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by Nodiff and Hausman® Condensation of the 2-
aminobenzeunethiol zine salts (Ia and Ib) with 4-chloro-
2 5-dihydroxybenzoie acid (IIb) provided 8-chloro- and
8-trifluoromethyl-3-hydroxyphenothiazine-2-carboxylie
aetds (IVa and IVD, respectively).

An alternate approach (path B) to IVa and IVh em-
ployed the Kolbe-Schmitt reaction.”  Using Marasse's
modification,’ the earbonation of 2-chloro- (I1IIa) and
2-trifluoromethyl-7-hydroxyphenothiazines (II1b) pro-
duced the 3-hvdroxyphenothiazine-2-carboxyhe acids
(IVa and IVb).  Although two positions ortho to the
hyvdroxyl group are available for carbonation, ouly one
isomer was isolated i each case.  Physical and speetral
data revealed that the produets from paths A and B
were 1dentieal,

Compounds [Va and IVb were tested tor antiinflam-
matory activity in two biological assays.  Preliminary
duta indicate that these compounds possess o low order
of aetvity.  8Chloro-3-hydroxyphenothiazine-2-car-
boxyhe acid (IVa) produced a significant inhibition of
granmidoma growth in the carrageenin filter paper granu-
lomu assay® in adrenalectomized rats subeutaneously ut
adose of 80 mig'kg. At alower dose of 20 mg, kg it was
without effeet.  The trifluoromethyl analog (IVh) was
meffective at 40 mg, kg,  Phenylbutuzone wus effective
i this assay subeutaneously at 20 mg kg, I'Va was
ineffective in the ultraviolet ervthema test® when ad-
ministered orally at a dose of 40 mg kg. The oral
F.Djo of phenyvibutazone by this method was 7.4 mg/kg.

Experimental Section®

2-Triftuoromethyl-7-hydroxyphenothiazine (I1lb) wus prepared
from the zine salt of 2-amino-4-trifluoromethylbenzenethiol®
(Ib) and 2-chlorohydroquinone (Aldrich Chemical Co.) (Ila;
using the method deseribed in ref 5. IIIh was obtained (779}
as tan platelets (CgHg), mp 211-214°. Anal, (CodIFNOS?
¢, H.

3-Hydroxyphenothiazine-2-carboxylic Acids (IVa and IVb;.
Method A.—A strenm of O, wag bubbled for 1 hr through o
refluxing mixture of 4-chloro-2,5-dihydroxyhenzoice neid© (0.0186
mole), NaOH {0.0372 mole) in HaO (v ml), and 4-chloro-2-
aminobenzenethiol zine salt (In, 0.0093 mole) in EtOH (50 ml.
The dark brown suspension was filtered hot, and the filtrate
wis treated with sodinm dithionite (3.2 g1 in H.O 214 ml;.
The vellow mixtnre was then heated at 40-50° for 15 min and
wis decanted from a small amount of gum.  Overnight the
decantate deposited o yvellow solid" which on recrystallization
from AcOIT gave IVa, 404, mp 277-280° dec.  Anal. 1C;H-
CINORy C, . Similarly, 4-trifluoromethbvi-2-aminobenzene-
thiol zine =alt (1b) provided IVh, 1477, mp 253-254.5° dec.
Anal. (CudFyNOS) C, Ho o Absorption bands of v xpectra were
us expected,

Method B.—An iutimate mixture of grannlar anhyvdrous
potassim earbonate (107.4 g, 0.78 molej and 2-chloro-7-hydroxy-

5) K. A Nodiff and M. Hausman, J. Urg. Chen., 31, 625 11966).

(6) A ceview ol this reaction and its modifications is presented Ly A. Lind-
ey anml H. Jeskey, Chem. Rev., 87, 583 {1857).

{7y Modificacion of the methods reported Iy R. Meier, W. Rclwuler, and
P. Desaulles, Experientio, 6, 469 (1950); and A. Tanaka. F. Kobayaski, and
T. Miyake, Eddocriviol. Jopur, T, 357 (1960).

