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ABSTRACT 
Iliriitratiol~ of 1,3- or 1,s-diphenylpyrazole in s~ilphuric aci? yields the corresponding 

di(p-nitrophenyl) conlpounds, while nitric acid -acetic anhydride yields the 4-nitro-l-p- 
nitrophenyl compo~~ncls.  

AIononitration a t  the 4-position occurs when the  diphenylpyrazoles and several other 
I-phenylpyrazoles are nitrated a t  0' b y  nitric acid -acetic anhydride. 

Possible explanations of the dependence of orientation on the nature of the nitrating agent- 
are cliscussecl. 

Z~lc lenr  magnetic resonance (n.m.r.) spectroscopy was used in tiemonstrating the structures 
of niany of the nitration products, and  a general discussion of the n.m.r. spectra of substituted 
1-p11en)-lpyrazoles is given. 

INTRODUCTION 

In nitrations of aroillatic compounds, the stages of successive substitution arc usually 
well defined, since a nitro group is strongly deactivating towards further substitution 
(1). IIolvever, the 1-phenylpyrazole derivatives (IA-IC) are readily dinitrated to the 
4-nitro-1-p-nitropl~e~~yl compounds (IIIA-IIIC), under conditions similar to those em- 
plol-ed for 71aononitration of 1-phenylpl-razole (2, 3). In an earlier paper (4), we suggested 
that 1-phenylpyrazoles (I) will undergo nitration in nitric acid - sulphuric acid a s  their 
conjugate acids ( I I ) ,  so that  the para-position of the 1-phenyl group is the site of initial 
nitration. The resultiilg 1-p-nitrophenylpyrazoles (IV) will be far less basic than the 
parent species ( I ) ,  and will undergo further nitration as the free bases, in which the 
4-position is attacked. Dinitration is thus to be expected, since the various conjugate 
acids (11) and the 1-p-i~itropl~ei~ylpvrazoles (IV) should be of approxinlately equal re- 
activity towards nitroniun~ ion. The  generalized conversion I + 111 is thus to be expected 
for all 1-phenylpyrazoles with readily accessible 1-para- and 4-positions. 

Somc assignments of structure to the dinitration products of 1,3- and I,.;-diphenyl- 
pyrazoles (ID and IE)  conflict with this prediction, although it might be argued that  a 
3- or 5-phen~,l  group would shield the 4-position fro111 at tack;  von Auwers and AIauss (5) 
suggestecl that  dinitration of 1,3-diphe~~ylpyrazole yielded 1,3-di(p-nitrop1~enyl)pyrazole 
(\-A), urhile we assigned (4) the dinitro-1,s-diphenylpyrazole, 111.p. 185', obtained by  
nitric acid - sulphuric acid treatment of l,5-diphenylpyrazole, as 1,s-di(p-nitropheny1)- 
p j  razole (I'B). In  view of these apparent exceptions to  the generality of the conversions 
I --, 111, n-e have reexamined the nitrations of 1,3- and 1,5-diphenyIp)rrazoles in detail. 
In acldition, we have noted several further examples of initial 4-nitration of substituted 
1-pl~enylpyrazoles by nitric acid - acetic anhydride (as predicted in an  earlier paper (4)). 

The  proton nuclear magnetic resonance (n.111.r.) spectra of the various nitration 
products furnished particularly siillple dc~nonstrations of structure, supplementing or 
replacing classical degradations, syntheses, and conversions into Icno\vn c o n ~ p o ~ ~ ~ ~ d s .  

'Tlzts zuofk 7i8as suppoited by a gtu?~t  f r o ~ i ~  the National Research Cozlncil. For paper I V ,  see Ca~z .  J .  Chent. 
41, 2380 (1!/6J). 

