also observed that if cellulose trinitrate 

were treated with an excess of hydroxylamine hydroChloride in 

pyridine solution a reaction occurred whieh was slower tnan the 

corresponding reaction with free hydroxylamine. A gas eontain­

ing over 85% nitrous oxide, tbe remainder being nitrogen, was 

evolved. Analyais of the fibrous product iaolated in 85% yield 

ahowed a ratio of 1.7 nitrate to 1.0 oxime groupa per ,_anydro­

glucoae unit. Substitution of methoxyamine hydroehloride gave 

a fibrous product in 93% yield with the same value for the ra­

tio of nitrate and methyloxime groups. Reduetive aeetylation 

of the "oxime dinitrate" yielded a nitrate-tree product with 

the correct nitrogen analysia tor an oxyeellulose mono-oxtae 

triacetate. Iodination with sodium iodide in acetone of the 

"methyloxime dinitrate" failed to give clean-cut resulta but 

the analysis of the degraded produet suggested that the methyl­

oxime group was a ketoxtme. In support of this evidence it was 

round that the methyloxtœe group was very stable to hydrolysis, 

a property Charaeteristic of methylated ketoximes. 
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Because the cellulose dinitrate formed with the free 

base in pyridine was recovered unehanged from a solution of 

metho.xyamine hydrochloride in pyridine, Se gall suggested that 

the same nitrate group was attacked by both the free hydroxyl­

amine and i ts hydrochloride. 

Segall also postulated that the denitration in the 

hyd~oxylamine reaction was a result of the labile hydrogen in 

the hydroxylamine molecule and that the reaction proceeded ac­

cording to the following equations: 

-C-o-No2 + 
1 

1 
-0-0H * N02NHOH 

1 

The intermediate nitrohydroxylaminic acid was probably quickly 

reduced to nitrogen gas by the large excess of hydro.xylamine 

present. Segall assumed that the lack of gas evolution in the 

methoxyamine reaction was because of the weaker reducing ac-

tion of this base. 

Angeli (21)(22)(23) had carried out an extensive 

study of the reactions between methyl and ethyl nitrates and 

hydroxylamine. This worker found a non-oxidative denitration 

was acnieved and the disodium salt of the unstable nit~ohy­

droxylaminic acid was formed by the interaction of ethyl ni­

trate, sodium ethylate and hydroxylamine: 
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Analogous reactions giving nitro compounds from ethyl nitrate 

and substances containing active hydrogen have been reported 

{24): 

CH- CH 
Il tl + C2H50N02 
CH CH 
'NH/ 

+ 
CH- CNOOK 

KOC2H5 >" 1 
CH /CH 
'N/ 

CH- CN02 
Il Il 
CH CH 

'HB/ 

On the otber hand the reaction between cellulose tri-

nitrate and hydroxylamine hydroChloride was thought to have oc­

curred almost exclusively by the elimination or oxidation meChan-

ism: 

1 
HC-ON02 

1 

1 
firidine > C=O + HN02 

20H•HCl 1 

The liberated nitrous acid then reacted with the exeess hydroxyl­

amine hydrochloride in the tollowing manner: 

HN02 + NH20H•HCl (25). 



In this case the labile hydrogen present in the rree bydroxyl­

amine was assumed to have beeome more strongly bound in the hy­

droChloride. The original purpose or Segall's research was 

probably realized in this reaction since the denitration was 

presumably due solely to the action of the pyridine, while the 

hydroxylamine hydroChloride reacted with, and thus stabilized, 

the ketone derivative first for.med. 

L.D. Hayward (2) studied the interaction of hydroxyl­

amine in pyridine with methyl-~-D-glucoside~ 2,3,4,6-tetrani­

trate in an effort to throw more light on Segall•s resulta with 

cellulose trinitrate. Hayward found that a similar denitration 

proceeded quite vigorously, with the evolution of 1.26 moles of 

pure nitrogen. The reaction was halted arter several hours by 

pouring the mixture into water. Ether extraction following neu­

tralization yielded a syrup in greater tban 80% yield whiCh was 

shown to contain methyl-~-D-glucoside-2,3,6-trinitrate (XV) 

(53%), methyl-~-D-glucoside-3,6-dinitrate (XVI) (33%) and un­

identified me~yl-~-D-glucoside trinitrate (14%). The known 

3,6-dinitrate (XVI) was isolated in crystalline form direetly 

from the eth•r extraet while the methylglucoside-2,3,6-tri­

nitrate was methylated, hydrogenated, and acetylated, and iden­

tified as the known crystalline methyl-4-methyl-2,3,6-triacety~­

~-D-glucoside (XVII). Althougn the researCh added murih to knowl­

edge concer.ning the methyl glucoside tetranitrate, it completely 

failed to explain Segall•s resulta because about 70% of the ni­

trate groups were removed from the 4th position, which was not 
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available for nitration in cellulose. In this partieular ins­

tance, theretore, methylglucoside proved an unreliable model ot 

the cellulose repeating unit. 

CH30CH 
1 

HCON02 
1 

02NOŒ 
1 

HC<E 
1 

HC0---1 
1 
CH20N02 

xv -
CH30CH 

t 
HCOAc 

1 
AeOCH 

1 
HCOCH3 

1 
HCO----a 

1 
CH2 0Ae 

CH30CH 
1 

HCOH 
1 

02NOCH 
1 

HCŒI 
1 Hco _ ___. 
1 
CH20NÛ2 

XVI -

Hayward also reported that pure pyridine alone re­

aeted readily with methyl-a- and ~-D-glucoside tetranitrates. 

The solutions assumed a bright red eolor atter a tew minutes 

at rooa temperature, but no gas evolution was discernible • 

.After 12 hours, when the mixture was poured into water, neu­

tralized and e.xtraeted with ether, 53.8% of the original tetra-
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nitrate wae recovered. The producte remaining in the aqueous 

solution were not investigated. 

The reaction of certain methylglucoside nitrates 

with sodium iodide in acetone at 100° was round to result in 

denitration of same seoondary nitrate groups, as well as in 

the well-known replacement of primary nitrate groups by iodine 

atoms. Rutherford and Oldham (26) reported that the action 

of this reagent on methyl-2,3-dimethyl-~-D-glueoside-4,6-di­

nitrate (XVIII) yielded not only the expected methyl-6-iodo-

2,3-dimethyl-~-D-glucoside-4-nitrate (XIX) but also methyl-6-

iodo-2,3-dimethyl-~-D-glucoside (XX). The latter compound was 

usually the major product. Irvine and Rutherford (27) however 

obtained yields as high as 70~ of crude methyl-6-iodo-2,3-

dtmethyl~-D-glucoside-4-nitrate tram the corresponding 4 1 6-

dinitrate. The same reagent with methyl-4,6-ethylidene-~-D­

glucoside-2,3-dinitrate (XXI) was reported by several workers 

(28)(29) to cause the replacement of the nitrate in position a 

by an hydroxyl group. Dewar and Fort (30) found that methyl­

~-D-glucoside-2,3,4,6-tetranitrate under these conditions 

yielded a mixture of 2- (XXII) and 3- (XXIII} mononitrate-6-

iodo compounds, the 2-nitrate being produoed in greater amount. 

The 6-iodo group was readily converted to nitrate when treated 

with silver nitrate in acetonitrile solution. 

To sum up, the literature concerning the reactivity 

of nitrate groups in cellulose and methylglucosides clearly 

showed that differently located groups behaved in different 
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ways toward hydroxylamine in pyridine, to pyr~dine alone and 

to sodium iodide in a ketone solvant. Apart tram the selective 

iodination of primary nitrate groups brought about by the last­

named reagent, it appeared impossible to foretell the course 

of the reaction in any given case. No work other than that of 

Segall was round concerning the action of hydroxylamine hydro­

Chloride in pyridine on nitrates of the carbohydrate series. 
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DISCUSSION OF RESULTS 

A preliminary experiment eonfirmed the expectation 

that methyl-~-D-glucoside-2 13 1 4,6-tetranitrate reaoted with 

hydroxylamine hydrorihloride in pyridine. A gradual evolution 

ot a gas was observed, and the e0lor of the solution changed 

througn yellow to green within a short time. 

Polarimetrie observations or the solution revealed 

that at 20°0. the originally positive optioal rotation of 

methyl-~-D-glucoside tetranitrate, of perhaps [a]~ + s•, 
tell approximately according to the tirst-order rate expression 

and to a minimum levorotation of [a~0 - 9.75° atter nine hours 

(Figure 1, Table I). After twenty-two hours, however, the ro­

tation had slowly risen again to a lesa negative value. Color 

for.mation made it impossible to obtain accurate readings after 

this time. T.he shape of the optical rotation plot suggested 

that a selective reaction might be occurring initially, but on 

working up the mixture atter ten hours a considerable amount 

of the unreacted tetranitrate was discovered. The signifieance 

of the observed Change in rotation has remained obscure. 

A study of the gaseous product, whiCh in these ex­

perimenta was liberated over dry mercury in the Torioellian 

vacuum of a Lunge nitrometer, yielded some signitioant informa­

tion. The volume was determined at regular intervals atter 

transferring the liberated gas to the burette portion of the 
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apparatu8. T.he analysis of the gas was earried out in a Fisher 

Technical Model Orsat Apparatus, and the molecular weisnt was 

deter.mined by the gas density method (31). In the Orsat analysis, 

after a preliminary examination had indicated nitrous oxide, 

the gas was first passed through a pipet containing ethanol un-

til the volume became constant, in order to remove the nitrous 

oxide and the pyridine vapor. T.he same procedure was also em­

ployed by Segall (1). A turther relatively small decrease in 

volume resulting on passage througn the remaining pipets waa 

attributed to ethanol vapor alone. Orsat and molecular weight 

analyses showed that the reaction gas contained approximately 

70% nitrous oxide, the remainder being nitrogen. The analyses 

were nearly constant tor gases analyzed at different reaction 

times. 

An initial discrepancy between the Orsat analysis and 

the experimentally determined molecular weignt was traced to an 

inetficient "Dry Ice" trap which did not condense the pyridine 

vapor. When ~· gas was assumed to be a mixture of nitrou• 

oxide and nitrogen saturated with pyridine, the molecular weignt 

ot 40.8 caleulated from the Orsat analysis (Table II) agreed 

quite well with the value of 41.1 tound experimentally. To 

evaluate accurately the etfect of pyridine vapor, a molecular 

weignt deter.mination was performed on a gas sample eleven days 

after the evolution was complete and no Dry Ice trap was used. 

Both the density and the Orsat deter-minations then gave the 

identical aoleeular weight of 40.4, the assumption again being 



made that the gas was a mixture of nitrous oxide and nitrogen 

saturated with pyridine (see Table V). T.he actual value in 

this experiment corresponded to 38% nitrogen and only about 

62% of nitrous oxide. Since double the quantities of reaot­

ants were used and the gas studied was evolved in the first ten 

hours, this experiment also provided evidence that the solubi­

lity of nitrous oxide in pyridine attected the composition. 

An Orsat analysis of the gas liberated between 10 and 29.5 

hours from the same reaction ahowed a higner than uaual per­

centage of nitrous oxide. 

When the molecular weight apparatus possessed an ef­

ficient trap and in addition a calcium chloride drying tube, 

the observed value of 39.2 (Tabl• IV) was identical witn that 

calculated tor a mixture containing 70% nitrous oxide and 30% 

nitrogen. The valu• calculated from the Orsat analysis {Table 

II) was 39.5. Because of the undeter.mined effect of the hign 

solubility of nitrous oxide in pyridine, this estimate was be­

lieved to be the minimum value possible for nitrous oxide. 

One experiment was carried out in an effort to gain a rough 

estimate of the nitrous oxide remaining dissolved in the re­

action solution and it was round that at least one-third of 

an original 137.8 ml. of commercial nitrous oxide could be 

abaorbed irreversibly by a solution of 11.8 g. of hydroxyl­

amine hydroChloride in 59.7 g. of pyridine. 

In the Orsat analysis of a sample of commercial ni­

troua oxide, Segall round that a% was not absorbed by the pipe' 



eontaining ethanol. In his caleulations of the composition of 

the reaction gas he corrected for this amount on the assumption 

that it was all nitrous oxide. Althougn Segall•s obssrvation 

with commercial nitrous oxide was contirmed in the present re­

search, analysis by reduction with hydrogen (Table III), as 

wall as by molecular weight deter-minations, indieated that sev­

eral per cent of nitrogen was actually present. If this were 

the true explanation of Segall•s observation, the value of 85~ 

nitrous oxide for his reaction gas from cellulose trinitrate 

would be sligntly erroneous. The moleeular weigots obtained 

by Segall, however, agreed with the Orsat caleulations. 

Several rate of gas evolution plots are r•produced 

in Figure 2. It proved iœpossible to obtain accurately repro­

ducible resulta and the differences were assumed to be due to 

the higo and uncontrolled solubility of nitrous oxide in pyri­

dine. In the saae way, Segall attributed variations in the 

total volume of gas from the cellulose trinitrate reaction to 

the nitrous oxide remaining dissolved in ~e solution. In rur­
tner support of this view it was round that with double the 

usual quantities of reactants the volume of gas liberated in 

the first ten hours was considerably leas than expected (Curve 

c, Figure 2), and as mentioned earlier the gas itself contaimed 

a higher than usual percentage of nitrogen (Table V). 

T.he gas evolution data indicated that the most rapid 

reaction took place in the first fourteen to eignteen hours, 

the rate of evolution gradually slowing down after that tiae. 



Measurable quantities were still being given off, however, 

after forty-eight hours. Total volumes corresponding to 1.2 

to 1.5 moles per mole of glucoside were obtained after the 

longer reaction time. It was interesting to note that the 

minimua specifie rotation (Fig. 1) oceurred before the end 

of the rapid evolution of gas (Fig. 2). 

Attention was next direeted to the isolation of the 

carbohydrate produets from the methylglucoside tetranitrate -

hydroxylamine hydroChloride - pyridine reaction. Sinee a con­

siderable amount of nitrogen bad been detected, together with 

the nitrous oxide expected trom the parallel work by Segall, 

it was anticipated that some normal hydrolysis •• well as the 

redox cleavage of nitrate groups was occurring. !ne ratio of 

the two could hardly be estimated from the gas coaposition, be• 

cause of the indeterminate soltibility of nitrous oxide in py­

ridine, even if the doubttul assumption was made that ~e ni­

trogen was solely produced by the hydrolysis, and the nitroua 

oxide by the redox reaction. 

