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Gordon Hart Segall

THE SELECTIVE DEHITRATION
OF CELLULOSE NITRATES

Cellulose nitrate wes sudjected to d@een@oait~
ion in various baslec reagents in order to discover con-
ditions that would differentiate between the three kinds
. of nitrate groups in the substence. Two new selective re-
aotions whish remove one third of these groups without
affecting the remainder are described, and the products of
denitration c¢herscteri{zed. The produst in the first re-
action was a8 gellulose dinitrate and those in the second
reaction were the O-methyl oxime and the oxime of & mono-
sarbonyl oxycellulose dinitrate. Poasible mechanisms for
the denitratioa reaotions sre presented, and derivatives
of the products desoribed. This research formed part of

the confidential N.R.C. wer project XR-74,
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SELECTIVE DENITRATION OF CELLULCSE NITRATES

- SEGALL



GENERAL INTRODUCT ION

Although the reaction between cellulose nitrates
end alkali has been frequeantly studied, the conditions used
invarisbly brought sbout severe degradation and produced low
molecular products, Nevertheless, the nitrate groups in the
second, third end sixth positions of the glucose residues
constituting cellulose almost certeinly differ in reactivity.
Proper experimental conditions should therefore make it possible
to remove one nitrate group selectively without substantially
affecting the rest. The discovery of such conditions was the
initial objeet of the present research, which forms part of
the confidential N.R.C. war project XR~74 on the thermal and
alkaline stability of nitrated celluloses.

Nitrate esters were known to decompose in alkali
in two genersal ways, one yielding the alcohol and nitrate salt
a8 in a normal saponification and the other, nitrite and an
oxidation product of the alcohol. Since previous work indiec-
ated that in the case of cellulose nitrates much of the de-
composition ocourred by the latter route, it was probable
that the extensive degradation was caused by secondary decom-
position of the oxidized glucose residues in the alkaline
reagent. Therefore the reseerch was ained at providing re-
action conditions in which any oxidized carbohydrate pro-
duced on denitration would be protected against further de-
composition. Since the initial oxidized group was almost

certainly & carbonyl group, the denitration was carried out



in the preszsnce of such resgents as hydroxylamine, cye~
nide snd bilaulfite solutions, which mizht reasct with and

thus protect, any carbonyl groups &z they wmere forzed.

Cellulose trinitrate was used for most of the
rescarch since an§ selectivity 1z the rsesctions studied
would be imuedlstely obvious. #ith lower nitrates in
which the distribution of nitrete groups between the Three
available positions 1u the anhydroglucose umnit 1s uncer-
tain, the results of & pnrtiel denitration would be more

difficult to interpret.

The denitrstions atteupted with bulfered solutions
of sodium cysnide and sodium sulfite were unpromising aznd
have not beeu desoribed in detzil. 4in excess of hydro-
xylezins or methoxyamine in 4ry pyridine however, reczoved
an average ol one nitrate group per glucose unit from cellu-
lose trinitrate with little degredation. The cellulose 4i~
nitrate formed wes prrotically =teble in sxcess of the re~-
agent. Indecisive evidence suggested that the group re=
moved had oceupled either the sacond or the third position
of the glucose residues, :onomethyl and monoscetyl deri-

vatives of the dinitrate nre described.

Another new aad successful denitretion wes effected
by pyridice solutions either of methoxyamine hydrochloride
or hydroxylamine hydroochloride, In this case the methyl-

oxime or the oxime of &n oxycellulose dinitrate was obtained
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in high yield.

Poasible reaction mechanisms for these new
and sharply distinoet decompositions of cellulose trini-

trate are suggested.



BISTORICAL INTRODUCTION

L -

It wes early recognized that the action of
alkaiine reagents on nitrate esters was complex. In most
cases hydrolysis was accompanied by the formation of ni-
trite and an oxidation product of the alecohol, in contrast
with acyl esters which produced alaohol and the salt of

the acid execlusively, on saponification.

In 1899, Nef (1) pointed out thet the correct
analogy was between alkyl nitrates and halides or sulfates,
in that nitrates behaved similarly in meny well known re-
actions, The oxidation-reduction reaction was a consequence
of the special nature of the nitrate group in being at a
high state of oxidation. A similar reaction could occur
in the hydrolysis of an alkyl halide if carried out in the
presence of an oxidizing agent. Thus sodium ethylate,
freshly precipitated mercuric oxide and alkyl halides pro-
duced carbonyl derivatives. Conversely, benzyl nitrate
reacted in the same manner as benzyl chloride with aceto-
acetic ester in sodium ethylate, forming benzyl and di-
benzyl acetoacetioc esters and sodium nitraste without =
trace of nitrite. 1In the similar reaction with sodio-
malonic ester, benzyl nitrate ylelded benzyl'malonic ester
end sodium nitrate with a suall amount of nitrite. The
familiar condensation of alkyl halides with amines to form
quaternary ammonium salts was gparalleled by the reaction
of benzyl nitrate with dimethyl aniline, at 100* to give

benzyldimethylphenylaymonium nitrate.
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While benzyl nitrate was wholly analagous to
benzyl chloride in its reaction with alcoholic potassium
acetate at 150*, giving benzyl alcohol and benzyl acetate;
with alcoholie potassium hydroxide or with sodium ethylate,
not a trace of ethyl benzyl ether was produced as was the
cage when benzyl chloride was used, Instead, a nearly
quentitative yield of inorganic nitrite and benzaldehyde
or its decomposition products in alkali resulted, Vhen
treated with excess sodium methylate, benzyl nitrate gave
83% of the theoretical amount of nitrite possible and a
mixture of benzyl alcohol and ethyl benzoate, the latter
two heling the usual products riom benzaldehyde in aleoholie
sodium msthylatg.

Ref listed three types of reactions undergone

by alkyl nitrates in alcoholic potassium hydroxide:

l. Ether formation

2. Aldehyde formation )

3., Hormal hydrolysis to alcohol and nitrate.
Methyl nitrate with two moles of alcoholic potasaium hydrox-
ide at 30°® gave dimethyl ether without a trace of nitrite.
Ethyl nitrate with same reagent, in five days at room
temperature produced ethyl ether, an aldehyde resin and a
mixture of salts of which 24% was potassium nitrite. %ith
one and one quarter moles of alkall at 50-70°® for two

hours, similar products resulted except that the salt mixture

conikined only 11% potassium nitrite.

Normal propyl nitrate with excess alcoholic



potasslun hydreoxide gave propylethyl ethsr, n-propyl
ether and mixed nitrate-nitrite salis. (imilar results

ware ohtained with isopropyl, isobutyl and isoamyl nitrates,

From glycol dinitrate in aleoholic potassius

. hydroxide Hef obtained glycolie acid, presumably by an
intramclecular Cannizzaro resaction of the glyoxal initislly
formed, and potassium nitrite, Hitroglyesrins with alco-
holie potassium hydroxide ylelded the saltz of nitrous,
forale and agstie scide, presumably through an intermediate

keto-dialdahyds,.

Haf's rasults indieats clearly that alkyl ni-
trates are analagous to the halides in many resctions, and
that the mode of reasction in slksll is dependsnt on the

conditions and the particulur nitrats concern:zd,

In 1900, Berthelot {8) treated ethyl nitrate
with solid potsssium hydroxide at 100°® and obtained an
acetaldehyde polyuer togethor with potessium nitrite,
After investipgating the alkaeline hydrolysis of nitrogly-
cerine he concluded thet aicohol and earbonyl groups could
be formed in the sams molecule, the former corresponding
to tie raaavaré of nitrate and the latter to nitrite salt,
This conciusion waz in opposition to Hef's (1) view that
the nitrates of polyhydroxy slecohols underwsnt the redox
cleavage exclusively, The point wuse soon settled by lerl
and Jeipy (3) who isolated °(,“l =glycorol dinitrate as

well as oxalie and mosoxalice acid from the reasection pro=-
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ducts of glycerol trinitrate and alcoholic potassium
hydroxide at 25°. The ratio of nitrate to nitrite salts

produced was 1: 2,37,

Vignon and Bay (4) in 1902, investigated nitrite
and nitrate formation as wsll as the ammonié produced in
the alkaline decomposition of several nitrates. To 5g. of
ester was added 7.7g. of sodium hydroxide dissolved in
300 ce., of water and the mixture was boiled for verious

periods,

TABLE I

Decomposition of Nitrates in Boiling 2.8%

agueous Caustic Sodal®)

Nitrate Nitrous Acid (grams Ammonia (gms)
Methyl 5 ©050 0,08 )

Ethyl 0 0 0.030 0
Glyceryl 0.205 0,205 0,205 0.250
Erythritol 0.206 0.481 0,205 0.200
Pentasrythritol 0 0.132  0.059 0

Manni tol 0.413 0.413  0.206 0.250
Duleitol 0.412 0.205 0.205 0,200
Cellulose 0.206 0,206 - 04300

(a) Vignon and Bay. Ref.4

It is apparent that the results (Table I)
varied widely and in some ceses the amount of nitrite
produced passes through & maximum. Perhaps the ammonia

was produced by reduction of nitrite by the carbonyl
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derivatives formed.

- Carlson (8) measured the amounta of nitrite
formed in the hydrnlfais of several nitrates in 95% ethyl
aleohol sciution, made 0,8H wiih respsect to nitrate at 70°,
The concentration of potassium hydroxide slso present in

the alcohol was not atated,

Potassium liydroxide at -:o-m

Hitrate % Hitrite Formed Hitrats

Hethyl trace Isoamyl

sthyl . K4 Giycerol 67

Propyl 17 Glycol , 87

Isobutyl 35 Gellulose ag
| (12.5%N)

{a) Carlson, Hef.b

In the pressnce of hydrogen peroxide or mercaptans the
original was regensrated, It was found that benzyl nitrate
condansed with the potassium salt of phenyl mercaptan %o ‘
give the thio ether, rather than undergoing & redox re-
action.

CeHsCH2NOz + KSCgHp — CgHgCHeSCgHs * KNO 3
The condensation, which was quéntitativa with no nitrite
formation, complaoted the analogy with benzyl chloride
which had eludaed Hef (1),

Lome anomslous results are in the literature,
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Mixter (6) in 1891 claimed that ethyl nitrate with alco-

holic potassium hydroxide yislded ethanol and nitrate salt.
However, with glycol dinitrate in the same reagent, he ob-
tained carbon dioxide and nitrite. With barium hydroxide

he was able to isolate the sparingly soluble barium oxalate
and barium nitrite, From niiroglycerine, éxalie acid, nitrite
and smmonia were detected after reaction with concentrated

aqueous potassium hydroxide.

The hydrolysis of butyl nitrate was studied under
various conditions by Ryan and Coyle (7). They fQund that
cold aqueous potassium hydroxide gave only 154 hydrolysis
in seventeen days while at 100® oconcentrated aqueous potess-
ium hydrozide'hydrolysed_zei of the butyl nitrate in twelve
hours. At higher temperatures in an o1l bath the butyl.ni~
trate was converted into butanol, & resin, potassium nitrite
and nitrate. Alcoholic potassium hydroxide produced 20%
hydrolysis in one hundred and seven hours at rooﬁ;tempera-
ture while at 60* for eighteen and one half hours, 90% of
the ester was decomposed into butanol, butyl ethyl ether,

a resin and potassium nitrate and nitrite. An ethanol
solution of ammonia hydrolysed not more than 4% of the ester
in eighty-four hours, but the presence of hydrogen sulfide
inoreased the rate. This increase was probably caused by
the reduetion of the nitrate groups since spontaneous boil~-
ing took place and sulfur was deposited. DButanol and a

substance desoribed as a mercsptan were formed. Iron and

acetic acid reduced the ester with the svolution of nitric



oxide but only one third of the ester was obtained as
butsiuole. Acetic anhydride and sodiun acetate had no
apparent action on butyl anitrate. It was of interest that
n sherp inorease in rate of hydrolysis occurred when alco~-
holic potassium hydroxide waarusad roather thsn agueous

solution. This seemed to be & general phenomenon.

An interesting non-oxidative denitrstion of
ethyl nitrete w-s anhisvaé 5& sngell (8) 1a;hia synthasis
of the sodium sealt of nitrohydroxemiec wmcid from ethyl ni-
trate, sodium ethylste snd hydroxylaaine;

CgHsOHOp + HpiOH — > N0g ~ NHOH + CgHgOH

0. ONa
Oghi = NHOH + 2Ka0CpHs ——> W—— N = ONe * 2CgHgOH

That no oxidation~reduction took pluce was shown by the

fact that nitrohydroxamio scid ocould oxidize aan uldehyde (9),
being iteell reduced to nitrite sud a hydrogamic scid, the
latter ylelding hydroxylamine on hydrolysis. In a further
investigstion (l0) the writers obtsined 50% as the maximum
yield snd asttributed the loss to resotion between ethyl

nitrate and sodiux ethylszte.

The hydrolyses of the very unstable nitrotartsrie
end the more stable nitromslic s=cid were studied by 4. Laoch-
man {(11). The hydrolysis of altrotarteric acid was remark-
eble in that the redox clesvage oocurred ia dilute acid
solution, giving quantitetive yields of aitrite asnd excell~

ent yields of dihydroxy tartaric scid. 1Ia either agueocus
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or alcoholic alkali solution, nitrite was again produced

quantitatively, but the dihydroxy tartaric acid deconmposed
into tartronic and oxalic acid. HNormsl hydrolysis to ter-
taric and nitric acids ocourred only in extremely concent-
rated nitrie acid, containing the stoichiometric amount of

water.

The properties of nitrotarteric acid made a controlled
measurement of hydrolysis difficult although it had the very
desirable property of being soluble in water and organie
solvents and thereby meking possible a study of the effect
of solvent. The hydrolysis of the more stable nitromalie
acid COOH.CHpCHONO2COOH, soluble in water and the coumon
organio solvents, was studied 1n aqueous sodium hydraxide.
aqueous sulfanilic acid, and in neutral aqueous solution.
In the case of agueous sodium hydroxide, the concentrastion
of alkall, temperature and time of reaction had no effect
on the final nitrite concentration. In all cases asbout 0.2
moles of nitrite were produced. In methanolic sodium hydr-
oxide the yield of nitrite was agein independent of temper-
ature, concentration, or excess of alkall, but nearly twice
as much was produeed as when water was the solvent; from

0.32 to 0.39 moles.

