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'.l"ffE Sl'~LECTIVE DNHI'I'RATION 

OF CELLULOSE N!TRA TES 

Chemistry 

Cellulose nitrate was subjected. to deeo:mpoa1t-

1on in various basic reagents in order to discover con­

ditions that would differentiate between the three kinds 

or nitrate groups in the substance. Two new selective re­

actions which rmn.ove one tlJt:rd of these groups without 

affecting the re.m.sinder nre descrioed, and the products of 

den! trntion characterized. The pr'oduct. in the first re­

action was a aellu.lOfie dinitrate end those in the second 

resotion wer·e the 0-methyl oxime and the oxime or a i.lJOno­

ce.rbonyl o:::ycellulose d1n1trate. Possible mechan.ism.s for 

the deni tr1-1t io.u reactions are presented, and der1 vati ves 

of the products described. This research formed pert or 
the aonf1d.ential N.R.C. war project XR-'74. 
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GENERAL INTRODUCTION 

Although the reaction between cellulose nitrates 

and alkali has been frequently studied, the conditions used 

invariably brought about severe degradation and produced low 

molecular products. Nevertheless, the nitrate groups in the 

second, third and sixth positions of the glucose residues 

constituting cellulose almost certainly 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 object 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 general ways, one yielding the alcohol and nitrate salt 

as in a normal saponification and the other, nitrite and an 

oxidation product of the alcohol. Since previous work indic­

ated that in the case of cellulose nitrates much of the de­

composition occurred 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 research was aihed 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 a carbonyl group, the denitration was carried out 



in the presenoe or suoh nHl~,er1t.:"; as hyu.roXJlamine, cya-

nide b1sulf1te ~ulutions, wj:fch ":'i,_ht react 1th und 

thus i)l"Oteot, Hny ~~nrbanyl ;:ro·11)s vs P1oy M~re formed. 

·elluloue triultrute wsn u~P1 for coat or the 

res~sroh ::,;1nce any twlPctivity in. th(;> reactions studied 

woula be iw;._.edl:~telf ouvious. . ith lower nitrates in 

wlt1oh the d 1 str1but 1.0;l ot ui t:n:ta gro:zp~; between the h:ree 

nvailaule posi tlons tu the anhycmrogluoose unit is u.neer• 

tei.n, thjllt tesults of e p:c·rttnl denitr~~t1on would be more 

d1ff1cult to Interpret. 

d.euitration.s et.te:<~ted with ouffet·ed solutions 

or eodiut,.. oyfHli de ~wl s;.>dium fnlt"i tfl W{'"~re unpr::>:Jlisine ~~nd 

hF;V8 .o.r>t lH•e.u desorlbed in dete il. ....n P.XOeSS Of hyaro­

:xylt<Jc·:itll'> or .m.>~tho:x:y~untn~ in o:.ry pyridine houeve:r, 1·e:...oved. 

t:sh sverege o!' oat~ nt ~rute group per glucose un1 t from cellu­

lose trinitr~te with little degradation. The cellulose cu­
ni tra.te I'oraled w~~ s i)rr ctlcslly :::t~ble in ~xcess of' the re­

agent. Iudec1s1ve ev1de.uce s~;t:gestea. tru1t tt'-le group re­

id.>Ved hj1d Of!(Hlp1ed e1 tht:r the seoo.ntt or the third pos1 t ton 

Of the t.~lUCOS'-"' l'f"Sidues. ..Ollortletbyl t~:ld i~"0U08C~tyl deri­

vatlv~fl of thA d1n1tra.te • .. rE> described. 

••::l.Otilal" fit·W ~~;Hi. tn1CC8SSflll deni tra t ion W~S e.f' fected 

by pyridL:le s;1l!Jtio.ns ei th~r or L.~:thoxyamit.le hydrochloride 

or hydroxyll'lo;iine hydrochloride. In tr 1 s oase the l.;1•~thyl­

ox1we i.>r the oxime of nn oxycellulotH~ d1a1tl'fite ns abtn1at>d 
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in high yield. 

Possible rPaction mechanisms for these new 

and sharply distinct decompositions of cellulose trini­

trate are suggested. 



HISTORICAL TNTHODUCTION 

It ~s early recognized that the action of 

alkaline Jeagents on nitrate esters was complex. In most 

cases hydrolysis was accompanied by the formation of ni­

trite and an oxidation product of the alcohol, in contrast 

with acyl esters which produced alcohol and the salt of 

the acid exclu51Vely, on saponification. 

In 1899, .Nef { 1) pointed out th.:1t the co1reot 

analogy was between alkyl nitrates and halides or sulfates, 

in that nitrates behaved similarly in many well known re­

actions. The oxidation-reduction reaction was a consequence 

of the special nature or the nitrate group in being at a 

high state of oxidation. 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 lll.ercuric oxide and alkyl ha lides pro­

duced carbonyl derivatives. Conversely, benzyl nitrate 

reacted in the sam0 manner as benzyl chloride v1ith aceto­

acetic ester in sodium ethyla te, for~dng benzyl and di­

benzyl acetoacetic esters and sodium nitrate without a 

trace of nitrite. In the similar reaction with sod1o­

malonic ester, benzyl nitrate yielded benzyl malonic ester 

and sodium nitrate with a small amount of nitrite. The 

familiar condensation of alkyl halides with am.ines to form 

quaternary ruruuonium salts was paralleled by the reaction 

of benzyl nitrate ~ith di~ethyl aniline, at loo• to give 

benzyldimAthylphenyla•,.monium nitrate. 



- 6 -

While benzyl nitrate v;as wholly analagous to 

benzyl chloride in its reaction with alcoholic potassium 

acetate at loo•, giving benzyl alcohol and benzyl acetate; 

with alcoholic uotassium hydroxide or with sodium ethylate. 

not a trace of ethyl benzyl ether was produced as was the 

case when benzyl chloride was used. Instead, a nearly 

quantitative yield of inorganic nitrite and benzaldehyde 

or 1 ts decomposition products in alkali resulted. ;,·hen 

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 being the usual products from benzaldehyde in alcoholic 

sodium methylate. 

Nef listed three types of reactions undergone 

by alkyl nitrates in alcoholic potassium hydroxide: 

1. Ether formation 

2. Aldehyde forr~mtion 

3. I~ormal hydrolysis to alcohol and nitrate. 

Methyl nitrate with two moles of alcoholic potassium 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 alkali at 50-70• for two 

hours, similar products resulted except that t11e salt mixture 

con,ained only 11% potassium nitrite. 

Horma.l propyl nitrate v¥1 th excess alcoholic 
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etlH~r nnd .tdxed n1trn_te•nitr1te nnlts. 'itnil,.r rnsults 

From glycol d 1n1 tr<~ to in alcoholic notsssiu.:r. 

bol1c potass1u:::: hydroxide yia .... i.i~;;d the f!:al t~c: of :11 trous, 

lo~o to-d 1 uldohyu ·~. 

t.rates are analngous to the 1wl1dor; in :::...l-WlY rof\Ct1ons, a.ntl 

con<li tions und tll.o purticult,r nl trf~ to concern ~d. 

with rool1d ~>ota:-:m1u.m L.yuroxlde at lOO• und obtained an 

r v;i th j)Ottuudum n1 trite. 

to t ~ .raoovory of n1 trutu and the lattnr to ni tri to f~Hl t. 

'1'lliH conc.Lus1on 'tm~· in O'Ypo~i tlon to liar• s ( l) viaw thnt 

clonvnge axclur;iv~~ly. ~"'hu point 1<'ua noon tled by :e~l 

" &.nd .iuJ.py \ ,')) \UO it>oln ted o() « -rlYC9rol '~in i trti te as 

wall as oxulic mot'ioxulic acid from the reaction 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 well as the ammonia produced in 

the alkaline decomposition of several nitrates. To 5g. of 

ester was added 7.7g. of sodium hydroxide dissolved in 

300 cc, of water and the mixture was boiled for various 

periods, 

TABLE I 

Decomposition of Nitrates in Boiling 2.8~ 

aqueous Caustic Soda(a) 

Nitrate nitrous Acid lsram.sl Ammonia 
l hr, 4 hr. 8 hr. 

Methyl 0 0.050 0.025 0 

l'~thyl 0 0 0.030 0 

Glyceryl 0.205 0.205 0.205 0.250 

l!:rythritol 0.206 0.481 0.205 0.200 

Pentaerythritol 0 0.132 0.059 0 

Mannitol 0.413 0.413 0.206 0.250 

Dulcitol 0.412 0.205 0.205 0.200 

Cellulose 0.206 0.206 -- 0.300 

(a) Vignon and Bay. Ref.4 

<esl 

It is apparent that the results (Table I) 

varied widely and in some cases the amount of nitrite 

produced passes through a maximum. ~erhaps the ammonia 

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

Carlaon ( 5) moanured t~•• &~ounta or ni tr1.te 

:t>~-r::1ed in the llydrolyaia of 21ovoral nitrates in 95~ ethyl 

alcohol solution. mndb o.5N w1 th respect to n1 trate at 70•. 

The concentration or potasa1tw1 hydroxide nlao prtu~ent 1n 

the alcohol \'i'f.U~ not stated. 

Uitrute 

Uethyl 

~<.thyl 

;:>ropyl 

Isobutyl 

'l'ABl.~ II 

Decopmos1 t1on of 1U \rates in 4·:lcohol1q 

~'otassium liz;droxide at 70• (a) 

i Nitrite Fon~ci rutrate 
n 

trace Isoa.r.l.)'l 

7 Cllycerol 

1'1 Glycol 

35 Cellulose 
t l2.5?~N) 

(a) Carlson. Bef.5 

'! 1Utr1te i1ormed. 

r;o 

67 

87 

82 

In the presence or hydrogen peroxide or t1orcap~u.ns t.ne 

original wna !"egsnttrated. It '>11111 round t.idl t benzyl ni trote 

condensed w1 th t ne potassium NUt or phenyl mercaptan to 

give the th.io etL..er, rather than undert:.~o1ng a redoz re­

ac\1on. 

CsHt>CH2NOz + KSCsH5 ~ CsH5CH2SCeHs • KN0 3 

The oondensut1on, wh1eb wn.s quantitative with no nitrite 

formation, completed the analogy with benzyl chloricle 

:or.."& anor::.ulous rd~ml ts are 1n t1Al: l1 tera turo. 
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Mixter (6) ~n 1891 claimed that ethyl nitrate with alco-

holic potassium hydroxide yielded 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 nitroglycerine, oxalic acid, nitrite 

and ammonia 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 found that 

cold aqueous potassium hydroxide gave only 1~ hydrolysis 

in seventeen days while at loo• concentrated aqueous potass­

ium hydroxide hydrolysed 2Q~ of the butyl nitrate in twelve 

hours. At higher temperatures in an oil bath the butyl ni­

trate was converted into butanol, a resin, potassium nitrite 

and nitrate. Alcoholic potassium hydroxide produced 20~ 

hydrolysis in one hundred and seven hours at room-tem)~rs­

ture While at 60. for eighteen and onP 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 tmre than 4% of the ester 

in eighty-four hours, but the presence of hydrogen sulfide 

increased the rnte. This increase was probably caused by 

the reduction of the nitrate groups since s_pontaneous boil­

ing took plece and sulfur was deposited. Butanol and a 

substance described as a mere ptan were formed. Iron and 

acetic acid reduced the ester with the evolution of nitric 



.. lD • 

oxide out only one third the ester wRs obtained as 

a~etate had no 

apparent e2tion on butyl nitrcte. tt w&s or interest that 

n sh<.::rp 1acrctu:a! in t·t:.te of.' hyarolysts oocJ:ttred when alco-

hol ic ?otasstn.m. hydrox.i de wf::s 'HH;} re ther th~Hl aqueous 

;,..n 1nterestiug non•ox1 tive deultretion of 

ethyl nitrate w·s achieved by 1 (8) in h1s synthesis 

tr~te, aod1u~ ethylate a bydnnryle.:d.u~; 

CeHr.OUG2 + H2r.t01l --~) e - !iHOH + CaH•OH 

o OJ!la 
OaN - hllOH + 2NaOC,Ba ---7 't(= !: - Ol~a + 2CaHti~Ofi 

Tht:tt no oxtdation-reduotion took. 

being itself reduced to nttrite a hydrosmuic eoid, the 

latter y1eL11ng hydroxyVlru.ine on hydrolysis. In e further 

investigation (lG) the writers obtained 507~ as the t~.£•x~u.m 

solt..tt Ion, g i vir1g quan t 1 te t 1 ve or !ii trite and excell• 

ent yields cd' dihy,n·oxy tartartc ne td. lr.t e1 ther aqueous 
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or alcoholic alkali solution, nitrite wos again produced 

quantitatively, but the dihydroxy tartaric eoid decomposed 

into tartronio and oxalic acid. ::~ormal hydrolysis to tar­

taric and nitric acids occurred only in extremely concent­

rated nitric acid, containing the stoichiometric amount of 

water. 

The properties of nitrotartaric acid mr,de a controlled 

measurement of hydrolysis difficult although it had the very 

desirable property of being soluole in water and organic 

solvents and thereby making possible a study of the effect 

of sol vent. The hydrolysis of the more stable ni tronmlio 

acid COOH.PHsCHON02COOH, soluble in water and the COluruon 

organic solvents, was studied in aqueous sodium hydroxide, 

aqueous sulfanilio acid, and in neutral aqueous solution. 

In the case of aqueous sodium hydroxide, the concentration 

of alkali, te:mpernture and time of reaction had no effect 

on the final nitrite concentration. In all oases about 0.2 

moles of nitrite were produced. In uethanolic sodium hydr­

oxide the yield of nitrite was again independent of terup~r­

ature, concentration, or excess of alkali, but nearly twice 

as much was produced as when water was the solvent; from 

0.32 to 0.39 moles. 

The reaction of nitromelic acid at loo• with aqueous 

sulfanilic acid et its own pH gave 65% nitrite in two hours 

and ?8% in five· hours. These percentages were measur~ by 

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

HN02 + CeH4.(80aH)NH2 ----t CeH4(SO~H)OH + N2 +HaO 

Laohm.an concluded that the reaction was monomolecular and 

did 110t involve a direct reaction between ni tromalio acid 

and sulfanilic acid. A 20% yield of crude oxaloacetic 

acid COOHCH2CO.COOH was obtained. The hydrolysis of nitro­

malic acid in neutral solution was complete in two hours 

at loo• and yielded only 8~ nitrous acid. The presence ot 

large amounts of nitric acid was demonstrated and malic 

acid was identified as the main product of the reaction. 

Lachman interpreted the results as indicating that normal 

hydrolysis and redox cleavage proceeded at independent rates·. 

In dilute acid solution the slow redox reaction was still 

fester than the normal hydrolysis. In neutral solution, 

the normal hydrolysis became relatively faster, while in 

alkaline solution, the normal hydrolysis was catalysed to a 

greater extent than the redox cleavage, the extent of the 

difference depending on the solvent. 