Hayward (2) diluted the methyl-~-D-glucoside tetra­

nitrate - hydroxylamine - pyridine solution with water, neu­

tralized the mixture with dilute sulfuric aeid, and extracted 

his produet with ether. When this procedure was applied, ar­

ter the present reaction had proceeded tor twenty-one hours, 

the neutralization caused the precipitation of 8% of unCbanged 

tetranitrate, While atter forty-four hours the amount was lesa 

than 2%. Hayward in contraat bad observed that all the tetra-
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nitrate was consumed within one hour, when free hydroxylamine 

replaced the hydroehloride in the reaction mixture. 

Ether extraction of the filtrate trom the tetrani­

trate precipitated after forty-tour hours yielded a yellow, 

viscous syrup (Syrup A) in an amount tb.at accounted for about 

45~ ot the original methoxyl content. 'rb.e resulta of :metho.xyl, 

total nitrogen and nitrate nitrogen analyses, as well as ot 

nearly quantitative hydrogenolysis to me~yl-~-D-glueopyranoside, 

showed that no Change other than partial denitration bad occurred. 

Syrup A was very si:railar in both analysis and appearance to the 

product Hayward first isolated from the tetranitrate, free hy­

droxylamine, and pyridine. The remaining halt of the products, 

whieh were presumed to be oximes, could not be removed from 

the neutralized aqueous solution by ether, even on continuoua 

extraction for several days. Re-extraction with butanol, how• 

ever, yielded a dark brown syrup Whieh also contained some in­

organic ma terial. This product was not investigated because 

the rollowing more clean-cut method of isolation was round a 

Short time later. 

When a large excess of Qhlorotorm was added to the 

pyridine reaction mixture, most of the excess hydroxylamine hy­

droahloride was precipitated. The ahloroform solution atter 

filtration still gave a strong Chloride test. Althougn the 

residue from the evaporation ot this solution was extraoted 

witb several solvents in an attempt to isolate the water-soluble 

portion, the resulta were unsuecesstul, and the removal ot the 
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contaminating Chloride ion from the original chloroform solu-

tion was then investigated. Silver carbonate or oxide was used 

for this purpose, but although these compounds removed all 

chloride ion from the solution and were known to destroy hydroxyl­

amine {32), silver ion invariably remained in the chlorofor.m 

solution. A brown-colored silver salt with a methoxyl content 

as high as 7.5% appeared at the interface when the filtered 

Chloroform solution was extracted with water. On evaporation 

of the filtered aqueous extract a similar yellow-brown preci­

pitate (methoxyl content about 6.5%) formed. Complete evapora­

tion yielded a syrup whiCh contained some silver nitrate as well 

as carbohydra te ma terial. Re-trea tment of this syrup in pyridine.­

chloroform converted all of the organic material to a silver 

derivative. The nitrogen contents of the silver oompounds were 

in the range from 12 to 14% and the diphenylamine test for the 

nitrate group was positive. The chloroform extraot on evapora­

tion also yielded a small amount of dark silver salt as well as 

a syrup which resembled Syrup A in yield and in its ability to 

give methyl-~-D-glucoside on hydrogenolysis. 

Methylation, witb silver oxide and methyl iodide, of 

several preparations of the silver derivatives having methoxyl 

contents greater than 5%, gave dark-brown, nitrate-free syrups 

with approximately the same nitrogen and methoxyl values. Re­

methylation of these oombined syrups increased the methoxyl 

contents only slightly and the ratio of methoxyl groups (34.4%) 



to nitrogen atoms (12.3%) was greater than unity. In a methyl­

polyketo glucoside polyoxime, wi th the type of structure ahown 

(XXIV), there would be at least one more methoxyl than nitro• 

CH30CH 
1 
C=fi'OCH3 
1 

CH30N=C 
1 

HCOCH3 
1 

HCO---' 
1 

HC=NQCH3 

XXIV -
gen per molecule. Hydrolysis of the remethylated product with 

tuming hydroehlorie acid as described by Semper and Liehtenstadt 

{33) for ketoxime methyl ethers, however, yielded a very dark 

produet from whiCh a small amount of a crystalline compound, 

probably ammonium ehloride, was isolated. Structure (XXIV), 

on ths contrary, would have gi ven methoxyamine hydrochloride 

NH20CH3•HCl. 

These experimenta seemed clearly to indieate the 

presence of non-nitrate, more acidic nitrogen atome in the wa-

ter-soluble products from the methyl-~-D-glucoside tetrani­

trate - hydroxylamine hydroChloride - pyridine reaction. The 

hign nitrogen contents of the silver salts and their methyl­

ated derivatives, as well as the definite lack of nitrate in 

the latter, were strong evidence that more than one nitrate 
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group in the methylglucoside tetranitrate molecule had reacted 

by the redox mechanism. Simple oximes are amphoteric, being 

both weakly basic and weakly acidic. Silver derivatives or 

many oximes, as for example benzaldoxime (34), oximinoacetone 

(35) and 1,2-dioximinopropane (36), have been reported. In 

the laboratory it was found that on the addition of silver ni­

trate to an aqueous solution of sodium dimethylglyoximate a 

nearly-white precipitate formed immediately. The free dimethyl­

glyoxime in ethanol however did not appear to react under 

similar conditions. This knowledge lent some support to the 

view that the silver salta isolated from the hydroxylamine hydro­

chloride reaction were mainly oxime derivatives. It was pos­

sible that inorganic salta such as the di-silver derivative of 

hyponitrous acid (25) AgON=NOAg might also have been present. 

The application of dioximes to analytical chemistry, 

especially to the determination of nickel, has been extensive 

and an excellent review la available (37). In an attempt to 

obtain an analogous nickel derivative from the present reac­

tion, a nickel salt was added to the neutralized (pH 7), ether­

extracted aqueous solution from which Syrup A had been re­

moved. A brown product was isolated in yields as high as 26%, 

based on the methoxyl content. The ratio of methoxyl groups 

to nickel to nitrogen atoms was 1 to 1 to greater than 3.5. 

Nitrate nitrogen was approximately zero, and no inorganic 

anions were detected. The base molecular weight (356) cal­

culated from the methoxyl content was unexplainably higher 
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than that {303} or a mono-nickel derivative or even the tetra-

oxime WhiCh mignt theoretically be derived rrom methyl-~-D­

glucopyranoside (c.r. structure XXIV). It was known that hy­

droxylanûne might co-ordinate with nickel salts as a neutral 

oomponent, as .for example in '(:ri(NH20H)s] S04 (38), but 

auch a possibility seemed unlikely in the present case. 

T.hree different isomers are theoretically possible 

.for a symmetrioal o-dioxime, and four for an unsy.mmetrieal 

o-dioxime. It was shown that the anti or a-dioximes (XXV) 

for.m stable red co-ordination complexes in which one nickel 

atom is bound to two molecules of dioxime. 

RC CR RC -CR RC- CR 
Il Il Il Il Il Il 
N N, N N N N 

HO/ OH HO/ HO/ 'œ 1 
HO 

!Bll amphi syn 

x:y;y gy,! XXVII 

~or Amphi-dioximes (XXVI) give 7ellow or green-yellow com­

pounds in which one molecule of dioxime is attaChed to one 

nickel atom, the hydrogen atoms of both oxime groups being 

replaeed by the metal. !hese are reported (37) to pass into 

the red, stable dioxime salta on contact with aeids. The 

~-dioximea (~-tor.m) (XXVII) are eompletely incapable ot 

forming oompounds with nickel. The methoxyl-to-nickel ratio 

in the nickel salta isolated in the present work related 
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them to the amphi-dioximes. Treatment with dilute acid, however, 

did not appear to have any effect other than that of slow solu­

tion. 

The principal conclusion from the consideration of 

the nickel derivatives was that a complete denitration by the 

redox meChanism affecting at least 26% of the tetranitrate, 

had occurred. If, as the nitrogen contents indicated, tri­

and tetra-oximes were for.med, the water-soluble reaction prod­

ucts might be expected to consist of a complex mixture of sev­

eral different polyoximes and their stereoisomers. 

At this point in the investigation, a procedure 

was discovered to isolate the water-soluble supposed oxime prod­

ucts in the uncombined state. All ehloride ion was readily 

removed from the filtered chlorofor.m solution of the reaction 

products by extraction with water. Evaporation of the chloro­

form layer yielded a clear glass (Syrup B) which represented 

a methoxyl recovery of 70%. Analysis showed 13.3% nitrogen 

of whiCh 9.7% was nitrate. No pure product was isolated from 

the aqueous extract by complete evaporation and subsequent 

extraction with solvants. In an attempt to remove the hydroxyl­

amine hydrochloride impurity in this extract by the action of a 

strongly basic ion.exChange resin, it was discovered that the 

oarbohydrate products were sufficiently acidic to be absorbed. 

The original aqueous extract was then poured through a column 

of the basic Amberlite IRA-410 exChanger. The pyridine, not 

being absorbed, was easily removed from the resin by washing 



with water. Glacial acetic acid liberated the carbohydrate 

product as a Chloride-free, amorphous, brown material (Syrup 

C), in yields of up to 15% based on the methoxyl content. Au­

tohydrolysis of the glycosidic methyl group seemed to occur 

slowly on complete drying. No nitrate nitrogen was present 

and the ratio of nitrogen atoms to methoxyl groups was about 

four to one. Syrup C reduced Fehling•s solution, could be 

titrated with sodium hydroxide, and yielded water-insoluble 

nickel and silver salts. 

Since Syrups B and C together aecounted for only 

about 85% of the original methoxyl groups, a searCh was made 

for the remainder in the excess hydroxylamine hydroChloride 

precipitated from the pyridine reaction mixture by the addi­

tion of Chlorofor.m. T.he ethanol mother liquors from the re­

crystallization of the hydrochloride gave a positive nit~ate 

test, had a small levorotation, and therefore probably con­

tained the rest of the product. 

No crystalline compounds had yet been isolated, 

and the analyses of all the sy~py products indicated that 

they were probably mixtures. Sinee the classical method ot 

deter.mining the composition of a mixture requires the isola­

tion and identification of pure co~onents, effo~t was dir• 

ected to the p~eparation and separation of crystalline deriv­

atives from the syrups. 

P~evious workers had Shown that nitrate ester groupa 



34. 

in carbOhydrates did not display the migratory tendencies of 

carboxylic ester groups (39), that complete methylation ot 

partially nitrated methylglucosides by methyl iodide and silver 

oxide could be achieved without loss ot nitrate groups, and 

that methyl e~ln.er groups were stable to procedures of reductive 

denitration (40)(29)(4l). As Hayward showed (2), a knowledge 

of the structures of the crystalline methyl-~-D-glucoside methyl 

ethers (or their acetates) formed in the above series of re­

actions would therefore reveal the identities of the methyl­

glucoside nitrates originally present. 

Methylation of Syrup A was completed in one eignt­

hour treatment with silver oxide and methyl iodide, as shown 

by analysis and by remethyla ti on of the syrupy product ( Syrup 

A-1). Hydrogenolysis of Syrup A-l was nearly quantitative and 

the nitrate-tree product (Syrup A-2) had a methoxyl content ap­

proximating that of a methylmonomethyl glucoside. On oxidation 

of Syrup A-2: with sodium metaperiodate, considerable oxidant 

was consumed, and a very small quantity of for.mic acid was 

produced. Acetylation ot Syrup A-2 yielded a syrupy product 

from which by chromatography on alumina the known crystalline 

methyl-4-methyl-~-D-glucoside-2,3,6-triacetate was isolated 

in greater than 25% yield. A syrupy traction with a methoxyl 

content intermediate between those tor acetylated methyl mono­

methyl and methyl dimethyl glucosides was also obtained, as 

well as a trace of another crystalline substance Which will 

be described in detail later under Syrup B-1. The above evi-
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denee indieated that Syrup A was quite similar to the produet 

isolated by Hayward (2) from the tetranitrate-free hydro~l­

amine reaction. 

Syrup B was divided into four fractions on the basis 

of its solubility in ehlorofor.m,water and diethyl ether (Figure 

3). The addition of both Chloroform and water resulted in 

complete dissolution of Syrup B. Syrup B-1 obtained on evapora­

tion of the Chloroform extraot was the largest fraction, amount­

ing to 62% of Syrup B. The aqueous extract, following re-ex­

traction with ehloroform to give a second small fraction (Syrup 

B-2), was eontinuously extraeted with ether for several daya 

until a negative test for nitrate was obtained from the water 

solution. The ether extraet on evaporation yielded a golden­

brown syrup whieh on complete drying readily beeame amorphoua. 

(Syrup B-3). The aqueous solution contained a fourth fraction 

(Syrup B-4) whiCh was also amorphous after drying in vacuo. 

Syrup B-1 was found by analysis, and hydrogenolysia 

to methyl-~-D-glueoside, to be similar in composition to Syrup 

A. On submitting Syrup B-1 to the same series of reactions 

undergone by Syrup A, i.e., methylation, denitration, aeetyla• 

tion and Chromatography, methyl-4-methyl-~-D-glucoside-2,3,6-

triacetate was isolated in 38% yield. Syrupy fractions were 

also obtained, one of whiah had a methoxyl content (25.8~) 

indicating it was possibly a mixture of methyl monomethyltri­

acetyl and methyl dimethyldiace~l-~-D-glucosides. By com­

bining a small crystalline fraction with the sample isolated 

previously from Syrup A, a suffieient quantity of a second 



FIGURE 3 

Division of Syrup B into Four Fractions 
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substance was made available to allow the determination of the 

melting point, 141.5-142.5° 1 methoxyl content (24.6%), nitrogen 

content (O.O%), and the specifie rotation [a] ~0 -40.7°. 

The methoxyl value was in agreement with that of 24.5% required 

for a mole-for-mole ratio in the above mixture of mono- and 

dimethyl acetates, and just below that of 24.8% for a methyl 

monomethyl-~-D-glucoside monoacetate. Hayward, it is interest­

ing to note, isolated a crystalline product the analysis of 

whiCh suggested that it was a methyl monomethyl glucoside tri-

acetate, but whiCh was in tact a mixture of unknown composition. 

An attempt to acetylate methyl-2,4-dimethyl-~-D-glucoside with 

acetic anhydride in pyridine yielded the hitherto unknown 3 1 6-

diacetate only as a colorless syrup, unsuited for comparison with 

the above substance. No description of other methyl dimethyl­

~-D-glucoside diacetates was round in the literature. 

Syrup B-2, which had methoxyl and total nitrogen con­

tents similar to those of Syrup B-1, was acetylated and then 

ehromatographed on alumina, employing the flowing teChnique. 

The resulta are summarized in Tables VII and VIII. One crys-

talline compound was isolated from the anhydrous benzene efflu­

ent in about 10% yield. The analysis and physical constants 

for this substance agreed with those reported by Bell and 

Synge (41) for methyl-4-acetyl-~-D-glucoside-2,3 1 6-trinitrate. 

