
STUDY O F  NITRATION O F  N,N'-DISUBSTITUTED WYDR.~ZINESL 

BY JE.\N 1'. I'Ic.\I<I) . \ N D  JL.\N I.. ROII.IN 

Abs t rac t  
. . I he nitration of N ,  N'-clis~~t)stitutetl h:.clrazi~~es (ItNI-I-NHR) h:. mcs;irlli (,i 

nitric acid -acetic anhytlriclc m i s t ~ ~ r e s  has I ~ e e ~ l  found to yield, in nlost c.;isc.;, 
 he azo derivatives (RN = NK'I. For esarnple, \vlien I? = CI-13, (Ct13),(CN'~C, 
CH3C0, or CgHjOCO, azo tlerivntivcs \rere formed. When I< = HCO, nitrogen, 
carbon dioxide, and liitrogen oxitlcs \rere evolvecl. An escep~ io i~  was ol~l;or\~ctl 
with N,  N'-dibenzoylhydrazine which, ~ ~ n d e r  ilre samc conditions, ~.ieltlctl 1l1e 
N, 3'-diniiro-N, N'-dibcnzo).ll~ytlrazinc. 

I n t roduc t ion  

A recent survey of the litcl-aturc has rcvealecl the existence oi  ioul- clinitl-oso 
clcrivatives of substitutccl hydrazincs (3, 4, 12, 13), but the N, N' -c l i~~ i t~o  clcri- 
vatives of clisubstituted hydrazincs arc still unknown. In the light ol tlic*yc. tacts 
it \\as of interest to investigate thc formation of nitrate salts ancl nic~o tlrri- 
~rativcs of some N, N'-disuhstit~~tcd hgclrazincs. Thc substitutccl t ~ !  (11-a~incs 
prepared for the prcsent stud>- arc listecl in Table I .  

R-NH-NH-K (I)  I-- 
I? . . Rcl. ( hI.p., "C. I B.p. "C. / Calc. / F ~ u ~ ~ I  / C,llc. I ITound 

CH3 
(CH,)?(CN)C 
CI-IICO 
C G H ~  
HCO 
C!HjOCO 

CGH jCO 

The N, N'-disubstituted hydrazines (I) were added to nitric acicl --acetic 
anhydride mixture in the ratio of four moles of nitric acid per mole of h)-tll-azo 
compo~~nd.  By carrying out the rcaction a t  low temperature, i t  Lvas foul-ltl that 
two of the disubstituted hydrazines usecl in this study (K = CH:, and (('I-In). 
C(CN), (Table I)  yielded the dinitrate salt (11). As the reaction pl-occc(lct I, the 
material went into solution, and si~nultaneous oxidation took place as scen from 
the formation of nitrous acid. When the reaction ~nixture was allowed to \\Tarn1 

1 ~Walnlzuscript received Septelllber 11,  1950. 
Contribution from the Organic Section oj the Canadian Arnzaltte~zt Rescarclr. a,td Dalelop- 

r,ze?zt Establishtrtent, Valcartier, Quebec. 
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32-4 c..~!vnnrn:v ~ o r ; ~ s . ~ r .  or; crrc.~rrsrxu. r.'o~. 29. 

to room teniperatilre, gases n-ere el-c)lvctl. 111 most cases thc onl!. materials 
isola~etl were nitrogen oxitlcs and thc azo deri\.ativcs (111) of the S L ~ I - t i n s  
~~latcrials.  

I:or example, N,Nf-disubstiti~tecl hg.clrazines, where I-? = CHj, ( 'b f I . ; ,  

(C'II ,)?C(CN), CHaCO, 01- C,HjOCO, g.iclclecl the azo deribatives oril!-, L\ ht~rcds 
N,N'-c1it'ol-m~-lhydrazi~~e ( I ,  R = I-iCO) \\.as cleco~nposetl con~pletel~.,  giving 
gaseous proclucts. 

