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Abr(rrc(--Two gcncnl routes for the prcpar~t~on of dmwoxz~omtr~le arc known. One method’ 
involvmg rcductlon of the mtcrmedlaw trmltrnxztonltrllc has been modlftcd rnd lmprovcd In both 

the prcparat~\c and dcpdatlvc step Irolatlon of dmctrtucztomtr~lc as IIs tclnhydratc. sodturn. 

potawum wlvcr. ;Immonwm. nitron and tcwaphcnylanonlum olu IS dcwrlbed togclhcr with 
mtercstmg ferturt~ of 13lu(Ions ol thcx compounds Ilalogenallon of dml~roacctonltrllc pave chlom 

and bromodcrwrwcs whrh have been chwactcrucd The occwxncz and wlarlon of the mtcmtng 

furoxand~n~rr~lc 3s a product of the ntlr~hon of cyanoawtc acid 1s d~scuwzd 

DINITRoACI ro\ITRILr was first rccogni7ed by Schischkoff’in 11361 as the parent acid 

whose ammonium salt u-a> obtained by reduction of trinitroacetonitrile with hydrogen 

sulfide. Only a preliminary report was made at that time in which ~a\ mentioned the 

isolation of a crystalline. hydrated dinitroacctonitrilc by cthcr extraction of the 

acldlficd ammonium salt. Also mcntioncd were the identities of potassium and silicr 

salts. obtained by ncutrahling solutions of the crystalline hydrate, and the presumed 

identity of 3 bromo-derivative obtained by bromination of the silver salt. Reconvcr- 
sion of dimtroacetonitrilc into trinitroacetonitrile by nitration was rccognizcd. No 

other account of further Mark along thcsc lines has appcarcd in the literature until this 

time. 
I rlnitroacctonitrile has been obtained from the nitration with mixed anhydrous 

acids of such derivatives of cyanoacetic acid as the acid it&f. cyanoacetamide. 

malonomrrilc and the nitrosatcd (oximino) and mono- and dinitro dcribatives of each 

of thcsc (whcrc known). It is prcsumcd that trinitroacctonitrilc surbivcs 3~ an end 

product of rather vigorous nitrating conditions bcc~usc the three nitro groups cffcc- 

tivcly drain electrons away from the cyano-group making it rccistant toward attack 

by elcctrophilic species. The induced positive character of the cyano-group was 

indicated by its vulnerability toward attack by nucleophilic species including water. 

Hydrolysis by water during its prcpantion was mimmizd by using an oleum contaln- 

ing enough SO, to convert all water formed in the reaction to sulfuric acid. Isolation 
of crystalline trinitroacctomtrilc requlrcd exposure of pcrsonncl to hazards related to 
its friction and impact sensttivity and it\ bcry noxious and toxic vapors. Therefore, 3 

\cT)’ considcrablc improbcmcnt in the safety aspects and convenience of synthesis of 

I Thl% rcccarch (Yam I 10 Iv) aa% urrccd out under Army Ordnrncc Contrrct I~A~OI~O?I.ORD.~I~~ 
’ 4 ucond method 1% dcur~brd tn the founh parwr of this scrws. Trrrrohrdrorr II. 109 (1962) 
’ I SchlwhLofT. Iirh,#~ Am 119. :%-I (1861). Bed 2. 228 



trinitroacctomtrtle was rcalizcd by carrytng out the nitration rcactton In the prsscncc 

of carbon tctrachlortdc. In CCI, solution trtnttroacctonttrtle could be manipulated 

safely, assayed and stored or used directly for the preparation of dinitroacctonitrilc 

dcrivativcs 

Cyanoacctic actd was found to be the most sattsfactory starttng material for the 

preparation of trinttroacetonitrilc. Comparisons of the cffcct on yield of vartations 

tn the ratios of rcagcntsindtcatcd that opttmum proporttons wcrc very nearly stoichio- 

metric as given by cquatmn (I ). 
(ccl,) 

NC-CH,-COOH . 3HN0, X0, - (7)_77%)NCC(NO,), ‘t CO, - 3H,SO, (I) 

Preparation of dinitroacctorutrilc by direct nitratton of cyanoacstic acid was 

invcsttgatcd by varying the ratio of rcagcnts and rcactton conditions. Intcrprc- 

tatton of the rcsultc of thcu cxpcrimcnts uas prcdicatcd upon dctcctton of dinitro- 

cyanomethtdc ion 3s the cac~ly purified potassium salt (See I:xpcrimcntnl). In no case 

could this ton hc dctcctcd by non-rcductivc ncutrali/;ition of reaction mixtures. 

Apparently uhatevcr intermediates intcrvcnc tn the convcrston of cyanoacctic acid to 

trimtroacctonttrilc are transitory tn nature and do not accumulate in the reaction 

mtxtures. However, when oxtmtnocyanoacctamide was treated wrth Isss than cquiva- 

lent quantities of nitric acid and the reaction mixture ~3s quenched and ncutraltzcd 

wslth potassium hydroxide. it ~3s poss~hlc to scparatc and to identify the components 

;1s salts of fulminuric acid (nitrocyanoacetamide) and dtnitro;tcetonitrilc. 