The separation of this derivative therefore only confirmed 

what the earlier isolation of methyl-4-methyl-~-D-glucoside-

2,3,6-triaeetate had already indicated. 
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On similarly Chromatographing a syrup obtained on 

acetylation of the known methyl-~-D-glucoside-3,6-dinitrate 

with acetic anh7dride and pyridine, it was found that ethanol­

benzene was required to elute. the crystalline diacetate (29) 

from the alumina column. Seeding of the corre~onding fraction 

derived from the acetylated Syrup B-2 (Fraction 2, Table VII), 

with the above crystals did not cause crystallization and lett 

the identity of the unknown product in doubt. 

It is probable that direct chramatographing on alu­

mina of Syrups A and B-1, or of their acetylated derivatives, 

could have been utilized to separate and identify the reaction 

products, instead of the methylation and denitration teChniques, 

wh1Ch Hayw~rd had first used. T.he advantage of the latter pro­

cedure was that the series of methylglueoside methyl ethers is 

mueh more campletely characterized in the literature. 

Syrup B-3, the second largest (26$, Figure 3) of the 

four fractions from Syrup B, was know.n from its analysis to be 

mainly oxime in nature. Of a total nitrogen content of 16%, 

more than 13~ was non-nitrate and the ratio of nitrogen atom• 

to methoxyl groups was 2.7 to 1. Syrup B-3 was reducing to 

Fehling•s solution and for.med water-insoluble nickel and silver 

salta. The nickel derivative blackened on drying, and its 

methoxy+ content was lower than the nickel derivatives isolated 

earlier, indicating that some decomposition had probably ocourred. 

No means were tound to separate Syrup B-3 into its 



components directly, and the acetylated produet was prepared 

in the hope that it would be soluble in lesa polar solvents, 

and might therefore lend itself more readily than the original 

to Chromatography. Pyridine and aoetic anhydride were employed 

for the acetylation. Since the original reaction of methyl­

glucoside tetranitrate occurred in pyridine solution, this 

reagent would probably exert no further action on the oximes 

themselves. The combined action with acetic anhydride, how­

ever, might easily increase the complexity of the mixture. 

Acetylation of an aldoxime may yield not only the oxime acetate 

but also, by dehydration, the nitrile. Many aliphatie aldoximea 

in faet were dehydrated under all conditions (42). Hauser and 

Jordan (43) found that tertiary amines, ineluding pyridine, 

converted some aromatic acetyl-~-aldoximes to nitrile quanti­

tatively, while the a-aldoxime acetates remained unaffected. 

Hauser and Sullivan (44) prepared the acetyl derivatives of 

the easily dehydrated ~-isomers with aeetic anhydride at room 

temperature, the crystalline acetates separating on cooling 

the solution after five minutes. The dehydrating action of 

acetic anhydride was used to convert o-dioximes to furazans 

(XXVIII) (45). It was of course possible that heterocyelic 

rings were already present in Syrup B-3. Beckmann rearrange-

ments also migbt be found to occur in the present case. 

RC= N, 
1 0 

R1 C = N,... 

XXVIII 
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Addition of acetic anhydride to the pyridine solu­

tion of Syrup B-3 caused an almost ~ediate darkening even 

at 0°. The product was isolated as two fractions, a dark­

brown Syrup (B-3a) extracted from the aqueous mixture by 

chloroform, and a dark water-soluble syrup, whiCh did not crys­

tallize and was not studied. The action of dry benzene sub­

divided Syrup B-3a into a brown benzene-soluble syrup (B-3b), 

and a dark-brown benzene-insoluble powder whieh was no longer 

soluble in ohlorofor.m. Analysis, atter reprecipitation from 

acetone solution by ether, Showed a ratio of about four nitro­

gen atoms per methoxyl group in a molecular weigbt (oalculated 

from the methoxyl content} of about 370. This nitrate-tree 

amorphous product was not investigated further. 

Syrup B-3b did not cr,rstallize and so was Chromato­

graphed on a Florisil column employing the flowing teChnique 

(Table IX). Dry benzene, the first eluent, removed approxima­

tely one-half of the recoverable product, all portions of whi~ 

gave a strong nitrate test with the diphenylamine reagent. One 

crystalline compound (Compound A) was isolated from the benzen• 

effluent. Further elution with one per cent ethanol, in ben­

zene or ethylene dichloride, resulted in a further fractionation 

and removal of the second half of the recoverable material. The 

column when illuminated with ultraviolet lignt thep displayed 

four distinctly different zones of fluorescence. The lowest 

zone contained a second crystalline substance (Compound B) 

whiCh gave a negative test for nitrate. The remainder of the 
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product removed by the above solvent mixture gave either no~ 

or very little~ color with the diphenylamine reagent indicating 

that no nitrate was present. The analyses of Compounds A and 

B and of the two fractions ~ediately following them off the 

column~ as well as of a syrup representing the total ethanol­

benzene effluent~ are recorded in Table x. 

The nitrogen and methoxyl contents, and also the 

melting point, of Compound A agreed with those reported by 

Dewar~ Fort and McArthur (30) for methyl-3,4-diaoetyl-~-D­

gluooside-2,6-dinitrate (XXIX) but the specifie rotation, 

[a] 
that 

20 + 32.2° in ohlorofor.m was oonsiderably higher than 
D 
of [a] ~3 + 5. 8° reported by the se authors. It was be-

lieved however that the two oompounds were identioal. Sinoe 

the over-all yield of Compound A was well below 1%, the amount 

was insufficient to allow recrystallization to optioal purity. 

CH30CH 
1 

HCON02. 
1 

AcOCH 
1 

HCOAc 
1 

HCQ----1 
1 
CH20N02 

It was interesting to note that althougn Compound A 

was easily removed by benzene from both alumina and Florisil 
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methyl-2,4-diacetyl-~-D-gluooside-3,6-dinitrate was not. And, 

furthermore, Compound A was not detected in the Chromato-

·graphing of acetylated Syrup B-2. The syrupy fraction follow­

ing Compound A in the chromatogra.m had similar metho.xyl and 

total nitrogen contents. 

Analysis of Compound B indicated a ratio of three 

nitrogen atoms to one methoxyl group in a molecular weignt ot 

about 260, and no nitrate groups were present. The specifie 

rotation, [a]~0 -167°, was muoh more levorotatory than 

would be expected for a simple methyl-~-D-glucopyramoside 

derivative. The analysis of the syrup from the fluorescing 

band directly following Compound B was almost identical, but 

the specifie rotation [a J ~0 -67.5 was markedly different. 

Because of the low molecular weight {260) calculated from the 

methoxyl contents it seamed likely that there could be little 

acetyl substitution and the presence o.f another ring structure, 

as well as the pyranoside ring, was suspected. The only types 

of structures which even approximately fitted the analytical 

data were XXX, XXXI and XXXII. Un.fortunately, the yield o.f 

compound B was so small that no attempt to deter.mine its struc­

ture was possible. The analysis o.f the syrup, whiah represented 

all of the ethanol-benzene effluent from one Chromatogram, was 

s~ilar to, but not identieal with, that o.f Compound B. 

Chromatography o.f Syrup B-3b thus revealed a complex 

mixture but it was impossible to assess what proportion o.f the 

camplexity resulted from the acetylation. The isolation ot 
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one crystalline nitrate-free substance (Compound B) with 

hign methoxyl and nitrogen contents was conclusive proof 

that a complete removal of the nitrate groups in methyl­

~-D-glucoside tetranitrate had occurred. 

43. 

Syrup B-4, a small fraction, (Figure 3) was not 

studied extensively. Both Syrup B-4 and Syrup C were acidic, 

reducing to Fehling•s solution, nitrate-free, and both had 

similar nitrogen and methoxyl contents. Aeetylation of Syrup 

C with aeetic anhydride in pyridine yielded a Chlorofor.m­

soluble fraction (Syrup C~l), and a water-soluble fraction 

(Syrup C-2), as had been observed for Syrup B•3. The methoxyl 

content of the water-soluble Syrup C-2 was low (4%) and this 

observation was assumed to be related to the deereaae in 

methoxyl content of Syrup C itself on drying. Only a small 

portion of Syrup c-1 was soluble in benzene, and this frac-



tion was not investigated. The benzene-insoluble residue 

(Syrup C-3) was a dark-brown glass with a methoxyl-to-nitrogen 

ratio of one to four in a molecular weignt of about 360 (cal­

culated from the methoxyl value). The analysis of Syrup C-3 

was thus similar to that of the amorphous, benzene-insoluble 

fraction from Syrup B-3a. Syrup C-3 however was not obtained 

in the same amorphous, powdered for.m. 

Methylation of Syrup C with silver oxide and methyl 

iodide yielded a brown syrup with a methoxyl content (27.8%) 

considerably below that of 34% possessed by the syrup obtained 

earlier by methylation of the silver salta. The ratio of 

methoxyl groups to nitrogen atoms in the methylated Syrup C 

was unity. Since beth N-methyl and 0-methyl ethers of oximea 

are know.n (33) the methylated product might easily have been 

a more complioated mixture than the original Syrup c. 

An attempted purification, by Chromatography on 

alumina, of the very dark benzoyl derivative of Syrup C was 

unsuccesstul. It was hoped that by benzoylation a more ben­

zene-soluble derivative of Syrup C might be obtained whieh 

could then be aeparated into its compon~ts. 

Although the production of oximes in the methylglu­

coside - hydroxylamine hydroChloride - pyridine reaction seemed 

to have been conclusively demonstrated, it was felt that one 

final experiment would complete the evidence. Segall (1) ob­

served that cellulose trinitrate on interaction with methoxyl-



amine hydrochloride in pyridine yielded a substance analyzing 

for a cellulose "methyloxime dinitrate". The similar reaction 

with methyl-~-D-glucoside tetranitrate was therefore carried 

out and resulted in a good yield of a clear, dark-brown, vis­

cous, chloroform-soluble syrup (Syrup D) with a high methoxyl 

content.(34.5%). The ratio of methoxyl to non-nitrate nitro­

gan was 1.35 to 1. The methoxyamine hydroch1oride had there­

fore produced methyloximes. The 1ow nitrate-nitrogen content 

(3.4%) of Syrup D indicated that the redox mechanism predom­

inated in this case. 

A few experimenta were also made to e1ucidate the 

effect of pyridine alone on methyl-~-D-glucoside tetranitrate, 

previous information being restricted to Hayward's observation 

(2) that on1y 53.8% of the tetranitrate cou1d be recovered ar­

ter 12 hours. The quantity remaining after forty-four hours, 

the reaction time generally used in the present investigation, 

was found to be 20%, or considerably more than was recovered 

from the hydroxylamine hydroChloride - pyridine reagent after 

that 1ength of time. Investigation of the remaining carbo­

hydrate products showed that all were water-soluble, and one 

portion had a methoxyl content of 5.4% and a total nitrogen 

content of 10%. Crystal1ine pyridinium nitrate (46) was 

isolated, some having for.med on the wa1ls of the flask above 

the solution during the reaction. Nitric acid had therefore 

been 1iberated as auCh, as Gladding and Purves (5) had found 

for some glucose mononitrates after treatment with alkali. 



Hayward (47) also found a crystalline compound, with the same 

melting point and properties as pyridinium nitrate, while 

working up the methyl~-D-glucoside tetranitrate - pyridine 

reaction, but did not report this observation in his thesis. 

A trace of pyridinium nitrate was also obtained on 

one occasion from the tetranitrate - hydroxylamine hydroChlor­

ide - pyridine reaction. In this instance the reaction mix­

ture after dilution with Chloroform, filtration and evaporation 

was partially dissolved in ether. Some pyridinium nitrate 

crystallized from the ether solution on standing for several 

months. It was also noted that, on working up the reaction 

mixture by treatment of the diluted Chlorofor.m solution with 

silver carbonate, silver nitrate was formed. T.he isolation 

of pyridinium and silver nitrates was interpreted to mean 

that a direct action of the pyridine on the methylglucoside 

tetranitrate was not entirely suppressed, even in the presence 

of the large excess of hydroxylamine hydroahloride. 

The products of the methyl-13-D-glucoside tetrani­

trate - hydroxylamine hydrochloride - pyridine reaction were 

~ar too complex to permit complete identification and there­

fore no over-all meChanism could be suggested. The decomposi­

tion yielding nitrogen gas and a mixture of methyl-~-D-glucoside 

dinitrates and trinitrates, probably identical with that formed 

in the reaction of the tetranitrate with free hydroxylamine in 

pyridine, accounted for at least 55% of the products by weignt, 

representing a methoxyl recovery of 47%. The general equation 
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for this denitration was presumably that proposed by both Segall 

and Hayward, by analogy to the reaction studied by Angeli (21) 

of hydroxylamine with methyl and ethyl nitrates: 

1 
HCONOa 

1 

NH20H 
Pyridine "> 

1 
HCOH + N02NHOH • 

It was postulated, by Segall and Hayward, that the nitrohydroxyl­

aminic acid thus formed reacted w1th a second mole of hydroxyl­

amine to y1eld nitrous acid, nitrogen and water: 

• 

No proof of the existence of nitrous acid among the reaction 

products from the action of hydroxylamine - pyridine on eellulose 

trinitrate or methyl-~-D-glucoside tetranitrate was presented 

however. 

The above mechanism, to apply to the hydroxylamine 

hydrochloride - methyl-~-D-glucoside tetranitrate reaction, would 

require that there be some essentially free hydroxylamine in the 

solution. On the assumption that there existed a rivalry be­

tween the pyridine and the hydroxylamine for the hydrogen chlor­

ide molecules, the presence of the free hydroxylamine could be 

explained by the following equation: 

As Hayward (2) pointed out, free hydroxylamine in pyridine should 

be a strongly reducing medium, if it was analogous in its be-



haviour to hydroxylamine in potassium hydroxide solution. This 

solution is comparable to sodium sulfide in its reducing power 

(48) and like sodium sulfide, might readily reduce nitrate ester 

groups. 

The second main denitration occurred by the redox 

meChanism, the usual path followed by alkaline denitrations. 

The carbohydrate products were polyoximes which were mainly, if 

not entirely, nitrate-free. Thus it would appear that when one 

oxime group was formed in a molecule of methylglucoside tetra­

nitrate the remaining three nitrate groups were rendered very 

sensitive to the reagent. Since the rate of denitration of 

methyl-~-D-glucoside tetranitrate by pyridine alone was roughly 

comparable to the rate of the hydroxylamine hydrochloride -

pyridine reaction, the pyridine was perhaps the active denitra-

ting agent. In this event the hydroxylamine hydrochloride con-

densed with the ketone derivatives formed. The following equà• 

tiens, originally proposed by Segall to account for the products 

of the cellulose trinitrate - hydroxylamine hydroehloride -

pyridine reaction, were then assumed to be applicable to the 

methylglucoside tetranitrate - hydroxylamine hydrochloride re-

action as well. 

