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A number of substituted l,4-diazabicyclo[4.4.0]decanes have been synthesized and evaluated for their pharma
cological activity. Some of these compounds show marked hypotensive activity. 

The present investigation is concerned with the 
synthesis of l,4-diazabicyclo[4.4.0]decanes having sub-
stituents in the 4 and 10 positions. In 1960, Freed and 
Day1 described the preparation of both 1,4-diazabi-
cyclo [4.4.0]decane (I) and 1,4-diazabicyclo [4.3.0 ]no-
nane (II) by treating ethyl 2-piperidinecarboxylate and 
ethyl 2-pyrrolidinecarboxylate, respectively, with ethyl-
enimine. The resulting lactams were reduced by 
lithium aluminum hydride to I and II. 
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II 

In the current study two new series of 1,4-diazabi
cyclo [4.4.0]decanes having substituents at the 4 and 10 
positions were prepared. Treatment of ethyl 6-methyl-
2-piperidinecarboxylate (III) with ethylenimine gave 
very poor yields of 10-methyl-l,4-diazabicyclo [4.4.0]-
decan-5-one. The poor yield prompted the use of 
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1-p-nitrobenzoylethylenimine as the amino-ethylating 
agent.2 The resulting product, ethyl l-(2-p-nitro-
benzamidoethyl)-2-piperidinecarboxylate was heated 
with hydrochloric acid to give the desired product 
(IV) in good yield. 

An alternative method, involving several steps 
shown in Scheme I, proved to be more useful. The 
pseudo-mustard (VII) was fairly stable and was kept 
in the cold for several months with minimal discolora
tion and quaternization. The 4-substituted 10-methyl-
1,4-diazabicyclo [4.4.0]decanes are listed in Table I. 
Attempted distillation of XIV and XV resulted in 
decomposition and these compounds were isolated in 
pure form only as hydrochlorides. Compounds XVI 
and XVII were prepared by treating IX with phenyl 
isothiocyanate and 1-p-nitrobenzoylethylenimine, res
pectively. XIX is the reduction product of XVII and 
XVIII is the hydrolysis product of XIX. 

(1) M. E. Freed and A. R. Day, J. Org. Chem., 25, 2108 (1960). 
(2) P. Thyrum and A. R. Day, J. Med. Chem., 8, 107 (1965). 
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A second series of compounds was prepared from di
methyl piperidine-2,6-dicarboxylate as shown in Scheme 
II. These compounds are listed in Table II . 
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TABLE I 

^-SUBSTITUTED 10-METUYI.-1,4-I>IAZABICYCLO[4.4.0|I.>ECA.XE;S 

CH, 

N — R 

X V I I / ) - 0 2 N C 6 H i C O N l I C I I - C I h 
W i l l I L N C H - C H , 
X I X p - i l i N C ' s H i C O N I l U H j C I I -

'•'o 

80 
57 
1)6 
18 
00 
•10" 

1 1 ' 

70" 
7!)'< 
35 
13* 

lili, °U num.) 

66 (0 .63) 
158 (0 .85) 
158-162 C4) 
Dec 
128 (0 .85) 
Dec 

Doc 

105-110 (0.-13) 

1 o rmuia 

CsIIisN? 
Uwi-D.X-
CisIUiX:. 
C ) . H „ N j 
C I . H - J X ^ O 

t V l h i . C b X , 

( . ' I „ I 1 M ( ' 1 J N 3 

C.sIlsiNsS 
CiSir.. tKiO« 
C:iH.;)N3 

CisHs.CljN.O 

(.' 
7 0 . 0 7 
71 .22 
78 ,61 
7 1 .09 
6 6 . 6 2 
6 7 . 1 7 

51 .27 

0 0 . 3 0 
6 2 . 4 1 
66. 96 
50 . 77 

11 

I 1 . 76 
12, 16 

0 , 90 
1 2 . 3 3 
11 . 18 

7. 69 

9 11 

8 .01 
7 .57 

11 .75 
7 .3 1 

X 

18. 17 
13.32 
11 .45 
1 6 . 5 8 
11 .12 

7, 12 

11.21 

14 .52 
Hi. 17 
21 .30 
13.16 

1 8 . 0 3 

2 8 , 3 8 

62 42 
6 6 , 9 1 

2 8 , 7 3 5 0 . 0 9 

" Isolated only as a dihydroehloride, nip 228-229° dec. '• Isolated only as a trihydrochloride, mp 1.68.5-170. c 

'' .Mp 128.5-129.5°. " Isolated only as a trihydrochloride, mp 250-253° dec. 

