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Synthesis and Muscle Relaxant Properties of 3-amino-4-arylpyrazoles
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A new synthesis of 3-amino-4-aryvlpyrazoles involving the acetic acid catalyzed reaction of hydrazine with a-
formylarylacetonitriles is described. Seventeen new pyrazoles in this series are reported, as well as thirteen new

N-substituted derivatives of 3-amino-4-phenylpyrazole.
relaxant activity, 3-amino-4-phenylpyrazole was the most active.

In connection with an investigation of the synthesis
and pharmacologic action of muscle relaxants, it was
necessary to prepare a number of 3-aminopyrazoles
unsubstituted in the 1-position. Although numerous
synthetic routes for the formation of the pyrazole ring
system have been described in the literature,? relatively
few convenient methods for the preparation of 3-amino-
pyrazoles are described. Thus, reduction of 3-phenyl-
azopyrazoles® and 3-nitropyrazoles,* hydrolysis of bis-
pyrazolyl formamidines,® and modification of a car-
boxylic acid derivative in the 3-position via the Curtius
or Hoffman rearrangements*.¢ have been used.

A more direct route to 3-aminopyrazoles was sug-
gested by the reaction of hydrazine with an a-substi-
tuted-3-ketonitrile to give a 3-amino-4,5-disubsti-
tuted derivative.” When the enol ether of an «-
cyanoketone® or an a-cyanoaldehyde® was used, simi-
lar products were obtained. The preparation of 3-
aminopyrazoles by the direct reaction of hydrazine
with an «-cyanoaldehyde has not been reported.
presumably because of the well known reaction between
aldehydes and hydrazine to give excellent yields of
azine. Treatment of «-formylphenylacetonitrile (B)
with hydrazine did, in fact, generate the azide (D).
However, small yields of 3-amino-4-phenylpyrazole
(C) could be obtained by using excess hydrazine.
Furthermore, yields of up to 889, of the pyrazole (C)
could be obtained by adding an amount of acetic acid
in excess of that required to neutralize the hydrazine,
This was found to be a quite general reaction, and the
compounds in Table I were prepared using the same
procedure and the appropriate o-formylarylaceto-
nitriles.

The «-formylarylacetonitriles were prepared by a
modification of the method of Walther and Schickler!®
in which the corresponding arylacetonitriles were

(1) To whom all inquires concerning pharmacology should be sent.

(2) T. L. Jacobs, “Heterocyclic Compounds,” Vol. 5, R. C. Elderfield.
Id.. J. Wiley and Sons, Ine., New York, N. Y., 1957, p. 45.

(3) (a) G. F. Duffin and J. 1. Kendall, J. Chem. Soc., 408 (1954): (b) R.
Fusco and R. Romaini, Gazz. Chim. Ital., 78, 332 (1948).

(4) (a) W, E. Parham and J. L. Bleasdale. J. Am. Chem. Soc., 73, 4664
(1951): (b) H. Lynd, J. Chem. Soc., 686 (1933); (c) H. Lund, ibid., 418
(132')3).0:. F. Duffin and J. D. Kendall, British Patent 743,505 (19586).

(6) (a) L. Knorr, Ber., 837, 3520 (1904): (b) G. R. Clemo and T. Holmes.
J. Chem. Soc., 1739 (1934); () M. J. 8. Dewar and F. E. King, ibid., 114
(1945): (d) C. Musarte and E. Mugnaini, Gaze. Chim. I'tal.. TT, 182 (1947):
(e) C. Musante, 2bid., T8, 178 (1948).

(7) F. Hoffmann-LaRoche and Co., A.G., British Patent 788,140
(132)7).‘]'. Pascual and F. Serratosa, Chem. Ber., 85, 686 (1952).

(9) () R. K. Robins. J. Am. Chem. Soc., 78, 784 (1956): (b) P. Schmids

and J. Druey, Hely. Chim. Acta. 39, 986 (1956): 41, 306 (1958).
(10) R. Walther and P. G. Schickler, J. Prakt. Chem., 85, 331 (1897).

While a numnber of these compounds exhibited muscle

Structure-activity relationships are discussed.

NaOCH, N;H,/CH,COOH
CH,CH.C(N —> CH,CHCN ———— C;H;C—C—NH,
HCOOCH, | C.H, 1l i}
A CHO H(‘\N/N
B H
CH, l NH, C
(l,‘N ClN
C;H;,CHCH=N—N=CHCHCH,
D

treated with ethyl formate in benzene in the presence
of sodium methoxide to give the products in generally
good yields. In most cases, these compounds were
characterized only by their infrared spectra and con-
verted directly to pyrazoles without further purifi-
cation. Those compounds which were more fully
characterized are listed in Table IT.

Extensive deformylation took place during the re-
action of hydrazine and eo-formyl-2-methylphenyl-
acetonitrile under the usual conditions, probably by
hydrolytic cleavage with consequent regeneration of
the arylacetonitriles.' This occurred to better than
909% with a-formyl-3,4-dichlorophenylacetonitrile. In
these two cases good yields of the aminopyrazoles could
be obtained in the ring closure reaction by adding acetic
anhydride to the reaction mixture, thus assuring an-
hydrous reaction conditions. The product was not
acetylated under these vonditions.

The starting arylacetonitriles were available com-
mercially in some cases but were prepared generally
from the corresponding benzyl halides by treatment
with sodium cyanide in the standard manner. The
benzyl halides were prepared conveniently by chloro-
methylation or by reduction of an appropriately
substituted benzaldehyde or benzoic acid to the benzyl
alcohol followed by treatment with hydrogen chloride
or hydrogen bromide.

Methyl- or phenylhydrazine reacted readily with
a-formylphenylacetonitrile to give, respectively, 3(5)-
amino-1-methyl-4-phenylpyrazole and 3(5)-amino-1,4-
diphenylpyrazole.

Several derivatives were formed from 3-amino-4-
phenylpyrazole. Reaction of the compound with
formic acid gave 3-formamido-4-phenylpyrazole, and
lithium aluminum hydride reduction of this gave the

(11) R. Walther and P. G. Shickler, J. Prakt. Chem., 56. 305 (1897). ob-
served the following hydrolysis seqience

R—CH—CN NaOH

——> RCH.CN + R'COOH
R—C=0
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H(\N/N
H

Compd, Yield, M.p., ey bony, e =y drogen, - = Nitrogen, *o—-

no. Ar i °C. Yoyl Coled. ool Coled, IFonnd Caled. Feod
I Phenyle 88 174-176 CyHN, 67 .90 67.76 5.70 5.71 2640 1662
1T 0-Chlorophenyl” GO G3-04 CoHCIN 582 4378 416 408
IIT 1-Chlorophenyl 69 130-131 CyHsCIN 55 .82 3583 116 RN E . S
v p-Chlorophenyl a7 141-143 CHCIN, 35.82 3577 +.16 4.39 21,70 d1.77
V 3,4-Dichlorophenyle = 136-13K CH:CLYN; 47,39 4740 3,04 320 18 43 INIT
Vi o-Tolylhe BE! 93-94 CroHnN; 0,34 68.7H (.40 3.97 2436 23 04
VT m-Tolyl¢ G5 120-121 CioHy (N (9 .31 64 20 6.40 6.5
VI p-Tolyl? a0 174-175 CrpHnN; (i), 34 69 .35 (1.40 6. 58
IX 2,3-Xylyl? (i6 223-224 CyHyN;-HAOL 50,06 883 6.31 .20
X 3-Chloro-o-tolyl* a0 199-200 CoH,0CIN;- HCI 14,20 440,25 1,454 4.60 . o
X1 5-Chloro-o-tolyl®? 37 124-124 CoHCIN; AT .84 57,90 4,83 4.00 20,24 19.88
N1 m-Trifluoroniethyl- 340 233-235 CroH Ny HO 1555 15,36 3.4 3,55 13,04 15, Gl

phenyl”
NTIT p-Triflnoromethyl- 40 132-134 CroHgFaNy EREN 5200 300 3.02 18,50 IS 45
phenyl®

