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HISTORIC.hL Bt.GKGEOUND 

in SGb.led tubes. Kolbe (17) in the su,rno 3rcur pre:.:>::,.1·ed nitronethime 

by clllo:cmwetic e.cid with poto.sdum nitrite, forming nitco-

180;2 u1d 1J0'7, but int:arost soon lag,c~ed becu . .1se of tho diff'ic-ultJ7 cmd 

co~;t of pr,;;~xc;.ring the pure compovndn. In s f)itc of the s:Lt,1-0-t,,tion the 

hiG co-worker::;--Hodgo and V2,11derbilt--(()) nt Pu.:cd'.'.0 UnivsrG1ty. 

ic hydrocDJ-.0 bom, by the use of nitric ncid in the vtcpor 1;h,so. The 

rocultin.c; nitrop:;;,r;,,ffin;:; [tre colorless lic:ui<ls v:ith dem,ities close to 

tl1at of' y;;ate1~ ar1d odorB 1~e.sen11Jling t:b~it of cf1lo.roforrn. As solvents 

for 1,y..:·ox-yli:n li_;,cquers, cellulose ,.wet~•.te, e.nd Vinylit•aH thGy ere 

difi'icul-L to excel. The ti.cces;-:;ibility and loY, cost of the nitro_;Jrir2,S-

fins, b:cought 0.bont by vc,por 1frw.se nib·& tion b;y Corirrnerc:Lc:\l ~3olv-2n ts 

Co:mpc;.n;y in its plt,.nt D.t Peo:c:L:,, Illinoin, h:),!J led to the synthesis of 

rrLmdrodr:; o.f nm, compounds frorn the r:i troparc:,f :f.'ins ( G). 

The rnear1r:J of idonti:ficat:Lon of tlk:; nitroparaffins now used dopcndr:; 

prima:cily on thoir 9hysical co:nst:mts. 

prod1..wts of nitrE,tion were identified ( 9) in the follo11ing m::mner: 

11Nitrmnethuns i,;as identified by its boiling point, 101°C, 
e.nd the form&:tion oi' the potassium salt of uetlmzonlc u.cid on 
tre",t.uent. with concentrated potasi:;ium hydroxide. 

n~:-:Jitropi·op2.ne y;a.s identified. by its ph:rroicJl constants, 



co11i:le1~si.011 to t}:1e lJ;it3"l.tdor1i trole, Etnd by r:i ]Ju.1n;5,S l'li trogen 
df; t.eI>D1ine_, ti on. 

lfl-}i troetl1C:Xl·G' 1-Ili tJ.--,Ol)TOfJ~l1'.l8, 1-i;:J. ·G:~o bL1-t<:\llG' ,!.ind (2-rl~:-tro

tru.teJ:lG YierG idur1·i~ifie:d. ""b;r tl1oir J_-:-i1y;;ic~·,~l co11;3trtXLts t:nd 
~t{;.,,i.nti11G :EL=~tor·:L~.,ls. U 

1-ni trop:cop,}.ne, rmd i2-1:1ih·oprop!tn2. 

methods t:hnt do not time or UD.d +,..., 
vv liL1it 

the rc,,tgi:=mta nsod to those whose rwc.ilF.;.bility s.nd cost perrn.i t them to 

group, t.he other tho act:ive hydrogen on tho c:_;,rbon ctor.1 adj,went t.o 

the nitre group. 

2 



HE.r~CTIONJ OF' TEE NITRO GllOUP 

---~ 

:cs1Jorterl :~ nn.Utiplic:it:r of l_J1~od,1.1cts frorn 

In thif! uork 

succc~,t,.i'ul re,mlt::; were obt,xined 1Jy c.:::.rrying 01,.1t the rednctlon by 

The corre~.:pond.ing c..nunes v.;ere 

libcu:c: Lod ?:.:.'ortt their hydrochlo:cide;:; by the o,ddi t.ion of' ;:,odiwn hydroxide. 
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obt ino • The f ilure IW;.y huve e ~n due to the prese ce of the v r y 

cone ntr .ted s t elution containin i c hy roxide , nmch of hicl, 

di not dis~olve in oxces sodium hydrox de . Nitrobenzol l chlo ... lde 

vo a doep re coloration to the solutionLJ in o· oh cuse, but no solid 

reduct armed . 

