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shaken under nitrogen for 1.3 hr. After removing the solvent
and heatiug under nitrogen on a steam bath for 1 hr, the very
dark residiue was sublimed up to 188° (0.01 mm) giving about 5
g of ernde solid.  The sublimate was recrystallized from ethanol
withh the aid of Dareo G-60, vielding 3.75 g of golden brown,
silky needles mp 130-131.5°.

Ammonium Salt of 2-Oxo-3-phenyl-2H-1,4-benzoxazine-6-
sulfonic Acid (22).--A solution of 14 g (0.05 mole) nf technical
(67.5C,) o-aminophenol-p-sulfonic acid, 17.8 g (0.1 mole) of
cthyl phenylglyoxylate, and 4 ml (0.06 mole) of aquenus NH,OH
in 25 nil of ethanol and 10 ml of water was boiled to dryness in
an oil bath at 150° during 2 hr,  The residue was boiled with 500
ml of ethanol, cooled, and filtered. The solid (7.3 g), mp 277
303°, appeaved to be a mixture. The filtrate was concentrated
and cooled giving 9 g (569) of tan crystals, mp 292.5-294.5°
dec. A sample recrystallized from ethanol with Darco (=60
{reatment had the sume melting point.

Methyl (4-Pyridyl)glyoxylate and Hydrate~—A mixture of
10.15 g (0.067 mole) of methyl 4-pyridylacetate, 10 ml of AcOH,
30 ml of benzene, and 7.44 (0.067 mole) of SeO; was stirred under
reflux using a Dean-Stark trap. Approximately the theoretical
amount of water was condeused in about 0.5 hr. The solvent
wis then removed in vacuo below 50° and the residue was dix-
tilleil v a short-path apparatus. The product distilled below
150° (3 unn) giving 5.1 g of methyvl 4-pyridyiglvoxylate as a
light yellow solid mixed with a little ncetic acid.  This was re-
crystallized from water fromn whieh the hydrate [methyl o,a-
dihydroxy-a-(4-pyridyDacetate] crystallized as  light pink
erystals, mp 114-118°, yvield 233 g (19.0%;). The strucue
of the hydrate was confirmed by infrared, nltraviolet, and nmr
spectra and analysis,

Anal. Caled for CelIoNOgo C, 52.46; I, 4.95; N, 7.65;
0, 34.94; 11,0, 9.84. TFound: C, 52.50; I, 4.79; N, 7.92; O,
34.70; H.0, 9.86 (Karl Fischer).

3-(4-Pyridyl)-2H-1,4-benzoxazin-2-one (29).-~A solution of
4.66 g (0.0254 mole) of methyl 4-pyridviglyoxylate hydrate and
2.79 g (0.0254 mole) of o-aminophenol in H0 ml of methanol was
lieated at 40° for 5 lr and evaporated (o dryness in vacuo below
50°, and the residnal oil was heated ou n steam bhath for 20 min,
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The resulting solid was shaken with 2¢¢ aqueous NaOH to dis-
=olve phenolic wmaterial (ree below).  The product was collected,
wizhed with water, dried, and sublinied up to 162° (0.001 nun)
givig 2.6 g of solid,  This was veerystallized from ethanol with
the aid of Dareo G-60 vielding 2.13 g of silky needles, mp 168~
H30°,
2'-Hydroxy-4-pyridineglyoxylanilide.—'The ubove aqueons

=olntion was acidified with acetic acid (pH 6) giving a =olid
whiclh was collected, washed with water, and dried; 1.2 g,
mp 212-213° dec. This was reerystallized from ethanol with
Darco G-60 {rentiment yvielding 0.7 g (11.407) of the phenolic
antide, mp 221.5-222.5° dec. The strueture wias eoufivmed by
infraved, ultraviolet, and mmr specten.

Anal. Caled for CpdhieNoOy: €, 64.46; 11, 4.16; N,
0, 1082, Found: €, 64.62; 11, 4.08: N, 11.61; 0O, 20.30,

2-Carbethoxy-2-phenylbenzothiazoline.-—A miixture ol 0.7
g (0.2 mole) of ethyl phenylglvoxylate and 25.1 g (0.2 mole) of
o-aminobenzenetliiol was heated nuder nitrogen in an oil bath at
135-150° for 1 hr. After cooling the orange-yellow liquid
ervetadlized, This wius well mixed with pentane and dilute
HCI und filtered.  The solid was washed with water and dried
giving 30.8 g (5490 of waxy erystals, mp 77-97°. Thix was
recrystallized from 150 ml of 45¢0 ethanol yielding 20.1 g of
light vellow crystals, mp 97.5-04.5°.  Infrared and ultraviolet
spectrin nd aualysis are o agreement with the benzothinzoline
SOCIOEEICH

11.5%7;

Anads Caled Tor CllaNO3: O, 672340 1L, 530, N, 4.091;
Sote2ds TFaand: €, 6737 1,587 N, 4.70; 8, 11.67.
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The synthesis of 2-amino-5-substituted 1,3,4-0xadiazoles by the reaction of a l-ncyl-3-thiosemicarbazide with
Pb;0, is described.  One of the procedures, namely the use of PhyOy in N, N-dimethylformamide, has some advan-

tages over the earlier literature methods.

Several of the oxadiazoles are highly potent in prodncing a profound

flaceid paralysis in laboratory animals, Structure-activity relationships in this series of compounds are discussed.
Protonation of these 2-amino-1,3,4-oxadiazoles produces large hypsochromic shifts of the endocyelic >C==N-
bund seen in the infrared spectra of the bases, thus indicating preferential formation of an endocyclic cation.
This phenomenon is not observed with the 2-amino-1,3,4-thiadiazoles, 2-amincoxazoles, 2-aminooxazolines, and
2-aminothiazoles; in these systems, protonation oceurs at the exoeyelic N1T..