(8} . Winder, J. Wax, V. Bure, M. Benn, and C. Rosiere, drch, Intern.
Phurmacodyn., 116, 261 (1958).

19) Miccoanalyses were performed by Netovarzkopf Mieroanalytieal
laloratory, Woodside, N. Y, Meliing points were determined in open
capillary tubes in an eleetrically heated Thiele-Dennis apparatus. Where
analyses are (ndicated only by symbols of the elements, analytical results
obtasied Tor 1hose elements were within £0.4% of tlee tleoretical valiues.

(10) A. Kiprianov and L. Yagupolskii, Zh. Qbshch. Khim., 22, 2209 (1952);
Chem. Abatr., 47, 4769 (1953).

(11) 5. Blhatacbaryya and D. S8eymour, J. Chem. Soc., 1139 (1950).

112) In (lee case of 1'VD, tlds solid was precipitated only by tlie addition ol
AeO1.
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phenothiazine® €35.4 g, 0.14 mole) was placed in a 250-ml Hastel-
lov (! pressure vessel.  The reactor wis senled. COy g wies
admitted under pressure, and the vessel wented, Tlds pro-
cedure was carried out several times.  Fiaallv, 1le rewetnr was
pressurized with COs (42.2-56.2 kg cm®y, heated oo 2011° daring
19 L, and maintaiied at 200-220° for 2s by, The pressarve
vessel was cooled 10 room temperatine wiel venseldl.  Afler ex-
rracting the reactionccuke with 2.5 1 of hoy HaOL dhie extraer wus
treated with carbon.  Acidification of the fiveote with HCT gave
a browny precipitate which on recrystallizioim provided 1Va
(1805 The S-trifinoromethy!l derivicive TVhr was obtained
417 na similar mavner. Samples of IViCund VD prepared
by methods A and B gave identical iv <peeira, qaud 1eixture melt-
ing poinds were 1ot depressed.

Acknowledgment. —T'he authors are indebred to Dr.
J. H. Birnie of Smith Khne and ¥French Luaboratories
for the biologieal testing and to Miss Panhne Schwartz
for her assistance with some of the experimients.

Synthesis of 1.4-Disubstituted Piperazines. 1I!
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In the first paper? in this sertes, various piperazines
were made having, ax one substituent, an aromatiec ring
and, as the other, u substituted acylurea i order to
obtain possible sedatives or other phivsiologically active
compounds.

In this article, the piperazines synthesized generaly
contain various aralkyl groups and either acylurca sub-
stituents or substituted earbamoyvl groups. Most of
thenr are of types I and I1.

araiky i B gy ) .
Y \ 5 L

{

aralkyl—N  N—CONCH: ).

1

Biological Data.*— Compound 1 was active at 100
mg but inactive at 50 mg/kg ip in affording protection
1o mice against electroshock when administered 30
min before the stimulus. Also, when administered 30
min previous to peuntylenetetrazote 1 showed anti-
pentylenetetrazole activity (elonie convulsions) in
mice at 100 mg kg ip but was ineffective at 50 mg.

Compound 3 was 2 mildly acting psychomotor stim-
ulant (photocell count method) at 300 mg kg po m
mice. Compound 12 showed slight psychomotor
stimulation in mice at 100 mg/kg po. Compound 15
was a mild psychouotor depressaut at 300 wmg/kg pu
and a mild stimulant at 30 mg/kg po. Compound 15
also showed questionable activity against a Trichomonas
gallinae vaginal infection in hanisters at 100 mg/kg po.
Compound 19 was a feeble stimulant at 30 mg/kg po,

(1) Support of this work Ly the Sterling-Winthrop Researelc Institate of
Renssealer, N, Y., is acknowledged with gratitude.

(2) M. Verderame, J. Med. Chem., 9, 153 (1966).