V ton (26) in J.'324 ug ested detectin methyl mine ·n E.:.11 arru oni 

sol ution by distilling the a ne and ,ater into n alcoholic sol ution 

of ·.:: , initrochlorobenzene. The 111ethyl a.mine re' ct p eferenti!:i lly to 

give pr cipitate of N- methyl - 2, - dinitroaniline : 

'l'hi::; distillu.tion meth s ~dopted for identifying the amines result-

ing f om tho reduction of the nitroparaffina . After the amine had been 

freed fro their hydrochloride, the solution s distilled· to re gents 

that would yield sui ble derivative thsn 2, dinitroc orobenzene 

-s used in the r aeiver , ~olid derLv tive~ , the alkyl · , 4- initroanilines, 

er. obt~ined for all four 01 the redt..1c ,d ni trop·· r £fins . S tur ted 

liqueous a.."'ld lcoholic ool utio n of picri c old, o often u:;ed to g ve 

deriv tiv a of ·1es, iormed Jicrat that o d not o 

the sol ution . Upon ev.por tion of the wolvent the _>ierates could b 

isol ted, but yield· were poor and the product impure ; hence , St.ch a 

roc_d re is not considered satisf ct.cry • .Picryl cl oride as t e 

reage t d1 not produce y in»ol ubl e product . iet 1 oxal te ~ d 

p enyl isothiocyt:.nate when re cted it tle armed tne sym i -

lkylo~ dea and s lkylpho1ylthioureas ·espectively1 



5 

o n 
11 I 

C-LT-i{. 

I + 

't .'") • ~ : 

c.c.::1 :Lrti-00 

Al thou{:)1 thi::; 

~tiilC, 



6 

.CTIO ~ OF Tl AC1rI ·, fYD toG : 

it o othane , s e 1 ed, ·th nitroso · ethy ·n·1· in u.n 

ttempt o co1nbine tl em · n t folio. ·n, nner : 

--), 

but t, e o y _ o uct wa., bl c tarry ·as . Tho .e result ere 

obv. iI ed e pyri ine a UwO US 

atathe es with hi .h-t11olec .. 1- weight lkyl ·as ere tried 

u ing such reJ.C tints a pheiiacyl bro111iae , bromo henacyl bromide, nd 

ni tro e !?.Yl cnJ.01 · de . Refluxing t.10 c l · liden fifteen to thirty 

minute .1th the PO illill salt of nitromet :ui , nitroethan~ , 1-nitro-

ro~ e , or 2-uit o rap e yield no ~olid or 

inst· ce . 

Using the ,roce ure for coupling c oroa.cetic cid it phenol~ , 

t e 1 t ,as lil!ide o :re ot c o ot1cetic clcid · ic.h the so ium s t of 

the ni tro 1· ff ins . A re.; ct ion s bel ieved to ave t~.ken p ce , b-..1t 

the products were so sol ub a in water that th ~roe d1 o was co1 iderod 

use e~ for 1i ,ark, 1d no effort s made to i~ol •te them. 

Con er .. a 1,ion o: t e ni tro tho c bonyl gro of 

ketone d ldehydes ic not u ne r~ cwion, for Ho ry (10) i1 1895 

f ouna .1 - t nitroalco o., co d be rcpared from nit·o ffi:ns and 

Q...1...1. ~,,.i.:..t c a ldehy e • In g ner.:i.l t 1e lde yde- nitro.l!ir ffin cor1ue.1sation 
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is of the ~ldol type, the a.ctive hycu:ogen always going to the mcygen of 

-+:..rte a.laehyde and the raclic-1 containing the ni tro group to t.he c...roonyl 

carbon: 

N02 

I 
R- C- .d.' 

k 
+ .R11CHO 

NO l 2 

~ R-C- CHOH - R" 
I 
RI 

These reactio~~ are not ~pontcneous , but must bo ~romotctl by a catal yst 

sitch ~s sodi,m methoxide, sodium et.hoxide, ethyl d.!llinc , or methylamine . 

