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'l'lm SELECTIVE DENITRATIOli 

or CELLULOSE HITRA'l.'ES 

Cellul08. nttrat. W88 subjected to decampos1t­

Ion In. various baale reagents In or48r to 41800Yer eOll­

41tloas that would dUterentlat. bet....n the three kinde 

ot nitrate group. In the substance. Two DeW selective re­

••tiollS whiob remove one third ot thea. group. wlthout 

aftectlng the resa1a4er are Aesorib.d. and the products ot 

48..1tret1on oharaoterised. The product tu the ttrst re­

action was a oellulose 41nltrate and tbose In the second 

reaotion were the O~ethyl oxtme and the Qxtme of' • mODO­

oarboql oxycelluloa. dint trat.. Po••lble Mobaal_ tor 

the denitration reaotions ~l'. presenteA. anA del'1..ti... 

ot the produot. d•••rib.tI. Thi. reaearoh tomed. part ot 

the confidential H",R.C.• war proJeot XI-'•• 
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GENERAL INTRODUCTION 

Although the reaction between cellulose nitrat•• 

and alkall has been frequently studied. the condltlon. u.ed 

inveriebl)" brought about severe degradation and produced 10. 

moleoular produots.NeYertheless, the nitrate groups in the 

.econd. third and sixth posittons ot the glucose residues 

constitntiD6 cellulose almost certainly ditter in reactivity_ 

Proper expertmental oondltions should theretore make it possible 

to remOTe one nitrate group seleotiyel)" without substantlally 

atfeoting the rest. The discovery of suoh oonditions was the 

init1al object at the present reaearoh, whioh torma part at 

the oonfidential N.R.C. war projeot m-" on the thermal and 

alkaline stability ot nitrated oelluloses. 

Nitrate eaters were known to deoompose in alkali 

in two general wa)"s, one y1elding the alcohol and nitrate salt 

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

oxidatlon produot ot the alcohol. Sinoe previous work Indic­

sted that in the oase of celluloee nitrates muoh ot the de­

oomposition ocourred by the latter route, 1t was probable 

that the extenslve degradation was caused by seoondary decaa­

position ot the oxidized glucose residues in the alkaline 

reagent. Therefore the researoh was atrned at providing re­

aotion oondltions In whloh any oxldized oarbohydrate pro­

duoed on denitration would be proteoted against further de­

composltion. Sinoe the inltial oxld1zed group was aLRost 

certaInly a oarbonyl group. the deni trat ion wes 08rr ie d out 
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in the preseaoe or aucb reagents .S D7droxrlwalne. 078­

:alA. sAd bisulfite solutions, whioh migbt re.ot with uti 

'hue prot••'. any oarbonl1 groups es they .ere tOl'"me4. 

Cellulose trlnltrate was us~d tor moat ot tb. 

researoh sinoe any sel@otl..,!t, ill the reaotloll8 _tu41ed 

wou14 be immediatel,. obvloU.h lath lonr nltr.',. In 

.hiob the ai.trion'ton or nitrate groups between tbe three 

aval1eble p081tl0.8 1ntbe anh1dragluooM u1t 1s ul1oer· 

tala,the reeults or a partiel denltrat1cm would be more 

difficult tolAterpret. 

The denltratloAS attompte« wltb buttered 801utlona 

ot so41ua CYf,ul1de and 804t_ Imlf'i te were unpromlalug and 

bave not beeA d ••oribed in detail. An exoe•• ot bydro­

%71fJmln~ or methoXf8.l1iD.e 1D. dry pyrld1ne bonTer. removed 

an averase ot OD.~ u.ltrate poup per gluooM utt tram cellu­

lose tl"iu.ltrate with ltttle desradatioa. Tbe oellulose 41­

nitrate ro~ed .~& pr~otl0.111 ~'eble in excess or the re­

asent. Indeolsive evidence suggested that tne grOtlp re­

moved h~d oooupled either the second or the third po.ltlon 

ot the t,;luooae resldu.s. ,MODOlletb71 end mono.oetyl deri­

vatiYes ot the' dlnitra'. f.11'e described. 

Another new find successtul denltratlOQ 1Ia8 ert.ete4 

by pyrIdine solutloAS either ot m~thoXJamlne h1drooblor14. 

or hJ'4roxylami.ue hydroohlorlde. In this oaae tbe metbrl­

oxime or the ox1lle or an oxyoellulose dinltre te PS obtelned. 

http:hJ'4roxylami.ue
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1n high yield. 

Possible reaction mechanisms tor these new 

and sharply distinot decompositions ot cellulose trin1­

trate are suggested. 



HISTORICAL INTRODUCTION 

It "'8 early reoognized that the aotion of 

alka11ne reagents on nitrate esters was oomplex. Ia most 

oases hydrolysis was ao~ampanled by the formation ot ni­

trite and an oxidation produot of the alcohol, 1n oontrast 

w1th aoyl esters whioh produoed alcohol and the salt 01' 

the aoid exolusively, on saponifloation. 

In 1899, Net' (1) pointed out that the oorreot 

analogy was between alkyl nitrates and halides or Bulfates, 

in that nitrates behaved s~ilarly in many well known re­

aotlons~ The oxldation-reduotion reaction was a cOllsequence 

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

high state of oxidation. A similar reaotion could oocur 

1n the hydrolysis of an alkyl ha11de if oarried out 1n the 

presence or an oxidizing agent. Thus sodium ethylate, 

freshly preoipitated merourio oxide and alkyl halides pro­

duoed oarbonyl derivatives. Conversely, benzyl nitrate 

reacted in the samB manner as benzyl ohloride with aoeto­

acetic ester in sodium ethylate, form1ng benzyl and di­

benzyl aoetoacetio esters and sodium nitrate without a 

trace of uitrite. In the stallar reaotion with sodio­

malonic ester, benzyl nitrate yielded benzyl malonic ester 

and sodium nitrf~:te""vi1th a BUlAll amount of nitrite. The 

famIliar condensation of alkyl halides with amines to for.m 

quaternary 8mmOnium salts was 9aralleled by the reaction 

or benzyl nitrate with di&ethy1 ani11ne, at 100· to g1ve 

benzyldtmethylphenyl&)~onium nitrate. 
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While benzyl nitrate was wholly analagous to 

benzyl chloride in its reaotion with alooholio potassium 

acetate at 150·, giv1ng benzyl alcohol and benzyl aoetate; 

with alcoholic potass1um 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 y1eld of inorganic nitrite and benzaldehyde 

or its decomposItion produots in alkali resulted. When 

treated with excess sodium methylate, benzyl nitrate gaTe 

83% of the theoretioal amount of nItrite possible and a 

mixture of benzyl alooholand ethyl benzoate, the latter 

two heing the usual products trom benzaldehyde in alcoholic 

sodium methylate. 

Net li8~ed three types ot reaotions undergone 

by alkyl nitrates in alcoholio potassium hydroxide: 

1. Ether for.mation 

2. Aldehyde formation 

3. Normal hydrolysis to aloohol and nitrate. 

Mathyl n1trate with two moles or alcohol10 potassium hydrox­

1de at 30· gave d1methyl ether without a trace of nitrite. 

Ethyl nitrate with same reagent, 1n five days at room 

temperature produced ethyl ether. an aldehyde resin and a 

mixture ot salts or which 24~ was potass1um nitr1te. viith 

one and one quarter moles ot alkali at 50-~O· for two 

hours, sim1lar products resulted except that the salt m1xture 

con~.il1ned on17 11% potassium n1tr1ts. 

Normal propyl n1trate with excess alcoholic 
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pote.aelwa h7droxlde gayeprOP11ethyl ether. n-prowl 

ether and mixed n.itrate-ni'Crlte salts. ;',11i1111ar results 

were ob\alned with isopropyl. 1sobutyl and 18o~1 nltrates. 

From glyool ,Unitrete in alcoholicpotas.1W1 

h7drox14e Net obtained glycoll0 acid, 'Prosu!l8.bly by an 

lnulW:ll)lacular Cann1zzaro reaction 01' thO glyolral tntt1ally 

tormed. and pota••ium nitrite. Nltroglycarln8 with alco­

holle pot.assium b.7droxlde y1elded the salts of nitrous, 

tondo and aoet10 ac14s. pl"'GIJumab17 through an intermediate 

k.~dlal4ahJ'4G. 

tl.t" .. reBulta ind1ettte clearly t4ftt alkyl n1­

trates are analagouB 'to the tusllaes 1n ZBD7 raaotlons, and 

that t,116 aode of raaotl_ In alkali 18 d8pendent on tu 
oonditionS an4 tbe particular nitrate conoernud. 

In l~{jO, Berthelot (8) treated etb,yl nitrate 

wIth 8011d potasstum hydrox1de at 100· and obtained an 

aoetaltle.byde poly.t:lor tog~th.{)r with potaoAl\D1l nitrite. 

After lnves;lCatla6 tt.,e alk&l.lne h;y4rol781a of 01tl'Oa1,­

oerlne he concluded t1111t alcohol Bnd carbonyl groups could 

be tamed 1n tho BaDe DOl.oule. the foraer oorreaponc.Uug 

to tn. recovery of' n1.trat.e and the latter to nitrite sali. 

Th1s oonolusion wa~ 1n opposition to Netia (1) v1ew that 

~e nitrates of' po17h74roxy aloohols underwent the re<1ox 

oleavase exelusively. The point l'fU& soon5et tled by b&rl 

and .J~lpy US) WllO isolated 0( J 0( 
~ 

-f;lYHrol dlnt'rate .a 

well as oxa110 and mct8oxall0 acid trOll the reaetlonpro­



duc~s at glyoerol tr1n1trate and alooho110 potassium 

hydroxide at 25-. The ratio of n1trate to nitrite salt. 

produced was 1: 2.3"1. 

Vignon and Ba7 (4) in 1902. investigated nitrite 

and nitrate formation as wall as the ammon1a produoed in 

the alkal1ne decomposition of several nitrates. To 5g. ot 

ester was added "I."Ig. of sodium hydroxide dls80l.8d in 

300 co. ot water and ~e mixture was bo1led tor various 

periods. 

~LEI 

Decsosition at Nitrates in Boilly B.D 
aiueous Caust10 Soda(a) 

N1trate N1~. Add Igr_~ Amaonia (wI 
Kethyl I~!Y: A.iog.11 0 

~thyl 0 0 0.030 0 

G17ceryl 0.205 0.205 0.205 0.250 

JSrythritol 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 

tal VigDOD and Bay. Ret.4 

It 1s apparent that the results (Table I) 

varied widell' and in some oases the amount ot nitr1te 

produoed passes through a maximum. Perhaps the ammonia 

was produced by reduction ot nitrite by the oarbonyl 

http:dls80l.8d
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Carlson (5) Maaure<1 the amount. or nitrite 

formed In the hydrol,.1. of sayenl nitrat.. ie t~ • ..,.1 

aloohol solutloR, aadb O.iH with respeot to D1trate at '0·. 

T. ooaHntratlon ot pote••1um h74roxlde alao preHo' 1ft 

the alcohol was not atahd. 

TAIlJi II 

PtC!9pO!I'loa or Iflt"!!1 &p Alau11. 

rot_,la llzdroxl46 at '10.( a) 

JI!tft,.. , 11tr1'! 70£114 Hlt,,!! , 1"011 lolJilj 
Het.b7l trace Iaoarql ao 

ltth:11 , 017oe:ro1 a, 
Propyl 1" 011'001 87 

Isobutyl 35 Cellulo•• 88 
(18.~) 

ta) Carlaon. n8t.6 

In tlutpre.enoe ot bydros.eD perox14. or maroaptftD.8 ~e 

original wu regenerated. It va. tound t1".' 1MmzJ'1 aitrate 

coadenae4 'Illth ,be potu.iUII ~al" ot phenyl aeroapt_· 'to 

81..... the '1110 .'ller, rather than uo4ergc1!lg a redox re­

aotlon. 

CeH5CH2NOa ... KSCeHfj ----? CeHpCH2SCeH5 • KNOz 

The oODdensatlon. which vas quantitative wlth no nitrite 

!"OlWitloD, eoapla'ed the 81Utlogy with beU11 ohloride 

wbleb. had eluded !let (1). 

http:bydros.eD
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Mixter 	(6) ~a 1891 claimed that ethyl nitrate with aloo­

holic potassium hydroxide yielded ethanol and nitrate salt. 

However, with glyool dinitrate in the same reagent, he ob­

tained oarbon dioxide and nitrite. With barium hydroxide 

he was able to isolate the sparingly soluble barium oxalate 

and barium nitrite. From nitroglycerIne, oxall0 aeid, nitrite 

and ~onia were detected after reaction with ooncentrated 

aqueous potaSSium hydroxide. 

The hydrolysis of butyl nitrate was studied under 

various conditions by Ryan and Coyle (7). ~hey found that 

oold aqueous potaSSium hydroxide gave only l~ hldrolysis 

...~. 	 in seventeen days while at 100· oonoentrated aqueous potass­

ium hydroxide hydrolysed 20. of the butyl nitrate in twelve 

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

trate was oonverted into butanol, a reSin, potaSSium nitrite 

and nitrate. Alooholic potaSSium hydroxide produoed 20~ 

hldrolysis in one hundred and seven hours at roo~·tem?~ra­

ture while at 60· for eighteen and one half hours, 90~ of 

the ester was decomposed into butanol, butyl ethyl ether, 

a resin and potassium nitrate and nitrite. An ethanol 

solution of ammonia hydrolysed not more than 4~ of the ester 

in eighty-four hours, but the presenoe of h7drogen sulfide 

inoreased the rate. This inorease was probably caused by 

the reduction of the nitrate groups sinoe spontaneous boil ­

1ng took place and sulfur was deposited. Butanol and a 

substanoe desoribed as a mercRptan were formed. Iron and 

acetic aoid reduoed the ester with the tvolution ot nitric 
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ox14. but only one third of the ••ter was obtained •• 

Du'allo1.:..o.tl0 anhydride and sodium aoetate had DO 

apparent actloll on butyl .llltrate.. It WfJ.S of Intere.t that 

Ii aherp inorease tn rate at hydrolysis ooourred when aloo" 

hollo potesat_ hydroxIde was ils(ul rather thsll aqueous 

.olutton.. This 8eemed to be fJ generalpheuQmenoA. 

AnInt.resting aoa-ox14atlve aeUltratlon or 

eth71 nltrate ,,1's achieved b1 Angeli (8) tn bis sTathesi. 

ot the sodium 881t ot n1 trohydroxaml0 FlU 1(1 .fr08 eth},l nl­

trate,sodium etb7lateftnd bJ'droX71a:alne; 

CaB.OliO•• H.NOB - ......~) w. - nOH • CaB"OIf 

o ONa 
Oal - IiBOH • 11800.11. --..) ~'lt= B - ONa • BCaB.OU 

That no oxldatloa-reduotlon took plaoe "as shown b1 the 

faot that nltrohydroxam,10 actd oollld oxlcllze an ald.brde (tl. 

b818& It••lr reduced to nitrite eud 8 hydl"oaam.l0 acid. the 

latter y1eld1D6 h,.dro:Q'l~l.Q. on hldrol,81a. In a f'urther 

investigation (10) the writers obtalDed ~ 8& the m8x~wa 

71.14 anQ attributed the 10s8 to reaotion between ethyl 

nitrate and 8odi~ ethyl~t•• 

The h7drolyees of the very un.teol. nltrotartarl0 

and tbe more sttible nltroaall0 acid .~r. studied b7 A. Laoh­

man (11). The hydrolysis or nltrotartarlc aold was remark­

able 1n that the re40x cleavage oocurred in dilute acid 

solution, glvlngquantltatlve yields or nitrite and exoell­

ent yields ot dlbyaroxy tartaric acid. In either aqueous 

http:hydl"oaam.l0
http:11800.11
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or alcoholio alkali solution, nitrite was again produced 

quantitatively. but the dihydroxy tartario acid deoomposed 

into tartronio and oxalio acid. Normal hydrolysis to tar­

tario and nitric aoids occurred onll in extremely ooncent­

rated nitric acid, oontaining the stoichiometric amount ot 

water. 

The properties of nltrotartarl0 801d made a controlled 

measurement of hydrolysis diffioult although it had the very 

desirable property ot beiDg soluble in water and organio 

solvents and thereby mak1ng possible a study of the erfect 

of solvent. The hydrol,.si. at the more stable nltromalio 

aold COOH.9B.cHO»O~OOH. soluble in water and tbe oommon 

organio solvents, was studied 1n aqueous sodium hydroxlde, 

aqueous sulfanillo aCid, and in neutral aqueous solution. 

In the case at aqueous sodium hydroxide. the concentration 

ot alkali, temperature and time of'reaotion had no eftect 

on the tinal nitrite oonoentrat1on. In all cases about 0.2 

moles of nitrite were produoed. In methano110 sodium hydr­

ox1de the y1eld of nitr1te was again independent of temper­

ature, oonoentratlon, or exoess ot alkali, but nearly twioe 

as muoh was produoed as when water was the solvent; trom 

0.32 to 0.39 moles. 