1 
HCON02 

1 

NH2Œ•HC1 
Pyridine ) 

1 
c=o + HN02 
1 
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A third reaction involving the direct cleavage of the 

elements of nitric acid, (or of nitrate ion), by the pyridine 

alone probably occurred to a small but unknown extent, by a 

meChanism that remained obscure. This reaction, together with 

the redox meChanism, would account for the remaining 45% by 

weight of the products. As already aentioned, the first decom­

position, leading to a mixture whose composition was close to 

that of a methylglucoside trinitrate, would yield about 0.5 molo 

of nitrogen gas from the approximately 50% of the starting mater­

ial decomposed in this way. Most of the remaining half, however, 

appeared to yield tri- or tetra-oximes by the second meChaniaœ 

and presumably o.s x 3 to 0.5 x 4 moles of nitrous oxide was 

evolved. On this basis the tacts that at least 1.5 moles of 

the mixed gases were recovered from eaCh mole of methylglucoside 

tetranitrate, and that at least 70% of the mixture was nitrous 

oxide, received a plausible explanation. 



EXPERIMENTAL PROCEDURES 

Special Precautions 

Great care was exercised at all times because of the 

well-known explosive character of nitrated carbohydrate deriva­

tives. The products from 8 g. of methyl-~-D-glucoside tetra­

nitrate were the largest quantiti•s ever combined for isolation, 

and this was done only after many experimenta limited to 2 g. 

quantities had shown the probability of an explosion under these 

conditions to be small. The nitrations were usually carried out 

with 5 g. of methyl-~-D-glucoside. However, near the conelusion 

of the work quantities as large as 15 g. were used without mis­

hap. 

All evaporations of solutions were perfor.med in ground­

glass apparatus, under reduced pressure, at bath temperatures 

below 50°. Syrupy samples for analysis were dried to constant 

weight at room temperature, at pressures below 1 mm., and in 

the presence of phosphorus pentoxide. Solid products were dried 

in an Abderhalden pistol !a vacuo at the temperature of boiling 

acetone. 

All melting points, unless otherwise stated, were un-

corrected. 
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Analytical Methods 

Nitrogen Determination 

Total nitrogen was determined by the micro-Kjeldahl 

method as modified by Gunning to include nitrate nitrogen (49). 

The weighing of syrupy samples presented a problem in this de­

termination. Generally, the syrup was weighed into a thin­

walled glass eup whieh could be broken easily once inside the di­

gestion tube. If a eup too heavy to shatter was used the digest­

ion tube was often cracked because of bumping during the heating. 

Complete solution in the sulfuric acid was also more difficult 

to aChieve in the latter case. On the other hand with thinner 

cups, when weighing the sample it was often difficult to transter 

viseous syrups without breaking the glass container. 

Nitrate nitrogen was deter.mined by Elving and McElroy•s 

semimicro modification of the du Pont nitrometer (50). A smaller 

apparatus, similar in design to the Elving and McElroy model, 

which was constructed in this Laboratory by G.M. Moulds, was alse 

used. 

Methoxzl Determination 

Methoxyl determinations were carried out by the Vieb3ck 

and Sehwappach method as desoribed by Clark (51). It was found 

more oonvenient however to prepare a stock solution of bromine 

in glacial acetie acid - potassium acetate solution, aocording 

to the directions of Hoffman and Wolfrom (52). The apparatus 

described in Gattermann•s handbook was also used (53). 
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Oxidation with Periodate 

An adaptation of the procedures described by several 

authors (54)(55)(56}(57) as devised by Hayward (2), was used. 

In this method a single lOO mg. to 200 mg. sample sufficed to 

reveal the polartmetric Change and the final amount of periodate 

consumed, as well as the for.mic aeid and for.maldehyde produced. 

Nickel 

Nickel was deter.mined both directly as the monoxide 

by combustion at 800° and as the insoluble dimethylglyoxime 

complex. With the substances used direct heating of the nickel 

salta in an open vessel caused an explosion whieh resulted in the 

loss of muah material. By wrapping the salt in a wet filter 

paper before heating this loss could be eliminated. In the di­

methylglyoxime determination the nickel salt (.05-.07 g.) was 

treated with 1 ml. of nitric acid, in whiah it dissolved readily, 

and the solution was evaporated on a steam bath. Because the 

residue was not completely soluble in water 3 ml. of concentrated 

hydrochloric acid and 1 ml. of nitric acid were added and the 

mixture was heated on a steam bath till solution occurred. Water 

(50 ml.) was then added and the procedure described by Willard 

and Diehl (58) followed. A 5% aqueous solution of sodium di­

methylglyoximate was used in place of the free dimethylglyoxime 

in ethanol. 
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Materials 

lOO% Nitrie Acid 

The nitric acid used in nitrations was prepared by 

the distillation of a mixture of concentrated sulfuric and 

fuming nitric acids (1:2) under reduced pressure in an all­

glass apparatus designed in this laboratory by G.D. Thorn. 

The distillate was colorless, and miscible without turbidity 

with chlorofor.m. 

Methyl-~-D-Glucopyranoside-
2,3.4,6-tetranitrate 

Methyl-~-D-glueoside was prepared by the method de­

scribed by Raymond and Schroeder (59) in an over-all yield o~ 

17% from anhydrous glucose. The glucoside was obtained aa the 

hem.ihydrate m.p. 105-107° 1 [a J EO - 32.7° (water, C = 4.73), 

after recryatallization from aleohol-ether. Raymond and 

Schroeder (59) reported m. p. 104-105° ( corr.), and [a J ~0 - 32° 

(H20, C = 5. 72 ). 

Nitration was performed as described by Brissaud (60) 

using a mixture oontaining acetic acid, acetic anhydride, and 

lOO% nitric acid (1:1:2). The yield of crude tetranitrate 

isolated by filtration, after pouring the reaction mixture into 

a large excess of ice water, was almost lOO%. T.he dried produet, 

after recrystallization from ethane+, and then benzene-petroleum 

ether (b.p. 80-100°) melted at 117-118~, and had the specifie ro­

tation [a J EO + 10° (CHCl3, C = 2.27). 



Bell and Synge (39) reported m.p. 116-118°, [a] ~O + 9.35° 

( CHCl3, C = 4). 

Palladized Charcoal Catalyst 

The palladium on chareoal catalyst used for the hydro­

genolysis of nitrate groups was prepared as described by Hartung 

(61). The hydrogen, a pure commercial electrolytic product, was 

transferred directly from the storage tank to the Adams Low-

Pressure Hydrogenator. 

Reagents and Solvants 

Reagent grade pyridine, purchased from the NiChols 

Chemical Co. Ltd. and British Drug Houses Ltd., dried over barium 

oxide and distilling in the range 115-115.3 1 was used in all ex­

perimenta. The hydroxylamine hydroeh1oride was a commercial 

"c.P." grade product. Impure hydroxylamine hydrochloride recovered 

from experimenta was recrysta11ized twice from ethanol before re-

use. 

Both commercial "c.P." silver oxide and the freshly 

prepared oxide (62) were used in methy1ations with no apparent 

difference. The Chlorofor.m was a constant boi1ing fraction 

60.5-61.2° obtained on disti11ing the technical grade material. 

Acetic aeid, acetic anhydride, methyl iodide and ether were pu­

rified by standard procedures (63)(64). Because many products 

were isolated as syrups and could not be readily purified, it 

was essential that all solvants be distilled to ensure that they 

left no residue on evaporation. 



Reaction of Hydroxylamine Hydrochloride 
with Methyl-~-D-glucoside Tetranitrate 
in Ptridine 

Change in Optical Rotation 

The Change in optical rotation was observed after 

1.000 g. of methyl-~-D-glucoside tetranitrate was dissolved in 

a pyridine solution containing 4.999 g. of hydroxylamine hydro­

Chloride, and the total volume made up to 25 ml. with pyridine. 

These amounts corresponded to a molar ratio of nitrate to hy-

droxylamine hydrochloride to pyridine of 1:27:116.5. Polari-

metric observations were made in a 1 dm. tube at 20°0. and are 

reproduced in Table I and in Figure 1. Because considerable 

color was produced in the reaction, it was impossible to obtain 

accurate readings after about 20 hours. If a longer tube, or 

if 6 g. of hydroxylamine hydrochloride were used this period of 

time became considerably shorter. (Table I, page 56) 

The Rate of Gas Evolution 

The determinations or the rate ot gas evolution were 

carried out under the Toricellian vacuum of a Lunge Nitrometer, 

using clean dry mercury as the confining liquid. In each experi­

ment 2.0 g. of tetranitrate was added to approximately 12· g. of 

hydroxylamine hydrochloride in 50 to 60 ml. of anhydrous pyri-

dine. It was observed that the total volume of gas obtained as 

well as the volumes at specifie times varied appreciably depend­

ing upon factors suCh as total volume of pyridine, the lengths 

of time between readings, the rrequenoy and violence of shaking 

the reaction vassel, and the magnitude of the vacuum applied. 



TABLE I 

OPTICAL ROTATION OF METHYL-~-D-GLUCOSIDE TETRANITRATE 
IN PYRIDINE-HYDROXYLAMINE HYDROCHLORIDE 

Time Il 
[a] ~0 (hrs. ) (ob s. ) 

0.25 .13 3.25 
o.s .07 1.75 
1.0 .01 0.25 
1.6 -.09 -2.25 
2.16 -.15 -3.75 

3.0 -.22 -5.50 
3.3 -.26 -6.50 
4.9 -.32 -s.oo 
7.9 -.39 -9.75 

11.5 -.39 -9.75 

22.5 -.24(a) -6.0 
25.0 -.la(a) -4.5 
26.4 -.14(a) -3.5 
27.5 -.13(a) -3.2 
29.5 -.13(a) -3.2 

(a) The solution was colored suf~icient­
ly so that accurate observations were 
impossible. However there was no doubt 
that the rotation had risen again after 
having been constant tor several hours. 

56. 

Curves of the same general outline were always obtained. T.bree 

plots, eorrected for the ealculated volume of pyridine assumed 

to be present (65), are reproduced in Figure 2. Measurable 

quantities of gas were still being evolved after 48 hours at 

wh1Ch time values ranging from 1.2 to 1.5 moles per mole of 

glucoside were observed. 
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A b~ank experiment, omitting the tetranitrate, showed 

that under these conditions the volume of gas given off from 60 

ml. of pyridine and 12.0 g. of hydroxylamine hydrochloride was 

less than 0.3 ml. 

The following experiment was perfor.med in an effort 

to gain a rough estimate of the solubility of nitrous oxide in 

the reaction solution. Commercial nitrous oxide (137.8 ml.) was 

added to the gas burette of the Lunge nitrometer, the bulb of 

whieh contained a solution of 11.8 g. of hydroxylamine hydro­

chloride in 59.7 g. of pyridine. The gas was then plaoed in 

contact with the pyridine solution at atmospheric pressure for 

17 hours, at which time the volume unabsorbed was 90.5 ml. At­

ter removal of this gas from the reaction vassel and application . 

of the Toricellian yacuum to the solution for 10 daye, the total 

residual volume of gas was 91.7 ml. That is 33.5% of the 

original nitrous oxide was dissolved in an irreversible way. 

Analzsis of the Evolved Gas 

On mixing the evolved gas with air no brown color was 

produced and in consequence little or no nitric oxide was pres­

ent. The quantitative analysis of the gas was carried out in a 

Fisher Technical Model Orsat apparatus fitted with pipets con­

taining potassium hydroxide, potassium pyrogallate, acid cuprous 

sulfate-~-naphthol {66) and ethanol, for absorption of carbon 

dioxide, oxygen, carbon monoxide, and nitrous oxide, respectively. 

Five per cent sulfuric acid solution was used as the confining 

liquid. In a preliminary experiment it was shown that the gas 
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was somewhat soluble in the first three of the above-mentioned 

reagents and was highly soluble in ethanol, or had solubilities 

indicative of nitrous oxide. The solubility of nitrous oxide 

was known to be 2.77 ml. per 1 ml. of ethanol at 26°C. (67). 

This fact was utilized in analyzing quantitatively for nitrous 

oxide. To remove all the nitrous oxide a measured volume of 

the reaction gas was first passed in and out of the alcohol 

pipet until no further absorption occurred, and then was passed 

through each of the other three reagents. The remaining gas 

was assumed to be nitrogen. The results for commercial nitrous 

oxide and the reaction gas are recorded in Table II. 

TABLE II 

ANALYSIS OF COMMERCIAL NITROUS OXIDE AND THE GAS FROM THE 
METHYL-~-D-GLUCOSIDE TETRANITRATE - HYDROXYLAMINE 

HYDROCHLORIDE - PYRIDINE REACTION (a) 

Initial Volume of Commercial Nitrous Oxide 
Initial Volume of Reaction Gas 

99.8 ml. 
98.5 ml. 

Absorbent 

Ethanol 
Potassium Hydroxide 
Potassium Pyrogallate 
Acid Cuprous Sulfate-~-Naphthol 
Potassium Hydroxide (repass) 

Residual Volume (ml.) 
Commercial Reaction 

Gas Gas 

10.0 
9.9 
8.6 
8.6 
8.4 

30.5 
30.2 
27.4 
27.3, 
27.3 

(a) Methyl-~-D-glucoside tetranitrate (2.097 g.) 
and 12.062 g. of hydro~lamine hydroChloride in 
60 ml. of anhydrous pyridine for 26 hours. 
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Nitrous oxide is reduced by hydrogen in the presence 

of a glowing platinum wire to yield nitrogen and water. The 

commercial nitrous oxide was treated with hydrogen in the slow 

combustion pipet of the Orsat apparatus, and the resulta of 

four consecutive determinations are shown in Table III. The 

percentage of nitrous oxide was caleulated fro.m the following 

equation: 

where 

and 

VN20 
VH2 

Vrinal 

+ V final 
x 100 

VN 0 was the initial volume of nitrous oxide, 
2 

VH
2 

the initial volume of hydrogen 

V the final volume after combustion. final 

TABLE III 

ANALYSIS OF COMMERCIAL NITROUS OXIDE 
BY COMBUSTION WITH HYDROGEN 

E!}2eriment 

__.!_ 2 3 -
42.1 52.1 55.7 
49.2 65.0 65.0 

50.8 68.5 69.7 

4 

58.25 
75.15 

78.8 

VN20 + VH2 - Vfinal 40.5 48.6 51.0 54.6 

% Nitrous Oxide 96.0 93.4 91.6 93.9 

Mean % Nitrous Oxide 94.0 
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The molecular weignts o~ the gases were deter.mined in 

a gas density apparatus similar to that described by Daniela, 

Mathews and Williams (31). The reaction gas was passed ~rom 

the nitrometer burette through a calcium chloride tube and a 

"Dry Ice" trap into a previously counterpoised and evacuated 

bulb of known volume. A~ter recording the pressure and tem-

perature or the gas, the bulb was closed by means or a stop­

cook, wiped with a moist Chamois cloth, and allowed to stand 

at room temperature for ten minutes. The eounterpoise was a 

second bulb of similar dimensions containing air at atmospherie 

pressure but otherwise treated in the same manner, and the 

weight o~ the gas sample was determined by di~~erence. The 

moleeular weight M was caleulated ~rom the equation: 

M = 

where g was the sample weight in grams, 
T the absolute temperature, 
R the universal gas constant, 82.07, 
p the pressure in atmospheres 

and V the volume in ml. 