During the pharmacological evaluation of a number
of heterocycles, the observation was made that 2-
acetamido-5-phenyl-1,3,4-oxadiazole (28) produced «a
profound flaccid paralysis in rats.! Subsequent in-
vestigation showed that this activity was shared by the
parent base, 2-amino-53-phenyl-1,3,4-oxadiazole (20),
and its hydrochloride (22)? and a number of other
2-amino-3-aryl-1,3,4-oxadiazoles. These compounds,
their physical properties, and analytical data are shown

(1) This observation was first made by Dr. J. J. Piala of these laboratories

(2} The detailed pharmacologic and toxicologic studies made with this
compoinnd were reported by G. L. Hassert, Jr., J. W. Poutsiaka, D. Papan-
drianos, J. C, Burke, and B. N. Craver, Tozicol. Appl. Pharmacol., 8, 726
(1461},

in Table 11, This paper will discuss their structure and
synthesis and will present a structure—activity relation-
ship in this and related heterocyclic systems.
Structure.—The 2-amino-1,3,4-oxadiazoles, when vis-
ualized as eyclic amidines, would be expected to show
spectrophotometric differences upon protonation.® The
infrared spectral data* now being reported show that
protonation invariably produced a large hypsochromic

(3} This phenomenon has been discussed by B. Witkop, Ezperientia, 10,
420 (1954), insofar as it is concerned with the aminopyridines, a-aminolndo-
lenine, and a number of alkaloids.

(4) The insolubility of these compounds has necessitated determining the
jufrared spectra on mineral oil mulls. This lack of solubility has also led to
suconclusive deuterium exchange studies and has made impossible nmr
spectral stadies except with a few of the compounds prepared,
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TasLE I
1-ACYL-3-THIOSEMICARBAZIDES
RCONHNHCSNH,
Recrystn
Yield, sol- ~Caled, % ~Found, %, —
R Method® Formula Mp, °C % vent C H N C H N
0-ClC¢H4 B (a) CsHsCIN;08 160-161 57 b . e Loe . .
m-ClCesH 4 A ) CsH;CIN;08 196-197 40 d 41.83 3.51 .. 41,92 3.29 ...
C:H:CH(C.H;) B (v) CuHi:N:08 166-168 6 b S S VS| . . 17.65
1-Ethylpropyl B (a) C7H:N;08 192-194 54 b S L2221 S 2181
p-FCeH, B (a) CsH:FN;08 192-194 55 d 45.06 3.92 . 44,94 411 ..
0-CH;0CeH, A(b) CoH, 1 N;0.8 - 2H,0 202-203 56 e 16,087 ... ... 15.64
m-CH3OC¢H4 A (b) CoHyiN30.8 205-207 35 e 18.65 ... .. 18,37
1-Methylpiperidyl A (b) CsH:CIN,O3" 237-238 dec 10 7 e o221 .. 21.89
0-CH;CeH; A (b) CoH 1 N;08 188-190 41 k 56.22 4.74 21.98 56.47 4.56 22.04
0-CF;CsH, B (a) CoH:F5N;08 205-206 70 b e ..o 15.96 . ... 15,69
m-CF3;CeHy B (a) CsH7F3N;3;08 210-212 80 e 41.22 2.68 e 41.34 3.00 ...
3,4,5-(CH;0);CeH, B (a) CuHisN:0,8 248-250 dec 38 { 45.30 5.31 14.73 46.52 5.07 14.67
e See Experimental Section for details. * Aqueous ethanol. ¢ Anal. Caled: Cl, 1543, Found: Cl, 15.81. ¢ Water. ¢95%,

Ethanol.
ous acetic acid.

7 Anal. Caled: 8, 1228, Found: 8, 12.48.
7 Anal.

7 Anal.
Caled: S, 12.68. Found: S, 12.78.

Caled: 8, 14.23. Found: 8, 14.01.
® Propaunol. ! Propanol-DMF (75:23).

k Hydrochloride salt. * Aque-

shift of the >C=N- band seen in the bases and hence
clearly established these compounds as cyclic amidines.
In addition, these data have shown that the salts of
2-amino-1,3,4-oxadiazoles are uniquely different in
their spectral behavior from the salts of 2-amino-1,3,4-
thiadiazoles,® the 2-aminooxazoles,® the 2-aminooxazo-
lines,” and the 2-aminothiazoles, none of which showed
these shifts to lower wavelengths, In this respect, the
latter group of bases resembled such aromatic amines as
aniline. These data have, finally, indicated that the
protonated 2-amino-1,3 4-oxadiazoles should be more
correctly designated as 5-imino-A2%1,3,4-oxadiazolines.”

In the infrared, 2-amino-5-phenyl-1,3,4-oxadiazole
(20) absorbed strongly at 3.05, 3.20, 6.05, and 6.25 u;
the 3.05- and 3.20-x bands are associated with the
asymmetric and symmetric stretch of the unassociated
NH, group, the band at 6.25 u is assigned to the NH,
deformation, and the 6.05-u band to the endocyclic
>C=N- stretchf The hydrochloride (22) showed
residual weak absorption at 2,98, 3.20, and 6.20 u, and
none at 6.05 u, but an intense absorption at 5.85 g,
attributable to the formation of the endocyclic cation,
This hypsochromie shift of ¢a. 0.2 4 was also seen in the
spectrum of 2-phenyl-1,3,4-oxadiazole, where the single
strong band at 6.20 u was eliminated upon protonation
and replaced by a strong absorption at 6.0 4. Another
compound of interest was 2-diethylamino-5-phenyl-
1,3,4-oxadiazole (35), where the band at 6.17 x seen in
the base was eliminated upon protonation and replaced

(3) E. Testa, G. G. Gallo, F. Fava, and G. Weber, Gazz. Chim. Ital., 88,
812 (1958), have studied the spectral behavior of the 2-amino-1,3,4-thiadi-
azoles and have inferred that the 2-amino-1,3,4-oxadiazoles would behave
similarly. They did not, however, give data to support this generalization,
We are unaware of any otber literature directed to spectrophotometric ob-
servations with the latter class of compounds.