Gladd1ng and Purves {12} studied the reaction be­

tween some glucose mononitrate derivatives and alkali. They 

recognized that nitrates were in many respects similar to 

the corresponding alkyl halides and p-tolnenesulronates, 

the latter having been shown to be removed in alkali with 

Walden inversion, perhaps through e. carbonium ion inter­

mediate, like the alkyl helides. The hydrolysis of a ni­

trate group by a like mechanism should involve the form-
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at ion of an internal ether or anhydro ring, or a :mixed e­

ther, or an alcohol, wjth V;'alden inversion wherever poss-

ible. Thus tetraaoetyl cC- glucosyl nitrate yielded B­

methylglucoside (I) when treated with sodium methylate for 

ten minutes Rt room te111perature. The yield of B'"'methyl­

glucoside was 28~ but the properties of the crude product 

indicHted the presence of the 1, 6 glucosan (II) in equal 

amount. Glucosan (1, 5)13{1, 6J 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 original nitrate groups. 

The solution darkened in contrast to the slight yellow of 

the previous experiment. The formation of glucosan oom-

plated the analogy between tetraacetyl -0\- glucosyl ni-

trate and the corresponding bromide. It was therefore 

plausible to assume that alkali formed the same oarbonium 

ion from the c\- nitrate and the t:(- bromide and that Walden 

inversion occurred on combination either with solvent meth-

a.n.ol or with the primary alcohol group of the glucose re­

sidue. This explanation was put forward with reserve as it 

failed to account for the :f'orw':l t ion of glucosan fx·om beta, 

but not from alpha, phenylgluooside under similar conditions. 

It was noted that the hydrolysis of the nitrnte group was as 

rapid as that of the four acetyl groups. 

Triacetyl methyl -q- gluoopyranoside ·6- nitrate 

was hydrolysed with aqueous-ethanolio sodium hydroxide and 
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with sodium methylate in anhydrous m~thenol yielding 

almost colorl~ss solutions. In both cases a 77-80~ yield 

of methyl 3, 6 anhydro -~-Glucoside (III) was obtained 

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-eo• in aqueous-ethanolic sodium hydroxide and forty­

eight days in sodium methylate at room tet.perature. 

Methyl 3,4 1 6 triacetyl-~glucoside-2-nitrate 

heated with sodium hydroxide dissolved in aqueous dio.ane 

for two hours at room temperature, gave an 84% yield of 

clear, colorless nitrate-free syrup. The reaction was more 

rapid than that of the isomeric 6-nitrate and gave 2.3% ot 

the original nitrate groups as nitrite. The product was 

difficult to characterize, but the absence of appreciable 

amounts of free glycol groups as shown by the nearly neg­

ligible reaction with periodic acid, indicated the presence 

of a 2-3 anhydro ring. The analytical data were consistent 

with that of a slightly impure anhydromethylhexoside IV. 

This denitration was therefore similar to the deacylation 

of methyl 2-p-toluenesulfonyl-~-glucoside to a syrup con­

sisting mainly of methyl 2,3-anhydro~-mawloside. The 

difficulty in characterizing the product of denitration 

may have been caused by the partial rearrangement of the 

2.3 anhydro derivative to the 3,6 isomer. 
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To observe the course or den1trat1on when an-

hydro rin,g rormat ion was blocked by other groups, methyl 

2 .~'\ ,4-trimethyl-,:;-t.;lucoalde-6-ni trate was heated 1:1t &o• 

for twenty !"ottr hours with aod1.um hydroxide dissolved in 

aqueous m.othsnol. Complete deuitretion resulted tn 20% 

ot the original nitrate groups being reduced to nitrite 

while 25~ of the methylated carbohydrate was decomposed 

to a disoolOI'ed tar thr t slowly neutralized sorne ot the 

excess alkali. liethyl 2,3,4-tr1ruethyl-8•gluooside was 

obtained 1n 75% yield. The rather drf-zstio conditions 

used in this experiment were necessary since the methy-

lated 6-n1tr6te '!t't:.i$ staole to a.lkali i.u aqueous dioxane 

at 25• even art r one hundred hours. 

HCOGH.i CH HC-OC!I;s RCOCHa 
I [a&oH I I 

HC-OH HCOH /CH 
I •b H 

1 0 I 
HO-C•H IT~ 'eH 

I 0 t 0 0 I 0 
H-Q•DH 0 

L~r~ 0 ~0~ HT~ a-6 _j HO· LHC HO 
I I bua I 

HaC OH CH a HaC OH 

I Il III IV 

The denitrations or the three acetate-nitrates 

tended to show that the preferred alkr:iline cleavage ot 

carbohydrate n1 trate grO'JPS t~:lok plGce 1n the sen.se 

R>.RaCB - ONOe and led to the quick expuls4on or the ele-

ments or nitric acid in a ftubstant1ally unreduced con­

dl tion. 'this nethod of elimination s~emed to be depend-
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ent on the ftHlil~> product ion o.r methyl ,,,lucoside or an­

hydro strtJotures, !la illustr':;ted tJy the relati voly gree.t 

stab111 ty or methyl 2 1 3,4-tr1;aethyl"i3 -c,lucoside-5-ni trn te. 

· .. ore ctr~lBt 1c oond1 t ions /)ro~1oted a stra 1ghtrorward norm-al 

hydrolysis of the •blocked• nitrate group ln the latter 

compot.tnd. 'The alkaline hydrolynes or the "blocked" tosyl 

rad.i-als 1n such euostan.aes as utethyl-2-to.syl-3 1 4 ,e-tri-

:methyl"i3•gluooside, methyl-2-methyl•3,4-1sopropyl1dlne-e­

tosyl-"\-galaatos1de end !;.l.ethyl-2,5-dtu~+hyl-~-tosyl-..6'-:rylo-

furanos1de pro•*-'~ded with difficulty bu.t often. in high 

yields clong exactly the> s•~.1e liUN'h ~~o Yaldeu iaversious 

were ob:aerved a.ud the hydrolyses wer~ therefore attributed 
• I 

to scission 1n the sense R 1RaCH-.'1 t .G02C aH • Th~refore 1 t 

' I 

I 

o + UOa ror tlH! scission or the block~d ni trete groUJ:'• 
I 
I 

'!'he roactioA between hydroxylnl.i.iine and ethyl 

~.dtrate in ~mhydrous soo.1um P.>thylate (8}; 
• 
I 

CaH~-0 -+ NOe + liHaOH ~ O!!N-NHOH + CaHt.lOH 
I 
I 

would seem to require scission in the sense discussed above. 

?~arlier speculations about th~ r, .. eahr.:m1sms of 

ni trf-tte hydrolysis t:re briefly reviewed by T...owry end eo­

workers ( 13) nnd by J'. Barsha. ( 14). ;,~ily a brief outline 

is included here. 

Net ( 1) stated tl!at alkyl nitrates renct~d with 

6looholia osustio potash to produoe a ~ethylene~ radical, 

R-cH(, wh tch could add the elm::umts ot etbyl *1.loohol to 
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form an ether or an oxygen atom from the nitrate group 

to form a carbonyl componnd. 

Berthelot (2) considered the hydrolysis of ni­

trate groups to consist of normal saponification proceed­

ing with the simultaneous abnormal reaction which he wrote, 

RCBs-o-NOs + KOH--.RCHO + KNOa + BsO• 

Berl and Delpy (3) thought that hydrolysis pro­

ceeded by a normal saponification. In some oases the ni­

trate relecs"'d was supposed to oxidize the alcohol formed, 

this process oocurrin~ almost simultaneously with the first. 

Klason and Carlson {15) formulated the abnormal 

redox cleavage using th9 peroxide structure for nitrates 

as proposed by Bruhl (16). 

RCHs-0-0-NO + KOH---l- BCHsOOH + KNOs 

RCHsOOB --+ RCRO + HsO. 

They accounted for the normal hydrolysis of 

nitrocellulose and other esters in the presence of mer­

oaptans and other reducing agents, as a_ 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. 
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.n~ RCHaOH + HNOa 
Hlly 

R·CHa-ONOa H H 
~ I HnO 1 

R-C-ONO > R-C-OH + mlOs 

I I l OH OH 

RCHO + H-sO 

In a recent research, Christian (18) studied 

the hydrolyses of the three isomeric oyelohexane 1,2,3-

trinitrates in O.lN aqueous alcoholic sodium hydroxide 

at 20•. The rates of alkali consumption. nitrite and 

colour formation were measured. The cio-o1d-c1s isomer 

hydrolysed most rapidly, developed the most colour, but 

strangely, formed the least nitrite. As a tentative ex­

planation for colour formation, it was aEsurued that in­

tensity or colour was caused by a diketoue whose reson• 

ating forms were a.nalagous to tl1ose of many dyes. 

Oali08 OliOz ~Go OH _oOo ;;:=:::::: c"'o'o-~ 

I IJ+ I 
ONO a OH OH OH 

c1s-c1s-c1s colourless coloured 

It was argued that a small wnount of the diketone could 

account for the colour ·::.nd that it was to.ore likely to arise 

from the cis-cis-cis 4er1vative where the central nitrate 

group was sterically hindered and might be the last to 

undergo reaction. The abnormal 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 
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or the c1s-trena-cts iaom~r, where the central nitrate 

group Might be expected to hydrolyse first. 

The cis and tra .. 1s is<>mers of the tlare stable 

oyolohexune 1,2-diuitre.tes were hydxalysed in the same 

reagAnt s.t loo•, the ci.s coru.pound again r~aoting "r.o:re 

rapidly anr< producing le~s .u.1tr1te, {0.:"2 moles against 

0.50 moles}.. Colour torm.at ion v;as the f:>a:··~~ 1u ea oh cAse 

and lf:lss than i.n the tritlitrate seri~s. T.a the hydrolyses 

of the tr1n1trates, the o1s-trans-cis der:tve.t1ve ;;roduced 

s.oout l mole or nitrite and the other isomers about o.& 

mol"'8• 

Winstein and Buckles (19) developed a mechanism 

to explain repl~1cement react iot:Ls of trnns oyolohexane 1.2 

derivatives which took plBc~ with retention or cont1gur-

at ion. 

y 
~ .. x+ X ,, / -y- I \ / ,I / 

/0 .... c 'c-_,-, + /c - c I' ) 
/ .... _ z 

1-----t 
T z 

inversion in v~rs 1 c~n 

This 1:1eohauism wr.s assumed to account for th~ react1 vl ty 

of tranB""l-scetoxy-2 chlorohexane towerds s:i 1 ver acetate 

under conditions where the o1s compound wes c~pletely un­

resctive. since a trans ~onium" ion cyclic intermediate 

could not form. Christian round that in e"'nf'1ral ois-ni -
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trate groups reacted with alkali fuore rapidly than traus 

gro~Jpt•, which m.i,6ht 1n-.11cate that in the oomyounds studied, 

a primAry dissociation in the sense C - ONOa to produce 

a oarbon1um ion d1d not ocour and that scission may have 

taken pleoe in the sense e-o - Ii0 2 e.s discussed before t'or 

"blocked"' sug&r nltrhte groups. Christian, however, ment-

ioued a 1.neohau.1sm. ana.legous to tbat or ::;tnste1n and Buo¥-.J.es 

trate tr~ms to a hydroxyl woorf! tnl!'! intermediate 

could stat~ ilize itself by fJliminat ion of a proton. 

Luoas !)nd Uar..u:.ett ( 20} rect!Ultly invest 1.gated 

the kinetics of th0 reactions with water and hydroxyl ion 

of' t.-butyl n1trete end benzyl nitl"&te. ::;utyl nitrate un­

derwent two solvolytic reactions, one (A), ~.JI'oducing t­

butyl alcohol and th~ other, (B), butene. 

(.A) 2HaO + u.IL,c:mz 

(B) HzO + C•H~Ou02 

C•H'fOli + HaO+ + NOa 

c.a8 ~ Hao+ • NOa-

Stnoe the rote was unaffected by hydroxyl ion, ·:!r reduced. 

when 1t lowered the activity of the water, the reactions 

W·""re true solvolyses. ;:ance eotivation energi~e and ratios 

or products w~re identioel with those observed in pt:ir8llel 

solvolyses or t•uutyl chloride, tt was likely thut the 



J..h!l!u:Zyl uitrute underwent eolvolytic reections 

( C j rmd ( U) : 

(C) CaH~CHeOHOe CaHoCHeOH + • 2lh?0 k;. > + HaO + .NO .a 

(D) CaHuCH~fUGe ... HeO kt CeH"t...;HO + HNOe ) 

(E) CeHLCHaO..<Oa -+ on ko ) CaH.>CHaOH + uo., 

(F) Ca'fhjCHsOJ-~0 2 .. (Hi- ka ) CaFh;;CH20H + l~Oe 

to 42. 

and 56 to 68~~ at 25°. The S()l volyses produoed 6-9~ ben­

zt~ldehyde. ;;yctroq:.;1none o<:,mplBtely snp;:;:ressed the redox 

reecti,:_,us (D) and { ,.,, ) as lfould be expected rror1.1 the re­

act ions of ai tru tea w1 th al}:nli.ae null' idea end other re­

duoillb H~f:;enta. trhe sol volyt1o reaotton {A) ot' outyl ni­

trate was C:J.:.sldered to ~Jroc~~ed thr:ngh fin i!H.:1;;1ent sol­

vu t 1o.u of th~ &niou lE:'Hding to t.t ruptur~ of the cal'bon­

OXYf:en bond wl.th IJ.or.r:t or l""'HD trr~n;::;te.ut fo:r;.,,~tion. of a 

o.ttr~~onium. ion. '.!'he aolvolyais or uenzyl uttrr{te to the 

t~lcohol (c)' was v.rg~ly th.r ,)U, ,h the ··a,;!{' ;;:;.eohaain>;i as 

for the t-butyl derivr.tive. .'.f; f:1r e.s the redox r~r<ction 

was oonoerued, t~e ou~horn c~naluded thGt; ~at the pre­

sent ~;trt.,_;;e ot' our knowledgt'f 1t vwul(!. SN .. L to be pre~.,atu1·e 

to offer auy :uBchui . .i.i£.;.;;). ror the oxidatiou-rauuotion reaot­

i,)n~. 
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The wark reviewed t~ this point indicates that 

ester nitrate groups @BY cleave to give a variety of pro-

ducts 1 the nature of which may b~ influenced by the solvent, 

alkali conoontration and the specific natur~s of the react-

ants. The raaotion types ll into the five d:enernl r;Sroups: 

1. R110a + KOR {aqu) ROH + KNOa 

or. denzyl nitrate and sodiomelonio ester 

3. HNOa + alcoholic KOH-;>. ROCsH~rt + KNOz 

4. RCHR'N01 _ __.,.) RCR'O + HNOa 

is reaction may occur in acid, neutral or 

a.lktdine solution, depending ou th~ ui.trate ester involved. 

5. RNOa HsO olefin + ffi~Oz 
) 

rrh~ react ions of the sugar mononi trates show a 

definite preference for n given rP-act1on type i.e., 3., 

to form nn alkyl glycoside or intraooleoularly to rorm an 

anhydro sugar. ~,-rhen such a meohaaism is blocked, the re-

action proo~eds with dif' fic1tlty and possibly by scission 
I 

or the nitrate grcnps in the sense H-O + NOe rot her than 
I 

E T OiWa. 
I 

showed to 

I 

:Perhaps a react 1on of the type 1~.-ngeli ( 8) 

occur between ethyl uitrate and hydroxylrm1ine 

might facilitate the r~~oval or such blocked nitrate 

groups. 