NCC( NOH)CONH, . 2HN0, . [NC. .CH(NO,)CONH, . NCCH(N?,),] . 

co* N,O H,O 

NCC( NO,K)CONH, . NCC(NO,h,K l .-I KOH 

When the molt ratto of nttric XIJ to cyanoacctic actd was reduced to the vtctmty 

of 2:l to 1 :I and the amount of sulfuric acid was reduced to catalytic proportions. a 

new product could bc Isolated from the rcactton mrxturcs in low ytcldc. ‘I’his material 

curiously rcscmblcd trinitroacctonitrilc closely tn appcarancc. odor and melting point. 

It ~3s idcntiftcd as 3.4dtcyanofurox& by hydrolyses to furoxan-2.4dicarhoxamidc ’ 

Thts simple one-step nttratmn of cyanoaccttc acid appears IO oli’cr a convcnicnt 

svnthcsis of an intcrssttng furoxan dcrtvativc uhich has not been fully invcstigatcd 

H,sO, 
2NCCH,COOH t IHNO, - NC C C- CN 

40’ 0) 
N N 3V/, pcld 

0 0 

The rcductton of trirutro;lcetonitriIc to dtnitroacctonitrilc has hcen cffectcd by 

numerous reducing agents. Schischkoff used hydrogen sulfide. u hich was reported to 

react according to equation (4). Bromide ion was found to function cfTcctivcly in an 

acidtc ethanol medium. The mechanism and detarls of this reaction ucre ncvcr fully 

C(NO,),CN 4H,S . NH,’ C(NO,),CN -. 45 . 2H,O (4) 

cluctdatcd. Neutralization of the cnttrc rcactton mtxturc wtth various bases gave 

satisfactory yields of dinitrocyanomcthidc s3lts Contamination hy the corrcspondtng 

’ C Ulptu-il. Go::. Chrm. 1~1. 42. I241 (1012). C’hrm Absfr. 6. ??I! (IPI?). 
) H W~rland and E (imchn. I rrhqr 4~ 36?. 80 (1909). 
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trinitromcthidc salt was minimized if sufkicnt ethanol and a low enough pH were 

cmploycd. Sulfur dioxide ~3s found to be scrvic~able for the rcplaccment of the 

bulk, but not all of the hydrobromic acid. 

For synthetic purposes. sodium dtnitrocyanomcthidc ~3s found to be the most 
generally useful s;rlt for isolation from the rcciction mrxturc since all other dctivativcs 
could be prcp3red from it. Pot3ssium dimtrocyanomcthtde was much easier to isolate 

and to purtfy due to 11s sp;rring solubility in mo\t solvents. (See T3hlc I.) However. 

Solbcnt 

Pot3uwm So&urn 

I)mttrwywtomcth~clc , Jtn~trocywwmcth~dc 

(s loo g of \crlulIon~ (6. IO0 g of snlutwn) 

iithmol 

Fthyl JCCLIIC 

hccwnc 

Dwrhyl ether 

WJIrr 
-- 

t’rom soluttons (usually suspensions) of pot3ssium dtnitrocy3nomcthidc attempts to 

prcparc other dimtrocyanomcthidc salts by metathesis. to isolate dinitroacetonitrilc 

tetrahydrate by acidifiwtion with mineral 3cids or to obtain halodinitrocyanomethyl 

derivative were unsuccessful and unrc3cted pot3stium salt could bc recovered. When 
reactions were found which dtd proceed ustng pot3ssium dinitrocyanomcthidc, viz., 

nttration with ah~olutc nitric 3c1d which gave tnnitroacctonitrilc. dtssolution in cxccss 

formalin solutton which gave some Jinitrocyanocthanol‘ and 3 sulfonic acid ton 
cxchangc column’ which retained all pt3ssium ioos and g3ve 3n cfflu3te cont3ining 
dinitroacetonttrile tctrahydrate. it w3s rcalifcd that the unsuccessful re3ctions failed 

bccz~usc of unf3vorablc cquihhrium conditions due to the low solubility of ptsrsium 

dinitrocy3nomcthtde 3nd the ionic character of the dinitrocyanomcthidc ion. Other 
rc;lgcnts which rcactcd with potasstum dinitrocyanomethidc 3ttacked the dinitro- 

cy3nomcthide ion, as for example. hot aqueous 3lkali. which gave potassium dinitro- 

th3nc and alcholic hydrogen chloride which convcrtcd it IO dinitro3cct3midc.8 

The unusual propertics of potassium dtnitrocyanomcthrde appear to bc denvcd 

principally from the equally striking character of the dinitrocyanomethide ion.’ 

* Part II (’ 0 Pxrkcr. W D I mmons. 4 S Yrgxno. H A Rolcuw rnd K 5 SlcC~llum. Trfruhdwn 
II. 89 (1962) 

’ Rohm k 11~s Company Amkrlltc IR.120 
’ Part Ill c’. 0. P~rkcr. Trtruhrdwn 17. 105 (1902). 
* Nltroform hrs an rctd strength approxlmxtlng that of phosphorw ACID. the yellow color of xqucouc- 

n~troform *oIutIon% 1% rcadlly dlrchxrgrd hy rddltlon of mlncrxl rctds. It mry bc prcwmcd that the tr1mtro. 
mcthldc Ion 8% stcrlcrlly unrbk to rcqulrt x plrnar conttgurxtlon LO that contrlbutlons of xll powblc polar 
structure% to rcsonancc stablllutlon of the trlnltromcthrdc Bon xrc not fully rcrlwcd. Conwqucntly. 
only hmltcd rcwnrncc energy II lost hy the &on an going to corxknt trmltromcthxnc 