(6) The authors are grateful to Dr. G. 1. Poos of the McNeil Laboratories
who was kind enough to make available these unpublished data; he and his
associates have recently reported on spectral studies with 2-aminooxazolines:
J. R. Carson, G. 1. Poos, and H. R. Almond, Jr., J. Org. Chem., 30, 2225
(1965).

(7} The latest index citation to 22 ]J. J. Piala and H. L. Yale (to Olin
Mathieson Chemical Corp.), U. S. Patent 3,141,022 (July 14, 1964};: Chem.
Abstr., 61, 8317¢c (1964)] refers to it as 2-amino-5-phenyl-1,3,4-oxadiazole
hydrochloride.

(8) The diffieculty in making an absolute assignment to the >C=N-
stretching absorption in heterocyclic compounds lias been discussed by L. J.
Bellamy ('The Infrared Spectra of Complex Molecules,'' 2nd ed, John Wiley
and Sons, Inc., New York, N. Y., 1959, pp 267-271} and by Witkop.! As

pointed out by Witkop, such an assignment is possible, however, when the
spectra of the base and its salt are compared.

by a strong band at 5.84 w; this represented a shift of
ca. 033 u® In contrast, 2-amino-5-phenyl-1,3,4-
thiadiazole, with strong absorption at 3.08, 3.27, 6.12,
and 6.63 y, upon protonation, showed medium to weak
absorption at 3.08, 3.27, and 6.53 u but retained the
strong band at 6.15 u.

The reaction of 20 with acetic anhydride led to the
formation of a mixture of mono- and diacetylated
derivatives. That the former was the 2-acetyl- and not
the 3-acetyl derivative followed from its spectra. Thus,
in the infrared, it showed absorption at 3.10, 5.80, and
6.10 w; this slight shift of only ca. 0.05 y indicated an
intact endoeyelic >C=XN-. Its nmr spectrum in
dimethyl-ds sulfoxide showed a single 3-proton signal
at ¢ 7.77; 2-acetamido-3-phenyl-1,3,4-thiadiazole,
whose structure has been confirmed,'* showed a similar
3-proton signal at 7 7.77. The nmr spectrum of the
diacetylated derivative established its structure as
4-acetyl-5-acetylimino-2-phenyl-A?-1,3 4-oxadiazoline;
this spectrum showed two dissimilar 3-proton signals
at 7 7.57 and 7.79; in contrast, the spectrum of N,N-
diacetyl-a-naphthylamine, in the same solvent, showed
a single 6-proton signal at 7 7.73.

The several criteria for structure assignment outlined
above were used to establish the structures of the
remaining compounds described in this paper.

Synthesis.—The majority of the 2-amino-5-substi-
tuted 1,3,4-oxadiazoles were prepared by the reaction
of a 1l-acyl-3-thiosemicarbazide with PbyO,. When
1-benzoyl-3-thiosemicarbazide and acetic anhydride
were heated under reflux, hydrogen sulfide was evolved,
and the product obtained was 2-acetamido-5-phenyl-
1,3,4-oxadiazole.!! As mentioned above, the same
compound could also be obtained from 20 and acetic
anhydride, but in addition there was isolated a small
amount of 4-acetyl-5-acetylimino-2-phenyl-A2-1,3,4-
oxadiazoline. 5-Imino-2-(p-aminophenyl)-A2?-1,3,4-0xa-~
diazoline dihydrochloride (3) was prepared via the iron—
acetic acid reduction of 2-amino-5-(p-nitrophenyl)-
1,3,4-oxadiazole (19). The A%1,3,4-oxadiazolin-5-ones

(9) While hyposochromic shifts of ca. 0.2 u are not unusual, e.g., the >C=
N- band at 6.17 x in 2-aminopyridine is shifted to 598 u in the hydro-
chloride,$ the shift of ca. 0.33 u in 38, is, to our knowledge, without precedent.

(10) E. Testa, G. G. Gallo, and F. Fava, Gazz. Chim. Ital., 88, 1272 (1958).

