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rale was the bLs-l,l-dimethylhydiazone of terephthalic dialrie-
liyde, mp 162-163°, which gave the following analytical data. 

'Anal. Calcd for CJIisN., (218.30): C, 66.02;' II, S.31; N, 
25.67. Found: ( ' ,66.40; II ,S,33; N, 2.">.27. 

The hydrazonium iodides <if the above mentioned bis-1,1-
dimethvlhydrazoncs were prepared by treating these hydrazines 
with a large excess of methyl iodide. With (he bishydrazone of 
1,'i-peiitanedione, an immediate, vigorous, exothermic reaction 
ensued and the product was obtained in HH(:'C yield. In all 
other instances significant heat evolution was not observed, and 
the solid products separated after several hours or more. The 
mono-l,l,l-trimethylhydra;!onium iodide of glyoxal bis-1,1-
dimethylhydrazone formed rapidly, but the bis derivative could 
not. be prepared even on heating at steam-bath temperature in a 
pressure bottle for f> hr. A solid product was obtained on treat
ment of 1,4-cyclohexanedione bis-l,l-dimethylhydrazone with 
methyl iodide. However, this product was extremely unstable 
and could not be purified. The quaternary hydrazonium iodides 
are given in Table II . 
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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.'2 3,5-Morpholine
diones, moreover, are isosterie to barbiturates and 
glutarimides3 and thus may be anticipated to approxi
mate these two chemical classes in their GXS depressant 
properties. Some 3,5-morpholinediones have in the 
past been tested for hypnotic activity and for other 
CXS depressant manifestations.3-4 

Heretofore, only a handful of 3,5-morpholinediones 
had been prepared. The classical preparative method." 
utilizing thermally induced cyclizations of diglycol-
amides (V) (Scheme I) is limited to derivatives free of 
bulky substituents. XTew cyclization procedures, 
herein reported, had to be developed in order to pre
pare 3,5-morpholinediones bearing bulky substituents 
in the 2 position. 
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Animal testing of both known and novel 3,5-morpho-
linediones (see Table IV) has shown at least one coin-
pound, VI-10, comparable to glutethimide5 as a, pentyl-
enetetrazole antagonist. A good correlation has been 
demonstrated between pentylenetetrazole antagonist 
activity in rats and mild tranquilizer activity.7 

Synthesis. -3,5-Morpholinediones (VI). the cyclic 
imides of diglycolic acids (VII), were prepared In-
converting suitably substituted esters (II) of glycolic 
acid (Table I) to diesfers (IV) of diglycolic acid, then 
to diglycolic diamides (V) (Table II) which were then 
cyclized to the title products (VI, Scheme I). Cycliza
tion of the diamides (V) was effected by either sublima
tion from P2O5, or treatment with sodamide, followed by 
hydrolysis with alcoholic HC1. Simple melting of the 
diamide was occasionally successful. 

X-Methyl groups (R3) were introduced using diazo-
methane, converting VI. to Via (Table III). The re
quired substituted glycolic esters II (Table I) were pre
pared by (a) esterifieation of commercially available 
glycolic acids or (b) by treatment of accessible «-
keto esters (I) with organometallic reagents. 

As an alternative method of preparing X-substituted 
3,5-morpholinediones Via, the anhydrides VIII of di
glycolic acids VII were treated with an isothiocyanate* 
or a suitable amine, then cyclized to Via (Scheme II). 
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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. One hour 
later the rats were injected intravenously with 24 
mg/kg of pentylenetetrazole (concentration 9.9 mg 
ml). The injection was made rapidly into the lateral 

(6) 10. T a g m a n n , 10. Sm-.v. and K. Hoffman, lletr, Cliim. Aria. 38, 1 "i 11 
(1H!>2). 

(7) 1). Tedesch i , unpubl i shed ob.-,crval ions. 
(Si C. I furd and A. P r a p a s . ./. ()rU. Cl,rm., 24. 3SS il'.I.V.I). 
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TABLE I 

ESTERS OF GLYCOLIC ACIDS (II) 

RiR2C(OH)C02C2H5 

]<,!>,"(• ( m m ) 

117(2.6) 
132(3.7) 
170-172(1.4) 
58-110(0.7) 

112-125(1.5) 
" A, reaction of an a-keto ester with Grignard reagent co 

(liefonnafsky reaction). '' For precursor see K. Vogel and IT. Schinz, He.lv. Chim. Acta, 33, 116 (1950) 

No. 