Sharp contrrst IS noted -0th cvcry point of comPwlron to drnltroxcctonltrlk. I)mttroryrnomcthtdc 
41s IPC wry strhlc thcrmrlly compared to tr~n~tromcthuzic ults. No rcpmwon of lonmtlon of dtnltro- 
ratonltrllc solutions by mlncrrl rctd\ could bc obuwcd. Corrknt dlnltroxwonltrllc rppwwWy do0 
not cust, tnstc4 thcrc wxsobtx~ncd what amounts to x cryrulltnc. rolvrtcd dtmtrocyxnomcthwlc ton. I c 
dmltroxalonnrllc tctrahydrrtc. Flnrlly. solution rcwtlonx of dlnttrocyxnomcthldc ults ~xre products 
&wed from xl1 p&r structure% whwh m8Eht contnbutc to rccorutta rtxbduatlon of the d~nltrayrno. 
mcthtdc Ion. (Sa pxpcr II. this xrwx.) These fxctssuwt that the bcxt cxplxnrtlon for thcd~~ogu&t~rtg 
chcmlul propertIcs of dlnltrorrttottltrtk mry be xscr~bcd to the un~quc co.plxnrrlty rnd wonxncc 
*trbllwxtlon of the dlnltrocyxnomcthldc Ion 
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Molecular weight and conductivity mcasuremcnts showed the sodium and potassium 

salts to hc completely ionized in aqueous solution. The equivalent conductances 
obtained at infinite dilution were 123 ohm 1 for the potassium salt, 98 ohm-* for the 

sodium salt. and 226 ohm ’ for the silvcrpotaGum salt. When the cquivalcnt con- 

ductanoes of the cations were subtracted from thcw value\. the conductanccs at 
infimtc dilution for the dimtroacctonitrlle anion In each salt wcrc 49 ohm-‘. 48 ohm. I, 

and 45 ohm I, rcspecti\cly. Nelthcr salt could bc titrated potcntiomctrically with 

pcrchlonc acid in acetic acid solution, u hlch distingui,hcs them from nitrate salts. for 
cxamplc. and Indicates that dimtroacctomtrilc IS a stronger acid than nttric acid. 

- _ _- - -. - - .- -_ __, - -- _ -- 
Mu 73 70 I56 

Mm 5 4’ 66 I4 0 5’ 

(I Pouwum J~n~lroquwmclhdc. all value onl) rpproxlmarc. lrkcn from a condcnud rcproducllon 
b <‘ut.ol’f 
c Tad.otT. 

The pH of the solution had an inapprcciablc effect on the dissociation of dlnitro- 

acctonitrile. as evidenced by indl\tlnguishablc ultravlolet absorption spectra of dinitro- 

cyanomethidc salts whether mcasurcd in water or in 20 per cent aqueous sulfuric acid 

solution. 
Other dinitrocyanomcthidc salts which could be prepared by mctathcsis with 

aqucoussolutions of the sodium salt containing the appropriate cation uere: (Meltlng- 
decomposition point in parenthesis) Na. anhyd. (226’). K (268”). NH,( 182’). Ag( 196”). 

nitron (189”) and Ph,As (177’). From ,olutiong of potassium dinitrocyanomethldc 
containing silver ionc a silter .ptassium double salt crystallized upon cooling, m.p. 

224”. The I : 1 molt ratio of silver to potassium in the salt which crystalh7ed Ha\ 

unaffected by the solvent. Halide ions precipitated the silver. 
Dinitroacetonitrilc itself Nas ncvcr isolated In pure. anhydrous condition. Hou - 

ever, hydrated dinitroacctonitrilc fortuitously showed apprcciablc solubillty In ethyl 

ether and from ether solution, colorless crystalline products could be isolated. The 
melting point of this material varied from 374’ depending upon the preparation; 
it was insoluble in non-polar solvent< and gave neutral equivalents. elementary 

analyses. and water &termination\ (Karl Fl\chcr) uhich ucre in agrcrment ulth 
several dinitroacetonitrilc hydrates. ‘I’hc amount of water present vancd somewhat, 

but each preparation gave good analytical data, water analysis, and neutral cqui\alent 
for a panicular hydrate. All samples contained three to four moles of uatcr per molt 
of dlmtroacctonitrilc. Attempts to remove the water gave crude products having 
neutral equivalents ranging down to I44 (pure dinitroacctonltrilc, 131). Dlctillation 
of dinitroacctonitrlle hydrate, under rcduccd prcssurc produced in part. decomposition 
to nitric acid. The crystalline tctrahydratc W/I quite stable when kept cold, and no 
loss of water took place after five days evacuation ober phosphorou> pentoxide at 0”. 
On the other hand. sampler stored at room tcmpcraturc at atmoqphcrlc prcssurc 
softened and discolored ulthin tuo da\<. Sodium dinitrocyanomcthid itself formed a 
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stable monohydrate (m.p. 214 216”) on exposure to normal laboratory atmosphere 

