276 NOTEs

rule was the bis-1,1-dimethylhydrazone of terephthalic dialde-
hyde, inp 162-163°, which gave the following analytical data.

Anad. Caled for CuILsNy (218.50): €, 66.02; 11, 8.31; N,
25.67. Tonnd: ¢, 66.40; 11, 85,23, N, 25.27.

The hydrazonimm indides of the above prentioned bis-1,1-
dinethylhydrazones were prepared by treating these livdeizones
witlt @ large excess of methyl wdide.  With tlie bishydrazone of
1,5-pentanedione, au imniediate, vigorons, ¢xothermic reaetiou
custted and the produet was obtained i 8697 vield. In all
other mstances significant heat evolution was not observed, nnd
the solul produets separated after several loures or muwre. The
-1, 1, I-trimethylhy drazonimu - indide  of  glyoxal bis-1,1-
dinethylhydrazone formed rapidly, but the bis derivilive conhl
not be prepared even on heating at stear-bath tentperature i a
pressure bottle for 5 Iir. A =olid product was obtained o treat-
ment of 1,4-cvelohexanedione bis-1,1-dimethylhydrazone with
methyl iodide. However, this prodnet was extremely unstable
and eould not be purified.  The quaternary hivdrazoninm iodides
are given in Table 11
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3.5-Morpholinediones (VI and VIa) possess many of
the chemical groupings considered to be efficacious in
central nervous system depressants.”  3,3-Morpholine-
diones, moreover, are isosteric to barbiturates and
glutarimides® and thus may be anticipated to approxi-
mate these two chemical classes in their CNS depressant
properties.  Some 3,5-morpholinediones have in the
past been tested for hypuotic activity and for other
CNS depressant manifestations.*

Heretofore, only a handful of 3,5-morpholinediones
had been prepared. The classical preparative method.?
ntilizing thermally induced cyclizations of diglycol-
amides (V) (Scheme I) is limited to derivatives free of
bulky substituents.  New cyelization procedures,
herein reported, had to be developed w1 order to pre-
pare 3,5-morpholinediones bearing bulky substituents
in the 2 position,

11) (a) Absirart of part of the Pli.1), thesis submitted to the University of
Kausas, Dee 1960, by F. A. B, (10 To wlican inquiries should be addressed:
l'ox 1042, Clifton, N. J.

(2) W, J. Close and M. A, Spielinan in “‘Medicinal Chemistry,' Vol. V,
W. A. Hartung, Ed., John Wiley and Sons, Inc., New York, N. Y., 1961, p 44 f.
(3) G, 3. Skinner aud J. B. Bicking, /. Am. Chem. Soc., 76, 2776 (1954).

i4}) K. W. Wheeler in ""Medicinal Chenistry,”* Vol. VI, E. E. Campaigne
and W. 1. Hartung, Ed., John Wiley and Sons, 1ue., New York,N. Y., 1963,
1 o8,

ia) (a) 16, Juungfleisth and M. Godehol, Compt. Rend., 145, 72 (1H071;
i1y 1. Vieles, Ann. Chim., 8, 143 (1935); (v} M. Godchot anil 1. Vieles, Bu/l.
Secs Chone Frawee, 8§, 1614 (1938); (1) 1. Vieles and G. Ghsquer, kid., 10,
231 (1943): (e) G, Skinuer, J. Diekings, and J. Lovert, J. {irg. Chem.,, 24,
LART (19am)
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Animal testing of both known and novel 3,5-morpho-
limediones (see Table TV) has shown at least one com-
pound, VI-10, comparable to gliutethimide® ris o pentyl-
enetetrazole antagonist, A good corvelation has been
demonstiated between pentylenctetrazole antagonist
activity inrvats and mild trangnilizer activity.”

Synthesis. —3.5-Morpholinediones (VI), the evelie
imides of diglycolic acids (VII), were prepracd by
converting suitably substituted esters (IT) of glyveolic
acid (Table 1) to dicsters (IV) of diglyceolic acid, then
t0 diglycolic diamides (V) (Table 11) which ware then
cyclized to the title prodncts (VI, Scheme 1), Cycliza-
tion of the diamides (V) was effected by either sublima-
tion fron1 P.O;, or treatment with sodamide, followed by
hydrolysis with alcoholic HCL. Shmple melting of the
diamide was oceasionally successful.