.An exception was observed in the case ot' N, N'-clibenzoylhg~drazine (IL:) 
which, ~ ~ n d e r  the same conditions, j.ielclct1 the N,  N'-dinitro-N, N'-dibenzoyl- 
hyclrazine (V), in admixture with its azo dcrivativc. (111, R = CcHjCO). 'Tl~is 
nitrated hydrazine was hytlrolyzetl bj. dilute alkalies to benzoic acitl ancl 
nitrogen oxitles. The ultraviolet absorpt-ion spectrum ol V (Fig. I ) ,  exhibits an 
absorption band a t  2390A which is c11aracterist:ic of a secondary nitroarnine, 
as \vas pointed out by Jones ancl 'Thol-n (6). 

O H H O  0 NO.? i\'O.!O 
1 1  I I 1 1  [-IN03 

C6H; - C - N - N - C - CGHj 
I I  I I I /  

-+ CGH; - C - N - N - C-CsEIs 

WAVELENGTH (i) 
Frc. 1. Ultraviolet absorption spectra. 

N ,  N'-Dinztro-N, N'-d~benzoylhydraaine (ethanol). 
. . . . . . . . . . . . I ,  9-Diacetoxy-2, 4, 6 ,  8-tetranitro-9, 4 ,  6 ,  8-tetrazawonane (ethanol) (7).  
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This behavior oI N,N1-dis~11)stitutecl h!.drazines ton,arcl 11itl.i~ acid -acetic 
a~~hyclriclc mixture scc~ns  to be dominated by the basic cliaractrr ant1 reducing 
poiirer of the li\~clrazinc molec~~le itself, and appears to IIC tlcpcntlcnt on the 
S L I ~ S ~  i t ~ ~ e n t s  emplo).ccl. 

The replacement oi  two h>.clrogens of h>drazinc 113: benzo)-1 groups results 
in the formation of a \~eal;er base. This effect is not s~~rpr i s ing ;  it is analogous 
to the effect produced 11)- tlie rcplaccment of liyclrogen in ~neth>.l amine by the 
benzoyl group, wherel)>- a more easil3- nitrated seconclal-y a~ilinc is formed. 

Experimental' 

The  action of nitrir arid - acetic anhyclride m i x t ~ ~ r e  on N, Kt-clisubstituted 
Ii>,drazincs was studiccl a t  hvc different temperatures: -30°C., -20°C., -lO°C., 
0.5"C., and room temperature. 'Typical expcrirnental procccl~~rcs arc given 
below. 

Ni t ra t ions  of N ,  N'-di.metRylJ~3idrazine ( I ,  R = CH3) a n d  o j  iV, N'- 
diforrnylhydrazine ( I ,  R = HCO) 

I n  a flask equippecl to catch thc gases formed in the reaction ~nixture  were 
I~laced nitric acid (lOOyo; 6.3 gm.;  0.1 mole) ancl act:tic anhyclrirle (30 mi.) 
prcviousl\~ mixed a t  -30°C. To  this solution a t  -30°C. was aclcled the dihydro- 
chloride of I (3.3. gm.;  0.025 mole) and the mixture was allowecl to warm to 
room temperature over a pcriocl of half an hour, cluring which time gases were 
evolvccl ancl condensed into a dry ice - acetone trap after the>! had been cvashed 
in alkaline solution. The  reaction mixture was evapol-ated a t  40°C. (I m ~ n . )  
and a trace of unidentihecl material remained in the flask. In  the trap was 
present a low boiling liq~iicl, b.p. 1-2OC., \vIlich was azometliane. \Trhen the 
reaction was held a t  -30°C., one could isolate from the mixture, by filtration 
through a sinterecl glass funnel, a white solid. This c,r>-stalline ~naterial was 
very hygroscopic, ant1 after several washings with clr): ether was identified as 
the dinitrate salt of N ,  Nr-dirnetI~>-ll~yclrazine. Calc. for C2H10N.106: FINO3, 
67.7%. Found: I-IN03, G'i.Og;b, after malting a correction for tlie water content 
of the samplc. 