(11) This is not a general reaction, since under the same conditions, 1-
acetyl-3-thiosemicarbazide gave 2-acetamido-5-methyl-1,3,4-thiadiazole.
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Tavre 1
1,3,4-0XADTIAZOLES AND A%1,3 4-0)XADIAZOLINES
R DR Vi
Yt oYY e
N—N\N N—-N—R"
No. R R It 1 I Mouabend
| H NH. A
2 H 1 NH HCH Ix
3 p-HNCyH, 11 . QHCT D,
4 0-ClCsH, o H N1 HCT- Hat) 11
5 m-C1CeH, Nile . . D
6 p-CICH, o H N1l el D, 1l
7 (CsH;),CH NH., o b
8 (CeH;),CH . 11 {w . &
0 C:H;CH(C.H.) N, . . .. b
10 CeH,CH(C,H;) L H NH H(1 i,
11 1-Ethyipropyl NH. . . . b
12 1-Ethylpropyl o H NH 1] K
3 p-FCH, NI, . S b
14 2-Furyl NH. : . 1
15 O—CH30CGH4 NHJ ) 1)
16 In—CH3006H4 NH_X b
17 p-CH;0CH, NH. b
= 1-Methyl-4-piperidyl NH, . C Ade)
19 p-0,NCeH, NH. ; ‘ A
20 CeH; NH. . } ATed
21 CeH, 11 O . ('
22 CeH; 11 NH HC] I
23 CoH; H NI HNO, 1
24 CeH, H NI 0. 580, 1
25 CeH, 11 NH 0. 5C 140y N
26 CgH; 1 N1l 0. 5CH O t)
27 CeH; . 11 N1l 1,10, 1
29 CeH, . 11 NCOCH 111 I
30 CeH., NHCOCH,CH(CHj;), . - o 11
31 CeHx NHCONHC.H; M
32 CeH., NHCOCH,CH,CO,H . |3
BE CsH. NHCOCH,CI . 11
34 CeH; N(CH; %N (CH,). ‘ NH 2HC] P
35 C:H, N(CoHy)e o B (us
36 CeH, N(CyH;)e (Hydrachloride) I<
37 2-C;H:N NH, : b
3N 3-CoHyN NH. o . 1
30 4+-CHy N NH, . . b
40) 0~-CH;CeH, NH. . . . A
42 0-CFCsHy NH. . B (b
3 0-CF;CeHy o 11 NH HCl K
44 m-CF;CeHy NH. - . . B )
45 m-CF3;CeHy o H N1t HCI K
40 :';,4:,5—(CH30)3CGHQ \'Ilz . A e

7 Nee Iixperimental Scetion for details.  ® Ataxic doze.  © Paralyvtic dose. 7 The procedmre of K. Stolle mied K. Fehrenbavh, . Peak!.
Chem., 122, 289 (1929), wax followed: they reported mp 156°. ¢ Bthylaceture-absolute ethanal, 7 A mixture melting point witli 1 wax
120-131°. ¢ Loses HCI duriug attempted recrystallization. *» Anal. Caled: ClI, 20017, Fonud: Cl, 28.00. 7 Absolite cethannl
anhydrons ether. 7 Anal. Caled: Cl,28.47. Fonud: Cl25.62. *2% Aqueons HCL ¢ Aunal.  Caled: CL2835. Tomal: O 2846,
= 059, Ethanol. » No snitable recrystallization solvent eould be found. ¢ Aqueouns ethanal.  » Comipounds 8 and 21 exist as 1he
A%1,3,4-oxadiazolin-3-ones. ¢ Acetonitrile. r Anal. Caled: Cl 14.73. Found: Cl, 1444, * dnal. Caled: Cl 1850, Foand:

Cl, 18.35.  t Water. * H. Gehlen and K. Moeckel, Ann., 651, 128 (1962), reported mp 178°, " Lit.” mip 249°.  » Propanol. # L

(8 and 21) were synthesized by the reaction of the acid
hydrazide with phosgene.!?

Several unsuccessful attermpts were made to treat 22
with potassium isocvanate; however, 20 and ethyl iso-
cyanate readily gave 1-ethyl-3-(5-phenyl-1,3,4-oxa-
diazol-2-yl)urea (31); 20 and suceinic anhydride gave a
mixture of H5-phenyl-2-suceinimido-1,3,4-oxadiazole and

(12 1. .. Yale, K. Losce, I. Martins, M. Ilolsing, T, M. Perry, und ).
Bernstein, J. Am. Chon, Soe,, T8, 1933 (1953).

N-(5-phenyl-1,3,4-oxadiazol-2-y)succinamic avid (32):
and, finally, 28 and 3-dimethylaminopropyl chloride in
the preseuce of sodamide gave the 2-(3-dimethylamino-
propyl) derivative (34).1*

{13) The mechanism o»f hix reactinn i of interesls presvbionly, 3opiehn
juvolve fivect Jdisplacemend »f the aceyl pronp, since as «Jdexeribed py U=
Patent 2,007,468 (Aug 22, 1861), 1D-acecyl-2-critfunromel hylpbensihasne,
3-dimethylaminopropyl ehlorile, and sodamide apder very shiailar conedi o~
gove 10-(3-dimethylaminopropyh-2-10{beromertiviphensibjiaine:



mm Anal.
neut equiv, 254,

Caled: neut equiv, 216. Found: neut equiv, 215.
o Delayed deaths.

