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The filtrate from IV wax retrned (o the reaction flusk and
=tirred overnight (~12 hr) at 26°. The clear vellow =olution
wax concentrated 1n vacuo to 125 ml and cooled, and the ery=rals
woere filtered and wushed with ether to give 5.75 g (21
nearly  colorlesx  [-{l-nceryl-4-imidazolvl)-5-phenyl-G-oxa-4-a7:-
=piro[2.4]hept-4-cu-7-one (II1), mp 16T-1068°. teervtalliza-
tion from ethyl acetate gave colorless material:  wmp 17051712
fraved, 1815 (ve=n oxazolonei, 1735 (vewo N-neetyvly, 1635
cm ! {pe=y oxazolonel; nltravioler 1CHLCly), 263 mp Ce 1N 1
unw (CEF,COI, 8 9.48 (1 1, donblei, J = 2 ¢ps, imidazale 1,
N00 06 b muluplet, imdazole 11 and phenyl ), 3.25 o0 1L
multiplet, evelopropane I, 2.75 05 L singlet superimposed an
mnliiplet, NCOCH, aud evelopropane CH.o.

vl Caled Tor CuHNO C, 65.08;
O, 04.06: 11, .43,

1-Benzamido-2-(4-imidazolyl)cyclopropanecarboxylic acid
was obtained by alkaline hydrolysix of the azluctone T, A
mixture of 135 g (4.6 mmoles) of IIL and 0.64 g (6 mmoles; af
N0y i 10 ml of water was heated on a steam bath nutil a
clear <otion resulted (~15 min),  The hot solution wax treated
with activaned charcoal (Darcol, filiered, and unentralized 1,
pH 5 by dropwise addition of glacial acevie acid. On rosling
at 4° Tar 48 T and {iltering, 0.5 g (400 ¢ ol produet was obtained.
Yecrvatallizavon from HaO and deyving /n racrie over Pat); gave
colotless ervetals, mp 263-2064°,

dnal. Caled for Crdbg Ny O 61990 1], 485,
Co6LN2; H, .95,

1-Amino-2-(4-imidazolyl)cyclopropanecarboxylic Acid (I} Di-
hydrochloride.-—A =olution of 1.35 g of III 1 30 ml of 1X¢
HCl wax refluxed for 12 hr.  Ou cooling 0.3 g of benzole acid
(ax shown by its fufrared =pectrum and mixture melting pointi
sepurated.  Thix was removed by filtration and the filtrate was
extracted with three 50-ml portions of beunzene to vield an addi-
tional 0.15 g of benzoie acid (total SOCOS.

The yellow agueons layver wax concenirated 10 deyuess in cacuo
anid the residue dissolved in the minimum amount of warm abso-
lute methunol.  The yvellow =olution was diluted with anhydrons
acetone until it became turbid and then allowed to stand at —17°
for 48 hr.  The nearly colorless cry=tals were filtered, washed
with acetone, and air dried to give 0.6 g (54%) of I. Careful
recrystallization from methanol-acetone gave cry=tuls of mp
192° after sintering and =oftening at 186°: umr (D,0), § (relative
to =odinnt 3-(trimethyvlsilyl)-1-propanesnlfonate as internal =tand-
dard) 893 (1 H, singlet, imidazole H), 7.74 (1 H, single(, imida-
zole H), 3.30 (1 H, (riplet, X portion of ABX svstem, Jix =
Jux = 9 epx, evelopropane H), 2.23 (2 H, eight-line multiplet.
AB portion of ABX system, Jay = 7.5 ¢px, cyvelopropane CH.).

Anal. Caled for CGHuCLN;O.: €, 35.02; H, 4.62. Fouud:
. 3499, 35.10; H, 4.90, 4.75.