The reaction of nitromalic soid at 100* with agueous
sulfanilic acid at its own pH gave 65% nitrite in two hours
and 78% in five hours. These percentages were measuréd by

the evolution of nitrogen, which was assumed to be produced
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by the reaction.

HNOz # CgHe(803H)NHe —— CgHu(SOzH)OH + Ng +HgO
Lachmen conoluded that the reaction was monomolecular and
did not involve a direct reaction between nitromaliq acid
end sulfanilic acid. 4 20% yield of crude oxaloacetioc
acid COOHCHzCO.COOH was obtained. The hydrolysis of nitro-
malie acid in neutral solution was complete in two hours
at 100® and yielded only 8% nitrous acid. The presence of
large mmounts of nitric acid was demonstrated and malie
acid was identified as the main produect of the reaction.
Lachmen interpreted the results as indieating that normal
hydrolysis and redox cleavage proceeded at independent rates.
In dilute acid solutionkthe slow redox reactlion was still
faster than the normal hydrolysis. In neutral solution,
the normal hydrolysis became relatively faster, while in
alkaline solution, the normal hydrolysis was catslysed to a
greater extent than the redox cleavage, the extent of the

difference depending on the solvent.

Gladding snd Purves (12) studied the resction be~-
tween some glucose mononitrate derivatives and elkali. They
recognized that nitrates were in many respects similar to
the‘carrésponding alkyl halides and p-tolnenesulfonates,
the latter having been shown to be removed in alkali with
Walden inversion, perhaps through a carbonium ion inter-
mediate, like the alkyl hslides. The hydrolysis of & ni-~

trate group by a like meohanism should involve the form-
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ation of an internal ether or anhydro ring, or a mixed e-
ther, or an alcohol, with Walden inversion wherever poss-
ible. Thus tetraacetyl o~ glucosyl nitiate yielded B-
methylglucoside {I) when treated with sodium methylate for
ten minutes st room temperature. The yield of B-methyl-~
glucoside was 28% Sut the properties of the crude product
indicated the presence of the 1, 6 glucosan {II) in equal
amount. Glucosan {1, 5)3{1, 6) was isolated from a simi-
lar hydrolysis in an aqueous dioxane solution of sodium
hydroxide as the trimethyl derivative. Nitrite was pro-
duced to the extent of 4.5% of the criginél nitrate groups.
The solution darkened in contrast to the slight yellow of
the previous experiment. The formation of giueoaan com~-
pleted the analogy between tetraascetyl -« - glucosyl ni-
trate and the corresponding bromide. It was therefore
plausible to assume that alkali formed the same carbonium
ion from the X~ nitrate and the & - bromide and thet Walden
inversion occurred on combination either with solvent meth-~
anol or with the primary slecohol group of the glucose re~ |
sidue. This explanation was put forward with reserve as it
failed to account for the formation of glucosan from beta,
but not from alpha, phenylglucoside under similar conditions.
It was noted that the hydrolysis of the nitraete group was as

rapid as that of the four acetyl groups.

Triacetyl methyl -d- glucopyranoside =6~ nitrate
was hydrolysed with aqueous—-ethanolic sodium hydroxide and



with sodium methylate in ahhydrous methanoi yielding

almost colorless solutions. In both cases a 77-80% yield
of methyl 3, & anhydro -4~ glucoside (III) was obsained
with 2% of the nitrate groups reduced to nitrite. The
reactions were much slower than the corresponding hydrolyses
of the glucosyl nitrates, requiring seventy minutes at
75-80° in aqueous-ethanolic sodium hydroxide end forty-

eight days in sodium methylate at room teuperature.

Methyl 3,4,6 triacetyl-%-glucoside-2-nitrate
heated with sodium hydroxide dissolved in agueous dioisne
for two hours at room temperature, gave an 84% yleld of
clear, colorless nitrate-free syrup. The reaction was more
rapid than that of the iSomaxio 6~nitrate and gave 2.3% of
the originsl nitrete groups as nitrite. The produot was
diffioult to characterize, but the absence of appreciable
amounts of free glyocol groups as shown by the neaily neg-
ligible resction with periodic acid, indicated the presence
of a 2-3 anhydro ring. The snalytical data were consistent
with that of a slightly impure anhydrémethylhexoside Iv.
This denitration was therefore similar to the deacylation
of methyl 2-p-toluenesulfonyl-4d=-gluocoside to a syrup con-
sisting mainly of methyl 2;3-anhydroqg~manncside. The
difficulty in characterizing the product of denitration
may have been caused by the partial rearrangamenf of the

2,3 anhydro derivative to the 3,6 isomer.



To observe the course of denitration when an-
hydro ringz formation wes blocked by other groups, methyl
8,3 ,4~trimethyl-d~glucoside~6-nitrate was heated at 60°
for twenty four hours with sodium hydroxide dissclved in
equeous methanol. Complete denitration resulted in 20%
of the originsl nitrate groups being reduced to nitrite
while 35% of the methylated oarbohydrate was decomposed
to a discolored tar thet slowly neutralized some of the
excess alkali. ilethyl 2,3,4~trimethyl-9=-glucoside was
obtained in 75% yield. The rather drestio conditions
used in this experiment were necessary since the methy~-
lated &é-nitrate wus stable to alkali in aqueous dioxane

at 25°% even aft-r one huadred hours.

— —_—
E?QCH; — IH 3&"}’003; m':ocn;
Hrl.:oeg HCOH mimn P cl:s
o0 o
HO-C=H BOSC H — cH NCH
I 1] { 0 | 0 | 0
H-clwzx o 'Btl?aﬁ 0 HCOH stlma
, | :
HgCOH - b—cH, CHg HeCOH
I II 111 Iv

The denitrations of the three acetete-nitrates
tended to show that the preferred alkeline cleavage of
easrbohydrate nitrate groups took place in the sexse
RyRaCH - ONOp and led to the quick axpulséon of the ele-
ments of nitric ascid in a substantially unreduced con~

dition. This method of elimination seemed to be depend-


http:118.o.ta

"16 v-

snt on the facile production of mathyl glucoside or an~-
hydro struotures, asvillustrgteﬁ by the relatively gresat
stability of methyl 2,3,4-trimethyl-B=-glucoside~S-nitrate.
dore drastic conditions promoted s sirsightforwerd normsl
hydrolyais of the “blocked®” nitrate group in the latter
compound. The alksline hydrolyses of the "blooked" tosyl
radizals in such substances ss methyl-2-tosyl«3,4,6~tri~
methyl-=glucoside, methyl-2-methyl-3,4~1eopropylidine=6-
tosyl-d=gulactoside end methyl-2,H~dimethyl=-3~-tosyl~S~xylo~-
furanoside procseded with difficulty but often in high
vields slong exactly the scae lines, So ¥alden inversious
were observed snd the hydrolyses were therefore attributed
to seission in the ssase R RegCH~O % 50gCgH « Therefore it
geened legitimate to sssume the pimiler mechanism, R CHpe-

0 + HOg for the scission of the blocked nitrete group.

The reaction between hydroxyleaine and athyl
nitrate in snhydrous sodium ethylate (8);
CgHHp=0 + WOp ¢ NHpOH —; OgN-NHOH + CpHyOH
)

would seem to require sciseion in the sense diecussed above.

Farlier speculstions about the mechsnisms of
nitrate hydrolysis sre briefly reviewed by Lowry and oo-
workers (13) and by J. Barsha {14). Ounly & trief outline

is inocluded here.

Nef (1) stated that alkyl nitrates reacted with
alooholic csustio potash to produce & "methylene” radical,
B=CH{ , which could add the elemeats of ethyl aloohol to
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form an ether or an oxygen atom from the nitrate group

to form a carbonyl compound.

Berthelot (2) considered the hydrolysis of ni-
trate groups to consist of normal saponification proceed-

ing with the simultanecus abnormal reaction which he wrote,
RCHz~0~K0Ogp + KOH—>RCHO + KNOg + Hg0.

Berl and Delpy (3) thought that hydrolysis pro-
ceeded by a normal saponification. In some ocases the ni~
trate relessed was supposed to oxidize the alcohol formed,

this process occurring almost simultaneously with the first.

Klason and Carlson (15) formulated the abnormkl
redox cleavage using the peroxide structure for nitrates

as proposed by Bruhl (16).

RCHg=0~0-NO ¢ KOH —> RCHz00H + EKNOg
RCHgO00H —> RCEO + HgO.

They sceounted for the normal hydrolysis of
nitrocellulose and other esters in the presence of mer-
captans and other reducing agents, as 2 reduction of the

intermediate peroxide.

Lachman (11) revived a much earlier mechanism
of Vignon and Maquenne (17) and attributed the abnormal
cleavage to the hydrolysis of an intermediate, isomeric

nitrite.



RCHgOH # HNOg

Hgl
R-~CHp~0ONO g H H
~ | HpO (
R=C~0NO — R-C~0H * Hl0g
|
OH oH |
RCHO + HeO

In a recent research, Christian (18) studied
the hydrolyses of the three isomeric oyclohexane 1,2,3~-
trinitrates in 0.1N aqueous alcoholic sodium hydroxide
at 20®. The retes of alkali consumption, nitrite and
colour formation were measured. The cis-cis~-cis isomer
hydrolysed most rapidly, developed the most colour, but
strangely, formed the least nitrite. As & tentative ex-
planation for colour formaticon, it was assumed that in-
tenaity of colour was caused by & diketone whose reson-

ating forms were analagous to those of many dyes.

Do o L= Qo_

cis-cis-cis colourless , coloured

It was argued that & small amount of the diketone could
account for the colour and that it was more likely to arise
from the cis-cls-cis derivative where the central nitrate
group was sterically“hindered and might be the lsasst to
undergo reaction. The sbnormal cleavage is more likely to
occur in the first groups to react as they are adjacent

to negative groups, as in nitrotartaric acid and nitro-

glycerin. The least colour was developed in the hydrolysis



of the cis-treas-cis isomer, where the cenirel nitrate

group might be expeoted to hydrolyse first.

The ois and treas isomers of the more stable
cyclcohexane 1,3-din1tr&te§ were hydrolysed in the same
reagent at 100*, the cis compound agein reaeting more
rapldly and produocing less niirite, (0.32 moles sgainst
0,50 moles). Colour farm&tién w88 the szame in each case
and less than in the trianitrate series. Ia the hydrolyses
of the trinitrates, the ols-trans-cis derivative produced
about 1 amole of nitrite and the other isomers ebout 0.6

mnoles.

¥instein and Buckles {19) developed & mechenism
to explsin replacement remctions of trans oyclohexsne 1,8

derivatives whioh took plsce with reteantion of coufigur-

ation.
1:: x* X
G - -’ - -
/ Gl\ Y /C C *2 /6 fi'\
Y Z
inveraion inversion

This meohsnism was assumed to aoccount for the reactivity
of trans~l~scetoxy~2 chlorchexane towards silver ‘aoetatt
under conditions where the ois compound wes completely un-
reactive, since a trans “onium” lon cyclic intermediate

could not form. Christisn found that in genesrsl ois-ni -
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trate groups resoted with alksli wmore rapidly than traus
groups, which might indiecate that in the compounds studiled,
& primary dissocistion in the sense C ~ ONOg to produce
a oarbonium ion 4igd ao; oceur and that scission may have
ﬁaknn'plaae in the sense C-0 ~ HOg as discussed before for
"blocked" sugsr nitrste groups. Christien, however, ment~
ioned a mechaniam analsgous to that of ¥instsin and Buckles
as possibly haviag some importence, Yinstein's mechenism
provides for anhydro riag formetion im tho cese of a ni-
trete trans to & hydroxyl where the intermediate

//,H

O

/C “’G\
sould stabilize itselfl by slimination of & proton.

Lucas and Hamsett (20) recently investigated
the kinetics of the resctions with wetar and hydroxyl ifon
of t-butyl nitrste and benzyl nitrste. Hutyl anitrate un~
derwent two solvolytic resotions, one {(4), produsing t-
butyl sleohol and the other, {(B), butene.

(4) 2HpO + CoH,0ii0p ky y  CeH,0H + Hy0" + NOs
(B) HpO + CqoH,0NOg kp , OeH, + Hgo* + NO3™

Sinoe the rate was unaffected by hydroxyl lon, or reduced
when it lowered the activity of the weter, the reactions
were true solvolysea. Since activation energies end ratios
of produots were identical with those abserveﬁ-in parsallel

solvolyses of t-butyl ohloride, it wes likely that the
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sase mechanism prevailed in Loth cases.

Benzyl nitrste underwent solvolytic resctions

(é) and (D)

(C) CoHsCHgUROg ¢ 2Hg0 Kz , CeHsCHgOH + Hs0" + NO3
(D) CeHsCH30NOg + HgO K¢ | CeHsCHO + HHOg

and hydroxyl lon ostalysed reaections (E) end (¥)s

(B) CeHpCHgONOg *+ OH ks | CeHsCHgOH + KO

(P) CeHsCHgONOg ¢ OH™ ke , CeHeCHeOH + HOF

The hydroxyl ion resations were much fsster than the sol-
volyses, producing from 32 10 42.5% vengsldehyde at 5C°
and 58 to 68% at 25°. The solwvolyses produced &~9% ben~
zaldehyde. IHydrogquinone completely suppressed the redox
reactions (B) snd (¥) as would De expected {rom the re-
actions of nitrates with alkaline sulfides snd other re~
duoing agents. The solvolytic reaction (&) of bdbutyl ni-
trate wes considered to proceed through an inmociplent sol-
vation of the anion leuding to & rupture of the oarbon-
oxyzen bond with more or lessz transleat formstion of &
carbonium fon., The solvolysis of beunzyl nitrste to the
slcohol (C), wes largely through the sane mechanisxu as
for the t-butyl derivastive. .is C=r &s the redox resction
wes concerned, the euthors comoluded that; "at the pre-
sent stage of our knowledge it would seew to be presature
to offer ahy mechanisa for the oxidation-reduction react-~

fon™.,
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The work reviewed to this point indicates that
ester nitrate groups mey cleave to give & variety of pro-
ducts, the nature of which may be influenced by the solvent,
alkeali concentration and the speeific natures of the react~

ants. The reaction types fall into the five general groups:

1. RHO3 *+ KOH (mqu) — ROH + KNOj3
2. RNOz # R*X-— RR' * XNOj3
ef. Benzyl nitrate and sodiomslonic ester
3. RNO3 *+ alcocholic KOH—> ROCgHg + KNO3
4. KCHR*NOg ——> RCR'Q + HNOp
This resction mey ocococur in acid, neutral or
elkaline solution, depending on the nitrate ester involved.