(SO per cent rclativc humidity). Althoughpnhydrous dinitroacetorutrile could not bc 

tslolatcd as such, essentially anhydrous solutions of dinitroacetonitrile in various 

solvents wcrc prepared by neutraltzing suspensions of anhydrous sodium salt with an 
cqui-molar quantity of sulfuric acid. Such soluttons ucre stable enough for immediate 
synthetic use. All of the aforcmcnttoncd propcrtics of dinitroacctonttrilc. its cxist- 

cncc as a crystalline hydrate and its instahtltty uhcn the water of hydration ~3s 

removed. its apparent complctc dissoci;ltron tn strong mincr;rl acid solutton. strengthen 

the impression that dinitroacctonttrtlc WUIJ best he rcprcscntcd as hydronium 

dinttrocyanomcthide. 

salt ’ SJC(NO,I,CN KC( NO,),CN 
.-- .- .- --- - -. -._- 

Thcor mol wt. (2 Ion\ per mole) 76 5 UJ J 
-- --.. -. - -... - .- - _-_ 

Cposccopc 111 water 75 5 XI 9 
-. _.-- - __- _. ..- - __. 

Ih~ll~oxop~c 10 water 75 J xu 9 
-.. _.- .--. -- -. _- _- - __- 

k bullwuupc In acetone IWO II6 I 
- _- -_ - ..- - -. __ ._ 

’ Fraction Jwsuted 10 acetone 0 74 0 73 

The only covalent dcriv;rttvcs of dmttroaccton~trtle to bc considcrcd in this paper 

are the nitro- and halogen-dcrtvatives; others are described tn the succeeding papcm. 

Trinitroacctonitrtlc 3s mcnttoncd above. could bc obtained rather castly by nitration 
of dinitroacetonltrtle or tts salts. A sort of autorutration or disproportionation rcac- 

tton was ohscned to take place when dinttroacctonmilc tetrahydrate was suspended 

tn cxccss cold. concentrated sulfunc aad and cold. fuming sulfruic acid ~3s added: 
trinitroacctonitrilc slowly sublimed away from the liquid phase and condensed on the 

~sscl walls. Nucleophilic attack on trinitroacctonitrtle has been observed to take 

place tn two ways: hydroxide ion, which requires 3 very high oxidation potential, 
appears to attack the cyano-group and give trinitromcthide salts and cyanate ion in 

good yield. depending on the conditions. More easily oxidized agents (or media) may 
bc prcsumcd to undergo 3 one-electron transfer to give the very stable dinitrocyano- 

methide ion. 
The halogen derivatives. chloro- and bromo dinitroacetonitrile, were prepared 

readily by halogenation of solutions of sodium dinitrocyanomcthide. A superior 
method of preparation of chlorodinitroacetonitrilc was found to consist in oxidatton 
of solutions of sodtum dinitrocyanomethide in hydrochloric acid with hydrogen 
pcroxtdc. thereby avoiding contamination of the chlorodcrivative with much excess 
frccchlorine. Applicatton of this method to the preparation of the bromoderivative was 
never attempted. Investigation of the chemistry of these compounds was very limitcd. 

Attempts to hnng ahout addition of bromodinitroacctonirrile to ethylene and to 
cyclohexcnc failed to yield dtnitrocyanomcthyl adducts. 



a4 C 0 PARKEM. W D LWOSS. H. A R~LEWIC? and K S. %~KALLUU 

I:XPFRlMENTAL 

Cyanoacxtlc acid. MO g (4 moles). *as suspndcd In 1000 ml of carbon IcIrachlorldc In a I2 I . 
three-necked. round-hottom flask cqulpped ulth a thermwouplc. a mechamul xIlrrrr. a I I funnel 

and a Dry ICC cookd condenser The IaItcr Iwo IIcm\ uerc allached IO the flash by mc.ms of a ‘Y’ tube 

and uch was protected from atmorphcrr moisture by means of a calclum chlorldc drymg lube The 

conten@ of the flask ucrc cooled IO 0 C. Jnd 630 ml (I 3 5 mole\) of uhlte fummg nllrlc acid. d I 49. 

I 50, uas InIrtduocd rapidly by means of Ihc addltlon funnel Sc\cn hundred and hfIy mllhllIcn of 

27’: fumtng rulfurlc acid (I6 moles) ucrc poured mto the Jddltlon funnel and then ulth a Dry Icz- 

v.opropanol bath stmtcglcally placed beneath Ihc flask. the cntlre quantlly of acld *as added by 

remote control as rapidly J\ II uould flou from the funnel (u~ally ghoul C-6 mm) whdc the IcmpcrJ- 

Iurc of the rcacbon mlxlurc UJI mJmIamcd hclou IO 1 hc IcmperJIurc of the WJCllOn mlxturc ~4s 

alloued IO WC IO 25” and was kept 31 Ihl\ Ic~cl fur 80 mm II UJ\ Ihcn alloucd IO rise 10 MY uhcrc II 

rcma~ncd for abou1 + hr hy spontaneous. hut 4~. cbolullon of hcJ1 The mlxlurc UJT lhcn cooled IO 

TABI f 4 Tlut RFQOIRN) 1011 HVI)IOI.YW OF TaIw~rUcrrow~ILF 
_- 

C’0noenIr~Ilon vf Irm~Iroacetomtr~lc (glO0 ml ) 
dctcrmmed after 

._. 