• mid, '.; 

(' 
70. 10 
74 .04 
7 8 . 4 0 
7 1 . 1 7 
6 6 . 8 3 
6 7 . 3 2 

II 

11 .75 
12.61 

!). 75 
1 2 . 5 1 
1 1 . 3 0 

7 .56 

X 

1 8 . 3 ! 
13 . 51 
1 1.52 
1 6 . 4 6 
14. 10 

7 . 3 2 

6 0 . 5 9 8 . 2 0 14 .39 
7 .47 16 .09 

11.55 2 1 . 1 9 
7 .21 13,.09 28 .51 

Mp 1,68.5 -170° dec. 

XXIV (CH.OiCH 

TABLE II 

4 -SUBSTlTUTED 1 0 - H Y D K O X Y . \ 1 E T H Y L - 1,4-DI AZOBK'YCl.l ) | 4 . 4 . 0 ] DEC AXES 

Yield, 
No . R ',•;. 

XX H 72" 
XXI (C2H5)2XCH2CH2 45" 
XXII C6H5CH2CH, 55' 

XXI I I ( W i C H , 38'' 

16 

N—R 

-Mp, " ( ' 

243-246 dec 
274-276 dec 

F o r m u l a 

C.,H1„N..O 
C15HMC13N;,0 
CnH2%Cl,N..() 

Ualcd, \i 
II X 

uund 
( ' II X t ' l C I I X 

63.49 10.65 16.44 63.24 10.77 16.21 
47.56 9.05 11.09 28.08 47.29 9.02 11.12 
58.7S 8.13 8.07 20.42 58.68 8.11 7.83 

153-154 C22H28X20 78.53 8.39 78.46 8.32 8.14 
" Oil, bp 158-166° (2 mm). '• Isolated only as a trihydrochloride. • Isolated only as a dihydroehloride. 

27.74 
20.62 

277.5-279 dec C,6H34C13X:(0 40.17 8.77 10.75 27.22 48,98 8.81 10.57 26.97 

Pharmacological Test Results.3—Compounds XII 
XV were first evaluated in a general behavioral screen 
(Table III). These four compounds were also tested 
in a series of antagonism studies. None of the com
pounds possessed any significant ability to reverse the 
effect of pentylenetetrazole (anticonvulsant action), 
reserpine (antidepressant effect), Tremorine (anti-
parkinsonism action), or elecfroshock (anticonvulsant 
action). 

TABLE II I 

CENTRAL NERVOUS SYSTEM EFFECT'S FOUND WITH 

1 0 - S u B S T I ' l U T E D 1 , 4 - D l A Z ABIC YCLO ^ 4 . 4 . 0 ] DEC AXES 

M i n i m a l dose at which response 
was observed , mg 'kg 

Response 

Hyperactivity to touch 
Tremors 
Convulsions 
Decreased motor activil 
Sedation ataxia 
Righting reflex loss 
Ptosis 
Hypothermia 
Mydriasis 
Ilvperenia 
Xo. of deaths at 400 nij 

• 3) 4'hc pharmacolog ica l 
lories, Inc . , R a d n o r , P a . 

y 

i /kg 

e v a l u a t k 

X I I 

400 
400 

40 
127 

40 
40 

3/3 

ins were 

Com; 
X I I I 

400 

127 

0/3 

p e r f o r m s 

pound— 
X I V 

127 

127 
127 

400 
400 

1/3 

1 l» W> 

XV 

400 

40 
127 
127 
127 

12 

0/3 

•«lh Ua 

The remaining 10-niefhyl compounds and the four 
10-hydroxymethyl compounds were also examined but 
showed no particular activity in the general behavior 
tests. 

