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Abtnc( -DmwtucctamtJc was prcparcd by JCICI hydrolyw of dmwxyanomcthldc salts Mampu- 
IJtlon of prcpanr~vc quant1txs of dlnitroacct;lmldc or 11s salts was troublwmc due to unfavorable 
solutxhty propcrvcs and rclatwzly frcllc dccompowon IO g~w drmtromcthanc dcwrrcws. nmlrro- 
.vzcramldc undcwcnt normal htlchxl addltlon rcacrwns and condensed wth formaldehyde IO gwc 
2.2.dlnllro-2urtumylcthJnol of wtvch JWJIC ester and N-~~lJrnldo-dcrl~ar~~c~ were prepwed. 

TItE chemistry of dinitroacctamldc has kcn brlcfly survcycd. Factors afkctmg the 

ylcld of product and occurrcncc of by-products acre invcstlgated at some length but 
from 3n empirical approach slncc the mechanics of the prcparativc reaction were 

nckcr well understood. The chemical properties of dinitroacct3midc have keen shoun 

to bc typical of a gcminal dinitrocompound, modlficd by the general tcndcncy of 
Jlnitroacetamidc. its salts and den\atlvcs to undergo rather facllc hydrolysis of the 

carbamylgroup@\mgdcrl\ati\tsof dmitromcthsnc. Fxccpt for this tcndencydinitro- 
acetamidc formed salt\ 3nd gakc derivatives h3klng the cxpcctcd propertic\ in reactions 

ulth formaldchydc 3nd w-lth carbonyl-conjugatcd unsaturated compounds. The 
Mlchacl 3Jduct of dinitroacctamidc w*lth acrylic acid ~3s shown to bc Identical with 
the product isolated from the analogous reactton with dinitroacetomtrilc tctrahydratc.’ 

Dinitroacetamidc ~3s prcp3rcd by treatment of solutions of drlcd sodturn. 
ammomum or potassium dlnitrocyanomcthidc salts in mcth3nol-ethyl acctatc solution 

with gascou~ hydrogen chloride. Product was isol3tcd from such reaction mixtures 

\Imply by evaporation of all volatile material. i.c. without recourse to any Intentional 

hydrolysis trcatmcnt. Some conversion to dinitroacetamldc could bc cfkctcd using 
methanol or ethanol alone or mixed uith ether instead of ethyl acct3tc; cvcn from 

conccntratcd aqueous hydrochloric acid an Impure dinitrorrcctamidccouldbeobtamcd. 

The optimum conditions for the preparative rwction comprised use of approxl- 
matcly the minimum amount of methanol-ethyl acetate solution rcquircd for d~ssolu- 

rlon of the dinitrocyanomcthidc salt. Greater amounts of alcohol gave incrcaGng 
quantltics of stdc reaction products, mainly the dinitroacctatc ester but also dinitro- 

methane. Separation of dinitroacctamide from crude mixtures containing thcsc 
compounds 3h impurities by rccrystalliwtion of the dlnitroacctamidc or Its potassium 
41 ~3s found to bc Inefficient and uastcful. The dinltroacetamidc salt was the most 
\olublc of the three. 

The cfkt of concentrated acids on the hydrolysis of sodium dinitrocyanomcthldc 
has hccn inkestigatcd by spectrophotomctrlc means. Conccntratcd sulfuric, 85 per 
cent phosphoric, and concentrated hydrochloric acids hake been used. Only In the 
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case of concentrated hydrochloric acid houcver. have the results been suthctcntly 

clear-cut to enable definite conclusions to be rcachcd from the spcctrophotomctric 

curves obtatncd. 