Sample So 1 hr + hr I hr 
- - -_ ._- .-. .- -- _ 

I 25 c 25 7 25 5 

2 25 7 25 T 

I 

Slmplc no ! Gn~murr~c mcIhod C~ltm~~olct method InfrJrcJ method 
- _. - _.- - . .- .- - 

I 23 I4 230 23 3 
2 .30 22 301 ! ,343 n 

3 32 an 32 6 22 1 

4 24 97 24 3’ 25 3 

! 26 08 25 9 26 6 

b I 23 u4 216 216 
- 

l Thlr tigurc I\ the avcrdgc of four mca%urcmcoIr. all othcrr arc Ihc rrcragc of IWO 
mcrrurcmcnIc. 

abut IO’ and poured Into a 3 I separatory funnel ‘the lower. mixed acul layer WJI separated from 

the carbon tctrachlorldc layer rnd cxIracIcd ulth a 300 ml portion of wrbon tcIrrchlorldc. The 

carbon tcrrachlorldc wlutlons w?rc comhmcd and shaken ulth two 250 ml pofllons of Ia cold 70’, 

$ulfurlc acld On IcparJIlon from Ihc last of these acid solutions. a colourlcsr IO light yellow carbon 

tctrachlorldc uAu(lon of InmIroaceIon~Ir~lc (73 77”, ylcld) uas ohtalncd When the vAutlon wd% to 

hc stored for an extended per& of Ilmc. ahnut 25 p of anhydrous rnagneslum sulfate ua\ added IO Ihc 

solution IO Insure desrutlon 

Analyst of Trrtnmtwcrrontrrrlr 

lhc best rc%ults scrc obtrmcd uhcn Irm~IroaccIoniv~lc In carbon wtrxhlor~dc solution was hydro- 

ly& by stuvng with CX(XJI aqueous allraIl for approxvnaIcly I5 mm (Tahlc 41 The trm~tromethldc 

” U’urWrp 

AII mrnlpulrtlonr of tr~n~Iroaaton~Ir~lc. IrlnlIromcthyl and dmlIrocyrnomcIh)l dcr~vr~~vcs wrc per. 
formed clthcr rcmotcly (qu~ncmcr grcalcr than 23 gl or from hehInd Ihc protcctlon of salcry stuckI% 
1cc1c4 for rwstancc IO dcronatlon of 25 g charps of explor~c at Jlrtanccc of not ICII than c)uhI lnchct 
The sanu prcuuoonr were oburvcd with rtorrgc of rampkr All melung pomt brhs VCR enclosed In 
Plcl@as ublncts. rlna rupture of a mclllng polnl l pp~aIu% occurred mope than ona. All pcnonncl 
vtrc rcqulrcd IO wear safety plarur ulth SI~C yards upon cntcrmg the Iaborrloy area. 
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s.~lt was then dctcrmmcd clthcr grJvlrncIrlcJlly ulIh tcIrJphcnyl3non~um chlorldc or by mcasurmg 

Ihc opt~~l absorption of an approprlalc &lutlon a1 350 m/d. 

.\n 3lIcrnatlvc. very rapid rncIhtxl w3s bard on mc;lsurmg the opt~ul absorption of the mtrlk 

hrnd a1 225Ocm I Thus method ~lloucd dust uu of the urban IcInchlorldc solution or a smgly 

JIIuICJ colurlon Tahlc 5 shows Ihc agrcemen1 oh~r~ncd ulth lhcsc Ihru mcthcnts 

The gr.‘VlKI~lC prnccdurc Y-d, bcl&cd In be Ihc mc%I prcC&c bc~ausc Ihc per Cent error InvOlbcd 

m uelghlng 1s very much lcu th3n IhaI Involved In Ihc spcCIrophoIomcIrlc methods The mfr3rcd 

mcIhod wJs artalnl) the fa~c\I and probably Ihc ICJ~I qn\lIl\c IO cont3mm3nIs 

As regard\ Ihc dcIcrmindt~on of IrlnlIromcIhtdc ion u\mg IcIrJphcnylJrson~um chlorldc. Ihc cflcc1 

of \3rylng Ihc \~,lurnc of \ulullon frum u hlch Ihc lcIrJphcn~l.~r\onlum IrlnlIromcIh& II prcclpitJIcd 

wJs studlcd Ch3ngcs of volume bclwccn 20 ml 3rd I55 ml wcrc wIthout sIgnlfiC3nt cITcc1 on Ihc 

rc\ults. 

7hc pnrlslon of the grrvlrncirlc prdurc ~3s IOICJ by 3nJlysls ol rcn 3hquo1s from a smglc 

nllroform solullon Rcsulu ranged from 97 MT, to 100 I2 ?,. 3vcragc 9145’;. sIan&rd dcvcatlon 

I i)5 f; b3scd on the wclghcd nl1rofon-n. Slrvzc this work ~3s Jonc dunng the famlllarv;lIlon prmd. 