The first four compounds, X1I-XV, were also tested 
for antihistaminic activity using sections of guinea pig 
ileum and chlorpheniramine as the control drug. The 
compounds showed some ability to inhibit the histamine 
response but not to a degree suggestive of clinical 
usefulness. 

Nine of these compounds were tested for their 
hypotensive activity in o.-j-diallylbarbiturie acid-
urethan anesthetized cats. The compounds were 
injected intravenously and the blood pressure and 
heart rate were measured and compared with the 
values obtained before drug injection. A drop in 
blood pressure of 10-30 mm was considered slight, 
31-60 mm was considered moderate, and >(il mm was 
considered marked. The results are shown in Table IV. 

Compounds XIV, XVIII, XXI, XXIV, and XXIII 
exerted hypotensive activity, at the dosages listed in 
Table IV, XIV and XVIII being the most potent. 
Compound XII caused an initial small rise in blood 
pressure at all doses and a secondary fall at the higher 
dose levels. The marked activity of XIV and XVIII 
make them candidates for further work in order to 
determine their mechanism of action. Preliminary 
experiments not yet completed indicate that compound 
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HYPOTENSIVE 

No. 

X I I 

XI I I 

XIV 

XV 

XVIII 

X X I 

X X I I 

X X I I I 

XXIV 

TABLE IV 

] EFFECTS FOUND WITH 1 0 - S U 

1,4-DIAZABICYCLO [4.4.0]DECANES 

Dose, 
mg/kg 

1.0 

5.0 

10.0 
1.0 
5.0 

10.0 
0 .5 
5.0 
1 
5 

10 
1.0 
5.0 
1.0 
5.0 

10.5 
20.5 

1.0 
5.0 

10.0 
1.0 
5.0 

10.0 
20.0 

1.0 
5.0 

Blood i 
.—(systolic/d 
Before 
drug 

110/75 

110/75 

105/70 
145/95 
140/85 
155/90 
190/140 
195/145 
140/80 
155/80 
150/85 
175/110 
160/105 
135/100 
140/100 
145/105 
145/110 
145/105 
145/100 
149/95 
145/90 
150/95 
145/95 
125/85 
135/90 
120/75 

Dressure 
iastolic), mm—• 

Max 
change 

+ 2 5 / + 1 5 
+ 25/ + 15 
- 2 0 / - 1 5 
+ 2 5 / + 1 5 
- 2 0 / - 1 5 

0 
+ 10/0 
+ 5 / + 5 
- 3 5 / - 3 0 
- 1 4 5 / - 1 1 0 
+ 5 / + 5 
+ 10/ + 5 
+ 10/ + 5 
- 7 5 / - 4 5 
— 75 / —55 

0 
- 1 5 / 0 
- 3 5 / - 2 0 
- 4 5 / - 3 5 
- 5 / - 5 
- 1 0 / - 5 
- 3 5 / - 3 0 
+ 5 / + 5 

0 
— 15/ —15 
- 5 0 / - 5 0 
- 5 / - 1 0 
— 35/ —35 

BSTITUTED 

Heart rate, 
beats/min 

Before 
drug 

156 
162 
162 
150 
144 
132 
138 
168 
184 
156 
138 
162 
168 
162 
108 
120 
114 
180 
174 
162 
144 
150 
138 

Max 
changi 

0 
0 

- 6 
- 1 2 
- 7 8 

0 
+ 12 

+ 6 
- 2 4 
- 3 0 
+ 24 

0 
- 1 8 
- 3 0 
+ 12 

- 6 
0 

- 6 
- 6 
- 6 

- 3 0 
0 

- 2 4 

XIV acts by a mechanism other than a ganglionic 
blocking action. 

The presence of some hypotensive activity in six out 
of nine compounds tested, as well as the sharp differ
ences between the 4-benzhydryl and 4-(2-aminoethyl) 
substituents in the two potent compounds, suggests 
that the hypotensive activity is primarily attributable 
to the 1,4-diazabicyclo [4.4.0 ]decane system but is 
augmented or diminished by the nature of the sub
stituents. The hydroxymethyl group appears to have 
lowered the activity. Compound IX was observed to 
have little or no activity. 