The reaot1on ot nitroma11c aold at 100· w1th aqueOuS 

sulfanllio a01d at its own pH gave o~ n1tr1te in two hours 

and 78~ in tive- hours. These peroentages were measur~b7 

the evolutIon ot nitrogen, whioh was assumed to be produoed 

http:hydrol,.si
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D7 the reaction. 

SNOa • CaB .. (SOaB)HHa --7 CaL(SO»H)OH + 5. +11.0 

Laohman oonoluded that the react10n was monomolecular and 

di4 not involve a direot reaction between nitromalio acid 

and sulfanilio 80id. A 20~ yield ot crude Oxal0808tl0 

acid CoolleH.CO.CooK was obtained. The hydrolysis ot nltro­

malic acid in neutral solution was oomplete In two hours 

at 100· and 7i81484 on17 e~ nltrous acld. The presenoe ot 

large amounts ot nitrl0 aoid was demonstrated and malic 

acld was identlfied as the main product ot the reaotlon. 

Lacbman interpreted the results as indicating that normal 

hydrolysis and redox oleavage prooeeded at Independent ratee. 

In dilute aoid solution the slow redox reaotion was atll1 

faster than the normal hydrolysis. In neutral solution, 

the normal hydrolysis became relatively taster, while in 

alkaline solution, the normal hydrolysis was cately.ad to a 

greater extent than the redox cleavage, the extent ot the 

ditferenoe depending on the solvent. 

Gladdlng and Purves (12) studied the reaotioD. be­

tween some gluoose mononltrate derivatives and alkali. They 

reoognized that nitrates were in manr respects a~ilar to 

the oorresponding alkyl halides alld p-tolnenesultonates, 

the latter having been shown to be removed in alkali with 

Walden inversion, perhaps through a oarbonium ion inter­

mediate, llke the alk7l halides. The hydrolysis ot a ni­

trate group by a 11ke meohanism should involve the torm­

http:cately.ad
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ation of an internal ether or anhydro ring, or a mixea e­

ther. or an alcohol. with Walden inversion wherever poss­

ible. Thus tetraacetyl '" - glucosyl nitrate yielded B­

.ethylgluooaide (X) when treated with sodium methylate tor 

ten minutes at room temperature. The y1eld ot B~ethyl­

,lno08id. was 2S~ but the properties of the orude product 

indicated the presence of the 1. 6 gluoosan (II) in equal 

amount. Glucosan (1. 5)/.1{1 t 6'; was isolated troa a s1mi­

lar hydrol,si. in an aqueous dioxane solution ot sodiwa 

hydroxide as the tr~eth.,l derivative. Nitrite was pro· 

duoed to the extent of 4.5~ ot the original nitrate groups. 

The solution darkened in contrast to the slight yellow of 

the previous experiment. The formation of gluoosan oom­

pleted the analogy between tetraacetyl - 0{ - glUC081'l ni­

trate and the oorresponding bromide. It was therefore 

plausible to assume that alkali tormed the same carbonium 

ion from the 0(- nitrate and the c( - bromide and that Walden 

inversion occurred on combination either with solvent meth­

anol or with the prtmary alcohol group of the glucose re­

sldue. This explanation was put forward with reserve a8 it 

tatled to account for the tonnation of glucosan from beta, 

but not trom alpha. phenylgluooside under simIlar conditions. 

It was noted that the hydrolYSis of the nitrate group was as 

rapid as that of the four acetyl groups. 

!Tiacetyl methyl ~- glucopyranos1de -6- nitrate 

was hydrolysed with aqueous-ethanolie sodium hydroxide and 
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with sodium methylate in aahydrous methanol yielding 

almost colorless solutions. In both cases a 77-eO~ 7ield 

ot meth71 3, 6 anh7dro -1«- gluooside (III) was obtained 

with ~ ot the nitrate groups reduoed to nitrite. The 

reaotlons were much slower than the correspondlDg hydrolys.s 

ot the glucosyl nitrates. requiring seventy minute. at 

75-80· in aqueous-ethano1ia sodium hydroxide and forty­

eight daya in sodium methylate at room temperature. 

Methyl 3,4,6 trIaoety1-~gluooside-2-nitr8te 

heated with sodium hydroxide dissolved in aqueous diG"'. 

tor two hours at room temperature, gave an 84~ yie14 of 

clear, oolor1ess nitrate-tree syrup. The reaotion was more 

rapid than that of the isomeric 6-n1trate 8110. gave 2 • .3~ ot 

the original n1trate groups 8S nitr1te. The produot w.s 

diffioult to oharaoterize, but the absence ot appreoiable 

amounts ot free glyool groups 8S shown by the nearly neg­

ligible reactIon w1th periodio acld, ind10ated the presenoe 

of a 2-3 anh;ydro ring. The ana1ytioal data were oonsistent 

with that ot a slightly tapure anhydromethylhexoslde IV. 

This denltrat10n was therefore similar to the deacylatlon 

ot methyl 2-p-toluenesu1fony1-~-gluoos1de to a syrup oon­

sisting mainly ot methyl at3-e.nhydro~~annoside. The 

dlffioulty In oharaoterizing the produot of denitration 

may have been oaused by the partial rearrangement of the 

2,3 8nhydro derivative to the 3,0 isomer. 
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~o aba.rye the oourse ot 4enltratloA wben au­

hydro rlag tormation waB blocked by other groups, methfl 

a,5,4"'rba.th11~-gluoo8id.-6-nltr8t. wms heated 8t GO­

tor twenty tonr hours with ao41wahydroxlde 418801..« ill 
aqueous aethaaol. Complete den1tratlon resulted 1a ~ 

ot the or1ginal attrate groups being reduoed to altrlte 

while 8~ of the methylate4 oarbohydrate was 4eeoapo••4 

to II d180010red tar th@.. t alow17 neutralized 8oa. ot the 

8xoea. alkali. Metbyl 2.:5,4-trlmeth71-8-cluooa148 W.S 

obtained in 7~ 7ie14. The rather drs8tl0 ooaAltlona 

u••a in thi. experbaent were ne •••aary atnee the methy­

lated 6-n.ltrate was stable to alkali 111 aqueous 410X8•• 

at IU,· e••n .ttf~r one hUAdred hours. 

I II III IV 

The dealtratlona or tbe three acetate-aitrat•• 

tended. to abow tbat the preferred alkaline oleavage ot 

oerbohrdrat. nitrate 8ro~p8 took place ln tbe .en•• 

R)IlaCS - ORO. ucl 1414 to the qulok expul_oll of tbe ele­

118.o.ta ot a1t1"10 acld 111 a sIlbstant1al17 tlnreduoe4 oon­

dltlon. ?his method or elimination se.-ed to be 4epen4­

http:118.o.ta
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eat oa tbe taol.1~ produot!o. ot ••tbyl gluo08148 or aA­

h7dro struotures, as illustrated by the relatlvel,. grea' 

stabillt, ot ••tbyl 2,3.4-trimethyl.,g-gluooa14e-6-altrate. 

,More drastic oondltloD8 promoted a straishttcu,·••r4 normal 

hydrol,.si. ot tbe -blocked- nitrate group la 'be letter 

oompound.. The alkaline h74rolyseB ot" the "bloo.1te4t1t to.,.1 

radicals 18 such suostanc•• as ••th11-Z-to871-S•••0-trl­

..tb71~-glucoa14., .•ethyl-a....ethyl-3,.-1.0prop711dlM-6­

toql-"\-galaotos14e Wl4 utbyl-2,5-dlm.ethyl-:s-to.,.1-.8-:I)'lo­

ruranoal4e pro~~e4e4 81th dltfloulty bqt otten in bigh 

yield. aloAS enotl,. the 8e~le 11nea. No Walden layer.loWl 

1Iere obaerved.and the h7drol,,"8 were thereror. attrUmte4 
•, 

to Bol.eicn 1n tbe .eA•• BlRaOS-o i SO.CaB. Theretor. It 
I . 

ae8JLea. le,lt1m4te to 11•••• tbe similar meohaal_. Bl0B.­
I 

o +I 
I 

HO. tor the scla.lon of the bloCKftd nitrate group. 

flle reaction bet"... hy41"oX11a:ulDe and etll71 

nItrate in anh7droWl sodium. ethylate (8l1 
•
I. ~ . .

c"a.-o .., XOa • O.oB -----7 aall-8OH • C.R.OS 
I 

would a ... to require scia.ioD 1n the sea.e 418.U•••ct aboy•• 

Earlier epec:mlatloaa about the mee'tuullauuJ or 

nitrate h7Qrolyals are brierl,. revlend by Lo1lr7 and 00· 

workers (15) and. by :r. Barsha (14). Only 8. brier outlla. 

18 inoluded bere• 

• et (1) atated that alkrl nttrates 1'8.0'.4 with 

alooholl0 o8.uatio potaah to produce .....thl'l.u· ra41cal. 

a-Clt( • whtch oould ad4 the .l_eate or ethyl alcohol to 

http:hydrol,.si
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for. an ether or an oxygen atom fro. the nitrate group 

to form a carbonyl compound. 

Bertbelot (2) considered the hydrolysis ot ni­

trate groups to consist of normal saponification proceed­

ing with the stmultaneous abnormal reaotion whioh he wrote, 

BOH.-o-JIOa + XOR---.RCBO + DO. + 11.0. 

Berl and De1PT (5) thought that hydrolysis pro­

oeeded by a normal saponifioation. In som~ cases the ni­

trate rele~sed was supposed to oxidize the alcohol formed, 

this prooess ooourring almost s~ultaneously with the tirst. 

Klason and Carlson (l5) formulated the abaormal 

redox oleayage using the peroxide struoture for nitrates 

as proposed by Bruhl (16). 

BCH.-o-o-liO + 1:011-+ BClIaOOH • DOa 


ROll.OOB --t-JlCHO + HaO. 


TheT eooounted tor the normal hydrolysis of 

nitrocellulose and other esters in the presenoe of mer­

captans and other reducing agents, as ~ reduotion ot the 

intermediate peroxide. 

Laohman (11) reviyed a much earlier mechanisa 

ot VignoD. and Maquenne (1'1) aAd attributed the abnormal 

cleavage to the hydrolYSis of an intermedIate, isomeriC 

nitrite. 
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,n"'" RCHaOB + lmO. 
. H.~ 


8-088-0110. H B 

"""'J I HaO I 

R-o-oNO > R-C-oH + DO. 

I I 1OR CB 

RCHO + a:eo 

Ina reoent research, Christian (18) studied 

the hydrolyses ot the three i8GBeric o701ohexane 1.2,3­

trinltrates in O.lI aqueous alooholic sodium hydroxide 

at 20·. The rates ot alkali consumption, nItrite and 

colour tormation were measured. The cis-ois-cis Isamer 

b.:rdrolysed most rapidl". deye10ped the most oolour, but 

strangely, tormed the least nitrite. As a tentative ex­

planat10n for colour formation, 1t was assumed that in­

tensIty of colour was oaused by a dlketone whose reson­

ating tor.ms were ana1agous to those ot many dyes. 

!!lit OR. ::10O"080NO' ~G1 _oOO~ <f0,0­
" a+ II 

OHOs OH OB OR 

oie-01s-cla oolourless ooloured 

It was argued that a snall amount of the dl~etone could 

aooount for the colonr and that It was more likely to arise 
, , 

trom. the cis-c1s-ois 4ar1vative where the oentral nitrate 

group was sterloally hindered and might be the lest to· 

undergo reaction. The abnormal oleavage is more likely to 

oocur in the first groups to react as they are adjacent 

to negative groups, as in n1trotartar10 a01d and nitro­

glyoerin. The least oolour was developed in the hydrolysis 
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ot the cia-trans-ol. lsomer. where the oe.tral altrate 

group might be expeoted to h7drol,•• f1ret. 

The ols and trana isomers of the more _table 

c,olobeXCAe l,l-dlnltratea were hydrolysed 1n the .... 

reagent at 100·. the 018 compound &gain rea.tt. more 

rapld17 and produolng le8s nitrlte. (0.52 molee agaiDa' 

0.50 aoles). Colour formation ftS the tiUi.& 14 each oa.. 

an4 less tnan in tbe tr1Altr8t. eerie.. In the h74ro17••• 

ot the trlnitrates, the ols-trsJuJ-018 dertvat!".e produoe' 

about 1 mole ot nitrite and the other lsOBers about 0.6 

moles. 

Winstein and Buokle. (19) dey.loped 8 .echenl_ 

to expl.a replaoaeflt reactione or trans 0701ollexa.ae 1.1 

4er1vatl"8 whioh took place wtth retention of cOlltlgur­

at1011. 

X x+ X 
..... I \ / ,I ./,I 

/0 .r! -y- ;C "-0_ +s , /C - 0I' ) I­
T Z 

fny.ra1oD. l11Y8r810n 

Thla mechent_ was aSBUlBtHi to aocountror the ra.o'I.,-1', 

of tran'B'"'l .... oetoX7-2 ohloroh.xane to_rd.. silver aoeta'. 

uncleI' oOAel1tlon. wbere the ola coapou:n4 ••a oOlaplet.17 un­

reactl.,.•• since a traBa Men1um" ion 010110 interaediat. 

could not fora.Chr1st1an found that 1n ge4~ral ols-nl ­

http:oOlaplet.17
http:0701ollexa.ae
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'rat. group. reaoted wIth alkali more rapl41J tho traAS 

sroups, whloh .1ght 1n41oate that in tbe caapoun48 studted, 

• priRftry dl••celation in the aenae C - OHO. to proda•• 

a oarbolll_ tOD. 414 not ocour and tbat act•• tOll .q baTe 

taken place 1n the SfUU'. C-o - HO••a 418011...4 betore tor 

-blocked" suaar nitrste groups. ChristIan, however, ..at­

loned a ••ohanlsa aBalaSoua to that of Wlns~.la and Buckle. 

as po••lb17 b8vl,ag some importaaoe. wtnste1nt •••013.01_ 

provid•• tor aU1d.ro rlag formation tn the case ot a al­

t2'ate trans to a hJ'4rox,1 where th.e intermediate 

/8 
O· 

,/""'-/ 
......0 - 0, 

oould a'abillze It.elt by elimInation of a protoll. 

Lucas and HaJMlett (20) re08ntl, lav••'lgatec1 

tbe kinetlos Qf the r ••ottoAa with water aAd b74r0X71 loa 

at t-butyl nttnte and benzyl nItrate. Butyl nitrate un­

aftrw8.t tlllO solvolytl0 reaotions, OAe (A) J pro4uoiDs t­

butyl aloohol and the other, (D), buteae. 

,.) as.o • C~ONO. Ct.S"l0If ... R.O· ... 80i 

(8) H.O • C.B~OlOa 0611..... B.a+" BOa-

Sllloe tbe rate was unattoote4 D, h7droxrl 10n. or r84u084 

when 1t lowered the aotlv1t7 ot .the water, the reactIons 

W0re true solvo1,.... Since aotivation. enersl•• and ratio. 

Of pr04110'. were identtcal with those observed ill parallel 

solvolyses ot '-butTl cblorl4e. 1t was likely that the 

http:Wlns~.la
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same aeobst11am prevailed in Doth case•• 

Benzyl nitrate underwent solvolytIc r ••ot104S 

(C j and (D): 

(0) CeB.CHeOKO. ... IlIaC kz > Caa.CHaOS· 11,0" • JIO. 

(D) CeH.CHaONO. • 11,:0 k. ) a.SiCBO'" BIlO. 

and hydroxyl ion oetalyaed r~a.tloB8 (E) and (T)s 

(Bl C.H.CH~O. + on­ It, ) OeH..CHaOH. 110.1 

(I) CeS.CS.CHO•• oU- lea) CaR.CHaOS + BOi' 

'1'118 hy4r0Jil'l 1011 1'._~lonB were much ra.ter than the 801­

vo178.8. produo1Dg trOll 33 to 42.5$ otllll$aldeb7_ at 50­

and 58 to ~ at 25°. The solYOlys •• produoed 6-i~ bea­

zaldeb7de. fl7droqulnone completely auppres&ed the re40x 

reaottons (al 8Jl4 (F) •• tIOuld be expecte4 trOll the re­

act101l8 araitrates witb alkaline sulfIde. and other r .... 

duolns asents. The solvolyt1o reaction (A) ot butyl ni­

trate wa. oonsidered tOpro0084 thror~h an laolpient 801­
• 

va'ton of the anion leading to 8 rupture or the oarbOn­

oxygen Don4 wlth more or 1~8s transi.at format1on or a 

oarbonium lon. The solvolysis of benzyl nitrate to tbe 

sloohol (e). wa. lftrgely througb the ~ame meohanism •• 

for the t-but71 derlyatlve. As tar as the redox react10a 

"tUI oOluJeraed. the author. conoluded tttat; "at tbe pre­

.e.o.t stage ot ou.r )au:nrlttClgtf 1 t would. Seeill. to De p1.'ft1'lA&ture 

to otter any mecbanism for the oxidation-reduotion 1.'880t­

ion". 

http:transi.at
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The work reviewed to this point indicates that 

eater nitrate groups mal' oleave to give a variety at pro­

ducts, tbe nature of whioh may be tnfluenced by the solvent, 

alkali oonoentration and the specU'lc natures of the reaot­

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

1. DOa + KOH (8qU) ~ ROB ... DOa 

2. 	BRO.... R'X ---+ RB' + DO. 

of. Benzyl nitrate and sodlomalon1c ester 

3. RHOa + alcohollc KOH~ ROC.H.... DOa 

This reaction may occur in acld, neutral or 

alkal1ne solution, dependlag on the nitrate eater involved. 