G r n d ~ ~ o t e  Research Assista?tt: holder of a szrmvter scl~olarshzp from the ,ltla?~tic Proz~it~ces I n t e r - U ~ ~ ~ u e r s i t y  
Co?ii?izttfce 071 /he Scie?zces, Jzlly-llz~gzist 1963. 
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IA, IIA, IIIA, IVA: Rg = R5 = W 
IB,  IIB, IIIB, IVB: R3 = CH3, R j  = H 
IC, IIC, IIIC,  IVC: Rg = I-I, R5 = CH? 
ID ,  I I ID:  It3 = Ph, R5 = 11 
IE,  I I IE :  R3 = I-I, R5 = Ph 
VA: RI  = NO?, Ra = P - C ~ H ~ N O ~ ,  R1 = Rs = I3 
VB: R1 = NO?, Rs = R4 = I-I, R5 = p-CGHINO? 
VC: R~ = R~ = H, R~ = NO?, R~ = 1'11 
\ID: R1 = R3 H,  R.3 = NOa, R j  = Ph 

RESULTS 

(a )  1,3-Diphe~zylpyrazole 
Nitration by nitric acid - acetic anhydride a t  0" yielded 1,3-diphenyl-4-11itrop~zole 

(VC), n1.p. 123", together with 1-p-nitropl~enyl-3-phenylpyrazole and 4-nitro-1-p-nitro- 
pIlei1~71-3-plicnylpyrazole (IIID),  lll.p. 238-240": the dinitro compound (IIID) was the 
sole product of similar nitration a t  20". Nitration by mixed nitrating acids a t  0" yielded 
1,3-di(p-nitropl~ei~yl)pyrazole (VA), m.p. 228-230°, also obtained by similar nitration of 
l-p-nitrophe1iy1-3-p11e11j~lp~zole (cf. voll Auwcrs and AIauss (3)). 

The structural assigil~lleilts were confirmed as follo\vs. The mo~lonitro compound of 
m.p. 123" has struct~lre VC since its n.ii1.r. spectrum in dimethj-l sulphoxidc shows a 
signal a t  T 0.20 integrating for a single proton, and a 10-proton eilvelope between .T 2.0 
and 2.5. The low-field signal is typical of a 5-proton adjacent to a 4-nitro group in a 
1-pllenylpyrazole derivative (see Discussion section for examples). The assignment of 
structure VC is subject to little d o ~ ~ b t  in any case, since other liliely nitration products 
are already linomn (l-~-iiitrophei~yl-3-pl~e1~y1p~~razole, 1n.p. 169" ( 5 ) ,  and :3-p-i1itro- 
phenyl-1-phenylpyrazole, m.p. 13'7" ( 6 ) ) .  Structure VX for the dinitro compo~lild of i11.p. 
228-230" also follows from its i1.m.r. spectrum (measurecl in dimethyl sulpl~oside a t  50°), 
which shows two doublets (J, ca. 1 c/s) centered a t  T 2.80 and 1.17 assigned to the 4- and 
5-protons of the pyrazole ring, and a signal a t  T 1.68 corresponding to the 8 (appal-ently 
equivalent) protons of the 1- and 3-p-nitrophei~~~l groups (see L)isc~~ssion sectioil for 
interpretations of the signal positions). The dinitro compound of i11.p. 2%-240" has 
structure I I I D  since it is obtained by nitration of VC by mixed acids and by nitric acid - 
acetic anhydride nitration of l-~~-nitropl~enyl-3-p1~ei1~~1pyrazole, and it  differs from the 
dinitro compound (VA). 
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(b) 1,5-Diphenylpyrazole 
Our present results coilfirm previous assignments (4) of structure to the various nitra- 

tion products of 1,5-dip11enylpyrazole, i.e.: l,5-diphenylpj.razole - (I-IN03/44c20)+VD, 
n1.p. 150°, l ,5-dipl~en~~lpyrazole - (I-INO~/I-I~SO.I)+VB, 111.p. 18S0, and confirm that  
4-i-1itro-l-~-1~itrop11ei1yl-5-phenylpyrazole ( I I IE) ,  111.p. 147", is the product of nitric acid - 
acetic anhg~dricle nitration of l-p-nitrophenyl-5-p~-1e1~~rlpyrazole. 