Experimental Section 

The melting points reported are uncorrected and were de
termined in a Thomas-Hoover melting point apparatus. 

Ethyl 6-methyl-2-piperidinecarboxylate was prepared from 6-
methyl-2-pyridinecarboxylic acid.4 The free base boiled at 
89-91° (4 mm), ra26D 1.4510, lit.4 bp 99-100° (13 mm). 

Anal. Calcd for C 9 H„N0 2 : C, 63.12; H, 10.01; N, 8.18. 
Found: C, 62.98; H, 10.17; N, 8.21. 

Reference 4 gives mp 213-215° for the hydrochloride but our 
hydrochloride decomposed at 232-234°. 

Anal. Calcd for C9H18C1N02: C, 52.01; H, 8.73; N, 6.74. 
Found: C, 51.94; H, 8.94; N, 6.46. 

Ethyl 6-Methyl-l-(2-p-nitrobenzamidoethyl)-2-piperidinecar-
boxylate.—Ethyl 6-methyl-2-piperidinecarboxylate (5.0 g, 0.029 
mole) was heated on the steam bath with 1 p-nitrobenzoylethyl-
enimine2 (5.63 g, 0.029 mole) for 3 hr. After cooling, the oil was 
stirred with hexane until the oil solidified. The solid was re-
crystallized from hexane-petroleum ether (30-60°); mp 76-78°, 
yield 70%. 

(4) M. V. Rubtsov, E. S. Nikitskaya, and V. S. Usovskaya, J. Gen. Chem. 
USSR, 26, 129 (1956). 

Anal. Calcd for C18H25N308: C, 59.49; H, 6.94; N, 11.56. 
Found: C, 59.55; H, 7.11; N, 11.66. 

10-Methyl-l,4-diazabicycIo[4.4.0]decan-5-one.—Ethyl 6-
methyl-l-(2-p-nitrobenzamidoethyl)-2-pipefr.idinecarboxylate 
(11.5 g, 0.032 mole) was suspended in 100 ml of 6 N HC1 and the 
mixture was refluxed for 24 hr. I t was cooled and the p-nitro-
benzoic acid was removed by filtration. The filtrate was evapo
rated and the residue was heated with 2-propanol to yield a 
crystalline hydrochloride. A sample was recrystallized from 
ethanol, dec p t 266°. 

Anal. Calcd for C9H„C1N20: C, 52.80; H, 8.37. Found: C, 
52.62; H, 8.47. 

The hydrochloride was dissolved in water, the solution was 
made basic (NaOH) and extracted with chloroform. The ex
tract was evaporated, and the residue was recrystallized from 
ethyl acetate; mp 124-127°, yield 5 3 % . 

Anal. Calcd for C9H16N20: C, 64.25; H, 9.59; N, 16.65. 
Found: C, 64.11; H, 9.65; N, 16.43. 

10-Methyl-l,4-diazabicycIo[4.4.0]decane (IX).—A solution of 
1.5 g (0.009 mole) of 10-methyl-l,4-diazabicyclo [4.4.0] deean-5-
one in 15 ml of tetrahydrofuran was added dropwise to a slurry 
of 0.57 g (0.015 mole) of LiAlH4 in 20 ml of tetrahydrofuran, 
and the mixture was refluxed for 12 hr. The excess LiAlH4 

was decomposed by the cautious addition of 2.5 ml of water. 
2-Propanol was added, and the mixture was stirred until the 
solid was colorless. The solid was removed by filtration and 
washed with 2-propanol. The solvents were evaporated and the 
resulting oil was dissolved in dry ether and treated with dry 
HC1. The dihydrochloride (very hygroscopic) was recrystallized 
from 2-propanol-acetone and obtained in 20% yield, mp 255-
258° dec. 

Anal. Calcd for C9H20C12N2: C, 47.58; H, 8.87; CI, 31.21; 
N, 12.33. Found: C, 47.48; H, 8.93; CI, 30.97; N, 12.42. 

