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Since  2-carboxamide-2a-cyano-2a,3,4,5-tetrahydro-
acenaphthen-l-one (2)? is a rigid molecule coutaining
a quaternary carbon atom at a bridgehead, a study
of 1its reactions in acid media was undertaken, in
the hope of preparing compounds of high biological
activity, The preparation and properties of two of
these hydrolysis products and compounds derived from
them have been discussed in a previous paper.® This
work describes the synthesis of 3a,4,3,6-tetrahyvdrosuc-
ciuimido[3,4-b Jacenaphthen-10-one (4), a potent anti-
convulsant of low toxicity.

The synthesis of 4 from «-tetralone was achieved in
an over-all yield of 50-609%,. «-Tetrylidenemalononi-
trile is readily available by the condensation of a-tetra-
Ione with malononitrile,* and can be cyclized to 2-car-
boxamido-3,4-trimethyleno-1-indenone (1) by warming
in concentrated sulfuric acid on a steam bath for a few
minutes.> Compound 1 readily adds cyanide ion
quantitatively in aqueous t-butyl aleohol to form 2.2
Treatment of 2 in concentrated sulfuric acid gave nearly
pure 22a-dicarboxamido-2a,3,4,5-tetrahydroacenaph-
then-l-one (3) in almost quantitative yield. Efforts
to hydrate the hindered nitrile group of 2 under less
vigorous conditions, using dilute sulfuric acid, or con-
centrated HCI or HBr were less successful.

Conversion of 3 into the desired product 4 was ac-
complished in high yield by heating an acidified di-
ethylene glycol solution of 3 to 120-130° for 0.5 hr.
It was apparently necessary to have acid present in
order to convert 3 to 4, since heating 3 in the dry state,
or in ethylene glycol or dimethylformamide, failed to
form more than traces of 4. Addition of acid to either
of these solvents catalyzed the formation of 4, but the
optimum yield was obtained in diethylene glycol.
Since the conversions of 2 to 3 aud 3 to 4 are both acid
catalyzed, an effort was made to convert 2 directly into
4 under a variety of acdic conditions (see Table I).
Although 4 could be obtained directly from 2 in yields
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CONVERSION OF 2 TO 4 IN ACID SOLUTIONS

Method* Temp Time, hr % yield Mp, °CP
A Reflux 0.5 82 212-220

B Stir, rt 3
Reflux 0.5 94 170-178

C Stir, rt 1
Reflux 0.5 73 187-204
D Reflux 1 54 219-224
E Steam bath 0.16 70 234-238

F Stir, rt 3
Reflux 3 70 212-214

@ A, 40 ml of HyO, 40 ml of concentrated HoSO4 40 ml of
AcOH; B, 100 ml of 509 H,S0.; C, 40 ml of concentrated
H,S04 for 1 hr, then diluted with 40 m! of H,O and refinx; D,
50 ml of concentrated HCI; E, 10 ml of concentrated HySO4 for
10 min ou steam bath, poured into 80 nil of 509, AcOH, stirred,
and cooled; F, 140 ml of 489, HBr. °* Melting poiut of crude
product.

of 60-709,, it is apparently advautageous to carry out
the reaction in two steps, the first in concentrated aque-
ous acid, and the second at relatively high temperature
in a nonaqueous system.

It seems probable that addition of cyanide to 1 pro-
ceeds 111 & trans manner, producing 2 predominantly as a
cis racemate. This is borne out by the high yield of
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the imide 4, which would be expected if the two amide
functions of 3 are ¢is, but could not occur i a diamide
of structure 3 having a #rans diamide configuration,
Tautomerism might also explain the high yield of imide,
with the equilibrium shifted by cyclization. However,
no evidence for the existence of diastereoisomers has
been found in 2 or 3. It should be noted that both
3 and 4, as well as 2, must occur as dl pairs, but these
have not been resolved. Attempts to resolve 4 are now
i1 progress.