Structure VD for the i~~onoi~itro-l,5-dipl~ei1~~lpyrazole of 1n.p. 150" was proved by 
converting it  into 1,4,5-triphenylpyrazole via reduction, diazotization, and Gomberg 
arylation of benzene (cf. (4)). Furthermore, its i-1.m.r. spectrunl in acetone was consistent 
with structure VD, in that a single proton signal assignable to the 3-proton, and two 
five-proton signals a t  T 2.50 and 2.63, assignable to the 1- and 5-phenj~l groups, are 
observed. The position of the signal assigned to the 3-proton (at T 2.77) indicates the 
presence of some remarkable shielding effect (see Discussioil section). 

Structure VB for the clinitro-1,s-diphenylpyrazole of m.p. 185" is established, since it  
is fornled by mixed-acid nitratio11 of 1-p-nitropl~enyl-5-pl~ei1ylpyrazole, and it  yields 
p-nitrobenzoic acid 011 prolonged oxidation by neutral potassiuill pernlanganate. Further 
confirmation is provided by its n.il1.r. spectruin in acetone, which shows two doublets 
(J, ca. 1 c/s) centered a t  T 2.10 and 3.13 assigned to the 3- and 4-protons of the pj-razole 
ring, together ~vi th  an A2B2 pattern centered a t  T 2.05 arising froin the two p-nitrophenyl 
groups (which are apparently equivalent: see Discussion sectioi-1). Sirnilari~., structure 
I I IE  for the dinitro-1,5-diphenylpyrnzole of 1n.p. 147" follo~i~s froill its i1.m.r. spectrunl 
in acetone, \vllich shows a five-proton signal a t  T 2.50 due to the 5-phenyl group, an A2B2 
pattern centered a t  T 2.08 arising froill the four protons of the l-p-nitrophenyl group, and 
a single proton signal a t  T 1.50 from the 3-proton. 

(c) F~~r thc r  Examples of ./,-Nitration by N,itric Acid - Acetic ilnlzydride 
Smooth 4-nlononitration of the follo\i~ing compounds was effected by nitric acid in 

acetic anhydride a t  0": 1-)-bromo-, 1-p-cllloro-, l-o-inethoxy-, and 1-p-p1len)rl-phenyl- 
pyrazoles, and 3-methyl-l-phenylpyrazole. The structures of the first three nitration 
products were established by comparison with samples synthesized by cyclizing the 
appropriate ar)~lh\;drazine with socliui-1-1 nitrornaloi~aldel-1~~de hydrate; the structure of 
l-p-pt~enylphei-1y1-4-i1itropyrazole (l-~-biphei~g~lyl--2-11it1-op).razole), 111.p. 200' (in previ- 
ous experiments (4), a polymorphic form, 1n.p. 170°, having ultraviolet and infrared 
spectra identical with our present product, was obtained) was proved by synthesis via 
l-~-amii~opl~c1zyl-4-i1itropyrazole using diazotizatio:~ and Gomberg arylation (cf. (4)), 
while our nitro-3-metI~~~l-l-pl~ei~ylp\.razole had m.p. 110°, identical with that  recorded 
for 3-n1etl~yl-4-i1itro-l-p11e1~~~1pyri~zole b j ~  Finar and I-Iurlocli (3), and its n.1n.r. spectrui-11 
(see Discussion section) was consistent with the assigned structure. 

DISCUSSION 

(a) Depelzrle7zce of Orientation L L ~ O ~  the Nitrating Agef~ts 
In the dinitrations of both 1,3,- and 1,s-diphenylp)~razoles, the orientations arc seen 

to be reagent-dependent, in the sense that nitration a t  the para-positio~zs of the S- and 
C-phenyl groups is favored in sulphuric acitl, while 4-nitration is favored when nitric 
acid - acetic anhydride is used. These results could be rationalized in terms of our 
previous suggestions (4) if the conjugate acids of the diphenylpyrazoles, and also of the 
l-p-nitrophenyl-3- and -5-pl-1enylpyrazoles, are the entities undergoing nitration in the 
strongly acidic solvent, but such a postulate does not appear reasonable. In particular, the 
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1-p-nitrophenyl compounds would surely exist in measurable proportions as the free bases. 
Our present results thus require an interpretation other than deactivation of the 

pyrazole ring through protonation, with resultant substitution by default in the phenyl 
rings, to account for the lack of substitution in the pyrazole ring. I t  is tempting to propose 
that  the adjacent 3- or 5-phenyl group hinders the approach of nitroniuin ion, but  such 
a suggestion replaces one difficulty by another, since the saine factors xvould operate in 
the nitric acid - acetic anhydride nitrations, where 4-nitration is favored. I-Iowever, if a 
specific iilteractioil occurs between the pyrazole ring and the nitrating agent which is 
effecting substitution in the nitric acid -acetic anhydride system, such that  attack in 
the pyrazole ring is favored over other sites, then the observed reagent-dependence can 
be explained. 