(3) The author is indebted to the Biological Division of the Sterbug-
Winthrop Research Instituie for carrying out these studies.
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15
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@ Melting points are uncorrected and were taken with a Fisher-Johns apparatus.
The acet and ale refer to the acetone or alcohol solvents used in the reaction mixture.
@ C, ethyl acetate; D, petroleum ether (bp 30-80°); E, petrolenm ether (bp 65-110°);

Section.
tions were conducted at refltux temperatures.
F, absolute methyl alcohol; H, dioxane; I, ethy! alcohol; J, water; K, benzene; L, carbon tetrachloride; M, acetone; N, hexane.
pared from 109, molar excess of benzhydryl chloride plus N,N-diethylcarbamoylpiperazine; temperature kept under 90°.
product, precipitated out as a dihydrochloride salt when it was dissolved in 109, hydrochloric acid solution.
amounts of 1-(diphenylmethyl)piperazine plus phenyl isothiocyanate in anhydrous ether at room temperature.
* New compound. Made by mixing equimolar amounts of 2-chloropropionyl chloride plus methylurea.
Caled for CsH,CIN,0,: N, 17.02; Cl, 21.54.

Section for synthesis.

(CsHs):CH
(CsHs):CH
(CsHs)CH
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CeH;CH:
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(CsHs):CH

CHs

CeHsCH2

i
CsHsCHCsH4Cl-o
CH2CH:N (C:Hs)2

CHs

CeH:CH2 |
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|
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TasLE 1
1,4-D1sUBSTITUTED PIPERAZINES
RN NX
—/
Reaction
time,® Recrystnd
Mp.® °C Procedure? hr solvent Formula Analyses
124-125 A (acet) 0.75 C-D CaHoN 202 C,H N
95-96 B’ 0.7 E C2HzsN30 C.H. N
233-234 dec A (acet) 0.25 F-H,1:3 C:pHuBrClN: Br, N
215-217 g C H C2Ha NS 3. N
111-114 A (ale) 1.5 1st: I-J CpHaNO: C,H N
2nd: C-D
105-107 A (acet) 2 E CigHu N30 C.H/ N
225 dec A (acet) 1.5 I-J C1HoeN6O4 C,H N
180-182 h - K-L CasHsN20:8 SN
95-97 B (acet) 3 E CuHxN:03 C,H N
150-152 7 . M CeHxCINO Cl, N
99-102.5 A (ale) i K-D C:sHuN4O2 C,H, N
103.5-107 A (ale) 2 C CaH%N,0: C,H N
94.5-96.5 B (ether) 1 E CiHa N0 C.H N
256-257 dec A (acet) 6 I C2:HaCLN:-0.56H:0 C, H, Cl,
N, H:0
108-110 A (ale) 2.5 E C2HCINO: ClL, N
130-132 m 1 G-M C1:Ha N804 C.H N. 8
39.5-40.5 B (ether) n E CuHeN3O C.H N
188-190 dec B (ether) 0 I C1:H:BroN:0O Br, N
75-77 A (ale) 3 N C2HaCIN4O: CL, N
107-109 B (acet) 12 E CaHN.O: C, H N

CH;CHCONHCONHCH;

recrystallized from EtOH; yield 409, mp 139-141°.

to benzylpiperazine.

Anal.
7 Isolated from the same reaction mixture from which 9 was made.
ing overnight at room temperature.
benzoxazole to methylpiperazine in ether at room temperature.

m See Experimental Section for preparation.
° Reaction run in ice bath; 2-bromoisobutyryl bromide added dropwise

showed maximum stimulation at 256 (1289, difference
from control group), but was lethal at 300 mg/kg po.
Compound 20 was a feeble psychomotor stimulant in
These compounds were also
tested for such other physiological responses or possible
uses as hexobarbital potentiation, anthelmintie, schisto-
somacidal, antibacterial, analgetic, antiinflammatory,
and antihypertensive activities.

mice at 300 mg/kg po.