H, 444, Foaud:

Found:

Acknowledgment.—The authors are grateful to
Professor Vietor H. Cohn of the Department of Pharma-
cology, the George Washiugton University School of
Medicine, Washington, D. C., for carrying out the
enzynie inthibition tests,

Central Nervous System Depressant Imides
of Cyclobutanecarboxylic Acid'?
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Our rescarchi? on those aspects of picrotoxinin’s
structure which are important to its activity as a com-
petitive antagonist at inhibitory syuapses has made
necessary the synthesis of various model lactones.

(1) (a) =apported in part by a research grant (MH 08348) from tle Na-
tional Institates of Health, U. 8. Public Healtl Service. (b) To whom in-

quiries shoold be directed.
(20 CO L Jarboe and L. AL Yorier, J. Chromatog., 19, 427 [1965).
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Bridged lactones. especially  (liose with a degree ol
niternal strain as is charaeteristic of pierotin and piero-
toxinin, wre difficult to synthesize.  Oue recent aud
reasotably promising route to compounds of the de-
sired (ype imvolves the photolyvtic mternal chlorinaton
of  N-clitoro-N-acetylamides and  N-chloromides,
The products of (hix reaction may be converted (o
lactones by hydrolysis and eyvclizavion,  To test apph-
eability ot this <cheme to the production ol cogent
lactones we synthesized the inides reported me Table
1. Thes¢ componnds were prepared by conventional
roites which involved either the neat reaction o a
suttable antide with exeess neciylating agen or acetyvla-
tion of an amnle e pyridine solvent.  The tormer
procedure always gave rise to varving quantities of
mtrile, and reaction tintes ur exeess ol T T gave uiirile
ax major product.  Work cirrently i1 progress idi-
cates nitrile fornition to imvolve mtramolecular ehinn-
nation by the product imide and not alehvdratinn ol
the starting annde. The reaction 1= =rongly =ubject
to sterte effects and 1s viewed ax involving au enol-type
four-centered (rm=ition stte.

When the first four members of Tuble 1 were tested
for acute toxicity mud geueral biological activity N-
acetylevelobutanecarboxamide  was found  to exert
an unusual sedative effect, This depressant action
was peculinr to the derivative of eyclobntanecarboxylic
acid, although =everal other imides i the series were
quite toxie. I view of this apparent scleetivity in
action the several other imides in Table I were prepared
and tested.  In addition o 1 those showing central
depressant properties were 7 and 10-12. The ouly
compound derived from eyelobutanecarboxylic acid
which did not show the effect was 5. This substance is
alzo unique in having low toxieity. whereas the other
derivatives of eyclopropanccarboxylic acid have 1.1
values of 250 mig kg (8) and 350 mg kg (9).

The depressut effect produced by these compounds
was striking due 1o the speed with which it developed.
[ntraperitoneal doses of 300 mg, kg and higher caused
lo== of the righting reflex n from 30 to 60 scc.  Lower
dosex produced an immediate and nrked  lowering
of spountancous activity.,  Preliminary pharimacody-
namic data for these substances are given i Table 11,
The Ds for eaclt of these compounds ix =o high tliat
do=es of 1000 mg kg produced 1o deaths although the
total period of depression usually exceeded 10 Tir.

It ix well known that inides are hydrolyzed with
case.  Inodealing with the biological activity of =ich
compoutids 1t 1= mportant to kmow whether tley uare
serving ouly as a pro-driig.  To test this possibility
evelobutaneearboxamide  and  eyelobutanecarboxyhie
acid, the hvdrolys=is prodiucts of dievelobutanecarbox-
imide, were evatuated for depressant properties,  The
amide was foutd to be wetive.  However, even at o
dose of 500 mg kg the loss of spontaneous activity
took 10 min to develop. Ior this reason the rate-
limiting step in the response of the rapidly acting cou-
pounds is 1ot associated with hydrolysix to the anide.