Dtnitroacctamide and drnitroacctonitnle uerc found to possess distmcrly dtffercnt 

ultraviolet ahsorptton curves. i.e. drnitroacctomtrilc shoued wak absorption peaks 

at 232. 255 m/r and a strong absorbance at 345 rnp; dimtroacetamidc. on the other 

hand, cxhtbited strong absorbance at 361 m/c and a broad. low maximum at 280 300 

mp. Two and one half hours after sodtum dtnttrocyanomethtde uas d~ssolred tn 

concentrated hydrochlorrc 3c1d. the maxima at 23 2. 255 and 345 drsappcarcd com- 

pletcly. Instead the IOU. broad maxima at 2X0. 300 m/l and the fairly sharp maxtmum 

at 361 m,u appcarcd The soluttons of sodtum dimtrocyanomethidc tn conccntratcd 

hydrochloric acid \serc cxamincd spcctrophotomctrrcally after 21. 41. 24 and 48 hr. 

and absorbanctes at 295 and 361 ml’ \scre compared with those from a sample of 

dinitroacetamidc in a solutton of srmtlar pH. Marc than HO per cent formatton of 

dinitroacetamide was noted after 24 hr. ‘I his was found to dccreasc to W-50 per cent 

after 48 hr Good duplrcatron of results uas obtatncd In succcw~e cxpcrtmcnts h 

concentrated hydrochlorrc acid solution of dinitroacctamidc formed UI JIIU from 

sodtum dtnttrocyanomcthtde uas further concentrated rn rw~o at a temperature 

slightly aborc 26’C. There ~a\ no dccomposttton. 

As mcntioncd prevtously. the rdcnttfiablc contaminants accompanytng dtnitro- 

acclamtde vvcrc found to hc dtnitroacetatc ester and dinnromcthane. There wa\ no 

difficulty In obtainmg pure samples of salts of each of the=. the dtrntroacctatcs hy 

alcoholysis of the corrcspondtng alkyl dinitrocyanoacctatcs2 and the dtnrtromcthanc 

salts3 by alkahne hydrolysis of tither dtnrtrocyanomcthide or dinitroacetamtde salt\,. 

Comparison of infrared spectra of dtnitroacctamidc, methyl dtnitroacetatc and 

dinttromcthanc salts tndtcatcd that detectable quanttttcs of dinitromcthane salts may 

have been prcscnt In mo\t dtnttroacetamtdc salt wmplcs. On the other hand 3~ N H 

bands and 6 p amrde carhonyl bands adequately charactcwed dinrtroacctamidc \alts 

as parent spccic\. 

LXPFRlJlthTAt. 

Dmrcroarrrcrmdt rclr, h~clroyru rh/ordrLI ‘I uo hundred mrllrlrtcr% of 3nhyJrous cthcr ~3, rtrrrcd 

tn 3 cloxd fl.t,k u hrch \\JI w~rlrd 111 .t frcc/rrrS mrxturc (crurhcd ICC -twpropyl3lcoholt 3nJ protcctcd 

from morsturc urth J Jr-ytng tube uhtlc dry hydrugcn chlarrdc ~3% bubhlcd tn untrl the wllutwn ~3% 

satur3tcJ at 5 A wlutmn of I< 3 ~(0 I mole) of Jr4 w&urn Jmrtrocy3nomthtdc u-r a mtxturc of 

I? ml of .tnhydrous mcth3nol 3ntt I2 ml of ethyl 3ccldlc ~1% 3tlJcJ rrpdy lo the wrrcd. cooled 

ctturcal hydro6yt-r chlorrdc solutton wuw-rg the tcmpcr3turc to rru to 4 5’ Ourmg the next JO mm of 

sttnmg. the tempcr3turc dropped to IO , and the rc3ctton mtxturc ~3s allowed to stand owrnrght 

tmmcrscd tn the frcc/rng mrxturc contwwi cn a Lkuar tisk. R3ptd rcmo\al of the sodturn chlortdc 

formed m the rc.tctwn ~3s bc-~ 3ccumpltrhcd by hltr3tton through Cchtc Solvent ~3% rrmovcd from 

the filtr3tc under reduced prwurc It ~3s found aJ\3ntrgcous to rcdrssolwt the comntr;rtc m cthcr 

when rt ~1% csuntrally frtc of hydrogen chlorrdc rod to dry II urth .mhydrous magnwum wlfrtc 