Resulta of the deter.minations on commercial nitrous oxide and 

the gas evolved from the methyl-~-D-glucoside tetranitrate -

hydroxylamine hydroChloride - pyridine mixture are recorded 

in Table IV. 

The molecular weight of the reaction gas was calculated 

as follows from the Orsat analysis (Table II) on the assumption 

that the gas was a mixture o~ nitrous oxide and nitrogen. 



TABLE IV 

GAS MOLECULAR WEIGHT DETERMINATIONS 

Volume (V) 
Pressure (p) 
Temperature (T) 
Weight of Sample (g.) 
Molecular Weignt {M} 

Commercial 
Nitrous Oxide 

153.5 ml. 
550.0 mm. 
297. 2°K. 

0.1953 g. 
42.9 

ReactiQn 
Gas (aJ 

153.5 ml. 
265.0 mm. 
297. 8°K. 

o. 0860 g. 
39.2 

(a) From methyl-~-D-glucoside tetranitrate 
{2.00 g.} and 12.00 g. of hydro~1amine 
hydroeh1oride in 50 ml. of pyridine after 
73 hours. 

Calculations -

61. 

Commercial 
Nitrogen 

153.5 ml. 
608.0 mm. 
298. 9°K. 

0.1405 g. 
28.07 

1. The mo1ecular weight assuming the gas was saturated with 

pyridine vapor: 

M • 27.3 
98.5 

• 28.0 + 2 6 (a) 
• • 91.0 + 

98.5 
68. 6{b} • 44.0 = 
98.5 

40.85 

2.. The molecular weigb.t assuming all pyridine was removed: 

M • 27.3 • 28.0 + 
95.5(c) 

68. s< b > • 44. o 
95.5(c} 

(a) Calculated from the vapor pressure of pyridine 
at 299.1°K. {65). 

(b) and (c), page 62. 

---- - --------------



Calculations (cont'd) 

(b} The volume of nitrous oxide waa calculated 
by subtracting the final residual volume plus 
the calculated volume of pyridine vapor, from 
the original volume of gas. 

{c} The measured total volume was corrected for 
the calculated volume of pyridine vapor present 
when the Orsat analysis was carried out. 

62. 

In the first determinations no calcium chloride tube 

was used in the molecular weignt apparatus. The values obtained 

were 41.1 and 41.2 in two different experimenta, whereas the 

value calculated from the Orsat analysis (Table II}, on the as­

sumption that the gas was saturated with pyridine vapor, was 

40.85. For the determination of the reaction gas recorded in 

Table IV, the original Dry Ice trap was replaced by a second 

smaller and presumably more efficient one, and in addition the 

gas was passed through a calcium Chloride drying tube. 

The Orsat analysis and the molecular weight of the 

gas from another experiment whiCh was designed to establiSh 

the effect of pyridine vapor, are recorded in Table v. The 

gas density determination was perfor.œed 11 days after the evolu­

tion had taken place, and no Dry Iee was used. Analysis of the 

gas evolved in the same reaction, between 10 and 25 hours, showed 

that of an original 92.8 ml. of ~s all but 17.0 ml. was ab­

sorbed by the Oraat reagents. This result corresponded to a 

mixture of 81% ni trous oxide and 19% nitrogen. 

The actual molecular weight of the commercial ni trous 

oxide was not definitely established. A second determination 



TABLE V 

THE ANALYSIS AND MOLECULAR WEIGHT OF THE G.(l.S FROM 
METHYL-~-D-GLUCOSIDE TETRANITRATE - HYDROXYLAMINE 

HYDROCHLORIDE - PYRIDINE AFTER 10 HOURS (a) 

Orsat Analysis 

Original Volume 
Volume after Ethanol 
Final Volume (after 

passage through the other 
pipets) 

Molecular Weispt (experimental) 

Volume (v) 
Pressure (p) 
Temperature (T) 
Weignt of Sample (g.) 
Molecular Weight (M) 

Molecular Weiep:t 

(Calc'd from Orsat Va1ues)(b) 

62.6 ml. 
22.2 ml. 

20.0 ml. 

153.5 ml. 
293.6 nnn. 
297.3°K. 

0.0982 g. 
40.4 -

M • 20.0 
62.6 

• 28.0+ 41.0 
62.6 

1 6(c) 
• 44 0 + • • 91.0 • 62.6 

M = !Q:.! 

(a) The gas was evolved in 10 hours from 
4.01 g. of methyl-~-D-glueoside tetrani­
trate and 23.25 g. of hydroxy1amine hydro­
ch1oride in 110 ml. of pyridine oontained 
in the Lunge nitrometer. 

(b) Ca1culated on the assumption that the 
gas was a mixture of nitrous oxide and ni­
trogen saturated with pyridine vapor. 

(c) The ca1culated volume of pyridine vapor 
in 62.6 ml. of gas at 297.3°K. was 1.6 mle 

63. 



gave the value 42.2. Several other attempts yielded only lower 

values. The discrepancies were attributed to the rubber hose 

connection rrom the cylinder, whiCh must have allowed air to 

enter. Unfortunately the remaining gas was accidentally lost 

so that this point was not cleared up. Correct values for 

commercial nitrogen were realized in three dirrerent determina­

tions so that there was no doubt about the accuracy obtainable 

from the molecular weight apparatus. 

Isolation of the Carbohydrate Products 

The same general reaction conditions were maintained 

in all experimenta. A solution containing 12.0 g. of hydroxyl­

amine hydrochloride (previously dried at 100° for one hour) in 

50 ml. of freshly distilled pyridine was added to 2.00 g. of 

methyl-~-D-glucoside tetranitrate in a 125 ml. Erlenmeyer flask. 

This was a molar ratio of 1 of nitrate to 32.2 of hydrochloride 

to 116.5 of pyridine. A one-holed rubber stopper connected to 

a calcium chloride drying tube protected the reaction from out­

aide moisture. The reaction time was varied from 10 to 48 hours 

during the course of the researCh and several different proce­

dures of isolation were attempted. Usually each 2 g. run was 

worked up separately. However, after the resulta for a parti­

cular methoà were fully know.n, and larger quantities of prod­

ucts were required, several runa would be combined to speed the 

isolationa. The yields reported are based on 2 g. of tetrani­

trate unless otherwise stated. 



Isolation involving Ether Extraction 
After Sulfuric Acid Neutralization 
(Syrup A) 

The reaction mixture was poured into 150 ml. of dis­

tilled water. The aqueous mixture was rendered just acid to 

Congo Red indicator by the addition of dilute sulfuric acid 

(4-6N) and allowed to stand overnight at 5°C. Filtration re-

moved some unreacted tetranitrate -- at 21 hours as much as 

0.15 g. was recovered, whi1e after 44 hours 0.03 g. was obtained. 

The fi1trate was extracted with two 100 ml. and two 50 ml. vol-

umes of ether. T.he combined extracts were washed with water, 

dried over anhydrous sodium sulfate, and evaporated to give a 

light yellow viscous syrup (Syrup A). Yield on the average was 

0.76 g. after 44 hours. The analyses of samp1es of Syrup A 

isolated at different reaction times were approximately constant. 

Anal.: Calc•d for methy1glucoside trinitrate, C7H11012N3: 

OOH3 1 9.42%; N, 12.8%. 

Found: OCH3, 9.34, 9.45%; N (micro-Kjeldanl), 11.9, 

12.0%; N (nitrate), 11.3, 11.5%. 

Syrup A did not crystallize after standing in a desiccator with 

phosphorus pentoxide for severa! months. 

Continuous ether extraction after the manual ether ex-

traction of the aqueous solution yielded less than 0.03 g. This 

material in one experiment appeared to partial1y crystallize, 

but attempts to separate the crystalline substance from the syrup~ 

contaminant were unsuccessful. 
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Extraction with four lOO ml. volumes of n-butanol, 

directly following the manual ether extraction of the product 

from a 21-hour run, yielded 0.35 g. of a dark brown syrup with 

the composition OCH3, 10.1, 10.6%, and N, 14.1, 14.8%. This 

substance on burning left an ash, did not crystallize and was 

not studied further. 

Four grams of nickel nitrate hexahydrate was added 

to the aqueous solution from a 44-hour reaction, after extrac­

tion with ether and neutralization with dilute ammonium hydroxide. 

The brown precipitate (0.36 g.) contained methoxyl group, nickel 

and non-nitrate nitrogen in the ratios 1:1.02:3.75. 

Anal.: OCH3 , 8.41, 8.48%; N (micro-Kjeldahl}, 15.0, 15.0%. 

N (nitrate), O.O%; Ni, 16.1, 16.5%. 

In a second 44-hour experiment, 7.5 ml. of a 10% solu­

tion of nickel sulfate hexahydrate was added and the resulting 

brown flocculent precipitate weighed 0.51 g. 

Anal.: OCH3, 8.65, 8.70% N (miero-Kjeldahl), 13.9, 14.0%; 
Ni, 16.0, 16.6%. 

The molar ratios of OCH3 : Ni : N were 1:0.99:3.56. On treat­

ment with dilute sulfuric acid the material slowly dissolved. 

T.he maximum total recovery of methoxyl group aGhieved 

by ether extraction combined with nickel salt precipitation was 



Isolation by Removal of Hydroxyl­
amine HydroChloride with Silver 
Oxide and Carbonate 

67. 

Atter removal of the relatively large amount of excess 

hydroxylamine hydroChloride precipitated on addition of chloro­

for.m (250 ml.) to the reaction medium, 5 g. to 10 g. of silver 

carbonate or oxide was added and the mixture stirred until a 

negative test for Chloride ion was given. Similar resulta were 

obtained with both silver salta, either with slow addition over 

a period of 2 to 4 hours, or by complete addition at one time. 

In every case the hydroxylamine was decomposed and silver ion 

was introdueed into the chlorofor.m solution. 

After filtration, the green chlorofor.m solution was 

extracted with six 50 ml. volumes of water. A brown silver salt 

which collected at the interface between the two layera was re­

moved by filtration. Previous centrifugation, whiCh caused the 

salt to form into a cake, facilitated its removal. In one 23-

hour experiment the yield of this salt was 0.10 g., OCH3 7.5~. 

During the evaporation of the combined aqueous extracts Oe24 g. 

of a yellow powder, OCH3, 6.5%, precipitated. In the same ex­

periment after filtration and complete evaporation a levorotatory 

syrup (0.5 g., OGH3 2.5%), whiCh darkened on drying, was obtained. 

This syrup gave positive tests for silver and nitrate, and crys­

tals of silver nitrate for.med in the dry produet. Another treat­

ment with silver oxide of the syrup in chlorofor.m-pyridine solu­

tion yielded a further 0.10 g. of solid product. The final resi-

due on complete evaporation was mainly silver nitrate. 
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The Chloroform extract from the same 23-hour experi­

ment on evaporation yielded 0.78 g. of an ether-soluble syrup, 

as well as 0.06 g. of a dark silver salt whiCh was removed from 

the flask by solution in pyridine. Hydrogenolysis of an un­

weighed portion of the syrup, by the procedure described in de­

tail later under the hydrogenolysis of Syrup A, yielded crude 

methyl-~-D-glucoside. 

It was found that the methoxyl contents of the silver 

products precipitated during the aqueous extraction and subse-

quent evaporation of the filtered aqueous solution were in the 

range 5.5 to 7.5%, and the nitrogen contents were 12 to 13%. 

Products with methoxyl values as low as 2% were obtained on re~ 

treatment of the water soluble syrup. In an ash determination 

on one salt (OCH3 , 4.25%, N, 13.3%) a 39.5% residue was left. 

Isolation by Dilution with Chloro­
form, and Aqueous Extraction. 
(Syrups B and C) 

Chloroform (250 ml.) was added to the reaction solu­

tion and. the mixture was left overnight at 5°0. After filtration 

of the precipitated hydroxylamine hydrochloride (lo.o g.) the 

solution was extracted with four volumes of water, amounting al­

together to 100-200 ml., until a negative chloride test was ob­

tained for the Chlorofor.m layer with alcoholic silver nitrate 

reagent. on complete evaporation at reduced pressure the chloro­

form solution yie1ded 1.17 to 1.18 g. (44-bour reaction ttme) 

of a viscous green syrup (Syrup B). This material on long dry-



ing turned into a brown glass. 

APal.: OCH3, 10.0, 10.1%; N (miero-Kje1dah1) 13.3, 13.3%; 

N (nitrometer), 9.6, 9.9%. 

69. 

The eombined aqueous extraets were passed through a 

eolumn, 18 by 3.5 cm.,of Amberlite IRA-410 cation exchange resin, 

a product of Rohm and Haas Company. The resin was previously 

activated by treatment with 10% sodium hydroxide followed by 

distilled water, whi~ was added until the aqueous effluent 

was neutral. After the aqueous extract was on the column, dis­

tilled water was added until no further pyridine was removed, 

and then the column was allowed to drain. A negative test for 

both nitrate and chloride ions was obtained from the effluent. 

The upper portion of the column, which retained the acidic 

substances, became lighter in color tban the original brown 

Amberlite rasin, and a narrow red band formed at the junction 

between the two zones. Gas from the decomposed hydroxylamine 

hydrochloride tended to disrupt the top part of the oolumn if 

the diameter of the tube were small. 

The dried Amberlite rasin was transferred to a beaker. 

Acetic acid (80 to lOO ml.) was added, the mixture stirred for 

an hour and filtered. Another 80-100 ml. of acetic acid was 

added to the resin and the extraction process repeated. The 

rasin was washed with lOO ml. of ethanol in some experimenta 

and with an equal volume of water in others. It was observed 

that dilute acetic acid (15% or less) failed to remove the car-



70. 

bohydrate materia1 from the resin. The combined extracts, whiCh 

gave a negative cih1oride test, were evaporated at reduced pres­

sure to yie1d 0.25 to 0.28 g. (reaction time 40-48 hours) of a 

1ight brown syrup (Syrup C) which on complete drying became 

mainly amorphous. Methoxyl contents varying from 10.4 to 7.5% 

were found. The methoxy1 value of one sample dropped from 8.8 

to 7.5% during storage for four weeks in a desiccator over phos­

phorus pentoxide. Most values determined short1y after isola­

tion were above 9.0%. Nitrogen analyses varied from 15.3 to 

18.0%. The product with the highest methoxyl content observed 

gave the following figures: oca3 , 10.4, 10.4%; N (micro­

Kjeldahl), 15.3, 15.4%; N (nitrometer), o.o%. The product with 

the 1owest methoxyl content gave this ana1ysis: oca3 , 7.59 1 

7.55%; N (micro-Kjeldahl), 18.4, 17,7t{o. Syrup C reduced Fehling's 

solution and for.med water-insoluble nickel or silver salta. It 

gave a dark red-brown color with ferric Chloride. A neutraliza­

tion equivalent of approximately 300 was obtained for one sample. 