S, ANO3 Hg0 olefin + HNOj

The resctions of the sugar mononitrates show &
def'inite preference for & given reaction type i.e., 3.,
to form sn alkyl glycoside or intrsmolecularly to form an
anhydro sugar. ¥%hen such & mechenism is blocked, the re-
asction proceeds with diffieulty and pos?ibly by socission
of the nitrste groups in the sense R-0 + KOg rather than

1 |
R T ONOg. Perhaps a resction of the type Angeli (8)

|
showed to ocour between ethyl nitrate and hydroxylamine
might facilitate the removal of such blocked nitrate

groups.

The nitrates of polyhydroxy aleohols decompose
in alkali with types 1 and 4 ocourring in the same mole~
cule, It msy be significant thst ether formastion has not

. been observed in these cases, possibly because & ocarbon-
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ium lon intermediate is not formed. Support‘for this view

is found in the alkaline hydrolyses of cis and trans cyclo-
hexanaél,a dinitrates, in which the cis derivative hydrolyses
more rapidly than the trans compound, contraryvto what would
be expected if & carbonium ion intermediate were formed.

The cleavage of all nitrate groups in polynitrates mey thus
occur in the sense R-0 % NOg giving rise to the observed

products.

The slkaline hydrolysis of cellulose nitrates
might be expected to partake of the properties of the suger
nitratas and the nitrates of polyhydroxy aloochols; particu-
larly the latter when it is recalled that many of the ni-
trate groups in nitiooellulose are "blocked™., Cellulose
trinitrete is made up of chains of the repeating unit

H?~n:N\9 [
H~-C-0ONC 2z

2ONOC~H
I 0

/Bc

I

HG ———

HoC-0NOg n |

in which there are no free hydroxyl groups with whieh an-
hydro ring formation can occur. Hence the nitrate groups
perhaps react like the "blocked®” nitrate group in methyl

~2,3,4~trimethyl=f-glucoside-6~nitrate with the increased



reactivity cbserved in nitrotartsriec seid. The hydroxyl
groups in cellulose are markedly differsnt with respect
to each other in their resctivities and hence their ni-
trates uight be expected to hydrolyse st different rates
and possibly by different uechsnisms. However, no re-
action selective for ocne of the three nitrate groups has
been desorived with the exception of the replacement of

the prisary nitrete group by iodine (48},

Gladding end .urves {12) showed the snalogy in
the alkaline hydrolyses of sugar nitrate and tosyl groups
in produeing identical anhydro sugars or methyl glycosides.
Gardner and Furves {21) hed previouely some evidence that
in the deaoylation of & tosyl cellulose acetate, & cleavsge
to produce interzoleculsr ether linksges vetween neighbour-
ing glucose units ooourred. However, the anslasgous resotion

in the denitrstion of nitrocellulose hss not been observed.

The literature on the slksline decomposition of
nitrocellulose is largely an account of the isolation or
fdentification of the complex pfaduats of the advanced de-
gradation of individual glucose uanlte and inorgenic nitrogen
in various steges of oxidatioa. Ais such the literasture has
been recently reviewed by Kenyon aud Le B. Gray (22) and
Barsha {l4). Substsnces ranging from cerbon dloxide to
oxidized derivatives of propionle and cutyric soids are
described as deoomposition produocts of nitrocellulose in

alkali. 3Berl =nd Smith (23) obtsined r 7-8% yield of oxy~-
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propionic aeid by treasting nitrocellulose with alcoholic
sodium hydroxide at teuperatures below 25°. Lowry and eco~
workers (13) treated cordite, 12.2%4N, with lime in an 6.5%
agueous solution of pyridine, which they claimed was the
most effeclent "eatalyst™ for the controlled decomposition
of nitrocellulose. They obteined & sludge which on wash~
ing and drying contained ¢.6i. From the charred black
cordite rods left in the reaction mixture they obtained a
substance N 6.7%. They stated that decomposition proceeded
to a "dinitrate” and then & "mononitrate®” stage, after
vhioh the molecule decomposed coumpletely. ?qrmer {24}
held that the analyses of the two ractions were adventit-
ious and did not represent any clean cut stege in the re-~

action.

Kenyon and Gray (22) mede quantitative measure-
ments of thé carbon dioxide, nitrite and reducing sub~
stances formed by the action of agueous sodium hydroxide
in concentretions of from 1 to 30% on cellulose nitrate.
About 60 to 70% of the nitrate groups present were rsduced
to nitrite. Denilov and Lirlas (28} studied the viscosity
changes of nitrocellulose io the presence of sumonis,
pyridine, hydrazine, hydroxylamine, ammonium sulfide and
sodium sulfite and found them greater than the corres-
ponding reduction in viscosity prcﬁﬁeed by the strong
bases, sodium hydroxide and tetramethyl smmonium hydroxide.

Unfortunately, this paper was dwallable only in abstreot.
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The deconposition of cellulose nitrate by gyri"
dine was studlied by Angeli (28). Yhen moistened by pyri-
dine, the nitrate ylelded & semi-solid, transparent, rubbery
mass whose viscosity graduslly diminished towards thet of
pyridine itself during several days standing st room teuper-
ature. %hen freed from pyridine by extrasction with alcohol
and dilute sulfurioc ecid, and by reprecipitation, the pro-
duct was obtained as a white amorphous powder in 80% yield.
The original substitution of 2.3 had dropped to 1.5 to 1.7
nitrate groups per glaecse uanit. The product turned brown
and then black on h-sting, reduced ammoniacal silver nitraste,
reacted with phenylhydrezine, but had no action on Fehling's
solution. These tests suggested that the substance was a
nitrated highly degraded oxycellulose. Since the degree of
denitretion wns not grest and the substance was obfisusly
highly oxidigzed 1t is likely that much of the deniti&tion

ocourred by the ebnormal redox route.

It is apparent that sll denitrstions of nitro-
cellulose in alkalil, except in alkaline reduecing ageuts,
caused either complete degradetion to monomeric debris or
else great chalin cleavage with relatively slight loss of
nitrogen., ﬁo.deflnite evidence was cobtained for & possible
varistion in the resetivities of the three nitrete groups
in each glucose unit or of the relstive i.portance of the
various mechanisas of nitrate cleavage, except that redox

cleavage probably oceurred to a great extent,



¥hile no one hss dexonstirated & parsllel between
the reactions of nlitrete ssters ia slkali and their therzel
decouposition, some similarities will be polnted out in this
research. Therefore a brief summsry of pertinent work on
thermal deocomposition is given. 4 more extensive raview is

svailable in & thesis by Crassie (27).

At temperatures of from 210° to 240° snd 5 mm. to
15 am. pressure, methyl nitrate {28) yielded nitrogen dioxide
as one of the initisl yroducts of decompositioa. Since form~
aldehyde end nitric oxide oceurred in the final produocts it
¥as postulated that the nltrogen dioxide took purt in e

secondery resotion. The 1aitisl reesction wes written as
CH3060g —>3/e (HCHO) + 1}/, (CHzOH) + HOp

It hes been suggested that the primary step (29)
was the bresking of the 0-HOg bond, giviag anitrogen dloxide
and the frea radicel CEzCHpO., in the case of ethyl nitrete.
The free radical may be furtner oxidized to acetgldehyde
and hence to osrvon monoxide snd carbos dioxide. The study
of the explosive decomposition of & series of éitr&tea led
benizes (30) to the opinion that prim<ry esters produce.
aiéehydaa and secondsry eaters produce ketones as the inltisl

products of cleavage.

The earlier work on thermal decomposition of
cellulose aitrates is not reviewed since little 1ight is

thrown on the stoiohiometric ohanzes involved. Sawn (51)
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recently suggested a mechanism for the thermal deconm-~
position of oellulose nitrates based on the primary
cleavasge of nifrogen dioxide. The nitrogen dioxide then
took part in secondary reactions with formaldehyde, and

similer aldehydic products.

Wolfrom (32) extended the work of Frazer (32)
in studying the burning of nitrocellulose at low pressures
in unreactive gases at 2-10 mm. pressure. The products
of reaction were divided into two fractions; a "white
substance®™ (WS) which remained in the reaction chamber and
2 volatile "red substance® (RS) which was condensed in a
dry ice-acetone trap. Yields of WS were in the range
40~-55% and RS 30-45%. RS proved to be largely composed
of faxmaldehyde, glyoxal, formic and acetic acids and water
after oxides of nitrogen were permitted to boil awey. The
¥S was purified by precipitation from methanol solution
into water, when sbout 60% of the material remained in sol-
ution. The purified white substance (PWS), in which mini-
mum degradation had occurred, was a carbohydrate derivative
consisting of about #ix partlally nitrated hexose units

per molecule. Aldehydic and &¢id groups were present.

Using the data on the chemical mature of WS
and RS Rice and Ginell (34) pfeposed a free radicel mechan-
ism for the thermal decomposition of cellulose nitrates
based on the primary cleavage of nitrogen dioxide from

the primary nitrate group. Subsequent stabilization of the



carbohydrate free radicsl led to the observed products.

In a recent study of the decomposition of two
specially synthesized cellulose nitrates, Grassie (27)
obtained quantitative yields of reaetion products. Since
the nitrates used were synthesized by means whieh largely
predetermined structure (32) it was possible to relate
the products of reaction to the mode of decomposition.

Grassie states;

"It was demonstrated that the thermal cleavage
of one ester group in the mononitrate was sccompanied by
the formation of approximately one carbonyl group from
the cellulose moiety. This sarbonyl group largely remained
with the pon volatile residue but to some extent cleavage
of the latter ocourred with the liberation of volatile
formaldehyde end glyoxal. The other primary product of
thermal decomposition was nitrogen dioxide®. The results
quoted refer to a cellulose mononitrate substituted largely
in the sixth position. ¥With respeot to & specislly syn-
thesized cellulose dinitrate it was stated - "results were
not inconsistent with the above interpretation but were not
so decisive." Certain differences in the behaviour of the

two nitrates were noted, With regard to chain degraéa;ion;

"The cellulose chein was degraded to an extent
roughly corresponding with one glycosidic cleavage for each

mol of volatile carbonyl compound. HNonvolatile carbonyl
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units were apparently formed without involving degradation
of the cellulose.®™ These results strongly suggest that an
elimination mechanism involving cleavage of the O-N bond
waz active in the thermal decomposition of the cellulose

nitrates.

-y
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EXPERIMENTAL PROCEDURES

A, Analytical Methods

- 1. Nitrogen:~-

Difficulty was experienced in analyzing the
oxycellulose nitrate oximes by the Kjehldahl method bde-
cause the samples deflagrated at the beginning of the
estimation, Nitrate nitrogen was determineé by Blving -
and Meklroy's (35) semi-miero modification of the duPont
nitrometer method. Total nitrogen was by the Dumas method
as described by Gatterman and Vieland (36) or by the ma-
cro or micro-Kjehldahl methods. The latter, employing
about 100 mg., or 10 mg. seamples, respectively, were
carried out as modified by Gunning (37). Some samples
of high nitrogen content which ignited on contact with the
strong sulfuric acid used in digestion, were successfully
analsyzed without ignition by drastic cooling of sample
and acid before mixing.

2,lodine:~ -

The determination of iodine was by boiling 30
to 40 mg. samples under reflux with 1 g. of potassiﬁm
hydroxide and 25 cc. of water until solution was complete.
Dilution to 100 cec., neutralization to phenolphthalein
with 2 N sulfuric acid and the further addition of 2 ecc.
of acid followed., The iodlde was oxidized to iodate by
10 to 12 drops of bromins, the excess bromine destroyed
by execess formic acid, and ths acidified solution was

treated with potassium iodide. Titration of the lodine

liberated bv the iodate from the potassium iodide was



with 0.08 N sodlum thiosulfate.

S Methoxyl:-

The Vieboock and Schwappach estimation for
mnethoxyl was used as described by Clark (38).

4. Acetyl:~

Acetyl was determinéé by & new method developed
by R, ¥. Lemieux (39) in these laboratories. This method
depended on the oxidation of the sample with chromie acid
and distillation of the acetic acid so forwed. The method
determinas‘acetyl groups eand teriinal methyl groups which

oxidize to soetic acid.

S. Intrinsic Viscosity:~

The waight of sample was determined by the ne~
ture of the material. For undsgraded nitroeellulaae, sam~
ples of 1 to 5 mg. were weighed into gleaas stoppsred tubes
and & weighed scount of butyl acetzte added. For degraded
meterials seamples of from 25 to 100 mg. were used. After

each deterniination of the relative viscosity,

t nrel = 2 5°1“°1°“; , in au Ostweld vie-
n solven

cometer at 25%t .02%, the samples were diluted with butyl
acetate and the visecosity measured sgain. This process wes

repeated until n§2 became constant; Bgp = A rel -1 and C

was concentration per cent. The degree of polymerization,DeP.,



was caloulatad ueling Urasmer snd Lansing's constant for
nitroceilulose, D.P, = 27 (:‘!%2) = 270 [n]
GC—>0

where [n] is the intrinsic viscosity (40).