When solvent url\ then completely removed rn rwc~o. the rcwduc crys~ll~z.ed and could bc u3thcJ 

onto 3 filter utth mcthylcne chlortdc 3nd Jrrcd Prcduct thu\ obtarncd has 3mounteJ to 3s much ;I\ 

I I 4 g (76 5’, y~cld). m p 86-tt7’ 

Duwrvurrtumtclr (uptour h~1Lochlorrc oruf) Lrghty.thrcc mtlltlrtcrr of conantr3tcJ hydrochlortc 

34 was wolcd to IO rnd strrrcd u hrlc 15.3 g (0 I mole) of u&urn Jmrtrocy3nomcthulc was added 

to II tn pnrons The mrxture ~3, strrrcd for 3n 3dJ111on3l hour at thrr tempcr3turc 3nd uas 3llwcd 

to come to room tcmpcraturc gr3du3lly ar the frcczrng mrxturc melted After I6 hr the tcmpwtturc of 
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~hc mutturc was 20 II was filtered through Ccl~tc 3nd the filIrrIc was placed II-I 3 contmuous hqutd- 

hqurd c:1ractor wtth 800 ml of mcthylcnc chlortdc; extractron with botlmg mcthyknc chlorldc was 

urrud out for 8 hr Solvent was evaporated from Ihc mcihylcnc chlortdc layer lcavmg 3 sohd rcs~duc. 

which was washed onlo a filler with fmh mcthylcnc chlorldc The crude product weighed 2 2 g 

(I4 7*,, YICIJ) and melted at 76 77 

Another prcyratlon YLI carred out In ttic urnc manner. AfIcr filtntlon. the hydrochloric acid 

rcactlon mlaturc was dllutcd with an cqlul volume of water This solution was cr1r3ctcd wuh 85 ml 

portlons of lwpropyl cthcr. The comhmcd org3mc clIr3cts were drlcd with anhydrous sodium 

sulfdtc and then wlIh anhydrous nugncslum ,ulfatc Solvcnl ~3s cvqwntcd IcavIng a mlduc whrch 

cry~13ll1~d when covered with mcIhyknc chlorldc and sadcd with dm~tro3ccIam~dc cryrt.~ls There 

UPS obtatncd 2 I g (I4 I ‘; yeId) of crude dmltrtucctrmldc. m p. 48 67’. 

2.2. I)tntrro-2-curhom)l~:h~nol I)cn~IrwccIrm~dc (24 2 g. 0 I6 mole) was suspcndcd UI 2U ml of 

w3Icr and shned whllc 13.5 ml of 37*, formalm \nluIlon uu slowly dddcd Jroputv The suspcndcd 

dlnltro3cctamldc gradually d~~)lvcd hut the color of the solutron uas ncvcr drxhargcd After 

standmg oermghr 31 room Icmpcraturc. the solutmn was uluratcd with tilurn cMor& and 

~xlracl& uuh c&r The clhcr &lrdcts were Jrlcd with m3gncrlum sulfrlc and cvdpordlcd. lu\mg 

22 g of v3cuum drlcd u;uy ycllou s&d AfIcr rccrysI.A~ation from cthyknc dlchlortdc [lure was 

obt3lrud I I 3 g (39 4*, ylcldl of 2.?-d~niIro-2wrb3mykth3nol. m p lO&lO7 The infr3rcd spcc- 

trum of thl\ m3tcrlal contamcd b.mds cxpcc~cd for hydroxyl. amnlcurbonyl (I 7 IO cm ‘) and ,qcm- 

drnuro groups (I 575 cm ‘) 

When ~hc rcacllon ~31 carrgd out by 3ddmg lhc Jm~tro~cctam~dc (5 0 g, 0 012 rnolc~ to IO ml of 

formAm. Ihc sohd dlswlvcd very rapidly wlIh shgh1 cvolutlon of heat. gl\mg 3 nearly culorkss 