I-l 
1-2 
1-3 
1-4 
1-5 

H i 

C6H3 

CeHs 
C6H5 

C2H5 

CCH5 

1U 

H 2 CCH^CH2 
H 2 C C = C H 
HjCCeHs 
H 2 C C H = C L V 
H2CCH2CH(CH3)2 

«=»!> 
1.5135 
1.5180 
1.5535 
1.4584 
1.4880 

lining R2 

Method" 

B 
B 
A 
A 
A 

Yield 
'• % 

31 
82 
33 
17 
26 

; B, reaction 

Formula 

C13H16O3 

C13H14O3 

CnHisOg 
C9H15O3 

C15H22O3 

of an a-keto 

[ / 

Calcd 

70.9 
71.6 
75.5 
62.8 
72.0 

ca 

ester with 

rbon 
Found 

71.0 
71.7 
75.4 
62.9 
72.5 
zinc and 

% »y 
Calcd 

7.3 
6.5 
6.7 
9.3 
8.9 

lrogen 
I'OUIL'I 

7.3 
6.7 
6.8 
9.2 
9.1 

alkyl halide of 1! 

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 50% of rats (ED50) 
and 95% fiducial limits are calculated by the Litch
field and Wilcoxon9 graphic log probit method. 

Results (See Table IV).—Only one of the compounds 
in the series demonstrated any significant activity 
(VI-10). Although its ED50 was less than that of 
glutethimide, the difference in potency between the two 
compounds is not statistically significant. Moreover, 
the ratio of the dose producing signs of neurological 
deficit to the ED50 in 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 Section10 

General Methods for the Preparation of II. Method A. Ethyl 
a-PhenyI-a-(3-methylbutyI)glycolate (II-5).—A Grignard re
agent prepared from 0.28 mole of l-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 HC1. After extraction with ether, drying, and dis
tillation a 26% yield of II-5 was obtained. 

Method B. Ethyl a-Allyl-a-phenylglycolate (II-l).—A mix
ture of 24 g (0.2 mole) of freshly distilled allyl bromide and 36 g 
(0.2 mole) of ethyl phenylglyoxalate6" in dry ether was added to 
24 g of zinc11 in a 1:1 mixture of tetrahydrofuran-ether (both 
dry). After several hours of stirring, the black mixture was 
hydrolyzed with ice and dilute HC1, extracted with ether, dried, 
and distilled, affording 13.3 g (31%) of II-l. 

General Preparation of IV. Ethyl «-PhenyI-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 
toluene 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 16% yield of IV-4. 

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

a-phenyl-a-propargyl-a-carbomethoxymethoxyacetate (IV-2) 
and 0.2 g of NH4C1 was cooled in a Pyrex tube in Dry Ice-solvent 
as excess liquid NH 3 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 73%, yield of V-2. 

General Preparation of VI. 2-PhenyI-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 50% ethanol, acidified with 8 ml of 
concentrated HC1.12 The orange ether extract was stripped and 
the semisolid residue (VI-8) (60% yield) was recrystallized from 
benzene-ligroin. 

Method B.—An intimate solid mixture of 0.15 g (0.0006 mole) 
of V-2, excess P205, and trace amounts of Cu powder was sub
limed at 170° under vacuum for several hours.13 The sublimate 
was dissolved in ether-benzene, washed with water, and allowed 
to evaporate slowly. The yield was less than 20%. 

Method C. N-Methyl-2,2-dimethyI-3,5-morpholinedione (VI-
a-7).—After several unsuccessful attempts at preparing this 
compound from 2,2-dimethyl-3,5-morpholinedione5e (VI-7) em
ploying reagents such as dimethyl sulfate and methyl iodide, 
diazomethane was found to methylate VI-7. A dry ether solu
tion of CH2N2 (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 20% yield of VI-a-7. 

Method D. N-Benzyl-3,5-morpholinedione (VI-a-9).—To 
6.30 g (0.05 mole) of diglycolic anhydride14 an equimolar quantity 
of benzylamine (5.5 g) was added rapidly,15 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) 
for16 3.5 hr, and finally distilled at 147°. The colorless distillate 
solidified as 3.2 g (27%) 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 a,a-dimethyldiglvcolic 
acid anhydride5** (VIII-2) and 3.20 g (0.22 mole) of phenyl 
isothiocyanate wras 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 
VT-a-5 in 12% yield. 

a,a-Biphenylenediglycolamide (V-5).—9-Hydroxy-9-fluorene-
carboxylic acid was prepared from phenanthraquinone following 
the method of Bistrzycki" in 60% yield and then converted to 
the methyl ester as reported by Staudinger,18 in 86% yield. 
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 4 3 % yields. Quantitative yields (4.7 g) of the 
diamide were obtained either by dissolving 5.20 g (0.017 mole) 

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

(10) All melting points were obtained on a Thomas-Hoover type open 
capillary melting point apparatus and are corrected. Boiling points are 
uncorrected. Elemental microanalyses were performed by Schwarzkopf 
Microanalytical Laboratory, Woodside 77, N. V. 