5. RHOa Haq. olefin + HHO. 

The reactlons of the augar mononitrate. show a 

derlnite preterence for a given reaction tn- 1.e., 5., 

to torm an alkyl glycoside or Intramolecularl,. to tora an 

anhydro sugar. ibeA Buch a meohanism ls blooked.. the re­

actIon prooeeds wIth dltt1c:mlty and. possIbly b,. acl••ioa 
I 
I

of' the ni trate gro~lp8 in the aenae a-o i JiO. rather thaa 
I 	 I 

R +ONO._ Perhaps a reactlon ot the type Angel1 (8) 
I 

showed to oocur between etbyl nitrate and bldroXJ1~ine 

m1gbt fao1l1tate the reilloval ot sucb blooked n1trate 

gl"oupa. 

'fbe nitrates ot polyhydroX}' aloohols deoompose 

in alkali with types 1 and 4 ooourrlng In the same mole­

cule. It mal' be signif10ant thet ether formation hes not 

b.en observed In these oa••s. possibly because e oaroon­
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Ium ion intermedlate is not formed. Support for thls view 

ls found In the alkaline hydrolyses of cis and trans oyolo­

hexane-i,e dlnitrates, in which the cis derivative hydrolyses 

more rapidly than the trans oompound, oontrary to what would 

be expected if a oar~onium ion inter.mediate were tor.me4. 

The cleavage ot all nitrate groups in polynitratea may thus .
• ooour in the sense R-o :- ,NO. g1v1ng rise to the observed 

products. 

The alkaline hydrolysis of cellulose nItrates 

might be expected to partake of the properties of t·he sugar 

nitrates and the nitrates of polyhydroxy aloohols; part1ou­

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

trate groups in nitrooellulose are ~blooked". Cellulo.e 

trinitrate is made up of ohains of the repeating unit 

• 
In whioh there are no free hydroxyl groups with whioh an­

hydro r1ng formation can ooour. Henoe the n1trate groups 

perhaps react like the "bloaked" nitrate group in methyl 

-2.3.4-tr1methyliB-gluooslde-6-nitrate with the increased 
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r••ot1vltl ob••:.rved In nltrotartarl0 soid. Tbe hydroxyl 

~upa In cellulo.e are Markedly different with respeot 

to eaoh other 1. th~1r r~aotlvlti~s and b.~oe tbelr A1­

trates lll1ght be expeot.a. to h1droll'ae at 41fterent ret•• 

and possibly by d1rferent meohanism.. Howeyer, GO re­

actloB seleotlve tor au ot tbe three uitre'e 61'Oupa b.a. 

beea d.sor1be4 wItb tbe exoeption of the replaoeaeut or 

the pru.iIlry altrf.~te sroup by iodine (48). 

aladdin« en4,,~ury.. (12) sho••d the tU1&lOQ in 

tbe altaline hfdrol,ses ot sugar nitrate and to.,l group. 

In produolng Identioal anb7dro .usera or meth,.l glycosIde•• 

Gardner and funea (21) had previously some 8"ldence tbat 

In the 4eaoylat1on ot a t08yl cellulose acetate, Ii cleavage 

to produoe IBt.r~oleonltir ether llntel.s betweea nelghbour­

iDa 81uoO•• un!ta OOOll1"red. Howe...er. the 8n81860\18 resot 10n 

in the A.nitration otnltrooellul0.e hss not been 00.81'••4. 

Tbe literature on tbe alkallne deoomposltlon ot 

nltrocellulose 1s largely an aOQOuDt of tbe Isolation or 

Identification or the oomplex produots or tne a4vuoe4 de­

&r5datlon ot ladlv14ual gluoos8 units and lnol'ganl0 nitrogen 

111 varlous stages of ox1dattol1. .\s such tbe literature ha. 

beell reoently 1'."18,,.4 by Kenyon and La B. Gre, (22) aAd 

SarBba (1"). Sub.tenses r-angtIl8 .trom aerbon d10x14e to 

oxidized derivatives or proplon.l0 tlnd Clut,rlc aolds lire 

described aset.oompositlon produota of nitrooellulose 1A 

alkali. Berl ~nd Smith (as) obtained a ,~ y1e14 ot o:r:y­

http:proplon.l0
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propionl0 aold by treating nitrocellulose with alooholl0 

sod1_ hydrox1de at temperatures below 25-. Lowr,. ad 00­

workers (13) treated cordIte. 12.~, wlth 11me in aD. 6.~ 

aqueous solution ot pyridine, whiah they claiaed was the 

most etfe01el'1t "oata17st'" tor the controlled deoomposition. 

ot nitrooellulose. They obtained a sludge wbioh on wash­

ing and drylng con.tained G.5':tlN. From the oharred blaok 

cordite rods lett in the reaotion mixture the,. obtained a 

aunat8Aoe N 6."~. TIley stated that decomposition prooeeded 

to a ~d1nitrate· and then a "mononitrate'" stase, atter 

whioh the molecule deo~posed oompletely_ r~mer (24) 

held that the analyses or the two traotions were adventIt­

ious and dId not represent 6B1 olean out stage in the re­

aotion. 

Kenyon and Gray (22) msde quantitattve measure:­

ments of the carbon dioxide, nitrite and redUCIng aub­

etances tormed by the action of aqueous sodium hydroxide 

in conoentr-a t ions or trom 1 to 3O~ Oil oellulose nt ire. te .. 

About 60 to '10f, ot the nitrate groups present were reduced 

to nitrite. DeAllov and ~lrle8 (25) studied the vlscos1ty 

chaDg8s of n1trocellulose in the presence of 8.lIlmOD.la t 

pyrid1ne, hydrazIne, hydroxylamine, ammonium sultlde and 

sodium sultite end found them greater than the oorres­

ponding reduction in v1800&lt7 produced by the strong 

bases, sodina hydroxide and tetr..ethyl ammonIum hydrOXIde. 

UnfortuIlately, this paper w88>"allable only in abstract. 

http:8.lIlmOD.la
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The deoomposition of oellulose nitrate Dr pyri­

dine was studied by Angell (26). When moistened by pyrl­

dtne, the nitrate ytelded a semi-solld, transparent, rubbery 

mass whose vlsoosity gradually dt&lAlahed towards that ot 

pyridine itself during several days standIng at room temper­

ature. ~~.n treed tram pyridine by extraction with aloohol 

and dilute sulfurl0 aold, ao;l by reprecipltatlon, tbe pro­

duct was obtained as a Yihl te, 8l11orphous powder in ao~ yleld. 

The original substitution ot 2.3 had dropped to 1.5 to 1.7 

nitrate groups per glucose untt. The produot turned brown 

and then bleak on h H stlng, reduoed ~onlaoal silver nitrate, 

reacted with phenylhydrazine, but had no aotion on Fehllngt. 

solutIon. These tests suggested that the substanoe was 8 

nitrated highly degraded oxyoellulose. Sinoe the degree ot 

denitration Wf'lS not great and the substanoe was obviously 
\ 

highly ox14ized it 18 llkely that muoh of tbe denitration 

oocurred by the abnormal redox route. 

It i8 apparent that all denitretions ot nitro­

oellulose in alkali, except 1n alkaline reduoing agents. 

caused either oomplete degradation to monomeriC debris or 

else great ohain oleavage with relatively slight 10s8 of 

nitrogen. ItO detini te evid.enoe W88 obtained for a possible 

variation in the reactIvIties or the three nitr5te groups 

in each glucose unit or or the relative ~portanoe of the 

various meohanisms of nitrate oleavage. exoept tbat redox 

oleavage probably ooourred to a gr~at extent. 



~nl1. no one hes d~ilQlUJtrate4 a para.llel bet••e. 
the reeotlou of nitrate esters in alkali and tbelr ther.n..e.l 

4ecomposltloA. SOOUt similarities w111 be polnted out in thl. 

re••aroh. Theretore 8 brier summary or pertinent work on 

the1"JlAl deeomposlt1on 16 glve.n. J. more eX'e1l81'fe revi.. 1. 

ayallable In a thesis 01 Grassle (2'). 

At t •. ~;tp.r•.t'Gr.a or trOll al0· to 240· an4 5 a. to 

15 m.. prelS8ure. meth11 nitrate (28) yl@'lded nItrogen dioxide 

as one ot the initial proo.ucta ot deoomposition. Sinoe rorm.­

814e1114& end nt trie o:r:lde oecul'red 1n tbe tinsl pro4uote it 

was pontulated that the nitrogen dioxide took pert tll • 

seoonder7 reaotion. The l.nlttall'eeotlon wae wrltteA.a 

It b•• 'been augge.te-d thftt the pl'UlaJ'f step (a,) 

was the breaking ot the O-MOa bond. glvlug nitrogell 4iox1de­

and the tree radIcal CII.CHaO. 11l the os•• ot eth71 nitre'e. 

The tree r'Ju'ucal may be t'lrt!!er oxI41...4to ac.~14.hJ'4. 

and het.a.c. to (,UU;bOll monoxide and o8r'boA dloxldfh T'h. study 

ot the explosive decomposItIon ot a aeries ot nitrat•• led 

llenlges (30) to the opinion that prim:'3rJ' eaters proc1uee 

aldeh7488ud .~cond6ry esters produ.ce ketones 8. the 1.o.1t1al 

products of aleavqe. 

The earll~r work on themal ch.tomt.posltlon ot 

cellulose altl'at•• 18 not review.d Elinceltttle 11ght 1. 

thr01U1 on the stolohlometrl0 Ohflng~S involved. Hawn (31) 

http:produ.ce
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reoently snggested a meohanlsm tor the thermal deoom­

position of oellulose nitrates based on the pr1mar7 

cleavage of nitrogen dioxide. The nitrogen dioxide then 

took part in secondary reactions with formaldehyde, and 

stmllar aldehydic products. 

Wolfram (32) e%tended the work 01" Frazer (32) 

in studying the burning 01" nitrooellulose at low pressure. 

In unreactive g8ses at 2-10 mm. pressure. The products 

ot reaotion were divided into two tractions; a "white 

substance- (W8) whioh remained in the reaction ohamber and 

a volatile "red substance" (BS) which was oondensed in a 

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

40-55~ and RS 30-45~. RS proved to be largely composed 

01" formaldehyde, glyoxal. formic and acetic acids and water 

after oxides ot nitrogen were permitted to boil away. The 

W8 was purified by preCipitation from methanol solution 

into water, when about 6~ ot the material remained in sol­

ution. '!'he purified white substance (PYlS). in whioh m.inl­

aum aegradation had oocurred, was a carbohydrate deriYs'1ve 

cons1stlng of about sIx partially nitrated hexose units 

per molecule. Aldeh7die and acid groups were present. 

Using the data on the chemical nature or ws 
and RS Rice and G1nell (34) proposed a f:r;ee radioal mechan­

ism tor the thermal decomposition or oellulose nitrates 

based on the prtmar1 oleavage of nitrogen dioxide from 

the prtmary nitrate group. Subsequent stabilization ot the 
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carbohydrate tree radioal led to the observed produots. 

In a reoent study of the decomposition ot two 

spec1ally synthesized oellulose n.itrates, Grassie (2') 

obtained quantitative yields ot reaotion products~ Since 

the nitrates used were synthesized by ~eans whioh largely 

predetermined struoture (39) it was possible to relate 

the produots ot reaotion to the mode of decomposition. 

Grassie states; 

MIt was demonstrated that the thermal cleavage 

of one ester group in the mononitrate was aooompanied by 

the formation of approx~ately one oarbonyl group from 

the cellulose mOiety. This carbonyl group largely remained 

with the non volatile residue but to some extent oleavage 

of the latter ooourred with the ltberation ot volat11e 

formaldehyde and glyoxal. The other primary produot of 

thermal deoomposition was n1trogen dioxide-. '!'he results 

quoted reter to a oellulose mononltrate substituted largely 

in the sixth position. With respeot to a speoially syn­

thesized oellulose dlnltrate it was stated - "results were 

not inoonsistent with the above interpretation but were not 

so deoisive." Certain differenoes in the behaviour ot the 

two nitrates were noted. With regard to ohain degradation; 

MThe oellulose ohain was degraded to an extent 

roughly corresponding with one glyoos1dio cleavage tor each 

mol of volatile oarbonyl oompound.Noavolatile carbonTl 
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unite were apparently formed without involving degradatIon 

of the oellulose. ft These results strongly suggest that an 

el~ln8tlon mechanism involving cleavage ot the o-a Dond 

was active in the thermal deoomposIt1on of the oellulose 

nitrates. 

http:oellulose.ft


EXPERD!EN'I'AL PROCEDURES. 

A. Analztlcal Llethods 

1. Nltrosen:­

D1tficulty was exper1enoed. 1n anal)"z1ng the 

oxyoellulose nitrate ox1mes by the Kjehld.ahl method be­

cause the samples deflagrated at the beg1nning ot the 

estimation. Nitrate nitrogen was determined by ~lvlng 

and MeKlro)"ts (55) semi-micro mod1f1oat1on ot the duPont 

nitraaeter method. ~otal nitrogen was by the Dumas method 

as desor1bed by Gatterman and Wieland (36) or by the ma­

cro or miero-Kjehldahl methods. The latter, employing 

about 100 mg. or 10 mg. samples, respect1vely, were 

carried out as modif1ed by Gunning (57). Some samples 

of high nitrogen content which ign1ted on contaot with the 

strong sulfuric aoid used 1n digestion, were suocesstully 

analayzed without ignition by drast1c cooling 01' sample 

and ac1d betore m1xing. 

2,Iodine:- . 

The determinat10n ot 1od1ne was by boIl1ng 30 

to 40 mg. samples UDder reflux with 1 g. ot potassium 

hYdrox1de and 25 00. ot water until solution was complete. 

D11ution to 100 cc., neutralIzat10n to phenolphthalein 

w1th 2 B sulfurio acld and the further add1t1on ot a 00. 

or acid tollowed. The iod1de was oxid1zed to iodate by 

10 to 12 drops ot bromine, the excess bromine destroyed 

by excess form1c acid. and tbe aoidifled solution was 

treated with potass1um iodlde. Titration of tbe iodlne 

liberated bv the iodate from the nota8siua 10d14e was' 
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with 0.02 N .odium th1osulfate. 

s s .wethoRl i-

The Tiebook and Schwappach eatiaatlon ror 

htotho:xyl was used .a described by Clark (38). 

A.oetyl was 4etermlned by a new metbo4 '.veloped 

b7 R. W. Lemieux (39) in these laooratories. Thi. method 

4epe.de4 on the oxidation ot tbe sample with ohrom10 acld 

aAG distillation of the acetic acid so tormed. The method 

determine. aoetyl groups and terminal meth,l groups whtoh 

oxidise to acetic actd. 

The welght of 88mple was determined 07 the BA­

tura or the materIal. ror undegraded nitrocellulose. s..­

plea ot 1 to 5 age were weighed iato glaa. stoppered tube. 

and a weighed ~uount of butyl aoeta te added. lor degraded 

materials $a~ples of trom as to 100 mg. were u••d. Atter 

eaoh dete~1natloa ot the relative vlscositl. 

( n rel • n Bolutloa) , in an Ostwald V18­( n solveat ) 

oometer at 25-••02-, the samples were diluted with butyl 

aoetate and the ",18C081t,. measured again. This proo8a8 W•• 

repeated until • beoame constant; 11sp • 11 rel -1 and C 

was concentration per oent. The degree ot polymerlzatlon,D.f. f 
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was oaloulated using Kraemar and Lnnelng'. eon.tan' for 

n1'l"Ocellnloae, D.P. - 21 (~) • 2"10 [Il] 
C-7'O 

where [Il] 1. 'be intr1nsic v1800ait1 (40). 
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B. Ma~erial8 

1. Cellulose Trin1trate:-

Dewaxed cotton linters, thegitt ot the Heroules 

Powder CompanY', were dried over phospb.orous pentoxide and 

were nitrated acoording to Ber1's di'reotlons (41). The 

linters 20. g. were kept ~ersed for two hours at 5- in 

1700 g. of a mixture at phosphorous pentorlde (2~) and 

pure nitr1c aoid (fuming n1trio acid distilled trom con­

oentrated sulfurio soid) (78~). Attar reoovery, the pro­

duot was tamersed tn ~ aqueous ethanol at -14·, waa 

stabiltzed in botling ethanol and was dried under reduced 

pressure over phosphorous pentoxlde all as Ber1 desoribed. 