N-Methyl groups (Rs) were introduced using dingo-
methane, converting VI to VIa (Table III). The re-
quired substituted gly colic esters TL (Table I) were pre-
pared by (a) esterification of commercially available
glyvceolic acids or (b) by treatment of accessible -
keto esters (I) with organometallic reagents.

Ax an alternative method of preparing N-substituted
3,9-morpholinediones VIa, the anhydrides VIIT of di-
zlycolic acids VII were treated with an isothiocvanate
ar a suitable amine, then eyvelized to VIa (Scheme 1),
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Pharmacology. Method. —Pentylenetetrazole an-
tagonist activity was measured in rats by the following
procedure. The drugs were first administered orally
to groups of rats by gastric intubation. Oune hour
later the rats were injected intravenously with 24
meg/kg of pentylenetetinzole (coucentration 9.9 mg,
ml). The injection was made rapidly into the laternd

) 15, Pagniann, 15, Sary, aml No Haolfman, Hele, Chine et 38, 1511
(19h2).

(7) 13, Tedestthi, anpuldistied olsecvations,

(R L TTurd and AL Teagas, 2, Ocg. Chewc, 24, 588 110091,
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NoTrEs

EsteERs oF Grycoric Acips (I1)
RiR.C(OH)CO.C,H,

No. LA R B, 2C Quin)

I-1 CeH; H,CCH=CH, 117 (2.6) 1
I-2 CeHs H.CC=CH 132 (3.7) 1.
1-3 CeH; H,CCsH, 170-172 (1.4) 1
I-4 C.H; H.CCH=CH 58-110 (0.7) 1
1-5 Cels H,CCH,CH(CHj). 112-125(1.5) 1

[Sv]
-1

Yield, % carbon ‘7o hydrogen
)21y Method® %, Formnly Caled Foiud Caled I'pand
L5135 B 31 CsHy0s 70,9 71.0 7.3 7.3
5180 B 82 CiHiO3 71,6 71.7 6.5 6.7
9535 A 33 C:His05  75.5 75.4 6.7 6.8
4584 A 17 C,H)e0; 62.8 62.9 9.3 9.2
4880 A 26 CsH20;s  72.0 72.5 8.9 9.1

< A, reaction of an a-keto ester with Grighard reagent coutaining Re; B, reaction of an e-keto ester with zine and alky] alide of R

(Iietormatsky reaction).

caudal vein after which each rat. was observed during
5 sec or more for the occurrence of uninterrupted clonic
seizure activity. Rats which fail to exhibit such seizure
activity are considered protected. Drugs which afford
significant protection under these circumstances are
investigated further to establish their respective times
of peak effect. The dose effective in preventing pentyl-
enetetrazole-induced convulsions in 509, of rats (ED;p)
and 959, fiducial limits are calculated by the Litch-
field and Wilcoxon® graphic log probit miethod.

Results (See Table IV).—Only one of the compounds
111 the series demonstrated any significant activity
(VI-10). Although its EDs was less than that of
glutethimide, the difference i11 potency between the two
compounds is not statistically significant. MNoreover,
the ratio of the dose producing signs of neurological
deficit to the ED;, inn the pentylenetetrazole antagonist
test was approximately 1.5 for VI-10. This indicates
that VI-10 is not a particularly selective pentylene-
tetrazole antagonist and in this respect resembles
glutethimide which also possesses a ratio slightly
greater than 1.

Experimental Section!?

General Methods for the Preparation of II. Method A, Ethy!l
a-Phenyl-a-(3-methylbutyl)glycolate (II-5)—A Grignard re-
agent prepared from 0.28 mole of 1-bromo-3-methylbutane was
added dropwise to an ether solution of 0.27 mole of ethyl phenyl-
glyoxalate at 0°.  After completion of addition, the mixture was
refluxed 2 hr and stripped, and the residue was hydrolyzed with
cold, dilute HCl. After extraction with ether, drying, and dis-
tillation a 269 yield of I1-5 was obtained.