Wlutlon Water was cvrcprrtcd under reduced prcuurc dnd the rcrldual. colork%s 011 was dlssolvcd m 

cthcr and Jrlcd ulth mJgnfilurn sulf~~c Lbaporallon of solvent 3nd cv3cuatlon of Ihc mlduc JI 

0.5 mm left 6 8 g (Ihcor ylcld 5 9 g) The viscous. oily product was d~rsolvcd In Isopropyl cthcr. 

filIcrcd. cv3poraIctl and cr3cu3Icd rgam I1 *as not por~hk IO Induce cry%tlllr~tlon by crrtcmlvc 

m3nlpulJIlon wlIh \3rlou% solvcnrr 3; low tcmpcnturc; The mfrdrcd q&urn of thl\ &tcrlrl UJI. 

houcvcr. \Imll3r In moct rcspccI\ IO I~CII dcw;~hcd ~hu\c 

2.2. L)~nrrr~~.2-curhom~Irrh~locrrutr A ml:turc of I4 g (0 02 mole) of IrifluorrccIlc Jnhydrldc and 

3 4 $ (0 056 mole) of 3~~11~ 3c1J UJI stlrrcd and w.trmcd IO 5tMO under rcflux for I5 mm After 

cooimg. J solutron of IO I g t0 050 mole) of 2.2-dm~tru-2r;lrbamylcth3nol m 50 ml of ethyl c1hcr was 

added uuh contrnucd sturlng. and the solution was heated under rcflux for I) hr Solvcni ~3s 

cv3poraIcd under reduced pressure. the rcsrduc uu drssolvcd m mcthyknc chlorrdc and cxtrJrtcd 

tulrc ulth water. tutor with 5”. sodium blcarbonatc solutcon 3nd ayam wuh w3tcr The organlc 

ponlon was dried utIh magncslum sulfate The dried mcthylcnc chlnrldc wlutlon -3s conccntratcd. 

cookd m I frccrrng mrxturc 3nd drlutcd urth petroleum clhcr. wu\cng prccq%t;lIlon of I 5 g (I2 I O_ 

yield) of crude producl. m p 55 CM Afrcr three rcr~st~lll/.stlons from 3 mcthylcnc chlortdc- 

pc1rolcum c1hcr mrxturc. the mcltmg pomt rcmamcd constant 3t ho 02 

(Found. C. 2700. it. 2tt5; N. 1968 <‘dlc for C.H,O,N, <‘. 27 1%. II. 1 I?. s. 1900) 

h-(2.?-~tnrrr~,-2_cor&m~lrrh~l) mrrhrrrrykumtrlr. I rcshly rccryrI.Jllr/cd mcIh3cryldm~dc (I 7 g 

0 02 mole) 3nd 0 6 g (0 02 mole) of par3fonnJlJchydc ucrc ground togcthcr m J monrr Two drops 

of rcturatcd ~qucous potJsvn_tm urhon3tc solutron wcrc 3Jdcd IO the mutturc uhlch ~‘35 ground 

funhcr When the poudcr w.ts warmed 111 a b3th ~60 for .I fcu mlnutc\. 11 mcltcd The ncrtrly clear 

rnch ~3s cookd. d~ssolvcd m IO ml of urtcr 3nd hltcrcd To the clcJr fil1r3tc was ~ddcd 3 ~(0 02 mole) 

of JrnrtroaccrrmrJr The solutton ~3s u3rmcd JI 60 for IO mm. cooled. and uhcn cryrtallrra1ron ~3s 

complctc. tiltcrcd The drrcd produci ucrghcd 0 9 g (IX 3”. ykldf. m p 116-l I7 TW rccry~tJIIt/~- 

ttons from cthyknc chlorrdc g3vc 3 constant mcltmg pomt of I20 

(Found. C. 34 71: H. 4 32. N. 22 72 Glc for C.H,.O.N,: C. Id 15. H. 4 07. N. 22 76) 

