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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 

VI-a-5 
VI-a-6 
VI-7 
VI-8 
VI-a-9 
VI-10 

VI-11 

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 

R a t dosage, 
m g / k g 

200, NOE" 

300, NOE 
300, 
3/3 exophthalmos 
1 /3 miosis 
300, NOE 
300, NOE 
300, NOE 

300, NOE 
Ataxia ED5o = 

<~50 mg/kg 
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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studies. 
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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 
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(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). 
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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 
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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 . 
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Experimental Section" 

8-Thia-3-azabicyclo[3.2.1]octane (I). A solution of IV3 

(30.0 g, 0.19 mole) in tet.rahydrofuraii ('200 ml) was added to 
2.50; diborane7 in tetrahvdrofuran (460 ml) at —5° with vigor
ous stirring in a nitrogen atmosphere. After the addition was 
complete (15 mm), the mixture was rerluxed for 1.5 hr, cooled to 
20°, and hydrolyzed by careful addition of 50 r

f aqueous tetra-
hydrofuran (110 ml), then 1HC'C IICI (100 ml). The organic 
solvent was removed by distillation, and the residue was basified 
with concentrated XaOH solution at 20°. The alkaline mixture 
was extracted with four 100-ml portions of CHCb and the ex
tract was dried and concentrated. The residual oil was taken 
up in absolute ether, and dry H O was bubbled through at 5°. 
The product separated as the hydrochloride, mp 270.5-273.5°. 

3-Benzoyl-8-thia-3-azabicyclo[3.2.1]octane (Va).—Benzoyl 
chloride (16.0 g, 0.1 mole) was slowly added to a mixture of 1 
(HC1 salt, 16.0 g, 0.1 mole) and NabI I (10.0 g, 0.25 mole) in 
water (300 ml) at 10°. The crystalline solid which separated 
was filtered and washed with water: mp 98-100°. vmux 1630 
(•m-'(C==()). 

3-PhenylacetyI-8-thia-3-azabicycIo13.2.1]octane (Vb) was 
similarly prepared from I and phenvlacetvl chloride: mp 115.5 
116.5°, »„,„* 1640 cm" ' ( C = 0 ) . 

3-Benzyl-8-thia-3-azabicyclo [3.2.11 octane (Via).—Compound 
Va (5.83 g, 0.025 mole) in tetrahvdrofuran (25 ml) was reduced 
with diborane (by the procedure described for the preparation of 
I) to yield Via as the hydrochloride (mp 207-211°): >.,„„,. 2500 
is), 1500 (m) c m - 1 (amine salt). Reduction of Vila (19.8 g, 
0.08 mole) in tetrallydrofuran (30 ml) by the same procedure 
gave Via. 

\ 'b was similarly reduced to give VIb. 
3- [(jB-Nitrophenyl)sulfonylJ -8-thia-3-azabicyclo [3.2.1 ] octane 

(X).-—A solution of ;D-mtrobenzenesulfonyl chloride (8.86 g, 
0.04 mole) in pyridine (30 ml) was gradually added to a solution 
of crude I (prepared from 6.64 g (0.04 mole) of the hydrochloride i 
in pyridine (20 ml) at room temperature. The mixture was 
stirred at 100° for 10 min, and then poured into water at 5° 
yielding yellow crystals, mp 186.5-191.5°. 

(0) Mel t ing poinl.s were de t e rmined with the T h o m a s - H o o v e r capi l lary 
me l t ing point a p p a r a t u s a n d a r e cor rec ted . In f ra red s p e c t r a of t h e c rys ta l 
line c o m p o u n d s were ob ta ined from Nujol mu l l s wi th a B e c k m a n I H - 8 
s p e c t r o p h o t o m e t e r . Ana lyses were performed by t h e A b b o t t M i o r o a n a h il
eal L a b o r a t o r y , N o r t h Chicago, 111, 

(7) D iborane jras was purchased from the Cal le ry Chemica l Co., C a l i c o , 
['a., and a 2 . 5 % solut ion was m a d e in l e l r a h y d r o f u r a n . 

3-/j-Aminophenylsulfonyl-8-thia-3-azabicyclo[3.2.1 ]octane (XI). 
Powdered stannous chloride (11.4 g, 0.06 mole) was added 

gradually to a well-stirred solution of X (6.3 g, 0.02 mole) in 
concentrated HOI (40 ml). After the addition was complete, 
the temperature of the reaction mixture was gradually raised to 
.85°, held at 85-95° for 1.5 hr, cooled to 10°, made strongly 
alkaline with concentrated XaOH solution, and extracted with 
CHOI.;. The extract was washed with water, and dried. Con
centration gave XI: mp 195.5-197.5°; ?,,„„ 3450 (s), 3370 (>) 
c m - ' i X H . ) . 