NIV p-Fluorophenyl 30 225-227 CyHFN;-HC 50. GO 50,62 1.25 141 10.67 10,02
NV p-Methoxyphenyl ! 192-193 CroHj N0 62,00 62 16 5,404 RN 21,69 2135
NV p-Hydraxyphenyl G0 258-2060 CeHy N, - HBr 4220 1219 3.04 1,32
XVII 1-Naphthyl? 60 109-110 CisHu Ny 7462 467 5,30 18 L. o
NVIII 3-Thianaphthenyl 33 131-133 CHHeN, S 60,11 G0 . 40 4.36 144 1012 1. 21
® Parham and Bleasdale, it m.p. 173.5-174°.  * The intermediate a-formylarvlacctonitrile was characterized only by infrared

spectra and nsed withant purificatian.
pared by G. S, Formeut.

¢ T'hese compaunds were jirepared with acetic anhvdride added to the renction mixtire,
¢ These camponunds analyzed as quarter hyvdrates.

4 Pre-

Tapre 11
@-FORMY LARYLACETONTTRILES, ArCH(CHO)CN

Yield, == Carbomu, (p—- -—ydrogen. G-~ ~~—Ni(rogen, 9/ ——

At e AMop., @ I"oeorols Claled, 1"enned Coled. I"onud Caled. Fond
Thenyl” i 1739-160 CyH;NO eI X 410 4. 16 5,05 0.6Gh 9.30
p-Ghlorophenyl ! 160-164 CyHeCING 6018 0.00 53T 3.77 T.80 T4
p-Fluorophenyl 50 148-130 CyHeCING 66 .26 66 .20 3.71 34T 8,50 S 60
p-Methaxyphenyl 3 116-117 CpHgNO, 68,56 (G8.32 G018 5.34 500 T84
3-Thianaphtheny! (2 110120 CuHNOS 6563 63,56 3.5l 3.3 .00 T

2 Ar =

tained in yields of 83, 82, und f0¢/, respectively, and used withont further purification.

3-methylannno derivative. 3-Dimethylamino-4-phen-
vipyrazole was prepared by a Clark-Eschweiler!?
reaction on the primary amiue.

Treatment of 3-amino-i-phenyvlpyrazole with acetic
anhydride in varying proportions gave three acctyl
derivatives. On the basis of infrared spectra, these
have tentatively heen assigned the structures car-
responding to 3-acetamido-4-phenylpyrazole, 1-acetyl-
3-acetamido-4-phenylpyrazole, and 1-acetyl-3-diacetyl-
amino-4-phenylpyrazole. Reduetion of the triacetyl
derivative with lithium aluminum hydride was ac-
companied by cleavage of two acetyl groups to give
s-ethylamino-4-phenylpyrazole.  Reacetylation  with
excess acetic anhydride gave 1.3-diacetyl-3-ethylamino-
4-phenylpyrazole.

Other derivatives prepared were the 3-ethoxyform-
amido- and the 3-carbamido-4-phenylpyrazoles. formed
hy treating the parent compound with ethyl chloro-
farmate and potassiuun ecyanate, respectively (Tahle
11D).

Pharmacology.—While it is true that some pharma-
calogical activities may have more hearing on the value

121 M. L. Moore, “Organic Reactions,” Coll. Val, 5, Joln Wiley &

Sons, oe, New York, NOYL, 1Q10, 0 21

m-chlarophenyl), m.p. 169-171°; 3,4-dichloraphenyl, .. 16G-165°; aind S-cliloro-o-tolyl, mp. 143-143°,

They wore ob-
hSee ref. 11

af the drug as a practical muscle relaxant, and other
activities are more significant ta the compound’s
possihle teanquilizing effects in man, at the present
state of our kuowledge and with the experience gained
with such drugs i medical practice, it is not possible
ta separate distinetly pharmacological activities under
the foregoing aspects. Central muscle relaxant and
mild tranquilizing qualities appear ta be interrelated
and mutually additive.

With this hasie premise it nund, we have evaluated
aur potential muscle relaxants in certain laboratory
procedures, which we consider ta be suggestive af:
(1) muscle relaxant activity, and (2) tranquilizing
activity.

Among the present animal-testing proceduvres, the
following three tests appear to us to be most indicative
of central muscle relaxant activity of a compound:
(1) physical examination of intact animals (dose range
studies), (2) antagonism to strychnine, and (3) preferen-
tial interneuronal inhibition. Although both theo-
retical and practical objections may he raised against
the validity aof these tests, expericnce has shown that
these tests serve hest ta assess the patential value of a
pentrally acting muscle relaxant.
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TasLe III
N-SUBSTITUTED AND 5-SUBSTITUTED PYRAZOLES

CGHSIC — ?—N RRf

Robo A

1
R2

Compd. Yield. M.p..
no. R Re R3 R4 T °C.
XIX CHy" H H H 41 134-136
XX H CHs H H 43 166-167
XXI H H CHs H 27 184-185
XXII H H CHs CHs 47 222-223
XXIII H H C:Hs H 48 137-138
XXIV H COCH; C2Hs COCHs 26 116-117
XXV H H COCH; H 80 155-157
XXVI H COCH; COCH; H 90 152-153
XXVII H COCH; COCH;, COCH: 58 112-113
XXVIII H H CHO H 90 167-168
XXIX H CsHs H H 61 137-138
XXX CH; CeHs H H 30 77-79
XXXI H H COOC:Hs H 18 106-108
XXXII H H CONH: H 70 174-176

¢ See ref. Ge.

At the present time we are concerning ourselves
exclusively with the evaluation of compounds in the
muscle relaxant area.

Test Methods

Dose Range Studies.—Dose range studies in the rodent, dog,
and nmionkey can be indicative of central muscle relaxant activity
at low nontoxic doses. These indications are: depending upon
dose and species, varying degrees of muscular hypotonia and
weakness, loss of various polysvnaptic reflexes (righting, with-
drawal, and pinnal reflexes), low body posture, ataxia, unsteadi-
ness, and at higher doses overt paralysis and prostration. Of
particular importance is a muscular weakness of the ascending
tvpe, that is, appearing first and being more prominent at the
caudal regions of the body (hind drop), with the musculature of
the cephalic part of the trunk and neck less or not at all affected.
Althaugh aninmials niay appear slightly sedated, depression of
higher cerebral centers (hypnosis, stupor, and loss of conscious-
ness) do not accompany the muscilar hypotonia and paralysis
with most centrally acting muscle relaxants. Likewise, centrally
acting muscle relaxants usually do not exhibit restlessness and
excitation. These peculiarities af the dose-range effects distin-
guish the centrally acting muscle relaxants from central depres-
sants af the hypnotic-anesthetic and narcotic type, which may
cause a descending type muscular paralysis, and, in the case of
hypnotics, initial excitation.

Dase range studies of this sort do not allow one to state easily
the relative potency of one muscle relaxant ta another, but it is
possible ta obtain some suggestion of this potency in terms of the
comparative dases at which muscle relaxant effects are produced;
for example, hypotania, ataxia, paralysis, and prostration. In
each instance the compounds were administered orally (10 ml./
kg.) and the animals were observed continually for 5 hr. and again
at 24 hr.