B. Materials

1. Cellulose Trinitrate:-

Dewaxed cotton linters, the gift of the Heroules
Powder Company, were dried over phosphorous pentoxide and
were nitrated acocording to Berl's directions (41). The
linters 20. g. were kept immersed for two hours at 5% in
1700 g. of & mixture of phosphorous pentoxide (22%) and
pure nitric acid (fuming nitrioc acid distilled from con-
centrated sulfuric socid) (78%). After recovery, the pro-
dust was immersed in 50% aqueous ethanol at ~14°, was
stabilized in bolling ethanol and was dried under reduced
pressure over phosphorous pentoxide all as Berl described.
4 yield of 35 g. with substitution 2.2 (N, 13.93%) corres-
ponded to 96% of theory. Similar preparations varied in —,
nitrogen content from 13.8 to l4.0%. Intrinsic viscosity f;j/
(a]= 20, Apparent D.P. = 5400. ) i

The trinitrate was kept in a dessicator over

[
/

phosphorous pentoxide before use and all manipulations d}j
this dangerous explosive were made with grest care to %Void
friotion against glass or in ground glass stoppered ra%
ceptacles. j

y
il

2, Hydroxylemine from the Hydrochloride:~-

The method of Hurd and Brownstein (42) was:use&x

on 8 ten-fold scale with slight ohanges which increased the

N

—

i

yield from 50 to 65% of theory.

Metallic sodium 125 g., was added slowly to
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1500 ec. of reagent butanol contalned in a S~litre 3-
necked flask fitted with a mechanical stirrer and seal.
The reflux condensger was equipped with a soda lime dry-
ing tube, The flask was cocled during addition of the
sodium and was afterward cautiously heated under reflux

for three hours or until sll the sodium had dissoclved.

In a 5~litre three necked flask fitted with s
mechanical stirrer were placed 348 g. of dry powdered
Eastman Kodak Company hydroxylaminé hydrochloride, 1 g.
of phenolphthalein and 300 ec. of butanol., The mixture
was warmed géntly with stirring for ten minutes and the
hot sodium butoxide solution was then added as rapldly
as was consistent with an avoldancse of alkalinity as shown
by the phenolphthalein indicator, The addition required
three hours. ‘The sodium chloride precipitated was removed
by filtration and the mother liquor was kept at -14® in a
brine bath overnight. The hydroxylamine which crystellized
as beautiful white plates wsas recovered, shaken with three
- 80 ec, volumes and then with one 300 e¢c¢. volume of ether,
dried in vacuo and stored at ~10®, Yield 105 g. corres-

ponding to 65% of theory.

3. Reagante:~
Eastman Kodak Company white label hydroxylemine

hydrochloride, methoxyamine hydroechloride and methoxyeamine
were used throughout the research. Pyridine, dried over

barium oxide and distilling in the range 115*-115.5*, was



used throughout. Any use of specially prepared solvents

is stated in the text.
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C, Effact of idline Solutions of Hydroxylamine and its
‘ erivetives on Cellulose Trinitrate

Comparable experiments were set up in which 1 g.

samples of cellulose nitrate (N, 13.8%) were separately
dissolved in 25 ce., of pyridine containing (&) no other
reagent,(b) 6 g. of hydroxylamire hydrochloride,{c) 5 g.
of methoxyamine and {d) § g. of methoxyamine hydrochloride,

The solutions were kept at room temperature.

At daily intervels samplee of each were poured
into water; the resulting precipitates were washed with
water, purified by solution in dioxane and reprecipitation
into water and air-dried. Tsble III summarizes the ylelds,
methoxyl and total nitrogen contents of the precipitates,
together with approximate relative viscosities of the pyri-
dine soiutions Jjust prior to precipitation. These viscos-
ities were obtained by noting the times of discharge of the

solutions from the same pipet.

‘the rsaction (b) in presence of hydroxylamine
hydrochloride was characterized by an initial evolution of
colourless ges and by the development of very little colour,
as compared to the bright yellow or orange observed in re~
action (a). The products changed rfrom short white fibres
to powders after three days reaction time. MNitrogen anal-
yses were difficult because the samples tended to defleg-
rate during the estimations. No nitrite was found in the

filtrate from the samples,

When methoxyamine was present (solution (c) )

.
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1ittle colour was devsloped, no gas wee avolved and 8 high
viseosity vas retained for two days. The products wers
isolatsd as long white fibras and the filtrates from the
pracipitations gnvs sirong nosiitivs teste for nitrite.
Solution {d); eontaining metiioxyamine hydroehloride, aiso
renained assrly colourleuss and ylelded short ersam-white
friable 7ibrss similar to those obtained in (b}, The szenme
echaractaristics were observed in a zore detalisd atudy of
tils rsactlion, tis results of which are sumparizoed in
Tablae IV, The intrinsic viscosity of esnch sanple was dew
termined as well as nitrogan and nethoxyl nnalés&a. it
was possibie o obtalin ths product as white fibres up to

and inecluding the four day samplae,



__Selutien (1)

(a) Pyridine alone
(b) HONHg.HC1

(o)
(a)

(a)
(b)
(o)
(a)

(a)
(v)

CHzONHg

CHzONHgz .HC1

Pyridine alone
HONHQ QHCl

CHaONHp

CHzONHg .HC1

Pyridine alone
HONHgHC1

TABLE IJI

Properties of Products formed from Cellulose Trinitrate

Estimation

o—

n rel (2)

Yields %(3)

% (5)
& (5)

% (6)

in various Pyridine Solutions

Days at Room Temperature

1.1
2.43

10..0

12.3
13.8

12.7

2 3 4
1 . .o
1.92  1.68 1.66
10.6 2.74 2.00
2.36 1.7 1.35
e 40 .
ee 75 .o
.. B0 e
. . .
11.9  12.0 .
14.4 13.8
14.4,14.8(7)..
13,1  14.0,13.3(7)..

_5 6

1.64 1.52 1.44
1.67 1.47 1.40
15 [ 2R ) L W}
70 .o 50,73 (4)
70 oo 70
85 oo 95 (4)

14.2,14.9(8) .. 14.4,14.9(8)

13.9 .o 15.6 (8)

- 88 =



solution (1) Estinatio 1 2 3 . 5 & _ 9
(e) CHaONHg w 12.0 11.3 1‘3.?’71)-003 .e 10.7 e 10.6
OCH 0895 1.08 1:?3;1035 ve 2.14 . 2.80
(&) CH3O WHp.HCL w e o0 T se 13.1 (9) e 1401(10)‘11)
«OG_K s e oe . 8.1 {9) e 11.9 (10)
Notes

(1) For details see text,

(2) Relative visocosity of solution prior to isoletion of product.

3) By weight on air-dry besis.

4) Larger~scele runs.

(5) Ejehdahl method.

(6) Dumas method. ill oslues unocertain owing to instability of seamples.

(7) Obteined on e duplicate, independent preporation.

(8) The mono oxime of a keto~ {or aldo=) ocellulose dinitrate has total N, 15.8%.

{9) Analyses correspond to substitution of 1l.74 nitrate groups and (.09 methyléxime groups.
10 )Anslyses oorrespond to substitution of 1.68 nitraste groups and 1.02 methyloxime groups.
(11)Dumss nitrogen l4.2%
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TABLE IV

Properties of the Reaction Product of Cellulose Trinitrate

with a Pyridine Solution of iethoxysmine Hydrochloride.

D .s -
Methyl Oxime Nitrate
Time . Q%Ha (n) D.p.(8) Groups Groups

24 hrs. 13.2 1.84 1.94 520 0.17 2.45
60 hrs. 13.2 4.7 0.59 160 0.41 2.14
4 day 13.4 7.1 0.38 100 0.61 1.98

5 day 13.1 8.1 0.68 1.72

7 day 14.0 11.2 1.00  1.68

14.1 11.7 0.97 1.70

12 day 14.0 11.8 0.18 49 1.01 1.70

(a) D.P. = 870 {(n)



D. Cellulose Dinitrate
1. Preparation:~

Hydroxylamine, 100 g. was dissolved in 660 cec.
of dry pyridine. The solution was added to %0 g. of dry
cellulose nitrate, 13.9% N, contained in a 2-litre flask.
A white opaque gel formed and lafge volumes of eclourless
gas were evolved. The reaction mixture was cooled during
the exothermic resaction until the gas evolution slackened,
after which the very viscousvpale yellow solution, still
containing many ges bubbles, was kept at 20* in the derk.
The viscosity of the solution slowly decreased. After
seventy~six hours the yellow solution, still viscous, was
slowly poured into 3~litres of mechanically stirred dis-
t1lled water, thus precipitating the nitrocellulose sas
strong white fibree. The fibres were washed with large
volumes of distilled water and spread out to air dry.
After twelve hours they still smelled strongly of pyridine.
They were redissolved in l-litre of 1l:1 dioxane-acetone
and reprecipitated into 6-litres of distilled water. The
long white fibres were recovered, washed well with distilled
water and spread out to dry in the air.Complete drying was
first over amhydrous calcium chloride and then over phoé‘
phorous pentoxide under reduced pressure. Yield 24 g. or
98% based on the nitrogen content (M] =1.17 on a product

renitrated to 1%.1% N by Berl's method (41).

Apnal. Caled. for cellulose with 1.68 nitrate and 0.08


http:volum.es

oxime groups per glucose unit: N 10.43; nitrate N, 9.95.
Found N, 10,47, 10.40, (macro-kjehldahbl); 9,95, 9.94 nitro-

meter %, Oxime nitrogen by difference 0,.48%.

Apparently identical products were obtained after
reaction times of eleven and twenty four‘hours. The pro=-
duet described under C, using methoxyamine instead of
hydrciylamine appeared'to be identical except for a small
amount of methyl oxime instead of unsubstituted oxime, The
procedure Talled when‘cellosclve WaS*aupatituted for pyri-
dine, the product retainingkls.ﬁﬁ nitrate nitrogen when
carried out at room temperuture. Heating at steam bath
temperature for one half hour -after keeping for two days
at room temperature also ylelded substantially unchanged
trinitrate, TFound, nitrate N, 12.,6%. The "dinitrate"
dissolved readily in acetone~dioxang (1:1), v»yridine,
ethanol-ether, (1:1), butyl acetaté, and withfprogreséively

less ease in dioxane, acetone and glacial acetic acid.

2, Stability of the "Dinitrate” in Pyridine:-
One-half gram was dissolved in 10 ec¢, of dry

purified pyridine and the mixture was shaken mechanically
for eighteen hours, The slightly yellow solution was
poured into water and the white fibres obtained were re-
precipitated from dioxane solution into water, The yield
of white fibres was quantitative., Ansl., Found, (macro-
kjehldahl) 9.98, 10.01%. Nitrogen content of the original
dinitrate (10.43%), had therefore been little affected by
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the pyridine treatment.

In a Pyridine solution of Hydroxylamine:-

Cellulose dinitrate (Nitrate N, 10.0%) 1 g.,

was dissolved in 50 cc. of pyridine contalning 2 g. of
hydroxylemine, After three days at room temperature, the
solution was poured into water and the produet recovered
as long white fibres which were purified by reprecipitat-
ion from dioxane-acetone (l:1) solution into water. Anal.
Found N, 10.1% (nitrometer). The substance therefore re-
tained the original nitrate content of 5195% in the re-

action medium in whiceh 1t was formed.

In Sulfuric Acid:-

Two grams were dissolved inm 90 ecc. of 1:1:1
dioxans~ethanol-acetone, Ten cc. of a 10% aqueous solu-
tion of sulfuric acid in 10 cc. of acetone were added
and the mixture was allowed to stand for thirty six hours.
The nitrocellulose was recovered as white fibres when

purified as before, Anal. Found N, 10% (macro~kjaldahl),

In Acidic Pyruvic Acid:-

Three grams were dissolved in 100 cc. of glacial

ecetiec aclid; 5 ce, of pyruvic acid and 5 ec. of concentrated
hydrochlorie acid dissolved in 10 c¢c, of dioxane were added
to the acetiec acid solution, After remaining at room
temperature for six days, the mixture was precipitated

into water, “The fibrous product was reprecipitated from

ethanol~dioxane as cream~white fibres, the colour probably



being derived from the pyruvic acid. inal. Found N, ¢.56,
9.50 (maero-kjenhldahl), 9.18, 9.23% (nitrometer). Since
the analyses corresponded to substitutions of 1.50 for ni-
trate and 0.05 for oxime groups, the latter were equally
stable to nitrate groups under conditionme which might have

hydrolysed oximes prefersentially.

In & Pyridine Solution of lethoxyamine Hydrochloride:-

The experiment described uader C (d) was carried
out on the "dinitrate™. After nine days étanding at room
temperature, the nitrocellulose was recovered as long white
fibres, apparently uuchanged. Ansl. Found OCHa, 1.01, 0.99%.
Therefore the dinitrate was stable under conditions which
renove cne nitrate group and introduce one methyloxime group

in the trinitrate.

Under other Oximating Conditions:-

One gram of ccecllulose "dinitrete® was dissolved
in‘a mixture of 85 oc. of sthanol and 50 ec. of dioxane. A
solution of 2.3 g. of methoxysmuine hydrochloride in 13 co.
of water buffered to pH 5.3 with potassium hydroxide was
diluted with 25 ¢¢. of ethanol and added to the nitro-
cellulose solution. The mixture was allowed to stand two
and one-half days at room temperature and was then poured
into water. The white fibres so obtained were reprecipit-
ated from ethanol-dioxane solution into water and recovered
in a fluffy white state end in quantitative yield. Anal.
Found N, 10.25, 10.24% (mecro-Kjehldahl). No oxime group



hed been iatrodnced.

Tha experiment was vapoated =% pHd 3.5 for three
and one=half days with apparently the sszume results &s be~

fore. & al, Found N, G eHe

Cellnlosge "dinitrate™ 0.5 z. wes dissoclved in
25 a¢. of ethesnol and £% ec. of ether containiag 1.8 g. of
wmethoxyamine hydrochloride. The ether was distilled off
until the boiling poiat of tha solution was 60°. The solu-
tion wes then doiled under reflux for four hours. Hore
ether was allowed to distill snd the boiling ocontinued
under reflux for an additionsl hour st 75%. The nitro-
cellulose was resovered and purified es white fibres. inal.
Cale. for cellulose *éiﬁitrate’ sono-methvloxine, OCHjz

The fallure to resoet appreciadly under sny of the
sbove oconditions indleated the absence of sldshydic or

ketonic szruonyl groups.