S'!lch reactions ,1ere studied ext.311sively b-/ Vanderbilt c .. nd Ihles (25) for 

they t!.llowed ni troetl.LD.no, 1-ni tropropn.ne , 2- ni tropropane, 1- ni trobuto.ne , 

2- nitrobutanc, and .c- nethyl-1-nitropropane to condense singlely i'lith 

formaldehyde , acetal denyde , and b~tyrul d~hyde. ~itromethano was omitted 

from their -work as it had been previousl y studj_ed by Hanry (10) and 

HofwilIILler (11) . The nitroulcohols resulting from the above re,...ctions 

are liquids or sol ids very difficul t to crystallize; hence, they ,:ere 

not considered as pos.~ibil ities in this work. 

Tne nitroalcohol.., formed froo c.liphe.tic uldehydes and prinary 

nitropai·s.ffins rettd.il y ... pl it off water and form the corresponding r..itro-

Blefins : 

RCHlf02CHOHR' - ~ RCN02 = CHR' + H2 0 

This typ0 o.r' re·~ct1.on is very difficult to avoid (1:...) . 
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ith such inforn'.ation in mind , tteuipts were r.~de to re~ct the 

nitro~ '!'<.:Lf°.Lin a i a € or thi problem ith benz ldehyde , cil .n -

~l ehyde , a licy ehyde , and piperonal, int e resence of sodium 

etnoxide . Equal rnol amounts o ch nitro 'f.1.'in and C la hyde 

e1e sh en together with fa drops of ~odium et oxide . The e 

procedure as repeated u::,ing s licy de yde in pl ce o c....rirta - ldehyde . 

Hhe the sol utions were all o,ed to tand for one eek, no solid ~reduct 

was formed ; nd 1en the sol ution ras poured into Wa tor , an oil "ep ted 

which ould not crysta.llize . 

Eq mol ec ar c1. owits o ... · p·peron •1 i..nd the nitre., dffi.t1s were 

combined in~ l ittl e cohol , ~ few drop of sodiur.i methoxide ere 

added, and the mixtw.·e a a llo ed to stu.nd t ee d.:...ys . fo olid 

proauct formed in the m.1xt ire . . en it as po ed int.a i~ter oi l 

se r ted which o d not cryst .. lliie . The Sclll1e proced e was c ried 

out using equiv lent weights of soaium methoxide , iperon , l nitro-

paraf1in . '.r 1e mixture mn:i poured into water , in rh.ich it was com.)letely 

olubl~ , nd the ol ution acidified t 1 d · ute . cid . non- c ysta iz-

ab a oil separ ted . 

cuording to rocedure in Houben (14) , benzctldehyde will cond n e 

with the sodium solt of nitre ethane to give upo ci if· c ion \I) - ni tr 

styrer.e , a solid. 

11 ix equiro.oll..r wnoun ts of ni tromethane d b nz 1.l :hyde in a 
litt e l1 cohol • . d 1n equimol ...mount of cor c e tr ted sodium 
. ethoxide dropv i se , k&eping the mixture cool. hen the uing 
is compl tr-> , n d ition of dilute oric ccid preci ~tea 
\i) - nit ... ostyrerie. & cry to.lliz tion cohol ields yellow 
n edl a el ting I: t 58°C. 11 

The oaedure carried out but oil was the only !)rod c t obt ,irrnd. 
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en the othe nit o ffin ere substituted for nitro ethane , an 

oil se r · ted in e ch in.,t_nce . i fhoci.ng the re ents fifteen to 

thirty minutes h d no effect on the 1,e·t.r ce of th p1·oe1 ct, h:Lch 

was still an oil . 