Method B. Ethyl «-Allyl-a-phenylglycolate (II-1)—A mix-
ture of 24 g (0.2 mole) of freshly distilled allyl bromide and 36 g
(0.2 mole) of ethy! pheuylglyoxalate®® in dry ether was added to
24 g of zine!! in a 1:1 mixture of tetrahydrofuran—ether (both
dry). After several hours of stirring, the black mixture was
hydrolyzed with ice and dilute HC), extracted with ether, dried,
and distilled, affording 13.3 g (31%%) of 1I-1.

General Preparation of IV. Ethyl &-Phenyl-a-(3-methyl-
butyl)-a-carbomethoxymethoxyacetate (IV-4), Williamson Re-
action.—To a suspension of 3.15 g (0.08 mole) of sodamide in dry
toluerne was added, in a dropwise manner, a dry toluene solution
of 20.2 g (0.08 mole) of ethyl a-phenyl-a-(3-methylbutyl)-
glycolate (II-5) and the mixture was stirred and refluxed for 3 hr.
A toluene solution of 20 g (0.13 mole) of methyl bromoacetate
was added dropwise to the opaque mixture, and the mixture
was stirred, refluxed for 3 hr, cooled, and washed with water.
Distillation afforded a 169, yield of IV-4.

General Method of Preparation of V. «-Phenyl-a-propargyl-
diglycolamide (V-2).—A mixture of 5.50 g (0.02 mole) of ethyl

(9) J. T. Litchfield, Jr., and F. Wilcoxon, .J. Pharmacol. Exptl. Therap.,
96, 99 (1949),

(10) All melting points were obtained on a Thomas-Hoowver type open
capillary melting point apparatus and are corrected. Boiling points are
nncorrected. Elemental microanalyses were performed by Schwarzkopf
Miecroanalytical ILaboratory, Woodside 77, N. Y.

(11) 1 Karrer, C. Engster, and M. Recordati, Rer., 89, 360 (1946).

For precursor see IS, Vogel and H. Schiuz, Helv. Chim. Acta, 33, 116 (1950).

a-phenyl-a-propargyl-a-carbomethoxymethoxvacetate  (IV-2)
and 0.2 g of NH,Cl was cooled in a Pyrex tube in Dry Ice-solvent
as excess liquid NH; was introduced. While still immersed in
Dry Ice, the tube was sealed and placed in an iron container,
rocked several times in order to mix the two liquid phases, and
allowed to stand undisturbed at 60° for 7 days. The sealed
tube was again immersed in Dry Ice, then carefully broken open,
and its volatile contents were allowed to evaporate. A white
solid residue remained, which, when recrystallized from methanol,
afforded a 739 vield of V-2,

General Preparation of VI. 2-Phenyl-2-propargyl-3,5-mor-
pholinedione (VI-8). Method A.—A suspension of 0.46 g
(0.0002 mole) of a-phenyl-a-propargyldiglycolamide (V-2) and
excess sodamide in dry benzene was stirred and refluxed for 2 hr.
Refluxing for more than 2 hr resulted in the formation of a
red-orange side product. The suspension was stripped of ben-
zene under mild vacuum, and the gray powder residue then was
refluxed for 1 hr in 30 ml of 509, ethanol, acidified with 8 ml of
conceutrated HCL2 The orange ether extract was stripped and
the semisolid residue (VI-8) (609, yield) was recrystallized from
benzene-ligroin.

Method B.—An intimate solid mixture of 0.15 g (0.0006 mole)
of V-2, excess P.O;, and trace amounts of Cu powder was sub-
limed at 170° under vacuum for several hours.!®* The sublimate
was dissolved iu ether-benzene, washed with water, and allowed
to evaporate slowly. The yield was less than 207;.

Method C. N-Methyl-2,2-dimethyl-3,5-morpholinedione (VI-
a-7)—After several unsuccessful attempts at preparing this
compound from 2,2-dimethyl-3,5-morpholinedionef® (VI-7) em-
ploying reagents such as dimethyl sulfate and methy! iodide,
diazomethane was found to methylate VI-7. A dry ether solu-
tion of CH,N, (from 2.4 g of N-nitrosomethylurea) was added to
1.64 g (0.01 mole) of VI-7 in dry ether, and the solution was
allowed to stand for 2 days at 10°. After filtration, the filtrate
was distilled to afford a 209, yield of VI-a-7.