n Anal.
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ADso PDso LDso
{(mousel, (mouse), (mouse),
Yield, Recrystn —Caled, % Found, % mg/kg po® mg/kg po¢ mg/kg po
Formula Mp, °C DA solvent C H N C H N
C.H;3;N;0 152-1544 10 e 28.23 3.55 .. 28.00 3.42 >1200 >2400
C.H,CIN;0 152-154 dec’ 62 ¢ St cee . . .
CHCLN,O  >300 20 4 2249 . 2259 PP L 140
CiHoClLN;O,  184-186 dec 38 k L ... 16.80° S ... 16.41 120 350 680
CH:CIN;0 245-246 35 m 49.12 3.09 21.48 49.41 3.14 21 .44 980 >2400 3400
C¢H,Cl:N;0 214-216 dec 22 n 41.39 3.04 . 41.14 3.11 o 1200 >2400 >2400
C1sH1sN;0 220-222 dec 18 0 71.70 5.21 16.72 71.69 5.21 16.71 500 3500
Ci:Hi:N2 0, 141-143 28 0 71.41 4.80 11.11 71.64 4.76 10.94 Stimulant
CuHisN30 195-196 82 q 20.68 . Lo.oo21.a7 N S .
CuHuCIN;O  135-136 58 q 17.467 o oo 17,59 220 1400 >2400
C7H3N;0 189-190 70 0 27.08 e ... 27.38 . . .
C;H,4CIN;O 155-156 75 0 o oo 21.95° S oo 22.31 200 S 740
CsHFN;;0 251-253 dec 14 t 53.63 3.25 23.45 53.77 3.37 23.79 230 Co S
CeH; N30, 225-226 47 q 47.69 3.34 27.81 47.90 3.58 27.30 315 550 850
CoHsN:O, 176-177" 34 i 56.53 4.72 21.98 56.58 4.84 21.86 30 120 550
CsHsN;0, 190-191 35 0 56.53 4.72 21.98 56.29 4.79 22.12 450 >1200
CoHN;0, 247-248" 47 m 56.53 4.72 s 56.35 4.55 ... 2100 ce
C.HuiN,O 228-230 44 q 52.72 7.74 30.75 52.91 7.55 30.48 >1500
CeHsN:O; 264-265 dec 90 w 46.59 2.93 NN 46.82 3.00 o - ..
CsH:N;0 243-245 dec” 68 w 26.07 S .. 26,14 65 Ce 300
CsHeN: O, 137-138Y 52 z . .. 1728 C 1721 280 500 1520
CsH;CIN;O 186-188 decee 82 bb 48.62 4.08 21.27 48.14 3.89 21.21 40 360 440
CgHgN,O4 166-167 dec 74 q 25.00 L. . 25,12
CisH20NeOsScc  182-184 dec 82 q 19.9944 S .. 19.99
CapHxNgOgc  158-160 dec 63 q 19.18 - oo 19.38
Cy2H2NeOge¢  180-182 dec 71 q 16.34% S ... 16.43
CsH30N;05P 172-174 49 q .. oo 16.22 oo 15,97
CiHsN;0p 219-221// 38 gy 59.10 4.46 20.68™  58.84 4.27 20.96 120 370 320
CioH1oCIN3O:  207-210 dec 68 [ S ... 17.49 S oo 1772 . .
CisH15N;0, 161-163 24 i@ 63.64 6.16 17.13 62.88 5.86 17.39 150 . 800
CuHNLO, 217-218 18 qq 56.88 5.21 24.12 57.08 4.97 24.05 650 >1200
Ci,HuN;04 173-175 49 gy 55.16774.25 16.09 55.30 4.28 16.07 >1200 S
CiH:CIN;O,  216-218 dec 83 U o ... 17.69% . ..o 17.31 300 730
C1sH2ClNO,  228-230 9 w 48.91 6.31 17.55 48.95 6.20 17.51 >1500
CiHi:N;0 148 (0,06 mm)* 46 .. 66.64 7.00 6.48 66.53 7.04 6.52
CHiCIN;O  176-184 dec™™ 80 gq 56.81 6.37 16.59™ 56.87 6.49 16.80 180 380 550
C-HgNO 260-262 35 m 51.85 3.73 34.56 51.97 3.98 34.82 500 >2400 3400
C-HN,O 231-233 16 i 51.85 3.73 e 51.62 3.91 o 425 >1200 1290
C/H:N,O 252-253 8 7 51.85 3.73 34.56 52.11 4.96 34.52 >580 >580 580
CsH,N;0 152-154 77 n 61.70 5.18 23.98 61.84 5.43 24.17 46 86 375
CoH,,CIN;O 217-218 dec 85 .. o ... 19.85 L ... 19.56
CsHsF3N;0 186187 71 P 47.16 2.64 18.33 47.34 2.77 18.49 .
CyH,CIF;N;0 177-179 Tp Coo . 15,83 .. ... 15.66 26 . .
CyHgF3N;0 218-219 37 m 47.16 2.64 18.33 46.81 2.44 18.27 57 150 190
CoH,CIF;N;O  194-195 75 g - oo 15.83 S ... 15.33 30 o R
CuHi13N;304 214-215 85 m 52.57 5.22 16.73 52.80 5.28 16.69 150 2400 1000°°
mp 245° dec. ¥ A. Dornow and K. Brunchen, Chem. Ber., 82, 121 (1940), reported mp 138°. 2 Benzene. ¢ Lit mp 177° dec.
¥ 109, Aqueous HCI-DMF. ¢ Neutral salt. 44 Anal. Caled: S, 7.63. Found: 8, 7.57. ¢ Anal. Caled: neut equiv, 257.
Found: neut equiv, 255. // Lit.» mp 223°. @ 2-Propanol. * Angl. Caled: S, 0.0. Found: 8, 0.0. ¢ Skellysolve E. 7 Anal.
Caled: neut equiv, 261. Found: neut equiv, 266. * Anal. Caled: Cl, 14.92. Found: Cl, 14.15. ! The product is a colorless oil.

Caled: Cl, 13.98; neut equiv, 257. Found: Cli, 14.34;

#? No CNS depression to lethal dose.

The new acylthiosemicarbazides are listed in Table I,

along with their physical properties and analyses,
Typical preparative procedures for these, as well as the

1,3,4-oxadiazoles and 1,3,4-oxadiazolines are described

in the Experimental Section.