Since Bordwell and Garbisch (7) have p ~ ~ t  forward coilviilcing evidence that  protonated 
acet3.l nitrate (VI) is the effective species in ilitrations by the nitric acid - acetic anhy- 
dride reagent, we suggest that  the specific interaction suggested above talies the forin of 
an additioil of the nucleophilic N2 of a pyrazole to the electron-deficient carbon of \TI, 
yielding an  iiltermediate (VII). The  series of electron shifts show11 would then lead to 
preferred 4-nitration. 

Although an interpretation along these lines seeins to be required to account satis- 
factorilj- for the results xvith the diphenylpyrazoles, the selective 4-nitrations of the 
simpler species noted ill part  (c) of the Results section, and some previous examples (4), 
may be accounted for in terms of our previous suggestion, i.e., in a simple l-phenyl- 
pyrazole, where the 1-para- or 4-positions are the only probable sites of substitution, 
4-substitution is favored for attacli on the neutral molecule (4). Supporting evidence for 
this contention is furnished by the results of Friedcl-Crafts nitration of 1-phenylpyrazole 
using nitroniunl tetrafluoroborate in tetrainethylene sulphone, cf. Olah et ad. (8(a), where 
4-nitro-1-pheilylpyrazole is the only detectable substitutioil product (8(b)). 

Intermediates corresponding to VII  account neatly for other selective nitrations efiected 
by  the nitric acid - acetic anhydride reagent: thus VIII  would lead readily to the observed 
ortho nitration of acetanilide, and IX to the similar nitration of anisole. 

Since previously suggested reaction pathways (9, 10) for these ortho nitrations do not 
take Bordnrell and Garbisch's results into consideration, and the postulated iilter~nediates 
are coilsisteilt with all previous evidence, we are currently engaged in a study (11) see1;ing 
to establish VIII  as  the general intermediate for the selective ortho nitrations of sub- 
stituted acetanilides. 

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 

T
R

IN
IT

Y
 C

O
L

L
E

G
E

 o
n 

11
/1

0/
14

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 



LYNCH AND HUKG: 1,3- AND 1,s-DIPI-1ENYLPYR.-IZOLES 1609 

(b) Nllclear ilfagnetic Reso~zance Spectra 
In addition to their value in facilitating and confirming assignnlents of structure, the 

n.1n.r. spectra of 1-phenylpyrazole derivatives are of interest in their own right: little 
previous attention has been focussed either on the chen~ical shifts of ring protons in 
pyrazoles, or on the effects of heteroaromatic substituents on the chemical shifts of 
benzeiloid protons. Many of the compounds exaillined by n.m.r. spectroscopy were 
1-parasubstituted-pl~ei~yl pyrazoles, in which the presence of a readily recognizable A2B, 
pattern due to the four protons of the substituted phenyl group facilitated identification 
of the signals fro111 the pyrazole ring protons. Analyses of these A2B2 patterns so as to 
resolve the individual chemical shifts expected for the A and B protons in the absence of 
spin-spin coupling gave the results in Table I. The analyses employed the simplified 
approach adopted by Richards and Schaefer (12), in which it is assumed that 
J ' A B  = 0 and JA, = JBB. I t  is evident from Table I that 1-pyrazolyl substituents 
usually have a marked deshielding influence on the protons of a parasubstituted- 
phenyl group. The deshielding is accouilted for readily in terills of the effect of the ring 
current in the pyrazole ring on the adjacent protons of the 1-phenyl group (13). 
Although the qualitative effects of various substituents in the 1-phenyl group follow 
the order expected from the chenlical shifts of ortho and meta protons in monosubsti- 
tuted benzenes (14), no constant chemical-shift paranleters could be assigned to the 
1-pyrazolyl substituent, since the apparent deshielding co~ltributioil varies with the 
nature of the other substituent, and with the solvent. Fortunately, acetone and dimethyl 
sulphoxide (the lllost effective solveilts for the conlpounds studied) appear to be closely 
conlparable in their effects on the chemical shifts of the phenyl-group protons (see No. 1 
in Table I).  