A 7ield 01' 35 g. with substitution 2.i2 (N, 13.93~) corres­

ponded to 96~ at theory_ Stailer preparations varied In 

nitrogen content tram 13.8 to 14_0~. Intrinsic viscosity 

[aJ- 20. Apparent D.P. • 5400. 

The trinitrate was kept in a dessioator over i < 

! 

phosphorous pentoxide before use and all manipulations 0'1 
this dangerous explos1 ve were lll~ide with great oare to ~"o14 

friotion agaillst glass or In ground glass stoppered r.l1 
! 

ceptacles. 

2. Hldr0Xllamlne from the Hldl"oohlorlde:­
\' 

The method of Hurd and Bro1t1lstein (42) was usee'.
1', 

on a ten-told scale with s11ght ohanges whioh inoreased t~e\~ 
r; 

;y1eld trom 50 to 6~ ot theory. J
1 

'j), 

Metallic 80dlwa 125 g •• was added slowly to 
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1500 cc. of reagent butanol contained in a 5-litre 3­

necked flask fitted with a mechanical stirrer and s8al. 

The reflux condenser was equipped with a soda lime dry­

ing tube. The flask was cooled during addition ot the 

sodium and was afterward eautiously heated under reflux 

for three hours or until all the sodium had dissolved. 

In a 5-litre three necked flask fitted with a 

meohanical stirrer were placed 348 g. ot dry powdered 

~a8tman Kodak Company hydroxylamine hydrochloride. 1 g. 

ot phenolphthalein and 300 00. of butanol. The mixture 

was warmed gently with stirring for ten minutss and the 

hot sodium butoxide solution was then added as rapidly 

as was consistent with an avoidanoeot alkalinity as shown 

by the phenolphthalein indicator. The addition required 

three hours. ~he sodium chloride preoipitated was removed 

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

brine bath overnight. The hydroxylamine which crystallized 

as beautIful white plates was recovered, shaken with three 

eo co. volumes and then with one 300 cc. volume of ether, 

dried in Tacuo and stored at -10-. Yield 105 g. corres· 

ponding to 65~ or theory. 

3. ReaS$nta:-

Eastman Kodak Caapany white label hydrox71amine 

hydrochloride, methoxyamine hydrochloride and methoxyamine 

were used throughout the research. Pyridine, dried over 

barium oxide and distilling in the range 115·-l15.5-, was 



I 
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used throughout. Any use of specially prepared solvents 

1s stated in the text. 
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c. 	Effect ot ffildlne Solut1ons of' HzdroXl18lll1ne and ita 
~vatives on Cellulose TrInltrate 

Comparable exper1ments were set up 1n Which 1 g. 

samples of cellulose nitrate (Nt 13.8%) were separately 

d1ssolved in 25 co. of pyridine containing (a) no other 

reagent, (b) 6 g. ot hydroxylami~e hydroohloride,(o) 5 g. 

of' methoXTamine and (d) 5 g. ot msthoxyamine hydrochloride. 

The solutions were kept at room temperature. 

At daily intervals samples ot each were poured 

into water; the resulting preoipitates were washed with 

water, purified by solution in dioxane and repreolp1tation 

into water and air-dried. Table III summarizes tho yields, 

methoxyl and total nitrogen contents of the precipitates, 

together with approximate relative viscosities of the pyri­

dine solutions just prior to prec1pitation. These viscos­

ities were obtained by noting the times of' discharge of the 

solutions from the same pipet. 

tIthe reaction (b) 1n presence ot hydroxylamine 

hydrochloride was characterized by an initial evolution of 

colourless gas and by the dsyelopment of very- 11ttle colour, 

as compared to the bright yellow or orange observed in re­

action (a). The products changed from short white fibres 

to powders after three days reaction t1me. Nitrogen anal­

yses were difficult because the samples tended to deflag­

rate during the est1mat1ons. No nitrite was found in the 

filtrate tram the samples. 

ithen m.ethoxyamine was present (solution (c) ) 
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little colonr was deVeloped, no gas wae evolved and a high 

'V1se081t1 -"88 retained tor tla'O da79. 'tile produots vere 

laolatad 48 long white tlbriJs and the t11,"'e8 fro1ll tbe 

pl"$clplta'tioBs ~ftve otrong ~7fos1 tlv.!) teats tor nttrite. 

Solution (4). oontaining ta$thOX1Jewlllu hydrochlor14e. also 

remained a~iirly colourlea8 and ylalc1a4 short oream-whlte 

triable tlbr~a 81a11ar to tl.iOae obta1ned 1n (b). The a._ 
Characteristics Wf11'8 observed in n aGre detailed Btudy of 

this reaction, the r0sulta of which are au~rlae4 1n 

~.rabl. IV. The Intrln's1c v18cosl'$7 or eaob sample 'W1j8 4e­

terained. as well as nltrof,"8n andn,uthOl::11 analys6s. It 

wae ~o881ble to obtain \ha product as white fibres up to 

and Includ.ing tne tour day sample. 



•• •• 

•• • • •• 

• • •• • • •• 

• • 

• • 

• • 

• • 

• • 

• • 

• • 

• • 

• • 

• • 

• • 

• • 

• • 

, SGlylitn (l~ 

(a) PJTld1ne alone 

(b) HONK••HCl 

(0) ca.on. 
(d) OR.ODa.BOl 

(a) PJTid1ne alone 

(0) ROHR••BOl 

(0) CHaONH. 

(4) CHaOIm••m:a 

(a) Pyridine alone 

(b) HONHaBCl 

'l'AB!I III 

Properties ot produit8 tomedtrom Cellulo.e 'l'rlnitrate 
in va!'.ous Pltiaine Solutiou 

DaIs at Room TemEerature 

18tUl.~tlQA 1 a 3 4L_ Ii 

n rel (2) 1.1 1 •• ... •• 

2.43 1.91 1.&8 1.66 1.6" 

••-..0 
10.6 

2.36 

2."" 
1.'11 

2.00 

1.35 

1.6'7 

• • 

Y1elds "(3) • • •• 40 ... lIS 

•• '15 '0 

eo 70 

85 

M (5) 12.3 11.9 	 12.0 •• • • 
M (5) 13.8 14.4 	 13.8 14.2,14.9(8) 

14.4,14.8~') •• 
12.'1 13.1 1 .... 0,13.3 '1} •• 13.9* tIl 

6 

1.52 

1.4'1 

" 

1.44 

1.40 

50,73 (") 

'10 

95 (4) 

14.4,14.9(8) 

16.0 (8) 

\..N 
to 

I 



tAB" III '211'-4! 

PrAIIE,te. ot~:i!ii:iif;iifl1ii~oi:Jt:iI'l I£&s\t£!t, 

PMI &, IUa XBmSIt' 

11&9'&& CAl ltl'lMt101 J, II ,I , , I- I --! 


(0) OS.ONS. iN 'I) 12.0 11.8 10.',10.8 •• 10.7 •• 10.8 
tV) 

, 00111 0.8& 1.01 1.,a.1.88 •• a.14 •• 2.80 
tV} 

(4) CHaO NB••BOl 18.1 (t) •• 14.1(10) (11)" (11 •• •• •• •• 
a.l (9) •• 11.9 (10)i·ool' •• •• •• •• 

It'·, 
(1) 'or 4etal1. Bee ten. 
(I) Relatlv. 1'l.00Blt, of lolutloa prior to 1.01atlon or pl"oAuo'.
(3) S7 ..elgbt on 81r-417 ba81a. 

(") Larser-.oale nAS .. 

(5) Kj.h4ahl m.thot. 
(6) Duma. aa'hod. All ••1u•• unGertala awlug to In.'a~111t1 of ...pl••• 

(') Obtained on a duplloat•• independeat prepura'1oa.

(8) The lIoao 02:111. ot a keto- (or 8140-, Gellulose dlai'rat. baa tot.l li, 15.8~. 
(e) AAaly••• oorreepoad to IObstltutioa of 1.'. nltrate groups and 0.69 ••thyl&x~. group•• 
(10)Aaaly••• (tol're'pond to BubatltutloA ot 1.'. n1tI"8'. group. eael 1.01 metbylostlle aroap •• 

(ll)Duaaa nltrocea 14.1' 


(N 
~ 
III 
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Properties or the Reaotion Produot of Cellulose Trlnitrate 


with a Pyridine Solution ot Metho!lam1ne ~drochlorlde. 

D.S. 
f Methl~x1me HltEate 

Time fIL. OORa ill D.P. (a) 01'0112- GroU2!-
24 hr•• 13.2 1.8' 1.94 521') 0.1'1 .2.45 

60 hra. 13.2 4.7 0.59 160 0.41 2.1;4 

4 da,. 13.4 7.1 0.38 100 0.61 1.9B 

5 clay 13.1 8.1 0.68 1.72 

'1 day 14.0 11.2 1.00 1.68 
14.1 11.7 0.9'1 1.70 

12 day 14.0 11.8 0.18 49 1.01 1.'10 

(a) D.P. • 2'10 (n) 

" 



- oil ­

D. O.'lulO•• Dlnltrate 

1. Prepatatlon:-

Hydroxylamine, 100 g. was dissolved in 660 00. 

ot dry pyridine. The solution was added to ~O g. ot drT 

cellulose nitrate, 13.9~ N. conte.lned in a a-litre flask. 

A white opaque gel formed and large Tolumes ot oolourles. 

gas .ere eTolved. The reaotion mixture waa oooled during 

the exothermic reaction until the gas evolution slackened. 

after which the very viscous pale yellow solution, stll1 

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

The visoosity of the solution slowly decreased. After 

seventy-six hours the yellow solutIon, still viscous, was 

slowly poured into 3-11tres ot meohanically stirred d1s­

tilled water. thus precipitating the nitrooellulose 8S 

strong white fibres. The fibres were washed with large 

volum.es ot dist111ed water end lipread out to air dry. 

Atter twelve hours they stl1l smelled strongly of pyridine. 

They were 1'8d1s801ved. 1n 1-11tre of 1:1 dioxane-aoetone 

and repreoipitated into 6-1itres of distilled water. The 

long white fibres were recovered, wsshedwell with d1st111ed 

water and spread out to dry in tbe air.Complete drying was 

first over anhydrous oaloium ohloride and then over phos­

pborous pentoxlde under reduoed pressure. Yield 24 g. or 

98~ based on tbe nl trogen oontent Cll\.l -1.17 on 8. produot 

renitreted to 13.1~ N by Berlts m~thod (41). 

Anal. Calcd. for oellulose with 1.68 nitrate and 0.08 

http:volum.es
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oxime groups per glucose unit: N 10.43; nitrate N~ 9.95. 

Found N, 10.47, 10.40, (maaro-kjehldahl); 9,95, 9.94 nitro­

meter~. Oxime nitrogen by difference 0.48%. 

Apparently identical products were obtained after 

reaction times ot eleven and twenty four hours. The pro­

duct described under 0, using methoxyamine instead of 

hydroxylamine appeared to be 1dentical except for a small 

amount of methyl oxime instead ot unsubst1tuted oxime. The 

procedure fa1led when cellosolve was.-ub.ati tuted for pyri­

dine, the product retaining 13.5% nitrate nitrogen when 

carried out at room temperature•. Htnrt~ at steam bath 

temperature for one half hour -after keeping tor two days 

at room temperature also yielded substant1ally unchanged 

trinitrate. Found, n1trate N. 12.6~. The "din1trate" 

dissolved readily in acetone-diox~e (1.1), ~yridlne~ 

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

less ease in dioxane, acetone and glacial acetic acid. 

I. Stabil.ity of tIle "Dln1tj£ate" in PzFldlne:­

One-half gram was dissolved in 10 cc. of dry 

purified pyridine and the mixture was shaken mechan1cally 

tor eighteen hours. The slightly yellow sOltltion was 

poured into water and the white fibres obta1ned were re­

precipitated fram dioxane solution into water. The yield 

of white fibres was quantitative. As!!. Found, (macro­

kJehldahl) 9.ge. 10.01%. Nitrogen content of the orig1nal 

dinitrate (10.43%), had therefore been little affected by 
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the pyridine treatment. 

In a ?lr1dine solution of BldroXllamine:­

Cellulose dinitrate (Nitrate N. 10.~) 1 g., 

was d1ssolved in 50 cc. ot pyridine oontaining 2 g. ot 

hydroxylamine. After three days at room temperature, the 

solution was poured into water and the product recovered 

as long white fibres which were purified by reprecip'it8t­

ion trom dioxane-aoetone (1:1) solution into water. Anal.-
Found N, 10.1% (nitrometer). The SUbstance therefore re­

tained the original nitrate content of 9.95% in the re­

action medium in which it was formed. 

In Sulfuric Aoid:­

Two grams were dissolved in 90 00. ot 1:1:1 

dioxane-ethanol-acetone. Ten co. ot a l~ aqueous solu­

tion ot sulfurio acid in 10 oc. ot acetone were added 

and the mixture was allowed to stand tor thirty six hours. 

The nitrooellulose was reoovered as white fibres when 

purified as before. !B!!. Found N. 1~ (macro-kjeldahl). 

In Aoidio £lruvic Aoid:­

l.three grams were dissolved in 100 cc. of' glaoial 

aoetic acid; 5 co. of pyruvic acid and 5 00. of conoentrated 

hydrochloric acid dissolved 1n 10 aa. ot dioxane were added 

to the acet1c acid solution. After remaining at room 

temperature for six days, the mixture was precipitated 

into water. The fibrous product was reprecipitated from 

ethanol-dioxane as oream-white fibres. the colour probably 



- 44 ­

belng d~rived from the pyruvio aoid. ~. Found N. 9.56, 

9.50 (maoro-kjehldahl), 9.18, 9.23% (nitrometer). Sinoe 

the analyses oorresponded to substitutions ot 1.60 tor ni­

trate and 0.05 for oxime groups, the latter were equa1lrl 

stable to nitrate groups under oonditions whioh might haye 

hydrolysed oxtmes preferentially. 

In a alidina Sgl!,ltlon ot !1athogam.lne HI4roohlof14e:­

The expertment desoribed under C (d) was oarried 

out on the "dlnltrateK • Arter nlne da18 standtng at room 

temperature, the nitrooellulose was reoovered as long white 

fibres, apparently unohanged. !!!!l- Found OCB., 1.01, O.99~. 

Therefore the dinitrate was stable under oonditions whioh 

remove one nitrate group and introduoe one methylo:x:1me group 

in the trinltrate. 

Under other Ox~at1as Condltlons:­

One gram ot oellulose "dlnitrste" was dissolve4 

in a mixtl1re of 85 00. of ethanol and 50 co. of dioxane. A 

solution of 2.3 g. ot methoxyaruine hydroohloride in 13 co. 

of water buffered to pH 5.3 with potaSSium. hydroxidewas 

diluted with 25 00. of ethanol and added to the nitro­

cellulose solution. The mixture was allowed to stand two 

and one-half days at room temperature and W88 then poured 

lnto water. The whltefibres so obtained were repreclplt­

ated from ethanol-dioxane solution into water and reoovered 

in a fluffy white state and in quantitative y1eld.~. 

Found N, 10.25, lO.24~ (maoro-Kjehldahl). No oxtRa group 
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'I'he .%perim~nt "utt r~pf'Jetl':·d et pH 3.5 tor three 

aad one-halt days 'WI th 8.pp~lr$.o.tly the same results 8. be­

tore. !S!l. '00n.4 NJ 9.~. 

Cel1~lo~e "dln!trf1te" Cl.5 g. WtlS <118801....d in 

25 00. of ethanol end ~5 cu. or ether oontaining 1.5 g. ot 

metboxyulne h1droohlorlde. The eth",r was dlst1.11ed oft 

unt1l the boIling palut ot the solution wits 60·. fte solu­

tioll WfiS th~Ul botled under reflu". for tour bours. 1&o1'e 

ether W68 8110wed tlJ d1.etlll sud the boll1ng continued 

under reflux tor an additional hour at '5-. The n1tro· 

oellulose WflS rooovel"ed and purified 'IU' .hite fibreth ,~al. 

Calc. tor c.llulO~f\ ftdtnltrate'" .1.ono-meth11oxb~. OCHa 

11.S:.',FoUl14, OeHa O.94~. 

The ta11'f,lre to reaot appreoiably under eny ot the 

abov8 oondIt1ollS indtoated the ebsence ot eld.eh1d10 or 

ketonio euruonyl groups. 

s. IocUnstl0,X\ 2[ 'lie "D&iltrat!'" 