3s Jodinstion of the “"Dinitrate”

The c¢ellulcse dinitrate, 1.0 g. wes dissolved
ia 35 co. of mcatones. Lloxane, 10 cc, with 7 ge of sodium
fodide and & oc. of allyl =lcohol {to remove the [ree io-
dine tnst wus formed), was added to the mixture and the re-
sulting sclution wsg heated in s steel vomb et 100° rfor
eighteen hours. The olear daprl s.lution wiich resulted was
poured into woter and the gelstiuous precipitate was weshed

free of 1odide. The product wss obtained as a herd brittle



gray browa powder iansoluble in acetons and dioxane, Yield
1.0 go or 89% bused on the saxlyses. angsl. Celed. for gellu=~
lose with sulstitutious of 0.8 for 1aéine}ané 0.8 for aitrste:

I , 3565, H 2442, Founu, H5.83, 35.23 N, (Microkjehldshl)
2.4%, 2.41%.

4, Denitration of the *Dinitrate” :Reductive Acetylation:~
Cellulose dinitrste, 4 11.0% prepared oy the alter-~

native synthesis (Ce {0))s 0.5 g., wss dissolved in 4 cvo. of
acetic anhydride sad 7.5 6. of trimethylsmine. {ne grsm of
powdered zinc wes mdded. Heating on the steam bath and the
sdditica of more zlac were raquired to reduce the nitrste
groups coampletely as indlotted by the diphenylemine test

for nitrate. The solution was {iltered and the residue of
zinc z2alt extr:zciald with acetons. The combined solution =ad
extract when poured into water yielded = brown precipitate.
The product wes repreocipitaied from acetone into water.
Yield 0.3 g« 4Anal. Pound, idcetyl, 40.8% correspoanding to

sn acetyl substitution of 2.58. Degradetion wsas severe.

Azmoniun Polysulfide Denttration:=

Ice ocold O i szmonium hydroxide woas sstursted with
washed hydrogen sulfide zas. The resulting solution, 3.25 &
with respect to sulfide wes stored in & well stoppered

brown bottle at 5%,

Cellulose "Linitrate”, 0 g., was shsken with 280 ce.
of the emmonium polymilfide sclution and 40 ce. of ethanol

for two days at room tempersture. The product was recovered
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washed with water, etiancl, c¢arbon blsulfide, acetone and
air dried, The pule yellow fibres weighed 5.3'5., corres-
ponding to 98% of theory. Anal, Caled, for cellulose with
a substitution of 0.07 for sulfur: 8, 1.36, Found, 5 1,36,
N 0.86%. |

B, Hitration:~

Cellulose "Dinitrate”, 1 g., was renitruted by
Berl's method (41) for one and one half hours at 5°, The
product was recovered, washed with large volumes of ice~
eold 1l:1 ethanol~water, diasolved in acetone and precipi-
tated into water. The fibres were redissolved in acetons
and again preeipitated into water, ‘''he product was iso-
lated as very wﬁite, fluffy, highly charged fibres whieh
were insoluble in dioxane and very soluble in sacetone.
Anal, Caled, for celluloss with & substitution of 2.62
nitrate groups, N, 13.1, Found, N, 13.1, 13.0%,

The experiment was repeated on the product des~
eribed under D 2 from acid pyruvic acid, with similar re~
sults, Anal., Found, H, 13,15, 13,10% (M= 1,17 apparent
degres of polymerization 320,

The product of ammonium polysulfide denitration
(D 4), 0.3 g. was nitrzted and stabilized ss described
above. Ansl, Caled, for cellulosc with a substitution of
2.8, N, 13.8, Found N, (nitrometer) 13.8%,

8, fcetylation of Cellulose "Dinitrate”

Celluloge "dinitrate”, 1 g. was dissolved in § ee.



of dry pyridine and 25 cc. of acetic snhydride. After
twenty four hours the solution was poured onto ice, end
the produect recovered., Tt »as reprecipitated twice from
acetone &s long white fibres. These fibres were insoluble
in butyl ascetste snd dioxane and very soluble in acetone.
In econtrast, the dinitrate was soluble in all three sol-
vents &lthough only slightly so in scetone. Anal. Caled.
for eellulose with substitutions of 1.68 fof nitrate, 0.08
for oxime and 1.0 for scetate, N 8.8%. TFouad, N, (miero-
¥jehldshl) 8.89, 3.85%.

- 7. Methylation of Cellulose "Dinitrate".
Attempted lMethylation with Diazomethane:~-

Cellulose dinitrate, 1 g., was dissolved in 60 cc.
of pure dioxaune and 25 ec. of an ether solution of diazomethane
(4 g. 12 150 cc.) was edded. The mixture was kept at 0-5°
for one week. Some pressure developed in the flask. Then
an additional 2C eo. of ths diazomethané solution and 2 ce.
of water cutalyst in 5 cc. of dioxane were added and the |
mnixture allowed to stand an additionsl two days. The re-
action was stopped by the careful addition of acetic acid
and the solution poured intc water. The product was puri-
fied by reprecipitation from dioxane into water, and ob-
tained as long white fibres. 7Yield 1 g. 4nal. Found,

CCHz, 0.5%. This possibly corresponds to methyletion of

the small amount of oxime groups.

Methylation with Methyl Sulfate:-

4 solution of 0.8 g. of cellulose "dinitrate”

in 30 ce. of pure dioxane wes shaken with 5 ce. of d4i-



methyl sulfate and 5 cc¢. of 30% sodium hydroxide for
twenty four hours, No colour developed. The mixture
was poured into water and the methylated nitrocellulose
was recovered as a white flocculent precipitate., ¥hen
precipitated from 5% solution in acetone, the product was
obtained as brittle white fibres., Yield 0.7 g. Anal.
Caled, for cellulose with substitutions of 1,72 for ni-
trate (all N caled. as nitrate) and 1,00 methoxyl groups
per glucose unit N, 9.5, OCHy, 12.2 Found, N, (Micro=-
kjehldahl) 9,54, 9.46; OCH;, 12,29, 12.29%.

The preparation was carried out on a large
scale with similar results; 5;75 g.vor cellulose "dinitrate”
yielded 4.8 g. of methylated product., Anal. Caled. for
cellulose with substitutions of 1,83 for nitrate (all ni-
trogen calcd, as nitrate) and 0.97 for methoxyl, N, 9.9,
OCH3, 11.7, Found, N, 9.91, 9.97, OCH;, 11l.7%.

8. Denitration of the Methyl Cellulose Dinitrate:~

(a) Ammonium Sulfide Denitration:~
Methyl cellulose "dinitrate" (N, 9.9%, OCH,,

11.7%), 4 g., was denitrated by the procedure previously
described (M:4). The product was highly swollen and al-
most gelatinous. It was recovered, washed with water and
aleohol, dried through methanol-benzene and heated under
reflux for twelve houra,with carbon bisulfide to remove
any sulfur, Yield, 1,25 g. of dry cream coloured powder

or 35% of the theoretical amount, Anel. Calecd, for cellu=



lose with substitutions of 1.0 for methoxyl and 0.7 for
nitrate, OCH;, 14.7; N, 5.1, Found, OCH;, 14.2, 14.7, 14.1,
14.7, N, 4.95, 5.32%. The analyses were difficult and

good checks were not obtained. It was inferred that the
substance was a mixture of fully denitrated material and

the original substance,.

{b) Attempted Hydrogenolysis:-

An attempt was made to apply a recently des~
eribed procedure for the hydrogenolysis of sugar nitrates
(49) to the methyl ocellulose dinitrate,

A solution of 0.5 g. of palladium chloride in
1-1litre of solution was acidified with 5 ce. of concentirated
hydrochloric acid, heated to 60* and neutralized to pH 7
with sodium barbonate solution. After adding 20 g. of
freshly precipitated caleium carbonate, the palladium was
reduced to the metallic state by bolling the stirred sus-
pension for five minutes with 40 cc. of formalin., The
black precipitate was collacted on a filter, washed with
distilled water until free of chloride ion and dried over

caleium chloride in vacuo.

Methylated cellulose "dinitrate®™, 0.5 g., dis-
solved in 70 ec, of dioxane and 30 ec. of butyl ascetate,
was hydrogenated over 2.5 g,‘or the palladium-calcium car-
bonate catalyst in a Parr‘high praessure hydrogenation
apparatus. The conditions used were 1000 p.s.i, hydrogen

pressure at room temperature for one and one half hours.



The product was recovered unchanged. Reduetion of sugar
nitrates was complete in ten minutes aceording to the

reference clted.

Y

9. Periodate Oxidation of Partislly Denitrated Methyl
Cellulose Nitrate !0}55

Separate 25 mg. samples were swollen by standing

overnight with 5 cc. of 4% sodium hydroxide. The mixtures
were then neutralized with N hydrochloric acid and 5 co.
of 0.1 normai periodie acid solution, buffered to pH 4.0,
was added to each. Reagent blanks, identical except for
the absence of the sample,were prepared. At intervals, one
of the mixtures was analyzed for remaining periodic acid
by neutralization with solid sodium bicarbonate followed
by the addition of exactly 20 ce. of 0.05 N arsenite solu-~
tion and 0.2 g. of potassium iodide. After standing fif-
teen minutes, the solutions were titrsted with 0.02855 N
iodine solution, using a starch indieator. The difference
in titre between the reaction mixture and the blank was
equivélent to the periodic acid consumed. Normal iodine
solqtion was equivalent one halfl molar periodic acid

solution. This estimetion was originated by Melaprade (58)
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TABLE V

Oxidation of Partially Denitrated lMethylated Cellulose
()

L
Dinitrate with Periodate

: Molaf HIO¢
Time g8c. 0.0225N1p Sample Wt. mole of giucose units
2.5 hrs. 0.60 0.02186 ‘ 0.05
5.0 hrs. 0.70 0.02461 0.05
24 hrs. 0.91 0.02583 0.06
50 hrs. 1l.24 0.02273 0.09

(a) About 0.03 N end at pH 4.

The results (Table V) suggested that not more
than 0.09 and probably not more than 0.06 mole of completely
unsubstituted 2,3-glucose units remained in the methylated

cellulose nitrate sample.

10. Es on and Identi 1cat%sn~of Gas Evolved
ron Cellulose fin'tratg n Pyridine-Hydrexylemine: -

(a) 4 solution oontaining 5 g. of hydroxylamine in 50 cc.

of dry pyridine was run from & dropping funnel into a flask
containing 2.0 g. of cellulose nitrate, N, 13.9%. While
the amine solution was be;ng introduced, the three way
stopcoock connecting the flask to the gas buret was open

to the atmosphere. The stopcock was then turned to connect
,thé buret, which was filled with mercury and equipped with
8 leveling bulb. The rate of evolution of the colourless
gas is given in Table VI and Fig. 1. The results are pre-

cise to 2%.



After eleven hours the reaction mixture was
poured into water and the white fibres were washed free
of pyridine, dried and purified by reprecipitation from
dioxane~acetone as described before. Anal. Caled. for
cellulose with distributions of 1.70 for nitrate and 0.08
for oxime groups, N, (total, macro-Kjehldahl) 10.55, N,
(nitrate, nitrometer) 10.09, Found, Totel N, 10.60, 10.52,
Nitrate N, 10.09, 10.08%.
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TABLE VI

Rate of Gas Evelution from Trinitrste in
Pyridine-tydroxylamine at 25%

| Moles gas
Time ec. gas evolved (1) mole of glucose units (2)

201 28 0.16

55¢ 105 0.60
1115 119 0.68
1545 133 0.76
2:00 138 0.79
4130 163 - | 0.94
5:00 166 0.95
5330 168 | 0.96
6:00 169 0.97
6:40 172 0.99
11:00 | 183 1.05

(1) et 25°% and 750 mm.
{2) Corr. for vapor pressure of 20 mm. of pyridine

at 25%,
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b) Analysis of the Gas Evolved from Cellulose Trinitrate
Pyridine-Hydroxylamine.

- The analysis of the gas was performed using a

standard Orsat apparatus (43) equipped with pipets con-
taining 33% potessium hydroxide, 20% pyrogallol, 40% pot-.
assium hydroxide andleoﬁ water; and ammoniacal cuprous
ochloride for the absorption of carbon dioxide, oxygen and
carbon monoxide respectively. The ges was evolved in an
apparatus as shown in Figs. 2 and 3. The cellulose tri-
nitrate, 3 g., was placed in the reaction bulfs (4) through
the bottom opening which was then connected to the level-
ing bulb containing meroury. The bulb was then filled
with mercury with the aid of a vacuum pump to remove any
eir trapped in the fibres,4artar whieh the stopcock was
closed. A solution of 6 g. of hydroxylamine in 75 eo., of
pyridine was run into the bulb from the cup. Two hundred
and forty eec. of ges, or 1.00 moles per glucose unit were
evolved in thirteen hours. The bulb was then connected

to the Orsat apparatus and a sample of gas teken and eana-
lyzed. Found, COg, 0.0, 0.0; Og, 0.1, 0.2; CO, 0.7, 0.6; |
Residual ges, 99.2, 99.2%. The gas was therefore nitrogea

or a similer inert compound.