Structure—Activity Relationships.—The ataxic, para-

lytic, and lethal doses for the 1,3,4-oxadiazoles and
1,3,4-oxadiazolines are listed in Table II.
cussion of the structure—activity relationships for these

The dis-

compounds will be based on their ataxic dose. The
procedures employed in evaluating these compounds
have been described.? The compound receiving the
major pharmacological and toxicological work-up was
5-imino-2-phenyl-A?-1,3 4-oxadiazoline  hydrochloride
(22); the base (20) and the 2-acetamido derivative (28)
were somewhat less potent. The 5-phenyl group in 20
was essential for activity since 2-amino-1,3,4-oxadiazole
(1) was inactive. Replacement of the 2-amino group in
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20 by hydrogen had a less profound effect, since that
compound. 2-phenyl-1,3,4-oxadiazole, had ADs = 110
mg/kg and was consequently about half as potent as
20. Again, a 2-diethylamino group in place of the
2-amino group of 1 decreased the poteney of 35 to about

one-third of that seen with 20. In the first two of
the three series of isomerie aryl-substituted phenyl
compounds studied (4-6, 15-17, and 42-45) the
ortho-substituted derivatives were highly active, while
the meta and para tsomers were less active: i the third
series, however, the s-trifluoromethyl compound ve-
tnined essentially all of the netivity of the arthe isomer.
In 3. the insgertion of an amino group i the para
position of 22 deprived the latter of all activity. The
three isomerie pyridyl derivatives (37-39) were far less
potent than the phenyl compound (20). It was also
noteworthy that while (a) 2-amino-3-diphenylmethyl-
1.3.4-oxadiazole (7) was a weak muscle relaxant, the
related 1,3,4-oxadiazolinone (8) was n CNS stimulant,
and (b) that 21, the 1,3,4-oxadiazolinone related to 20,
was far less potent than the latter.™  Finally, 2-amino-
S-phenyl-1.3.4-thiadiazole™ with A, = 80, 'D;. =
250, and LD; = 410 mg/kg and 2-amino-5-(o-methoxy-
phenyl)-1,3,4-thiadiazole with an AD; = 240, PDy
= 280, and LDy, = 440 mg/kg were less potent than
the corresponding 1,3.4-oxadiazole derivatives, 20 and
15, respeetively.

Experimental Section

All melting poiuts are uncorrected.
2-Amino-5-0-tolyl-1,3,4-0xadiazole (41). Method A. (a}
A mixture of 100.0 g (0.67 mole) of methyl o-toluate, 100 ml of
D507 ethanol, and 50 g of 100¢7, hydrazine hydrate was refluxed
for 4 hir and concentrated to dryness to give 87.0 g (879%) of
o-toluic acid hydrazide, mp 125-127°. Au analytical sample,
from toluene, nielted unchanged at 125--127°.

Anal. Caled for CgH;pN2O: N, 18.66. Found: N, 18.63.

(b) The product from A (86.5 g, 0.57 mole), 500 ml of water,
69 mil of concentrated HCL, and 44 g of ammonium thiocyanate
were heated 0.5 hr on the steam bath and coaled to give 40 g
(419,) of 1-(o-toluyl)-3-thiosenmicarbazide.  An analytical sample
wis recrystallized from propanoel.

(e) A mixture of 34 g (0.16 mole) of the product tfrom (b),
28 g (0.04 mole) of POy, and 250 ml of N,N-dimethylformamide
(DMT) was refluxed for 1 hr and filtered, the filtrate was con-
centrated to dryness, and the residue was treated with 100 ml of
water. The precipitated solid wax filtered and recrystallized
from wafer to give 21.4 g of 41.

2-Amino-5-( a,a,a-triflucro-m-tolyl)-1,3,4-oxadiazole (44).
Method B. (a) To 29.1 g (0.32 mole) of thiosemicarbazide, 25.6 g
(0.32 mole) of pyridine, and 350 ml of DMF was added dropwise
66.0 g (0.32 mole) of m-trifluoromethylbenzoyl chloride at room
temperature; snbsequently, the clear solution was heated for 2 hr
at 80-83°, about 200 ml of solvent was distilled in vacuo, and
the residue poured into 1 1. of water. The precipitate was fil-
tered, washed with water, and air dried to give 86.0 g of crude
1-[m-trifluioromethylbenzoyl]-3-thiosemicarbazide, mp 195-197°
dec.  An analytical sample was recrystallized from 959 ethanol;
the recovery was 8097,

(b) A mixture af 84.0 g (0.32 mole) of crude A, 56.0 g (0.08
wole) af PbsOg and 2 1. of n-ainyl alecohol was stirred and re-
fluxed for 2 hr aud filtered hot with the aid of Hyflo, and the
filtrate was cooled. The product which separated was filtered
aud air dried to give 33.0 g of product, mp 215-217°,  Concel-
tratiou of the filtrate to about 250 ml gave an additional 7.0 g
of product, mp 215-217°.

(14} This was not observed with Z-amino-d-chlorobenzoxazole and 5-
cbhloro-2-benzoxazolol; thie latter was a significantly better muscle relaxanc.
Cf. A. H. Conney, N, Trousof, an J. J. Burns, JJ. I’karmacol. Ezptl. Tkerap.,
128, 333 (1960).

(15) G. Maff and Y. Soncin, Brit. J. Pharmaesl., 13, 357 (19383, hanve
reporled on the pharmacology of this componnd.

Val g

2-Diphenylmethyl-A2-1,3,4-0xadiazolin-3-one (8. Method
C.—-To 22.6 g (0.1 mole) of diphenylacetic acid hydrazide i1c 300
ml of dry cliloroform was ndded, at =35° 115 g (1,12 mole) of
COCL i 100 ml of dry toluene. The miaxtire was stirned Tor 2 br
a1 wariied =pontancously (o room yemperatie and filiered o,
give B0 ¢ of diphenylacetic seid hydrazide bydrochloride, wp
252877 dee. The cldoroforia filtrate was concentrated 1
dryvess to give 9.0 g of 8.