Experimental Section*

The chemicals were purchased either from Eastman or Aldrich

Chemical Co.
Research Institute.

Microanalyses were run at the Sterling-Winthrop
The compounds of types I and II were pre-

pared by first making the l-aralkylpiperazines or 1-diethyl-
carbamoylpiperazines and then alkylating them according to the
procedures described below.

The following compounds were made by literature methods:

a-chloroacetanilide,?
diphenylmethyl)piperazine,”

1-methyl-3-chloroacetylurea,®

1-(4~chloro-

1-(2-chlorodiphenylmethyl)piper-

(4) Where analyses are indicated only by symbols of the elements or func-
tions, analytical results obtained for these elements or functions were within

+0.49 of the theoretical values.

(5) P.J. Meyer, Ber., 8, 1153 (1875).
(6) H. Aspelund, Finska Kemistsamfundets Medd., 49, 49 (1940): Chem.
Abstr., 85, 2144 (1941).
(7) K. Fujii, K. Tomino, and H. Watanabe, J. Pharm. Soc. Japan, T4,
1049 (1954); Chem. Abstr., 49, 11666 (1955).

& 5 hr at 35° plus 2 hr at 50°.

b These procedures are described in Experimental
¢ Unless otherwise specified, the reac-

¢ Pre-
7 The crude
¢ Prepared from equimolar
» See Experimental
Product
Found: N, 17.11; Cl, 20.59.
! Imniediate reaction, but left stand-
» Dropwise addition of ethereal solution of 2-chloro-

azine,® 1l-phenethylpiperazine dihydrochloride,® 1-N,N-diethyl-
carbamoylpiperazine,’® 1-benzylpiperazine dihydrochloride,!* and
1-diphenylmethylpiperazine. 2

1,4-Disubstituted Piperazines (Table I). Procedure A—The
stirred reaction mixture, which contained the alkyl halide in 109,
molar excess to the monoalkylpiperazine or its hydrochloride, plus
H,0, Me,CO, or EtOH, and sufficient NaHCO;, was heated in
the period of time indicated in Table I. The solvent was then
removed by reduced pressure distillation, and the residue was
dissolved in dilute HCI, filtered and made alkaline (NaOH),
The products were collected and recrystallized from the solvents
shown in Table I.

Procedure B.—Two parts of the appropriate monosubstituted
piperazine was treated with one part of either the appropriate
alkyl chloride or acid halide in the indicated solvent shown in the
procedure column of the table. When the reaction was ended,

(8) H. G. Morren, R. Denayer, R. Linz, K. Mathieu, H. Strubbe, and
S. Trolin, Ind. Chim. Belge, 22, 409 (1957); Chem. Abstr., 52, 12873 (1958).

(9) B. G. Boggiano, G. B. Jackman, V. Petrow, and O. Stephenson, British
Patent 840,358 (July 6, 1960); Chem. Abstr., 66, 588 (1961).

(10) H. W. Stewart, R. J. Turner, and J. J. Denton, J. Org. Ckem., 18, 144
(1948).

(11) J. C. Craig, W. P. Rogers, and M. E. Tate, Australian J. Chem., 9,
397 (1956): Chem. Abstr., 81, 1963 (1957).

(12) T. Fujii |Japanese Patent 7230 (1954); Chem. Abstr., 80, 10138
(1956) | reports mp 91-92°; A. W. Weston and K. E. Hamlin |U. 8. Patent
2,819,269 (Jan 7, 1958): Chem. Abstr., 82, 15598 (1958)] report mp 70-72°;
obsd mp 70-72°. The corresponding momnohydrochloride salt, from 929,

alcohol, was used in these syntheses. Anal. Caled for CiyHaCIN:: C,
70.92; H, 7.35; N, 9.73; Cl, 12.31. Found: C, 70.16; H, 7.99; N, 9.50; Cl,
12.85.
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(he =olvent was renoved nnder rediced pressnve, und the prodnets

were reerystallized from the listed solvents.
1-Diphenylmethyl-4-sulfanilylpiperazine.——A mixtare of 8.6 g