When N,N1-cliiorm~~lliyclrazine was treatecl in the same wa). as  above, no 
nitrate salt could be obtained, ancl the gaseous procluct insoluble in allaline 
solution was founcl to be nitrogen. After evaporatiori of the rcaction mixture 
i~ncler reducecl pressure, nothing rernainecl in the flask. 

Nitrat ions  of H>idrazoisobutyronilrile ( I ,  R = (CIIa)?(CN)C) a n d  
Hydrazobenzene ( I ,  R = C6Hs) 

T o  a solution of nitric acid (10070; 6.5 gm.; 0.1 mole), previously mixed a t  
-30°C. with acetic anhydride (30 ml.), was added I (R = (CH3)?(CN)C) 
(4.15 gm.; 0.025 mole) in the solid form. During the addition the temperature 
was kept a t  -30°C., then the temperature was allowed to rise slowl~.. When 

LA11 melting points were corrected against reliable standards. 

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

14
7.

14
2.

11
3.

14
9 

on
 1

1/
14

/1
4

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 



thc rcaction mixture \\-as licld a t  -25°C. a \vhite solicl scl~aratetl: t-his \\-as lil- 
tered out by suction t h r o ~ ~ g l ~  a sintered glass funnel. 'I'tlis n~atc,rial, al thong11 
quite hygroscopic, aiter be\-cral washings \vitli drj. ether n x s  itlc:ntitictl as a 
dinitrate salt. Calc. for ~~SI-I16NBOB: HN03,  43.l?&. 1;ouncl: I~[so.:. 4S.9%,, 
after making a correctio~i ior the water content of the snmplc.. 

-4t -20°C. the crystalline compouncl began to ciissol\-r and a grc.c.11 colol- 
appeared At 5"C., solution \\-as coml~lete. After stirring a t  2s0('. for hali all 
hor~r ,  the so l~~t ion  was pouretl into 100 gm. of cracliecl ice 2nd \\-atel-. 'flic solitl 
that separated out \\.as filtcrcd ancl washed free fro111 acid \\-it11 \t.att.r, m.1). 
95-100°C. Recrystallization fronl ethanol (50°&) aancl from cthcl- raisctl th(. 
nlclting point to 105°C. Yield 2.5 gnl. (60%). Calc. ior CYI-II.,S4: X >  :3:3.77&. 
1:ound: N, 34.0%. 'I'his co~llpoi~nd was iclcntified as  the azo clcl-ivativc t)y a 
misecl melting point tletermination \\-it11 a n  authentic sa~liple. 

LTThen attempting thc nitration of I~yclrazoberlzene in tlic sxnlc. luanncr, tlle 
only material isolated \\-as azobcnzene, ~\~l l ich formed a t  t c ~ ~ l p c r a t ~ ~ r c s  as Ion 
a s  -30°C. 

Nilration of N ,  N1-dincetydlzydrnzine ( I ,  R = CIlSCO) 

T o  the same proportions of acids as ~isccl in the fol-mer nitration \\.as aclclccl 
an cq~~iva len t  quantity of N, 5'-diacetyll~glclrazine. When the reaction tern 
perature \\,as kept a t  -30°C. for 15 min. a kvhite po\\~der could hc isolated bj. 
cli-ow~ling the reaction nlisture in ice-\vater. If the rcaction 1nist~11-c \\.as allon.cc1 
to warm up, nitrogen and nitrogen oxides were evolved. This n.hitc solicl 
material was so l~~b le  i n  ether, and melt:ed a t  104OC. with decomposition. -4 
rnised melting point determination with a material prepared by thc osiclation 
of N, N1-diacetylhyclrazine with hypochlorous acid a t  lo\\: temperature shon.ccl 
no depression. Calc. for C.ibI~W?02: N ,  24.5y0. F O L I I I ~ :  N ,  24.1!7cc. 