The total recovery of methoxy1 by this method was 

greater than 85%. At least a portion of the remaining 15% had 

been inadvertently removed with the excess hydroxylamine hydro­

Chloride, for the concentrated ethanolic mother liquors from the 

purification of the recovered hydroehloride gave a positive ni­

trate test and were levorotatory. 



Experimenta on the Isolated Syrups 
A, B, and C, and the Silver Salts 

Hydrogenolysis of Syrup A 

71. 

Syrup A (0.44 g.) in ethanol solution was hydrogenated, 

according to Kuhn•s procedure (68), in the Adams Low-Pressure Hy­

drogenator, using palladized-charcoal catalyst, until a negative 

nitrate test with the diphenylamine reagent was obtained. The 

solution after filtration was evaporated at reduced pressure to 

a yellow syrup weighing 0.28 g. which crystallized readily with­

out seeding. The theoretical yield of methyl-~-D-glucoside 

hemihydrate calculated from the methoxyl content of Syrup A was 

0.27 g. Following recrystallization of the crude product from 

ethanol, a mixed melting point with authentic methyl-~-D-gluco­

side {m.p. 105-108') showed no depression. 

A similar hydrogenolysis of 0.429 g. of methyl-~-D­

glucoside tetranitrate gave 0.229 g. or greater than 98% of 

theory of crude methyl-~-D-glucoside. 

Methylation of Syrup A 

Syrup A (2.68 g., 21-hour reaction time) was dissolved 

in 75 ml. of metbyl iodide. After the addition of 10 g. of dry 

silver oxide and 4 g. of powdered Drierite, the mixture was 

heated under reflux on a steam bath for 8 hours, then filtered 

and the solids washed on the funnel, wi th boiling chlorot·orm. 

Evaporation of the combined filtrates yielded 2.68 g. of a 

light-yellow mobile syrup (Syrup A-1). Remethylation of a por­

tion of Syrup A-l in sim.ilar conditions did not increase the 



methoxyl content. 

Anal.: Calc'd for methyl-methyl-~-D-glucoside-trinitrate 

CaH13o12N3 : OCH3 , 18.1%; N, 12.2%. 

Found: OCH3 , 18.3, 18.1%; N, 11.1, 11.1%. 

72. 

The product from a 44-hour reaction af'ter three similar methyl-

ations had the same nitrogen and methoxyl contents. 

Hydrosenolysis of Syrup A-1 

Syrup A-1 {0.47 g. {see above) ) was hydrogenated 

in alcohol solution as previously described for Syrup A. The 

pressure became constant in less than one hour and the solution 

then gave a negative test for nitrate. After removal of' the 

catalyst by filtration, the solution was evaporated to give 0.31 

g. of a viscous yellow syrup {Syrup A-2). 

Anal.: OCH3 , 29.4 1 29.4%; N (micro-Kjeldahl) 0.61, 0.46%. 

Oxidation of Syrup A-2 (0.1456 g.) with 0.14 N sodium 

metaperiodate solution was found to consume 0.63 x lo-3 mole of 

oxidant. If a molecular weight of 208 were assumed for Syrup 

A-2, then that amount of periodate corresponded to a consumption 

of 0.90 mole per mole of sugar. The rotation of the oxidizing 

solution reached a constant value [a J fi0 - 80.6° within less 

than 45 minutes. Since a portion of Syrup A-2 was water-insolu­

ble and separated on the walls of the reaction flask, the above 

specifie rotation value was probably low in magnitude. Speci­

fie rotations f'ound by Hayward after oxidation in sodium meta-



periodate solution of approximately the same normality were 

[a J go -125.8° for methyl-4-methyl-~-D-glucoside, and 

73. 

[a] ~0 -122.1° for methyl-~-D-glucoside. Titration to the 

initial pH required 0.36 x 10-4 mole of base. This corresponded 

to •05 mole of for.mic acid per mole of sugar, based on a molecu-

lar weight of 208. A precipitate with dimedon, m.p. 170-173° 1 

weighed 0.1355 g. The significance of this product was unknown 

since dimedon itself melted at 148-149°, while the pure formal­

dehyde-dimedon compound was reported (57) to melt at 189-190°. 

Chromatography of Acetylated 
Syrup A-2 

A portion of Syrup A-2 which was previously extracted 

with Chloroform during attempts to aChieve crystallization, was 

acetylated with an excess of acetic anhydride in pyridine solu­

tion. The syrupy product (0.45 g.) was chromatographed by the 

flowing teChnique, using a glass column 2.2 am. in diameter con­

taining 50 g. of alumina (Brockmann (69) Grade III). The column 

was packed by the "wet" me thod ( 70), the adsorbent being sprinkled 

in slowly with vigorous tapping of the glass tube, which contained 

sufficient benzene to tmmerse completely the added solids. A 

solution of the acetylated syrup in a few ml. of benzene was then 

placed on the column. Development was first accomplished with 

anhydrous benzene. When the pure solvent removed no more mater-

ial, addition of a small percentage of ethanol resulted in the 

removal of another fraction. Pure ethanol served as the final 

developer. Fractions approximately 50 ml. in volume were col-

lected, evaporated under reduced pressure, and weighed. The 
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results are summarized in Table VI. 

TABLE VI 

CHROMATOGRAPHY OF ACETYLATED SYRUP A-2-

Weigb.t 
Frac- Volume Recovered 
ti on Sol vent (ml.) ( g.) Remarks 

1 Anhydrous benzene 400 0.04 syrupc 
2. Anhydrous benzene 500 0.12 ceystalline 
3 2%. Ethanol-benzene 60 0.21 syrup 
4 2% Ethanol-benzene 60 0.02 syrup with trace 

of crystals 
5 Ethanol lOO o.oo 

Yield: 0.39 

Re co very: 87%. 

The crystalline substance in Fraction 2 after recrysta1lization 

from ether-pentane melted at 108-109° and had a specifie rota­

tion of [Cl] BO -34.8° {chloroform, c = 2,1 = 2.). 

Apa1.: ca1c•d. for methy1-4-methyl-2,3,6-triacetyl-~-D-gluco­

side, c14H22o9 : OCH3 , 18.6%. 

Found: OCH3: 18.4, 18.5%. 

A mixed melting point with methyl-4-methyl-2,3,6-

triacetyl-~-D-glucoside, prepared by acetylation of authentic 

methyl-4-methyl-~-D-glucoside ~ , was unchanged. The reported 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
* Kindly supplied by Dr. L.D. Hayward 

- - - - - - - - - - - - - - - - - ~ - - - - - -
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constants for the triacetate are m.p. 107.5-108.5°, [a.]fiO 

-34.8° (2), m.p. 107-108°, [a. ]~0 - 32.8° (71), m.p. 106°, 

[a] ~0- 34.0° 1 (72) and m.p. 105-106°, [a.] ~0- 34.9° {41). 

Fraction 3 did not crystallize and had a methoxy1 con­

tent of 23.0%. 

A few mg. of a crystalline substance, m.p. 137-140°, 

was isolated from Fraction 4 and is described under the methyl­

ated, denitrated, acetylated Syrup B-1. 

Methylation of Silver Salts 

Several preparations of si1ver salts, the isolation 

of whieh from the hydroxylamine hydrorihloride - methylglueoside 

tetranitrate reaction was described earlier, were methylated. 

The silver salt {0.69 g., OCH3 5.7%, N, 12.0%) 35 ml. 

of methyl iodide, 5 g. of silver oxide and 4 g. of Drierite 

were heated at reflux temperature for 12 hours. The cooled mix-

ture was filtered, and the solid residue was washed on the tun­

nel with boiling chlorofor.m. The eombined filtrates on evapora-

tion yielded 0.35 g. of a dark-brown viscous syrup whieh gave 

a negative test for nitrate with the diphenylamine reagent. 

Anal.: OCH3 , 32.8, 32.5%; N (micro-Kjeldahl), 13.5, 13.3%. 

Several sueh products, with approximately the same methoxyl and 

nitrogen contents, were eombined, and remethylated under similar 

conditions. The resulting dark-brown, tougn syrup gave the foll-
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owing analysis: OCH3 , 33.4, 34.4%; N (micro-Kjeldahl), 12.3, 

12.1%. 

Hydro1ysis of the Remethylated 
Silver Salta 

Fuming hydroehloric aeid (12 ml.), prepared by pass­

ing dry hydrogen chloride gas into concentrated hydrochloric 

acid at 0°, was added to 0.67 g. of the above remethylated sy­

rup. Solution occurred gradua1ly. After 10 days in a tightly 

stoppered flask the dark-brown reaction mixture was evaporated 

to yie1d a dark residue which smelled somewhat like burning 

sugar. This residue was extracted with two 25 ml. volumes of 

ethanol. After addition of 75 ml. of ether to the second ex-

tract, a small amount of black precipitate was removed by fil­

tration, and the filtrate was evaporated. The residue was a 

dark syrup containing a small quantity of a white crystalline 

substance which, following recrystallization from hot ethanol, 

gave a strong Chloride test, did not melt below 210° and when 

heated on a spatula appeared to volatilize directly. 

Division of Syrup B into Four 
Fractions by Means of Differ­
ent Solvants 

The following experimental procedure is summarized 

in Figure 3. Syrup B (1.17 g.) was dissolved by the addition 

of both chloroform (30 ml.) and water (15 ml.). The blue 

chlorofor.m solution after further extraction with four 10 ml. 

volumes of water was evaporated to give 0.73 to 0.76 g. of a 

viscous lignt-colored syrup (Syrup B-1). 



Anal.: OCH3, 8.70, 8.65%; N (micro-Kje1dahl), 11.8, 11.4%. 

The combined ye11ow aqueous extracts were then ex­

tracted four times with 10 ml. volumes of chloroform. The 

chlorofor.m back-extracts on evaporation yielded 0.06 to 0.07 g. 

of a light-colored viscous syrup (Syrup B-2). 

Anal.: OCH3, 9.65, 9.70%; N (micro-Kjeldahl), 11.7, 11.6%. 

The aqueous residue was continuous1y extracted with 

peroxide-free ether until the water layer gave a negative ni­

trate test. The ether extract contained 0.27 to 0.30 g. of a 

golden syrup (Syrup B-3) which on complete drying in vacuo was 

usually obtained in an amorphous, porous condition. This prod­

uct reduced Fehling's solution, for.med water-insoluble yellow 

silver, and brown nickel, derivatives, and gave a dark red­

brown color with ferric chloride solution. 

Anal.: OCH3, 13.3 1 13.1%; N (micro-Kje1dahl), 16.2, 16.1%; 

N (nitrometer), 2.3, 2.5%. 

Samples {0.05 to 0.07 g.) of Syrup B-3 easily deflagrated on con­

tact with strong sulfuric acid; ~s was evolved and the mixture 

blackened. The volume of nitric oxide produced in the nitrometer 

after deflagration was small. Successflù nitrate-nitrogen deter­

minations were made by adding the sulfuric acid slowly to the 

finely-powdered sample. 

The ether-extracted aqueous solution on evaporation 

yielded o.oa to 0.09 g. of a brown, nitrate-free syrup (B-4), 

which reduced Fehling's solution, and yielded insoluble nickel 

and silver derivatives. The .analyses of Syrup B-4 varied in a 
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similar rashion to those of Syrup c. The sample with the hignest 

observed methoxyl content gave the following values - OCH31 10.21 

10.2%, N (micro-Kjeldahl}, 15.5, 15.6%. 

It was round that variations in the volumes of solvants 

in these extraction procedures resulted in relative amounts of Syr­

ups B-1, 2, 3 and 4 that were different from those noted above. 

Isolation of Crystalline Material 
from Syrup B-1 

Hydrogenation of 0.63 g. of Syrup B-1 with conditions 

similar to those described for the hydrogenolysis of Syrup A, 

yielded 0.37 g. of a crude crystalline product, which after re­

crystallization from ethanol caused no depression in melting 

point on admixture with authentic methyl-~-D-glucoside. 

Methylation of 4.90 g. of Syrup B-1 by heating under 

reflux for 24 hours with 40 ml. of methyl iodide, 20 g. of ail­

ver oxide and 10 g. of powdered Drierite yielded 4.92 g. of 

product {Syrup B-la) with a methoxyl content of 21.2, 21.3%. 

Hydrogenolysis of Syrup B-la in ethanol solution with a palla­

dium on chareoal catalyst was not quickly accomplished owing 

to poisoning of the catalyst. Several filtrations followed by 

additions of fresh catalyst were necessary before the reaction 

proceeded smoothly. The reduced product isolated on evapora-

tien of the filtered ethanol solution was dissolved in 30 ml. 

of anhydrous pyridine. Acetic anhydride (20 ml.) was added 

and the resulting clear solution allowed to stand at 0°0. for 

2 days. The solution was then poured into ice-water and ex­

traeted with Chloroform. The chloroform extract after washings 

with dilute sodium bicarbonate solution and water, and evapora-
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tion at reduced pressure, yielded 3.97 g. or a viscous light­

colored syrup (Syrup B-lb) with a methoxyl content or 22.0%. 

Syrup B-lb (3.90 g.) was Chromatographed employing 

the rlowing teChnique on a column 2.2 cm. in diameter contain­

ing 135 g. of alumina (Broclonann Grade III). The experimental 

procedure was similar to that described previously in the chro­

matography of acetylated Syrup A-2. Anhydrous benzene (3000 ml.) 

was passed througb the column until no rurther material was being 

eluted. About 1.5 g. of a crystalline product was obtained on 

evaporation of the combined benzene effluent, which was found 

to be methyl-4-methyl-2,3,6-triacetyl-~-D-glucoside. Ethylene 

dichloride (10%) in benzene removed no appreciable quantity, 

but 1% ethanol-benzene (730 ml.) took off 0.17 g. or a light­

brown syrup with a methoxyl content of 25.5, 25.8%. A third 

fraction, 0.61 g. of a brown syrup eontaining a small amount of 

erystalline material, was obtained by combining the material 

removed by 300 ml. of 10% ethanol-benzene and lOO ml. of pure 

ethanol. The crystals were separated by dissolving the syrupy 

contaminant in ethyl acetate. Several recrystallizations rrom 

ethyl acetate - pentane yielded 0.03 g. or an apparently pure 

substance as white needles whiCh melted sharply at 141.5-142.5°, 

and rotated [a] fiO- 40.7° (chloroform, c = 1.53, 1: 2). 