Antagonism to Strychnine.—The technique described by
Pfeiffer, et al.,® was employed. It consists in intravenous
titration with strychnine of the compound to be tested. A
0.005¢ salution of strychnine sulfate is intravenously injected
into mice at a uniform rate of 0.05 ml. every 10 sec. The end
paint is the tonic¢ extension of the animals hind legs, that is the
peak of the strychnine convulsion. The volume of strychnine
solution injected until the end point appears is determined for
untreated (control) mice and mice treated with the drug to be
assayed. Drug effects are estimated by (1) the difference in
amaunt of strychnine needed for reaching the tonic hind leg
extension, and (2) comparing the proportions (or percentages)
of mice killed by strychnine.

White male mice (Carwroth F, strain), 18-24 g. were used.

(13) (a) M. J. Orloff. H. L.. Williams, and C. C. Pfeiffer, Proc. Soc. Exptl.
Biol. Med., 70, 254 (1949); (b) E. H. Jenney and C. C. Pfeiffer, Ann. N. Y.
Acad. Sci., 64, 679 (1056); (c) (. C. Pfeiffer. A. J. Ripoelle, R. P. Smith,
. 1. Jevney, and 1T, T.. Willicons, 7hid., 6T, 734 (1957).

~—Carbon, %-— —Hydrogen. %— —Nitrogen, %—

Formula Caled. Found Caled. Found Caled. Found
C1oHuN3 69.34 69.57 6.40 6.31 24.26 24.33
CuwHuN;+ HCY 57.28 57.27 5.77 5.81 20.04 20.37
CuwHuNs HC1 57.28 57.17 5.77 5.79 20.04 20,04
CuHisNs+ HC1 59.06 59.19 6.31 6.26
CaHuiNs 70.57 70.60 7.00 7.17
C1:HiiN30: 66.40 66.46 6.32 6.40 ..

CuHuN:O 65.66 65.57 5.51 5.47 20.88 21.12
C1zHuisN 02 64,18 64.33 5.39 5.56 17.28 17.63
C1sHisN303 63.15 63.30 5.30 5.56 s

CrHsN30 64.16 64.17 4.85 5.00 22.45 23.28
CisHisN3 76.57 76.38 5.57 5.60 17.86 18.15
CieHisN3 77.08 76.86 6.06 6.09 16.86 16.73
C12H13N 302 62,32 62.48 5.67 5.70 18.17 18.19
CroHuNsO 59.39 59.31 4.98 5.11 27.71 27.55

The test compaunds were suspended in a 0.5%, tragacanth gel,
which was administered orally. The volume of drug suspension
was for all doses 10 ml. /kg. bodvweight.

Preferential Interneuronal Inhibition.—The techniques of
Lloyd™ and Greene' were employed to evaluate the influence of
the agents on the patellar reflex (monosynaptic reflex) and the
flexor reflex (polysynaptic reflex) in the anesthetized cat. Cats
of either sex were used, ranging in weight from 1.6 to 3.0 kg.
All solutions were made up as 109, drug solutions. The drugs
were solubilized in 50 to 1009 “Carbowax 200, (polyethylene
glycol) and injected intravenously; vols. of drug solutions ranged
front 0.1 to 2.5 ml., with the majority of doses being under 1.0
nil. The speed of injections was 0.1 to 0.3 ml./min. In all
instances, the appropriate Carbowax control was run prior to
injection of the test compounds.

Structure- Activity Relationships.—Our current in-
terest in a potential muscle relaxant has centered about
structural analogs of 3-amino-4-phenylpyrazole (I).
Table IV describes the pharmacological data for I
and related compounds and includes data for two
standard agents for comparison. There are three
major sites in the 3-amino-4-phenylpyrazole molecule
that may be varied by substitution. These are the
phenyl ring, the pyrazole ring, and the primary amine
group. Since the number of possible variations that
may be made at a particular site or combination
of sites is very large, our approach to the selection of
analogs required a method of eliminating many pos-
sible structures. At the same time, we desired our
choice of analogs to indicate the most advantageous
positions in the molecule for substitution. When we
had obtained this information we would then vary the
substituting group only at these positions.

We chose as our initial substituents the chemically
most accessible types for the 3-amino-4-phenylpyrazole
molecule, the chlorine atom and the methyl group
(see Table I).

The first approach was the preparation of the chloro
congeners (II, III, IV, and V). It is our general
feeling from studies with these four congeners that the
m-chloro derivative is the only compound which
shows activity that might be considered at least equal
to 3-amino-4-phenylpyrazole. The antistrychnine ac-
tivity of IIT and IV was about equal to that of the
parent compound but V was only about one-fourth as

(14) D. P. C. Lloyd. Physiol. Rer., 24, 1 (1944).
(15) L. C. Creene, Federation Proc., 21, A-322e (1962),
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Llose range shadies” SArdGshyvenbine weth iy Oaleer-

Vol. 7

I'yefecentiol nterneoral
inkibidon (ew8)

Mouse =Menkey tei—em oA o
Dose, Iose,  Thiae,  I'rotec- Aoe-
mg. kg, (Ihservaoon OHservalion vz kege oo, 1oy yuliry
301 Rapid breathing, depr. at 5 S My pen, Hold i ©f 11D b a1
min. LEffeet gone at 30 :nin. br.: 1 K1l
100 Dinna reflex gone und hypo.in 100 Nypo. el atoxia 63 1241 Bl
5 win. Daration 2 br. hr.}
200 Hypo. in 1 min., depr. then 150 Ilypo.. rancked atoaxin 150 Q1 yQ. 1) 11
pros., no pinna reflex; still (6 Ly aQ A2.5 3D
pros. nt 1 br., nomnal in 2.5 120 2000 O
br,
300 Ilypo.. pros., loss of righting 201 A 113 211
and pinna reflex. Daraton 1 116G, 4 K0
3.5 hr. 120 06.9 21
400 IIypo.. pros..loss of pinna and
righiing reflex. Death 1.5
br.
100 Loss of pinna, atuxia (30 1nin.) 300 Shglet oloxin
200 Luss of poia, wtaxia, depr.
{60 1in.)
S$an Alaxia, depr., followed Ly loss
of rightGug reflex in 15 yoo.
Daration 3 br.
400 Loss of pinna, righting reflex,
pros. Duratinpn over 3 br.
511 Slight redaction in SMA, loss 150 (lue tnonkey, no obaecy- fat 30 8.1
of pinna reflex and slight able ding effects. 100 30 532.5
bypo. (6090 1in.} Oue moukey, no 150 B 111.9
100 Loss of piuna, aud placing re- symptows till 4 b, JHel 16.9
flex. wild ataxia and bypo. when bypo. and (0t 41.0
Peak 30 win. Ilaratico 90 ataxia were seen. 120 20141
niin. Pros. followed in 5 br.
150 Loss of piuna, placing vud 175 Some bypo., mnild atpxia
righting reflex in 15 udo. (4 br)).
IXxtreme bypo. Doration 2
lir.
200 Losgs of pinna, placing and 200 Ataxia, hypo., depr.,
righting reflex in 3 min. No semipros. 16 br.t.
corneil reflex at 30 roin.
Tluration 2 le.
25 T.abored respiration, slight 150 No observable effec(s. 50 30 12.9 30
ataxia, depr. (30 min.) 200 Slight bypo. tn mon- 10Q 30 45.0 0
51 Ataxia, depr., loss of pinna re- kevs (1 of 21. 200 a4 117.7 a
flex, seraipros. (45 mia.)
1010 Very hypotonic, warked
alaxia, folloved by pros. in
10 viin. Recovery BO-U0
1.
2011 Afaxis, bypo., loss of pivna,
placing and corneul reflex in
15 min. Duration 3 br.
300 Loss of riglting reflex, pros.in
10 10in.  Duration 6 br.
25 Sligh¢ s1axin, ropid breatbing 130 Slight lipo., ataxia ni A an 33,2 811
{8 Atuxia andd rapid breatbing in 2 hr. Duration 6 hr. 100 Al 1. 21)
Sinin. Hypo. and ataxis in
10 win, Imration 30 myo.
100 1of 2 very bypo. and alaxiain  200-250  Mod. to woarked bypo., 601 62.09 30
5 10in.: 2 of 2 rery hypo.,no 300 afaxis, Dnration 9 150 A0 3t 14
placing or pinna ceflex, pros. br, 120 30.0 290
in 15 min. JlaraGon 0.5-2 1 of 2 mild hypo., 1 of 2 A 17T5.0 a
Jr., 0.5-3.5 b, warked hyvyo., 2 of 2
2(0 T'ros., pua reylex gone in 1H eesis
piib. Loss of righting reflex
a1 30 ndn. Durption 5.5 br.
400 Loss of rightiug, placing apd
pivba reflexin 1A nop. 1 oof
2 (dead overniglit
1A Loss of pinun, jdacivg, righi-
ing reflex in 10 min. 2 of 2
deadd overnigod
50 No pinpa reflex, depr. for 30 200 Mild aiaxva and bypo. 100 30 5.3 1
mi. Duration 3--4 br.
100 Alaxia, bypo., lass of pinna re- 250 YVery hypo. and niaxia, 1541 3a 3.1 10
flex, semipros. ot 30 viin. depr.. semipros, Dnu- 060 36.7 44
Duralion 45 1051, raf{ion 6 br. 120 27.6 40
200 Ataxia, bypo., loss of pinna re- "0 Rubbii Head Llrop (i.v. 200 30 70.0 10
flex: at 12 min. loss of to rabbit pradnced ({4 1194 20
nebiing reflex, pros. IMaa- hiead drop for 30 ndn.)
tion 3 fo.
q{a Iv 3 nov. no righting, pinna or