Nitvatio7z of N ,  N'-dicarbethoxyhydrazine ( I ,  R = C21J50CO) 

T o  a solution of nitric acicl ( lOO~o; 7.0 gm.; 0.11 ~nole) in acetic anli\clride 
100 ml.) was added N, N1-clicarbethox> h~.clrazinc (8.8 gin. ; 0.05 mole) a t  -30°C. 
T h e  temperature of thc colorless n l i x t ~ ~ r c  was allowecl to rise slou-I!. to rooln 
temperature while thc misture was stirred. At 0°C. the solicl clissolvccl with 
production of nitrous acicl, and as  the temperature rose thc color deepened 
to red. After stirring a t  25-30°C. for one hour, the red solution \\-as pourecl 
into ice-water (300 gm.). A red oil separated out, ethyl azoclicarboxj late, b.p. 
108-110°C. (15 mn~. ) .  By treatment ol this ester with ammonia, azoclicarbon- 
arnide, a solicl, was obtained, n1.p. 180°C. with clecomposition. Yiclrl, 4.0 gm. 

(69%). 

Nitration of N ,  N1-dibenzoyllzydrazine (I ,  R = C6H5CO) 

The same proportions a s  in the above described nitrations wcre used; thc 
precipitated solid in ice-water was estracted with ether. The  ethereal solution 
was washed thoroughly with dilute sodium hydroxide to get rid of the un- 
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changed start ing ~uatcrixl ,  clriecl ovcr anhydrous soclium s ~ ~ l p l i a t e ,  ancl evap- 
oratecl iz nnczlo. .I \\-hit-e cr)-st-alline solid remained, 1n.p. 90-05°C'. liccr!.stal- 
lizations from ctlianol raisccl t:he melting point to 101..,?"C'. Yielcl, 2.5 gm. 
(31 yo). This  compountl Xa1.c a 1)ositivc Francli i~nont test ior nitrarnino groups 
a n d  rcactccl \\,it-li conccntratetl s ~ ~ l p h ~ ~ r i c  acid,  giving oft' nit-rog:-cn oxicles. Calc. 
~ ~ I - C ~ . ~ I - I ~ ~ O ~ N . L :  (', 50.9: H,  3.03; N, 16.9%. F o ~ ~ n c l :  C ,  51.3; H ,  3.15; N, l(i.Oa/,. 
From the  mother licl~lor. anothcr c o ~ ~ ~ p o u n c l  \\:as olltaini.cl a5 a white poivclcr 
which, after reel-)-stallization from hot water, has a melt-i11g poiat of 118-119°C. 
This compo~~ncl  n-as she\\-n 11)- a mixed melting point cletcrminntion with a n  
authentic sample to be szotlibenzo).l. 

I fydrolysis  01 N ,  Sf-rliizilro-:V, iVf-dibe~zzoylhycirnzine ( I T )  
This  compouncl (0.-L7S ~ I I I . ) ,  melting a t  101.5°C., \\:as boilcd overnight in a 

solution of 1 gm. oi soclium l~!~clroxicle in 50 n ~ l .  o i  ethanol (50%). T h e  soli~tion 
was evapol-ated to dl-!-ncss i~nclel- reduced pressurc ancl the rc~sicli~c clissolved in 
water (20 ~ n l . ) .  'l'hc atlclition oi  an  exccss o i  conccntratecl hytlrochloric acid to 
the solution precipitateel a solid \\rhile nitrogen osiclcs (mainly KO?) were 
cvolvccl. 'The ~nisturc. was extracted with ether. 'The ctlicrcal extract \\?as washed 
with water, clriecl o\.c~- anI11-clrous soclium s ~ ~ l p h a t c  ancl el-aporatetl in a weighed 
platinum dish, lea\.ing 0.375 gm. of solicl melting a t  120-121°C. After recrystal- 
lization fronl nratcr this compound melted a t  122°C. ancl was icle~ltified a s  
I~enzoic acid. T h c  )-iclcl o i  pure sul~stancc \vas 0.330 gm. or 9-lr,:, if it is assumccl 
that  two moles ol' I~cnzoic acicl \yere proclucetl from one ~iiole of thc material 
~nel t ing a t  101 .j°C'. 
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