Pharmacological Activity.*—The title compound
(4) has been found to be a potent anticonvulsant of low
toxicity. It has an EDj of 35 mg/kg po against maxi-
mal electroshock (prevention of tonic hind-leg extension
in the mouse’), and a maximal effective dose of 100
mg/kg po against pentamethylenetetrazole-induced
convulsious (timed intraveunous infusion of pentamethyl-
enetetrazole in the mouse®). The LD; was greater
than 3000 mg/kg (mouse). This compound 1is, there-
fore, not quite as active as diphenylhydantoin in
animals and possesses a duration of activity approx-
imately one-third that of diphenylhydantoin, but may
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liave a favorable therapeutic ratio because of its rela-
tively low toxicity.

Experimental Section®

2,2a-Dicarboxamido-2a,3,4,5-tetrahydroacenaphthen-1-one
(3)-—A quantity of 50.0 g (0.208 mole) of 2, prepared as pre-
viously described,? was added i portions to 200 ml of concen-
trated HaSO4 with stirring while the temperature was maintained
below 40° by intermittent cooling in an ice bath. After the
addition was complete (about 15 min), the solution was stirred
at room temperature until 1 homogeneous orange solution was
obtained (about 1.5 hr), poured tinto 2 L. of ice water with stirring,
and left to settle avermight, vielding 52.6 g (9897) of a white
precipitate, mp 233-234° dec. A sample recrystallized (EtOH)
melted at 239-240°; AS™ 055 mu (¢ 6360), 302 (3710).  Anal.
(CulTuNaO3) G, 1F N,

3a,4,5,6-Tetrahydrosuccinimido(3,4-|acenaphthen-10-one
(4). -A slurry of 52.6 g (0.203 mole) of crude 8 in 450 ml of
diethylene glyceol was stirred with 10 ml of concentrated H,80,.
The stirred mixture was heafed ov a hot plate until a homo-
geneons orange solution was obtained {at 110°) and then at 120--
130° for 30 min, poured into 5 1. of ice-water with stirring and
left overnight to settle, vielding 46.0 g (949¢) of a white powder,
mp 245-257°. One recrvstallization from 954 tOH (abow
1.5 1) gave 32.5 g of colorless plates: mp 253-235°%: AZ0% 962
mu (¢ 95370), 208 (2220).  Anal. (CuHLWOWN) C, H, N

Several experimertts were carried put in an attempt o convert

the evanide adduct 2 directly to 4. Inceach of these experiments,
10 g of 2 was treated as shown in Table I, and the erude product
was isolated by pouring the reaction mixture into 1.5 L of ice
water.  Yields of crude product are reported in the table, but
identification of 4 was by ir spectra and recrystallization from
FHOTIT to mp 252-254°.  As can be seen {rom Table I, method It
gave the purest product in 704 vield, but this is still not as high
as that obtainned by ecarrying ont the preparation of 4 from 2
in two steps.

{0 The uv speetra were (elerminel in 9539 LtOH, using a Cary Model
14 quartz spectiometer with hydrogen discliarge tube and l-cm cells, anl
ir spectra on a Perkin-llimer Model 137 Infracord. DMeiting points were
taken on a Mel-Temp capiliary melting point apparatus and are corrected.
Microanaiyses were performed by Midwest Mierolab, Ine., Indianapoiis,
Ind. Where anaivses are indicated by symbols of 1iie elemnents, analytical
risuits for thiose elenients were withiin 0,39, of tiie theoretical valnes. The
ir apectra were as expecled.
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We have observed that the 5,11-dihydrodibenz[b,e]-
[1,4]Joxazepine heterocycle (1) is unusually sensitive to
phosgene;' a colorless solution of 1 in toluene contaiu-
ing pyridine darkens immediately, even at —10°, upou
the addition of only a few drops of that reactant as a
dilute solution in toluene, and turns black long before
1 molar equiv has been added. Work-up of the reac-
tion mixture gives a black tar containing the 5-car-
bamoyl chloride (2) since reaction with ethanolic am-

1) 1l L Yale ami ¥, N Sowinski, J. Med, Clem., 10, 1022 (1967), have
stown that sodinm hydride in nonprotic soivents miay induce dimerization
and or pulywerization of 1. Some of our unpublished studies have also
demonstraled a surprising sensitivicy ol 1 1oward sodamide in nonprotic

solvents,
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monia at 100° followed by column chromatography
gives the S-carboxamides 3a and 3b.