The nitre tes of polyhydroxy elcohols deco~·~pose 

in alkali with typE!S l and 4 occurring in the same mole­

cule. It m.ay be sig!l.ificant that ether rormntton has not 

been observed in these cases, possibly because a carbon• 
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ium ion intermediate is not formed. Support for this view 

is found in the alkaline hydrolyses of ois and trans oyolo­

hexane-1,2 dinitrates, in which the ois derivative hydrolyses 

more rapidly than the trans compound, contrary to what would 

be expected if a carbonium ion intermediate were formed. 

The cleavage of all nitrate groups in palynitrates may thus 

occur in the sense R-o .;. NOa giving rise to the observed 
• 

products .. 

The alkaline hydrolysis of cellulose nitrates 

might be expected to partake of the properties of the sugar 

nitrates and the nitrates of polyhydroxy aloohols; particu­

larly the latter when it is reoHlled that many of the ni­

trate groups in nitrocellulose are rtblocked". Cellulose 

trinitrate is made up of chains of the repeating unit 

a 

in which there are no free hydroxyl groups with which an-

hydro ring foruation can occur. Hence the nitrate groups 

perhaps react like the "blocked" nitrate group in methyl 

-2,3,4-trimethyl-/3-gluooside-6-nitrate with the increased 



reactivity ooserved in L.it:rotorturio noid. ':'be hydroxyl 

groups 1.u. cellulose f~ra m.~jrkedly d!i'l'er~:. .. t wi tb respect 

to each oth~r in tb~1r r~actlviti~s ouct heuoe their ni­

trates ;o.lgbt be e:rpeotea to hydrolyse !:l.t dirrerent r!~tes 

a.u.d possibly by different i.(taahaui!'.>J:1B• "~owever, no re• 

action selective for one or 
bfJ$U desor11;ed w1 th the excH:~pt!on or the replacew.ent ot 

the pri:~.~u·y nitr,··t~ gro~1p by i ine (48). 

Gladdiae t1nd , '.trves ( 12) t~b:rwed the ~.nal:•f3 in 

the nlkal1ne hyu:rolysen ot auga:r nitr!lte fuld tosyl €:I'oupa 

in produc1ng identical t'lahyctro eUt:,Sfil'S Ill' methyl glyoos1des. 

(aJrd.u~r nnd rurves ( 21) had pr~Vi)u~ly f:,ome evidence that 

tn the deeoylation or a tosyl cellul!::>se acetate, tt clee.vage 

to prodtloe inter,;~ol~oul~r ~ther linke~:;:;es oetween neighbour­

ing gluoose un.lta ooourred. However, the aua.l~o,Js reaction 

in th" de.::1itrat1ou of nitroc-ellulose htiis uot ueen ouserved. 

The 11 tera tu re on the el 11.:1e decofi'l,:Os it ion ot 

ul tro oe 11 ulose is largely ~a a no oun t or the 1 sola ·-;ion ot· 

1deut1flaat 1 O!J. of the O::>.ii<.ylex produots of the advanced d.e­

greil&tion of 1nd1v1dua.l 15luoose unite and 1no:r;!:an1o nltrot:en 

in vnrioua stages ot' oxidet 'l.ou. suoh th€! 11 tera tu1·e haa 

beeu :recen.tly rev1~nred by K~nyon Le B. ·-;.raJ ( 22} and 

aar~1ha. ( 14}. ·tlbstai:ioe~ ra ing fr')l!l cnroon dioxide to 

oxidized derivatives of proplonlo ond ~utyria solda ~re 

desoriuad tlh dtH.lC>1~po~;1tion J,:rr.:Hiuots o1' r~it:rtJcellulose in 

ttlkel1. i3erl ~rhl ::.U1th ( ::!3) obtained o 7-6~ yield ot o~y-
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propio.uio acid by treating nitrocellulose with alcoholic 

sodium hydroxide at te;: ;J'..,x·aturAs oelow 25•. Lowry and eo­

workers ll3) treated cordite, 12.2}~, with lim.e in an 6.5~ 

aqueous solution of pyridine, which they claimed was the 

1nost errecient "catalyst" !'or the controlled decomposition 

of nitrocPllulose. Th~y obtained a sludge which on wash­

ing and drying contaiaed fi.L\"i~. Pror!l the charred black 

cordite rods left in the reaction mixture they obtained a 

su:.>st.anoe N 6.7%. They stated that decomposition prooe~=>ded 

to a "din1trate" and then a 11m.onon1trate" ste~e. t:lfter 

wh ioh the moleo11le deo·)lU.poaed co ... .u.~letely. l"ermer ( 24) 

held that the !.'l!.ialysAs of the two tract ious were advent! t­

ious a.ud did rwt represent nn:y clean cut stage in the re­

action. 

Kenyan and Gray (2.2) mede quantitative measnre­

ment.s of the O!iirbon d1.o7.ide, nitrite and reducing suo­

stances for~: ... ed oy the B.otlou of aqueous sodium. hydroxide 

in conoentHl t ions or from 1 to 30~ on cellulose n1 trs te. 

About 60 to 701t or the nitrAte grou~s present w~re reduced 

to n1 trite. Danilov ond ~.;irlas { 25) st11died the viscosity 

oh~~nees of nitrocellulose L.1 the presence of fli.ili:lOllia, 

pyridiue, hydre.zint''!, hydroxylar,.,ine, arw ... onium sult'ide and 

sodium. suli'i te nnd !' .·.un.d theru greater than the oot·res­

pouding rednotlon in viscosity produced by the strong 

bases, sodium hydroxide and tetreunethyl umnlOilium hydroxide. 

Uufortuna tely, this paper was available Olily in abstract. 



The deoo~ .. ,Jos 1 t ion of cellulose nitrate by pyr 1-

dine wns studied by ;.~:;elf ( 26). t.'hen r;,01 stened oy pyri­

dina, the nitrate yielded a semi-solid, transparent, rubbery 

mass whose visoosi ty grr:1du~dly diminished towards thet of 

pyridine 1 tself' (luring sever~ 1 days standing at room te:.lper­

sture. \'Jhen freed from. pyr1d1ae by extract ion with eloohol 

eau dilute sulfurio acid, ar~ oy reprecipitattan. the pro­

duct wa~ obtained as a whi t.e C:L<orphous powd6r in 80% yield. 

The original su~>sti tu.t ion of 2.3 hnd dropped to 1. 5 to 1. 7 

nitrate groups per glucose unit. The produot turned brown 

and then olavk on h <1t ing, redo oed am.mon1eoel silver ni tr·:. te, 

reacted with phP-nylhydrazine, but had no aotion on E'ehling's 

solution. Thr<se tests sut:~€.;f'lsted t 1;at the substance wss a 

ni tr:1ted highly degraded oxyoellnlose. ~;1noe the degree of 

denitretion l'-VS uot greBt and the suostfltlCH~ wos ot~viously 

h ie:;''lY oxidized 1 t is likely t:hr1t mu oh of the deni tre t ion 

occurred uy the abnormal r~dox r;)ll te. 

It is apparent that all denitrAtious or nitro-

cellulose in alkali, except in a 

caused either uompl""te degradation to 'ilOUomeric debris or 

else gr~et ch-"Jin cleavst:':e w1 th relati.vP.ly slight losfi ol' 

nitrogen. j(o definite evidence wus oo taiaed for e poss 10le 

vari~tion iu the reaot1vit1Ps of the thr~e nitr~te groups 

in each glucose unit or of the relative i~portuuce or the 

various mechrmisms oi' nitrate oleaveg'3, except that redox 

cl8avage probably occurred to a grPat extent. 



hile .ao O!lf> h7 .. B atLonstrEned. a peu·allel oetween 

thermal d.eCl)bpos1 t ton is f 1 veu. i~ mo1 e extenei ve review la 

aldehyde rJn.d r..i tric oxide t1CClU red 1~1 the fb:vd ~,roduots it 

secondary f>?t:;ot ion. The 1n.1 tiel ~ eaot ion W': s written as 

of th~ explo~ 1 ve d•,.oorupos 1 t iou of a stn·t~~; oi· >li tr~;: tes led 

products or cleavage. 

crllulose ~1trates is liDt reviewed GJaoa little li~ht ls 



- 28 -

recently sucgested a mechanism for the ther;,1al decom­

position of cellulose nitrates oased on the primary 

cleavage of nitrogen dioxide. 'rhe nitrogen dioxide then 

took port in secondary reactions with tormaldehyde, and 

sindlar a.ldehydic products. 

Wolfram { 32) extended the work of .l?razer ( 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 

suostance" (WS) which ren:ained in the reaction chamber and 

a volatile "red substancen (RS} which was condensed in a 

dry ice-acetone trap. Yields of WS were in the range 

40-55% and HS 30-45%. HS proved to be largely composed 

of formaldehyde, glyoxal- formic and acetic acids and water 

after oxides of nitrogen were permitted to boil away. The 

WS was purified by precipitation from methanol solution 

into water, when about 60% of the material remained in sol­

ution. The purified white substance (PWS), in which mini­

mum degradation had occurred, was a carbohydrate derivati vc;, 

consisting of about six partially nitrated hexose units 

per molecule. Aldehydic and acid groups were present. 

Using the data on the chemical nature of WS 

and RS Rice and Ginell (34) proposed a free radical mechan­

ism for the thermal decouposition of cellulose nitrates 

based on the primary cleavage of nitrogen dioxide from 

the primary nitre te group. ~]ubsequent stabilizat ion of the 
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carbohydrate fren rndical led to the observed products. 

In a recent study of the decomposition of two 

specially synthesized cellulose nitrates, Grassie (27) 

obtained quantitative yields of reaction products. Since 

the nitrates used w~re synthesized by means which largely 

predetermined structure (39) it was possible to relate 

the products of rBaotion to the mode of decomposition. 

Grassie states; 

"It was demons trE<ted that the thermal oleavage 

of one ester group in the monouitrate was accompanied by 

the forr..ua.tion of apj)roxim,':tely one cnrbonyl group from 

the cellulose moiety. This carbonyl group largely remained 

with the non volatile residue but to some extent cleavage 

of the latter occurred with the liberation of volatile 

formaldehyde and glyoxal. 'l'he other prim.ary product of 

thermal decomposition was nitrogen dioxide ... The results 

quoted refPr to a cellulose mononitrate substituted largely 

in the sixth position. ~ith respect to a specially 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. V,ith regard to chain degradation; 

"The cellulose chain was degraded to an extent 

roughly corresponding with one glycosidic cleavage for each 

mol of volatile carbonyl compound. Nonvolatile carbonyl 
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units l'<ere apparently f'oi·med without involving degradation 

of the cellulose." These results strongly suggest that an 

elimination mechanism involving cleavage of the O-N bond 

was active in the thermal decomposition of the cellulose 

nitrates. 



EXPERIYJ:lNTAL PROCEDUHES 

A. Analytical Methods 

1. Nitrogen:-

Difficulty was experienced in analyzing the 

oxycellulose nitrate oximes by the K,jehldahl method be­

cause the sar:1ples deflagrated at the beginning of the 

estimation. Nitrate nitrogen was determined by b;!ving 

and ~,]cJ.!:lroy' s { 35) ser!li-micro modification of tlle duPont 

nitrometer method. 'l'otal nitrogen was by the Dumas method 

as described by Gatterman and ·~·ieland {36) or by the ma­

cro or micro•Kjehldahl methods. The latter, employing 

about lOO mg. or lO mg. samples, respectively, were 

carried out as modified by Gunning ( 37). Sorne samples 

of high nitrogen content which ignited on contact with the 

strong sulfuric acid used in digestion, were successfUlly 

analayzed without ignition b~ drastic cooling of sample 

and acid before mixing. 

2.Iodine:-

The determination of iodine was by boiling 30 

to 40 mg. samples under reflux with 1 g. of potassium 

hydroxide and 25 cc. of ·.vat er until solution was complete. 

ililution to lOO cc., neutralization to phenolphthalein 

with 2 N sulfuric acid and the further addition of 2 cc. 

of acid followed. 'l'he iodide was oxidized to iodate by 

10 to 12 drops of bromine, the excess bromine destroyed 

by excess formic acid, and the acidified solution was 

treated with potassium iodide. Titration of the iodine 

liberated by the iodate from the potassium iodide v:as· 
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with 0.02 .i~ sod.im.- thio:mlfate. 

3. Methonl:-

The Viebook and Sohwappaob estimation for 

! .• etnoxyl was used as described by Clark { 38). 

4. Ao,etyl:-

Acetyl was determined by a new liethod developed 

by R. i,. Lemieux ( 39 i in these laoor!:itories. This n1ethod 

depended ou the oxidation or the s&qle with chromic acid 

and d1st11lottoa of the acetic acid so formed. The method 

oxidize to eoetio acid. 

5. Intrinsic V1aoonity:-

The v;e15;ht of ~~mpla was determined by the na­

tura or the material. ;,'or undegraded u1 trocellulose, se:m.• 

plos of 1 to 5 mg. were wei6had into glass sto:;Jpered tubes 

and a weighed a.:::.ount or uutyl acet9 te addftd. l''or degraded 

:materials ~~a~~ples or rrom. 25 to lOO m.g. were used. After 

eech deterr,in'ltion of the relative viscosity, 

• n solution} 
n solvent ) 

, in au Ostwald vis-

ooo1nter at 25•t .oe•, the samples were diluted with butyl 

acetate and the viscosity measured again. Tb:is process was 

repeated unt 11 ncp becn:;,P, constant; llsp • .n rel -1 and c 
was concentration per cent. The degree of polymerization,D.i., 
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was caloulet a.nd I..tH.Js1ng' s constant ror 

ni troee...~.luloae, • 270 [n] 

[n] ls tl•e intrinsic viscosity {40). 
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B. Materials 

1. Cellulose Trinitrate:-

~)ewaxed cotton !inters, thegift of the Heroules 

Powder Com.pany, were dried over phosphorous pentoxide and 

were n.itr~•ted according to ~)erl•s directions (41). The 

!inters 20. g. were kept immersed for two hours at 5• in 

1700 g. of a n~ixture of phosphorous pentoxide (22%) and 

pure nitric acid (fUllling nitric acid distilled from con.­

centrated sulfurio acid) (78%). After recovery, the pro­

duct was imr:1ersed in 50% aqueous ethanol at -14•, was 

stabilized in boiling ethanol and was dried under reduced 

pressure over phosphorous pentoxide all as Berl described. 

A yield of 35 g. with substitution 2.92 (N, 13.93%) corres­

ponded to 96% of theory. Similar preparations varied in 

nitrogen content from 13.8 to 14.0%. Intrinsic viscosity 

[n]= 20, Apparent D.P. • 5400. 

The trinitrate was kept in a dessicator over 

phosphorouR pentoxide before use and all manipulations of 

tr~ is dangerous explosive vHn·El ill< de with great care to avoid 

friction against glass or in ground glass stoppered re-i' 

ceptaoles. 

2. Hydroxrlamine from the Hldroohloride:-

The mAthod of Hurd and Brownstein (42) was used 
I 

on a ten-fold so ale with slight ohaui:';es which increased the 

yield from 50 to 65% of theory. 

Metallic sodium 125 g., was added slowly to 

. 
J 
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1500 cc. of raagent butanol contained in a 5-litre 3-

necked flask fitted with a mechanical stirrer and seal. 

'l'he reflux condeneer was equipped with a soda lime dry-

ing tube. The fltu>k was cooled during addition of the 

sodium and af'ter'Nerd cautiously heated under reflux 

tor three hours or until all the sodium had dissolved. 