The re._!.ction of t.he n · ·t:.rop: r '.fin w t t o ci:..r 01 yl g au of 

ketone is irrilar to that ith the co re»pondi.ag oup of uldehy es . 

c< - ~ - U s tu.rate Ketone~ condens · th l · tro e . to i ve Y- ru. tro-

keto es . plo o .. thi is the reaction or so ium ni.tromet e 

th benzal-i,,--- oroacetophenone (16) in ho et ol: 

Kohler L;o reuctea i tro r • "'fins , i th benw.l eetopbenon ( 15 and 

obt · ed ·olid prodJc ts ,·ith nitrometlw.ne nd 1- nitropropa. e ; no solid 

tives ere ·o ·med ·th nitroethe.ne or - ni ropro · e . The , e 

res ts were ob ined in this . ork . 

Cyclohexanone .. e cts with ni.trom trume (5) , but does not give 

.... olid produc t . The s rue rea ts ere obti.:..' ed hen eq 1imo ec r 

w.:iounts of · ch of the other ni :.ropar- 'finJ and c-;clo exanone were 

allo ed to tand for one week . tr ce 01 sodi ethoxide was tsed 

a:3 a c t ly 

Pi• 1.yl i.,o an te 1eact.:. h,h th"' .,odium ..., lt of ni .... ropc f 'it 

(J, 22, '3 ) to yield· ~ riety of product . • - D·phcnylure nd tri-

pleny biuret c be "::iol ted ... rom ull the eaction or p1enyl 

~oc~anate ith nit o et e , n·troeth· e, ne nd 2- tro-

prop ne . .rocedure wus v ie iahtly by usilg y-ri ine s a 
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c lyst inste d of tne soaium s· t . 1 exothermic re ction took .1 ce 

ncn the teri la er After s tandin at ·oom te era t 1.re 

f ort ee our~, cry~t lline sol id sep rateu in l four C scs . The 

soli. s u 011 ecry 11 11.:.zation from etnanol ere found to bet e e 

com ound , - di henylur , hich s ictentified by its uelting point 

nd con..,iaer tion of the mcch.e.ni., by hie it fo e (7) . Otner 

d .riv· tive o a no doubt present, but 1.. Sepi.U'· tion ·o d be too dif-

fie t to u in this i entific ion. 

No evide1ce o r ct~on oted nor did~ pro • ct se ~~ te 

w en _ henyl i.,ot.hio • -nnate e t,ed · th a nitro r·f_in int e 

b'"'ence or rese1 ce of yri 'in a C lyst . 

Pri ry d s conct ry nitroparu 'J.in cou e ·th di zonium" lt 

( , l J, 20) according to Gh r ~ction (aPi g di zotized aniline as 

e pl e) : 

C),. - + 
I 
Cl 

I 
- C- N02 

I 
H 

Thi t:.ruct · e for the ro uct fo ed is the ccepted one , a it 

is ba.e u on an· o ous product~ obtained by e cting other co ounds 

posses .. ing an ctive hydrogen with die.zonium .... lts . Other ..,t c t .:.res 

ha e been proposea. ( ) : 

C),1-T 0 C> 
ma 
I 
-t! 

I 
R 

out it ia mo1- probabl e that th..,se are intermediate compounds . Ba. -

ber r ug0 e"'ted naming the com oun ., as sldohyde derird.tives (2) . 
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' llV8S :not th.e t1tr:ict11.1.:'e, fa1~ t}1e IlEll1fJ Ill T-1~0-

r~2110 socliv ... tJ. sa.lt oJ: nitr·ornetl1tn1e 1.."'et: .. ctln.g vtitl1 cliazotlzed z:-t.11:Lline 

yiela.s multi_pl:LcitJ of products (3); howev2r, the nitroethane Gr.lt 

uol:Ld p1~oducts with d.:Ls.zot:L 7;0d _p-tohlidine; ni troethane, 1-ni -sro::;;:r·o-

f:com P-nc;phth;y-lamine. ffi th d:l.c.;~oti:,1ed. p-ni t1'o'ffLLline o.nci. ea.ct of the 

sod.Lum :Jclts of the nitre corapo1md~, solid deri,;r,s.tives were ob-'.:ained. 