{¢) Density of the Gas

The epparatus used is shown in Fig, 3. The gas
was generated as above. The rest of the system was evac~-

nated. The gas from the reaetion bulb (A) was then ad-



mitted slowly to the evacuated system. Aifter all‘pyridine
vapor had ocondensed in the dry ice acetone cooled trep (B),

the stopoocks to and on the density bulb (C) were closed

‘and the density bulb removed and weighed. The weight of gas,
0.1260 g., in the known volume, (159 oe.), of the density

bulb, the pressure from the constant volume manometer (524 mm.)
end the temperature (25°C) were observed. Substitution in

the formula PV = w_ RT then gave the molecular weight of the

ges as

M = 0,126 x 0.0831 % 298 x 760 = 28.2
X ;

A duplicate experiment gave a value M = 28.6. Since the
gas was not carbon monoxide (M,28) and was not condensable

in liquid air trap (D), it was considered to be nitrogen.
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E. Cellulose Dinitrate Oxime

l. Preparation:-
A solution of 60 g. of hydroxylamine hydro-

chloride in 250 co. of dry pyridine was added to 10 g.

of cellulose nitrete (N, 13.9%) in a glass étoppored

flask. The solution was kept at 25° and the stopper was
loosened frequently during the first day of reaction in
order to relieve the pressure that developed. After four
days the solution was poured into water and the nitro-
cellulose derivetive separated as a yellow gum. The gum

was dissolved in dioxene and reprecipitated into water as
short cream ecloured fibres. Upon drying, the fibres were
easily powdered. Yield 7.35 g. or 85% based on the esnalysis.
The substance could not be analyzed by the Xjehldahl method
because it deflagrated on contact even with strongly cooled
sulfuric acid. Anal. Calcd, for cellulose with substitutions
of 1.7 for nitrate and 1.0 for oxime groups, N, 15.0;

Found, N (Dumas)} 15.0, 15.0%. The substance was soluble

in dioxane, scetone, ethanol, acetic acid, butyl acetate

and scetic anhydride.

2. Denitrations:~-

Reductive Acetylation:-

The cellulose nitrate oxime, 1 g., was reduoct-
ively acetylated as described before (D.4). Yield 0.85 g.
or ?l%lef theory, of brown powder, nitrate fres by the di-
pheaylamine test. Anal. Caled. for cellulose with substi-

&

o



- 61 -

tutions of 2.0 for acetyl end 1.0 for scetyl oxime, N,
4.54%; Found, N, 4.63, 4.63%.

Attempted Denitration with Ammonium Polysulfide:-

The cellulose nitra;e oxime, 2 g., was denitrated
with smmonium polysulfide solution as desoribed before {D.4).
Within two minutes the substance dissolved to give a clear
orange solution which darkened on stending. It was there-
fore not considered worthwhile to investigate the reaction

further.

{az Qualitative Tests:~

The gas was generated by the reaction between
2 g. of cellulose nitrate, (13.8% N) and a solution of 10 g.
of hydroxylamine hydrochloride in 50 éc, of pyridine. The
apparatus used was described under D.10(b) and in ?ig. 2.
Produetion of the ges was muah slower then in the corres-
ponding reaction with hydroxylamine and the volume evolved
was observed to be dependent on the volume of pyridine used.
A sample of the gas was found to support the eombustion
of a glowlng splint which burst into flame. This test in-
dicated the probable presence of oxygen or nitrous oxide,
Another sampie was teken in an evacuated buld to which a
similar volume of nitric oxide was admitted. The gas be~-

came only slightly yellow, the depth of the colour being
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very little compared to that produced by eir and nitrie
oxide. It was inferred that the gas was mostly or en~

tirely nitrous oxide.

{b) Orsat Gas analysis:~

4 suitable volume of gas was generated for

analysis in the Orsat apparatus as described under D.10({b). -
The gas was somewhat soluble in all Orsat reasgents indic~
ating nitrous oxide. A pipet containing alecohol was in~-

stalled in the spparatus and the gas was 78% soluble under
the conditions used. A similar volume of commercial ni-

trous oxide was 92% soluble in aloohol, It wes concluded
“that the gas was & mixture of about 85% nitrous oxide and

15% nitrogen.

{c) Molecular Weight of the Ges:-

The determinations of molecular weight were per-
formed as described under D.10(e). The density bulb,
volume 159 cc., conteined 0.2058 g. of the gas at 25* and

582 mm. pressure, As before, the relationship M = wR?T
) 4

gave 41.4 as the molecular weight of the gas. Calcoulated
for 85% nitrous oxide (M = 44) end 15% nitrogen (M = 28),
4).6.

The ges was about 85% condensable in the liquid
air trap (D Fig. 3) to & white solid. The density of the
condensed gos was determined, on evaporation into an evac-

uated density bulb. The wvalue obtained, M, 43.7 was close



to that of nitrous oxids.
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F. Cellulose "Dinitrate” O-methyloxime

1. Preparation:-
Cellulose aitrate (N, 13.9%), 9.5 g. was allowed

to react forygaven days at 25 with 25 ec. of pyridine
containing 66wg. of methoxyemine bydrochloride. The yellow
solution wes poured into water, from which the nitrocellu-
lose derivative separated as & eream coloured floaqulent
precipitate. The precipitate was recovered, washed well
with distilled water and purified by reprecipitation from
dioxane. Yield, 8.5 g. or 9%5% of the theoretical amount
based on the anelysis, Anal. Caled. for cellulose with
substitutions of 1.68 for nitrate wsnd 1.00 for methyl

oxime groups, N l4.l; OCHa, 11.7; Found, N, (maocrokjehldahl)
14.1, 14.1; (Dumas) 14.2; OCHz, 11.66, 11.75%.

A similar preparation yielded a product containing
1.70 nitraste groups and 0.97 methyl oxime groups per glucocse
unit. The substsnce was soluble in scetone, ethancl, dioxane

and butyl acetate.

2. Attempted Seleotive Hydrolysis of the Methyloxime
Lni;rato A

A 1l g. semple was shaken with 25 ¢¢. of N phos~
phoric ccid Tor two days at room tempersture. The sanple
was recovered, washed with water and purified by solution
in dioxane and precipitation into water. Found, OCHj,

12.0, 12.0%, showing no removal of methyloxime units from
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tha starting pubstanco whici had ocRH s d1la7%s

£ L g panzple was dissolved in 20 ce, of dioxane
contalining 0,6 vc, of concantruted hydrochlorie secid, iftex
one bour ot room toxpersturs tihe mixture was ﬁourad into
water and the precipitets purified by reprecipitation from
diorene into water, Tound, (OCi3, 10.%, 10,0%, In this

ease a #light amount of de~mothyloximation ococurred,

One gram of tha methoxime “dinitrate” was disg=
solved in 16 oo, of dioane and 2 ce, of B85% phosphorie
pold in 4 co. of wuter wes adued, After sichteen hours
the substance was procipltated snd nuriiled as before,
¥ound, OCH; nsarly unohesnged at 1l.,8%Z. Thase expurimsnts
moke 1t clsary that the msthyloxime group was difiicult
to hydrolyse,

jodinat g

The oxycellulose "dinitrate” mothyloxime, 0.8 g.,
was dissolved in 10 cc, of acesone and the solution was
heated with 9 g. of sodium lodide in a atesl bomdb at 100*
for two hours. The solid reaidué wos rediscoived in 100 oo,
of scetone with 10 g. of sodium lodide and 10 ec, of allyl
aloohol which was included to ramove the free iodine that
was iormed., .{tor being heaied in tha bombd for sixteen
hours st 100®, the clear dark solution was evaporuated to
10 oo, and poursd into water, The brown, nowdery pre-

oiplitate was washed with henzene to rupove any allyl al-


http:64\.1.84

- BB -

sohol and was purified by solutios iua dioxane saud re-
preocipitation into water. The dry powder, 0.45 g., was
8till browan ia coluur snd seesed highly degraded. Lnsl.
Calad, for sellulose with substitutions of 0.40 for lodiane,
0.78 for mothyloxime and 0,95 for nitrete groups, I, 18.3;
OCH3, 8.8; N, 5.8 Found, I, 18.3; 0CHy, 8.88, 8.753 i,
{mioro=ijehldahl ) 8,77, 8.99%.

venltration with snwoniuwm polysulfide was atteupted
a8 Qesoribed for the cellulose nitrcte oxime {Ze2) with
identical results except thst complete soclution oceurred
in two hours rather than within two minutes. The produot
wes soluble in water sad elceohol and eould not be conveniently
isolated. since 1t was assumed that exteasive degradstion

had ocoourred, thg resotion ves not investigated further.



G. Besume of Experiments on Decomposition of Cellulose
Nitretes with Sodium Dulfite and Potassium Cyanide
solutions.

Cellulose Trinitrate and Aqueous Sodium Sulfite:~

Four grams of cellulose nitrate, N, 13.9% waé

dissolved in 500 cc. of "dethyl Cellosoclve®. A solution

of 2.5 g« of sodium sulfite and 2.5 g. of sodium bisulfite
in 100 co. of water was poured slowly iato tﬁe Qeehanieally
stirred nitrate solution wh1ch was meantime heated on the
steam bath. The haeterogeneous mixture was heated for one
hour, after which 100 co. of water was added and the now
homogeneous solution becsme pale yellow. After & farther
two hours heating the solution was poured into two litres
of distilled water in which the cellulose nitrate precipi-
tated as & fine white flooculent material., The precipitate
was filtered, dried and rqpreeipitated from aeétone solut-
ion into water. A qualitative test for sulfur was negaiive;
Yield, 2.5 g. or about 60% of theory. Found, N, 12.7% or

2.48 nitrate groups per glucose unit,

In a similar experiment 8.5 g. of cellulose
nitrate (N, 13.9%) was dissolved in 1 litre of "Methyl
Cellosolve” and a selution of 8 g. of sodium sulfite and
4 g, of sodium bisulfite in 850 cc. of 1:1 "Cellosclve®-
water was poured into the stirred and heated nitrate sol~
ution. The system became slightly heterogensous at first
but at the end of three hours stirring on the steam bath,
beceme c¢lear. The product was 1solated as before. Yield,

% g. of short white fibres. Found, N, 12.6%. One grsm
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of this substance was renitrated with a 25% phosphorous
pentoxide - 75% nitriec acid nitration mixture. The pro-
duct was stebilized in aqueous ethanol and reprecipitated
from acetone into water. The nitrogen content was 13.3%
elthough the nitration conditions used produced nitrates
of H, 13.9 to 14.0% from cotton. The cause of this dis-

erepancy was not determined.

Cellulose Nitrate and Solutlons of Potassium Cyanide:-
Pyro powder (12.58%N} in ethanol-ether-water:-

A large execess of potassium cyanide, 1 g., dis~-
solved in agueous ethanol-ether buffered to pH 10.5 or 11.5-
11.8 with potassium acetate, was added to 1% solutions of
pyropowder in ethanol=-ether (70:30). The ﬁixtares were
chosen to keep the system homogeneous. Atviarious inter-~
vals of time, aliquots were removed and‘analyzed for cyanide
by dropping into 30% sulfuric ecid through which steam was
passed. The distillate was colleocted in smmonium hydroxide
Vselntian and was $itrated with silver nitrate using pot-
assium iodide as & precipit~-tion indicator. This enaly-
tical method recovered more than 99% of the cyanide in a
reagent blank. The difference in titre between the reagent
blank and the aliquot was tzken as the measure of oyanide
consumed by reaction with carbehyl groups produced in the
cellulose nitrate. The results are graphicelly illustrated
in Fig. 4. The reaction mixtures became yellow on stand-
ing but & large part of the cellulose derivative precipl-

tated on acidification. Degradation was probeably not too



extensive but the extensive degradation observed in the
more important reaction with cellulose irinitrate caused

the disoontinuance of further investigaticn.

Cellulose Trinitrate in "Methyl Cellosclve® Solution:-

To a solution of 0.8 g. of cellulose nitrate
(N, 14.0%) in zﬂe‘cc. of methyl cellosolve was added
0.5 g. of potassium oyanide in 50 oo.idf 20% agueous
cellosolve. The Eigh viscosity of the nitrate solution
decreased immediately on the addition of the cyasnide sol~
ution and the mixture beceame intensely yellow orange. Vary
little material precipitated from the acidified solution
after two days reaction. The product of cyanohydrin sya-

thesis on oxycellulose is preocipitated in agueous acid (60).

The distillation method of analysis wes inappli-
cable to “"evellosolve" solutions, probably because it de-~
pended on rapid boiling so that hydrolysis of the cyanide
woeuld be slight, as in the etheanol-ether solutions. There-
fore aliquots were titrated directly, with some uncertainty
in the end point. The maximum consumptien of cyanide was
about 0.65 moles of cyanide per glucose unit in twenty four
hours of reaction at room temperature. Further lengthening
of the reaction period led to little inorease in the cyanide

utilized.
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DISCUSSION OF RESULTS

Technical cellulose nitrates contain an average
of 2.0 to 2.6 nitrates groups, distributed among the second,
third and sixth positions of the glucose units in an unde-
termined way, This circumstance made such nitrates unsuited
for experiments on selective denitration hecause the exact
decrease in substitutlion corresponding to complete and se~
lective denitration at one or other of the thres positions
could not be prediected., In order to avold this uncertainty,
the almost completely substituted derivative was preferred
for ithe present research, It is obvious that with cellulose
trinitrate a satisfactory salective denitration would resuls

in a dinitrate.,

As implied in the Introduction, acid hydrolysis
of cellulose nitrate regenerates cellulosge in a degraded
conditi-n but otherwise little changed, Alkaline hydrolysis
produces desp~seated alterations whose course although ob-
scurs, appsars to commence with oxycelluloses unstable in
the presence of alkali, This view suggested that useful
results might be obtained if the alkall contained reagents
capable of combining promptly with carbonyl groups formed,
and o protocting the latter from further actlon. Aqueous
solutions of sodium bisulfite<sodium sullite and of potass~

ium cyanide were the protective agents tried.

The reactions in sodium sulfite-bisulfite solu-
tions were not considered satisfactory for the purposes

of the investigation. Vhile degradation of the cellulose
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was slight when compared to similér feaetions with sodium
bicarbonate solution, the ylelds of water ingoluble produects
were low and variable. Nelther was the extent of denitration
great, since only 0.45 nitrate groups per glucose unit were

removed from the cellulose trinitrate.

Denitration in agueous potassium cyanide solution
led to very extensive degradation and the smount of cyanide
consumed varied from 0.2 to 0.6 moles, VWhen this reaction
wes applied to the trinitrate bhomogeneously dissolved in

cellosolve, degradation was also rapid and extensive,

Apparently, neither the addition of hydrogen cya=-
nide nor of sodium bisulfite to earbonyl groups protect the
latter from alkali. An alternative explanation for the fail-
ure of the experiments was that the mode of decomposition

assumed for the trinitrate was in error.