In a 5-litre three necked flask fitted with a 

mechanical stirrer were nlaced 348 g. of dry powdered 

Eastman Kodak Com~any hydroxylamine hydrochloride, 1 g. 

of phenolphthalein and 300 oc. of butanol. The mixture 

was warmed gently with stirring I'or ten minutes and the 

hot ~;odium butoxide solution was then audeu as rapidly 

as was consistent with an avoidance of alkalinity as shown 

by the phenolphthalein indicator. The addition required 

three hours. 'l'he sodium chloride precipitated was rerooved 

by filtration and th0 mother liquor was kept at -14• in a 

brine bath overnight. The hydroxylamine which crystallized 

as beautiful white plates wr:ts recovered, shaken v;ith three 

80 cc. volumes and then with one 300 eo. volume or ether, 

dried in vacuo and stored at -10•. Yield 105 g. corres-

ponding to 65% of theory. 

3. ~i.eag9nts :-

Eastman Kodak Company white label hydroxylamine 

hydrochloride, methoxya:mine hyuroehlorida and methoxyamine 

were used throughout the research. Pyr1d1ne, driad over 

barium oxide and distilling in the range 115•-115.5•, was 
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used throughout. .4ny use o:t' specially prepared solvents 

is stated in the text. 
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c. Effect and its 

Comparable experiments were Bet up in which 1 g. 

samples of cellulose nitrate (N, 13.8%) were separately 

dissolved in 25 cc. of pyridine containing (a) no other 

raagant,(b) 6 g. of hydroxylami~e hydrochloride,(c) 5 g. 

of methoxyamine and (d) 5 g. of mathoxyamine hydrochloride. 

·rhe solutions were kept at room t3:-:::pcrature. 

At daily intervals l"ar<;.nlee of each w"1re poured 

into water; the rel:lulting precipitates were washed with 

water, purified by solution in dioxane and reprecipitation 

into water and air-dried. Table III sul'llOlarizes the yields, 

mathoxyl and total nitrogen contents of the precipitates, 

together with approximate relative viscosities of the pyri­

dine solutions just prior to precipitation. Thasa viscos­

ities were obtained by noting the tim::::s of discharge or the 

solutions from the same pipet .. 

'l.'he reaction {b) in uresence of hydroxylamine 

hydrochloride was characterized by an initial evolution of 

colourless gas and by the development or very little colour, 

as comnared to the bright yellow or orange observed in re­

action (a).. The products changed from short wl1i te fibres 

to -powders after three days reaction time. Nitrogen anal­

yses were difficult because the sa.raples tended to deflag­

rate during the estimations. No nitrite wan found in the 

filtrate from the S8lilples. 

~ihen methoxyamine wao present (solution (c) ) 
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products wen.:~ 

~·11 tratee froc. the 

ur:.:H~ipi ions FHV{) Btrong :;on1t1vu tosts tor nitrite. 

riolu.t1on {d) 1 cr)n ta1n1n6 N.Ot;.o;c~:u.l:tinu hydrochloride, also 

ren1aln;'ld n ·H.~rly colout .. l~s~ and y1ulded p,hclrt orGam•\lii·1 te 

triable fibr;;;a s1mil~ to t.;""otw ~bta1ned 1n (h). 'l'ha flame 

t:.1t~ r<1nctton, t ts ~>.f' \fhich Ul"' m.ua.r~a.r1zad in 

Table IV. 'l'h~~ 1ntrin,s1c viscosl ty eH>Ch sru:~plu vms de-

termineii as l'la.U. as ni trrn:en anu ttlOY . .yl o.nulyat:s. rt 

waj;!! 'HHlsi ble to obtain ~Jroduct tw wt1 ta fibres up to 

and 1noluJ.1ng Mla tour day flal!!ple. 



TABLE III 

ProEerties of Products for.med from Cellulose Trinitrate 
in various Pyridine Solutions 

Da~s at Room Tem~erature 

Solution lll Estimation l 2 3 4 5 

(a) Pyridine alone n rel (2) 1.1 l •• • • • • 
(b) HONHs.HCl 2.43 1.92 1.68 1.66 1.64 

( o ) CH:iONHs • • 10.6 2.74 2.00 1.67 

(d) CHzONHs .HCl 10.0 2.36 1.71 1.35 • • 

(a) Pyridine alone Yields %(3} •• • • 40 • • 15 

(b) HONHs.HCl • • •• 75 • • 70 

( o) CHaONHs •• • • eo • • 70 

(d) CHzO.&'H2 .HCl • • • • •• • • 85 

(a) Pyridtne alone Si (5) 12.3 11.9 12.0 •• • • 
(b) HONH2HC1 1# (5) 13.8 14.4 13.8 14.2,14.9(8) 

9(.N: { t)J 12.7 13.1 
14.4,14.8(7} •• 
14.0,13.3(7) •• 13.9 

6 

• • 

1.52 

1.47 

•• 

• • 

•• 

•• 

• • 

• • 

•• 

•• 

'I 

• • 
1.44 

1.40 

• • 

• • 

50,73 ( 4) 

70 

95 (4} 

•• 
14 • 4 , 14 • g ( a,) 

15.0 (8) 

c.N 
tO 



'r:ABLE III (Cont'dl 

'T'r in 1 tra t e 

. na1a e. t HQop; ,TW•£!1 tu re • 

.lolut19Jl (11 

( o) CHaOi~He 

(d) CHaO liHa.HCl 

l~otea 

~st bta t ion 

~ (5) t. 

:! OCH1 

M UU 

~ OCl!a 

(1) For detfJ.ils s~e text. 

l 

12.0 

o.a5 

•• 

•• 

2 -A " 
11.3 10.9,10.8 

('1) •• 

1.05 1.'15,1.85 
(7) 

•• 

•• •• •• 

• • • • •• 

{2) :He1at1ve viscosity of aolutioJl prior to 1solet1on or product. 
(3) By weight on air•dr7 uesia. 
(4) ~reer•soa1e runs. 

5 

10.'1 

2.14 

13.1 (9) 

8.1 ( 9) 

(6) Kjehdahl method. 
(6) Dumas li.U!tthod ••• 11 ot1lues unoertfJin. owing to instability of' aiilllples. 
(7) Obtai.ued on a duplicate. independent prep~ratioa. 

6 '1 

•• 10.6 

•• 2.80 

•• 1·1.1(10) (11) 

• • 11.9 ( 10) 

(a) The :r.~.ono oxime or a keto• (or aldo•) ocllu1o::l'e ctini t.rate has total :t~, 15 .a~. 
( 9) Anelyses correspond to substitution of' 1.74 ni trat4't gro~1ps and 0.69 methylox1me e::;roups. 
(10)Anslyses oox·reswona to substitution o!· 1.02~ nitrate groups end l.oa methyloxime e;roupa. 
(11)Dumas nitrogen 14.2% 

(,::J 
tO 
s:o 
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TABLE IV 

Properties of the Reaction Product or Cellulose Trinitrate 

with a. i'yi·idine Golu t ion of ~~1Athoxyam.1ne Hydrochloride. 

D.s. 
:! 

D.P. ( 8 ) 
lc'le thyJ:'"lJx1Dle Nitrate 

~ ~ OCH~ 1al 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 2.1;4 

4 day 13.4 7.1 0.38 lOO 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. • 270 (n) 

' 
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D. Cellulose Dinitrate 

1. Preparation:-

Hydro:cylar;;.ine, 100 g. was dissolved in 660 oa. 

of dry pyridine. The solution was added to 30 g. of dry 

cellulose nitrate, 13.9% N, contained in a 2-litre flask. 

A. white opaque gel formed and large volUII.les or colourless 

gas were evolved. The reaction mixture was cooled during 

the exothermic reaction until the gas evolutton slackened, 

after which the very viscous pole yellow solution, still 

containing many gas bubbles, was kept at 20• in the dark. 

The viscosity of the solution slowly decreased. After 

seventy-lllix hours tba yellow solution, still viscous, was 

slowly poured into 3-litres of mechanically stirred dis­

tilled water. thus precipitating the nitrocellulose as 

stro~; white fibres. The fibres were washed with large 

volmues of distilled water end spread out to air dry. 

After twelve hours they stlll s:ruelled strongly of pyridine. 

They were I·edissolved in 1-litre of 1:1 dioxane-acetone 

aad 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.Oomplete drying was 

t'irst over anhydrous calcium chloride and then !1ver phos-

phorous pentoxide under reduced pressure. Yield 24 g. or 

98% based on the nitrogen content ["\1 •1.17 on a product 

renitrated to 13.1% N by Berl's m~thod (41). 

Anal. Galcd. for cellulose with 1.68 nitrDte and 0.08 -
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oxime groups per glucose unit: N 10.43; nitrate N, 9.95. 

Found N 1 10.47, 10.40, (macro-kjehldahl); 9,.95, 9.94 nitro­

meter %. Oxime nitrogen by dif'ference 0.48%. 

Apparently identical ~roducts were obtained after 

reaction times of eleven and twenty four hours. The pro­

duct described under C, using methoxyamine instead of 

hydroxylamine appeared to be identical except for a small 

amount of Int-)tilyl oxime instead of' un~mbsti tuted oxime. The 

procedure failed when cellosolve wn.~ su'bstituted for pyri­

dine, the product retaining 13.5% nitrate nitrogen when 

carried out at room temper.ture. Heating at steam bath 

temperature for one half hour after keeping for two days 

at room temperuture also yielded substantially unchanged 

trinitrate. Found, nitrate N, 12.6%. The "dinitrate" 

dis·-olved readily in acetone-dioxF.I.ne (1:1), '!"Yridine, 

ethanol-ether, (1:1), butyl acetate, and with progressively 

less ease in dioxane, acetone and glacial acetic acid. 

2. Stab1l1tz of the "D1nitrate" in Pyr1d1ne:-

One-half gram was dissolved in 10 cc. 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

precinitated fram dioxane solution into water. The yield 

of' white fibres was quantitative. ~· .F'ound, (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 containing 2 g. of 

hydroxylamine. After three days at room temperaturet the 

solution was ')oured into water and the product recovered 

as long wtdte fibres which w~:re purified by reprecipitat­

ion frot1 dioxane-acetone (l:l)' solution into water. ~· 

Found N, 10.1% (nitrometer). The substance therefore re­

tained the original nitrbte content of 9.95% in the re­

action medium in which it was formed. 

In Sulfurio Acid:-

Two grams were dissolved in 90 cc. of 1:1:1 

dioxane-ethanol-acetone. Ten cc. of a 10% aqueous solu­

tion of sulturic 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. ~· Found N, 10% (macro-kjeldahl). 

In Acidic 1yruvic Acid:-

Three grams were dissolved in lOO cc. of glacial 

acetic acid; 5 cc. of pyruvic acid and 5 cc. of concentrated 

hydrochloric acid dissolved in 10 eo. of dioxane were added 

to the acetic acid solution. After remaining at room 

temperature for six days, the mixture was precipitated 

into water. 'l'he fibrous product was reprecipi tated from 

ethanol-dioxane as cream-white fibres, the colour probably 
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being dArt ved frc1m the pyruvic acid. 1Jla.l. Found li, 9 .56, 

9.50 (macro-kjehldahl), 9.18, 9.23% (nitrohleter). Since 

the analyses corresponded to sut1.stttutions of 1.50 for ni­

tre ta And 0 .<)5 for oxime grmi)S, the latter were equally 

stable to nitrate groups under conditions which might have 

hydrolysed oximes pref'erBntially. 

In a ?.yridine .Solution of :.ethoxxamine Hydz·ochlor1de:-

r.rhe experi11J.ent described UL.J.der C (d) V'Jas carried 

out on the "din.itratett. ~~fter nine days standing at room 

teraperature, the nitrocellulose wBs recovered as long white 

fibr!."'s, appai'eutly uuohengad. ~· Found OCH~;s, 1.01, 0.99~. 

Therefore the diuitr:':l.te was stable under conditions which 

recove one nt tra te gro~1p and introduce on.::> methyloxime group 

in the trinitrate. 

Under other Ox1ID;at1ng Conditions:-

One gram of cellulose "dinitrate" was dissolved 

in a mixture of 25 eo. of ethanol and 50 cc. of dioxane. A 

solution of 2.3 g. of metho:xyamiue hydrochloride in 13 eo. 

of water buffered to pH 5.3 w:J. th l)OtA.ssium hydroxide was 

diluted with 25 oo. of ethanol and added to the nitro­

cellulose so1·1tion. The mixture was allowed to stand two 

and one-half days at room te'l•perature and w1:.1s then poured 

into watar. The white fibres so obtained were reprecipit­

ated from ethanol-dioxane solution into water aud recovered 

in a fluffy white stote and in quantitative yield • .!!!!!• 

Found .N, 10.25, 10.24% (macro-Kjehldahl). i.;o oxime group 
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The ex;~er ut lf:''::.~l r :E~ t>:•d :d! pH 3.5 frJr three 

a.nd oae-halr de.ys T1 th •tr-'u:,tly the f.>l';DE! ret_;.\J.t:s as be-

fore. ~. r'ou.n.d N, 9 • 5~. 

0~1lulo~~ *dtnitr~te" 0.5 ~· •es dissolved iD 

25 oo. of flthen.ol !";:':"id ~5 cc.. ath.,r r;on.tain1ng 1.5 g. or 
,ntt~thoxy~r;Jiiltt bydl")Chl-;ride. 'T'he ethl'l:r W~S ~Het!lled of"f 

U£i.til the boilin;? !)01D.t 0f t-,he ~olntion W~H:l 60• • The S()lU­

tirJil 'llr!S th~u b·1iled under ref'lu7 fol' l'o'ir hours. l,"i.ore 

et;her WllR Al'."!'i"ed t 1) di.~till .:nul \:he boiling eonttntted 

under reflux 1'or an ad.di t iout1l b~tu· at 75°. '!'he ni t.ro­

c:ellulose waa :rrtoovered WHi purified es tthi t& t"ibrP:;.. ~· 

Ca.le. !'or cell~·loFP> ·~tni trat.e1'> :i..Oll")-r..tethyl1XL~i'"", OCHa 

11.8;#, J:i'ou.ud, OCH;s C).{f4%• 

'Ihe fall~1re to :r~oot appreciaoly under eny or the 

above oouditlons indicated the ab~•nae of aldehyd1e or 

kE!touic t:Lr.i.lonyl grl'>Ups. 