i3 1L O Vettersna awd N Wianbsepns, J. U, Clhani, See.. 86, 1048
1964,

14 D1 R Dacoren, AL Lo Deck@de arol N Ggosen, 0 Chenie S,
181 11905,

5% A Lo Deekewicio and 1L B Gondeeb, JUwarendian 4. Chene. 18, 717

V. Parkes, el L1 Polya, frees Trars Chine 71, G676

1952
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TABLE 1
IMiDES OF MONOCARBOXYLIC ACIDS
RCONHCOR’
Yield, Mp. Crystnb Caled, % Found, %
No. R R' Method %% °ce solvent Formula C H C H
1 CH, S A 5 88 F CH.NO, 59.56 7.85 59.75 8.04
2 CH, <:> A 59 131 F CsHi;NO,  63.88 8.93 64.16 8.79
3 CH, G A 40 86 F CH,NO, 61.91 844 61.77 8.6l
4 CH, CHJ—G A 34 77 F CsH:NO,  63.88 8.94  63.83 8.04
5 Ve O B 34 164 W CH,NO, 64.65 7.83 64.84 7.73
] . CH, B 69 102 s CuHNO;  69.09 6.85  60.00 6.84
Hy(CH,),
. O O B 70 173 W CyHwNO, 66.27 8.34  66.43 8.43
8 CH, \V/ B 62 110 F CeHGNO.  56.68 7.13  56.75 7.22
9 A\ v B 88 215-216 W GHuUNO.  62.72 7.24  62.56 7.47
10 CH,(CH
(CHa): & B 60 139 H CsHu,NO;  63.88 8.94 64.17 8.95
11 CH;CH;0
? & B 53 83 H CHuNO;  56.12 7.65  56.38 7.48
12 O—couct, & B 22 90 s CuHaNO,  62.90 7.92  62.80 7.80

e Corrected.

TaBLE II
PrevLmviNary DEPREsSANT POTENCY VALUES

Compd« HD3,b° mg/kg HEj5¢,¢ min
1 300 200
7 500 100
10 200 150
11 300 140
12 200 220

@ Numbers apply to the listing in Table I. ? All injections
were made intraperitoneally using freshly prepared solutions or
sispensions in 0.259, methylcellulose sterile vehicle. Test ani-
mals were virgin female Swiss Webster Albino mice, 45-59 days
old. ¢ HDjy = the dose producing in 509, of the test population
a loss of spoutaneons activity for & minimum of 15 min. Spon-
taneous activity is jndged by the time required for the animal to
leave a 24-cm filter paper when placed in its center. Environ-
mental test conditions were held constant. ¢ HE;» = the time
in which spontaneous activity was absent when a dose of 500
mg/kg was given. At this dose the righting reflex was lost within
30 sec. Total time for which the righting reflex was lost is ap-
proximately 40%% of the number listed.

It is, however, easy to rationalize a process involving
imide hydrolysis proximate to a site of action—one
accessible to the imide but relatively inaccessible to
the amide. This picture would permit the amide to
be the active entity but only because its precurser
participated in the rate-limiting step of the response.

To test chronic toxicity and the possibility that these
compounds could activate enzyme systems for their
own metabolic degradation N-acetylcyclobutanecar-
boxamide was administered intraperitoneally at a level
of 100 mg/kg for 8 days. At the end of this time a
dose of 1000 mg/kg was given. In contrast to other
types of centrally acting depressants,”—? the duration
of effect was the same as with controls.

(7) 8. Okui and Y, Kurociwa, Chem. Pharm. Bull. (Tokyo), 11, 163 (1963).

> F, peutane; W, water; S, heptane; H, hexane.

The compounds listed in Table IT have been used as
general anesthetics in small animal surgery. They are
characterized by smooth induction and rapid attain-
ment of surgical plane anesthesia. There has been
no requirement for tracheotomy, or use of curaremi-
meties or atropine to reduce secretions. Although
still in a preliminary phase, our investigations also
indicate no cardiac or blood pressure effects.