2-Amino-5-( p-fluorophenyl)-1,3.4-oxadiazole {13). Method
D, A mixture of 47.0 g (0.22 nole) of 1-(p-fluorobenzoyl)-3-
thiosemicarkazide, 27010 g (0.39 molei of Phyty, aud 11 of 057,
ethanol was stirved aid refluxed for 32 e and Bltered hot. The
solid =epurating Irom the filtmte on cooling wis filtered to give
b of 13, mp 245-250° qhe filtente wis partially concentrated
1o give an additional 12 g ol prodnet, mp 248-250°,

3-Phenyl-2-succinimido-1,3,4-oxadiazole and N-(5-pheny!-
1.3.4-oxadiazol-2-yl)suceiniamic Acid (32). Method E. A
finely ground, blended mixture of 10,0 g (0.062 mole) of 20 aid
2000 g (10.200mole ) of <uceinie anhydride ina lnvge iext bt was
placed a0l bath preheated (o 167° and kept in the batl Tor
0.5 i after a elene melt had formed. The <ddid obtaimed on
cooling was powdered and <tirred with u =olution al 2000 ¢ 11124
mole) of NallCty e H00 ml of water.  The insoluble wierial
was filtered (o give HLS g of materinl, mp 197-100°.  Reerveid-
lization {rom 2-propanol gave 0.0 = (6047 of S-phenyl-2-suecini-
mido-1,2, f-oxadinzole, mp 199-200°.

nals Caled Tor CulleNsD C) 592060 H, 3.730 N, 17028
nent equiv, 243, Tound: ¢, 538.08; T1, 3.95; N, 100 new
cpuv (KOCH;), 233,

The agnesus NallCO; filtvate from the above produer was
made strangly acidic with concentrated HCL and kept at room
temperatnre.  The solul which separated after several days wax
filtered to give 0.20 g of material, mp 168-170°; veervstallization
{ron1 2-propanoct gave 0.20 g (147) of 32.

A nixtyre of 2,43 g {0.01 mole) of 3-pheuyl-2-suceinido-1,5,4-
vxadinzole, 200 ml of methanol, wial 10 ml of 1 N agueons Na(H]
wis hented nuder reflax for 0.25 hr and concentrated to dryness,
the residne was taken up in 25 wl of water, aud the salution
acidified gave 2,500z of 32, mp 166-16%°,  Recrystallization from
2-propunol gave 2012 g of 32: the melting point and mixture
nelting point with the niaterial vhitained shove was 168-170°.

3-13-(Dimethylamino )propyliminoj-2-phenyl-a2-1,3.4-oxadi-
azoline Dihydrochloride (34). Method F.-To 21.8 g (.11
niolej of 28, 5.3 ¢ (0. 13 wiole 1 of soldmmide, and 400 ml of higlyvine,
nnder Ny and at 0%, was milded drapwize and with stirving, 5
ml of o 229 1 solution (0.13 mole) of 3-dimethylaminopropyl
chloride in dry xvlene. Subsequently, the mix{nre was stirred
and hented for 6 i 100--110°, filtered hot, and the filtrate was
concenfrited to drvness ¢ racno.  The residual oil, 0 250 ml of
anhydrons cther at 01°, was treated with ethereal TICI nutil no
further precipitation oeenrveld,  This was filtered to give 3.17 ¢
of 34 as o crystalline hivgroscopic prodnet.
2-Acetamido-5-phenyl-1,3,4-oxadiazole (28). Method G. A
mixture of 25.0 g (W13 mole) of 1-benzoyl-3-thiosemicarbazide
and 75 (0074 molet of aeetie anhyidride was heated under veflux
for Fhir; a gas (1185 was evolved during the euntive heating period.
The cooled veaction 1aixture depositeid a =olid; thix was filtered
and air dried 10 give T g of crnde 28, mp 215-217°.
4-Acetyl-5-{acetylimino)-2-phenyl-A2-1,3,4-oxadiazoline.
Method H.-- A mixture of 60.0 g (.37 mole) of 20 and 300 1l of
neetic anhyvdride was heated under reflux for 1 hr aud enoled, and
the precipitated =olid was fltered to give 24 g (3247) of 28.
Coneentration of the filtrate io abour 100wl followed by cooling
cunsed no additional material to separate; concentration to drv-
ness giave o viseous wass which pavrially cvystallized; this was
stitred with dee-water nutil a graunlar solid separated.  "The
solid was filtered und recrystallized from methanol to give 3.0 ¢
(3C,) of produet, mp 141-143°.

dnale Caled for CplliNOy: C, 81T,

Found: €, 39.05; H, 4.26; N, 16.95.

5-Imino-2-phenyl-A2-1,3,4-0xadiazoline Hydrochloride (22).
Method L--A solutiore of 5.0 g (0,031 mole) of 20 i 50 mi of
hoiling DMF was cooled ta 40° and 100 ml of 1097 aqueons HCl
wix added rapidly. A clear solition formed aud when this was
cooled firther, a salid erystallized.  This was filtered and dried
Lo give 5.0 g (82070 of 22 ax the monohydrate, mp 186-18%°.

Anal. Caled for CJLNO-TICHTLO:  H.0, K37, Found:
1.0, 8.35 (Karl Tischery.

The nubivdrons componnd was obtained by dryving far 24 hr ar
75° (0.8 ).

1, 4.52; N, 17.14.
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5-Imino-2-(p-aminophenyl)-A2-1,3,4-oxadiazoline Dihydro-
chloride (3). Method J.—To 10 g (0.05 mole) of 19 in 250 ml of
glacial acetic acid heated initially to the boiling point and with
the source of heat removed, was added portionwise a total of 10 g
of Fe powder; the mixture was stirred an additional 0.5 hr,
heated under reflux for 2 hr, and filtered hot. The filtrate was
concentrated to dryness in vacuo, the residue was shaken with 250
ml of 109, aqueous NH;, filtered, dried, and extracted with 500 inl
of boiling 1-butanol. The butanol extract was concentrated to
dryness in vacue and the residue was dissolved in 109, aqueous
1HCl. The HCI solution was concentrated to dryness in vacuo
to give 8. An attempt at catalytic reduction of 19 with Pd-C
in glacial acetic acid under 3.5 kg/em? of hydrogen was unsue-
cessful.

