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TasLe IV
PENTYLENETETRAZOLE ANTAGONIST ACTIVITY
OF 3,5-MORPHOLINEDIONES

—~— Pentylenetetrazole —-
antagonist act.

Dose, % of rats Rat dosage,
No. mg/kg po protected mg/kg
VI-1 100 0 200, NOE«
VI-2 50 0 C.
VI-a-3 300, NOE
VI-a-4 100 0 300,
3/3 exophthalmos
1/3 miosis
VI-a-b 100 20 300, NOE
VI-a-6 100 O 300, NOLZ
VI-7 82 8] 300, NOE
VI-8 25 0 .
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
v NOE = no overt effects.

of IV-3 in methanol and passing 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.—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; » (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
(strand broad), 8.3-8.5, 8.8, 9.05 4.

The N-substituted (VIa) 3,5-morpholinediones differ from
VT in 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.—The authors thank Smith Kline
and I'rench Laboratories for financial support of these
studies.
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Compounds containing the 8-thia-3-azabicyclo-
[3.2.1]Joctane ring system have been described by
Turner and Hill,2 and Horak,® but the unsubstituted
parent compound (I) and its N-substituted derivatives
have not been previously reported, The preparation
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(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 (1U52).
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of these compounds was undertaken because of the re-
ported hypotensive properties of 3-aza-1,8,8-trimethyl-
bicyclo[3.2.1]octane (II)* and a variety of other in-
teresting pharmacological properties of 3,8-diazabicyclo-
[3.2.1]octanes (II1).?

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),

S BH,~THF RCOC S7) su-tur | S
Ahmnon s b
H OCR CH,R
v v VI
a, R=C.H;
b, R =CH,C¢H;

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
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S RCH,CI-KOH S
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OH NHCH,R
: CH,R

VIII VII

a, R=CyH;

b, R = CH,Cl-p

¢, R=C;H;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-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,
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.
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837 from VIIa and diborane, and 9507 from Va and diborane.
10.12. Found: 0O, 10.29.

Experimental Section®

8-Thia-3-azabicyclo[3.2.1]octane (I)—A sclution of 1V?
(30.0 g, 0.19 mole) in tetrahydrofuran 200 ml) was added to
2.5¢7 diborane” in tetrahydrofuran (460 ml) at —5° with vigor-
onx stirring in a nitrogen atmosphere.  After the addition was
complete (15 min), the mixture was refluxed for 1.5 hr, cooled to
20°, and hydrolyzed by careful additiou of 50¢] aqueous tetra-
hydrofuran (11t ml), then 1897 HCl (100 nil). The organic
solvent wax removed by distillation, and the residie was busified
with concentrated NaOH solution at 20°.  The alkaline mixture
was extracted with four 100-ml portions of CHCl; and the ex-
tract was dried and coucentraied. The residnal oil was taken
up in absolute ether, and dry HCl was bubbled through at 5°.
The proditet separated as the hydrochloride, mp 270.5-273.5°.
3-Benzoyl-8-thia-3-azabicyclo[3.2.1]octane (Va).—Beuzoyl
chlorvide (16.0 g, 0.1 mole) was slowly added to a mixture of 1
(HCI salt, 16.0 g, 0.1 mole) and NaOIll {10.0 g, 0.25 mole) in
water (300 ml) at 10°, The crystalline =olid which separated
was filtered and washed with water: mp 98-100°, v, 1630
em ™ (C==0)).
3-Phenylacetyl-8-thia-3-azabicyclo/3.2.1]octane (Vb) wis
similarly prepared from I and pheunylacetyl chloride: myp 115.5
116.5°, vmax 1640 ¢ ™! (C==0}).
3-Benzyl-8-thia-3-azabicyclo(3.2.1]octane (VIa).—Componud
Va (5.83 g, 0.025 mole) in tetrahydrofuran (25 ml) was reduced
with diborane (by the procedure desceribed for the preparation ot
Iy tv yield VIa as the hydrochloride (mp 207-211°): .y 2500
2, 1300 (m) em™! (amine salt). Reduction of VIIa (108 g,
0.08 wole) in tetrahydrofuran (30 ml) by the same proacedure
gave Vi
VD was similarly reduced to give VIb,
3-|(p-Nitrophenyl)sulfonyl] -8-thia-3-azabicyclo[3.2.1 |octane
(X).~A solution of p-nitrobenzeuesulfouyl chloride (8.86 g,
0.04 mole) i1 pyridine (30 ml) was gradnally added to a solution
of crude I (prepared from 6.64 g (0.04 mole) of the hydrochloride)
in pyridine (20 ml) nt room temperature. The mixture was
stirred at 100° for 10 min, and then poured into water at 5°
vielding vellow crystals, inp 186.5-191.5°.