cornesl reflex. 1 of 2 dead
at 201 nyn. Tration 45
It

Dese, P Average
bar.t Inlibe- duration,
k iy ey
3 By

15 0 120 pdne

H1 1

81

k5

30

401

Ta

50

11 12 50 phns
21 19

30 21

10 24

13 33 120 phis
20 7Q
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Dose range studies®

Mouse:

TasLe IV (Continued)

Dose,
mg./kg.
100

150

250

100
200

250

300

100
200
300

400

500

100
150

200
300

400-500

100

400

500
100

200

300

400

500
50 & 100
150

200 & 400
50

100

Observation

Loss of placing reflex, hypo. at
5 min. Duration 45-60 1ain.

Loss of pinna and placing re-
flex. hypo. Duration 60-90
min.

Pros. loss of placing and pinna
reflex. Duration 60 min.
Loss of placing. righting and
pinna reflex in 5 1nin. Loss
of corneal at 60 min, Dura-

tion 2 hr.

Mild hypo.

Loss of placing, pinna reflex in
5 niin.. extreme hypo. in 5
min. Duration 90 min.

No placing. pinna or righting
reflex. Extreme hypo.
Duration 24 hr.

Pros.. 108s of pinna. placing,
righting reflex in § min.
Same at 2 hr. as at 5 min.

Some ataxia

Hypo.. depr. (90 min.)

Loss of pinna, placing and
righting reflex, pros. in 15
min. Peak 60 min. Dura-
tion 3 hr.

Loss of pinna. righting reflxes.
pros. Peak at 60 min. Du-
ration 4.5 hr.

Pros., loss of righting, pinna,

and corneal reflexes in 5 min.

No observable drug effects

Loss of pinna reflex, mild
ataxia. hiypo.

No placing reflex, hypo., pros.
Duration 2.5 hr.,

Loss of placing, pinna, right-
ing reflex. pros.

Loss of placing, pinna and
righting reflex, 2 of 2 dead
in 24 hr.

10 min. slight hypo. and depr.
Mod. at 15 min. Duration
45 min.

5 min. 1 of 2 no pinna reflex, 2
of 2 mod. hypo. 1 of 2 pros.
at 10 min, Duration 3 hr.

2 of 2 no pinna, marked bypo.
and depr., 15 min. No
righting reflex 2 of 2. Du-
ration § hr.

Loss of righting reflex at 10
min., Duration § br.

Slight ataxia and hypo.

Moderate ataxia and hypo..
depr. and tachypnea. Du-
ration 30 min.

Loss of righting reflex, 1 of 2
loss of pinna reflex, depr. in
5 min. Very hypotonie, al-
most pros. at 15 min. Du-
ration 2 hr.

Quite hypotonie, ataxie,
tachypnea in 5 min. Semi-
pros. 2 of 2, no pinna reflex
in 10 min. Duration 2.5 hr.

Loss of pinna reflex, semi-pros.
in 5 nin. Loss of placing

and righting reflexin 10 win.

Duration 5 hr. 1 of 2 dead

2 of 2 dead in 15 win.

Rapid respiration. ataxic, loss
of pinna reflex—(90 min.)

1 of 2 no pinna reflex, 2 of 2
hypo.. 2 of 2 ataxic—150
min., 2 ¢f 2 pros., 24 hr. 1 of
2 dead.

Loss of pinna reflex, very
depr.. hypo.. pros., death

1 of 2 slight decrease in spon-
taneous mnotor activity

1 of 2 marked ataxia, hypo.. 1
of 2 normal

300

Monkey?
Dose.
mg./kg. Observation
300 Mod. ataxia
(Rat)
200 Slight hypo.
(Rat)
250 No observable drug ef-

fects

200-250 No observable drug ef-

fects

250 1 of 2 slight hypo. 1 of

2 marked hypo.
2 of 2 salivation.
Duration 6 hr.

50 & 100 Sbight devrease in

spontaneous mwotor
activity

150 1 of 2 hypo., slight

ataxia
Same as above

Dose,

mg./ Tiine.
kg. nin,
150 30
200 30
250 30
30 30
100 30
250 30
200 30
300 30
400 30
150 30
225 30
300 30
100 30
150 30
200 30
100 30
200 30
50 13
100 45
150 30
45

60

90

120

—Antistrychnine activity (mice)—

Fo Fo
Protec- Mor-
tion tality
35.3 40
77.5 0
155.0 0
33.8 89
45.5 64
79.0 10
27.4 40
56.5 10
104.9 10
18 33
48 22
61 0
37.7 80
40.0 80
78.6 10
0 90
52.4 50
25 100
34 70
16 90
53 20
46 60
11 50
48 47
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~—Preferential interneural—
inhibition (cats)

Dose, b7 Average
mg./ Inhibi- duration.
kg. tion niin.
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Taple IV (Continaed)

eeferenbal Spyecyenyid

) lose range studies't ADMSIYeLAEDY ACTHVIIY Doey) Soldlolivg Ceadsd
Clony- B . L0 - —— Monkey" - [RIN W ‘e 1hase, B A
ponnd Dose. Dlose, Tioe,  Irodes- Mor- oy Inldbi- dnesricn.
XIiv wi kg, Observation my. ke LIbgervatioan K, N o tality ke, yion s,
200 2 of 2 inarked ataxia, hypo.. 1

of 2 loss of pinna reflex, 1 of
2 seinipros., 2 of 2 normal 90
ynin.
300 & 400 Sauce as above, plus loss of
pinna, placing, grasping an
righting reflex, 120 min. 2 of
2 norinal
600 2 of 2 dead wirthin 5 10in.
8 of 8 No observable
drig effects