4.4-I~rntrr~r-4-corhom~lhurvrtr urn/ A solution of 3 0 g (0 02 mole) of dmuro3cc1amrdc m 7 ml of 

water was ml& wuh I 4 g (6 02 mole) of gl3c13l 3cryhc acid and u-31 3llowcd to stand ovcrmght at 

room tcmpcra1urc When JII volalllc matcrl3l was cvaporalcd from the rcacllon mutturc under 

reduced pressure. the rcsrdoc cry~trll~~ed It was washed onto a filter ulth rncthylcnc chlarldc. glbmg 

2 8 g (6.J 4”; ytcldf of product. m p 80 95’ hf1cr tuo rccryrtalhratmns from cthyknc dkhlorrdc. the 

mcl1ingpoint was II!.117 

(Ncut cqucv . Found: 75 0 Gk 757.) 

The cnfr3rcd spectrum of thts matcrral was mdt\tmgurstublc from 3 sample of the umc compound 

prepared In J dtfkrcnt way 1 
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4.d-Drnrrr~-curbrtm)Ibur~r~mtJI A solution of 1 4 g (0 02 mole) of frcrhly rccryrtrlltrrd acc’yl- 

amldc In 5 ml of methanol uas mlxcd ulth a solution of 3 0 g (002 mole) of dmltroacctamlde In 10 ml 

of methanol The rcsultmg solution UJS urrmed at 40’ for I6 hr. cooled. and a small amount of 

polymcrlc rnatenal removed by ftltratlon After solvent had bttn evaporated from the filtrate. cold 

water YJS added to the rtslduc. clurmg II to cnrt.~ll~rt. The product uax hltcrcd. washed ulth cold 

water. and when dried. uclghcd 2 7 g(6l t’, y~cld): m p I05 I06 After tuo rccr)rtrll~~~t~on~ from 

ethylene dtchlondc. the mcltmg runt was I IO I I I 

(Found. C. 27.67. H. 3 95. h. 24 42 Calc for C,H.O,N,: C. 27 27. H. 3 64. &. 25 45 I 

Suhun JtmrrcwrrromtJr Dmltrorctt~mldc (5 g) was dlswl\cd In IO ml of methanol. the solution 

was stlrred and mcthanoltc so&urn hydroxtde solution added dropulsc uhllc coolmg cn an Ia bath 

untll the solution uas frmtly dlkJlmc to pH paper Cry~trll~~cd salt *as filtered. and dried wt. 5 2 g. 

m p I67 Jcc RccryrtdlllrJtlon *as ctMcd by dluolrlng the ult %u%pcndcd In bolhng ethanol by 

l ddltlon of a httle uater. hltcrmg the hot r)lutlon. coohng the hltratc rnd addung ether. m p 170’ 

wulth cxplos~on 

(Found: Na. I4 62 Calc fur C,Il,O,Y,Nr. hr. I3 45 ) 

forarstvm JlntrruurrromrL wa< prcparcd In analogous f.ehlon. It was rpprcclably less soluble In 

water than the sodium salt and could be rccrystallved from concentrated aqueous solution. m p 159” 

wtth dcflrgntlon. 

Stlnr rf~nr~rcarrramtrlr A solution of 5 g of Jlnltroacetamldc In aqueous methanol was ncutrallud 

wtth a solution of potasrlum hjdroxldc In mcthdnol. The Wlutlon uds w~rmcd to J~ssolvc any 

crystall~& solid A solutlun of 5 g of sllvcr nitrate In 10 ml of water uas added to the potat\lum 

dmltroaatamldc solutcon uusmg crystalhrattun of sllvcr dmctroacctamldc. which u-a* filtered and 

dncd. yield 7 6 g Rccrystallvatton from water gave 5 2 g. m p 130 ulth dcllagratlon 

(I ound: Ag. 44 65. Calc for C,H,O,h,hg, Ag. 42 19 1 

htr~ttui t)rcoMvuvrioY m)tvts ot seats 
- 

Dmltroacctamldc 
Methyl 

dlnltro3cztatc 
Dmltromcthanc 

- ..-- - _- 
Na I67 212 211 213 

K 159’ 213 214 205 

Ag ItO 168-170 I \! 