11 IS expected tha1 the rncIhod 1s wpablc of more pr~lsc rc%ulI\ 

l?u prcclslon of Ihc ultra~~olct 3bsorpIlon mcthud could probably hc Improved by a dlticrcntlal 
mcasunzrncnt using 3 sund3rd soluIlon for the InlIla mstrumcnt scttmg. Potassium trmltromcthldc 
wu first tried u a standard solucton. Solutmns of the order of IO-’ molJr wen: found IO bc st3blc for 

Iwo weeks; sIrongcr solutions wcrc qultc unsI3blc. Sohd 3mmomum Irm~Iromethldc and aqueous 

0 I 3nJ OQI M solurlons of ammonium trmltrorncthldc wcrc slrblc for 31 lc3s1 three works wlthm the 

llmtu of dctrctlon by ulIr3~mlcI 3burpIlon 

So&m Dmr~rorpnomt~hdt 

‘To a mcshamully stlrrcd solulion of 600 ml of 4110; hydrobromlc acid In 1700 ml of cIh.snol con- 

talned In a three-mkcd. I2 I. flask ~-3% 3ddcd 3 <olullun of trmttroaatonlIrdc (the total produCt of 3 

4 mole run) m 3pproxlmatcly IhM) ml of wrhon IcIrJshiortdc. The tcmpcnlutc of the rc3clion 

mlxturc slowly mcmascd IO about 50.55”. and rcmamed thcrc for 3pproxlrn3Icly I hr Durmg Ihtr 

tmx the solution bcc3mc red. then brown. and fm3lly blJck; brown fumti rcscmbhng hromlnc wcrc 

C(UI~C cvldcnt II hJs also kn ohscn~d Ih31 ethyl nitrltc IS one of the m;ljnr by-products of Ihtc 

rcaCIlon. 3nd thcrcforc adcqu3Ic \cntll3Ilon mus1 bc probtdcd In Ihc vlcmlIy of Ihc rcaCIlon rcsscl 

When Ihc c\nluImn of he31 cc~scd. Ihc solution was cooled IO 0 5 3ntlw31 ncurnh~cd with MTrlcnI 

3 N methanoltic sodium hydroxldc to ralsc the pll v~luc IO 8 Addltwn ol kuc WUXJ the soluIlun 

gradually to hcomc red. ur3ngr. ;InJ lin3lly 31 the dfilrcd pH v~luc. 3 very hght yellow A small 
quJntIty of prcclpitatcd sodium bromide usually made Its appcJr3ncc during the ncuIrrllr.atlon \~cp 

The solvent uas then dlstllkd from the McIlon mlxturc at rcdurrd prcssurc 3nd Ihc dry rnlduc ~3% 

cxtraacd u11h two 500 ml porttons of ethyl JCc131c The ethyl 3cc131c soluIlon of sodium dmltro- 

cy3nomcIhldc wu treated with drcolortrmg ch3rcolI 3nJ the UII ~-3s prwlplI3Icd by dddillon of 2 I 
of ether. The sodturn dmltrocyanomcthrdc. 3604OOg (50 65^.). was scpratcd by filtration and 
tlrled in a vacuum oven 31 70-80’ for 4 hr. Its rnclImg pm1 (JtcomposlIlonl was 221226‘. 

(Found: Na. 13.96. UC fur h’aC(NO,),CK. H,O. m p ?I4 ?I6 . rcCr)$IJlll/Cd from ethyl 
3oct.aIc bcn7cnc solution: N3. I3 45 1 

(Found: NJ. I5 36 CA for NJC(NO,),C‘S h’~. 1501 I 

Potawum Drntrrot,,rrnomtth~llt 

Tk preparation of potassium dinlIroCyrnomcIhidc UJI ldcnllwl ulIh Ih31 of Ihc rtxllum -11 wlrh 

the cxaption thar mcthanohc poLlsslum hydroxldc UJS suhIltuIcd for rndtum hydroxldc The work. 

up of the salt was conrtdcrably slmpllIicd by Ihc fJC1 that potassium dmctroqanomcthldc ~3s lnurlubk 

in the solvent q-stern in which It was forrncd. Polu~lum dm~IroCyonomcthtdc and ptarslum bromide. 

wtuch w-as equally insoluble. WPC uolated on a filter I’ The rnixturc of salts (800-900 g) was drKd for 

6 hr at 7tHO’ m a vacuum oven and then transferred to a I500 ml Soxhlct extractor and extraCted 

with 2 I. of aaIone over a I2 hr period. 

Most of the potassrum dinitrocyanomcthidc. which is only moderately soluble in aatone. was 

1% Tbir salt mixture could be tritumted with Eold water. rcfiltcnd. warhcd wvlth cold water and the filter cake 
ra~y~ulhzc4 from waler wcthout losing prohlbmve qurntltlcr of Ihc potrsslum dm~IrocyrnomcIh~& 
ong~oally prcwnt. 
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fikcrcd from the aczIonc m the dlstlllatlon flask at thu tlmc The baluuc was prcc~p~ted by the 
addmon of about I I ol cthcr to the acetone solur,on which had born previously conanu-artJ IO onc- 
fourth of 11s orIgInal volume By this proadurc thcrc w obtamcd 435 SO0 g (67-757.) of potautum 
salt wtuch melted ulIh decomposltcon at 262-264 

Crude salt rccrystalllud from water cxhtbltcd a yellow color II could bc suspended In 8s’; 
phosphoric actd and <tIned o\crmght. ftltcrcd. uuhcd with ethanol and rccovcrcd In pure, uhlte 
condltcon The same treatment usmg conccntratcd hydrochlorc acid or rtrrystalhratlon from 20’, 
aqueous rulfurlc acid aI50 helped rcmobc vcllou coloration 

(Found. K. 22 W Calc for C,O,\,k. K. 21 I2 ) 

Polawum dm~lroc)anomcth~dc uac d~ssolvcd In an aqucou< rolutlon contJmmg a two-fold cxass 
of silver nItrate The product which crysull~ud on coolmg the %olutlon was rozryrlallubd from fresh 
aqueous ,Il\cr mtratc solurron and then IUICC from dlstlllcd water. m p 224’. When tlus product was 
dissolved In acetone and prcclprtatcd by the addttron of ether. the sllvcr content was unchanged. 