Tha eelluloee d1nltrate, 1.0 g. was dissolved 

in 36 00. ot &oetoue. Dioxane, 10 00. with 7 s. or sodium 

iodide and & 00. of allyl elooilol (to re!llove the fr•• io· 

41ll. tn6t 'fUll} (onJ.ed), was added to the mi,.-ture and the re­

aul t1D8 solution W88 heated in G steellJomb 8.t 100· to:r: 

eishteen hours. The olear dart; I':E·lutiQ.a lilt; ieh result., u. 

potJred into ,n'ter and th$ gelatiuous precipitate W6.S washe' 

tree or 1041de. The produot He obtained .s a hard brittle 
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gra., brown powder insoluble 1.ll 8C1etone and dioxane. Tielcl 

1.0 g. or 8;'~ Gelled on tbe arw.lyses.. M8l.- Ce.lcd. tor eellu­

loa. with 5uustltutlou$ of 0.8 tor iod1ne and 0.5 tor nitrate, 

I , 35.6, N 2.42, .!;'O¥..tilu, :,5.8. 35.2; Nt (MtCl'okJebld.ahl) 

2.43, 2.41%r. 

t. ,P!I&trat1on ,of t.,he -D1!J.trat.- :Bednot&!_ Acetll;-SlOl'lS­

Cellulos9 dln1trate, Ji ll.~ iirepared 01 the alter­

nfttl~••,Athesis {C. (0», 0.5 a•• wsa di8solved 1. 4 00. ot 

acetic s.ah74rlde and 0.5 co. or trimethylamine. Oae Sram of 

powdered zino W68 add*d. H~atlng on the .~.am bath and the 

edd1t1ult or ;u.::ll'ft z,inc were requIred to reduoe the J11trate 

groups completely as ItuHcated oy the dlpb@tqlamlne t.at 

tor 111trate. Tbe solution De tlltered and tbe residue ot 

zinc sal t .xtraot~d wi tb aoetone. Tbe ooab1AtHt 8010.101011 11114 

e%traa'~h.n poured into water ylelde4 • brown pre01pitate. 

The £'11'Oduct waa repl't!o1pl tttted troll .oetoM into water. 

Yield 0.5 ,. A.~. !'lUn4, Aoetyl, 40~ eorreapon41Dg to 

all eoet11 !Substitution of 2.52. Deer.dation W.B seyere. 

5Epnluu P21luult1dm Dftn~t:r&tiolu-

lee oold ::> U ar:aonltu1l hl4roxlde 11'88 se.turated wItb 

washed hydl'ogen sulf1de gas. The resultlDg 801ut1oA, 3.25 1'{ 

wi th r ••pect to s'l11"i de W;fUi stored in II .ell stoppered 

brown bottle et 5°. 

Cellulose ·Dlnltr8te~, a g., W.8 shaken with 280 co. 

ot the ammonium pol,tJ11lt1de solution ~nd 40 oCt. Qr ethanol 

tor two 4ays at roOtl tamperature. 'l'bo pro4uot was recoMre' 
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waahed w1 th water. etl!anol, carbon bisulfide, acetone and 

air dried. The pule yellow fibres weighed 5.3 g•• corres­

ponding to 98% ot theory. ~. Calcd. for cellulose with 

a subst1tution of 0.0"1 for s\tl.furl 8. 1.36. li'ound,S 1.36, 

N 0.66';. 

1. 111tr8tion;­

Cellulose "Dlnltrate". 1 g., was renitroted by 

Berl'. method (41) tor one and one halt hours at 5-. The 

product was reoovered, washed w1th large Tolumes of ice­

oold 1:1 ethanol-water, dlssolved ln acetone and precipi­

tated into water. The fibre. were re418801Y8d in acetone 

and agaln preelpltated lnto water. The product was 180­

laied 88 .err white, fluffy. highly charged fibre. which 

were lnsoluble in dioxane and ver.r soluble 1n acetone, 

An!!. CalOd. tor oellulose with a suhstitut10n ot 2.62 

nitrate groups, N, L~.lf Found, Nt 13.1, l3.~. 

The experiment was repeated on the product de8­

oribed UDder D a trom acid pyruvio aoid. with similar re­

aul ta. flail- Found. N, 13.15, 13.1_ en). 1.17 apparent 

degre. of po~rlza'lon 320. 

The produot at araonium poly-sulfide denltratl011 

(D 4), 0.3 6. was nitrated and stabilized as described 

above. A9Il. Cale4. tor celluloso with a substitution ot 

a.e, Nt 13.8, Found N,(nitromater) 13.~;. 

!. 1\0.'1185199 R' Celtulo!. "l(lnltrate" 

Cellulose "41n1trat8", 1 8- wa. di.nolved 1n 5 OC. 
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of dry pyridine and 25 00. of aoetio a.nh7dride. Atter 

twenty four hours the solution was poured onto lce. and 

the produot recovered. It ~as repreotp1tated twice fraa 

aoetone (~S long white fibres. rrheae fibres were insoluble 

in butyl acetete 8nd dioyane and vary soluble in aoetone. 

In oontrast, the dinitrate was ~oluble in all three s01­

vents a.lthough only slightly so in eoetone. ~. Caled. 

for oellulose 1'1ith substitutions of 1.68 for nitrate, 0.08 

for oxime and 1.0 for s"oetate, N 8.8%. FOU!ld, N. (m,10ro­

~jehld8hl) 8.99. 8.85~ • 

. 7 • Aiethylatlon of Cellulose "Dinl trate" • 

Attempted Methylation w1th Diazometb:ane:­

Cellulose d1ni trl'ite,.l g., was dtssol ved in 00 00. 

of pure dioxane and 25 00. of an ether solution of d1azomethane 

(4 g. in 150 co.) was added. The ulxture wss kept at 0-5­

for one week. Some pressure developed in the flask. Then 

an additional 20 eo. of the dis.zom.ethane solution snd 2 co • 

of water catalyst in 5 oc. of dioxane were added and the 

mixturo allowed to st~nd an addItional two days. The re­

action was stopped by the oareful addition of acetic acid 

and the solution poured 1nto water. The produot was puri­

fied by repreotp1tation trom dioxane into water, and ob­

ta1Iled 8S long white fibres. Yield 1 g. Anal. Found,-
OCRa. 0.5%. This possibly oorresponds to methylation 01' 

the small amount of oxime group8. 

Methzlat10n wtth Mathll f;~lfate:.-

A solution of 0.8 g. of cellulose ftd1nltrsteft 

1n 30 cc. of pure d10xane was shaken with 5 cc. of 41­



methyl sulfate and 5 cc. of 3Q%,sod1um hydroxide for 

twenty tour hours. No colour developed. The m1xtu~ 

was poured into water and the methylated nitrocellulose 

was recovered as a wh1te flocculent precip1tate. When 

precipitated from 5% solution 1n acetone, the product was 

obtained as brittle white fibres. Yield 0.' g. Anal. 

Calcd. for cellulose with subst1tutions of 1.'2 for ni­

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

per glucose unit N, 9.5, OCE!, 12.2 Found, N, (Micro­

kjehldahl) 9.54, 9,46; OOBi , 12.29, 12.29%. 

The preparation was carried out on a large 

scale with similar results; 5.'5 g. of cellulose "dinltrate" 

yielded 4.8 g. of methylated product. Anal. Oalod. for-
oellulose with substitutlons of 1.83 for nitrate (all ni­

trogen oalod. as nltrate) and 0.97 for methoxyl, N, 9.9, 

OCH3 , 11,7, Found, N, 9.91, 9~97. OCH3 , 11.7%. 

~, Den1trat1Qn or tae Met~l C.llplgse Din1trate:­

tal Ami0n1um ,sulf1de ptnltratlon:­

Methyl oellulose "dinitrate" (Nt 9.9%, OCH~, 

11.7%), 4 g., was den1trated by the procedure previously 

described '-'.), The product was hlghly swollen and al­

most gelatinous. It was recovered, washed wlth water and 

aloohol, dried tl~ough methanol-benzene and heated under 

reflux tor twelve hours w1th carbon bisulf1de to remove 

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

or 35% of the theoretical amount. Anal. Calcd. for eellu­-
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lose with substitutions of 1.0 tor methoxyl and O.~ tor 

nitrate. OOH3 • 14.~; N, 5.1, Found, OCR3 , 14.2, 14.7, 14.1, 

14.', N, 4.95, 5.32~. Tbe analyses were difficult and 

good cbecks were not obtained. It was inferred that the 

substanoe was a mixture of tully denitrated material and 

the original substance. 

(b) Attempted ij';[drosenolysis:­

An attempt was made to apply a recently des­

cribed procedure for the bydrogenolysis of sugar nltrates 

(49) to the methyl oellulose d1nitrate. 

A solut1on of 0.5 g. of palladium chloride in 

l-litre of solut10n was acidified With 5 oc. of ooncentrated 

hydrochlor1c acid, beated to 60· and neutralized to pH 7 

witb sodium barbonate solution. After adding 20 g. of 

freshly precipitated cal01um oarbonate, the palladium was 

reduoed to the metallio state by boiling the st1rred sus­

pension for five minutes with 40 co. of formal1n. The 

blaok prec1p1tate was colleoted on a filter, washed w1th 

distilled water until free of chloride ion and dried over 

caloium chloride Jl!. _v_a~cu.;:;o_. 

Methylated cellulose "dinltrate". 0.5 g., dis­

solved in 70 00. of dioxane and 30 00. ot butyl acetate, 

was hydrogenated over 2.6 g, of the palladium-caloium car­

bonate oatalyst in a Parr high pr.]'ssuT.'t:" hydrogenation 

apparatus. The oonditions used were 1000 p.s.1. hydrogen 

pressure at room temperature for one and one balf hours. 
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The product was recovered unchanged. Reduotion ot sugar 

nitrates was oomplete in ten minutes aocording to the 

reterenoe cited. 

9. 	peri~date Oxidation pt Partialll Denitrated Methyl 
Qe!±~Xose Nitrate (o~a) 

Separate 25 mg. samples were swollen by standing 

overn1ght with 5 cc. ot 4% sodium hydroxIde. The mixtures 

were then neutralIzed with N hydroohloric aoid and 5 00. 

ot 0.1 normal periodic aoid solution, buttered to pH 4.0. 

was added to each. Reagent blanks, identical exoept for 

the absence ot the SUl.p l~ ,were prepared" At intervals tone 

ot the mixtures was analyzed tor remaIning periodic acid 

by neutralization w1th solid sodium bioarbonate tollowed 

by the addition ot exaotly 20 co. ot 0.05 N arsenite solu­

tlon and 0.2 g. ot potaSSium iodide. Atter standing flt­

teen minutes, the solutions were tItrated with 0.0255 If 

iodine solutIon, using a staroh indicator. The difterence 

in titre between the reaction mixture and the blank was 

equ1valent to the per10d10 ac1d oonsURed. Norhlsl 1od1ne 

solution was equIvalent one half molar periodIc acid 

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

Oxidation or Partially Denltrated Methylated Cellulo•• 


D1nltrate with peri~date(a) 


!Ja! oc. O.O!25HIa sample Vlt. 
Molef 1110,

mole or gucoa. units 

2.5 hra. 0.60 0.02186 0.05 

5.0 hra. 0.'10 0.02461 0.05 

24 hra. 0.91 0.02593 0.06 

50 hra. 1.24 0.022'13 0.09 

(a) About 0.03 N and at pH 4. 

The results ('fable V) suggested that not more 

than 0.09 and probably not more than 0.06 mole ot completely 

unsubstituted 2,3-g1ucose units remained in the metbylated 

cellulose nitrate sample. 

amille: ­

(a) A solution containing 5 g. ot bydroxrlam1ne in 50 oc. 

ot dry pyridine was run fram a dropping funnel into a flask 

containing 2.0 g. of cellulose nitrate, N, l3.9~. While 

the amine solution was being introduoed, the three way 

stopoook conneoting the flask to the gas buret was open 

to the atmosphere. The stopoock was then turned to connect 

the buret, which was tilled with mercury and equipped with 

a leveling bulb. The rate of evolution ot the oolourless 

gaa is giyen in fable VI and Fig. 1. The results are pre­

cise to 2~. 
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Atter eleyen hours the reaction mixture was 

poured into water and the white fibres were washed tree 

at pyridine, dried and purified by repreolpitatioa trom 

dioxane-aoetone as desoribed before. Anal. 08104. tor-
oellulos. with distributIons of 1."10 tor nitrate aad 0.08 

tor oxime groups, N, (total, maoro-Kjehldahl) 10.55, N, 

(nItrate, nItrometer) lO.O~, Found, Total N, 10.60. 10.52, 

Nitrate N, 10.09, lO.oa~. 
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TABLE VI 


Rate ot Ga. Evolutloa trom IEln&$late 1a 


Fxrld1ne-Hydro!llamlne at 2p~" 


Tia. oe. gaa evolved {ll-
20' !8 

55' 105 

1:15 11i 

1:45 133 

2:00 138 

4:30 163 

5:00 166 

5:30 168 

6:00 169 

6:40 1'2 

11:00 183 

(1) at 25- and '50 DUa. 

}l0tes 6a• 
mole ot l1100.e gnits (tU 

0.16 

0.60 

0.68 

0.'16 

0." 

0.94 

0.95 

0.96 

0.9' 

0.99 

1.05 

(2) Carr. tor Tapor pressure ot 20 mil. otl pyridine 
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The analysis ot the gas was pertormed usina a 

standard Oreat apparatus (43) equipped with pipets coa­

taining 3~ potassium hydroxide. 2~ pyrogallol. 4~ pot-, 

assium hydroxide and 6~ water; and ammonIacal caprou. 

ohlor1de tor the absorpt1on of carbon d10x1de.0X7gen and 

carbon monoxide respectively. The gas was evolved 1n an 

apparatus as shown 1n Ftgs. 2 and 3. The cellulose tr1­

n1trate, 3 g •• was plaoed in the reaction bulti (A) through 

the bottom opening whicb was then conneoted to the level­

ing bulb containing meroury_ The bulb was then t1lled 

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

air trapped in the tl'bres, after whioh the stopcook W8S 

olosed. A solution of 6 g. of hydroxylamine 1n 75 co. of 

pyr1d1ne was run into the bulb trom the cup. Two hundred 

and forty cc. of gas. or 1.00 moles per gluoose unit were 

evolved in thirteen hours. The bulb was then connected 

to the Orsat apparatus and a sample ot gas taken and ana­

lyzed. Found, OOa, 0.0, 0.0; 0•• 0.1, 0.2; CO, 0.', 0.&. 

Residual ges, 99.2, 99.2~41 The gas was therefore n1trogen 

or a similar inert oompound. 

(0) Density of the Gal 

The apparatus used 1s shown 1n Fig. S. The gaa 

was generated as above. The rest of the ."stem was ewe· 

nated. The gas from the reaction bulb (A.) was then ad­
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mitted slowly to the eyaouated system. Atter all pyridIne 

yapor had condensed in the dry 10e aoetone cooled trap (B). 

the stopoocks to and oAthe densIty bulb (e) were 0108e4 

and the denslt7 bulb removed and we1ghed. The we1ght 0'1 gas, 

0.1260 g., in the known volume, (159 oc.), ot the 4enslty 

bulb, the pressure trom the. constant volume maD.oaeter (52" mm.) 

and the temperature (25·0) were observed. SubstItution 1n . 

the formula PV -+ wr theD. gaye the molecular ..eIght of the 

gas aa 

u • 0.126 I o.08aA f 298 x 760 • 28.!SI4%.8 

A 4uplioateexperlllent gave a value 14 • 28.6. Sin•• the 

gaa was not oarbon monoxIde (••28) and was not oondensable 

In liquId all' trap (D)~ It was cona1dered to be n1trogen. 
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I. Cellulose Dln1trate Ox~. 

1. Pre2ara'lon:­

A solutlon ot 60 g. ot hydroXTlam.l118 hydro­

chloride 1n 250 00. ot dry pyridine W8S added to 10 g. 

ot oellulose nitrate (N, 13.9~) in agla.s stoppered 

flask. '!'he solutton was kept at 25- and tbe stopper w•• 

loosened frequently durIng the tirst day ot reaction in 

order to relieve the pressure that 'developed. Atter tour 

d&y8 the solution was poured Into water and the nitro­

oellulose derivatlve separated as a yellow gum. The gum 

lnlUS dlssolved In dloxane and raprealpltated into water as 

short cream coloured fibres. Upon drylng, the fibres were 

easl1y powdered. Yleld" .35 g. or 8~ based on the analysls. 