With the 1-fi-nitrophenyl-5-phenylpyrazole derivatives (Nos. 7-0 in Table I) ,  where 
coplailarity of the 1-p-nitrophenyl and pyrazole rings is highly unlikely, marked changes 
fro111 the A2Bs pattern typical of other 1-p-nitrophenylpyrazoles (e.g., Kos. 1, 3, 4-6) 
are found. The A-B chemical shift separation (6,2-B), and the extracted A and B chemical 
shifts, are altered in the direction expected for a decreased deshielding contribution ac- 
companying the increased angle between the planes of the 1-p-nitrophenyl and pyrazole 
rings (13). In No. 9, the 1- and 5-p-nitrophenyl groups lllust be illagnetically equivalent, 
since only one A2B2 pattern, closely similar to those for Nos. 7 and 8, was resolved. A 
correspollding siti~ation was observed with 1,3-di(p-nitropl1ei1yl)-pyrazole, although in 
this instance the center of the system is a t  T 1.68 (with J,,, >> 6,2-B), indicating that the 
three rings are coplanar in this compound. Further indications that the 5-p11enj.l groups 
in Nos. 7 and 8 are not coplanar with the pyrazole ring are provided by the appearance 
of discrete signals at  T 2.47 and 2.50, rather than the band envelopes between .r 2.0-2.6 
observed for No. 4 and for 1,3-diphenyl-4-nitropyrazole (see Results section). Such dif- 
ferences are to be expected if the ortho protons of the 5-phenyl groups are shielded by 
coillparisoil with the values characteristic of coplanar C-phenyl and pyrazole rings, and 
such differences are also noted with 1,5-dipheny1-4-nitropyrazole (see Results section). 

The chemical shifts assigned to the pyrazole ring protons in a series of substituted 
pyrazoles are listed in Table 11. In general the T values fall in the order 4 > 3 > 5, which 
is to be expected since (a) the 5-proton should be deshielded nlost effectively by the ring 
current of the adjacent 1-plzenyl group, and (b) the 4-carbon should have a higher electron 
density than the 3-carbon (which will be influenced electrostatically by the adjacent 
pyridine-type nitrogen). The assignments are based upon the T values noted for suitably 
substituted conlpounds (Nos. 3 and 6, 10 and l l ) ,  and upon the observed illultiplicities 
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of signals for the cornpounds with three adjacent protons (Nos. 1, 2, p-di(1-pyrazoly1)- 
benzene, 1-p-bromophenylpyrazole): the 4-protons gave triplets, and the 3- and 5-protons 
doublets, a s  expected from simple first-order theory if spin-spin coupling is restricted to  
adjacent protons. Similarly, doublet signals were observed for compounds with two 
adjacent protons (Nos. 4 , 7 ,  9,  and 1,3-di(p-nitropheny1)pyrazole). The  apparent coupling 
constants between adjacent protons were ca. 1 c/s, and there was no evidence of coupling 
between non-adjacent protons (the signals from the pyrazole ring protons in 50s .  3, 5, 
10, 12, 1-methyl-4-nitropyrazole, 4-bromo-1-phenylpyrazole and 4-bromo-1-p-bromo- 
phenylpyrazole were singlets). T h e  influence of 4-substituents on the chemical shifts of 
the 3- and 5-protons qualitatively parallels their influence in monosubstitirted benzenes, 
with one exception. 