(I ound. Ag. 26 4X Calc for C,O.N,AgK Ag. 26 51 I 

Dmtrrarcrrtwrrdr Pol~hplurr 

Thirty-two and four.tcnths gram% of so&urn din~Irocy.momcIhidc (0 21 I mole) was druolvcd In 

17.5 ml of water. and the water layer was covered u-ith -70 ml of ether. The rntxture was stirred In a 
coolmg bath and 20 7 g (0 21 mole) of conantratcd rulfurlc JCld was ad&d dropwlsc tire was no 

multmg aqueou\ later. and the ether was decanted from the rnoltt salt. Latractton with ether was 
conlmued In pnrtlonsuntll the cxtract_s bccamc cnlourl= I he cthcrcxtracts ucrcdrlcdovcmlghIwlIh 
rnhydrour magnesium ~Natc. and the rohcnt was remobcd under reduced prcuurc. The residual 
crystrlhnc sohd was washed onto a filIcr with mcthylcnc chlorldc After c\acuaIlon In a dmucaror 

there was obtamcd 25 3 g of uhltc crystals m p 37-u) J ‘I hc water content of this matcrlal was 

dctcnnmcd by Karl Fisher tltratoon 

(Found: Scut cqu~\ . 1867, Il,O. ?I 0 Crlc for C,HN,O,. 3 25H,O. Uncut cqulv . I88 5; 

H,O. 31 I 1 
When J sImllrrly prepared product w;u transferred from the hltcr directly to a flask and wilt 

subhmcd JI 20 , I 0 mm. J uhltc cryrtallmc product was obtamcd 11) rn lacuolcd rccclvcr Thrr 

wbhmatc had the composmon of a IcIrJh~dratc. m p 37-u) 

(Found, C. 1242. ti. 4 26; F;. IY 89: ncut cquiv , ?O?O Calc for C,HN,O,. 4 H,O: c. 

II 82. H. 4 43. h. 2060, neut cqu~v . 201 I I 
Contmucd dMillJtl0n of the restdue (trcarcd with I?, dtphcnylrmmc) gave a II~UIJ fraction Thl% 

was rui~stlllcd IUICX and wd\ tin;llly found 10 he mtntly nilrtc JCIJ. J\ indlutcd by Ihc melting potnt of 

IIS nitrun dcrl\rII\c (m p. 263’) 

All prcparatlons of Ihc mltlrl c+~alhnc product. whcthcr the mmcml JCIJ employed was sulfuric, 

hydrochlo&. or pho\phorrc rcld. yielded mtron dcrlvatl\cswhich. after recrystrlhzaIlon from ethanol. 

I&ted at 189-l% . aid gabc no dcprm\lon In mchmg point when mlxcd with a dcrl\atwc prepared 

dlrcctly from samples of crystalhnc hydrdlc uhlch had I~quchcd after cvac’uatIon obcmcght In the 
presence of concrntratcd 5ulfurr acld I)lrtlllatlon of thlr Ilqucficd matcrlal. however. produced 

decomposmon even at 10~ IcmperJturcs 

Sdctr Dmrrrocyunomrrhuk 

A solutron of I I6 2 g (I J O. molar cxccu) of sdtcr mIraIc In 40 ml of w&r was added IO a soluuon 

of 70 5 g (0 46 mole) of so&urn dlnltrocyanomcthldc In 80 ml of waler at 40’. The suspcnslon of 

sllvcr salt was cooled. tiltcred and washed with cold ethanol. The product was rccrystallued from 
Ml0 ml of water hcatcd to 90’ and filtered uhllc hot, giving 67 4 g (6l.J % yield) of ,,lvcr dmltrocyano- 

mclhldc The salt exploded at 196” In a upllhry melting point tube and shattcrrd the apparatus. II 

IS soluble In aoctonrtrllc. water and accIonc and msolublc In alcohols 
(Found Ag. 44 92. Calc for C,O,h’,Ag: Ag. 45 33 ) 

Brom~~nrrr~crronrtrrll~ 

So&urn dmltrocyanomcthldc (9 0 g. 0,059 mole) was dlssolvcd In a muture of 9 ml of water and 

I3 ml of mcthylcnc chlorldc. Caklum carbonate (5 g) was suspended In the mu1urc. which was 



Chcmlstry of Jmltroacctomtrllc-I (17 

stlncd ~gorously 31 0 5’ Brommc 0 ml. 0059 mole) *as added tu the ml:turc dropw~u The 

argamc layer was separated and drml with m3gncslum %ulfatc After removal of drymg agent and 

solvent. the restdue was d~st~llcd 3nd tuo fmctlon% ucrc collcctcd (I ) I 6 g. 40 5-10 mm. 1)” 1 4132: 
(2) 2 7 g (22.4. 15-36 4 mm. m:,’ I 1UN) FrJctlon (2) UJJ tltratcd mdunctr~wlly and 

found to conbIn 96’: hromu&mtroJcctomtrlle (~OWIW brornmc) I’hc lnfr3rcd spectrum of thtr 

ntltcrlJI c~,ntamcrl nltrllc and dlnltrocyJnomcthyl Jborptlon bJnds Jt 22U)cm ’ 3nd IhO% ‘. 