XV

(Rat)

250

XVl 50 & 100 No observable dmg effect
200 Slight tachypnea
400 Mod. tachypnea followed by
dyspnea. Mod. decereunse in
spontaneous mmotor activity.
600 Sauie as above plus bypo.. 1 of
2 dead.
800 Dyspnea, followed by conv.
and death 2 of 2
XVII B[ Souale exeltalion No observable dmy of- 1001 nll
100 Afaxia in § win.. (ben atuxia fects 1511 i
and depr. lbhiration 60-90 200 Bt
niin. 6a
2010 Loss of piuuy rellex, ataxia, 120
depr. in 5 wdu. Tros. at 30
nmin. lluraiion 4 br.
300 Loss of pinna reflex, ataxia
and depr.in 5 win. Pros. at
30 min. [,o0ss of righting re-
flex at 60 min.
Daration over 3 hr.
500 Pros..loss of placing and pinna
reflex at 15 min. No righting
reflex at 30 min. At 19 br.
2 of 2 pros., no righiing re-
flex. Recovered in 30 hr.
XVII 50 No observable drug effects 1ag 2 401 3a 5 1 30
100 2 of 2 tachypnea, slight de- 2001 RO a6 204 1l N
c¢rease in motor aclivity, 300 31 115 1 20 81
slight hypo. 30 131
of 2 pros., absence of righi-
ing reflex, 2 of 2 lapo., de-
crease in spon(aneous wmotor

Sl
Gl
20
20
Ta

230

—

300 & 500 2 of 2 marked bypo., pros., no
righting or pinna reflex
XX 34a No ubservable deng ¢1-
(Rat) fects. 1 of 1§ sligld
Laerimathm
XX 100 Loss of pinna 1 of 2, 30 ;min, 200 1 of 2 very slight Lypo. aqQ an L0l Yl
duration duration 3 br.. 1 of 2 200 i m7.4 20
150 Loss of piuna reflex, ataxia normal 300 30 83,1 30
and hypo. at 5 inin, Dura- 230 Mild hypo. and ataxia,
tion 60-90 min. duration 3 bhr.. 1 of 2
200 Loss of pinna, hypo.. depr. in ewes)s at 1 hr.
5 1nin. Semipros. at 6(1 min.
Duration 4.5 br.
300 Loss of pinna. atuxia., depr..
pros. at 15 wian. Duration 4
br.
4(10 Loss of pinua wad righ(ing re-
flex at § min., AC 19 br.. 1 of
2 no change. 30 hr. 1 of 2
dead
500 Loss of piuna, placing reflex 5
min. 1 of 2 dead at 3 Le, 2
of 2 dead at 30 hr.
AX1 1111 Slight depr. 14 all 0.9 T
150 Ataxia, hypo., and depr. in 15 200 3 11.5 80
win. Duration 45 min. 500 30 87.3 40
200 No pinna reflex. pros. in 10
udn, Peak at 30 win. Du-
ration 60 miin.
3010 Loss of pinna and placing re-
flex, pros. in 5 min. Dura-
(fon 40-120 min,
140 Loss of righting, pinna and
corneal reflex in 5 min. Be-
covered overneh.
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Com-
pound

XXII

XXIII

XXIV

XXV

XXVI

XXVII

MuscLrs RELAXANT 3-AMINO-4-ARYLPYRAZOLES

Dose range studies®

Tasre IV (Continued)

Monkey?

Dose,
1ag./kg.

100 & 200
300

400
500

800
1200

200
400

600

800

200

400

600

800

1000

50
100
200
300-400

600

100

400

600

100
200

300

400

Mouse

Observation

Reduced motor activity

Slight hypo. at 5 min.. marked
at 30 min.

Loss of pinna at 30 min.,
marked hypo.

Loss of pinna, hypo.. depr. in
5 min. 1 of 2 pros. at 30 min.

1 of 2 pros. at 60 min., hypo.

Extreme hypo.. 2 of 2 pros., no
righting or corneal reflex

Depressed

Hypo., loss of pinna reflex at
30 min, Recovered at 2 hr.

Marked depr. and hypo. at 10
min., 30 min. pros. and loss
of righting reflex. Duration
5 hr.

Loss of pinna, placing and
righting reflex by 30 min.,
loss of corneal at 60 min.

Very excited and hyperactive
for inore than 60 min.

Rapid respiration. stimula-
tion, mild hypo.. normal at
45 min.

Mild hypo.. exeitation, ataxia
at 15 min. Depr., hypo. at
45 min. Duration 2.5 to
4.5 hr.

Dyspnea, hypo.. depr. at 15
min. Semipros., no pinna or
righting reflex at 2 hr. Du-
ration over 5 hr.

Hypo., depr., ataxia in 15 min.
Pros.. no righting or pinna
reflex in 30 min, 2 of 2 dead
overnight

No observable drug effects

Slight hypo.

Mod. hypo.. slight decrease in
spontaneous motor activity

Same as above plus semipros.,
loss of pinna, corneal and
righting reflex

Marked hypo., decrease in
motor aectivity. pros..
death

Excited at 5 min.. depr. at 15
min. Loss of pinna reflex at
30 min. Duration 90 min.

2 of 2 mild ataxia and hypo.,
excitation in 10 min. Dura-
tion 90 min.

Mod. hypo.. excitation in §
min. Loss of pinna reflex,
2 of 2 pros. in 60 min. Du-
ration 3 hr.

2 of 2 almost pros. in 10 min.
At 15 min. loss of pinna,
placing and righting reflexes
2 of 2. Duration 3 hr.

2 of 2 very hypo., depr.. 1 of 2
no pinna reflex at 10 min,
30 min.—2 of 2 no pinna,
placing or righting reflexes,
duration 3 hr.

No observable drug effects

Ataxia, excitation, loss of
pinna reflex. Duration 43
win,

Depr. in 15 min. Ataxia and
excitation at 30 min. Du-
ration 45 min.

Hypo.. dyspnea in 20 min.
Loss of pinna reflex at 30
min. Depr.. ataxia, 2 hr.
duration

Hypo.. excitation, loss of
pinna reflex in 10 min,
Depr.. hypo. at 30 1niu.
Duration 2.5 hr.

Dose.

mg./kg.

250

250

Observation

No observable drug ef-
fects

Einesis and hyperactiv-
ity at 3 hr. No otler
observable drug ef-
fects

—Antistrychuine activity (inice)—

Dose. % %

mg./ Time, Protec- Mor-
kg. nin. tion tality
200 30 12.2 50
300 30 17.2 20
400 30 89.2 0
200 30 39.5 80
500 30 75.6 30

265

~—DPreferential interneural—
inhibition (cats)