This exception is 1,5-diphenyl-4-nitropyrazole, ~ v l ~ e r e  the 3-proton signal falls a t  T 2.77 
(with ~ l los t  4-nitro-substituted pyrazoles, the 3-proton signal falls in the  range T 1.4-3.0). 
T h e  three adjacent groups (the 1- and 5-phenyls, and the 4-nitro group) somehow lead 
t o  considerable shielding of the  3-proton. One rationalization of this extraordinary effect 
is t h a t  all three substituents are oriented perpeildicularly to  the pyrazole ring plane. 
Circulation of the T-electrons in the nitro group could then produce positive shielding 
above and below the plane containing the nitro group. BullocB (15) has noted the possi- 
bility of such an effect with nitrodurenes and nitronzesitylenes, and we find tha t  the 
n.1n.r. spectrunl of 3-nitro-o-xylene (as the pure liquid), a typical AB2 systenz (13, p. 93; 
16) inay be resolved t o  give ~ 2 . 6 7  for the  A proton (adjacent to  the nitro group) and 72.90 
for the B protons, while the two methyl groups give a singlet a t  T 7.79, t h i ~ s  lending 
support to  the possibility of positive shielding of protons or methyl groups ortho to  a nitro 
group which is in a plane perpendicular to  tha t  of an  attached aro~nat ic  ring. 

EXPERIMENTAL 

Analyses are by the Sch~varzl;opf hlicroanalytical Laboratory, LVoodside, N.Y., U.S.A. h1elting points 
were observed using a Fisher-Johns apparatus and are uncorrected. Infrared spectra wera recorded using a 
Beclanan IR-8 spectrophotometer: samples were examined as  s~~spensions in potassium cliloricle disl;s. 
Ultraviolet spect-ra refer to solutions in 95'3, ethanol, and were recorded using Bec1;nian DIi-2 or DI<-'LA 
ratio-recording spectrophotometers. Nuclear magnetic resonance spectra were obtained using a Varian A-GO 
n.m.r. spectrometer. Signal positions are expressed 011 the T scale in parts per million from tetraniethylsilane, 
present as  an  internal reference, and refcr to  saturated solutions. 

Startilrg alld Rcferc~zce  ilfaterials 
1-Phenylpyrazole, 1-p-biphcnylylpyrazole, 4-bromo-1-p-bromophenylpyrazole, 4-bromo-1-p-nitro~~lie~~yl- 

pyrazole, 4-bromo-1-phenplpyrazole, 1-p-bromophenylpyrazole, 1-a-nietliosyphenylp).mzole, ancl l,5- 
diphenylpprazole and its various nitro- and dinitro-derivatives had the properties described previously (4). 
1-p-Chlorophenylpyrazole, m.p. 51°, 1-methylpyrazole, b.p. 126-12i0, and p-di(1-pyrazolyl)benzcne, 111.p. 
180' (anal. calc. for C1?IlloK.l: C, 68.55; M, 4.79; N, 26.65; found: C, 63.76; H,  4.83; N, 26.5170) (ultraviolet 
absorption: A,,, 283 nip, log e 4.37), mere prepared by cyclizing the appropriate substituted hyclrazine and 
1,1,3,:3-tetraethoxypropane (4). The 3-nlethyl-1-plienylpyrazole was purchased fro111 the Alclricli Chemical 
Co., Inc., i\iIil~vaukee, Wisconsin, U.S.A. Authentic sa~nples of 1-p-bromophenyl-, 1-p-chloroplienyl-, and 
1-a-methoxyphenyl-hitropyrazoles (for melting points, see Table I I I ) ,  and of l-niethyl-4-iiiirop)-1-azole, 
m.p. 88-89" (anal. calc. for C~I-IjM30:: C,  37.80; H, 3.96; M, 33.06; found: C, 37.79; H ,  4.1'3; N, :3:3.1156), 
were prepared by cyclization using the appropriate substituted hydrazine and sodi~~rii  nitromalonaldehyde 
hydrate. 1,s-Diphenylpyrazole, m.p. 85", and 1-p-nitrophenyl-3-phenylpyrazole, m.p. 169" (ultraviolet 
absorption: A,,, 261.5, 337 mp, log €4.16, 4.24), were prepared from the appropriate arylhydrazine and 
hydrosymethyleneacetophenone (5). 4-Nitro-1-p-nitrophenylpyrazole, m.p. 146" (ultraviolet absorption: 
A,,, 213.5, 305 mp, log a 4.22, 4.36), and 3-methyl-4-nitro-1-p-nitrophenylpyrazole m.p. 208-209" (ultra- 
violet absorption: A,,, 216, 312.5 mp, log e 4.03, 4.30), xvere prepared by mixed acid nitrations of the parent 
1-phenylpyrazoles (2, 3), and 1-p-an~inophenyl-4-nitropyrazole, m.p. 190' (~iltraviolet absorption: A,,,, 
262.5 nip, log a 4.14), and 1-p-aminophenyl-3-methyl-4-nitropyrazol m.p. 1 G D 0  (ultraviolet absorption: 
A,,, 261.5 mp, log e 4.18), were prepared from the corresponding dinitro compounds by partial reduction 
using a~umonium sulphide solution (cf. Finar and Hurlocl; (3)). 
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nit ratio^^.^ 
(a) By .lfi.\.ed Nitric - Sz~lphziric Acids 
1,3-Diphen!~lpyrazoie (2 g) \\!as dissolved in the minimum volume of sulphuric acid (d 1.84), cooled to  