Experimental Section

Microanalysis for carbon and hyvdrogen were by Midwest

Mierolab, Inc., Indianapolis, Ind.
N-Acetyleyclobutanecarboxamide. Method A.—A solution

containing 14 g (0.14 mole) of cyclobutanecarboxamide, 11 ml
(0.15 mole) of acetic anhydride, and 25 ml (0.03 mole) of acetyl
chloride was refluxed for 40 min. The solution was then poured
into 100 g of erushed ice, nentralized with 5% NaHCO; solution,
and extracted with three 150-ml fractions of diethyl ether. The
ether solution was dried (NaHCO;) and evaporated to dryuness.
The yield was 11 g (559), mp 79-84°. Crystallization from
pentane gave fine white needles, mp 88°.

Anal. Caled for C:HuNO:: C, 59.56; H, 7.85.
59.75; H,8.04.

N-Butyrylcyclobutanecarboxamide. Method B.—A solution

was made from 0.75 g (0.009 mole) of butyramide and 5 ml of
neutral alumina washed and XOH-dried pyridine and cooled on
an ice bath. To the cooled mixture 1 g (0.009 mole) of cyclo-
butanecarbonyl chloride was added dropwise with stirring. An
exothermic reaction ensued and, when it subsided, the mixture
was heated on a steam bath for 1 hr. At the end of this time the
dark brown solution was poured into 100 g of crushed ice. The
product separated as a light tan precipitate to yield 0.9 g (609%,),

Found: C,

mp 130°. Crystallization from hexane gave fine white needles,
mp 139°.
Anal. Caled for CyHi:NO.: C, 63.88; H, 894. Found:

C,64.17; H, 8.95.

(8) Y. Kuroiwa, ¢bid., 11, 160 (1963).
(9) R. Kato and E. Chiesara, Brit. J. Pharmacol., 18, 20 (1962).
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JosEPH G, LOMBARDINO

Medical Research Laboraiories, Chas. Pjizer & Co., Ine.,
Groton, Conneciicul

Recewved May 14, 1966

A hypothetical receptor site has been proposed by
Scherrer, ef ol.,! in an attempt to correlate activity in
some N-arylanthranilic acids with other known anti-
inflammatory compounds. Important features of the
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receptor site include a cavity to acconnnodate an
out-of-plane aryl ring and a cationic =ite 5.2 A\ from a
good hydrogen-bonding site. The prescent paper de-
scribes sonie compounds which might possibly fit such
a receptor.

The readily available? ethyl 3-chloroquinoxaline-2-
carboxylate provided a direct route to 3J-arylamino-
quinoxaline-2-carboxylic acids tncluding some with out-
of-plane aryl rings. Displacement of the relatively
reactive chloride® by substituted anlines followed by
hydrolysis produced the compounds shown in Table 1.
Table IT presents ultraviolet absorption data tor some
of these compounds. A= found hy Scherrer, of al..t for
N-arylanthranilic acids, an absorption at 285 = 5 myu
ix present i those structures possessing ail ih-plahc
aryvhaimino function. A hiypsochronmice shift is observed
i those structures with out-of-plate arylamine fnne-
tions (7. 11) or i1 a 3-alkylamino (17) derivative.