3. Iod1~Etion or the "D1n1ttaten 

·rr1e cel.lulc;;:;e dh::.1tr;lte, 1.0 g. Wli<S di~:solved 

1u S~ eo. or ~ont~ne. ~loxaae, 10 oo. w~th 7 g. of sodtum 

iodide 3 oo. of allyl :;laohol {to :re::;;J.ove the free io-

dine tnr, t Whti .i.\n·;~ed j, ~r& s a.dded to thEt ::1ixt·1re nnti the re­

sulting sr~lu\,ltJn w·a~ heated 1n .':f sta~l ;orab ~·t loo• tor 

eightf:eu h:)Ut"f;. ":'h@ ulet:.n· unr:~ r;;.~~;lt;·:J-'4 ;M;;h:h :resulted was 

poured i.ato W" ter mn(1 th~ tiuous preOi!;)itltte wa~ washed 

free of iodide. The product w':ae ·:>btained as e hard or-1 ttle 
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1.'1 ar·eton~ and d 1oxane. Yield 

o.e ror n1trute: 

.B, 35.2; • (Mloroi.:jehldahl) 

native eyn.thesis {G. (oj), rt.5 g •• wt:.a dissolved in 4 eo. or 

sdd1t1 .u of ~~re ziac •~re r lrad to reduce the .u1 tt·e te 

group~ l":'jtnly ea 1nc ic!. ted oy the di.1Jhe.u;ylamine test 

zinc th ;·we ton~. The eom.bint'd eolu t1on ~nd 

extr~ot when poured into water yielded s brown precipitate • 

Yield 0.3 g. .i:,nal. -

fi;;C 

""' . 

hydroxide was sf~tur~ted wl th 

of the eranmu!um pnlytt::lrtdA sotutiou 'Hld 40 eo. ot ethanol 

for two days at room t&~per~ture. The product was recovered 
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washed w1 th water, et.;.anol, carbon bisulfide, acetone and 

ponding to 98:· or thflory. Anal. Calod. for cellulose with -
a auhsti tut1on or 0.07 l"or sulf'ur: s, 1. 36. ~·ound, s 1.36, 

N 0.66%. 

5 Nitration: ... . ·' 
Cellulose t•Din1trate", l g., Whs renitr:ted by 

I~erl's nv.,thod (41) for one and on·,:~ half hours at s•. The 

product wa:Et reco,rored, wnn.i.~ed with large volumes of ice-

cold l:l ethanol-water, dissolved 1n acetone and prec1n1• 

tated into v;ator. 'l'he fibres were redissolved in acetone 

and again precipi tatad in to wn ter. '.l.'he product was 1so• 

lated as vary Vt'hitu, fluffy, h1gl,ly cl.targed fibres wh1oh 

were 1nsolable in rlioxa.ne ami very soluble in aeetone. 

Anal. Calod. for cellttloa"'; with a eur~st1tution of' 2.62 

The experir::~ent \ii8.S rel)sated on the product des-

orit~ed under D 2 from acid pyruvic acid, with similar re­

sults. ~· Found, N, 13.15, 13.1~ f~). 1.17 apparent 

degree of polymerization 320. 

?h~c~ nroduet of al!ltt10n1um polysulfide deni tration 

{D 4), 0.3 g. was nitr;,tod nnd stabilized f1.S described 

above. Anal. Ctiled. for Cf:lluloso \ii th a subst 1 tution of -
2.8, N, 13.8, l~"ound N, (nitrometer) l3.s<. 

6. hcetvlatlon of Cellulose nDinitrate" 

Cellulose "dinitrate", 1 g. was dis~olved in 5 cc. 
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of dry pyrid1n€' and 25 cc. of acetic anhydride. ..tl..fter 

twenty four hours the solution was poured onto ice, and 

the product rPcovcred. ft ·~,::u:; rep reo i tated tvilce from 

acetone ;::s long white ftores. se fibres were insoluble 

in butyl acetate ~·nd dj o:r'3ne and VF>I y sr)luble in acetone. 

In contrast, the dL:li .. tr&te \'7as ::;:.'h~ble in all three sol-

vents although only slightly so in ccetone. ~· Calcd. 

for cellnl,Jse tll S>Jbstituti.ons Of 1.6(:3 f 1!!' nitrate, 0.08 

for 0:rt:ue :.ln.d 1.0 for e,oetate, N 8.8;7;. ifouad, lJ~ {micro-

7. kethzlation of Cellulose "Dinitrate~ • 
.6. tter:toted ~.~.Pthylat i "'n wt th Dinzomsthr.:ne:-

of' ,pure dlo:xane u:nd 25 cc. of' nn ether St"lnt1on of diazomsthane 

(4 e:;. i.J. 1~30 eo.) vms Added. ~he 1;1:·,_xture wns pt at 0-511 

::>sure developed in the flask. Then 

un s.d<litional ?0 eo. of the diaz(:methane solution and 2 cc • • 
of er c,~:. tF:lyst in 5 cc. of dioxane were added and the 

mixturo allow~d to s~~nd an additional two days. The re-

uct1on was stop9ed by the careful addition or acetic acid 

and the solution pou~ed into water. The product was puri-

fied by rAprecjpit.ation from dioxane tnto water, and ob-

tfl d ns long wl1i te f:tbres. Yield 1 g. ~· £t'ouud, 

CC'Hs, 0. 5%. 'I'h iE: possibly corresponds to mAthylat ion of 

the small a;:;our:;t of oxime group~. 

2nlfa te:-. 
,j;). sol;lt io.n of 0 .e g. of C'3llulose "'dj_ni trate" 

in 50 cc. of pure dioxane was shaken with 5 cc. of di-
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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. i•hen 

precipitated from 5% solution in acetone, the product was 

obtained as brittle white fibres. Yield 0.7 g. ~· 

Calcd. for cellulose with substitutions of l.72 for ni­

trate (all N calcd. as nitrate) and 1.00 methoxyl groups 

per glucose unit li, 9.5, OCE!, 12.2 Iround, N, U.Iicro­

kjehldahl) 9.54, 9.46; OCH3 , 12.29, 12.29%. 

The preparation was carried out on a large 

scale with similar results; 5.75 g. of cellulose "dinitrate" 

yielded 4.8 g. of methylated product. ~· Ca.lcd. for 

cellulose th 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, OCH3 , 11.7%. 

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 Ol~4). 'l'he product was highly swollen and al­

most gelattn·ous. It was recovered, washed with water and 

alcohol, dried tl1rough methanol-benzene and heated under 

reflux for twelve hours v.·i th carbon b1sulfide to remove 

any sulfur. Yield, 1.25 g. of dry cream coloured powder 

or 35% of the theoretical amount. ~· Calcd. for cellu-
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lose with substitutions of 1.0 for methoxyl and 0.7 for 

nitrate, OCH3 , 14.7; N, 5.1, }i'ound, OCH3 , 14.2, 14.7, 14.1, 

14.7, N, 4.95, 5.32%. The analyses were difficult and 

good checks w~re not obtained. It was inferred tllat the 

substance was a mixture of fully denitrated material and 

the original substance. 

(b) Attempted Hydrogenol;ysis:-

An atter.1pt was made to apply a recc:ntly des­

cribed procedure for the hydrogenolysis of sugar nitrates 

(49) to the methyl cellulose dinitrate. 

A solution of 0.5 g. of palladium chloride in 

1-li tre of solution was acidified with 5 cc. of concentratt3d 

hydrochloric acid, heated to 60• and neutralized to pH 7 

with sodium barbonate solution. After adding 20 g. of 

freshly precipitated calcium carbon&te, the palladium was 

reduced to the metallic state by boiling the stirred sus­

pension for five minutes with 40 cc. of ro~0alin. The 

black precipitate was collected on a filter, washed with 

distilled water until free of chloride ion and dried over 

calcium chloride ~ vacuo. 

Methylated cellulose "dinitrate", 0.5 g., dis­

solved in 70 cc. of dioxane and 30 cc. of butyl acetate, 

was hydrogenated over 2.5 g. of the palladium-calcium car­

bonat"i catalyst in a Parr high pr_tssur~ hydrogenation 

apparatus. The conditions used were 1000 p.s.i. hydrogen 

pressure at room temperature for one and one half hours. 
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The product was recovered unchanged. Reduction of sugar 

nitrates was complete in ten minutes according to the 

reference cited. 

9. Periodate Partiall Denitrated 
Ce lulose 

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 cc. 

of 0.1 norfual periodic acid solution, buffered to pH 4.0, 

was added to each. Reagent blanks, identical except for 

the absence of the sam.t; le ,were prepared. At intervals, one 

of the mixtures was analyzed for reiil&ining periodic acid 

by neutralization with solid sodium bicarbonate followed 

by the addition of exactly 20 cc. of 0.05 N arsenite solu-

tion and 0.2 g. of potassium iodide. After standing fif­

teen minutes~ the solutions were titrated with 0.0255 N 

iodine solution, using a starch indicator. The difference 

in titre between the reaction m.i:x:ture and the blank was 

equivalent to the periodic acid consumed. Horual iodine 

solution was equivalent one half molar periodic acid 

solution. This estimation was originated by ~lalaprade (58) 
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TABLE V 

Oxidation of Partially Denitrated kethylated Cellulose 

Dinitrate with Peri~date(a) 

Moles Hro, 
Time cc. o .o225Nic Sample wt. mole of glucose 

2.5 hrs. 0.60 0.02186 o.o5 

5.0 hrs. o.J?o 0.02461 o.o5 

24 hrs. 0.91 0.02593 0.06 

50 hrs. 1.24 0.022?3 o.o~ 

(a) About o.o3 N and at pH 4. 

The results (Table V) suggested that not :more 

units 

than 0 .o~ and probably not more than 0 .06 iil.Ole of completely 

unsubstituted 2,3-glucose Utiits remained in the methylated 

cellulose nitrate sample. 

10. Estimation and Identification or Gas Evolved 
froru Cellulose Trinitrate in Pyr1d1ne-Hydroxzlamine:-

(a) A solution containing 5 g. or hydror.ylamine in 50 cc. 

of dry pyridine was run from a dropping funnel into a flask: 

containing 2.0 g. of cellulose nitrate, N, 13.9%. Vlhile 

the amine solution was being introduced, the three way 

stopcock connecting the flask to the gas buret was open 

to the atmosphere. The stopcock was then turned to connect 

the buret, which was filled with mercury and equipped with 

a 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~. 
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After eleven hours the reaction mixture was 

poured into water and the white fibres were washed free 

of pyridine, dried and purified by repreoipitation from 

dioxane-acetone as described before. ~· Calod. for 

cellulose with distributions of 1.70 for nitrate and o.oa 
for oxime groups, N, (total, macro-Kjehldahl) 10.55, N, 

(nitrate, nitrometer) 10.09, Found, Total N, 10.60, 10.52, 

Nitrate N, 10.09, 10.08%. 
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TABLE VI 

Rate of Gas Evolution frotu Trini trate in 

Pyridine-Hydro;ylamine at 25~ . 

Moles s;as 
cc. gas evolved (1} m.ole of slueose units 

28 0.16 

105 0.60 

119 0.68 

133 0.76 

138 0.79 

163 0.94 

166 0.95 

168 0.96 

169 0.97 

172 0.99 

183 1.05 

(1) at 25• and 750 mm. 

(2) Corr. for vapor pressure of 20 mm. of, pyridine 

(2l 
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from Cellulose Trinitrate 

The analysis or the gas was performed using a 

standard Orsat apparatus (43} equipped with p1pets con­

taining 33~ potass:f.uw. hydroxide, 20~ pyrogallol, 40~ pot­

assium hydroxide and 60% water; and ammoniacal ouprous 

chloride for the absorption of carbon dioxide, oxygen and 

carbon monoxide respectively. The gas was evolved in an 

apparatus as shown 1a Figs. 2 and 3. The cellulose tri­

nitrate, 3 g., was placed in the reaction bulb (A) through 

the bottom opening which was then connected to the level­

ing bulb containing mercury. The bulb was then filled 

with mercury with the aid of a vacuum pump to remove any 

air trapped in the fibres, after which 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 cc. of gas, 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 taken and ana­

lyzed. Found, COa, 0.0, 0.0; Oa, 0.1, 0.2; CO, 0.7, 0.6; 

Residual gas, 99.2, 99.2%. The gas was t;herefore nitrogen 

or a similar inert compound. 

(c) Density of the Gas 

The apparatus used is shown in Fig. 3. The gas 

was generated as above. The rest of the system was evac­

uated. The gas from the reaction bulb (A.) was then ad-
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mitted slowly to the evacuated system. after all pyr1dine 

vapor had condensed in the dry ice acetone cooled trap (B), 

the stopcocks 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 eo.), of the density 

bulb, the pressure from the constant volume manometer (524 mm.) 

and the temperature (25•c) were observed. Substitution in 

the formula PV • w RT then gave the molecular weight of the 
T 

gas as 

M • 0.126 X 0.0821 X 298 X 760 
524 X .15§ 

- 28.2 

A duplicate experiment gave a value M • 28.6. Sinoe 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 Oxtme 

1. Preparation:-

A solution of 60 g. of hydroxylamine hydro­

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

or cellulose nitrate (N, l3.g%) in a glass stoppered 

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 derivative separated as a yellow gum. The gum 

was dissolved in dioxane and repreoipitated into water as 

short cream coloured fibres. Upon drying, the fibres were 

easily powdered. Yield 7.35 g. or 85% based on the analysis. 

The substance could not be analyzed by the Kjehldahl method 

because it deflagrated on contact even with strongly cooled 

sulfuric acid. Anal. Calod. for cellulose with substitutions -
of 1.7 for nitrate and 1.0 for oxime groups, N, 15.0; 

Found, N (Dum·" 9.S) 15.0, 15.Q%. The substance was soluble 

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

and acetic anhydride. 

2. Denitrations:-

Reduotive Acetylet1on:-

The cellulose nitrate oxime, l g., was reduct-

ively acetylated as described before (D.4). Yield 0.85 g. 

or 71% of theory, of brown powder, nitrate free by the di­

phenylamine test. ~· Calod. for cellulose with substi-
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tutions of 2.0 for acetyl and 1.0 for acetyl oxime, N, 

4.54%; Found, N, 4.63, 4.63%. 

Atterupted Denitration with Ammonium Polzsulfide;-

The cellulose nitrate oxime, 2 g., was denitrated 

with ammonium polysulfide solution as described before (D.4}. 

Within two minutes the substance dissolved to give a clear 

orange solution which darkened on standing. It was ther~­

:f'ore not considered worthwhile to investigate the reaction 

further. 

3. Characterization of the Gas Evolved :f'rom Cellulose 
Trinitrate and Pyridine-H:rdro;qlamine HldrochiorideJ-

(a) Qualitative Tests:-

The gas was generated by the reaction between 

2 g. of cellulose nitrate, {13.8~ N) and a solution Gf 10 g. 

of hydroxylamine hydrochloride 1n 50 eo. or pyridine. The 

apparatus used was described under D.lO(b) and in Fig. 2. 

Production of the gas was much slower than 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 combustion 

of a glowing splint whioh burst into flame. This test in­

dicated the probable presence of oxygen or nitrous oxide. 

iLnother sample was taken in an evacuated bulb to whioh a 

similar volume of nitric oxide was admitted. The gas be­

came only slightly yellow, the depth or the colour being 
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very little compared to th8t produced by eir and nitric 

oxide. It was inferred that the gas was mostly or en-

tirely nitrous oxide. 

(b) Orsat Gas analysis:-

A suitable volume of gas was generated for 

analysis in the Orsat apparatus as described under D.lO(b). 

The gas was somewhat soluble in all Orsat reagents indic­

ating nitrous oxide. A pipet containing alcohol was in­

stalled in the apparatus and the gas was 78% soluble under 

the conditions used. A similar volume of commercial ni-

trous oxide was ~2% soluble in alcohol. It was concluded 

that the gas was a mixture of about 85~ nitrous oxide and 

15% nitrogen. 

le) l>loleouler Weight of the Gas:-

The determinat1ons of moleculBr weight were per­

formed as descr:tbed under D .10( o). The density bulb, 

volwne 159 cc., contained 0.2058 g. of the gas at 25• and 

582 mm. pressure. As before, the relationship M • wRT 
PV 

gave 41.4 as the molecular weight of the gas. Calculated 

for 85fi, nitrous oxide (M • 44) and 15~ nitrogen (M • 28), 

41.6. 