Pharmacology.—Compounds 3a, 3b, aud carbam-
azepine (4) were administered orally as agar suspensios
for a comparison of their activities in protecting mice
against clectroshock- and peutylenetetrazole-induced
convulsions;>  {he respective values obtained were
(PE;w) 14, 29, 19 and (PN 105, 75, 88 mg/kg. The
three compounds were also compared, 7o the intra-
venous route, for their ability to reduce the amplitude
of either trigemninal or thalumic evoked potentials in
the cat.® Tu thesce studies, 3b was equipotent whilc
3a wus somewhat less potent than 4; however, both
3a and 3b appeared to possess a longer duration of ac-
tion, were less toxic, and demounstrated a more selective
depressant ctfect on the trigeminal sensory system than
did 4.+

Experimental Section®

7-Chloro-5,11-dihydrodibenz[b,e] [1,4]oxazepine-5-carbox-
amide (3a).—To 8.20 g (0.036 mole) of 7-chloro-5,11-dihydro-
dibenz[b,e] [1,4]oxazepine, 80 ml of anhydrons toluene, and 2.8
g of anhydrous pyridine at — 10° was added dropwise with stirring
47 ml of a 157 (w/v) solution of COCI, in anhydrons tolnenc.
The colorless reaction mixture darkened and quickly becamc
black; it was kept for 2 hr at —10° and overnight at rcom tem-
perature, the black solution was decanted from a semisolid
black sludge, the latter was washed with fresh anhydrous tolueue,
and the combined toluene solutions were washed (.0, saturated
NaCl), dried, and concen(rated to dryness on the rotary evapora-
tor, The residue showed a stroug band at 1735 an~—! but could
not be indueed to erystallize, It was dissolved i 30 ml of absolute
TAOH, 100 ml of 3.3 V absohite EtOH-NH; was added, and the
niixture was heated i o =ealed vessel for 18 hr at 100°.  The
cooled reaction solution was concentrated to dryvuess on the rotary
evaporator to give a dark brown gum: this was extracted with
100wl of warnt Cele, the filtered Cglg snlution was poured o n
columu of 100 g of aciivated alumina (Harshaw, 30-200 mesh,
chromatographic grade) prepared in benzene, and the columu
wax eluted with benzeuc, The first 200 ml of eluent yielded
1.30 g; the second 200 ml of elucut vielded 0.06 g (total recovery
1790) of starting heterocyvele.  Subsequent ebition with 500 ml
af -PrOIT followed by concentration gave 2.27 g (239 yield)
of rrude 3a, mp 170-175°  Repeated veeryvstallization frow

{21 For the phariuacology of 4, see Investigational Broehure {G32883%:,
Clinical trials witl 4 as an antiepileptic have
heen reported; of. 1%, Mardn, M. Movarrekhi, and M. (¢, Cisiger, Schuoweiz,
AMed. Wockschr,, 96, 982 (19 : J. Bramabofer, Med. Kitn. (Munichl, 60,
343 (1965); and J. Sigwahl, M. Bonduelte, C. R. Saliow, D, H. Ravrrdy,
and A. Van Steenbrugge. Presse. Méi., T2, 2323 (1964),

(31 The test proceriure is that of R. Hernandez-Peon, Neuropsychophaermre-
cology, 8, 303 (19821, The clinical use of 4 in trigeminal neuralgia hias also
been reported; ¢f. 8, Passeri and M. Saginario, Minerv« Med., 56, 4070
(1963): R. Becker and T. Baishusemann, Deut. Med. Wochschr.. 90, 2011
(1965): and W. J. G. Burke, J. M. ¥. Crant. and G. Selby, Med, J. Austcalia,
1,491 (1963).

(4) The pharmacological comparison ol 3a, 8b, and 4 were carried om
Ly Drs. R. G, Babington, J. {iigh, and Z. P. Horovitz of the Department. f
Pharmavology of The Suuibb Insticute for Medical Researell. The resales
of their studies will be publisind elsewlere.

€5 Metling poinls were taken in capillary tubes in an clectrically heated
oif bl and are uncorrecled.  I'he microanalvses were performed by Mr.
J.F. Alicino and his asgotiates and the speetra were determined by Miss 140
Weeler amd Dr. AL Colien, ait of The Squitdh Iustitute for Melical Reseavel..

Geigy Pharmaceniicals, 1965,