(11) P. Karrer, C. Eugxter, and M. Recordati, Bur., 89, 36(1 (1950). 

(12) J. Rakshit, J. Chem. Soc, 103, 1557 (1913). 
(13) P. Brown, D. Spiers, and M. Whalley, J. Chem. Soc, 2882 (1957). 
(14) R. Anschutz and F. Biernaux, Ann., 273, 65 (1893). 
(15) L. Rice, E. Reid, and C. Grogan, J. Org. Chem., 19, 891 (1954). 
(16) N. Searle, U. S. Patent 2,444,536 (July 6, 1948). 
(17) A. Bistrzycki and Z. Zaleska, Ber., 45, 1439 (1912). 
(18) H. Staudinger, Mi., 39, 3895 (1906). 
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TABLE IV 

PENTYLENl iTETRAZOLE ANTAGONIST ACTIVITY 

OF 3 , 5 - M O R P H O L I N E D I O N E S 

. P e n t y l e n e t e t r a z o l -—-
a n t a g o n i s t ac t . 

N o . 

VI-1 
VI-2 
VI-a-3 
VI-a-4 
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VI-a-9 
VI-10 
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Dose , 
m g / k g po 

100 
50 

100 

100 
100 
82 
25 

100 
ED M = 33 

100 

% of r a t s 
p r o t e c t e d 

75 

0 
0 

0 

20 
0 
0 
0 

17 
mg/kg 

0 
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300, NOE 
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300, NOE 
300, NOE 

300, NOE 
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100, miosis, vocali 

zation when 
touched 

" NOE = no overt effects. 

of IV-5 in methanol and passing dry NH 3 through the solution, 
or by sealing 3.60 g (0.01 mole) of IV-5 in a Pyrex tube with ex
cess liquid NH 3 and allowing the tube to remain at 80° for 4 
days. Ptecrystallization from methanol gave 3.1 g (99%) of 
pure cylindrical crystals. All attempts at cyclizing the diamide 
to the morpholinedione failed. 

Infrared Spectra of 3,5-Morpholinediones.—Infrared spectra of 
N-unsubstituted 3,5-morpholinediones VI have the following set 
of bands in common, and which seem to be characteristic of 
VI; v (in CC13H) 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 M-

The N-substituted (Via) 3,5-morpholinediones differ from 
VI in that the 2.9-M band is missing, and the carbonyl region has 
two bands at ca. 5.72 and 5.93 M rather than a single band. 
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Compounds containing the 8-thia-3-azabicyclo-
[3.2.1 ]octane ring system have been described by 
Turner and Hill,2 and Horak,3 but the unsubstituted 
parent compound (I) and its N-substituted derivatives 
have not been previously reported. The preparation 

1 
1 

H 

I 

U / - C H 3 

1 
1 

R 
II 

1 
1 
R 
III 

(1) T o w h o m inqui r ies concern ing this pub l i ca t i on should be sen t . 
(2) R . J . T u r n e r a n d A. J . Hil l , J. Or,,. Cham.. 14, 476 (1949). 
(3) V. Horak , Chem. Listy. 44, 34 (1950); Chem. Abstr., 46, 103 (19.52). 

of these compounds was undertaken because of the re
ported hypotensive properties of 3-aza-l,8,8-trimethyl-
bicyclo[3.2.1 ]octane (II)4 and a variety of other in
teresting pharmacological properties of 3,8-diazabicyclo-
[3.2.1]octanes(III).5 

Compound I was obtained in 75% yield by the re
duction of IV3 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). 

H 

IV 

BH.-THF RCOCI 

I 
OCR 
V 

BHVTHF 

NT 
CH2R 

VI 
a,R = C6H5 
b,R=CH2C6H5 

Compound 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 (Vila), followed by diborane reduction. When 

RCH2Cl-KOH 

OC CO 
I I 

OH NHCH2R 

VIII 

IV 
RCH,CI-NaH 

O^S^O 
I 

CH2R 
VII 

a, R=C6H, 
b, R = C6H4Cl-p 
c, R = C6H3CL-3, 4 

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

Oxidation of IV with hydrogen peroxide in glacial 
acetic acid 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, 
Villa, 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 . G r o a a n and L. M . Rice. ./. Org. Chem., 22, 1223 (1957). 
(5) C . Cignare l la , E . Occelli , a n d E . Tes t a , J. Med. Chem., 8, 326 (1905) , 

a n d preceding pape r s . 