0°, and n mixture of nitric acid (4 ml, d 1.42) and s~~ lphur i c  acid (5 ml, d 1.84) was added a t  0°, and the  
mixture \\.as Icept a t  0' overnight, and then poured onto ice. The r e s~~ l t ing  precipitate mas collected and 
p~lrilied by chro~natography on alumina and repeated crystallization from methanol, fi~lally yielding 
1,:3-di(p-nitrophe11);l)pyrazole (0.7 g, %yo), m.p. 228-230" (anal. calc. for CI:,HloN.,O.,: C,  5S.06; H,  3.25; 
N, lS.O(j; To~~ncl: C, 57.85; I-I, 3.75; S, 18.02%) (ultraviolet absorption: A,,, 340 mp, log a 4.34; infrared 
absorption in the 650-1800 cm-I region (cm-l, intensity): 680w, 6 9 7 , ,  746s, S j l s ,  952m, 1045111, llO5m, 
1260\v, l:307sh(s), 1333s, 1513s, 1590s). This conlpound was also obtained in 87y0 yield by similar nitration 
of I-p-nitrophen>-I-3-phenylpyrazole. Similar nitration ol 1,3-diphenyl-4-nitropyrazole yielded 1 g (43%) of 
4-nitro-l-p-nitro1,henyl-3-phenylpyrazole, m.p. 238-24O0, after 1 h a t  0". The product \\;as identical (m.p., 
~llixed m.p., superimposable infrared spectra) with that obtained by nitric acid - acetic anhydride nitration 
of 1,3-diphen).lpyrazole or of 1-p-nitrophcnyl-3-phenylpyrazole (cf. section (b) bclom, and Table 111). 

(b) By Ritric :lcid - Acetic .ii?zllydride 
The  general procedure used \\;as that adopted in our previous paper (4): A solution of nitric acid (d 1.52) 

in acetic anhydride, prepared a t  15-20°, was cooled to 0" and added to the 1-phenylpyrazole derivative 
!dissol\~ed in the minimum v o l u l ~ ~ e  of acetic anhydride) over 30 min. The reaction mixture was poured onto 
ice and the precipitate was collected. Chrolnatography on alumina, followed by crystallization from methanol 
or ethanol, yielcled the new products listed in Table 111. The 4-nitro-1-p-nitrophenyl-3-pl~enylpyrazo (the 
hnal entry in Table 111) \\,as obtained by nitration of 1,3-diphenylpyrazole a t  20°, and showed the follo\ving 
infrared absorption bands in the 650-1800 cm-1 region (cm-l, intensity): 680w, 705w, 'i41s, 8 2 6 1 ~ ~  852s, 
93-2w, !)52ni, 1099111, 1233111, 1307sh(s), 1335s, 1517s, 1590s. This dinitro compound, therefore, dilfers from 
1,3-di(p-nitrophe11yl)pyrazole (cf. above). 4-Nitro-1-p-nitrophenyl-3-phenylpyrazo was also obtained in 
40Y0 yield by similar nitration of 1-p-nitrophenyl-3-phen).lpyrazole a t  20'. 