~~pcctlvclv 

‘I hlrty.thrcc gr3mt (0 IO molt) of \odlum JlnltrocyJnnmcthldc monoh!drJtc uJs J&k<! cn one 

portann to 3 stlrrcd mlxturc of 70 ml of conccntmtcd h\Jrochlorcc acid 3nd 70 ml of 10”. hydrogen 

pcro~dc Jt 30’ The reaction tcmpraturc ~3s m3mtamcd 31 33-35’ for 2 hr by the mtcrmtttcnt 

apphc3r,on of an ICX bath. Durmg this mtcnal. 3 colorlcst 011 scp~r~tcd from the solution The 

mlxturc u’s cooled to 3bout 5. and the tuo IJycrs up3rJtcd The product ~3% ua<hcd once ucth J 

I5 ml porclon of wJtcr rnd UJI JrlcJ o\cr cJlclum chlorldc 1~) ylcld W 8 g of chlorodm~troaccto- 

nltrlk. The product rapidly bc~rnc ycllou on \t3ndmg 31 room tcmpcr3turc DlttlllJtlon of the 

crude product (b p 38”. 14 mm) y~cldcd 29 0 g (91 00) of chl~~rodInctro;lcctonItrllc. nr I 45OJ 

Scvcntccn grrrns (0 2 mole) of c)Jnodcxtlc 3c1d *3s d~srol~cd In 50 ml of tr&Jorcuzctlr: acd 

magncttcally s~ncd In 3 250 ml three-n&cd tl3sh cqulppcd with 3 thcrmomctcr. dqmg tubctloscd 

baler condenser 3nd J stoppcrcd. prctsurccquJh/rd 25 ml droppmg funnel )~ftccn Jnd clght- 

tenths grams (0 25 mole) of anhydrour mtrlc 3c1d ~3s plJctd In the drnpptng funnel The rcJctton 

tmxturc ~3s warmed to 40’ 3nd slou dropulsc rddltton of the mtrlc 3c1d wJs begun After I ml had 

been added. 0 5 ml of IO’, fummg tulfurtc 3c1d u;u Jddcd from J plpcttc through the candcnxr 

hhout 2 hr clapscd during the addltlon of tvtrtc acud. durmg which t~mc the rc3ctton tcmpcr3turc uJ\ 

held at 40’ 5”. Soon 3ftcr the acid UJS all added the solution ~3s co&d Jnd poured with \tlrrmi 

over 200 g of ICL and uatcr The quenched mlxturc w=crtrrctcd with tuo 20 ml portlore of mcthgl- 

cnc chlorldc. The comhmcd extracts wcrc urshcd utth cold water until ncutr4 and drlcd ulth ~Gum 

sulfate. Solvent wat cvqxvatcJ anrl the rc%lduc (u-hlch It r;,thcr l olrt~lc) *.I< trlturJtcd ulth c.trhon 

tctnchlorldc. uurmg II IL, cryttallvc I hc uhltc cryst.~ls were filtered. u-;l,hcd ulth cold c.trbn 

tctrrchlorldc and rc-c~\t~llvcd from ~u\t enough c,lrhon tctnchlorldc to gl\c 3 solullon 31 40’ 

&ohng thu tolutmn gJW 5 2 g (IX”. ylcld) of crlrp. uhltc product. m p 42 The product tublmud 

rapidly onto 3 Dry Ia cooled cold finger uhcn hcJtcd to 35 .O I mm Its InfrJrcd <pcctrum cnn- 

tamed clean. shrrp tunds at the foilouq frcqucnclc\. JII of which. cxccpl the cyJrWt2227 cm ‘I 

currespond to ch3nctcrtstlc vlbr3tlons of the furc)xJn ring rccognllcd hy Huycr rr al I’ 2227. 161:. 

1460. 1305. 1101. lCb85. 844. 745. 688 cm”. (c.tp~ll~r)- melt Tpcctrum) tlcmcntary Jn3ly\ls of thlr 

rnrtcrlal (C,O,N,) g~\c consl%tcntly IOU \aluc< for mtrogcn uhlch made the Jn3l\\lr \~lucln\ 

Furoran- I.4 /hrurbo.rrrmtde 

Four-tenths gr3ms of subhmcd JlcyJnnfuro:Jn UJI d~,~l\cJ in 5 ml of conccntrJtcd \ulfurlc 3c1d 

JI room tcmpcrdturc 3nd the solution UJI left ldlc ovcrnlght I hc coIourIc%\ solutmn WYJX pturcd nntn 

25 g of crushed ICC clusmg prcclplt3tlon of uhltc WIIJ mJtcrlJl I he product uJs colkctcd on .I 

tiltcr. wvhcd ulth IcIc-uJtcr unItI the u3\hc\ *crc nCUtrJl Jntl rcz~~tJlh/cd from hot w3tcr. m p 

233’.” 
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