5-Imino-2-(1-ethylpropyl)-A2-1,3,4-oxadiazoline Hydrochlo-
ride (12). Method K.—Compound 11 (9.0 g, 0.058 mole) was
dissolved in 1:10 absolute ethanol-ether, aud the solution was
treated with ethereal HCI until acidic to congo red. The precipi-
tate was filtered and air dried to give 9.0 g of 12.

5-Imino-2-(a-ethylbenzyl)-A2-1,3,4-0xadiazoline Hydrochlo-
ride (10). Method L.—To 4.0 g (0.02 mole) of 9 in anhydrous
acetoue was added 0.02 mole of HCI in absolute ethauol; an-
hydrous ether was added to turbidity and the whole was cooled
to give 10.
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1-Ethyl-3-(5-phenyl-1,3,4-0xadiazol-2-yl)urea (32)., Method
M.—A solutioun of 4.5 g (0.028 niole) of 20 in 50 ml of ethyl iso-
cyanate was heated under reflux for 4 hr and then partially
concentrated in vacuo to give 32.
5-Imino-2-phenyl-A2-1,3,4-0xadiazoline Maleate (25). Method
N.—A mixture of 1.61 g (0.01 mole) of 20, 1.16 g (0.01 nwle)
of maleic acid, aud 100 ml of propauol was heated to boiling and
then cooled to give 2.4 g of 25.

5-Imino-2-phenyl-A2-1,3,4-0xadiazoline Citrate (26). Method
0.—Method N was followed except that 100 ml of acetonitrile
was the solvent.
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A number of 4-N-substituted amino- and carbamoyl-2,3-polymethylenequinolines have been synthesized and
have been found to exhibit a wide spectrum of pharmacological properties, which include analgetic, local anesthe-

tie, analeptic, and respiratory stimulant activities.

In particular 4-(4-morpholinyl)-2,3-pentamethylenequinoline

has shown significant and promising analeptic and respiratory stimulant activity.

5~Amino-1,2,3 4-tetrahydroacridine (4-amino-2,3-
tetramethylenequinoline), although originally syn-
thesized for antibacterial studies,! has been shown to
possess a wide spectrum of pharmacologial actions,
which include anticholinesterase,? antagonism to psy-
chotomimetics,® morphine antagonist,* analeptic,* and
decurarizing® actions. This molecule seems to offer a
good lead for further exploration. Except for an old
report of analeptic action of 3,4-dihydro-1,2-benzacri-
dine-3-carboxylic acid® (Tetrophan), local anesthetic
activity for N,N-diethyl-1,2,3,4-tetrahydroacridine-3~
earboxamide’ and a report published during the
course of this work on the analeptic activity of amino-

(1) A, Albert and W. Gledhill, J. Soc. Chem. Ind. (London}, 64, 169
(1945).

(2) (a) F. H. Shaw and G. A. Bentley, Australian J. Ezptl. Biol. Med.
Sei., 31, 573 (1953}); (b} I. 8. De La Lande and G. A. Bentley, ibid., 33,
555 (1955); (c) E. Heilbronn, Acta Chem. Scand., 18, 1386 (1961).

(3} 8. Gershon, Nature, 186, 1072 (1960).

(4) (a} F. H., Shaw and G. A. Bentley, Med. J. Australia, 2, 868 (1949);
(b} Nature, 169, 712 (1952); (e} F. H. Shaw and G. A. Bentley, Australian
J. Ezptl. Biol. Med. Sci., 88, 143 (1955}; (d) T. H. Shaw, S. Gershon, and
G. A. Bentley, J. Pharm. Pharmacol., 9, 666 (1957).

{5) 8. Gershon and F. H. Shaw, 7bid., 10, 638 (1958).

(6) (a) E, Hesse, Arch. Ezxptl. Pathol. Pharmakol. Naunyn-Schmiede-
berg's, 111, 68 (1926); (b} J. Pohl and E. Hesse, Klin. Wochschr., 4, 344
(1926); Chem. Abstr., 20, 2204 (1026).

{7} O. Yu Magidson and A, I. Travin, J. Gen. Chem. USSR, 7, 842 (1937).

cycloheptaquinoline,® not much is known about the
pharmacology of these compounds. Brian and Souther?
have recently reported the synthesis of a few more
substituted 5-amino-1.2,3,4-tetrahydroacridines but
gave no data about their biological activity. The
synthesis of a number of 4-N-substituted amino-2,3-
polymethylenequinolines (I) and 4-N-substituted car-
bamoyl-2,3-polymethylenequinolines (IT) has now been
carried out and their pharmacological actions studied.

R
@é@
NNCHY),
I, R=-N< 1o
I R—_CoN< "~ 13

The 4-chloro-2,3-polymethylenequinolines were pre-
pared from the corresponding hydroxy compounds by
treatment with phosphorus oxychloride, which on
condensation with the appropriate amines in phenol at

(8} N. Plotnikoff, J. Keith, M. Heimann, W. Keith, and C. Perry, Arch.
Intern. Pharmacodyn., 146, 406 (1963).

(9) W. P. Brian and B. L. Souther, J. Med. Chem., B, 143 (1965).

(10) (a) B. K. Blount and 8. G. P. Plant, J. Chem. Soc., 376 (1937); (b}
L. J. Sargent and L. Small, J. Org. Chem., 11, 359 {1946).