Method D. N-Benzyl-3,5-morpholinedione (VI-a-9).—To
6.30 g (0.05 mole) of diglycolic anhydride!4 an equimolar quantity
of benzylamine (5.5 g) was added rapidly,!® and the mixture was
stirred vigorously. The cooled crystalline product of addition,
the amide acid (IX-1), was then heated at 160-175° (2.5 mm)
for'® 3.5 hr, and finally distilled at 147°, The colorless distillate
solidified as 3.2 g (279%) of a solid waxy material.

Method E. N-Phenyl-2,2-dimethyl-3,5-morpholinedione (VI-
a-5)—A mixture of 3.24 g (0.22 mole) of o,a-dimethyldiglycolic
acid anhydride (VIII-2) and 3.20 g (0.22 mole) of phenyl
isothiocyanate was refluxed in dry pyridine for 20 hr.8 After
removal of the pyridine, the viscous residue was distilled between
35 and 72° (3.2 mm), the distillate solidifying in the receiver.
Recrystallization from ethanol afforded pure white crystals of
VI-a-5 in 129, yield.

a,a-Biphenylenediglycolamide (V-5).—9-Hydroxy-9-fluorene-
carboxylic acid was prepared from phenanthraquinone following
the method of Bistrzycki” in 609, yield and then converted to
the methyl ester as reported by Staudinger,!® in 869, vield.
Treatment of the ester’s sodio derivative with methyl or ethyl
bromoacetate afforded the diglycolates IV-5 and IV-6, respec-
tively, in 37 and 439, yields. Quantitative yields (4.7 g) of the
dianiide were obtained either by dissolving 5.20 g (0.017 mole)

(12)
(13)
(14)
(15)
(16)
(17)
(18)

J. Rakshit, J. Chem. Soc., 108, 1557 (1913).

P. Brown, D. Spiers, and M. Whalley, J. Chem. Soc., 2882 (1957).
R. Anschutz and F. Biernaux, Ann., 278, 65 (1893).

L. Rice, E. Reid, and C. Grogan, J. Org. Chem., 19, 891 (1954),

N. Searle, U. 8. Patent 2,444,536 (July 6, 1948),

A. Bistrzycki and Z. Zaleska, Ber., 45, 1439 (1912),

H. Staudinger, thid., 39, 3895 (1906).
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Tasre IV
PENTYLENETETRAZOLE ANTAGUNIST ACTIVITY
OF 3,5-MORPHOLINEDIONES

—~— Pentylenetetrazole —-
antagonist act.

Dose, Y, of rats Rat dosage,
No. mg/kg po protected mg/kg
VI-1 100 ¢ 200, NOE«
VI-2 50 0 .
VI-a-3 300, NOE
VI-a-4 100 0 300,
3/5 exophthalmos
1/3 miosis
VI-0-5 100 20 300, NOE
VI-a-6 100 0 300, NOLE
VI-7 82 4} 300, NOL
VI8 25 0 S
VI-a-9 100 17 300, NOE
VI-10 LDy = 33.75 mg/kg  Ataxia EDj =
~50 mg/kg
VI-11 100 0 100, miosis, vocali-

zation when
touched
« NOE = no overt effects.

of IV-5 in methanol and passiug dry NH; through the solution,
or by sealing 3.60 g (0.01 mole) of IV-5 in a Pyrex tube with ex-
cess liquid NH; and allowing the tube to remain at 80° for 4
days. Recrystallization from methanol gave 3.1 g (999) of
pure cylindrical crystals. All attempts at cyclizing the diamide
to the morpholinedione failed.

Infrared Spectra of 3,5-Morpholinediones.—Iufrared spectra of
N-unsubstituted 3,5-morpholinedioiies VI have the following set
of bands in common, and which seem to be characteristic of
VI; » (in CCLH) 2.9 (N-H str), 3.05-3.25, 5.79 a single wide
band with shoulders (C=0 str), 6.6, 6.92, 7.2, 7.5, 7.7, 7.9, 8.1
(str and broad), 8.3-8.5, 8.8, 9.05 p.