Qualitative experiments then indicated that the
presence of hydroxylamine hydrochloride greatly moderated
the degrading action of pyrlidine on cellulose trinitrate,
The third attempt accordingly presumed that oxime formation
might be effective in preventing the secondary decomposition
of carbonyl groups.

Solutions of ¢ellulose trinitrate in pyridine
alone and in pyridine containing large amountis either of
hydroxylamine, or hydroxylamine hydrochloride were then

prepared together with similar seolutions containing metho-



xyeamine (HQNOGHa) and its hydroehloride, “The use of the
latter reagents for carbonyl permitted an 1nde§endent
estimation of any methyl oxime formed by analysis for the
methoxyl group. The results (Table I) made it clcar

that pyridine reduced the nitrogen content from 13.8 to
12% with degradation so extensive that the vimcosity of
containing the hydroxylamine derivatives on the other
hand, retained mueh of their original viscosity and gave
good ylelds of fibrous or semi-fibrous, mere-eﬁtansively

denitrated products,

The reaction betwsen cellulose triniirate and
a pyridine solution of hydroxylemine et room temperature
was rapid and exothermic, Careful measurement showed
that 1 mole of a gas was evolved per glucose residue,
Chemical analyses, together with density measurements
proved this gas to be pure nitrogen, The product iso-
lated from the solution as strong white fibres in 98%
yield, contained 1.7 nitrate and 0,08 oxime groups and
could he recovered unchanged when kept redissolved for
long periods in pyridine or pyridine-hydroxylamine, This
:"dinitrata"~is therefore the first cellulose nitrate to
be reported as having relatively high stability in pyri-
dine and the observation suggests that instability of
cellulose trinitrate in the seme conditions is caused

by a specific nitrate group in a definite position in
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the glucose residues,

The characterization of the dinitrate (Teable VII,
Structure II) was carried out with a view to determining
the nature and position of the group produeeélby the re-
moval of the labile nitrate group. The failure to form
an oxime under any of the conditions tried was confirmed
by perallel experiments with methoxyamine hydrochloride.
It followed that if any carbonyl group was present, it
was of a ketonic, highly hindered type. Iioreover, since
gellulose trinitrate lost one nitrate group when dissolved
in a pyridine solution of methoxyamine hydrochloride {( see
below) and the present dinitrate was recovered unchanged
from the same reagent, the dinitrate lacked the particular
nitrate group removed from the trinitrate. Pyridine solu-
tions of hydroxylamine or methoxyanine, end of the ocorres-
ponding hydrochlorides therefore affected the same nitrate

group in cellulose trinitrate.

The *dinitrate” could be renitrated nesrly to
the trinitrste stage. Ixactly one methoxyl group was intro-
duced with methyl sulfate, Strueture (III) snd apparently
the dinitrate also formed a monoscetate, Structure (IV)
although the estimation of acetyl in presence of nitrate
is uncertain. These reactions made it plain that the re-
moval of one nitrate group must have left a hydroxyl, and

not a carbonyl group as was at first supposed.



The icdination product of the "dinitrate®™ with
sodfum fodide in acetone was Structure (IV) based on the
experiments of Murray and Purves (48). Since the results
indicated that least 0.8 nitrete groups were in the primary
position, it was concluded that in the original reaction
of the cellulose trinitrate, one nitrate group was removed
seleetively from either position 2 or 3 in the glucose
residues. A8 a final confirmation of this inference it
was proposed to denitrate the monomethyl "dinitrate” and
to submit the resulting monomethyl cellulose %o oxidation
with periodic acid, which would be expected to cleave
glycol units only when they were completely unsubstituted.
A methoxyl group in position 2 or 3 would therefore pre-
“vent oxidetion by periodate. Unfortunstely the product
of the ammonium polysulfide denitration was water soluble
and & yield of only 35% of e substance containing 1.0
methoxyl groups and about 0.7 nitrate groups was obtained.
The substance consumed only 0.05 to 0.09 moles of periodate.
Ir ﬁhis product was a gel of completely denitrated materisl
surrounding particles of unchanged methyl dinitrste, as
it might well have been, then on the basis of the analysis,
it was composed of about one hslf monomethyl cellulose
and one half monomethyl cellulose dinitrete. On this
assumption, if the methyl group was distributed between
primary and secondary positions, sbout 0.25 moles of
periodate would be used; if the methyl group was secondary,

1ittle or no consumption of periodate would oceur. The
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latter was found to be the case. Since the conclusion
involves assumptions not tested by experiment, little
weight can be given to it. The final proof of structure
will depend on isolation of methyl glucose and its identi-
fication. This work had to be left incomplete because,
with the limited supplies of methylated dinitrate avail~-
able, & satisfsctory method of csarrying out the denitration
was not discovered. Nevertheless, the cellulose "dinitrate”
ghould eventually provide a route to new cellulose deri-
vatives selectively substituted in either the second or

the third position of the glucose residues. For example,

a successful denitration of the methylated dinitrate would
lead to a methyl cellulose probably with no primary sub-
stitution which would be valuable for further study.

The results show clearly that cellulose tri-
nitrate contains one nitrate group of relatively great
lability which is rapidly removed by hydroxylamine or
methoxyamine in pyridine. The product, a cellulose di~-
nitrate with good solubilities might well find special
commercial or military uses, since it is remarkably
stable. It also appears possible that the amount of
nitrogen gas evolved from technical nitrocelluloses di-
ssolved in the pyridine-hydroxylamine reagent would con-

stitute a useful test for quality control and for research.
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The reaction of cellulose trinitrate with a
pyridine solution of hydroxylemine gave & good yield of
& white partly fibrous product containing about 15% of ni~
trogen {Table IX, Structure VII). KNitrate nitrogen eould
not be reliably deteruined because the substance deflagrated
in contaet with strong scid. Like the "dinitrate®" this
substance was recovered unchanged after prolonged solution
in pyridine. ‘Careful chenical analyses and density deter-
minations showed that 1n this case the gas evolved was a
mixture of 85% nitrous oxide and 15% nitrogen. A quantit-
ative estimation of the amount of anitrous oxid« was not
obtained, since pyridine is a&an excellent solvent for nitrous
oxide. Hence the observed ratio of nitrous oxide to nitrogen

is low compared to the true value which is probably about

95% to 5‘,&:

Reductive acetylation yielded a nitrate-free pro-
duct with the correct nitrogen anslysis for an oxyecellulose
mono-oxime triacetate {(Structure VIIT). Denitration with
ammonium polysulfideAchanged the molecule to a water-soluble

state and gave no useful results.

Since the analysis of the oxycellulese "dinitrate"
monoxime was diffioult, methoxyamine hydrochloride in pyridine
was used to produce 8 methyloxime dinitrate (IX} from cellulose
trinitrate. Again a smooth selective reaction was observed,
the fibrous produet from which could be analysed by independ-

ent methods for methoxyl and nitrate content. The reaction



was somewhat slower than the similer reaetion using hydr-
oxylamine hydrochloride. It was possible to study the re-
action of cellulose trinitrate with pyridine solutions of

the free base.

TABLE VIII

camgarisén of Methoxysmine and Methoxyamine
Hydrochloride reactions in Pyridine

Substitution of Products

Days E&Em%}ﬁ% wﬁ,&}_*’{_&%&
‘ Nitrate Methyloxime Nitrate ethyloxime
0 2.92 0 2.92 0
1 2.17 0.07 2.45 0.17
2 1.95 0.09 2.14(a) 0.41(a)
3 1.74 0.14
4 1.98 0.61
5 1.69 - 0.17 1.72 0.68
v 1.60 - 0.22 1.68 1.00

1z 1.70 1.0

(a) 60 hours.

The rates of denitration are different from the
rates of oximation, as given by the methoxyl content.\ In

the case of the free base, the latter is almost completely



suppressed, amounting to only 0.22 mole after seven days.
Use of the hydrochloride.yielded the monoxime in the same
time and the product underwent no further change in com~
position from the seventh to the twelfth day. These results,
together with the evolutlion of nitrogen and nitrous oxide

in the parallel work with hydroxylamine confirm the fact

that the cellulose trinitrate wes denitrated by two distinet

mechaniams.

The methyleximé wes very steble to hydrolysis and
was therefore probsably a ketoxime. This inference is in
accord with the observation that the denitration of cellulose
probably ocourred at a secondary position, giving & product
unreactive under conditions that yield the oxime from the tri-
nitrate. Jodination of the oxycellulose dinitrate monomethyl~
oxine, IX, with sodium iodide in acetone, resulted in exten-
sive oxidation and a low yield of a degraded substance con-
taining 0.4 iodine atoms, 0.78 methyloxime groups and 0.95
nitrate groups per glucose unit. Since replacement of ni-
trate groups was not complete, but a considerable amount of
iodination occurred, this experiment was taken as evidence
that at least some of nitrate groups were in the primary
positions of the glucose residues. The methyloxime group
would then be in the second or third position, or be & ket~

oxime.
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Some comments may now be made conceraning the
detunile of rervotions slresdy discussed. iethyl=tion of the
eallulose "dinitrate® took nlece remdily with dimethyl sul-
fate and sodium hydroxide, with no loss of nitrogen and with
the introduotion of exactly oane methoxyl group. It 1s note-
worthy that the "dinitrate® (1.7 nitrste) resoted as though
1t had exactly 1.0 fres hydroxyl groups rsther than 1.2 to
1.3, as osloulated rrom the nitrste substitution. The un~
reactive 0.2-0.3 hydroxyls apparently wers znot oxidized,
since the reaction with hydroxylamine introduced not more
than o.1 oxime groups. 3imilarly cellulose trinitrste (2.9
aitrate} with hydroxylamine or methoxylamine hydrochlorides
in pyridine yielded monocerbonyl derivetives, the total sub~
stitution sgain .eing sbout 2.7 per glucose unit. Diffieulty
in preparing completely substituted cellulose derivetives is
of frequent ooccurreuce snd severel other exeauples ars to be
found in the Thesis prepsred in this laboratory by Re. U
Lemieux (62}« It 18 possiblas that substituents alresdy pre-
sent determine the resctivity of the remaining hydroxyl
groups. Thus realtration of the cellulose “dinitrate® by
Berl's (31) method resulted in & anitrate of suostitution
2.62, but, after the "dinitrste®” was completely denitrsted
with smmonium polysulfide, the seme renitration gave the
expected *trinitrate” with substitution 2.9. brown (4%)
on the aontrary found that the product of & teshnicsl ni~
tration, H, 1l2.2%, with a presunably random distribution

of aitrste groups wss reedily ultreted oy Berl's method
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naarly to the trinltrate stage.

The decorease in the d:zgree of polymerization
{(DeP.) of the cellulose caused by the various reactions
in pyridine was assessed by the viscosity method. Krasmer
and Lansings' (40) relationship was used to convert intrin-
sic viscosity [hﬂ to apparent degree of polymerization
according to the equation D,P, * 270 (n) . The consatant
was determinaed for a nitrocellulose containing 12.1%N,
Brown (45) found the intrinsie viscosiiy of a sanple of
the cotton linters nitrated to 12,2%N (Substitution 2,32)
with a techniecal nitrating mixture to b: () = 9.26, Upon
renltration of this nitroecellulose by Herl's method (41)
nearly to a trinitrate (N, 13,9%, substitution 2.9) the
intrinsic viscosity was found to have increased to 1l4.9.
Therefore denitration to the dinitrate st:ige even without
any deoresnse in aver:uge chain length would be expected to
decrease the observed intrinsic viscosity by at lcast 40
per cent. Since the intrinsie viscosity of our original
trinitrate was (n) = 20, the D.P. was probably about
20 x B70 x 0.6 = 3240, The L.P, of the variouh products
as caleulated from the intrinsic viscosities, are shown
in Teble X, These products were all very soluble in
butyl acetate and effects osused by poor solvents on in~

trinsic viscosity were probably minor.
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Cleavsge (a)

Substance Y lequired
1.7 nitrate (Product of 3 days 220 0.0082

reaction nitrated to 13.1% K,
Berl's Hethod.)

£.14 nitrata, 0.4) nethyloxime 160 T.0124
{2.5 days reaoction)

1.98 nitrate, 0.6l methyloxime 100 0.01%8
(4 days resction) ’
1.70 altrate, 1.0l methyloxiue 50 0.0392

(12 days resotion)
{a) Fraotion of glycosidic liuks.

Kuhn's (47) relstionship for the degradation of
a polymer of {anfinite length is,

X = P

n+l

wvhere o« is the degree of cleavege for the production of the
maxisun pumoer of o membared fregzentse. The right hand column
of Table X shows the fraction of glyocosidio bonds which

would have t. be brokes in order to reduce the sverage D.P.

of a cellulose moleeule infinitely long to the values ob-
soyved. It is seen that for the wvarious resctions discussed,
from 0.8 to 3.9% of the original zlycosidic links were oleaved
while oue nitrate group was rezoved {rom esch glucose unit.
Thegse are maximum values, as the originsl chsin was not of

iafintite but of stout n = 3240. .Llso, vhen cellulose tri-



nitrzte was dissolved with hydroxylamine in pyridine, there
was evidence from the decrease in nitrogen evolution that

the reaction was almost oomplete in four hours. The values
for «, determined for three days in the reasction mixture, is
likely to be considerably greaster than the sotual ehain
cleavage occurring during the resction proper. It was con-
cluded that degradation of the trinitrate in the reactions
diseﬁssed was Insignificant in comparison to the extent of

chemical change.