The gas was about 85% condensable in the liquid 

air trap ( D 1'1 ig. 3} to a white solid. The dens! ty of the 

condensed gas was deterrdned, on evaporation into an evao-

uated density bulb. The value obtained, Mt 43.7 was close 
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to that ot nitrous oxide. 
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F. Cellulose "Dini trate" o-n1ethylox1me 

1. Preparation:-

Cellulose nitrate (N, 13.9~), 9.5 g. was allowed 

to react for seven days at 25• with 250 cc. of pyridine 

containing 60 g. of methoxya~ine hydrochloride. The yellow 

solution wes poured into water. from ~~ich the nitrocellu-

lose derivative separated as a cream coloured flocculent 

precipitate. The precipitate was recovered, washed well 

with distilled water end pllTified by reprecipi tat ion from 

dioxane. Yield, 8.5 g. or 93~f of the theoretical amount 

based on the analysis. Anal. Galcd. for cellulose with 

substitutions of 1.68 ror nitrate r.,nd 1.00 for methyl 

oxime groups, i1 14.1; OCH3 , 11.?; ii'ound, N, (maorokjehldahl) 

14.1, 14.1; (Dwnas) 14.2; OCHa, 11.66, 11.?5%. 

A similar preparation yielded a product containing 

1.?0 nitrate groups and 0.97 methyl oxime groups per glucose 

unit. The substance was soluble in acetone, ethanol, dioxane 

and butyl acetate. 

2. J~ttempted Selective Hydrolysis of the t:I~thyloxim.e 
"n:tnitrateifs-

A 1 g. sample was shaken with 25 cc. or N phos-

phoria e.o id for two days at room temperature. The san.ple 

was recovered, washed with water and purified by solution 

in dioxane and. precipitation into water. Found, OCHa, 

12 .o, 12 .07;, show1ug uo removal ot' methyloxime units from 
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of d.1oxane 

conta1n1ne o.o cc. of concuntr .. tod hy .. rochloric :~cid. _.ftE,r 

,rMo 1teta ~~rifled t rapreclpltation fro~ 

<:ntJ gran of tht~ mothoximo •· d1n1tra to•• >o:as die• 

wa.e l.iia~olveu 1n 10 cc. or e.oe tona l.lrld ~~:.a colu tion wus 

c1 pi tu to wua Wnl!lrlad ' 1 t.h : enzone to r{:u .. ove nny nllyl al• 
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G. H~sume of Exverimt~nts on ~aoomposition of Cellulose 
Ni trl'~tes with Sodium Sulfi te and Potassium Cyanide 

solutions. 

Cellulose Trinitrate Rnd Aqueous Sodium 8ulfite:-

l:'our grams of cellulose nitrate, N, 13.9% was 

disr;Gl ved in 500 cc. of tt.Methyl Cello solve". b. sol ut ion 

of 2.5 g. of sodium sulfite and 2.5 g. of sodium bisulfite 

in lOO cc. of water was poured slowly into the mechanically 

stirred nitrate solu+ton which was meantime heated on the 

steam bath. The heteroge•1eous mixture was heated for one 

hour, after which lOO cc. of water was added and the now 

homogeneous solution became pale yellow. After a further 

two hours heating the solution was poured into two litr0s 

of distilled water in which the cellulose nitrate precipi­

tated as a fine white flocculent material. The precipitate 

was filtered, dried and repreoipitated from acetone solut-

ion into water. A qualitative test for sulfur was negative. 

Yield, 2.5 g. or about 60% or theory. found. N, 12.7% or 

2.48 nitrate groups per glucose unit. 

In a similar experira.ent 8.5 g. of cellulose 

nitrate (N, 13.9%) \BB dissolved in 1 litre of "'Methyl 

Cellosol ve'' and a solution or 8 g. of sodium sulf1 te and 

4 g. of sodium oisulfite in 850 cc. of 1:1 "Cellosolve"-

water was poured into the stirred and heated nitrate sol­

ut ion. The system beca11,e slightly heterogeneous at first 

but at the end of three hours stirring on the steam bath, 

became clear. The product was isolated as before. Yield, 

3 g. of short white fibres. Found, N, 12.6%. One gram 
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of this substance was renit1·ated with a 25% phosphorous 

pentoxide - 75% nitric acid nitration mixture. The pro­

duct was stabilized in aqueous ethanol and rPprecipitated 

from acetone into water. The nitrogen content was 13.3% 

although the nitration conditions used produced nitrates 

ot u. 13.9 to 14.0% from cotton. The cause of this dis­

crepancy was not determined. 

Cellulose .~i1 trate and Sol ut ions of t'otn ssium Cyanide:­

Pxro powder ( 12. 58o/k.i:I) 1n etha.nol-ether-wa ter:-

A large exc~s~ of potassium cyanide, 1 g., dis­

solved in squeous ethanol-ether buffered to pH 10.5 or 11.5-

11.6 with potassium acetate, was added to 1}~ solutions of 

pyropowder in etha.r'lol-ether ( 70:30). The mixttlres were 

chosen to keq> the system homogeneous. At various inter­

vals of tittm, aliquots were removed and analyzed for cyanide 

by dropping into 30% sulfuric acid through which steam was 

passed. The distillate was collected in.. ammonium hydroxide 

solution and was titrated with silver nitrate using pot­

assium iodide as a precipit·--+:ion indicator. This analy­

tical method. recovered more than. 99% of the cyanide in a 

r~agent blank. The difference in titre between the reagent 

blsnk and the aliquot was teken as the measuJe of cyanide 

cou.stL"lled by reaction with carbonyl c;roups produced in the 

cellulose nitrate. The results are graphically illustrated 

in Fig. 4. The! renction 1:1ixtures becat'le yellow on stand­

ing but a large part of the cP.llnlosA derivative precipi­

tated on acidification. Degradation was probably not too 
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extensive but the extensive degradation observed in the 

more important reaction with cellulose trin1trate caused 

the discontinuance of further investigation. 

Cellulose Trinitrate in ttMethyl Cellosolve" Solution:-

To a sollltion of o.a g. of cellulose nitrate 

(N, 14.0%} in 200 eo. of methyl oellosolve was added 

0.5 g. of potassium cyanide in 50 oc. of 20% aqueous 

cellosolve. The high viscosity of the nitrate solution 

decreased Lwmediately on the addition of the cyanide sol­

ution and the mixtnre beoame intensely yellow orange. Very 

little material precipitated frvm the acidified solution 

after two days reaction. The produot of cyanohydrin syn­

thesis on oxyoellulose is precipitated in aqueous acid (60). 

The distillation !!lethod of analysis was inappli­

cable to wcellosolvett solutions, probably because it de­

pended on revid boiling so that hydrolysis of the cyanide 

would be slight, as in the ethanol-ether solutions. There­

fore aliquots were titrated directly, with some uncertainty 

in the end point. The maximum consumption of cyanide was 

about 0.65 moles of cyanide per glucose unit in twenty four 

hours of reaction at roam te~pernture. Further lengthening 

of the reaction period led to little increase in the cyanide 

utilized. 
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DISCUSSION 01.1 HVSULTR 

Teclmical cellulose nitrates contain an average 

ot 2.0 to 2.6 nitr:;;;tas groups, distribut.sd among the second, 

tl"ird and sixth positions of' the glucose units in an unde­

termined way. This circumstance F~de such nitrates unsuited 

for experim;m te on saloctive deni tration because the exact 

decrease in substitution corresponding to complete and se­

lective don1tration at one or other of the three positions 

could not be predicted. In order to avoid this uncertainty, 

the aluost completely substituted derivative was pre:fet'red 

for the present research. It is obvious that with cellulose 

trinitrate a satisfactory ~alective denitration would result 

in a dinitr&te. 

As implied in the Introduction, acid hydrolysis 

o:f cellulose nit:rC:~te regenerates cellulose in a degraded 

conditi :·n but otherw1!"le 11 ttle changed. I1lkal!ne hydrolysis 

produces d6en-seated alterations whose course although ob­

scuru, aopears to cO.miJlonce wi t!l oJ:ycelluloses unstable 1n 

thG presonc.. of alkali. 'l'his view ~:~uggested that useful 

results mi~ftt be obtained it tha alkali contained reagents 

capable of combining promptly •~"1 th curbonyl groups formed. 

and o .. prot.:ctin~;~ th.,; latter from furt!;er action. Aqueous 

solutions of sodium b1sulr1te-sodium sulfita and of potass­

ium. cyanide vJ.:.;re the protective agents tried. 

The reactions in sodium aulfite-bisulfite solu­

tions w-ar·e not considered sa.tistuctory for the nurnoses 

or the investigation. •:hile degradation of the cellulose 
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was slight when compared to similar reactions with sodium 

bicarbonate solution, the yields of water in~oluble products 

were low and variable. Neither vve.s the extent of deni tration 

great, since only 0.45 nitrate groups per glucose unit \'lore 

removed from the cellulose trinitrate. 

Denitration in aqueous potassium cyanide solution 

led to very extensive degradation and the amount of cyanide 

consumed varied f'rom 0.2 to 0.6 moles. ~ihen this reaction 

was applied to the trinitrate homogeneously dissolved in 

cellosolve, degradation was also. rapid and extensive. 

Apparon tly, nei thar th-3 addition of l:cydrogen cya­

nide nor of sodium bisulfite to carbonyl groups protect the 

latter from alkali. An alternative e:xplanation for the fail­

ure of the experiments was that the mode of decomposition 

assumed for the trinitrate was in error. 

(~!.Uali tati ve experiments thEm indicated that the 

presence of hydroxylamine hydrochloride gr<3atly moderated 

the degrading action of pyridina on cellulose trinitrate. 

'l'he third attehlpt acr'ordingly prr3sumed that oxime formation 

might be effective in preventing the secondary decomposition 

of carbonyl groups. 

;>olutions of cellulose trini trate in pyridine 

alone and in pyridine containing large amounts either of 

hyt~.roxylamine, or hydrm:ylmaine hydrochloride were then 

prepared together with similar solutions containing metho-
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xyamine (H.tNOCH3 ) and 1 ts hydrochloride. 'l'he use or the 

latter reagents for carbonyl pennitted an independent 

estimation of any methyl oxime formed by analysis for the 

methoxyl group. rl'he results (Table I) made 1 t cl.;ar 

that pyridine reduced the nitrogen content from 13.8 to 

12% with degradation so extensive that the viscosity of 

the solution was lowered to that or pyridine. Solutions 

containing the hydroxylamina 1lerivatives on the other 

hand, r.c;tained much of their ori~inal viscosity and gave 

good yields of fibrous or se.m1-1'ibrous, more extensivaly 

denitrated )roducts. 

The reaction between cellulose trinitrate and 

a pyridind solution of hydroxylamine at room teEperature 

was repid and exother.mic. Careful measurement showed 

that 1 mol:::: of a gus was evolved per glucose rE:eidue. 

Chemical analyses, together ·with density meaflurements 

proved this gas to be pure ni tro(~en. The product iso­

lated from the solution a£ strong white fibres in 98% 

yield, containod 1.'1 nitrate and o.oe oxime groups and 

CO'lld be recovered unchanged when kept redissolved tor 

long periods in pyridine c:t' pyridine-hydroxylamine. This 

"dini trate" is tberefore the first cellulose nitrate to 

be reported as having relatively high stability in pyri­

dine and the observation suegests tlla t instability ot 

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 (Table VII, 

Structure II) was carried out with a view to determining 

the nature and posi'ti"on of the group produced by the re­

moval of the labile nitrate group. The failure to form 

an oxime under any of the conditions tried was confirmed 

by parallel experiments with methoxyamine hydrochloride. 

It followed thut if any carbonyl group was present, it 

was of a ketonic, highly hindered type •. oreover, since 

cellulose 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 r~agent, the dinitrate lacked the particular 

nitrate group removed from the trinitrate. Pyridine solu­

tions of hydroxylaminP. or methoxyaruine, and of the corres­

ponding hydrochlorides therefore affected the same nitrate 

group in cellulose trinitrate. 

The "d1n1 tratett CO'lld be reni trated nee:t·ly to 

the trinitrate stage. ::~xactly one methoxyl grmtp Mls intro­

duced with mPthyl sulfate, Structure (III) and apparently 

the dinitrate ulso formed a wonoacetate, Structure (IV) 

although the estimation of acetyl in presence of nitrate 

is uncertain. These reactions made it plain that the re­

uoval of one nitrate groqp must have left a hydroxyl, and 

not a carbonyl gronp as WAS at first supposed. 
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The iodination product of the .. dini trate" vli th 

sodium iodide in acetone was Structure (IV) based on the 

experiments of i~o:urray and ilurves ( 48}. Since the rasul ts 

indicated that least 0.8 nitrate groups were in the primary 

position, it was concluded that in the original reaction 

of the cr"llulose trinitrate, one nitrate group was reLoved 

selectively from either position 2 or 3 in the glucose 

residues. As a final confin~tion of this inference it 

was proposed to denitrate the monomethyl "dinitrate" and 

to submit the resulting monomethyl cellulose to oxidation 

with periodic acid, which WO'lld be expected to cleave 

[,lycol units only when they were completely unsubstituted. 

A methoxyl group in position 2 or 3 would therefore pre­

vent oxidation by periodate. Unfortunately the product 

of the ammonium polysulfide denitration was water soluble 

and a yield of only 35~ of a substance containing 1.0 

methoxyl gro·::ps and about o.? nitrate groups was obtained. 

The substance oonswued only 0.05 to 0.09 moles of periodate. 

If this product was a gel of completely denitrated material 

surrounding particles or unchanged methyl dinitrate, as 

it might well h::;ve been, then on the basis of the analysis, 

it was composed of about one half m.onomethyl cellulose 

and one half monomethyl cellnlose dinitrate. On this 

assumption, if the methyl groop was distributed between 

primary and secondary positions, about 0.26 ru.oles of 

per1odate would be used; if the methyl group was secondary, 

11 ttle or no consumpt ton of period~;te would occur. The 



- 76 -

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 or structure 

will depend on isolation of methyl glucose and its identi­

fication. This work had to be left incomplete because, 

with the limited su;plies of methylated dinitrate avail­

able, a satisfBotory method of carrying out the den1tration 

was not discovered. Nevertheless, the cellulose "dinitrate" 

should eventually provide a route to new cellulose deri­

vatives selectively suostituted in either the second or 

the third position of the glucose residues. For exrunple, 

a snocessful denitration of the mf"thylated J.initrate would 

lead to a methyl cellulose probably w1.th no primary sub­

stitution which would be valuable for further study. 

!'he resnl ts show clearly that cellulose tri­

nitrate contains one nitrate group of relatively gr~at 

lability which is rapidly removed by hydroxylamine or 

methoxyamine in pyridine. The product, a cellulose d1-

n1trate with good solubil1t1es might well find special 

commercial or military uses, since it is remarkably 

stable. It also appears possible that the amount of 

nitrogen gas evolved t'rom technical ni trocelluloses di­

ssolved in the pyridin.e-hydroxylamine reagent would con­

stitute a usef1ll test for quality control and for research. 
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Cellulose "Trinitrate" 
2.9 nitrate groups. 