Dose, % Average
ing./ Inhibi-  duration,
kg. tion win,
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TaBre IV (Continued)
I'refereniial internenrs)
lose range stdies” Antisryehviue achvity Owee: hibiGen Yeodsl
Mouse e = ey e Y (1)) s S m—— Liose, o vl Dose, " Aveense
Com- lose, ilose, Tirow,  Protee- Mor=-  myg./ Dihibi-  dpralion,
pound g kg, Observatioa yug kg Cbservotion Ly, tion tolity k. 5011 (.
XXVII Tha Hypo.. pros., loss of rishtmy
reflex in 30 min.  Dmration
3 br.
1001 Sance as 7500 1 of 2 devd
2.5 hir.
XXIX 125 & 750 No observable ding cllecis
1000 Inerease in respiralory rate,
decrease in spontaneoos
motor activily
2000-3000 Saome as above
4000-5000 Inerease in respiratory rate,
semipros., ataxia, liypo., no
pinua reflex
XXX 250 & 400 No observable Jdmg effects D51} 3Q (1 T 5 Ta
500 Slight decrease in spoutaneons 501 3 2 60 101 83
motor aetiviiy
750 llecrease in spontaneom s 1000 3 5 B{8 15 100 50
awotor activily 30 75
1000 1 of 2 ataxin, pros.; 1 of 2
slight decreise in motor ae-
tivily
XXXI 100 No observable druyg eifecis 100 & No cbservable drug ef- 125 30 24 50 5 16
200 Rapid respiration, piloerec- 150 fect 350 30 6(1 40 Q1 37
(o, 1 of 2 loss of pinna re- 300 Slight decrease in spou- 350 311 94 Qa 211 1 188 plas
flex. 1 of 2 loss of righting taneous motor activ- Ga i 11 30 88
reflex, 1 of 2 pros. ity 120 18 30 40 i)
500 Savle as above, labored res-
piration
1500 2 of 2 loss of pinng refiex,
bhypo. 1 of 2 dead
2000 2 of 2 pros.. 1 of 2 deadd
NXXXII 125 2 of 2 decrease in spontaneous 1250 3 34 {0 5 a
otor activily 250 30 64 g 10 58
250 Saipe as above plns 2 of 2 A0 Bt} 71 1 20 60 150 pins
se i ros. TH0 30 1010 m 40 T2
1001 Same as above plus loss of [H§} 140
righting reflex, no pinna or
corneal reflex
3000 Sante as above
5000 Sance as above, death 2 of 251
1 hr.
o 200 Ataxia, 1ther depr. 50-200  Mod. bypo. und ataxia 110 R{¢l 24.5 30 5 11 21}
3040 P’ros. (onset 80 min. dura- 200 30 37.9 222 10 201
tion 6 hr.) 300 30 46.8 Y 15 34
250 Iypo., ataxia, (onset 201 21
80 min.), slight (o R} 51
«odl. disorientation 10 67
24 hr.
3 500 Ataxia, poor righting reflex. 200 2 of 2 slight resisiunce 500 34 w20 Al B 103 32
decreased SMA to pull on ehain; tof 730 30 41,9 50 141 8
750 No righting reflex, pros.. 2 slight ataxia 10100 30 .. 20 —22
tachypnea, slight opistho- 30 —29
tonus 1(1 - 80
1000 Pros., no righting reflex. 30 —100
twitching, convnlsions
* Words used frequently in this table have been :bhreviated as follows: conv. = convulsions; depr. = depwession; hypo. = hyj-

touin; mod. = moderate; pros. = prostration.
dase respunse.
1,3-propanediol dicarbamate (carisoprodol).

active in terms of preferential inhibition of the flexor
reflex. The latter compound also caused cmesis on
monkeys at 300 mg. /kg., orally.

The second approach was the preparation and evalua-
tion of the methyl congeners (VI, VII, VIII, and IX)
of 3-amino-4-phenylpyrazole. The o-methyl deriva-
tive appeared to he the most promising on the basis of
its long duration of action. While there appeared
ta he some decrease in activity, the extraordinarily
long duration of action seen in the rabbit head drop
test was of particular interest. This was especially
interesting, since the etfect produced by other muscle
relaxants in this test procedure usually lasts for only a
few minutes or a matter of seconds at comparable dose.
However, this longer duration of actian was equal to
the activity scen with the parent compound i the

¥ Unless otherwise noted.
d 2_(4-Cllorophenyl)-3-methvl-4-methathiazone-1,1-diaxide (chlaromethnzanone).
/ Iimpossible to determine endpoint.

¢ Other dases were ruit which indieated lack of a consistent
e N-Isopiropyl-2-ntethyvil-2-propyl-

monkey. Preferential interneural inhibition in the
cat was not greater than that seen with the parent
campound.

In view af the activity seen with the o-methyl-
(VI) and the w-chloro- (IT1) econgeners of 3-ammo-4-
phenylpyrazole, the analogs with the chlorine aton: in
the meta positian and the methyl group in the oriho
position were synthesized as potential skeletal musclo
relaxants (X, XI). These compounds were na nore
active than the parent compound. Compaunds with
various substituents on the benzene ring (XI11-XVI)
were prepared but these also were less active. Re-
placement of the benzene ring by the naphthalene ar
thianaphthene ring systems (XVII, XVI1II) also pro-
duced less active compounds, although the latter eon-
pound exhibited preferential inhihitian o the flexar
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reflex which was equal to 3-amino-4-phenylpyrazole.
The duration of action, however, was only about one-
fourth that of the parent compound.

A series of compounds with nitrogen substituents
or a methyl group in the 5-position were also prepared
(Table III). In each instance, the compounds ex-
hibited a decrease in muscle relaxant activity as sug-
gested by a dose range study in mice and by the anti-
strychnine test. In no case did we see muscle relaxant
activity which was greater than that seen in 3-amino-4-
phenylpyrazole. In general, these congeners were
about one-third to one-half as potent as 3-amino-4-
phenylpyrazole. Compounds XXIV, XXVI, and XX-
VII exhibited, in addition to muscle relaxant activity,
excitation in the mouse at 200 mg./kg., orally, and in
the case of XXVII, excitation in the monkey at 250
mg./kg., orally. Compounds XX and XXVII caused
emesis in monkeys at 250 mg./kg., orally; XXX
XXXI, and XXXII exhibited preferential inhibition
of the flexor reflex which was about equal to that of the
parent compound.

Discussion.—It has been our experience that, in
dose range studies, good muscle relaxant activity
(hypotonia, ataxia, loss of certain reflexes, etc.) can
be manifested in the rodent, but if this activity is not
seen in higher animals, like the monkeyv, this compound
will have minimal clinical utility. Likewise, we have
never observed the reverse of this relationship. There-
fore, if reasonable activity at a fairly low dose level
(50 or 100 mg./kg.), suggestive of muscle relaxant
activity, is not seen in the rodent, it is unlikely that
this compound will have further interest. The con-
geners of 3-amino-4-phenylpyrazole reported in this
communication all exhibited skeletal muscle relaxant
activity to a lesser or same degree, as the parent com-
pound in the dose range studies.

The rationale of the antistrychnine test as a method
of elucidating musele relaxant, specifically interneuronal
depressant, activity of a compound is based on the
excitatory action of strychnine on the cerebrospinal
axis. Strychnine is generally believed to facilitate
interneuronal transmission on the spinal cord and (in
high doses) the brain. If a compound antagonized
strychnine, it presumably exerts the opposite action
in the spinal cord; that is, it acts as an interneuronal
inhibitor, Reviewing the experimental and clinical
information on spinal cord depressants, Berger in
19491 concluded that there is no quantitative correla-
tion between the antistrychnine (or interneuronal
blocking) activity of a compound and its clinical
efficacy as a skeletal muscle relaxant. Nor did he
find that antistrychnine potency is quantitatively re-
lated to interneuronal blocking activity as tested by
the effect of such compounds on mono- and multi-
synaptic reflex responses in cats. Today much more
information on muscle relaxants is available, and it
seems at least to suggest that the muscle relaxant
efficacy in man of such drugs does have a coirelation
to its antistrychnine potency in mice.