The survey of the literature nade 1t clear that
in many reasctions the alkyl nitrates are anslogous to the
alkyl halides rzther than to the carboxylic¢ esters of or-
ganic scids. The substitution of the nitrate group by
alkoxyl, alkyl and by substituted smines are cases in point.
Such feplacaments must involve cleavage of the nitrate
ester in the sense R ; ONOg with the transient existence
of a carbonium ion. The oceurrence of the oxidetion-re-
duetion reasotion in the hydrolysis of nitrate esters has
complicated mechanistic theories, but an interesting suggest-~

ion postulated the cleavage of the O-N bond (12).
RR'CHO + NOp —>  RR'CO + HNOg

It seems likely that hydreolysis in concentrated aeid ocecurs
by oxygen-nitrogen cleavage. The welght of opinion is that

direct nitration of an alcohol ocours by the mechanism

RO(H HOJNOg — RONOs + HgO
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with the oxygen atom in the water coming from the nitrie
aclid. If the reverse were true, nitration of & sugar
ghould involve stersochomiesl inversion which has not
been obsarved., Iince nitration, like other esterific-
ationa, is an equilidrium reaction, the acid hydrolysis
maet occur in the sasze sense as the nitration, otherwise
splmerization of a suger would ooccur om nitration. In
othar words, nitration and scid hydrolysis of nitrates
occur by amschanisms analogous to the esterifleation and

aeid hydrolysis of orgenie scids. (53)

It is thus apparent that cleavage er‘nitrate
asters may cocur bstwesn earbon snd orygen, C { ¢ - HNO,,
znd oxygen and nltrogen, € - O 4 HO,« Cliseavage batween
carbon and oxygen must involve the translent existence
of a earbonium ion, R*---- 0=HO,, the relative sase of
such cleavage hsing detorsincd by the negativity of the
group 2. The more elactronsgative R beconss, the more
difrficult 1t should bas to rewmove an aslastron to form
the carbonium ion R*, For exemnle, mathyl chloride is

easily hydrolysed to msthanol &nd watsy
CHy = = = = -561 ﬁlefi —7 CH30H ¢ HC1

but mathylenc chloride is very stable since it 1ls diffieculs
$o form the carbonium fon CH Cl under the infliuence of
the aleatron attracting the shalopsn atom resaining in

$he group.
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This variability is Jjust what is observed in
the hydrolyses of ester nitrates. In simnle alkyl ni-
'trates, carbon~oxysen cleavage may occur with reasonable
facility and does so completely in the pase of methyl
nitrate (1). 4s the group R, in RONO, becomes more
electonegative, the R % ONO, clicavage becomes more Aiffi-
cult as snown by the inereasing importance of the elimin-

ation r=action.

RR'C((\*\) RR'C = O + HNO,

The polynitrates of glycol, glycerol, tartarie
acld and carbohydrates are molecules made up of several
electronegative groups and, in the absence of a special
mechanism, ths formation of a carbonium 1on would require
s0 much energy that it is not likely to ocecur. In sueh
molecules, cleavage of the first nitrate group is resirict-
ed to oxygen nitrogen cleavage. If the environment carp
econtribute a proton, the result of the cleavage will be
the normal formation of alcohol and nitric acid RO ;
if not, the activated molecule will eliminate nitrous acid,

It is recognized that a moleculs contalning car-
bon bound to two negative groups tends to stabllize it~
self by elimination where mechanistically possible. Thus
the oxidation of methanol is generally written

_O/H
HyCOH + 0 — H C ~ H,C = 0 + H,0
!
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Methylene bromide on this view is much more stable
because it canﬁot undergo substitution readily and no
easy mechanism isg available for elimination. Gem-di~-
halides of higncr alkanes, however, react very readily
to eliminate HX, Vhen a earbon atom is bound to a ni-
trate group and another very negative group by a carbon-
carbon linkage, 1t is readily seen that tus only elimin-
ation not involving carbonium ion formation or carbon-

carbon cleavage ic the elimination of nitrous acid.

The work of the Ingold séhool on the mechanisms
of elimination reactions has been summarized and dis-
cussed by Remick (55). It scems likely that the elimin-
ation reactiocn of importance in the case of cellulose
trinitrates 1s second order, catalysed by the basic
solvent, but the cleavaga of the nitrate group presents
an additional complexity not found among the more ex-~
tensively studied alkyl halides. IV is generally the
case that elimination occurs to a lesser extent than
substitution, whaere both mechanisms are possible, pro-
bably because the activation of two bonds requires

more energy than one,

The mechanistic possibilities so far dis~-
cussed give an adequate explanation for the observed
reactions of cellulose trinitrate in pyridine solutions
of hydroxylamine and its hydrochloride. The negativity
of the molscule excludes carbonium ion formation as an

important possibility. Since cleavage is restricted
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to the orygen-niirozan bond, substitution will take
plece whera hydrozen ions or atoms ars readily avall-
abls and sllimination whers hydrogen is not available,
ingeli's recetion (8) shows hoth procssses gelng on
togetber: |

Ha0kt
RCH,0HO0, + HNOH —72 Rc&pﬁ + NO,NHOH

whers this, the substitution resetion oceurs to the
extont of 50Z, The labile hydrogen in the hydroxylamine
ellows this rcaetion 1o compste with the eliminetion

ronction and the ecarbonium ion subsititution.

The reaction betwean celluloge trinitrate
and hydroxylamine in pyridine is »robably anaslagous to
the abovs raasction excopt that the milder conditions used
in the present work avoided the extencsive elimination
reaction. Uince & twenty to thirty-fold excess of
hydroxylenine was used, the intermediate nitrcochydroramic
ascid was probahbly quickly reduced, yielding the observed

mols of nitrogen gas,

HG ——0 — HC—— 0—
H l-ezm& HooH
O NOCH 4] + RH, OH Fyridine O,NO-C H + NO-RHOH
c > —
. i
ﬁléoﬁq H, CONO
NO,NHOH ¢ NH,0 ———N,T  + BNO, + 2H,0



This reaction was almost over in four hours, during
which time the climination reaction progresses only to

a very slight extent.

The lack of ges formation in the correapond-
'ing reaction with methoxyamine is probably owing to the
fact that methoxyamine 1s a much weaker reducing agent
than hydroxylemine and the intermediate NO,NHOCH; 1s
- relatively stable. Analogous reactions %o give nltro
compounds from ethyl nitrate and substances containing

reactive hydrogen are known (56) @.5.

EtGNG,\ + KOEt + @CH,.CO,Et — 2Et0H + ©,CH(NOOK)CO, Et

CH — CH CH — C.NOOK cH — CHO

1, geowo, « xome 1 M I I

CH CH CH CH H* CH cH

\ / — N/ \N 7
NH _ NH NH

The reaction between cellulose trinitrate and
hydroxylamine hydrochloride is thought to have occurred
almost exclusively by elimlnation

Pyridine |

> CHONO, ——> >C =0 + HNO,
NH OH.HC1

HRO; + NH,0H.HC1 -— N,0 + 2H,0 + HCl (61)

Hydroxylamine is stebilized by salf formation and hence
does not behave then as an active hydrogen compound.

vrial showed that hydroxylamine hydrochloride in pyridine
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did not resct rapidly with a pyridine solution of
pyridinium nitrite. Hence, in the reaction, nitrous
acid must have been sliminated as such and must have
reacted ilmmediately with the hydroxylamine hydroechloride
to produce nitrous oxide. The latter was not esvoived at
a noticeable rate in the reaction using methoxyamine
hydrochloride, although in agueous solution methoxyamine

reacts with sodium nitrite (52) according to the gquation:

NaNO, + NH,O0CHs ,HC1l > HON = N~-OCH3 + NaCl + H,0

HON = N-OCH; — N,0 +¢ CH;0H
It is possible that the monomethyl ester of hyponitrous
acid HONe=N-OCH is relatively stsble at room tempersture
in pyridine and also that the early intermediate steps

{51) are slow,
OH

Q \
HNOQ + RH100H3 +«~— HON — EHOCH,
(or_ ®)
1 ) slow
HON — N=~OCH —— HON = NOCH; + H,0
That this may he the case 1s indicated by the faet that

these solutions gave a test for nitrite whils the ones

with hydroxylemine hydrochloride did not.

The elimination reaction producing an oxyecellulose
dinitrate 1s very simlilar to the thermal decompositions
carried out by Grassie (27), who found that his results
were best explained by O-N cleavage, producing one mole
of carbonyl derivativ¥e for each mole of nitrate removed.

It is plain that the considerations involved in elimin-
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ation in solution anply to an even grester extent to the
thermal decomposition., Mechanisms involving carbonlum
ion formation which are possible in unblocked sugar ni-
trates in solution, vhere the energy requirements are
lowered by solvatlon, are hardly probable in therusl de-
compositions, where the energy required for carbonium

ion formation would bs very high. Thus, &g in the pre-
sent exporlments, involving hydroxylamine or ﬁethexylamine
hydrochloride, Grassie's cellulose mononitrate eliminated
the elements of nitrous acid, although free hydroxyl groups
ware avallable for anhydro ring formation, if carbonium

ion formation were nossibdble.

Lachman's (11) results obtained in the hydrolyses
of nitrotartaric and nitromelic acids may be re-interpreted
uslng ike postulates outlined above, HNitrotartaric acid
includes two negative nitrate groups and two negative
carvoxyl groups, so that casrbonium ion formation is prob-
ably excluded. In very concentrsted acid the molecule
slowly hydrolyses to tartaric acid and nitric acid, As
the concentration of acid is reduced, the molecule is
activated by solvation and the eliimination reaction, cata-
lysed by hydroxyl ions, becomes more important, while the
acid hydrolysis must necessarily by slowed. In alkall,
the only possible reaction is elimination as is found to

be the case,

The nitrate group in nitromalie acid is linked



to a less electroncgative group than those in tartaric
acid dinitrate and hence 1s more stable., In this casas,
tco carbonium ion formation should be possible when the
molecule is solvated and attacked by a negative ion.

In dilute acid; carbonium ion formation iz suppressed
because the concentration of hydroxyl ion is low. SOince
the acid hydrolysis in dilute acid is also slow, the
slow slimination rssction tends to predominate, which is
what was found. In neutrel solution a more rapid re-
action through’the carbonium ion begins as hydroxyl ion

concentration inereasss

|
HC*— (oNo, H)oH

and only 8% occurs via elimination. 1In alkaline solu-
tion both the carboniun lon reaction and the second
order elimination reaction are catalysed (57), and a
rapid resaction by both mechanisms occurs. Sineé the
carbonium ion reaction depends on solvation hy a polar
solvent to lower the required activation energy, it
should be :ore important in aqueous than in aleoholie

alkall as was found to be the case.



- 94 -

SUMMARY

A lerge excess of hydroxylawine, dissolved
in pyridine was found to remove one mole of niirate
par glucose unit irom callulosa trinitrate, the nltrogen
being quantitatively recovered in ths gaseous phase,
ihe white fibrous celiulogs dinitrate so produced was
degraded only slightly and differsd from the original
trinitrate in being practicully stable when dissolved
in pyridine. The replacement of the hydroxylamine by

methoxyamine gave the ssme product.

The ecellulcose "dinitrate" falled %o yleld an
oxime or methoxime but readily ylelded a monomeihyl,
and probably a monoacetyl derivative and could be re-
nitrated. These obssrvations showed that the removal
of the nitrate group lelt an hydroxyl and not more than
0.1 mole of carbonyl group, in the cellulose porticn.
This hydroxyl group was probably of secondary alcohol
type, since experiments a.wmred that the primary alcohol
positions of the glucose units were still occupled by

nitrate groups.

Celluloss trinitrate with a pyridine solution
of hydroxylamine hydrochloride, eliminated one nitrate
group probably as nitrous acid and yieldad the oxime
of a monocarbonyl oxycellulose dinitrate., Nitrous oxidse,
probably formed from the nitrous acid produced and the

. excess hydroxylamine hydrochloride, was evolved. 1In
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similar fashion, cellulose trinitrate with a pyridine
solution of msthoxyamine hydrcéﬂloride gave the methyloxime
of a monocarbonyl oxycellulose dinitrste., 'Lhe oxime group
in this compound was not removed by acid hydrelysis but

the nitrate groups could be eliminated by reductive acety-~
lation. ‘This prodact had the composition of dlacetyl
oxycellulose mono~oxime acetate, All thess nitrates were

gstable in presence of nyridine at room tempersture,

The production of the cellulose dinitrate and
of ths oxycellulose dinitrate mono-oxime or monomethoxime
involved thc romoval of the same nitrate group from cellu-
lose trinitrate. Mechanisms considered most probable for
the two tyves of selective denitration are summarized

by the equatiors:-

(a) RHONO; + H,NOH —j RHOH + NO,NHOH
NO;NHOH + H,NOH —> HN,7 + INO, + 2H,0

HNO, + H;NOH.HC1 — N,0T1 + 28,0 + HCl

where 2 represents the cellulose residue,

Attenpts to obtain selective partiasl de-
nitrations of cellulose trinitrate by the actionm of
solutions containing sodium sulfite or potassium cyanide
failed owing to incomplete reaction or excessive degrad-

ation,



CLAIMS TO ORIGINAL RESEARCH

(1) The discovery that although cellulose tri-
nitrate is known to be completely decomposed by pyri~
dine itself, the addition of hydroxylamine to the pyri=-
dine results in a nearly quantitative denitretion of the
trinitrate 1o the dinitreate with very little degradation.
Pyridine oeontaining methoxyamine gave similar results,

(2) The discovery that hydroxylamine hydrochloride
dissolved in pyridine also nromoted a nearly guantitative
denitration of cellulose trinitrute to the dinitrate stage,
In this case, howsver, the gas evolved was at lcast B5%
nitrous oxide and the product rormed was the dinitrate of
an oxyeellulose mono~oxime, Heplacement of the hydroxy=
lamine hydrochloride by methoxyamine hydrochloride yielded
the corresponding monomethyloxime of the oxycellulose di-

nitrate,

(3) The discovery of the first cellulose nitrute (1)
that is stable in pyridine. XNonomethyl end probably mono=-
acetyl derivatives of this cellulose dinitrate were pre~

pared,

{4) Thé“discovery of the first darivative of a mono~
oarbonyl oxycellulose (2).

(8) The discovery that the labile nitrate group in
¢ellulose nitrate is probably in e sscondery position in

the glucosme residue,
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(8) Mechaniems sre advancasd for the new denitration

reactions (1) and (2).
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