Proofs of Strzrcti~re via Gonzberg Rea~tiolts 
(a) Cor~versior~ of 1,5-Diplae?zyl-/,-laitropyrazole ilato 1,4,5-Tviplae~aylpyrazole 
l,5-Diphenyl-4-nitropyrazole (2.3 g) was reduced using tin and hydrochloric acid, and the crude amine 

thus obtained was diazotized in 10 iV hydrochloric acid a t  0°, and was stirred with benzene Tor 3 h after 
basification \vith sodium hydroxide a t  0'. The benzene layer was separated and chromatographed on alumina: 
e\;aporation of the  eluate follo\\~ecl by crystallization from ethanol yielded 1,4,5-triphenylpyrazole (0.2 g), 
m.p. 208-211°, undepressed on admixture with a n  authentic sample, and with infrared absorption identical 
with that  of an  authentic sample, showing the lollowing bands in the 650-1800 cm-1 region: 654\\1, 662w, 
694s, 71S\v, 761s, 767s, '773s, %6\\,, 020w, 95%, 1379s, 1429w, 1439w, 1493s, 1587s. 

(b) Syl~thesis of I-p-Biplzelaylyl-4-i~itropyrazole 
1-p-.Aminophen)ll-hitropyrazole (2 g) was diazotized and the  basified diazonium salt solution was used 

to arylate benzene as in (a) above. Chromatography on alumina and crystallization from ethanol yielded 
1-p-biphenylyl-4-nitropyrazole (0.7 g), 1n.p. 200°, having ultraviolet and infrared absorption identical with 
the polymorphic form, m.p. 170°, reported previously (4). 

Osidotive Degvndatio?~ of 1,5-Di(p-n.itropl~e?ayl)pyrazole 
1,s-Di!P-nitropheny1)pyrazole (0.5 g) was heated under reflux with an excess of allcaline potassium 

permanganate until no further reduction of pernlanganate occurred (ca. 100 h). Precipitated manganese 
dioxide was removed using sulphur dioxide, and the reaction ~nixture was acidified and extracted with hot 
benzene, re-extracted with sodium hydrogen carbonate, and re-acidified, giving p-nitrobenzoic acid (0.1 g), 
m.p. 237-240°, having infrared absorption identical with that  of an  authentic sample. 
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TABLE I11 

4-Nitro-tlerivatives of substituted 1-phenylpyrazoles 

;a 
Yield of 

Lit. ref. recrystallized Ultraviolet absorption ? r 
M.p. M.p. or product from 2 g 0 

RI R2 R3 R5 (obs.) (lit.) analysis substrate (%) hmns ( m ~ )  log 6 ';1 

I3 I3 H Ph 150" 150" 
I-I H Ph H 123 - 

I-I H CI-I 3 H 110 110 
H OCH3 H H 89 85-87 
C 1 H H 1-1 1'71 - 

aM A Khan. B. M. Lynch, and Y. I-Iung. Can. J. Chem. 41. 1540 (1063). 
b ~ n a l . ' ~ a l c .  for C1s~111NaOa: C, 67.92; H, 4.18. Found: C. 68.18; 11, 4.33%. 
C1-p-Nitropl~eu~l-3-pl~enylpyrazole (25%) and 4-nitro-l-p-nitropl1enyl-3-p1~e11~lpyrazoe (25%) mere 
dl .  L. Iiir~ar and R. J. I-Iurlocl:. J. Chen~. Soc. 3260 (1068). 
OC. Alberti and C. Tironi. Farnlaco Pavia Ed. Sci. 17, 413 (106%). 
f ~ n a l .  Calc. for C9I-leCIN30?: C, 48.34; I-I, 2.71. Found: C. 48.67; I-I. 2.77%. 
"4nal Calc for CeI-ItBrNaOl: C 40.31. H 2.24 Found: C 40.4"' 1-1, 2.43%. 
":lnnl: ~ a l c :  for CIGI I ION. !~~ ;  ~, '58.00; '11, '3.26; '~,  18.06. fioll l l$ '~,  58.06; 1.1, 3.38; N, 17.52%. 

also isolated. 
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