(4) Melting posuls were determined witly the Thomas—Hoover capillary
multivg point apparatus wnd are corrected, Infrared spectra of the erystul-
lire compounds were obtained from Nujol mulls with a Beckman IR-8
specirophotometer, Analyvses were performed by the Abbott Microanalyui-
cal Laboratory, Nortl Chicago, 111,

{7) Diborane gas was purehased frooe the Cullery Cherciexl Co., Uallery,

1., amd a 2.5'% solution wis male i1c Lel tobyedrofuran,

*Partienbir cletent detertnined s indicated o parentheses.
©Anal,

“ Yield
Caled: 0O,

Caled: 0O, 1136, TFound: O, 11.33, 7 Anul.

3-p-Aminophenylsulfonyl-8-thia-3-azabicyelo{3.2.1]octane (XI).
Powdered stmunous chloride (11.4 g, 0.06 mole) was added
cradually to o well-stirred solution of X (6.3 g, 0.02 mole) in
concentrated HCL (40 ml).  After the addition was complete,
the temperature of the reaction mixture was gradunally raised to
%5°, held at %5-05° Tor 1.5 hr, eooled 1o 10°, made strougly
alkaline with concentrated NaOTI solntiou, aud extracted with
CHCl,. The extract was washed with water, aud dried.  C'ou-
cetitration gave XI:omp 195.5-107.5°; v 3450 (51, 3550 (x)
e UN T,
3-Benzyl-8-thia-3-azabicyclo|3.2.1|octane~-2,4-dione (VII)—-A
solation of TV (158 ¢, 0.1 mole) n dimethylformamide (DN
(T0 mly was slowly added to a wellstirred suspeusion of sodinm
Livdride (4.6 g, 0.11 mole: 5647 =uspension in oil) in DM (80wl ¢
at rovan temperatare.  The temperature rose to 50° in 10 i,
and a elear solution was obtained. It was cooled to 10°, el
benzyl ellovide (14 g, 0.11 mole) e DME (15 ml) was added
lowly. Afrer 2 he at 85-100°, the mixture was hyvdrolyzed with
water (600 ml) a1 5% The white precipitate was sepnrated and
erystallized from cthanol Tmp 104.5-108.5%)0 v 1725, 1650
Horak?® reparted that hie obrained this sabstancee
tmp 1147 from IV and beuzyl ehloride it the presence of NaOll.
3-(p-Chlorobenzy!-8-thia-3-azabicyclo|3.2.1|octane-2,4-dione
iVIIb) and 3-(3,4-dichlorobenzyl)-8-thia-3-azabicyclo!3.2.1}o0c-
tane-2,4-dione (VIIc) were prepared by the above method add
are entered in Table L
2-Carboxy-5-!N-( p-chlorobenzyl)carbamoy!|tetrahydrothio-
phene (VIIIb). A mixture of IV (14.4 g, 0.09 mole) in ethanol
{(H00 ml) coutaluiug KO (3.1 g, 0.09 mole) was stivred for 30 min
At roont femperitnre, and the solution was evaporated to dreyiess
in racwo. The residue wias dissolved 11 DME (200 ), and p-
cllorobenzyl ehlovide (145 g, 0.09 mole) in DME (50 ml) was
added. The mixture was heated over a stenm bl Tee 1 Lo
and stirred  overndght a6 roomt femperature,  The KO was
removed by filieniion, and the filtrate was poured (o 500 nil
of CHCL and diluted with water (1 1), The CHCly layer was
separated, aud the agueous lnyer was extracted with two 150-ml
portions of CHCL.  The combined CHCl, extracts were washed
sticeessively with dilute NaOH, and two 100-ml portions of wuter,
dricd (NayR0y), and evaporated to dryness in vacuo.  The residue
wis reeryatallized Tromn methanol, then from methanol-water:
vield 3.0 g (86Y 5, mp 12%.5--129.5°.
Anal. Caled for CulluCINOgS: ¢, 52.08; H, 4.50; N, 518,
Fourd: C, 52.26: 11, 4.00; N, 4.96.
2-Carboxy-5-|N-tbenzyl )carbamoyl|tetrahydrothiophene{ VIlla,
ap 114.5-115.5° (rom ethanol) was obtained i1 60¢; vield fromn
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1V and benzyl chloride, by the method deseribed for the prepara-
tion of VIIIb.

Anal.  Caled for CllNOgS: C, 538.85; H, 5.70; N, 5.28; O,
180095 8, 12,08, Found: C, 58.96; H, 5.79; N, 5.15; O, 18.30;
8, 12.27.

2-(Carboxy)-5-|N-(3,4-dichlorobenzy!)carbamoyl]tetrahydro-
thiophene (VIIIc) was similarly obtained in 779 yield (mp 98.5-
09.5° from methanol-water).