(0,037 moler of p-ncetaminobenzenesulfonyl chloride, 10.7 ¢

(0.037 mole; of 12 diphenyimethyl)piperazine hydrochloride, 7.5
g ((LOY moles of NaHCOy 250 ml of ether, 30 mil of CHCls, plus
80 ml of 1.0 was vigoronsly agitated and reflaxed for 1 hr.
The mixture was chilled, and the precipliate was eollected and
hyvdrolvzed withous farther purification with 50 ml of concen-
trated HCL B30 ml of HaO, and 100 ml of 15OH by refluxing tor
45 min. - After chilling, a brownish precipitite was dixcarded.
The filtrate, made alkaline and distilled under rednced pressive,
vielded a light brown solid which wux partinlly purified by dis-
solving it with hear in 250 mi of dilate HCI containing charcoal.
The chilled filtrate, made alkaline, vielded a white precipitate.
Table 1 gives ndditional data.

N,N-Diethyl-1-{2-N,N-diethylaminoethy! j-4-piperazinecarbox-
amide Sulfate.—The haze correspanding to 7.0 g (0.041 mole) of
J-chlorvotriethylamine hyvdrochloride was obtained by dixsolving
the latter e a minimnm amount of H.0, adding concentrated
NaOll, extracting the =olntion =everal times with ether, and
thocoughly dryving the Iatter. To this filtered sdution was
added 15.8 gc0.074 moley of N, N-diethylcarbamoyipiperazine and
the mivture was lieated on a water bath 1o remove the ether.
The vesidue, dissolved in tolnene, was then refluxed for 1 hr.
The hydrochlovide of N, N-diethylearbamoylpiperazine (10) ap-
pearved orc chilling.  The residue obtained after removing the
tolaere muder reduced pressive was dis<olved in 100 wl of dry
acetone nid, while stirring, a chilled =olntion of HaS0, i1 MeaC'O
wax added dropwise. The gnmmy product was subjected to
preliminary parification by washiig (Me,CO, dry ELO 1 Table
I gives additional iidorntion.

A New Class of Analgetie~Antiinflammatory

Agents. 2-Substituted 4.3-Diphenyloxazoles

15, MarcrerT), G, Marrany, axo Vo Rosyari?
[stituto Faemacologicn Secono, Rome, Tialy

Received Apeil 4, 1467

Recently, a muuber of five-mmembered heteroeyelic
amines, meluding  oxadiazole,? indazole,® isoxazole,?
and trinzole® ring =vstems, have been shown to pogsess
antinflammatory and analgetic properties. We now
wish to report the syuthesis and =ome preliminary
pharmacologieal results of a new zeries of substituted
Z-aminooxazoles of general formula 1, some of which
show interesting analgetic and antiinflammatory
properties associated with a low acute and chronic

C.;H_—,_—_—E—‘Y

|

CH— NG
1

toxicity.

Chemistry.—The new aminooxazoles are listed in
Table I, together with their analytical and physical
data.  All the compounds have been prepared in good
yields by a conventional method, namely the reaction
between the known 2-chloro-4,5-diphenyloxazole and

(1) Institute of Industrial Chemistry, University of Milan.

(2) (a) G. Palazzo, M. Tavella, G. Strani, and B. Silvestrini, J. Med.
Pharm. Chem., 4, 351 {1961); (1) B. Sitvestrini and C. Pozzati, Arzneimittel-
Forsch., 12, 539 (1962); 13, 798 (1963).

(3) (a) G. Palazzo, G. Corsi, L. Baiocehi, and B. Sitvestrini, J. Med.
Chem., 9, 38 (1966); (b) B. Silvestrini, A, Garau, C. Pozzati, and V. Cioli,
Avznetmittel-Forsch,, 16, 59 (1966).