When exannned i the earrageenin rat toot ederia-

TaBrLE |

NOLIUM SALTS OF 3-ARYLAMINOQUINOXALINE-2-CARBOXYLIC ACIDs

N e
@[ ]\:(oo Na
NZNHAr

Method
of  Yield,” rorabed e - . - - o fomal

No. Ar prepn? € Tormala [ 11 N & 11 N

I Phen)‘l A 97 (/‘1;,1'{10:\-3()33'& B2oTY 301 4. 08 ():_)TU 560 4 65

2 3-Triflnoromethylphenyl A 83 CulFyN0.Nn 5400 255 1183 3388 262 Lies

3 2,4-Dichlorophenyl] A 04 CoHsCLNO,Na SODN 2200 RO A0 TE 2050 12

1 2,3-Dimethylphenyl A 5) CpHLN0:N BES) O 4AN 13055 6407 4TS 13D

5 3-Chloro-4,6-dimethoxyphenyl A 95 CiHECINON 5345 343 1oy 33,19 350 1oul

G 3-Chloro-2-methylphenyl A I8 CeHuCINONa 2080 B30 12500 56,90 53.8) 251

¢ 2,6-Dimethylplienyl B 2 CirHuN;O0uNa-He0 BE.25 488 12,60 6095 4.5 125N

N 2,3-Dichlorophenyl C 52 CipHsCLN;0.Na-H.,0 S04 267 1023 4s40 270 s

9 2-Methylphenyl B 42 CialHuN30.N00.51H,0 62,10 3RO 13.59 GF.92 +4.20 (B
10 2-Methoxyphenyl A 91 CieHpNON 6U.56 9.8 13,25 60 .23 BIN| (BRI
Ll 1-Naphthyl C 39 CrH N0 N BT 6Y B35 1249 67 .42 34 12.24
12 3-Nitrophenyl A 06 CuHeNONa 11,0 5050 316 15.99 51.69 .24 1597
{3 2-Bromophenyl ¢ N2 CoHyO0:BrN.Na 40,20 248 48 49,45 251 L2
14 4-Chloro-2-methylpheuyl A 16 CieH (CINQONua-0.5H-0) 345 12019 55.55  3.53 12030
15 3-Methoxyphenyl A 96 CeHpN0Nu N1 1524 6030 3.8 1327
16 4-Chlorophenyl A 6 CiH . CIN0aNG 303 12,72 3479 316 1308
17 2-Morpholinoethyl B 457 CiHiNGONn 52N 1028 05 44 54 1T M

« See Experimental Section.

TaBug 11
ULURAVIOLET SPECTRA OF 3-ARYLAMINOQUINOX ALINE-

3-CARBOXYLIC ACID SopIiuM SALTS
E1OR

Aax . €,
N M respectively
I 283, 305 20,300, 6250
2 200, 390 30,700, 6870
3 204, 390 30,400, 7050
4 983, 400 24,000, 5600
5 8%, 321, 26,800, 19,000,
408 6050
6 258, 393 25,200, 6150
T 262, 385 25,300, 5250
9 285, 400 25,700, 5530
i 248, 260, 21,100, 19,100,
328, 405 17,000, 6400
12 221, O88, 36,000, 31,400,
38T 7050
B IRK, 300 27,000, 6500
16 2490, 390 27,000, 6060
17 256, 208, 30,800, 3300,

N4 5600

> None of these compounds melted below 340°,

" Recrvstallized from acetone, myp 208-300° dec.

test of Winter, of al.,® at an oral dose of 100 mg- kg
only 2 and 6 exhibited very weak antiedema activity.
The relative lack of solubility of this class of compounds
may possibly reduce oral absorption. although this was
not specifically investigated.

Experimental Section

Compound~ in Table 1 were syuthesized by oue of three
methods.

A.—-A combination of 0.015 mole of ethyl 3-chloroquinoxnline-2-
carboxylate and 0.045 mole of a substituted aniline was heated in
an oil bath at 125° in 2 nitrogen atmosphere for 2 hr.  After
cooling, 25 ml of ethanoland 25 ml of 109, NaOH were udded and

{1y R. AL Scleerrer, C. V. Winder, and 17, W, Short, 9tlc Nationnl Medivinal
Chemistry Symposinra of the Nmerican Chemical Rociety, Jane 1064,
Abstracts, pp T1f, 11y,

(2) A. H. Gowenlock. (1T, Newbold, and F. X Rpring, J. Chem, Sor., 622
(194355,

131 R, G, Shepaend, 1 1.
(19651,

141 Co AL Wincer, LA Ristey, and Go W. Nass, J. Pharmaarol. Eoptl.
Pherep., 141, 369 (19633,

Fedrick, Adran. Heteracyplic Chem., 4, 474