The substance could not be analyzed by the Kjebldabl method 

because It detlagrated on contaot even wlth strongly cooled 

sulturic acid. Anal. Caled. tor cellulose wltb substltutions-
ot 1.7 tor nitrate and 1.0 tor ox~e groups, H, 15.0; 

Found, N (Dunnas) 15.0, 15.~. The substanoe was soluble 

in dioxane, aoetone. ethanol. aoetlc aCid, but71 acetat. 

and aoet10 anhydride •. 

2. Den\tratloa8:­

Bedgot1". Aoetylatloa:­

The oellulose nitrate oxtme, 1 g.1 was reduot­

lvelT aoetylated as described betore CD.4). Yleld 0.85 g. 

or 'l~ of theory. ot brown powder. nitrate tree by the di­

phenylamlne test. Anal. Calcd. tor oellulose.wltb snbstl­-
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tutiOl1S at 2.0 for acetyl and 1.0 for aoetyl oxime, N, 

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

AttemRted Denltratlon wlth Ammonium PolY8ulf14ei­

The oellulose nitrate oxime, 2 g., .was Aenitrated 

with ammonium poly.ulticle solution 8S desoribed betore (D.4). 

Within two minutes the substanoe dissolved to give a clear 

orange solution which darkened on8t8n4tns_ It was the~­

tore not oonsidered worthwh11e to tnvestigate the reaotlon 

further. 

3. Charaoterization of the Ga. Evolve' trii Cellulose
trialtra', an!! mltilne-BiSioiil-lne _€oo§iorIM'-

Ca! iua11tat1ve 188t8:­

The gas was generated by the reaotion betw••n 

2g. ot oellulose nitrate, (13.~ N) and a solution at 10 g. 

of hydroXflamine hydroohlor1de 1n 50 00. ot pyridine. The 

apparatus used WS8 described under D.10(b} and in 1'18- 2. 

Produotion of the gas was muoh slower than in the corres­

ponding react10n with hydroXflamine 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 cambustion 

of a glowiag spliAt whioh burst into flame. This test in­

(lieated the probable presence of oxygen or nitrous oxide. 

Another sample was taken in an evaouated bulb to which a 

8tmilar volume of nitrio oxide was admitted. The gas be­

came only slightly 1ellow, the depth of the colour being 
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very little camparedto that produced by air and nitric 

ox1de. It was inferred that the gas was mostly or ell ­

tirel, n1trous ox1de. 

(b) Orea' Gas &n&11si8:­

A suitable volume of gas was generated for 

analysts ill the Orsat apparatus as desoribe' under D.IO(b} •. 

The gas was somewhat soluble in all Oreat reagents indic­

ating nitrons ox1de. A pipet containing alcohol was in­

stalled in the apparatus and the gas was ,e~ soluble under 

the conditions used. A stni18r volume of oommercial ni ­

trous oxide was 9~ soluble in alcohol. It was conoluded 

·'that 	the gas was a mixture of a.bout 85~ nitrous oxide and 

lS% nitrogen. 

io)Molecular lelUt ot the GaSl­

~he determinations ot molecular weigbt were per­

to~ed 8S described ullder n.10(o). The density bulb, 

volume 159 cc_, oontained 0.2058 g. of the gas at 25- and 

582 mm. pressure. AS betore, the relatloDahlp • • ;tT 
gave 41.4 as the moleou1ar weight ot the gas. Calculated 

for 85~ nitrous oxide (M • 44) and 15~ n1trogen (K • 28). 

41.6. 

The gas was about 8~ oondensable 1a the 11quid 

a1r trap (D Fig. 3) to a white 801id. The 4ensity ot the 

oondensed gas was determined, on evaporatIon 1nto an evao­

uated density bulb. The value obtained, M, 43.' was olose 



- 63 ­

to that of nitrous oxide. 
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F. 	Cel1910se ffDinltrate- O-methlloxtme 

1. 	~r!para'1on:-

Cellulose n1trate (Nt l3.9~), 9.5 g. was allowed 

to reaot for ~ev.n days at 25- w1th 25Q ec. ot pyrid1ne 
.~e" 

oontaining 60 g. of methoxyamine hydroohloride. The yellow 

solution weB poured into watert trom Which the nitrocellu­

lose derivative sepa.rated as 8 oream ooloured tloccu1ent 

preoipitate. The preoipitate was recovered, washed well 

911 th d1sti11ed water and p'lrlfled by repreolpl tat lon from 

dioxane. Yield, 8.5 g. or 95% of the theoretioal amount 

based on the analysis. AAa&* Calcd. for cellulose with 

substltutJOllS of 1.68 f'or nitrate and 1.00 for methyl 

oxta. groups, N 14.1; OCHa, 11.7; Found. H, (mnorokjehldah1) 

14ul. 14.1; (Dumas) 14.2; OCHih 11.66, 11.'15%. 

A simIlar preparation yielded a product oontaining 

1.'10 nitrate groups and 0.9'1 methyl oxime groups per gluoo•• 

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

and butyl aoetate. 

2. 	A~t.mRt'd SeleotiVI Hldrollsis of the Metblloj!\1mtt
" InltrataW,. 

A 1 8. sample was shaken with 25 co. or H phos­

phoria eaid'f'or two daY'S at room temperature. The sample 

was recovered, washed with water and purified 01 solution 

in dioxane and preoipitation into water. Found, OCBa, 

12.0. 12.0%, sho.lug no removal ot methy10xima units trom 
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A 1 g. sample was dissolved In 20 co. ot dioxane 

001\, .. 10106 0.6 co. ot conoentr~Jte4 hydroohlorl0 ac14. After 

OM bour at rooa to:eiper~~ture the ml:xt"re was :;ioure" Into 

wat.x- and. the preoipitate purltled by '1"apreclpltatlon trom 

41o:ttane Into water. Found, OCi:l3 , 10.5, lO.~. In thia 

etuu. a alli?h' amount ot: 4...!Ut:J'tbyloxlmat1on ocourred. 

On8 gram ot the a.tbox1M flc11nltrat." was dla­

801••d in 15 00. ot 410"1\11. and 2 00. of 95;1~ phoepho~10 

aold 1ft 4 eo. or 'f;'t} tor WftS 64\.1.84.· Arter 81ghteen hour. 

tlW 8ubstanoe _s pr801pltnted and :;Jurli184 a& before. 

round, 0083 D6arq uncuang.A at 11.&'(. 'I'bese updrlunt. 

lUke 1t olear that th8 ~'byloxl_ group was d1trlcul' 

to b7drolyse. 

I. 	12S&QI~lQs (iI): ­
The oxycellul08e "41nltrat8" .~'h11ox1m8. 0.8 g_, 

wee d1.801v8d in 10 co. or eoe,one and the solut1on was 

1l$ate4 w1\h 5 S. ot soeliu 10414e In a ateel bomb at 100· 

toJ!.' two hour-a. The 80114 rosldue wos red18PoiYe4 in 100 00. 

ot aoetone w1 til 10 6- ot sodium 1041de anl1 10 00. Of allyl 

aloOhQ~ Whioh was lnolu4ed to ramo.. the tree iodine that 

_8 I01"m04. ,,,ttar beIng heft tet1, 1n t118 'boab tor I'Jlxt••n 

hour. at 100·, the ol~:t,f1r dnrk solut10n was evaportr'.d to 

10 .0. and poured into water. Tt4e brown, ~OWderr pre­

olpS. tat. wae "a.bed \';1 th heuen. to remOTe any al111 a1­

http:64\.1.84
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cohol and lias purifIed b7 solution tn oloxaaa and r .... 

precipitation Into water. Tbe dr7 powder, 0.45 g+l ••• 

still browa in Dolour ~Uld aeell)ed hlghl, dearede4. AUl. 

Calod. for 0611010•• witb BubstltutioWl ot 0.40 tor IodiDe, 

0.78 tor In;(ltbylox1me and 0.95 tor nitrete 6ro:,~'p., I, 18.3; 

OClls. a.s; li, S.S;louncS, I, lH.3; O;;H;), a.82, 8.75, A. 

(mloro-Kjehldahl) 8.77, 8.99~. 

4. ~!t~1et!4 Den1'lettlA with ~9a'9S P01I,ultll!2­

Dellitration with ttmmonltm po178ultlde ... att••,., 

a8 desoribed tor the o~11ulo8e nitrete ox1ae ('1.2) with 

Identical result. exoept th&' cOILpie'e solution ocourrect 

la two hour. ruther than wIthin t.ominutee. The product 

was soluble ia water and aloohol and oould not be convenlentl,. 

laol.'.d. ~1ao. 1t was .ssURed that exteaslve degra48tlon 

bad oOGurred, the reaotion was not investigated further. 
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G. Resume of ERerlments Oll DeOOBLRosition of Cellulose 
Nitrates 	wit Sodium Suifite aad PotassIum Cyanid.


soiutions. 


Celtulose Trinitrate and A9ueou~ Sodium Sulflte: ­

Four grams of cellulose nItrate, Nt 13.~ was 

dissolved In 500 ec. ot ~ethyl Cellosolve". A solutioR 

ot 2.5 g. of sodium sulfite and 2.5 g. of sodium b1sulfite 

in 100 00. of water 	was poured slowly into the meohanically 

stirred nitrate soluttonwhich was meantime heated on the 

steam bath. The heterogeaeous mixture was heated for ODe 

hour, after whioh 100 co. of water was added and the now 

homogeneous solution beoame pale yellow. After a further 

two hours heating the solution was poured into two li~ee. 

of' distilled water in which the cellulose nitrate preclpi:'" 

tated as a fine white flocculent material. The preoipitate 

was f1ltered. dried and repreoipitated from aoetone SO~l1t­

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

Yield, 2.5 g. or about 60% of theory. Found. N, 12.'~ or 

2.48 nitrate groups 	per gluoose unit. 

In a sim1lar experiment 8.5 g. of oellulo•• 

nitrate (N, 15.9~) was dlsso1ved 1n 1 litre of "Math11 

Cellosolve" and a solution of 8 g. of sod1um sultite and 

4 g. of sodium.b1sulfite in 550 00. of 1:1 "Oe110s01"'8"­

water was poured into the st1rred and heated nitrate sol­

ution. The system became slightly heterogeneous at tirst 

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

beoame olear. The produot was isolated 8.S before. Yield, 

3 g. of short white fibres. Found, N, 12.5~. One graa 
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of this substance was renitrated with a 2~ phoaphoroua 

pentox1de - '5~ n1trio acid nitration mixture. The pro­

duct was stabilized in aqueous ethanol and repreclpltated 

from soetone into water. The nitrogen content was 13.3~ 

~lthough the nitration conditions used produoed nitrates 

of N. 13.9 to l4.0~ from cotton. The cause of this dis­

crepancy was not determined. 

C_blules. Nitrate and Solgtions ot Potassium Clan1A.;­

pyro powder (12.58~1 in ethanol-ethe[-water:­

A large excess of potassiunl cyaJ+tde. 1 g •• d1s­

solved in aqueous ethanol-ether buftered to pH 10.5 or 11.5­

11.6 with potassium acetate, was added to l~ solutions ot 

pyropowder in ethanol-ether (70:30). The mixtures were 

chosen to keep the system homogeneous. At various inter­

vals of t1me, aliquots were removed and analyzed tor oyanide 

by dropping into 3~ sulfur10 aoid through wbich steam was 

passed. The distillate was collected i~ ammonium h7drO%ide 

solution and was titrated with silver nitrate using pot­

assium iod1de as a preoipitcrtton indioator. This anal,.­

tical method reoovered more than 99% ot the cyanide 1n a 

r~agent blank. The d1tterence in tItre between the reagent 

blank and the aliquot was taken as the measure ot oyanide 

consumed by react ion wi th carbonyl groups produoed in the 

oellulose nitrate. The results are graphioally 1llustrated 

in rig. 4. The reaotion mixtures became yellow on stand­

1ng but a large part of the oellulose derivative preoipi­

tated on ao1d1f1oatioll. DegradatIon was probabl,. not too 
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extensive but the extensive degradat1oD. observed in "he 

more t&portant reaotion with oellulose trlnltrate oaused 

the disoontlnuanoe ot further investigation. 

Oel1S10B8 	'1'riDltrate 111 "IIethzl 0811080&...e- SolutloIU-

TO a sol~tlon ot o.a g. of cellu1os8 nitrate 

(B. 14.0~) in 200 00. of methyl oell0801vewas added 

0.5 g. of potassium cyanide in 50 co. of 2~ aqueous 

oellosolve. The high viscosity of the nitrate solution 

decreased ~edlately on the addition of the oyanide sol­

ution and the mixture beoame intensely yellow orange. Very 

l1ttle material preoipitated trom the aotdlf1ed solution 

after two days reaotion. The product ot oyanohydrin syn­

thesis on oxycellulose is preCipitated in aqueous acid (eO). 

The distillation method of analysis was inapplI­

oable to "cello.olve" solutions, probably because it de­

pended on rapid bol1ing so that hydrolysis ot the oyanide 

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

tore aliquots were titrated direotly, w1thsome unoertainty 

in the end point. The maximum oonsumption ot cyanide was 

about 0.65 moles ot oysnide- per gluoose unit in twenty tour 

hours ot reaction at roam temperature. Further lengthening 

ot the reaotion period led to little increase in the oyanide 

utIlIzed. 
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DISOUSSION OF RE8U~S 

-rechnical cellulose n1trates conta1n an average 

ot 2.0 to 2.4 nitrates groups. distributed among tbe seoond, 

th1rd. and s1xth posttlone of the glUCOS8 units in an unde­

termined way. This ciroum.tenee made such nitrate. unsuited 

tor experiments on selective aenitration becaUS8 the exact 

deorea•• in Bub.titut1oD. corresponding to complete and se­

leottve denitrat10n at one or other of the three positions 

could not be predioted. In order to avoid th1s Wlcertaint7. 

the almost oompletely substituted derivative was preterred 

tor the present research. It 1s obvious that w1th cellulose 

trtnltrate a satisfaotory selecttve d.enitration would result 

tn a dinitrate. 

As 1mpl1ed 1n the Introduction. acid h7drolysis 

ot cellulose nitrate regenerates cellulose in a degraded 

oood1t1:)0 but otberwise li tt19 changed. Alkaline hydrol1'.i. 

produces deep-seated alterations whose course although ob­

Boure, appears to coaence wi tn oxycellulosea unstable In 

.ha presence of' a~kall. 'fhi. view suggested that usetul 

results might be obtained it tbe alkali contained reagents 

oapable of combining promptly wi tll carbonyl groups tormed. 

and 0::1' protoctlng ths latter trom further action. Aqueous 

aolut1ons of sodIum bIsulfite-sodium sultite and of pot.a.­

lu. cyanide ware the protectiY8 agents tried. 

The reactiODs In sod1um sulfite-bisulfite solu­

tiolls were not oonsidered satisfactory for the purposes 

ot the investigation. While degradation at tbe cellulose 
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was s~ight when compared to similar reactioDs with sodium. 

bicarbonate solution, the yields ot water In~oluble products 

were 'low and variable. Neither was the extent ot denitration 

great, since only 0.45 nitrate groups per gluoose unit were 

removed from the cel~ulose trinitrate. 

Denltration in aqueous potassium oyanide solution 

led to very extensive degradation and the amount of cyanide 

consumed varied trom 0.2 to 0.6 moles. When this reaction 

was applIed to the trlnitrate homogeneously dissolved in 

oellosolve, degradation was alan rapid and extensive. 

Apparently, neither the addition of nydrogen cya­

nide nor of sodium bisu~rite tooarboDyl groups protect the 

latter trom alkali. An alternative explanation tor the tail­

ure ot the experiments was that the mode of decomposition 

assumed for the trinltrate was in error. 

Q,ualitative experiments then indioated that the 

presence ot hydroxylamine hydrochloride greatly moderated 

the degrading action of pyridine on cellulose trin1trate. 

'the th1rd attempt aocord1ngly presumed that oxime formation 

might be effeotive in preventing the secondary decomposition 

of carbonyl groups. 

Solutions ot cellulose trlnitrate in pyridine 

alone and in pyr1d1ne contain1ng large amounts either of 

hydroxylamine, or hydroxylamine hydrochloride were then 

prepared together with-sim1lar solutions containing metho­
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xyamin8 (B.tNOOH3) and 1 ts hydroohloride. The use ot the 

latter reagents tor carbonyl permitted an independent 

estimation of any methyl oxime tormed by analysis tor the 

methoxyl group_ The results (Table I) made it' olear 

that pyridine reduced the nitrogen content trom 13.8 to 

12% w1th degrada'ion 80 extensive that the viSCOSity ot 

the 8o~tion was lowered to that ot pyridine. Solutions 
:r:",' 

contain1ng the hydroxylamine derivatives on the other 

hanel. r~tained much ot their original viscosity and gave 

good yields of fibrous or semi-fibrous, more extensively 

denitrated produots. 

The reaction bevween cellulose trinltrate and 

• pyridine solution ot hTdroxylamine at room temperature 

was rapid and Gxothermio. Oareful measurement showed 

that 1 mole ot a gas was evolved per glucose residue. 