3-Benzyl-8-thia-3-azabicyclo [3.2.1 [octane-2,4-ciiane (VII).- A 
solution of IV3 (15.8 g, 0.1 mole) in dimethylformaniido ( l )MFi 
(70 ml) was slowly added to a well-stirred suspension of sodium 
hydride (4.6 g, 0.11 mole: 50r< suspension in oil) in DMF (SO ml) 
at room temperature. The temperature rose to 50° in 10 min, 
and a clear solution was obtained. It was cooled to 10°. and 
benzyl chloride (14 g, 0.11 mole) in D M F (15 nil) was added 
,-lowly. After 2 hr at 85-100°, the mixture was hydrolyzed with 
water {600 ml] at 5°. The white precipitate was separated and 
crystallized from et hanol (nip 104.5-108.5°): vuaI 1725, 1670 
cm - 1 (C-==Ol. Horak3 reported that he obtained this substance 
imp 1 14°) from IV and benzyl chloride in the presence of XaOIl. 

3-( jj-Chlorobenzyl-8-thia-3-azabicyclo [ 3.2.1) octane-2,4-dione 
(Vllb) and 3-(3,4-dichIorobenzyl)-8-thia-3-azabicyclo[3.2.1 ]oc-
tane-2,4-dione (VIIc) were prepared by the above method and 
are entered in Table I. 

2-Carboxy-5-!N-(/j-chlorobenzyl)carbamoyl]tetrahydrothio-
phene (VHIb). A mixture of IV (14.4 g, 0.09 mole) in ethanol 
(500 ml) containing KOH (5.1 g, 0.09 mole) was stirred for 30 min 
at room temperature, and the solution was evaporated to dryness 
in vacuo. The residue was dissolved in D M F (200 ml), and p-
clilorobenzyl chloride (14.5 g, 0.09 mole) in DMF (50 ml] was 
added. The mixture was heated over a steam bath for 1 hr 
and stirred overnight at room temperature. The KOI wa-
removed by filtration, and the filtrate was poured into 500 ml 
of CHCI3 and diluted with water (1 I.]. The CHCb layer was 
separated, and the aqueous layer was extracted with two 150-ml 
portions of CHCb. The combined CHC13 extracts were washed 
successively with dilute NaOH, and two 100-ml portions of water, 
dried (NasSOs), and evaporated to dryness in vacuo. The residue 
was reerystallized from methanol, then from methanol -water: 
yield 23.0 g CSO' , ). mp 128.5-129.5°. 

Anal. CJalcd for C,:;H;iClX038i: 0 ,52 .08 : H, 4.70: X, 5.IS. 
Found: 0 ,52.26; 11,4.90; X, 4.96. 
2-Carboxy-5- |N-( benzyl ]carbamoylj tetrahydrothiophene (Villa , 

imp 114.5-115.5° from ethanol) was obtained in 60';) yield from 
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IV and benzvl chloride, bv 1 he method described for the prepara
tion of VHIb. 

Anal. CakdforCiaLhsNOsS: C, 58.85; H, 5.70; X, 5.28; 0 , 
IS.09: S, 12.08. Found: C, 58.96; H, 5.79; N, 5.15; 0 ,18 .30; 
S, 12.27. 

2-( Car boxy )-5-[N-( 3,4-dichlorobenzyl)carbamoyl]tetrahydro-
thiophene (VIIIc) was similarly obtained in 77% yield (mp 98.5-
99.5° from methanol-water). 

Anal. CalcdforCi3H13Cl203XS: C, 46.71; H, 3.91; CI, 21.21; 
X, 4.23. Found: C, 46.70; H, 3.91; CI, 21.92; X, 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 30% H202 (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, 50%) separated. Two recrystallizations from 
methanol gave the analytically pure I X : mp 284.5°; cma% 3200, 
3100, 1740, 1690, 1325, and 1170 cm"1. 

Anal. Calcd for C6H7X04S: C, 38.09; H, 3.72; X, 7.40; 
O, 33.83; S, 16.94. Found: C, 38.37; H, 3.66; X, 7.75; O, 
33.70; S, 16.59. 

Structure of Ant ib io t i c C-73X1 
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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,3 a second 
was the known antibiotic C-734 [3-(2-hydroxy-3,5-
dintethylphenacyl)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 X^a?1* 
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, (CD3)2SO] 
attributable to a tertiary proton on a carbon atom to 
which is connected an electronegative atom. The 
acetylated derivative of C-73X likewise has a resonance 
attributable to the corresponding tertiary proton 
[ T 4 . 5 9 , C D C 1 8 ] . 

In the infrared spectrum, C-73X shows a band at 
2.95 ju (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) This work was carried out as part of the effort on Cancer Chemo
therapy National Service Center contract SA-43-ph-3041. 

(2) Olin Mathieson Chemical Corp., New Haven, Conn. 
(3) J. It. Ford and B. E. Leach, ./. Am. Chem. Soc, 70, 1223 (1U48). 
H) K. V. Rao, J. Org. Chem., 26, 661 (1960). 

m/e 275. The M+ of C-73X 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). 

H:;C 

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 
(II). 

H \ S CH? C O \ 
CC NNH 

H 

-CO' 

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

H,C 
V H , 

m/e 164 

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

The intensity ratios for the peaks at m/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 a to the aryl carbonyl group, 
rather than on the carbon a 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. 