EXPERTI EN'l'li.L 

,... UCTIO OF THE .HTROP 'ul'FINS AND 

J.EACTIO.lt O · THE P 10DUCTS 

12 

A pro tel y 10 gr ms of O anul ml oft itro-

para fin weep cod in a 50 ,.,.1 nmeyer flask and the r sk s 

connected to a reflux condenser . Concentr~ted hydrochlo ic acid s 

~dded iris. l ,uuntities , approximately 1 to 2 t t..i just 

enough to e~p up a vigorous evolution of hydrogen . The heat of 

reaction is sufficient to bring about oper refluxing. Complete 

·edt1ction s ass ed by the di appo1 ance of the top l yer ( the 

ni tropar f fin) • ITTte 

of ter nd p ac di 

cool, the sol ution vms '· uted i th r: 10 1 · 

ce t.h.. Concentrated sodium hydroxide 

(55-40 ;) was added, but in s 11 quenticies .JO as to _.)revent t,:ie 

sol ution from becoming too hot . If the solution becomes too iar , he 

o, l i er .... t d from its hydrate, escape from solution. The addition 

o the odium hydroxi e a continued until the recipitate of zinc 

hydroxide n ··.rl y or compl etel y dissolved . The materis.l was tr nsfer-

red to a 1 25 ml distilling f l ask coru ect.cd to a cond3nser . Approximately· 

10- 20 of t e mine- ra.ter sol ution wo.s istilled into the re gent 

chosen, ... , 

T,o gr 

it, 

1n· troc orobenze,,e , dietbyl oxal te or phenyl isothiocynate . 

2, initrochlo.,:oben..,ene, in j ust eno lcohol to dissolve 

atLf;:..ctory e--i£ t for rod icin t.he N- "'lky - .2. , i1 Hr 

Vhen diethyl o L te or honyl i o~hi c,. t e iere used , the 

amin t 0 r disti te a directed into 1 . c to 2 ml of the r e gent 

it lf. The N- lkyl- 2, 4 initrom il e ... J the sym- di,.lkyl o de<J , nd 

the a.lkyl- phenyl thioureas ere recr·y·s .. :.1llL .. ed from hot etl nol. T1 c ir 
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mel t ing points were in close agreement with the ones given in litera

ture. (see Tabl e I) . 



GOUPLING OF THE NITROPAB.1,FFINS "\;ITH DIJ.\%0HIUl~1 f:ll1L'l'S 

The dL.:1. zoni,.m1 sc,_lts of ,miline, 1--..... toluidino, p-ni tro~xliline 1:,nd 

P-nc,phthyL,n:1ine WGI'G prcpo,rcd in the 1.rnuul manner. 

To 8 ml of the ni tropur;jffin ln a L~:5 ml flaGk approxir;E tely 12 

while the flask was kopt cool in ,;;,n icQ h:cth,. A. Ldlure to note the 

mJ.f_ficiont r:!odiu.m itlethoxidc hns been G.dded. To the r;,:clt. of the ni tro-

Occasiom::.11:y-

'rl1e j):t'oi.lu.ct was isob.ted by 

filiir<'-:.tion ~::.11d wc_shed with v:m.ter co]:J.t,?..ining & li ttlc hydrochlm~ic 2cid 

The rc:,sulting 

v1ater ntlxtt.u.,0. 'l'he cr;;rsta.lr3 were then dried m1d melting _points t,.Jrnn. 
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lIBSULTS 

T·ble I 

es Obt~ · ed from Nitrop,,:!r~fiins 

0 : telting 1,oints ofs e points of 
O g · n ...l. to 1 ~ enyl lsocrc n te 

Nitrop&r lfin : ...................... _.. ...... __________________ ...;.;a--a. .................. ~-'-~-d~e-r_i_v __ t_·_v_e_s~-

wo_k ture* 

Nitromethane 174 17 .s 

itroeth e ll1 11 

1-iitropropane 6 95 

· - a tropropo.ne 91 94 

210 12 

176 17 

162 62 

2,12 215 

112. 