Chem1cal analyses, together with density measurements 

proved th1s gas to be pure nitrogen. The product iso­

lated tram the solution as strong white fibres in 9a~ 

y1eld. contained 1.' nitrate and 0.08 oxime groups and 

oould be recovered unohanged when kept redissolved tor 

1011.S periods in pyr1dine or pyridine....hydroxylam1ne. Th111 

ftdin1trateft·is therefore the first oellulose nitrate to 

be reported as baving relat1vely high stab1lity 1n pyr1­

d1ne' and the observation suggests that 1nstability ot 

oellulose trin1trate 1n the same oonditions 1s oaused 

by a speoific nitrate group in a definite position in 
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the glucose residues. 

The ohar8cteriza~1on ot the dinitrate (Table VII, 

Struo~ure II) was oarried out with a view to determinIng 

tbe Dature and position ot the group produoed by the re­

moval ot the labile nitrate aroup. The failure to torm 

an oxime under any of the oonditions tried was oontirmed 

by parallel exper~ents witb methoxyamine hydrochloride. 

It tollowed that it any oarbonyl group was present, it 

wss of a ketoniC, highly hindered type. Moreover, sinoe 

oellulose trinltrate lost one nitrate group when dissolved 

in a pyr1dIne solution of methoxyamine hydroohloride ( see 

below) and the present dlnltrate was recovered unohanged 

from the same reagent, the dinltrate laoked the partioular 

nitrate group removed from the trinitrate. Pyridine solu­

ttons ot hydroxylamine or methoxyamlne, and of the oorres· 

ponding hydroohlorides therefore affected the same nitrate 

group in oellulose trinltrate. 

The "4in1trateH could be ren1trated nearly to 

the trinitrate stege. Exaotly one methor,rl group was intro­

duoed with methyl Bulfate, Structure (III) and apparently 

the d1nitrate also formed a monoacetate, struoture (IV) 

although the est~ation of acetyl in presence at nitrate 

18 unoertain. Tbese reactions made it pla1n that the re­

moval of one nitrate group must have left a hydroxyl. and 

not a oarbollyl group as was at first supposed. 
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The iodination produot of the ftdin1trateft w1th 

sodium 10dide 1n aoetone was struoture (IV) based on the 

experbnents ot Murray and Purves (48). Since the results 

1ndicated that least 0.8 nitrate groups were in the prtmary 

position, it was ooncluded that in the original reaction 

ot the oellulose trlnitrate, one nitrate group was removed 

selectively fram either position 2 or 3 in the gluco.e 

residues. As a tinal confirmation ot this inference it 

was proposed to denitrate the monomethyl "dinltrat.- and 

to submit the resulting monomethyl cellulose to oxldation 

with per10dic aold, wh10h would be expeoted to oleave 

glycol units only when they were oompletely unsubstltuted. 

A methoxyl group in position 2 or 3 would theretore pre­

vent oxidation by periodate. Untortunately the produot 

of the ammonium polysulfide denitratlon was water soluble 

and a yield ot only 3~ ot a substanoe containing 1.0 

methoxyl groups and about 0.7 nitrate groups was obta1ned. 

The substance oonsumed only 0.05 to 0.09 moles ot periodate. 

It this produot was a gel of completely denitrated material 

surrounding particles of unohanged methyl din1trate. as 

it might well have been. then on the basis of the analysis, 

1t was oomposed of about one half monomethyl cellulose 

and one halt monomethyl oellulose dinitrate. On th1s 

assumption, if the methyl group waa distributed between 

pr~ary and secondary pOSitIons, about 0.25 moles of 

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

little or no oonsumptton of perlodate .ould ocour. The 



- '16 ­

latter was found to be the case. Sinoe the conclusion 

involves assumptions not tes\ed by experiment, 11ttle 

weight can be given to it. The tinal proof of struoture 

will depend on isolat1on of methyl gluoose and its identi­

fication. This work had to be lett incomplete because, 

with the limited supplies of methy-lated dinltrate avail­

able. a satisfaotory method of carrying out the denltratlon 

was not discovered. Nevertheless, the oellulose "dinitrate" 

should eventually provide a route to new oellulose derI­

vatives seleotively sUbstituted in either the second or 

the third position of the gluoose residues. For example, 

a successful denitratlon ot the methylated ainitrate would 

lead to 8, methyl cellulose probably with no primary snb-
I 

stitutlon whioh would be valuable tor further study_ 

The results show clearly that cellulose tri­

nitrate contains one nitrate group of relat1vely great 

lability which is rapidly removed by hydroxylamine or 

methoxyamine in pyridine. The product, a cellulose dl­

nitrate with good solubil1t1es might well find special 

commercial or military usee, s1noe it is remarkably 

stable. It also appears possible that the amount of 

nitrogen gas evolved from teohnical n1trooelluloses di­

ssolved in the pyridine-hydroxYlamine reagent would con­

stitute a useful test for quality control and for research. 
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'l'ABLE VII 

RC-O­
I~ 

H-C-OH 
I 

O.BO-C-H (ORa)aSO. 
I 0 ) 

NaOH/.~H I 
HC~ 

I 
BaCO.NOa 

I 	 II III 

Cellulose "TTlaltrat.· Oellulose "1l1n1tratett Mon_8th,1 Cellulose 
2.9 n1trate groups. 1.7 nitrate groups "Dlnttrat. ­

0.08 	oxime grottpe 1.7 n1trate groups
I ~l.O methoxy1 .. 

(Kif. ) .Sx Ao eO 
~ PJrldlne 

B~O­

H-C-oH 
I 

RO-Q-B 
I 0 

/~~
I 

B.COB 

If 	 v VI 

6-lodo Cellulose 	 Cellulose Cellulose MODOacetate 
0.8 10dlne atoms B.O.6~ 	 ttD1n1trat. ­
0.5 nitrate groups Stl.36~ 

,-. 
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The reaotion of cellulose trinitrate with a 

pyridine solution of hydroxylamine gave a good yield of 

a white partly fibrous product oontaining about l5~ ot ni­

trogen (Table IX, struoture VII). NItrate nitrogen oould 

not be reliably deterilJ.1ned beoause the substance detlagrated 

in contact with strong aold. Like the "dinltrat." this 

sttbstano~·waa recovered unchanged after prolonged solution 

in pyridine. Careful chemical analyses and density deter­

minations showed that in this oase the gas evolved was a 

rui:xture 01' 8~ nitrous oxide and l~ nitrogen. A quantit­

ative estimation of the ~ount of nitrous oxid~ was not 

obtalned, slnoe pyrldine 1s an exoellent solvent for nltrous 

oxide. Renoe the observed ratio of nitrous oxide to nltrogen 

is low oompared to the true value wh10h Is probably about 

95% to 5%. 

Feductive aoetylatlon yielded a nitrate-tree pro­

duot with the oorreot nitrogen analysis for an oxyoellulose 

mono-oxime trlaoetate (Struoture VIII). Denitratlon wlth 

ammonlum polysulflde ohanged the moleoule to a water-soluble 

state and gave no useful results. 

Sinoe the analysls of the oxyoellulose ftdlnltrateft 

monoxtme was diffioult, methoxyamlne hydroohloride in pyridine· 

was used to produce a methylox1me dlnltrate (IX) from oellulose 

trlnitrate. Agaln a smooth seleotive reaotion was observed, 

the fibrous produot from whioh could be analysed by independ­

ent methods tor methoxyl and nitrate oontent. The reaotion 



- 79 ­

weB somewhat slower than the similar reaction using hydr­

oxylamine hydrochloride. It was possible to stud, the re­

action of oellulose triu1trate with pyridine solutions ot 

the free base. 

TABLE VIII 

COlll}2arlson ot Kethogamine and Methovami:u 

axdrooh1or1de reaotions in Pytidine 

Substitution ot Products 

DaIS MathoR-tne 
Nltrat,Mei X1oxtm, 

ft. RZdroch1or14e 
Nitrate lethlIoxime 

0 2.92 0 2.92 0 

1 2.1'1 0.0'1 2.45 0.1'1 

2 1.95 0.09 2.14(a) 0.41(a) 

3 1.'14 0.14 

4 1.98 0.61 

5 1.69 0.17 1.'2 0.68 

7 1.60 0.22 1.68 1.00 

12 1.'0 1.01 

ta) 60 hours. 

The rates of denitration are ditferent trom the 

rates of oxlmatlon, as given by the metboxy1 content. In 

the case ot the tree base, the latter is almost completely 



- 80 ­

suppressed, amounting to only 0.22 mole after seven da78. 

Use of the hydrochloride yielded the monoxtm. in the same 

t1me and the product underwent no further change in com­

positlon from the seventh to the twelfth day_ These results, 

together with the evolution of nitrogen and nitrous oxide 

ln the parallel work with hydroxylamine confirm the faot 

that the cellulose trinitr~te was denitrated by two distinot 

mechanisms. 

The methyloxime was very stable to hydrolysis and 

was therefore probably a ketoxime. This inference is in 

accord with the observa.tlon that the denitration ot oellulose 

probably ooourred at a seoondary posit1oll, giTlng a product 

unreactlve under condltions that yield tbe oxime from the trt­

nitrate. Iodinatton of the oxyoellulose dlu1trate monomethyl­

exiIne, IX, with sodium iodide in acetone, resul ted in exten­

sive oxidation and a low yield of a degraded substanoe con­

taining 0.4 10d1ne atom.s, 0."18 methyloxime groups and 0.95 

nitrate groups per glu.oose unit. Si~oe replaoement of ni­

trate groups was not complete, but 8 oonsiderable amount of 

iodination oocurred, this experiment was taken as evidenoe 

that at least some of nitrate groups were 1n the primary 

pOSitions of the gluoose residues. The methyloxime grou.p 

would then be in tbe second or third positlon, or be a ket­

oxime. 
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'fABLE XI 

B.O O-	 RO-a-
I 	 mr~-

BC-GXOa JlHaCH.HOl ub?l AeaO -:-1i0A. II I ~ 
OaliOC. midae 

~ 
OaNOCB . ZIl A.OC-It 

I I 0 N(CHa)a I 0 

/~B 0 

BO I 	 /~~ 1B~ 
I 	 r I 

HaCONO. 	 RaComo. H.COA. 

I 	 VII VIII 

Cellulose "Trin1trate· 0%7<1811ul08. Oxrcellulese Oxtae 
2.92 nitrate groups ftDlnltrate Oxtae Triacetate 

1.7 nltrate groups B. 4.6. 
1.0 	oxime " 

II,U).O 

:_~OCB.0 -.aI 
lmaOOHa.HCl I ~ slow iodin&t10a 
----~') 0,,0-011 A.oetone 
Pyridine r 0 

/911 I Acids 
BO ----' ~ slo. hydrolysis 

t of oxS.e 
HeCONe. 

IX 

0X1oe11ttlose Dinitrate 
.ethy'loxll1.e

1.7 nitrate groups
1.0 methyloxt.e groups 
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SOIle cOBUilfu:a.ta -7 QQY be made cOllo.raias the 

4etail. of reuot Ion. slree4:y 41ao~uUled. 1~ethyL~t 10D. or tbe 

oelluloae -dlnltreteft took plece reedily with dtaethyl sul­

tate andsodtWl hldroxld., w1tb no lilas ot nltrosea ami 91th 

the Introduotlon orex801;11 one t!!lf!"tho:Q'l gl"cmp. It 18 aote­

worthy th~t the ·dtnltr~te" (1.' nitrete) reactell .a though 

it htid 8xaetly 1.0 free h:vdroxYl grcmps r~th.r thaD. 1.1 to 

1.3, 88 oftlonlftted trom the n,1t1"6t. 8ubstitutloA. The u­

r@aetlye 0.2-0.5 hy4roxyla apparentl,. .ere not 0%141_4, 

81nce thilt reaction with hydroxylamIne introduoed Dot more 

than 0.1 oxime groups. ~tal1ar11 cellulose trlnltrate (2.' 

n1trate) with hydroxylam1M or Aetho%1lulne bJ'droohlor14e. 

In pJ'rldine yielde4 moAOcarbou71 derivati••'., tbe total sub­

stitution again ~.lng about 2.7 per glucose unit. Dlttloult7 

In prepa:riag ooaplflttelY.8ubst,ltuted oelluloa. dftrlvsti"•• i8 

of frequent oocurreaoe aad &8veral other examples are to be 

found in the 'fheais prepared 1n. tbis labo1"8tor,. OJ' R. U. 

Laieux (681. It 18 poe8ible thst 8ub8titueats al.re4\ld7 pre­

aeat a.etel"nltn8 the resctivity or tbe remaln186 A1GroVl 

groups. Thus renltratloA ot the oellulose "d!nitrete8 by 

Ber1'. (51) method result.,,, in a nitrate 01' sttvatitutloD. 

2.62. but, stt..,>l' the ""dinttrateft .68 completel,. deAltr~t.d 

with ammoalma polysultlde, the .~Jilft renltratlon gftve the 

expeoted -trinitrate" ..1th SUbstitution 2.9. urown (45) 

on the contrary toud that the product or .. '.ahaieal ni­

tration, H. 12.2%. with • pres~ably r.Ad~ distribution 

of nitrate croupa .as readIly nItrated by Berl·s ••thod 

http:cOBUilfu:a.ta
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nearly "0 the tr1n1trate stage. 

The deorease In tbe dagree ot polymerlzatlon 

(D.P.) ot "he oellulose caused by the Tarwu8 reaot1ons 

In pyridine was assessed by the v1soos1ty methOd. Kraemer 

and Lanslngs' (40) relatlonshlp was used to oonvert Intrin­

s10 '9'1800s1t7 Cn) to apparent degree of polymerlzation 

aooording to tbe equatIon D.P. ... 2'0 in) • The constant 

was determined tor a nitrocellulose containing 12.1%1. 

Brown (45) round tt~ Intrinsic vlscoslty of a sample ot 

the cotton linters nitra"ed.to 12.!%N (Substitution 2.32) 

with a teohnlcal nltratlng mixture to b.a> (n) • 9.21). Upon 

renltratlon ot this nitrooellulose by BarIte method (41) 

nearly to a trlnltrate (H, 13.9%. substitution 2.9) tbe 

Intr1nsio visoosity was found to have increased to 14.9. 

Theretore denitratloD to the din1trate st[;ge even ifJlthout 

any decrease In avanige chain lengtb would be expected to 

decNase 'he observed intr1nsic vl.coslt1 by at least 40 

per ceft~. Since the intrlnsic visoosity of our original 

trln1'ra'. was (a) • 20, the D.P. was probably abOll' 

20 X 2'0 x 0.6 • 3240. The D.P. ot the various products 

a8 calculated from the intrins1c v1scoslt188, are shown 

in Table X. Theae produots were all very soluble In 

butyl acetate and effects oaused by poor solvents on In­

trinsic viscosity were probably minor. 

http:nitra"ed.to
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lAiLE x 
j.P2!l'aSpMreea 9f ~2lm.ril!'1!A 

01....868 (al 
bbl'US! 11e91117" 

1.7 nitrate (?ro4uct or 3 4ay. 
reaotton Altr~t.d to 13.1~ N, 

320 0.0062 

Berl's iiethod.) 

2.14 n1trat., 0 ••1 ~,retbyl.oxlll.
(2.0 daya reaotlo!l} 

160 a.oll. 

1.98 nitrate, 0.61 methyloxtme
(4 clays reaot10n) 

100 0.0198 

1.'0 nitrate. 1.01 m~thyloxUt.
(12 days reaotloA) 

0.OS18 

(a) 1-'1'aot10n of a17cositUc links. 

Kuhn' •.(4') relatIonship tor tbe 4egra4atlon ot 

a polymer of inf1n1te lenath I., 

cc • 2 

n • 1 

wbf)re C( 1ts the «egree of oleavage for the produotlon ot the 

maxmam. I1U1l0er at n .ll1emlHlred rrag~ent8. "['he right ha.u4 ool'WlUl 

or Table X SbOlf8 the tractIon or g17ooalcUO bonda "hloh 

would hove \1 'be berokell in order to retitle. the eYerage D.P. 

ot a oellulose moleeule infinitely long to the _lues ob­

served. It 1s ••en tbat tor the various rea.tiona 4lsC:U1S••d, 

froa 0.6 to 3 ..9;; ot the original g11c081d10 11Dks were olea.,.. 

wh1le one o.1'tn'~ gl"OUp was re~~ved from eaoh gluoo•• ul11t. 

Thea. fire maximum values, as the orlg1nel ona14 W88 Aot of 

inf1nlte but ot about n • 3240. Also, vhen oellulose tr1­
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nitrate was dissolved witb hydroxylamine 1n p;yrldine. tbere 

was evidenoe trom the decrease 1n nitrogen evolutIon that 

the reaction was al~ost oomplete 1n four hour.. The value. 

for oc, determined for three days in the reaotion mixture, is 

likely to be oonsiderably greater than the actual ohain 

oleavage occurring during the reaction proper. I~ .as con­

cluded that degradation of the trlnitrate 1n the reaotions 

disoussed was ins1gnifioant in comparison to the extent ot 

ohemical ohange. 