Many central depressants, particularly hypnotics
and narcotics, have interneuronal blocking activity on
polysynaptic spinal reflexes, some even more so than
the muscle relaxants. What makes polysynaptic re-
flex depression significant for therapeutic usefulness

(16) F. M. Berger, Pharmacol. Rev., 1. 243 (1949).
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of a muscle relaxant, is that in the latter it stands
out among the other actions of the drugs. Partic-
ularly the ratio of the polysynaptic reflex depres-
sant potency to the sedative and hypnotic potency
of a drug determines whether or not a drug may
be promising as a clinical muscle relaxant. Simi-
larly, preferentral inhibition of multineuronal reflexes
(flexor reflex), although not specific for muscle relax-
ants, is generally considered to be a prerequisite to a
compound to be useful as a muscle relaxant.

In general, all of the congeners of 3-amino-4-phenyl-
pyrazole studied exhibited skeletal muscle relaxant
activity to the same degree or less than the parent
compound. Several of the compounds exhibited, in
addition to muscle relaxant activity, stimulatory proper-
ties. The parent compound, 3-amino-4-phenylpyra-
zole, appeared to be the most potent compound in
terms of overall activity in dose range studies, an-
tagonism to strychnine, and preferential interneuronal
inhibition,

Experimental

The compounds reported in Tables I and II were prepared
by essentially the same procedure reported for a-formylphenyl-
acetonitrile and 3-amino-4-phenylpyrazole.

a-Formylphenylacetonitrile.—To a stirred mixture of 27.8 g.
(0.515 mole) of sodium methoxide and 40.7 g. (0.55 mole) of
ethyl formate in 1 1. of benzene was added over 5 min. 58.5 g.
(0.5 mole) of phenylacetonitrile. The temperature rose to 37°,
and although the mixture became quite thick, agitation was main-
tained without difficulty. After the mixture was stirred for an
additional hour it was treated with 1 1. of water, and two layers
separated. The aqueous layer was drawn off and acidified with
109 hydrochloric acid to give the crystalline a-formylphenyl-
acetonitrile. After the niixture was cooled in an ice bath for
25 min., the white product was filtered, washed well with water,
and dried to yield 55.5 g. (769), m.p. 159-160°,

A 29.2 g. (0.2 mole) portion of the aldehyde dissolved in 100
ml. of hot ethanol was added to 20 g. (0.22 mole) of thiosemi-
carbazide in 200 ml. of boiling ethanol. The mixture was re-
fluxed with stirring for 1 hr,, then cooled to room temperature,
filtered, and the solid washed with ethanol. There was obtained
28 g. (649 ) of a-formylphenylacetonitrile thiosenmiicarbazone,
m.p. 160-161°; infrared spectrum (Nujol): 2.98, 3.08, 3.15,
3.16 4 (NH bands), and 4.52 ¢ (CN band).

Anal. Caled. for CioHxNS: C, 55.02: H, 4.62; N, 25.67.
Found: C, 55.07; H,4.74; X, 25.83.

3-Amino-4-phenylpyrazote (I).—A 12-1. flask was charged with
8 1. of benzene, 459 g. (7.8 moles) of 859, hydrazine hydrate,
761 ml. of glacial acetic acid, and 880 g. (6.02 moles) of a-
formylphenylacetonitrile. The temperature of the benzene
solution rose to 43° during the neutralization. The salution was
then quickly brought to reflux and maintained at this tempera-
ture for 4.5 hr., with water being removed azeotropically. After
the mixture was cooled to room temperature, 1100 nil. of 18.5%
hydrochloric acid was added with vigorous stirring. The red
benzene layer was then separated and washed with two 500-ml.
portions of 18.59% hydrochloric acid. The aqueous solutions
were combined, treated with Darco, and filtered through Super-
cel. Neutralization of the light yellow filtrate (to pH 6) with
concentrated animonium hydroxide solution gave a pale yellow
solid, which after drying weighed 848 g. (88.5%), m.p. 170-
173°. This was redissolved in dilute hydrochloric acid, decolar-
ized with Darco, basified with 409, sodium hydroxide to give
720 g. (75%), m.p. 174-176°; infrared spectrum (Nujol): 2.93,
3.05, and 3.20 u (N'H bands).

a-Cyano-a-phenylacetaldehyde Azine (D).—A mixture of 6.56
g. (0.11 mole) of 85% hydrazine hydrate, 24 g. (0.164 mole) of
a-formylphenylacetonitrile, and 230 ml. of benzene was refluxed

(17) Melting points are correctedd. The anthors wish to thank Mrs. Doris
Rolston and ber staff of these laboratories for the microanalyses, and Dr.
Walter E. Thowpson and Mr. Richard J. Warren for aid in interpreting
certain infrared spectra.
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with stirring and water separation for 3 hr.  After cooling, the
mixture was filtered, and the solid was washed well with 107
hydrachlorie acid, dissalved in 500 ml. of boiling ethaiol, and
didnted witlt 250 ml. af water. The resulting solid, which was
flinorescent nnder nltravialet light, was collected and dried to
vield 4.6 ¢. (1477), wr.p. 203-205°.

Anal. Caled. for C:H N, C, 1550 H, 4.93; N, 10.57.
Fomnd: €, 74.41: H,5.16; N, 19.66.

3-Amino-4-(3,4-dichlorophenyl)pyrazele (V).-—To a0 cooled
salntion of 48.8 g. of 857 hydrazine and 1880 ml. of benzene
were added with stirring 88.5 ml, of glacial ncetic acid.  This was
followed by 138 g. of ncetiv anhydride.  The solution was then
wared to 25° and 142.5 g. (0.665 mnle) of e-formyl-3.4-dichloro-
plhienylacetonitrile wus ndded.  The salition was quickly bronght
to reflux aund refluxing was continned for 4 hr, with the ronden-
sute passing throungh o water geparator.  The resnlting vellow
golation was extracted with 6 .V hydrochlorie weid with the hiyv-
rochloride salt previpitating ns o solid. The aqaeons mixtore
wag then basified with 1067 sodiam hydroxide solution and ex-
tracted with three 600-ml. portions of etler. The combined
ether extracts were dried over magnesiimn snlfate and then
strippied of solvent.  An analyvtical sample was prepared by re-
cryvstallizing o portion from henzene and finaly from ethandd,
m.p. 136-138°,

3-Amino-4-;-hydroxyphenylpyrazole Hydrobromide (XV).-—A
sohittion of T g, of 3-mnino-4-p-methoxyphenylpyrazole in 13 ml.
of 48¢7 hivdrobramie neid containing 2 drops of 3070 hypophios-
pltorons acid wag refluxed for 3.5 hr.  After cooling to roon
temperatare, the wixtire was filtered and the crystalline salt
dried at 70° 1n vacro to vield 0.95 . (64550, .. 258-2060°,
inehanged by reeryvstallization from ethanol-ether.

3-Chloromethylthianaphthene.:*~The  vields reported by
Blicke and Sheets could not he dupliented.  However, by using
glaeinl acetic neid and parafarmaldehyede and maintaining the
temperature helow 58°, vields of 7097 were obtained. The
pradnet was unstable and was vompletely decomposed after
storage at 0° for 6 weeks, Tt wus also found to be a vesierant
and sensitizing ngent and cansed gevere skin irvitation.