The N-substituted (VIa) 3,5-morpholinediones differ from
VT i that the 2.9-x band is missing, and the carbonyl region has
two bands at ca. 5.72 and 5.93 p rather than a single band.

Acknowledgment.—Thc¢ authors thank Smith Kline
and I'rench Laboratories for financial support of these
studies.

Some Derivatives of
8-Thia-3-azabicyclo[3.2.1]octane
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Compounds containing the 8-thia-3-azabicyclo-
[3.2.1]octane ring systeni have been described by
Turner and Hill,? and Horak,® but the unsubstituted
parent compound (I) and its N-substituted derivatives
have not been previously reported. The preparation

6 7
5ESS } @—CH3 E &]
4 2
i 1 1
H R R
I 11 it

(1) To whom inquiries concerning this publication should be sent.
(2) R.J. Turner and A. J. Hill, J. Org. Chem., 14, 476 (1949),
(3) V. Horak, Chem. Listy, 44, 34 (1950): Chem. Abstr., 46, 103 (1b52).
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of these compounds was undertaken because of the re-
ported hypotensive properties of 3-aza-1,8,8-trinmethyl-
bicyclo[3.2.1]octane (II)* and a variety of other in-
teresting pharmacological properties of 3,8-diazabicyclo-
[3.2.1]octanes (III).?

Compound I was obtained in 759, yield by the re-
duction of IV® with diborane in tetrahydrofuran.
Acylation under Schotten-Baumann conditions pro-
ceeded smoothly to give the N-benzoyl (Va) and the
N-phenylacetyl (Vb) derivatives. The N-benzyl (VIa)
and N-phenethyl (VIb) derivatives were obtained by
the diborane reduction of Va and Vb, respectively
(see Table I),

l 8 BH,~THF RCOCY 7} su-tur | S
0 111 o -1 — 1]1 — W
|
H OCR CH,R
v v VI
a R=C:H;
b, R =CH,CH;

Conipound VIa was also prepared by first treating
IV with sodium: hydride and benzyl chloride in di-
methylformamide to give the N-benzyl-2,4-dioxo de-

rivative (VIIa), followed by diborane reduction. When
S RCHCIKOH o RCHCI-NaH ES}
oc CO 0 IT 0
OH NHCH,R
NHCH, CH,R

VIII VI
a, R= Cb‘H;'.
b R = C;H,Cl-p
¢, R =CH,Cl,3, 4

the benzylation was performed in ethanolic potassium
hydroxide, as described by Horak,? the thiazine ring
was cleaved and the tetrahydrothiophene derivative
(VIIIa) was isolated. Similar results were obtained
with the p-chlorobenzy! and 3,4-dichlorobenzyl deriva-
tives.

Oxidation of IV with hydrogen peroxide in glacial
acetic aecid gave 8-thia-3-azabicyclo[3.2.1]octane-2,4-
dione 8,8-dioxide (IX). Reaction of I with p-nitro-
benzenesulfonyl chloride gave the 3-p-nitrophenylsul-
fonyl compound (X), which was subsequently reduced
to the 3-(p-aminophenylsulfonyl)-8-thia-3-azabicyclo-
[3.2.1]octane (XI).

Pharmacology.—The effectiveness of the compounds
reported herein as possible hypotensive agents was
measured on anesthetized cats. The drugs were dis-
solved in saline solution and injected intravenously in
doses of 2, 5, 10, and 100 mg/kg of body weight.

Of the compounds tested, only Va and Vb were of
interest, showing a sustained moderate decrease in
blood pressure at 100 mg/kg. Compounds VIa, VIb,
VIIIa, and VIIIc caused an unsustained fall in blood
pressure, whereas X produced a slight, sustained hyper-
tensive effect. The other compounds were inactive,

(4) C. H. Grogan and L. M. Rice, J. Org. Chem., 22, 1223 (1957).
(5) C. Cignarella, E, Occelli, and E. Testa, J. Med. Chem., 8, 326 (1965),
and preceding papers.