(4) H. Kané, J. Adacld, R. Kido, and K. Hirose, J., Med. Chem., 10, 411
(1067).

() H. Laborit, C. G. Wermutt, B, Weber, R. M. Ornellas, and C. Baroi
Ayressologie, 8, 341 (1967).
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the appropriate amine or amino alcohol; componnd 7
has been svuthetized algo through the ceyelization of
the N-desyl-N-diethylurea, casily obtained by treating
dexyt bromide with N N-diethyviurea.

Pharmacological Results.--Somce of the rexults have
been simmnarized i Table T Mt of the new oxazole
ammnes nre charmceterized by oo very low  toxieity,
Secondary sunines are practically devold of any anti-
mflumatory and anadgetie activity, while most of
the tertiary amines and anmine aleohols possess such
activities ta o degree, which competes favorably with
that «f equal doses of phenyvibutazone and aminopyrine.
respectively. A noticeable exception ix represented by
the piperidine derivative 9, which shows only o weak
antiinflanmatary activity and = practically devoid of
analgetie properties.

Among tertiary amines maximuim aetivity has been
found with the pyrrohdine derivative (8), wlinle mr the
amino aleohol seriex the diethanobunine (18) and the
ditzopropanolamine (19) derivatives, respectively, ap-
pear to be the most aetive compounds. It s interesting
to nate that smong the dinmino derivatives (20-27)
some =till retain the antdinflammatory aetivity, whieh is
characteri=tic of the above tertiary amines, white they
are all devold of auy analgetic properties.

The niost interesting compound of the sertex appearcd
to be the diethanolamine derivative 18, which has been
sclected for o more extensive pharmacologieal and
toxteological  evaluation.  It= antimflammatory  ac-
tivity was confirned by the results obtained in the in-
hibition of edema duced by dextran, formalin, and
scrotonin: i the first test, 400 mg kg po of 18 proved
to be cquipotent with an cqual dose of aninopyrine,
while 11 the two other tests 90 mg kg po showed the
same activity of an cqual dose of phenyvibutazone.

I addition, i the range between 30-80 mg, kg po
18 wux equally active us phenvibutazone in inhibiting
the cotton pellet mdueed granuloma, I the range
between 300400 my kg po. in the Randall and Se-
litto? and 1 the tail pinching tests” the anadgetie ac-
tivity of 18 practically equalled the response obtained
with the =ane dose of aminopyrine, while i the phenyl-
guuinone writhing test3 18 appeared to be less nctive than
aminopyrine itself, I view of its interesting plarna-
cological activitics, aud low acute and chronie toxieity,
18 has becn selected for clinical trial.

None of the compounds hixted in Tuble 1 <howed
antipyretic activity,

Experimental Section

All melting points were taken on a W, Bilchi wmelting pona
apparatus and are nucorrected. Where analyses are indicated
only by symbols of the elenients analytical results obtained for
those elements were within £0.4¢7 of the theoretical values.

Synthesis. General Method for the 2-Amino-4,5-diphenyl-
oxazoles.—The reactions between 2-chloro-4,5-diphenyloxazoles®
and the varions amines were carried out in boiling C¢Hs using a
3-mole excess of the bhasic compound. The reactions with low-
boiling amines were carried out in a sealed tube; in the case of
amino alcohols, EtOH was ased as the solvent. The reaction
time was usually 4-6 hr. The final reaction mixture was treated

(6) L. O. Randatl and J. J. Seliito, Arck. Tnt, Pharmacodyn, Ther., 111,
409 (1957).

(7) C. Bianchi and J. Franceschini, Brit. J. Pharmacol., 9, 280 (1954).

(8) E. Siegmund, R. Cadmus, and G. Lu, Proc. Soc. Fzp. Biol. Med., 95,
729 (1957).

(9) R. Gompper and . Lffenberger, Chem. Ber., 92, 1928 (1959).