3-Formamido-4-phenylpyrazole (XXVIII).—A solatinn of 7.0
£. (0.044 mole) of 3-umino-4-phienvipvrazole and 15 ml. of 987
formic arid was heated glowly 1o 100°.  The sirnpy residne was
treated twice with 50 ml. of xvlene and evaporated to dryviess
i racig. The residite was erystallized Trom aectone to give
T4 g (9097) of pre compomtd, m.p. I7-168°; infrared spec-
trinn (Njol): 3,05 and 3.1 w (NH hands

3-Methylamino-4-phenylpyrazole Hydrochloride (XXI).—A
solation of &1 g. of 3-formamido-4-phenyipyrazole in 50 ml. of
dry etlier was added to o shory of 5 gol Hithinm ahonimon hiy-
dride in 200 ml. of dry ¢ther.  After reflaxing the mixtnre for Shr.,
it was treated with methianol wnd water. The sgolvents were
evaporated 7 rocwo, fnd the residne was extracted with ether.
The comhined extracts were dried over anhiydrong magnesinm
sulfate and treated with ethereal hivdrogen chloride sahttion.
The crade hydrochdoride wag removed by filtration and ervstal-
lized from aleohol-ether to vield 3 g, of pnre material, m.p. 184
I85°0 A smple of huge obtained from the salt melted at 143
1449 infrared spectram (Nnjolt: 285, 3,13, and 3.70 o (N1
hands).

3-Amine-1-methyl-4-phenylpyrazole Hydrechloride (XX). -
A solution of & g, of a-formylphenylacetonitrile, 100 ml. of hien-
sene, und 1 3 equiv. of methylhyvdrazine was reflnxed under
azeotropie conditions for 15 hr.  The cooled salition was ex-
tracted with three 28-ml. portions of 1097 sodimn hydroxide
solntian and extracted iinto 100 ml. of ether. The ethereal soln-
tior was dried over magitesinm sultate, filtered, and treated with
ethereal hydrogen ehloride solution.  The ernde hydrochlaride
wis colleeted by filtration and  recrystallized  from leohol-
ether to yield 6 g. of pnre material, n.p. 166--167°: infrared
spectrum (Nijol): 2,90 and 2.97 u (NH hands).

3-Dimethylamino-4-phenylpyrazole Hydrochloride (XXII).—
A solutian of 3 g. of 3-amino-4-phenyipyrazole, 5 ml of formic
aeid, and 10 ml. of 319 aqueoas formaldeliyde wus heated for
LA hr.oon g steqan hath, The solition was eoncentrated 2w zaca
to a gnmuy residite which was then treated with 30 ml. of water
and made basic with sodinm carbonate. The mixture was
extracted with (wo 30-iml portions of ciher and the combined
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cthereal salntion was iried over magnesinm sallate and lilterel.
T golution was (reated with ¢thereal hydrogen chloride and
the precipitated mnterta) wag rentoved hy filtration and reervstal-
lized frove weetone to vield 2 g, of pre maiterial, mp. 222-223°

3-Acetamido-4-phenylpyrazole (XXV).--A snspension of 318 .
(0.2 mole) of 3-mainn-4-phenylpyrazole in 1530 ml. of chlorcdorn
was treated with 204 g0 (0.2 mcde) ol acetie anhyvdreide, A
solittion was Tormed immediately, and thig was left at room
temnperitire Tor 3.5 dave, A waxy solid was abtained which
appeared to be o osolvate contudning all the chloroform.  The
solid was driel 7 caevo 1o give 393 g0 of ernde danide, map.
151-154% This was dissolved in 120 ml. of warm methonod
and dilnted wirke 240 il of water, After cooling the solation,
a ervstalline 1aass precipitaterll whicle was filtered and dried
(0 caeno fooconstant weight 132 ¢l nep. I3A-157°0 infrared
spertran ¢Nnjed s 315 w INH band s,

3-Acetamido-1-acetyl-4-phenylpyrazele (XXVI)--A nnxture
ol 318 2 102 nole) of 3-smino-4-phicnvipyrazole and 445 g
i0.44 nades ol aeetic anhydride wis eated enntioasly on g stema
bath for 40 min. - The amime disscdyed and then a solid reprevipi-
tated.  Codd water was added to the sedid mass, and the prodinea
was collected by filtration aml dried o vield 47.83 ¢ After heing
reervstallized  Trone ehloroform, the produet weighed 43,7 ¢
190%¢), nupe 15321837 This maieral was alsec ebtained frong
the mother ligaors ol the riaeetyl compennd.

1-Acetyl-8-diacetylamino-4-phenylpyrazole (XXVII),—A sohi-
tiem of 3.8 ¢ ol 3-maino-4-phepyvipyrazole and 30 ml. of acetic
auhyvdride was reflnxed for 4 e The solntion was then coo-
cemtrated 7o cceeo teoa small volnme and treated with 200 1l
of codd water.  The mixtnre wis treated with sodinmm birarbonate
and extracted with three 73-ml. portions ol ether.  The combined
extriets were dried over magnesimn sutfate, fiitered, and con-
centrated to a sinall volmme, The prodnet preapitated from the
solntion and wag colleeted by Hltratioa.  Reerystallization of
the material fronr ether gave 6.1 2. ¢l pure componnd, mp, 112
113°.

3-Ethylamino-4-phenylpyrazole [XXIII).-—A solittion of x.6
g of T-ncetvl-3-diacetvlamino-4-phienvipyrazole waid 100 1l of
dry ether was added slowly to s stirred snspension off 4.5 @ of
lithinm ahunimun hyvdride and 350 il of ¢ther. The mixtre
wag stirred and retlnxed na niteogen atmosphere for 16 hirs and
thent eooled, and the nprecated Lithinm alnmimon hyvdride wis
decomposed with methanol water sclation. The nixtnre was
filtered. and the lilrate was evaporided to drvness i receo.
The residne was disscdved in 100 ml of ether and extracted with
twa St-nl porticas of 100 hyvdrochlorie aeid. The aeid ex-
tracts were made hesie witle 104 scdie hydroxide solnCion and
extracted with Gveo 100-ml poriiens of ¢ther. The combined
extracts were dried over mugnesiins snltate and evaparated to
dryviess /nocrego 1o vield a o ervetalline residiue whieh wag re-
evvstullized from aleolwol-cther 1o give 2.5 g0 ol pire prodnet,
nepe 137 1387 infrared specsrim (N njed s &,005.00, and 3,70
w o NH bands

1,3-Diacetyl-3-ethylamino-4-phenylpyrazole 1 XXIVi.—-A =oln-
tion of 1) g, ol 3-cthylianino-4-phenylpyrazale in 50 ml. of acetie
anhvdride was rethived Tor 6 e The solution was evaporated
to drvness Jre coeno and the gnnnny residie recryvstallized from
ateohod -etleer toovield 41 g0 of pore nederial, nep. 1161179,

3-Ethoxyformamido-4-phenylpyrazole (XXXIL!"~ Tu a stirred
mixture of 174 g (011 mole) of 3-mminc-4-phenyvipyrazole in
@5 ml. of pyridine was wdded dropwise 10.9 @ €0.10 molel of
cthyvt  chioroformecte. The  reaction  temperatire  was ket
between 25° snd 35° doring the additicn and then for an addi-
tional 4 hr, at room tonperatnre. The mixture was preared onto
crnshed iee, and after Thre, the resnlting mixtire was extrsetod
well with benzene, The conthined extrots were washed with
cold 5 hydraehterie woid cmd with witer and concentrated ot
A0° to give I8 & ol ernde proaditet, which was parified hy reerystid-
lization froncisopropyl aleohol.

3-Carbamido-4-phenylpyrazole ' XXXII:1*--T0 a stirred soin-
tion of 58 g, (0.3 molel of 3-umino-4-phenyipyrazole hydrochlo-
ride i 200 b of water was added dropwise during 30 min. 360.4
g 1038 moled of potussiom eviaate in 100 1wl of water.  Pre-
cipitated solids were renwoved from the mixture by filtretion
amlb dricd. ReerystallizaCon from 2-propanol gave 42 o, (60.5C)
of prodinet. g, 174 1767,
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