Anal.: Calc'd for a methyl-monomethyl-triacetyl-(3-D-glucoside, 

C14H2209: OCH3, 18.6%. Calc'd for a methyl-di­

methyl-diacetyl-~-D-glucoside, C13H220s: OCH3, 30.4%. 

Calc'd for an equimolar mixture of the above two com-
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pounds: oca3, 24.5%. 

Found: OCH3, 24.6, 24.6%; N (micro-Kjeldahl), O.O% 

The reliability of these methoxyl values was specially Checked 

by control analyses of pure methyl-~-D-glucoside tetranitrate 

and of pure methyl-4-acetyl-~-D-gluooside-trinitrate in the 

same apparati with the s~e hydrogen iodide-phenol mixtures. 

A few mg. of methyl-2,4-dimethyl-~-D-glucoside ~ was 

acetylated with acetic anhydride and pyridine. The produet 

isolated by Chlorofor.m extraction after pouring into water was 

a clear syrup whioh did not crystallize. 

Chramatography of Acetylated 
Syrup B-2 

Syrup B-2, 0.69 g., was acetylated in a mixture of 20 

ml. of anhydrous pyridine and 12 ml. of acetic anhydride at 0°. 

After 39 hours the light-colored solution was poured slowly into 

ice water. The mixture was stirred for several hours and then 

extracted with ehlorofor.m. The chlorofor.m extraot was washed 

with dilute sodium bicarbonate solution, and with water, and 

evaporated to yield 0.73 g. of a light-colored viscous syrup. 

This syrup was ehromatographed on a column 1.8 am. in diameter 

containing 40 g. of alumina (Broclonann grade III) as described 

earlier for SyrupsA-3 and B-lb. The resulta are summarized in 

Table VII. 

- - - - ~ - - - - - - - - - - - - - - - - - - - - - - - - -
~ 

Kindly supplied by Dr. L.D. Hayward 

------ ------- - - - - - - - -- - - ~ 



Fraction 

1 
2 
3 
4 

TABLE VII 

CHROMATOGRAM OF ACETYL.A.TED SYRUP B-2 

Sol vent 

Benzene 
2% Ethanol-benzene 
20% Ethanol-benzene 
10% H20- ethanol 

Volume 
(ml.) 

250 
250 
275 
150 

Weight of 
Material 

( g. ) 

0.37 
0.16 
0.02 
0.05 

Yield: 0.60 

Re co very : 82% 

81. 

None of these fractions crystallized and the largest, Fraction 

1, was there:fore rechromatographed, the resulta being recorded 

in Table VIII. 

Fractions 2 and 3 of the rechromatographed syrup 

partially crystallized. The syrupy contaminant was removed 

by partial solution in ethanol, and the remaining crystals, 

after several recrystallizations from ethanol-water, weighed 

0.06 g., with m.p. 95 to 96° (corr.), + 

1.64, 1 = 2, chloroform). The values reported by Bell and 

Synge (41) for methyl-4-aee~l-~-D-glucoside-2,3,6-trinitrate 

were m.p. 93-94° 1 [a] ~9 + 0.4° (c = 3, 1 = 2, chlorofor.œ). 

Anal.: Calc'd for methyl-4-acetyl-~-D-glucoside-2,3,6-trini-

Found: OCH3 , 8.45, 8.50%; N (micro-Kje1dah1), 10.1, 10.0%. 
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TABLE VIII 

RECHROMATOGRAM OF ACETYLATED SYRUP B-2 (a} 

Volume Weight 
Fraction Sol vent (ml.} ( g. ) Remarks 

l Benzene 30 0.007 syrup 
2 Benzene 32 0.170 partially 

crystallized 
3 Benzene 34 0.018 partially 

crystallized 
4 Benzene 34 0.012 syrup 
5 Benzene 30 o.oos syrup 
6 Benzene 34 0.003 syrup 
7 Benzene 50 0.006 syrup 
8 10% Ethanol-benzene 100 0.057 syrup 

(a) 0.37 g. of syrup on a column 1.8 cm. in 
diameter containing 30 g. of alumina. 

The nitrogen values were lower than expected, but insufficient 

material remained to permit investigation of the cause. 

A sample of methyl-~-D-glucoside-3,6-dinitrate ~ was 

acetylated by the procedure for Syrup B-2. Since the product 

did not crystallize readily, it was Chramatographed by the flow­

ing teChnique on an alumina column. The crystalline diacetate 

was not removed by pure benzene, but required severa! per cent 

of ethanol in the benzene. Seeding of Fraction 2, Table VII, 

with methyl-2,4-diacetyl-~-D-glucoside-3,6-dinitrate (29} did 

not result in crystallization. 

* Kindly supplied by Dr. L. D. Hayward 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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Experimenta on Syrup B-3 

During an early experiment in which the Chlorofor.m re­

extraction, of the methylglucoside tetranitrate - hydroxylamine 

hydrochloride reaction mixture, giving rise to Syrup B-2 was 

omitted, the ether-extractable syrup (0.37 g.) after drying was 

extracted with chlorofor.m to yield a fraction (0.10 g.) whiCb 

after standing for several months partially crystallized. The 

crystalline material was not successtully purified from the sur­

rounding syrup. Syrup B-3 itself however was never induced to 

crystallize, either by the use of solvants or on complete drying. 

Acetylation of Syrup B-3 

The following example was typical. Acetic anhydride 

{10 ml.) was added over a period of one hour to a solution of 

0.74 g. of Syrup B-3 in pyridine at 0°. After 2 days the dark­

brown mixture was poured slowly into 100 ml. of ice water with 

stirring. The acetylated product separated as a flocculent dark­

brown precipitate which coagulated to for.m a sticky syrup once 

the stirring was halted. After several hours the mixture was ex­

tracted with lOO ml. of chloroform in 5 portions. Most of the 

brown color was taken into the organic solution. The chloroform 

extract after washings with dilute sodium bicarbonate and then 

water, was evaporated to yield 0.76 g. of a dark-brown produet 

(Syrup B-3a). The chlorofor.m-extracted aqueous solution on eva­

poration yielded a dark-brown product (0.18 g.) which could not 

be crystallized and was not investigated turther. 
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Syrup B-3a by treatment with benzene was divided into 

a benzene-soluble fraction (Syrup B-3b) and a brown, mainly 

amorphous, benzene-insoluble fraction. In one experiment 0.76 g. 

of Syrup B-3a yielded 0.20 g. of the amorphous product, while in 

another 1.43 g. gave 0.31 g. This amorphous substance was also 

insoluble in chlorofor.m, ether and water, while it was sligbtly 

soluble in ethanol and easily soluble in acetone. Reprecipita­

tion from acetone solution with ether yielded a lignter brown 

product. 

Anal.: OGH3 , 8.33, 8.42%; N (micro-Kjeldahl), 17.2, 17.4%; 

N (nitrate), o.o~. 

ChromatographY of Syrup B-3b 

Syrup B-3b was chromatograpbed on columns of both 

alumina and Florisil (magnesium trisilicate, the product of the 

Floridin Co., Inc.) using the flowing technique. Florisil proved 

more satisfactory because the recovery of the organic material 

was greater than from an alumina column.· The florisil column was 

packed dry according to the procedure recommended by Wolfrom and 

Binkley (73) 1 and then wetted with benzene. The sample of Syrup 

B-3b, dissolved in a few ml. of anhydrous benzene, was then added 

to the top of the tube. The resulta of a typical chromatogram 

are reproduced in Table IX. Fluorescence in ultraviolet lignt 

was utilized to follow the separation of different bands on the 

eolumn. 
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TABLE IX 

CHROMATOGRAM OF SYRUP B-ab ON FLORISIL(a) 

Volume 
Fraction (ml. ) 

Total 
Volume 

(ml. ) Weight mgm./ml. 

Sol vent: Anhydrous Benzene 

1 
2. 
3 
4 
5 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

94 
53 
57 
76 
49 

59 
70 
60 
58 
87 

103 
80 
57 
79 
60 

75 
85 
68 
87 
83 

98 
92 
89 
94 

102 

196 
112 
110 
120 
204 

94 
147 
204 
280 
329 

388 
458 
518 
576 
663 

766 
846 
903 
982 

1042 

1117 
1202 
1270 
1357 
1440 

1538 
1630 
1719 
1813 
1915 

2111 
2223 
2333 
2453 
2657 

• 006 
.005 
.004 
.005 
.003 

.005 

.005 

.004 

.004 

.004 

.010 

.013 

.010 

.017 

.015 

• 018 
.019 
• 017 
.013 
.012 

.011 

.009 

.007 

.006 

.007 

.013 

.oo8 

.006 

.007 

.009 

6.4 
9. 4 
7.0 
6.6 
6.1 

8.3 
7.2 
6.6 
6.9 
4.6 

9.7 
16.2 
17.5 
21.5 
25.0 

24.0 
22.4 
25.0 
14.9 
14.5 

11.2 
9.8 
7.8 
6.4 
6.8 

6.6 
7.1 
5.4 
5.8 
4.4 

Remarks ' 

Colorless, syrup • 
do 
do 
do 
do 

do 
do 
do 
do 
do 

do 
do 
do 
do 
do 

do 
Syrup with sorne crys­

tals, colorless • 
do 

Main1y crystalline 

do 
do 
do 
do 
do 

do 
Syrup 

do 
do 
do 

Solvant: 50% Ethylene diChloride - benzene 

31 
32 

206 
100 

2863 
2963 

.009 

.009 
4.4 
9.0 

do 
do 

• • • • 



TABLE IX (cont•d) 

CHROMATOGRAM OF SYRUP B-3b ON FLORISIL(a) 

Total 
Volume Volume 

as. 

Fraction (ml.) (ml.) Weigpt mgm./ml. Remarks 

33 
34 
35 

36 
37 
38 
39 
40 

41 
42 

43 
44 
45 

46 
47 
48 
49 
50 

51 
52 
53 
54 
55 

56 
57 
58 
59 
60 

Solvent: Ethylene diChloride 

120 
lOO 
lOO 

200 
lOO 
200 
100 

98 

3083 
3183 
3283 

3483 
3583 
3783 
3883 
3981 

.026 

.031 

.018 

.010 

.006 

.009 

.003 

.004 

21.6 
31.0 
18.0 

5.0 
6.0 
4.5 
3.0 
4.0 

Syrup 
do 
do 

do 
do 
do 
do 
do 

Solvent: 0.4% Ethanol - ethylene diChloride 

198 
200 

4179 
4379 

.oo5 

.003 
2.5 
1.5 

do 
do 

Solvent: 1% Ethanol - ethylene dichloride 

85 
94 
84 

llO 
81 
82 
81 

191 

112 
84 

lOO 
87 

102 

80 
87 

115 
90 
88 

4464 
4559 
4643 

4753 
4834 
4916 
4997 
5188 

5300 
5384 
5484 
5571 
5673 

5753 
5840 
5955 
6045 
6133 

.005 

.008 

.071 

.044 

.027 

.033 

.028 

.041 

.020 

.014 

.014 

.ooa 

.007 

.oos 

.006 

.010 

.001 

.007 

5.8 
8.4 

84.5 

40.0 
33.4 
40.0 
34.6 
21.4 

17.8 
J.6.6 
14.0 
9.2 
7.0 

6.2 
6.9 
8.7 
0 
7.9 

do 
Partly crysta111ne, 

brown 

do 
Brown syrup 

do 
do 
do 

do 
do 
do 
do 
do 

do 
do 
do 
do 
do 

• • • • 



TABLE IX (cont•d) 

CHROMATOGRAM OF SYRUP B-3b ON FLORISIL{a) 

Total 
Volume Volume 

Fraction (ml.) (ml.) WeisAt mgm./ml. Remarks 

61 
62 
63 

64 
65 
66 

Sol vent: 1~ Ethanol - ethzlene dichloride 

115 6248 .oo8 6.9 Brown syrup 
92 6340 .006 6.5 do 

289 6629 .018 6.2 do 

Sol vent: 4% Ethanol - ethzlene dichloride 

200 6829 .027 14.5 do 
115 6944 .039 34.0 do 
210 7154 .024 11.4 do 

Yield: .82 g. (73%) 

(a) 1.12 g. of Syrup B-3b and 90 g. of Florisil 
in a column 2.2 cm. in diameter were used. 

87. 

Benzene was the first developing solvant used. The 

colorless material removed by this liquid gave a strong nitrate 

test with the diphenylamine reagent, and contained one crystal­

lina compound (Compound A) which was isolated from Fractions 

17 to 26. The purification was not too complete as consider­

able syrupy product was also present in these fractions. Ethyl­

ene dichloride was the next solvant utilized. In other experi-

ments it was found that ethylene diChloride removed the same 

amount of material as benzene, but was more rapid in its action. 
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The addition of 1% ethanol in either benzene or ethylene dichlor­

ide caused the movement of brown color down the column. At the 

time that the first oolor left the bottom of the column, ultra­

violet light showed four distinct bands of fluorescence. The ma­

terial removed from the column now contained no nitrate groups. 

One crystalline compound (Compound B) was isolated from the 

ethanol - ethylene diChloride effluent, (Fractions 44, 45, 46) 

but was accompaniéd by considerable quantities of brown syrup. 

The final few fractions (Fractions 61-66)contained inorganic ma­

terial, presumably owing to ohemical combination with the ad­

sorbent. This phenomenon was also observed with alumina. The 

analyses and specifie rotations of some of the fractions isola­

ted on chromatographing Syrup B-3b are recorded in Table x. 

Compound A 

The yield of pure compound A from 40 g. of original 

tetranitrate was less than 50 mg. The compound was isolated from 

impure fractions by dissolving the syrupy contaminant in ethanol. 

Compound A was soluble in ehloroform, benzene, ethanol, methanol, 

and acetone but insoluble in water and pentane. Recrystalliza­

tion was readily aecomplished from ethanol-pentane giving needles 

melting at 127-128.5°, but the use of benzene-pentane yielded 

circular clusters of needles mel ting as low as 80-108. 5° in one 

case. Recrystallization of this low-melting product from ethanol -

pentane raised the melting point again, but on evaporation of the 

ethanol liquors an appreciable amount of non-crystalline produot 

was obtained. The specifie rotation recorded in Table X was mea-
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TABLE X 

ANALYSES AND SPECIFie ROTATIONS OF FRACTIONS FROM SYRUP B-3b 

% [ct] ~0 
% N 

Sample OCH3 {micro-K.1eldahl) CHCl3 (l = 2) 

Combined fractions 
(37 - 42) 9.20 6.90 
from Table Ix(a) 8.94 •••• 

Compound A(a) 8.78 6.84 
8.45 6.75 

Combined Fraction8 
(47 - 50} 11.8 14.4 
from Table Ix(c) 11.8 14.2 

Compound s(c) 11.9 14.0 
11.8 •••• 

Syrup(e) 11.2 13.9 
11.0 13.7 

(a) Dipheny1amine test positive. 