BC 0-
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6-iodo Cellulose 
o.a iodine atoms 
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TABLE VII 

NaOH 

II III 

Cellulose "Dinitrate" Monomethyl Cellulose 
1.7 nitrate groups "Dinitrate" 
o.oa oxime groups 1.7 nitrate groups 

I ~1.0 methoxyl " 

(NH&)aSx Aca 
.J, Pyri 

Br~o­
H-c-oH 

I 
HO-G-B 

I 0 

/.~H I 
HC__j 

I 
HaC OH 

V 

Cellulose 
N,0.66% 
S,l.36~ 

VI 

Cellulose :Monoaoetate 
"Dinitrate" 
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The reaction of cellulose trinitrate with a 

pyridine solution of hydroxylamine gave a good yield or 

a white partly fibrous product containing about 15% of ni­

trogen (Table IX. ntrllcture VII). Niti·ate nitrogen could 

not be reliaoly det"-r Lined because the s:Jbstance deflagrated 

in contact with strong acid. Like the "dinitraten this 

Stlbstano was recovered unchanged after prolonged solution 

in pyridine. Careful cheraical an~, lyses and dens1 ty deter­

minations showed th2t 1~ this case the gas evolved was a 

lai:xture of 85% nitrous oxide and 15% nitrogen. A quantit­

ative estimBtion of the amount of nitrous oxid• was not 

obtained, since pyridinA is an excellent solvent for nitrous 

oxide. Hence the observed ratio of nitrous oxide to nitrogen 

is low oo~;lpared to the true value which is probably about 

95% to 5%. 

Reductive acetylation yielded a nitrate-free pro­

duct with the correct nitrogen Gnnlysis for an oxycellulose 

nlOno-oxi~:tP triacetate (Structure VIII). Denitration with 

arn.monium polys 1llf1de olH:Hlged tha <aoleoule to a we ter-soluble 

state and gave no ~lseftJl results. 

Since the analysis of' the oxycellnlose ,.dinitrate" 

mouoxime was difficult, mRthoxyamine hydrochloride in pyridine 

was used to produce a m•"thyloxime dini trate (IX) from oellulo~:;e 

trinitrate. Ac_ain a smooth selective I'F>action was observed, 

the fibrous product from which could be analysed by illdepend­

ent methods for Jnethoxyl and nitrate content. The reaction 
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was somRwhat slower than the similar reaction using hydr-

oxylamine hydrochloride. It was possible to study the re-

action of cellulose trinitrate with ?Yridine solutions of 

the free base. 

Daxs 

0 

1 

2 

3 

4 

5 

7 

12 

TABLE VIII 

Comparison of Metho!Yamine and laethoxzamine 

Hxdroohloride reactions in Pyr1d1ne 

Substitution of Products 

Methoxzamine 
Nitrate Methx1ox1me 

The Hzdrooh1oride 
Nitrate Methyioxtme 

2.92 0 2.92 0 

2.1? o.o? 2.45 0.1'1 

1.95 0.09 2.14{a) 0.41(a) 

1.74 o.l4 

1.98 0.61 

1.69 o.l? 1.'12 0.68 

1.60 0.22 1.68 1.00 

1.70 1.01 

(a) 60 hours. 

The rates of denitration are different from the 

rates of oximation, as given by the m.ethoxy1 content. In 

the case of the free base, the latter is almost completely 
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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 evolution of nitrogen and nitrous oxide 

in the parallel work with hydroxylamine confirm the fact 

that the cellulose trinitr~te was denitrated by two distinct 

mechanisms. 

The methyloxime was very stable to hydrolysis and 

was therefore probo.bly a ketoxime. 'T'his inference ts in 

accord with the observation that the denitration of cellulose 

probably occurred at a secondary position, giving a product 

unreactive under conditions thet yield the oxime from the tri­

nitrate. Iodination of the o:xycellulose dinitrate monomethyl-

o:xiLe, 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 nn1 t. :.~ince rep la cement 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 wer·e in the pri.Lnary 

positions of the glucose residues. The methyloxime group 

would then be in the second or third position, or be a ket-

oxime. 
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TABLE IX 

HC o- HO--o- Hef~O-· I ~~ HC-oNOa NHaOH.HOl AoaO HO•NOAo 
I ----l I 

OaNOCB Pyridine OsNOOH ZD. AoOO-H 
I I 0 N(CFa)a I 0 

/Tu 0 /~:_j iJH_j I HO 
I f 

HaCONOa HaCONOa H2COA.c 

I VII VIII 

Cellulose ~Trinitrate~ 
2.92 nitrate groups 

Oxyoel1ulose 
"Dinitrate Oxime 
1.7 nitrate groups 

Oxycel1ulose Oxime 
Triacetate 

N, 4.63% 

I 

1.0 oxime " 
N,l5.0 

:t~OCHa O -:.ai 
NHaOCHa.HCl I ~ slow 
----~ OsNO-cH 1-._oetone 

iodination 

Pyridine r o 

Acids /~H I 
HO-----t 

t 

HaCONOa 

~ slow hydrolysis 
of oxime 

IX 

Oxycellulose Dinitrate 
Methy1ox1me 

1.7 nitrate groups 
1.0 methy1oxime groups 
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[:ome OOi:\lf.:t~nts :::.1sy UO'l" o~ ruGde eouoeruing the 

det~'l.ils Of le' OtlC.Hi.:J ~ilr~ndy d1sc::ss~d. . .. Pthyl~ t1on Of the 

eell~Jlose '' c!in1 tr~ tef'l t~JOk ;::1'-""'~ H~FuJily '-'1 th dimethyl sul­

rat.e !I rv'~0.iu~.t hydrot:1de, \!ti.th ilo l''lss ot nitrogen and -with 

the iutroduotton of exactly oa~ ?:t'\""thoxyl .::::rou~J. It is note­

wor"::~YY t~'it +,';e ''(lL;.1 tr 'te" { 1.7 r11 trf1te} reeoted. as thout;.~h 

1 t h!td .,xeotly 1.0 f'ref! hydroxyl gr•:-nps r· ther than 1.2 to 

1.3, aa onlculnted rro.:a th~ n1trnt& substitution. The uA­

r~aot1ve 0.2-0.3 hyuroxyle npperantly were ;4.ot oxidized, 

sino~ th~ reaot!on with hydroxylamine introduo~d not w.ore 

than (';.1 OY.i:ae ;:;l'01ip~l. ;,~1larly cellulose trinitrr:1te (2.9 

n.1 tn;te J "ri tb hydroxylali>ine or ;:~:,thoxylrun1ne hyuroahlortdes 

1n pyr 1dine yielded r.ionocerbonyl tt,r1 vati ve's, the total :::.ub-

:;titution in .ei.ll.-6 abmtl 2 .. 7 per glucose Hnit. D1t't1culty 

!n ;·reparing oon;pl,.tely :c~Jost 1 tnt~d cellulose d~'>r1 vc t 1 ves is 

or frequent occurreo.ce and ~H~VE•rBl other exs .. plea an~ to be 

found in the Thesis prepared in this loDoratorJ by R. u. 

Le~t1eux (62). It is ~1o~s'li::ile th•:;t ElJ{;,r;tituents olr.qt"dY pre­

sent detf?n,tne the rer~cti v1 ty or trle rm:u.a1nlng hydroxyl 

grO'lps. Thua re:t1 tt·;11t ion of the oellulose '*dinitra te" bJ 

S~rl's (31} hlethod r~sulted in e nitrate or su~st1tut1on 

2.6:~ • out, nft•·r the .. dinl trc:, te,. wns O(lW.ple tely deu1 tr• .. ted 

with emt·lon1um _voly~~m1f1de, the S'm~ renttr·f;tion g~ve the 

expected tttriaitrt::Jte., witrt Emost1t1Jtion 2.9. -~rown (45} 

ml the contrary rou.ud the t t~H3 product of a technical n1-

tr~t1on, ~. 12.2~, with a vreaa~nbly raudo~ distribution 

of a1tr~tP group~ wt:Js ret.:d1ly altrat~d oy Berl'a method 
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nearly to the trini trv.te std.ge. 

The decrease in the d .'gree of :Jolyruor1zat1on 

(D.P.) of the cellulose caused by the various reactions 

in pyridine was n~sessed by t,lo viscosity mnt\od. Kraem.er 

and Lansings' (40) rclat1onsh1n was used to convert intrin­

sic v1scosi ty (n) to apparent degree of nolymerization 

according to the equation D.:?. :a- 270 {n) • 'l'he constant 

was deter~unad for a n1trocellulo~e containing 12.l~N. 

Brown ( 45) found tr.e intrinsic viscord ol' a sa;.:plo of 

the cotton linters nitrE,ted to 12.2';X'N (Substitution 2.32) 

with a technical nitr·;1ting nixture to b.::' (nl • 9.25. Upon 

ronitration of' this .nitrocellulose by erl's ra::·tltod {41) 

nearly to a tr1n1trate (N, 13.9;~, substitution 2.9) the 

intrinsic viscosity V.'hS found to have increufled to 14.9. 

'.J.'here.f'ore doni tra tion to >;he d1n1trate st ge even v.'i thout 

any decrehse in avor:.ge chain leneth would be expected to 

decranse the obsc~rved intrinsic viscosity by at l:::ast 40 

par cent. ~ince '.h~ intrinsic viscosity of our original 

tr1n1 trute was (n) • 20, tbe D.P. was urobably about 

20 x 270 x 0.6 • 3240. The :;.P. of tho various p;'oducts 

as calculated from tn:~: intrinsic visoos1 ties, are ailown 

in ?able x. These products Wc:re nll very soluble in 

butyl acetate and effects oaused by poor solvents on in­

trinsic viscon1 ty were r>robabl~r 1uinor. 
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1.7 u1trt!te (.i!:roduet of 3 days 
reaction ~1trRted to 13.1' N, 
ilerl' s i,i,~thod. j 

2.14 nitrate, 0.41 ~~tbyloxlme 
(2.5 days reaotto~) 

1.98 nitrate, 0.61 ;.;l•"thylo'X'ime 
(4 daya reaation) 

1.70 nitrote, 1.01 ;:;;:."?thylo:xhie 
(12 daya reaction) 

(a) otlon oi' glycooidic lta~:s. 

160 

lOO 

50 

Cleavage (a) 
l,~gu~red 

o.oo&2 

0.0124 

0.0198 

0.0392 

Kuhn' s ( 47} relethlnshtp 1"or the de<gredation of 

a. ~h)lym~r of tnt'L.l1 te lanoth is, 

« • 2 

n + 1 

or ?able X shows t rraet1.on glyoos1uic bonds which 

1ni'1ni tely long to the valuf?s ob-

serv~d. It is seen that for v~rtouo reactions dioousaed, 

rrm::1 o .a to 3 .. 9 · or th~ original glycotridic ltnks were cleaved 

while oue uitrst~ waa re:oved frou e~ch glucose unit. 

1.ufif11te out :~ottt n • :':~~40. .',lso, '~;\'hen cellulose tri-
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nitr,·te was dissolved with hydroxylamine in pyridine, there 

was evidence from the decrease in nitrogen evolution that 

the reaction was alr,lost oomplate in i'our hours. The values 

for oc, deteriLined for three days in the reaction mixture, is 

likely to be considerably greater than the actual chain 

cleavage occurring during the reaction proper. It was con-

eluded that degradation of the trinitrate in the reactions 

discussed was insignificant in comparison to the extent of 

chemical change. 

The survey of the litert::ture made 1 t clear that 

in many reactions the alkyl nitrates are analogous to the 

alkyl ha11des rcther than to the carboxylic esters of or-

ganic acids. The substitution of the nitrate group by 

alkoxyl, alkyl and by substituted amines are oases in point. 

Such replacements must involve oleavage of the nitrate 
• ' ester in the sense R t ON0 2 with the transient existence 

of a carbonium ion. The occurrence or th~ oxidation-re-

duction reaction 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 
I 
I 

+ ! 
NO a ) RR'CO HNOe 

It seeos likely that hydrolysis in concentrated acid ocours 

by oxygen-nitrogen cleavage. The weight of opinion is that 

direct ni tL::.tion of an alcohol oc:ours by the mechanism 

RO.I,..;!H.;;.__....,;H=O;;..J) NOa ~ RONOa + HsO 
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with the oxygen atom in the ,mtar coming rrom the nitr.ic 

should involve ~tsreoeho!;::ienl inversion w~tich has not 

bean o'bs~>rvod. ·· inca ni tru.tion, l1ko other estt.:ri.f1c-

at1om·~, is an f.:quilibriuu r;}HCtion, t.ho naid hydrolysis 

must occur 1 n the ~cr"'c santHJ l'ls tli.e l;1 tr, tion, othr.n''\Vise 

othar words, nitr:1tion A.nd nciri hydrolysis of nitrates 

occur by nt(\)CL.unisms analogous tn tho as t•Jri.fioa t1on ttnd 

acid hydrolysis o!' or(~anic acids. (53} 

It 1s thus t9.!)>:$"~"\ .. mt that oloavagu o!' ni trr .. te 
I 

<.mtorz muy occu:- b£3tW<.::£.m CLu·bon anc. m yean, C ~ 0 - NOl. • 

' ~.~:: oxygen aml nitrogon, C - 0 ~ !lOa.• Gl~avat::e between 

carbon und oxygen uust 1nvolvtt the tr.-tnniont existence 

.... h 1 1 ·+ o ... a C!lr. on 'U.f!l; on, .~, ~-~--o-:m~, th.'l r'llnti.•Jt; tHlt!e or 

easily hydrolysed to mHt.ha.nol end. \H:'ltar 

but tlf.lti~yleno e.h.lor1do 1~ vr:rry A~able t<1nce 1 t 1a d1!1'ieult 

to tom tne curboniWll ion CH Cl unoer the inrluunee or 

the group. 
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Methylene bromide on this view is rr•uch r::ore stable 

because it cannot undergo substitution reedily and no 

easy mechanism is uvailahle for elimination. Gem-di­

halides of hitd1·"'r u.lkan:.;s, hov~ever, react very readily 

to eliminate HX. ';.hen a carbon atom is bound to a ni­

trate croup and a~10th0r very neeative group by a carbon­

carbon linkage, 1 t is readily Sc'-'n tltat tJ.w only elimin­

ation not involving ce.rbonitun ion formation or carbon­

curbon cloavo.ge if:: the elimination of nitrous acid. 

The work of the Ingold school on the mechanisms 

of elimination rdactions has been summarized and dis­

cussed by Remick (55}. It s0ems likely tlmt the elimin­

ation reaction of importance in the caso of cellulose 

trinitrutes is second order, catalysed by the basic 

solvent, but the cleavage of the nitrate group presents 

an additional complex! ty not round among thc:1 more e:r­

tensively studied alkyl halides. It is generally the 

Cbse that elimination occurs to a leaser extent than 

subst1 tut ion, vvll-:3 re both mechanisms are POR sib le, pro­

bably because the activation of two bonds requires 

more energy than one. 