The survey of the literature made it olear that 

in many reactions the alkyl nitrates are analogous to the 

alkyl halIdes rather than to the carboxylic esters ot or­

ganle acids. The substitution of the nitrate group D1 

slkozyl, alkyl and by substItuted amines are cases in point. 

Suoh replaoements must Involve oleavage ot tbe nitrate 
••ester in the sense R t ONOe with the transient existence 

of a carbonium ion. The oocurrenoe of the oxidatlon-re­

duction reaotion in the hydrolysis of nitrate esters baa 

complicated meohanlstlc theories, but an interestIng suggest­

ion postulated the olea.age of the O-N bond (12). 

, 

RB'CltO t 

I 

NO. ----+ RR'CO .. BROa 


It seems 11kely that hydrolYSiS ln concentrated acld occurs 

by oxygen-nitrogen cleavage. The welgbt ot opinion 1s that 

direct nitration ot an aloohol occurs by the mechen1.. 

ROIH HO)JIO. ~ ROliO. + HaO 
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with the OX7&en atom ill the water eolll1D.6 rroa 'the nitrio 

acld. It the rev~rBe ware true, nlt~u~lon or a augar 

abould invol". stenocb.emJ.oal inversloft which baa not 

been obuned.. Di1lCS n1tration, like other e.terltlc­

atlons. Is aD equilibrium. reaotion, the acid hydrolysis 

_at occur In the same saMe Ii& the 111'l!"r~tlon, oth6rw188 

ep1aerlsa'lon ut a sugar would occur Oft nltr~tlon. In 

other word., 11ltratlon and acid hyarol),,81s ot nitrates 

ooour b7 macnanlfUIUS analogous to the eetorll"icatlon and 

aeld hydrolysis ot organic ao14a. (53) 

It 1s lbUB appar~nt tbat cleavage or nitrate 
I 

eators may occur batweeft carbon and o~7geD, C ~ 0 - B0l.. 
t 

~n:! OXlssl1 I1nU nitrogen. C - 0 -1 tiOa,_ Cleavage between 

carbon aDd oxygen must involve the transient extstence 

ot a oarbonium lon. R~--~-o-NO~. tho rGlatlv8 0808 ot 

.uoh cleavage beiag det~rrnlnc'd by thn D88atlvlty of the 

group R. thn more Gleo'ron.sattva R becomes, tho more 

41ttlc'IUtit sho\1ld b{J to l"eiflfOVe an aleet1"on to tora 

the carbonium. 10!l n+. 'or ex-a.!')l•• methyl chloride Is 

easl1y 11,.61"01Y884 to m.ethanol and water 

but methylene chloride 1s very 8~abl. aln08 it 1. difficult 

to torra the carbonla ion an 01 under the Influence of 

the eleotl"OJ1 nttract1ftg the e.oolOBOn. atom rema1ntng in 

the sroup. 



Th1s var1ab1lity is just what 1s observed in 

the hydrolyses of ester nitrates. In sia~le alkyl ni­

trates, oarbon"'m:::ygrm cleavage may occur wi th reasonable 

facility and dop.s so completely in the case of methyl 

nitrate (l). As the group R, in ROHO~ be40mea more 

eleotonagative, the R rI ONO~ oleavage becames more diffi­

cult as shown by the increasing tmportance of the el1m1n­

ation reaction. 

IUitC/~
'o~ 

Tbe polynitrates of glycol, glycerol, tartaric 

acid and carbohydrates are molecules made up ot several 

eleotronegative groups and, in the absenoe o~ a special 

meohanism, the formation of a carbonium 10n would requ1re 

so much enurgy that it is not likely to occur. In such 

moleoules, eleavage of' the first nitrate group is restrict­

ed to oxygen nitrogen cleavage. If the env1ronment caD 

contribute a proton, the result of the cleavage will be 

the normal formation ot alcohol and nitric acid RO@O.z. Baa; 
it not, the activated molecule w1ll elim1nate nitrous acid. 

It is recognized that a molecule containing ear­

bon bound to two negative groups tends to stabilize it­

self by elimination where mechanistically possible. Thus 

the ox1dation ot methanol 1s generally written 

H~COH + 0 -j> H 0 /cyH) .... H,C • 0 + H~Oij 
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Methylene bromide on this v1ew 1s much more stable 

because it cannot undergo subst1tution read1ly and no 

eaay meohanism is available for elim1nation. Gem-di­

halides of hlga~r alkanes. however, react very readily 

to el1minate HI. 'vihen a oarbon atom is bound to a ni ­

trate group and another very negative group by a oarbon­

carbon linkage, it is readily seen that the only elimin­

ation not involving carbon1um ion formation or oarbon­

carbon cleavage is the el1minat1on of nitrous acid. 

The work ot the Ingold sehool on the :meehani8JIS 

ot elImination reactions has been summar1zed and d1s­

cussed by Remick (55). It seems likely that the elimin­

at10n reaction of 1mportance 1n the case of cellulose 

trinltrates is second order, oatalysed by the basic 

solvent, but the cleavage of the nitrate group presents 

an additional complexity not found among the more ex­

tensively studied alkyl halides. It 1s generally the 

case that elimination oocurs to a lesser extent than 

substItution, where both meohanisms are possible, pro­

bably because the activation of two bonds requires 

:more energy than one. 

The meohanistic possibilities so far dis­

cussed give an adequate explanation for the observed 

reactions of cellulose trinitrate in pyridine solutions 

of hydroxylamine ~d 1ts hydrochloride. The negativIty 

of the molecule excludes carbonium. ion formation as an 

taportant possib1llty. Sinoe cleavage is restricted 
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to the oxygen-n1trogen bond. subst1tution will take 

pl8cs wllera h.vdrogen ions or atoms are readily Bvail­

able and alim1nation Whe1"'Q hydrogen Is not available. 

t~naeli '8 rfluction (8) shows both p!'oeessos going on 

together; 

NaOKt 
---7 RCl:I.{)H .. N0:thYfiOH 

where this. the substi tut10a ref' etlon occurs to the 

ezten'£ of 50%. rrhe labile hyurogen In the hydroxylamine 

allows thIs r(')aot1on to oompete w1 'In the elimination. 

reaotion and the carbonium 10n substitution. 

The reaotion between cellulose trinltrate 

and hydroxylamine In pyridIne 1s probably analagoue to 

the above r(3D.otlon except that the milder oonditions ueed 

In the present work aTotded the exteneive elimination 

reaction. !71nce a twenty to thIrty-told excess of 

hydroxylamine was uBeu, the intermediate nttrohydroxamic 

ac1d was probably qu1ckly reduced, yielding the Ob8Etneo. 

mole or nitrogen gas. 

BO 0­

~~-H~ 
OcNOf 0 + NHtOH Pyrld1ne o,lIoj H ~ • 

------7fH I ~ilt I 

HO~ HC--.J 

I I 
ntCOJJO~ H"CONO 
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This reaction was almost over in rour hours. during 

which time the elimination reaction progresses only to 

a very slight extent. 

~he lack of gas formation in the oorreapond­

'ing reaction vIi th methoxyam.ine is probably owing to the 

ta.ct that llletho:xyw:flinl;;} is a much weaker reducing agent 

than hydroxylamine anti'the interrnediute N0;tNROC1I., 1s 

relatively stable. Analogous reaotions to give nitro 

oompounds from ethyl nitrate and substances containing 

reactive hydrogen are known (55) e.g. 

OR - OR OR - C.NOOIt OH- 0110 
II 1/ /I It+ JtONO.1 • KOft 
eli eR en CR" H+ OR cH " ~ 

\ / > '\ / " / 
BH 1m D 

The reaction between cellulose trlnitrate and 

hydroxylamine hydroohloride is thought to haTe occurred 

almost exclusively by elimination 

Pyridine
>CHONO~ ~ >c - 0 .. HN0a. 

NH OH.Hel 

Hydroxylamine 1s stabilized by salt formation and henee 

does not behave then aa an active hydrogen compound. 

~r1al showed that hydroxylamine hydroohloride in pyridine 
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did not react rapidly with a pyridine solution ot 

pyrldlnlum n1trl te. Hence, in the reacrtlon, nt trous 

acld must have been eliminated as such and must have 

reacted 1mm.8diati~ly With the hydroxylamine hydrochloride 

to produce nitrous oxide. The latter was not evolved at 

a noticeable rate in the rel:1ctioll using metllo:xya:m1ne 

hydrochloride, although in aqueous solution methoxyamine 

reacts with sodium nitrite t52) according to the t,9.u8tlon: 

NaN0a + NHa OCH~ .HOl ~ HON • N-OCHs + Na01 + H1.0 

HON • N-OCH3 ..-!t B-10 + CB3 OR 

It 1s possible that the monomathyl ester of byponitrou8 

acid HO••H-OCH is relatively stable at room temper~ture 

1n pyridine and also that the early intenaediate steps 

(51) are slow. 
OlI 

HNO~ + NH.t OOH3 
~ 
,.­

\. 
RON - NHOCHJ 

(OlI 
I 

HOH -

H) 
l 
U-OCH 

slow 
-~) HON =­ HOCH, .. H2o0 

Tha.t this :rlay be the case i8 indicated by the faot that 

these sollltio.ru: gave a test for nitrite While tbe ones 

with hydroxylamine hydrochloride did not. 

The elimination reaction produoing an oxycellulose 

dinltrate is very similar to the thermal decompositions 

carried out by Grass1e (27), who round that his results 

were best explained by O-N cleavage, produCing one mole 

ot carbonyl darlvatiYe for each mole of nitrate removed. 

It 18 plain that the considerations involved in sl1min­

http:sollltio.ru
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ation in solution apply to an even greeter extent to the 

thermal decomposition. Mechanisms involving carbonium. 

ion tort'1B.tion which aro possIble in unblocked augur ni­

trates in solution, \1'11(;1'9 the energy requlrerr.ents are 

lowered by solvation, are hardly probable in thanJal de­

compositions, where the energy required for carbonium 

ion forrnation would ba very h1gh. ThUS, a.s in the pre ... 

sent exp'~r1ments, involving hydroxy-lamin i;' or :m.e·thoxylam1ne 

hydrochloride, Grassle t s cellulose m.ononitrat~ eliminated 

the elements of nitrous Jlcld, although free hydroxyl groups 

ware availahle for an~ydro ring formation, if carbonium 

ion formation were nos~lble. 

Lachman's (11) results obtained in the hydrol7s6s 

of nltrotartaric and nttromallc acids may be re-interpreted 

using t,b.e postulates outlined above. Nltrotarta.ric acid 

includes two negat1ve nitrate groups and two negative 

carboxyl groups, so that cC;rbonium. ion formation is);rob­

ably exoluded.. In veryconcentrllted acid the molecule 

slowly hyO.l~olyseB to tartaric acid and n1trio acid. As 

tne concentration or ac1d 1s reduced, the molecule 1s 

activated by solvation and the elimination reaotion, oa'\;a­

lysed by hydroxyl ions, becomes more important, while the 

aoid hydrolysis must neoessarily by slowed. In alkali, 

the only possible react10n is elimination as is round to 

be the CBse. 

The nitrate group in nltromalic acid is linked 
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to a less electronegative group than those in tartaric 

acid din! tra t'3 and hence is more stable. In this case. 

too carbonium. ion formation should be possible when the 

molecule is solvated and attacked by a negative ion. 

In dilute acid, carbonium ion formation is suppressed 

because the concentration of hydroxyl 10n 11'3 low. Since 

the acid hydrnly'si3 in dilute acid is also slow, the 

slow elimination reection tends to predominate. which is 

what was found. In neutral solution a more rapid re­

action through the carbonium ion begins 38 hydroxyl ion 

concentration increases 

Hi+ ­ (Olf0.:l H) OR 

and only 8% occurs via elim.ination. In alkaline solu­

tion both the carbonium. ion reaction and the second 

order elimination reaction are catalysed (57), and a 

rapid reaction by both mechanisms occurs. Since the 

carbon1um ion reaction depends on solvation by a polar 

solvent to lower the required activation energy. it 

should be tlOre important in aqueous than in alcoholic 

alkali as was found to be the case. 
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A large excess of hydroxylalr.ins, dissolved 

in pyr1d1ne was found to remove one mole of nitrate 

per gluQose unit from cellu.lose trinitrate, the nitrogen 

bains quantitatively recovered in <toIle gaseous phase. 

1'00 white fibrous celluloii'e dinitrate AO produoed WIlS 

degrade<1 only slightly and differed from the original 

tr1nitrate in being practically stable when dissolved 

in pyridine. The replE..cem.ent of the hydroxylamine by 

methoxyamine gave the S6EO product. 

The cellulose "dlnitrate" failed to yield an 

oxime or methoxime but readily yielded a monomethyl. 

and probably a monoacetyl derivative and could be re­

nitrated. These observations shoy/ed that the removal 

Of the 111trate group left an hydroxyl and not more than 

0.1 mole of ea.+"bonyl group, in the cellulose portion. 

This hydroxyl group was probably of secondary alcohol 

type. since experlJoonts a,,r.:tVc-i t21a't tha pr1mary aloohol 

positions of the glucose units were still occupied by 

nitrate groups. 

Cellulose trlnltrate with a pyridine solution 

of hydroxylamine hydrocluorlde, eliminated one nitrate 

group probably as nitrous acid and yielded the oxime 

ot a monocarbonyl oxycellulose dlnitrate. Nitrous oxide, 

probably formed from the nitrous ac1d produced and the 

excess hydroxylamine hydrochloride, was evolved. In 
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similar fashion, cellulose trinitrate with a pyridine 

solution or methoxyam.lne hydrocnloride gave the methyloxime 

of a monocarbonyl oxycellulose dinitrgte. '!'ha oxime group 

Inthis compound was not removed by ac1d hydrolysis but 

the nitrate groups could be eliminated by reductive acety­

lation. 'l'his P::"OdlIct had the compos1tion of" dlacetyl 

oxyeellulose mono-oxIme acetate. All these nitrates were 

stable in presen~~ of pyridine at room temperature. 

The production of the cellulose dInltrate and 

of the oxycellulose dinitrate mono-oxime or monomethoxime 

involved tho r(:;!lloval of the same nitrate group trom cellu­

lose tr1ni t'rate. Meollanisms considered most probable tor 

the t't\fO ty"Oes of seleotiva deni tratlon at"e summarized 

by the equatio~s:-

( e.) 	 RHOllO. + BaNOH -., RHOH + NO~NIiOH 

(b) 	RHON0a. + (Hll_OR.1ICl) ~ R-O + HN0:c. 

HNO~ + Ii;!. NOH.Hel -4 'N:&. 0 t + 2H.l. 0 + Rel 

Where it represents the cellulose residue. 

Attempts to obtain selective partial de­

nitrAtions of oelluloss trinitrate by the action ot 

solutions containing sodium sulfite or potassium cyanide 

failed owing to incomplete reaction or excessive degrad­

at ion. 



CI,;UMS TO ORIGIliNt RISW2U 

(1) The disoovery that although cellulose trl­

nitrate is known to be oompletely decomposed by pyri­

dine Itself, tbe addition ot hydroxylamine to the pyri­

dine results in a nearly quantitative donitratlon of the 

trlnltrate to tbe dlnltrate with very 11ttle degradation. 

Pyr1d11te oontalning u.thOX)1'am1ne ga.e slm11ar results. 

(I) The discovery that hydroxylamine hydrochloride 

d18801ved In pyridine also promoted. fl nearly quantitative 

denitratlon of oellulose trinltr;;.te to the dlnitrate stage. 

In this case, however, the gas evolved. was at least 85~ 

nitrous ox1de and. the produot formed was the dinitrate of 

"n ox7oellulos8 mono-oxl... Replacement ot the hydroxy­

laa1ne Aydroehlorl4e by metboxya.1ne hydroohlor1de y1elded 

tbe oorrespond1ng monaaethylozt.. of the oxyoellulose di­

nitrate. 

(3) The d1soovery or the first oellulose nitrbte (1) 

that 1. stable 1n pyr1d1ne. MOftomethyl and probably mono­

a.etyl der1vat1ve. of this cellulose d1n1trate were pre­

pared. 

(4) The'dlsoovery ot the tirs' der1.ative or a mono­

q~b0Jl11 ox"~.lluloa. (I). 

(5) The d1.oovery that tbe labile nitrate group 1n 

oellulose nitrate Is probab17 1n a secondary pOSition 1n 

the glucose residue. 

http:trinltr;;.te
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(6) Mechanisms ere advanced for the new denltration 

reactions {l} and (2). 
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