(b) Concentration was 2.14 g. per 100 ml. 

(c) Dipheny1amine test negative. 

+ 32.2(b) 

- 67.5 

-167(d) 

{d) Concentration was 0.724 g. per lOO ml. 

(e) A syrupy fraction, 0.28 g., removed, when 
chromatographing a B-3b syrup (0.76 g.) on 
20 g. of Florisil, by 30 ml. of 7% ethanol­
benzene, after pure benzene no longer removed 
material from the col~ 

sured with low-melting material recrystallized from benzene -

pentane and was probably not the value for pure Compound A. 

Analysis of this substance (Table X) indicated that there were 
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probably 2 nitrogen atoms to 1 methoxyl group in a molecular 

weight of about 360. It appeared that the micro-Kjeldahl 

method gave a low nitrogen value for the compound. Insuffici­

ent material, however, was available to confir.m the nitrogen 

content and to ascertain if all of the nitrogen was nitrate. 

T.hese data nevertheless agreed quite closely with those re­

ported by Dewar, Fort and McArthur (30) for methyl-3,4-diacetyl-

(3-D-glucoside-2,6-dinitrate, m.p. 128-129°, [a J ~3o + 5.8° 

(chloroform, 1 = 2, c = 5.932. The theoretical methoxyl content 

was 8.4%, and the nitrogen content 7.6%. 

The observed lowering of the melting point of Compound 

A on recrystallization from benzene - pentane was at first attri­

buted to oxime isomerism. However on reconsideration of the evi-

denee it was coneluded, on the assumption that Compound A and 

methyl-3,4-diacetyl-~-D-glucoside-2,6-dinitrate were identical, 

that traces of sodium hydroxide in the benzene were responsible. 

The solvent, whiOh had been stored over sodium, was not redis­

tilled before use in the recrystallization. 

Compound B 

The quantity of pure Compound B actually obtained 

from 32 g. of tetranitrate was less than 30 mg. Rechromatography 

of the crude fractions on Florisil was usually necessary before 

recrystallizing. Compound B was soluble in chloroform, benzene, 

acetone, ethyl acetate, methanol and ethanol, but insoluble in 

water, pentane and carbon tetraChloride. The substance crys­

tallized as needles m.p. 106-107° from ethylacetate-pentane, 
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methano1-water and benzene-pentane. Seme 1ower me1ting mater­

ial (m.p. 100-102°) was added to the purified product to have 

sufficient for 2 methoxyl and 1 nitrogen determinations. The 

analyses (aee Table X) indicated three nitrogen atoms per 

methoxyl group in a molecular weight of about 260. The actual 

nitrogen value obtained was probably low. No nitrate nitrogen 

was present. 

Nickel Derivative of Syrup B-3 

Five millilitres of a 10% aqueous solution of nickel 

sulfate hexahydrate was added to a solution of 0.304 g. of 

Syrup B-3 in water, made basic to pH 8 with dilute ammonium hy­

droxide. A brown precipitate weighing 0.10 g. separatedimme­

diately and addition of more of the nickel solution to the fil­

trate caused no further precipitation. While being dried on a 

sintered-glass tunnel with auction, the originally brown nickel 

salt turned black. The methoxyl content was 7.93, 7.89%. Nickel 

and nitrogen analyses were not carried out becauae the eolor 

and the methoxyl value indioated sorne degradation had occurred. 

Nickel Derivative of Syrup B-4 

To an aqueous solution of Syrup B-4 (0.46 g.), neutral­

ized with dilute ammonium hydroxide, waa added 0.6 g. of nickel 

nitrate hexahydrate in 20 ml. of water. The reaulting brown 

precipitate was reoovered, washed well with water, and dried on 

the tunnel under suetion. This derivative, which had become 

black during the drying procesa, weighed 0.47 g. and had a 

methoxyl content of 5.30%. The analysis of this substance was 
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not completed because it was assumed degradation had occurred 

while drying. 

Experimenta on Syrup C 

Acetylation 

Syrup c, 0.90 g., was acetylated with 10 ml. of acetic 

anhydride and 25 ml. of pyridine at 0° for 5 days. The dark 

brown solution was poured into 150 ml. of ice water with stirring 

and the aqueous mixture thus formed was extracted with 150 ml. 

of chloroform. The chloroform extract was washed with dilute 

sodium bicarbonate solution and water and was then evaporated 

to yield 0.49 g. of a dark brown syrup (Syrup C-1). On evapora­

tion of the aqueous solution 0.21 g. of a clear brown syrup 

(Syrup C-2), with OCH3, 3.77, 3.88%, and N (micro-Kjeldahl) 

16.6, 17.1%, remained. Syrup C-1, 0.49 g., on direct extrac­

tion with 25 ml. of benzene yielded .08 g. of a yellow syrup 

which was not studied. The ratio of nitrogen atoms to methoxyl 

groups in the dark-brown, benzene-insoluble residue (Syrup C-3) 

(0.41 g.) was 4.2 to 1. 

Anal.: OCH3 8.45, 8.58%; N (micro-Kjeldahl), 16.0, 16.2%. 

Benzoylation of Syrup C 

Benzoylation of Syrup C, 0.14 g., with 6 ml. of ben­

coyl chloride and 10 ml. of dry pyridine for 2 days at roam tem­

perature yielded 0.35 g. of a dark syrup. An attempted purifi­

cation by chromatography on an alumina column was unsuccessful. 
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Methylation of Syrup C 

Methyl iodide, 70 ml., 10 g. of silver oxide and 10 g. 

of powdered Drierite were .added to a solution of 1.95 g. of 

Syrup C in 15 ml. of dry methanol. The mixture was heated un­

der reflux for 16 hours, filtered and evaporated. Methyl iodid~, 

40 ml., was added to the residue. The solution was decanted from 

the portion whieh did not dissolve, was mixed with 10 g. of ail­

ver oxide and 5 g. of Drierite, and heated under reflux for an­

ether 20 hours. The product after a third methylation was a 

brown sticky syrup. 

Apal.: OCH3 , 27.8, 27.8%; N (micro-Kjeldahl), 12.1, 12.5%. 

Isolation of Pyridinium Nitrate 

The reaction solution, from the gas analysis whiCh was 

described in Table V, was diluted with 900 ml. of ahloroform at­

ter 29.5 hours. The precipitated hydroxylamine hydroChloride was 

removed by filtration and the filtrate evaporated to a volume of 

about lOO ml. Ether, 500 ml., was added and the two layera whiah 

resulted were separated. On standing for several weeks the ether 

layer deposited a dark syrup. The ether was dec~ted and a por­

tion (300 ml.) was kept in a cork-stoppered Erlenmeyer flask at 

5° for over 8 months. At the end of this time severa! long 

crystalline meedles had settled out together with more of the 

dark syrup. The crystals, whiCh on recrystallization from 

ethanol-pentane mslted at 117-118° 1 gave a positive nitrate test, 

and were very soluble in water, somewhat soluble in ethanol, but 
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insoluble in Chloroforme Addition of dilute sodium hydroxide 

produced the odor of pyridine. A mixed melting point with 

pyridinium nitrate (46) prepared by the interaction of pyridine 

and nitric acid in chlorofor.m solution, was unChanged. 

Reaction of Methoxyamine Hydrochloride 
in Pyridine with Methyl-~-D-glucoside 
Tetranitrate 

A mixture of methyl-~-D-glucoside tetranitrate (2.00 g.), 

12.0 g. of methoxyamine hydrochloride and 50 ml. of pyridine 

were allowed to react for 5 days. The methoxyamine hydrochlor-

ide did not completely dissolve and no appreciable volume of 

gas was evolved. After dilution of the brown reaction mixture 

with 300 ml. of chlorofor.m, filtration removed 10.5 g. of the 

unreacted hydrochloride. The filtrate was extracted with wa­

ter (200 ml.) until a negative test for chloride ion was ob-

tained and was then evaporated to yield 1.30 g. of a clear dark 

red-brown syrup (Syrup D). 

Anal.: OCH3 , 33.6, 34.5%; N (micro-Kjeldahl), 14.7, 14.7%; 

N (nitrate), 3.1, 3.4%. 

The ratio of methoxyl groups to non-nitrate nitrogen 

atoms was 1.35:1 

The ,Action of Dry Pyridine on 
Methyl-ê-D-gtucoside Tetranitrate 

Anhydrous pyridine, 50 ml., was added to 2.00 g. of 

methyl-~-D-glucoside tetranitrate in a 125 ml. Erlenmeyer flask, 

which was fitted with a one-holed rubber stopper attaChed to a 



calcium chloride drying tube. The nitrate dissolved quickly. 

The color o~ the solution turned ~irst to orange and then to 

dark red, within the ~irst half-hour. As the reaction pro­

ceeded a ~ew mg. o~ a white, crystalline substance ~or.med 

around the top of the flask. No gas evolution was obvious. 

At the end of 40 hours the crystalline compound, m.p. 113-117°, 

was removed and then the red-eolored solution was poured into 

250 ml. of chlorofor.m. A flocculent precipitate formed imme­

diately. After standing overnignt at about 5° c. the mixture 

was filtered. The precipitate, Which had.become gummy on re­

moval of the chlorofor.m, was insoluble in ethanol but soluble 

in water and was dissolved from the sintered-glass tunnel by 

water. This aqueous solution on evaporation yielded 0.21 g. 

of a dark-brown syrup which gave a positive test for nitrate 

with the diphenylamine reagent. 

Anal.: oCH3 , 5.2, 5.4%; N, e.a, lo.o%. 

The chlorofor.m filtrate was extracted four times with 

50 ml. volumes of water. The combined aqueous extracts on eva­

poration yielded 1.31 g. o~ a dark-brown mixture which, althougn 

mainly a syrup, contained a considerable quantity of long crys­

talline needles, which were identical with the volatile substan­

ce which had crystallized above the reaction solution. A mixed 

melting point, after recrystallization ~rom ethanol-pentane, with 

pyridinium nitrate was not depressed. The total yield of this 

substance was not ascertained because of the inability to 

separate more than a small ~raction from the dark contaminating 
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syrup. 

The ohloroform solution was evaporated at reduced 

pressure, water being added in order that all the remaining 

pyridine might be removed by azeotropio distillation. Chloro­

form (60 ml.) and water (50 ml.) were added to the residue to 

effect complete solution. The Chloroform layer, after two 

more extractions with 25 ml. volumes of water, yielded 0.40 g. 

of a lignt brown mainly erystalline product which after two 

recrystallizations from ethanol melted at 116-118° and caused 

no depression in a mixed melting point with authentic methyl­

~-D-glucoside tetranitrate. The remaining aqueous extract on 

evaporation yielded 0.08 g. of a brown amorphous material whiQh 

gave a positive nitrate test. 
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SUMMARY AND CLAIMS TO ORIGINAL RESEARCH 

1. Methyl-~-D-glucoside tetranitrate was round to re-

act slowly with a large excess of hydroxylamine hydrochloride 

in anhydrous pyridine. After a period of forty-four hours ap­

proximatelY. 2% of the original tetranitrate remained. 

2. The gas evolved in the reaction was found to be a 

mixture composed of about 70% nitrous oxide and 30% nitrogen. 

Data on the amount and rate of gas evolution were not accurately 

reproducible, presumably because varying amounts of nitrous ox­

ide remained dissolved in the reaction solution. At least 1.5 

moles of gas per mole of glucoside was produced. 

3. Two principal mechanisms affecting rougnly equal 

numbers of molecules were shown to be in operation. The first 

resulted in a conversion of nitrate to hydroxyl groups with the 

evolution of nitrogen gas, while the second was believed to in­

volve oxidation to an inter.mediate carbonyl derivative whiCh 

reacted with the excess hydroxylamine hydrochloride to yield the 

observed oxime products. Nitrous oxide was a by-product in 

this case. There was no definite evidence that denitration by 

both meehanisms could occur in.the same tetranitrate molecule. 

4. The more easily isolatable one-half of the products 

was proven to be a mixture of methyl-~-D-glucoside di- and tri­

nitrates, whiCh was probably identical with that obtained by 
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Hayward from the closely related reaction between methyl-~-D­

glucoside tetranitrate, free hydroxylamine and pyridine. Crys­

talline methyl-4-acetyl-~-D-glucoside-2,3,6-trinitrate and a 

crystalline compound belieTed to be methyl-3,4-diacetyl-~-D­

glucoside-2,6-dinitrate were both obtained through Chromatography. 

Following methylation, denitration and acetylation, crystalline 

methyl-4-methyl-~-D-glucoside-2,3,6-triacetate could be isolated 

in an over-all yield of at least 19%. A second crystalline sub­

stance, with a methoxyl content identical with the value cal­

culated for a molar mixture of a methyl monomethyl-~-D-glucoside 

triacetate and a methyl dimethyl-~-D-glucoside diacetate was also 

isolated in very low yield. 

5. The second half of the original product was shown 

to be in all probability a complex mixture of nearly, or com­

pletely, nitrate-free, water-soluble, acidic polyoximes in whieh 

the methyl-glycosidic group remained intact. The oximes were 

first isolated as water-insoluble, amorphous silver and nickel 

salts. One crystalline derivative with three non-nitrate ni­

trogen atoms per methoxyl group was obtained by acetylation and 

chromatography, but in too low a yield to permit determination 

of its structure. Methoxyl and total nitrogen analyses were 

carried out on various syrupy and amorphous fractions of the 

supposed polyoximes and their acetyl and methyl ether deriva­

tives. Ratios of glycosidic methyl groups to nitrogen atoms 

as high as one to four were found in several instances, indi­

cating that tetra-oximes had been formed. No definite evi-
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denee was obtained that mono- or dioximes were present. 

6. It was shown that methoxyamine hydrochloride in 

pyridine reacted with methyl-~-D-glucoside tetranitrate~ pre­

dominantly by the oxidative mechanism, to yield a syrupy methyl­

oxime with a low nitrate-nitrogen content and with a ratio of 

methoxyl to non-nitrate nitrogen of about 4 to 3. This work 

confirmed the presence of the methoxyamine, or methyloxime, 

group in the product. 

7. Crystalline pyridinium nitrate was isolated from 

the reaction of methyl-~-D-glucoside tetranitrate with pyri­

dine alone, and also with pyridine and hydroxylamine hydro­

chloride. Denitration by a third mechanism involving the 

cleavage of nitric acid therefore also occurred. 
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