The mechanistic possibilitias so far dis­

cussed give an adequate explanation for the observed 

reactions of cellulose trinitrate in pyridine solutions 

of hydroxylamine ano. its hyurochlorida. The negativity 

of the molecule excludes carbonium ion formation as an 

important possibility. Since cleavage is restricted 
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to tho o~y~en-ni~ro~an bond, substitution will tako 

tognt.aer: 

+ 
:;ao; t 

----r 

whcr,D this. the ~utst1 tuticn r: et ion occurs to tll~ 

ext:Jnt of 50;'. 'l'he lnbi hyu.roeen in th.e hyd roxyla!ll.ine 

vllows thi~ r·.::uction t.o compete y·1 th the elim.inut .. on 

'l'he reaction bet wean cellulose trin 1 trL te 

the abmra r .-nct1 on excopt thh t tl.e rr.ilder comli t1 ons used 

in the pre~.:.;nt -v:ork avoided tl4e extenr 1 ve eli'minat ion 

reaction. : ince a t\:snty to thirty-fold exce~s of 

h;:tdroxylar~ino V!~:.t' u~e'"', tJ,r:- intermediate n1 trohydroT amic 

uc1d was prohaJ;ly q:.ickly red,wed, yielding the obs&rved 

----rN1' 
~ 

:~~ 
o2.No-d n j 

I o -TH I 
ne J 
I 

HJ.CONO 

+ NO-NHOU :z 
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This reaction was alrnost over in four hours. curing 

which tim'~ the Glimination reaction progresses only to 

a very slight extent. 

The lu of ge;!.J forrtlt::<tion in the correapond-

ing reaction vith L10tlwxyr..rn.ine is probably ov·1ing to the 

fact that lO.(~tho::r.yarlinci is a LJ.uch vrcaker r~:3duoing arent 

reluti vely stable. i.nr..loe,ous reactions to give ni tro 

compounds frow. othyl nitrate and. snbstances containing 

reactive hydrogen are known (56) e.e • 

..!StONO~ + KO:C:t + rQCH.t..,C0.2..Et --7 2EtOH + '().CH(NOOK)CO"-Et 

CH - CH CH- c.rmoK CH CRO 

11 11 
+ EtONO,t + KO Et 11 11 11 ll 

CH CH CH CH H+ Cll Cli 
~ ~ 

\ I \. I ' I 
NR NH NH 

The reaction between cellulose trinitrate and 

hydroxylamine hydrochloride is thought to have occurred 

a1most exclusively by elimination 

l"'Yridine 
) CHON02 ---7 

NH OH.HCl 
> C • 0 + HNO~ 

HNO::t + NH.( OH.HCl -l N.t 0 + 2Ra.O + HCl ( 61) 

Hydroxylam.inn is stabilized by sal:t formation and hence 

does not behave then as an active hydrogen compound. 

Trial showed that hydroxylar:rlne hydrochloride in pyridine 
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did not react rapidly with a pyridins aolutioa of 

pyrid.inium nitrite. Hence, in the reaction, nitrous 

acid must have tc;en ,:,lil4inut.ed os such and w.ust have 

res.cted im:m.eci.ia t~ely wi Lh tlla hydroxylaJu.ine hydrochloride 

to produce nitrous o£1do. ~h~ latter wac not evolved at 

a noticeable rate in tllo re<.~ctiou using methoxya:nine 

hydrochloride, although in aqu0ous solution me tl ... ox:{arnine 

reucts w i ~i~ souiu11 ni tri to t 52) accordinc to the 4tquation: 

NaN02 + NHa OCH~ .HCl ~ HON • N-OCH 3 + NaCl + H~O 

liON • N-OCH3 -l N~ 0 + CH3 OH 

It is possible that the m.onorn.ethyl ester of hyponitrous 

acid HON•N-OCH is relatively sto.ble at roOii< ternper:.,ture 

in pyridine and also tuat the early intermediate stops 

(El) are slow. 

HNOa 

(oH 

+ NH.tOCH3 ~ 

OH 

' HON - NHOCH~ 

H) 
I l slow 

HON- N-OCH _ _.,) HON = NOCH3 + H~ 0 

That thi<; ~ay 110 the case if; indicated by tlw fr:.~ct that 

tl .. ese gol•ltiom-: gave a test for ni tri ta whil.;_, the ones 

with hydrozylmaine hydrocllloriue did not. 

'l'he eliwination reaction producing an oxycellulose 

dinitrate is V<.3ry similar to the t~:..erEal decorr:.::)ositions 

carried out by Grassie (2?), who found ttat his results 

ware best explained by O-N cleavage, nroctucing one mole 

of carbonyl derivative for ec.ch mole of nitrdte removed. 

It is plain that tl~ considerations involved in elimin-
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ation in solution ac\pl;v to e.n even gre<:ter ex ~(;lflt to the 

thermal decomposition. l.~echan.ir.ms involving carbonium 

ion formation ... ·Lich arc :>of'sible in uubloclwd sugar ni­

trate::: in solu:~ion, 'he' e the onorgy rcq_uirer~ents ~;:·e 

lowered by solvuClon, aro hL.rtlly probable in thdr.utll de­

cmapor:.i tions, where th(-1 unoT'CY -~:r;uired :or curbonium 

ion for:..ation woul~l hJ v::ry hit;h. 'i'L.us, Cif' in the pro-

: ... yuroxylanin') o-r· nethoxylamine 

hydroc ~lor:-hi13, Grrl~>sie' s r:'3llulose Y~Lononi trat~:: eliminated 

t;.1e elt..:;f,J,;nt::; of nit.,...onn :H;id, nltlvnGh fr~e hydroxyl groups 

W' . .H'·s availahle for anhydr0 rine: fo!'nation, if' carbonium 

ion formation we~e noBsible. 

Lachraan's (11) results obtained in the hydrolyses 

of nitrotartaric ana. nitromalic acids may be re-interpreted 

using d:..e po~>tulates outlined above. Nitrotartnr-iu acid 

includes two negative nitr~te groups bUd two negative 

carbo.Ayl e;roUPf', so that e rhnn ium ion ;.~ormation is prob­

ably excluded. In very conccntrc;ted acici the molecule 

slmvly hyG 'olyses to tartR:ric acid ancl nitric neid. As 

the concentrution or aciu is red.uced, tllo nolecule is 

activated by solvation and t.he elimination reaction, cata­

lysed hy hydroxyl ions, become~ more important, while the 

acid hydrolysis raust necessarily by slowed. In alkali, 

the only possible reaction is elimination as is round to 

be the case. 

Tho nitr&te group in nitromalic acid is linked 
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acid. dini tru t, an•l hence if! more stnlJle. In trtis casa, 

too carbonium ion rcrmation shoulct. be possible when the 

molocule is sol~Tated and attacked by a negative ion. 

In dilutG acid, carbonium ion formation is suppressed 

because th::.'l' concentratio:I of hydroxyl ion is low. ~>ince 

tbe aciri hydr0:J:rsis in dilute acid is also Blow, the 

slow elim.in8tion re· ction tends to predominate, which is 

what was fnur!d. In neutrel solu t ton a rJore ra:Jid re-

action throu::r,h the carboniu.nl ion begins as hydroxyl ion 

concentr~::ttion increases 

R9 +_ (oNO:~_ H) OH 

b.ncl only 8~, occurs via eJimination. In alkA.line soln-

tion ;1oth the c::rboniu::2 ion reaction and the second 

order elimination reaction Rre catalyAed (57), and a 

raDid reaction by both mecl1anisms occurs. Elince the 

carbonium ion reaction depends on solvation by a polar 

sol van t to lower tite rGquired ac ti vat ion energy. 1 t 

should be :1ore important in aqueous than in alcoholic 

alkali as ~as found to be th0 case. 
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A large excess of hyd.:roxylalr.inc;, dinsol Vdd 

in oyriuinu was f'uu:1d to reLove one mole of ni tr.:.:,te 

per glucose unl t .. roll., cellulose trini tro.to, thd tli troeen 

being quantita·cively recovorea in ~he gaseous pha.se. 

I'he liVhi te f lbrous c~llulo~e 'i i Lra te ~o )rodd_(!Bd vH:.s 

degradeu only slightly <'illd. d :Cere(;. J. 

v ori.:~inal 

trini trate in being ~)racticully stuble v:ben diseolved 

hydroxylBmine by 

methoxyarr~ina gu.ve scme product. 

lJ.1he cellulose ndini tratet! failed to yielci e...n 

oxime or :r.uethoxime but reudily yielded a mononethyl, 

tmd urobably a monoacetyl derivative and could be re-

of the nitrate group lel't u.n hyuroxyl and not m.or0 than 

0.1 mole of ca;rbonyl group, in the cellulous portion. 

'l'his hydroxyl group ·was probably of secondary alcohol 

Callulosa trin1trate with a pyr1dina solution 

of hydrrJxylamine hydrochloride, eliminated one;; nitrate 

sroup probably as nitrous acid and yielded tho oxim.e 

of a ~onocarbonyl oxycsllulose dinitrate. Nitrous oxide, 

probably formed from. tiLe nitrous acid produced and the 

excess hydroxylamine hydrochloride, was evolved. In 
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similar fashion, cellulose trinitrate with a nJridine 

solution of iil.Jt.noxyart1ne hy(lrocnloJ•ida gave tne rilethyloxim.e 

of a monocarbonyl ozycellulose dini tr, te. '.l.'he oxime group 

in ~lis compound was not reDoved by ucid hydrolysis but 

tlle nitrate ;.:;roups CO'.lld be f~liminated by re ducti ve acety­

lation. 'l'hi~ "'!::'"'odnct had the composition of diacetyl 

oxycellnlose mono-oxime acetat~. All these nitrates were 

st8tle in presenr:•"' of' nyridine at room temperature. 

rrhe prcH.tnction of the cellulose 0 ini tra te and 

of the oxycelJ.ulo:=:t:J dini t:r.c:tt~.; mono-oxime or monomethoxime 

in·rolv~)c1 th,_; r,,:mval o:~ thH sa:oo nitrate sroup from cellu­

lose trini t·rate. r:ecnanisms considered nw :--:t urobable for 

the ·;wo t~''J:JfJ of st:: ctive denitration at'<:: nummarized 

by the equatio::s:-

(a) Hl:lONO;a + HaNOH __, !~ .. ilOli + No.t :.:~non 

NOa,NHOH + H.tNOH ~ Na,1 + llJ>JOa + 2H.l.O 

(b) RHO NOt. + ( H:._NOH. 1 iCl) -4- R•O + mm.:t 
HNO :t + H;tNOH.HCl ~ N2..0 t + 2H.l0 + HCl 

where :( rep:re::k'm ts t.i18 ellulo::;e rt-::sidue. 

Atterr.nts to obtain selective purtial de­

n1trnt1ons of cellulose trinitrate by the action of 

sol11tions containing sodium sulf'i t.e or potassium cyanide 

failed owing to 1ncompl3te reaction or excessive degrad­

ation. 



CLAIMS TO OHIGINAL HESEAHCH 

( l) 'rhe discovery trmt alt.~.lough cellulose tr1-

n1 trate is knovm to be completely deconposed by pyri­

dina itself, the ad<li t1on of hydroxylamine to the nyri­

dina results in a nenrly quantitative don1tration of the 

trinitrute to the dinitrvte with very little degradation. 

Y'yridine containing Inettloxyamine trave s1m1lnr results. 

( 2) The d 1 scov(~ry th'.· t hydroxylamine hydrochloride 

dissolved in pyridine also ':ror.toted n n~mrly quantitative 

denitra',;ion of cellulo:::e trinitr te to the dinitrate stage. 

In this >!asa, however, the gas evolved was at l.ast 85% 

nitrous oxide and the product formed was the dinitrute or 

an oxycellulosa .:nono-oxime. Japlacarwnt or the hydroxy­

lamine hydrochloride by methoxyamine hydrochloride yielded 

the corresponding monomotl:tyloxime or the oxycelluloae di­

nitrate. 

(3) '..l'he uiscovery of tha f1r~t cr~lluloso nitr,,te (1) 

that is stabl~ in pyridine. :.:onomethyl and probably mono­

acetyl deriVF.tt1vea of' this cellulose dinitrate were pre­

pared. 

(4) The discovery of the first derivative of a mono-

QQ..1:'bo;lyl oxycellulose {a). 

(5) The discovery that the labile nitrate group in 

cellulose nitrate is urobably in a secondary position in 

the glucose residue. 
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( 6) lviechanisms f re t.dvancod for tl ... e ne,w deni tra t1on 

reactions {1) ana {2}. 



( l) J • U • Uef, r•nn • .2.Qi, 1~~6 { 1899) 

(2) Hertihilot, ;.;o;npt. rond. 1:~1, 519 {1900) 

(3) ~;. t'rl and ;<. ~ielpy, .or. •13 1 1421 {1910) 

(4) L. V1gnon e.nd I. Dny, Gor-lpt •• rond. ~. 507 (1902) 

( 6) 'f. CcrlAon, 2.ur. !.Q., 4191•4 ( 190'7) 

(6) ~ .• c. 2;J.xtar, i·l·· c:hem. J. J::1, 50? {1891) 

( 7) H. Hyun nnd ~r.J • <" l ........ Iritth. ;,end. • , .. oy o, .. ,. oc. ,·.oy. 
371', 361•7 ( 192'1) G.A. 1~2, 210 ( 1928) 

(A) J\. ilnt~~111, Gazz. Cillme 1tn1. ~. 17 { 1896) 

(9) 1~. ... n.geli l,flQ !"r'l ".ngo1ico, ibid • %13, 245 { 190~:\) ... 
( 10) .n .• ;.nf~eli and •. 'n~·~11co, ibid • .t.l!,1 50 ( 1904) 

(ll) i"• Lach:·:mn, J. J,r!l• Gllen. ·~:oc. 4;i, 577, :l.084, {lOr!l) 

(12) 

( l~S) 

E.K. Gltui.dirw tHld i.:.B •. urvHs, J. Jlc •. :hem. ;.oc. §.§., 
, () t ( 194-4) 

·r. • Lowry, K.c. Srown1ng <md J .;;. , <'ll":"'::nl.;ry, 
J. Ci.et.l. •• ,oc. ~17, 5B2 {l~HO) 

(14} . .r. tt. ~'CDlluloso and. .;elluloae ._;er1vati··es", Inter­
S<:1ence :iub11shers, Inc. n.Y. 1943, P• tj5l. 

(15) P, }:laaon and 'J.'• Uut"leon, ..::.ar. 39 1 2752 {1906) 

(16) Brub.l, :or • .ia.• 1350 ll898) 

(17} Vignon & L.aquenne •• nn. chir.-•• pll,yP,, ~4, 522 (1891} 

( l8) \v. • Christian, ··b • .O, .. ..iissertation, t-:c\all Uni ve:rsi ty, 
1946, 

( 19) • inntain nnd ,(, :::. ucklfjs, J'. ,ru, Charo •. oc. 
§.i, 2780 ( lU42} 

{20) G,.i. Wnas and. L.I~. Hutnaatt, il1ld. ll!,l928 1 l1942} 

(21) T •• ~.ardn,:r t:UHi c.a •. 'urvos 1t1u • .§.2., 444 {1943) 

(22) ,,,o. henyon an\.~ H. Le B. Gray, 1h1d. ~. 1422 (l936) 

( 23) .c.. Berl &. ii. ~:r-;1 th. .. Tr. J. : oc. \.:t~.e~t~. Ind. £, 5~4, ( 1906 J 

{ 24) H,C, ?m:-;,er·, J. vhem. ~ oo, 117, BOo ( 1920 

(25) ~~. N. Amilov und i..., 1, 1rlas. J. \.?"en, ,.;he:m., U.;~;,; .H, 
!. 817•29 (1934) c • .~ .• ]i., 2352 
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