Anal. Caled for CisHi3ClLOsNS: C, 46.71; H, 3.91; Cl, 21.21;
N, 4.23. Found: C, 46.70; H, 3.91; Cl, 21.92; N, 4.23.

All the compounds in the VIII series had infrared absorption
bands at 3330, 3160, 1730, and 1655-1635 cm 1.

8-Thia-3-azabicyclo[3.2.1]octane-2,4-Dione 8,8-dioxide (IX).—
A mixture of IV (4.0 g, 0.025 mole) and 309, Ha0; (3.6 ml) in
glacial acetic acid (15 ml) was gradually heated to 70° and held
at this temperature for 2 hr.  On cooling slowly, white crystalline
material (2.4 g, 509;) separated. Two recrystallizations from
methauol gave the analytically pure IX: mp 284.5°; wmax 3200,
3100, 1740, 1690, 1325, and 1170 cm ™.

Anal. Caled for CH/NOSS: C, 38.09; H, 3.72; N, 7.40;
0, 33.83; 8, 16.94. Found: C, 38.37; H, 3.66; N, 7.75; O,
33.70; 8, 16.59.

Structure of Antibiotic C-73X!
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Three biologically active compounds have been iso-
lated from the fermentation products of a strain of
Streptomyces griseus originally obtained in a soil sample
and included in the Culture Collection of the Squibb
Institute for Medical Research (SC 3675). One com-
pound was the previously identified actidione,? a second
wias the known antibiotic C-73% [3-(2-hydroxy-3,5-
dimethylphenacyl)glutarimide], and a third, desig-
nated by the authors as C-73X, was found to be closely
related to antibiotic C-73. Based on elemental
analysis and ultraviolet, infrared, nmr, and mass spec-
tra, the structure of C-73X is assigned as 2-hydroxy-3-
(2 - hydroxy - 3,5 - dimethylphenacyl)glutarimide. The
procedure for isolation of C-73X is shown in Chart I.

The ultraviolet spectrum of C-73X showed two AMeOH
values similar to those for C-73. Structural similarity
of the two compounds was also demonstrable from
the infrared, nmr, and mass spectra.

Relevant nmr spectral data for C-73, C-73X, and
their acetates are shown in Table I. In addition to
those proton resonances assignable to the structure of
C-73, C-73X shows a resonance [r 5.94, (CD;).S0]
attributable to a tertiary proton on a carbon atom to
which is connected an electronegative atom. The
acctylated derivative of C-73X likewise has a resonance
attributable to the corresponding tertiary proton
[74.59, CDCl;s].

In the infrared spectrum, C-73X shows a band at
2.95 ¢ (KBr), indicating the presence of a hydroxyl
group, in addition to those bands present in the in-
frared spectrum of C-73.

The mass spectra of C-73 and C-73X are shown in
Figure 1. The parent ion (M*) of C-73 appears at

(1) Tlis work was carried out as part of the effort on Cancer Chemo-~
therapy National Service Center contract SA-43-ph-3041,

(2) Olin Matbieson Chemical Corp., New Haven, Conn.

(3) J, 1. Ford and B. E. Leach, J. Am. Chem. Soc., T0, 1223 (1048),

(1) K. V. Rao., J. Org. Chem., 26, 661 (1860).
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m/e 275. The M+ of C-T3X appears at m/e 291,
leading us to conclude that C-73X is a hydroxylated
derivative of C-73. The prominent (M — 18) peak at
m/e 273 in the mass spectrum of C-73X suggests a
facile dehydration of this compound. The most in-
tense peak in the mass spectra of both compounds is at
m/e 149, which suggests a fragment formed by cleavage
of the bond to the aryl carbonyl (I).

Ry H
OH 0 \/

HC N
i CH” “CH,—CO~

mfe 149
s

&)

1

C-73, Rx=H
C-73X, Rx = OH

The peak at m/e 164 in the mass spectra of both
compounds is attributable to the fragment formed
by the proton rearrangement reaction shown below
(I1).

OH O

I H CH,—CO
Hy lcgg((c C0>NH
2 yZ ~
x* H
CH;
I
C'73, RX=H
C-73X, Rx=0H
OH i
CH, ms 164

The peak at m/e 175, also shown by the niass spectra
of both compounds, is probably attributable to the
fragment formed in a proton rearrangement (I1I).

OH .
H,C o 0

|
H

CH, mp 175
I

The intensity ratios for the peaks at w/e¢ 164 and 175
are similar for both compounds. These similarities of
intensity suggest that the part of the molecule between
the aromatic ring and the glutarimide ring is the same
in both compounds. Were the hydroxyl group in
C-73X on the carbon « to the aryl carbonyl group,
rather than on the carbon « to the imido carbonyl
group, a significant change in the intensity ratio of the
m/e 175 and 164 peaks from that found in C-73 might
have been expected, arising from a different fragmen-
tation process.