107 

62 

102 

Liter -
t e* 

11 

l OG 

65 

101 

* Liter t e -r-a.l.ues tu.ken from Beilstein, "Handbuch, d Org nischcn 
CJ e · e , 11 4th edition, Published by prin0 er, Berlin. 

te poi tures me sured in degree. Centigro.ae . 
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T2.ble II 

Reoclts of Addition and Coupling Hetw,tions 

Nitro- :Nitro- : 1-Hitro- :f Z-Nitro-
methA.ne tetl1m1e - p-r-:01.x.~~!J:~ -; Drops.nE) .. .. 

· .. , 4-Di:ni trrnmiline ----no vi:Jible effect noticed in any C:E:Se 

p-Nitrosodimethylaniline bl;;;;.ek tar blac:k t0.r -not attempted 

Ph.enc..cyl bromide oil oil oil oil. 

p-Nitrobonzyl chloride oil oil oil oil 

p-Bro:mophenacyl bromide oil oil oil oil 

Chloroacetic acid ---products &.11 "iiV&ter soluble -------
Benzuldehydo oil. oil oil oil 

oil oil oil oil 

3;;,licyl: 1d.Bhyde oil oil oil oil 

Pip8ronal oil oil oil oil 

C/'..!lohexanone ~-----no product isolated~.-.-~~---

Bonzalacetophenone 105* oil no product 

Phenyl hwcyana te --s-di;,henylurea isoluted in all case;:;--

Phenyl if:othiocyE:nate ------no visible reaction-·----

Di:Jzotized cniline oil 
ra. p .• /37-98 

Diazoti.xc)d p-toluidino oil YO needles-lBi- OR needles-,* oil 
ra. P• l~/7 n1. p •. 8B-i39 

Di0, zoti 2;ed p-ni troaniline OH, srm .. del1Hi-
c:;.'•ys tals tOY needles1Hi- OR nsedles-ih~ Y needles1Hk
m.._ p. 159:m. p. l57 m. P• 159-40 m. p .. 104 

Die.:, r.,otbed (J-w:;,3;ihthylamin0 oil OB. needles** OR needle~!- OY, tint l1rn 
11. P• 159 m. p. 138 

~:M :11.:.ing points fagree vd th those :found in lit.er11t,1a-e 

needles 
m. P:o 7Z'.i-4 

~HC '.:llor,: cited are so mrn1ed by compxrison "nith color chart in i..'ttllU:cn, 
11 Idcmtificn.tion of P--,u.~e Org,mic Compou.nd.s, 11 Vol. I, John Wile;{ ii.nd. Sons,. 
Inc., New York, 1904,. 
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This ubno:rrne.lity 

tho only fH.,coacb.l'Y- ni tro compound st"J.d.ied; was usually slower in its 

l'efactions th:::m the primary compou11d::s. lHtr·ootho.110 2,,nd 1-nitropropcrne 

nere mor,3 predicta .. ble in their reu.ctions c,nd gc,ve B1.We:r·i,l more di::;_::;,o:niu.m 

coupling:; than did tho other two 11:i.t1•oparuLfins. 
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Two methods for the ident.if:Lcation of ni tror:1etlEn0, ni troetliz-.ne, 

1-ni t.ropropano, 1:x,d 2-ni t2·oprop::,ne 2.ro proposed. 

Tho first irnrolves a reduction of the nitro compound t,o tho 

corresponding ani:tne, .·,c_t 
(,/,'!,..~ 

nitroc,11illn0 by roi,Ction 1.vith 2,·1-d:Lnitrochlorobenzene, 01~ 1:tS ·• 

Tho other method coi1sists of c., ra;;,ction betweon the sodhrn1 l:iD,l t 

::.:;;-nitrormil:L:ne, p-toluidine, or /3-m·,phth;;rl'.:im.ine to give -· nitro-
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