A larger batch of product was prepared from 21.5 g (0.128 
mole) of 10-methyl-l,4-diazabicyclo[4.4.0]decan-5-one and 7.3 g 
(0.192 mole) of LiAlH4. The reaction mixture was worked up as 
above to the point where the solvents were evaporated. The 
residual oil was distilled at 66° (0.63 mm), yield of free base 
80%, n26D 1.5006. 

l-(2-Hydroxyethyl)-6-methyl-2-piperidinecarboxylic Acid 5-
Lactone (V).—Ethyl 6-methyl-2-piperidinecarboxylate (6.8 g, 
0.04 mole) was dissolved in 25 ml of methanol. To this was 
added a solution of 2.22 g (2.5 ml, 0.05 mole) of ethylene oxide in 
10 ml of methanol. The mixture was heated, in a pressure bottle, 
on a steam bath for 24 hr. The solvent was removed in vacuo 
and the remaining oil distilled, bp 129-134° (2 mm), n25D 1.4894, 
yield 70%. 

Anal. Calcd for C9H16N02: C, 63.88; H, 8.94; N, 8.28. 
Found: C, 63.81; H, 8.90; N, 8.14. 

l-(2-HydroxyethyI)-2-hydroxymethylpiperidine (VI). Method 
1.—A solution of 4.3 g (0.025 mole) of V in 25 ml of anhydrous 
ether was slowly added to a stirred suspension of 1.1 g (0.029 
mole) of LiAlHi in 35 ml of anhydrous ether. The mixture was 
refluxed for 12 hr. The excess LiAlH4 was decomposed by the 
careful addition of 5 ml of water. The resultant white precipi
tate was removed by filtration and washed with 2-propanol. 
The combined washings and filtrate were evaporated to dryness 
and the resulting oil was distilled, bp 164° (5 mm), ?I25D 1.5015, 
yield 40%. 

Anal. Calcd for C9H1 9N02 : C, 62.39; H, 11.05; N, 8.09. 
Found: C, 62.14; H, 10.93; N, 8.18. 

Method 2.—Ethyl 6-methyl-2-piperidinecarboxylate (0.05 
mole) in 25 ml of dry ether was slowly added to a stirred suspen
sion of 4.4 g (0.116 mole) of LiAlH4 in 150 ml of dry ether. The 
mixture was refluxed for 20 hr. The excess LiAlH4 was carefully 
decomposed with water and the precipitate was removed by fil
tration and washed with 2-propanol. The combined filtrate 
and washings was evaporated in vacuo and the 2-hydroxymethj'l-
6-methylpiperidine was recrystallized from petroleum ether, 
mp 83-83.5°, vield 7 1 % . 

Anal. Calcd for C,H16NO: C, 65.07; H, 11.70; N, 10.84. 
Found: C, 64.93; H, 11.53; N, 10.73. 

2-Hydroxymethyl-6-methylpiperidine (6.8 g, 0.053 mole) was 
dissolved in 25 ml of methanol. To this solution was added a 
solution of 2.58 g (0.059 mole) of ethylene oxide in 15 ml of meth
anol. The solution was heated in a pressure bottle on a steam 
bath for 36 hr. The solvent was removed in vacuo and the oily 
semisolid was recrystallized from petroleum ether. This solid 
proved to be starting material (50%). The filtrate was evapo
rated, the oily residue was dissolved in 15 ml of methanol con-



314 ALAN D. LOUKIE AND ALLAN R. DAY Vol. I) 

taining 2.58 g of ethylene oxide, and the solution was heated as 
before, on a steam bath, for 5 days. Evaporation of the solvent 
and distillation of the residual oil gave a 29% yield of VI, based 
on 0.053 mole of starting material. 

l-(2-Chloroethyl)-2-chloromethyl-6-methylpiperidine (VII).— 
I -(2-Hydroxyethyl )-2-hydroxymethyl-6-methylpiperidine (13.9 g, 
0.08 mole) in 50 ml of chloroform was added dropwise to a stirred 
solution of 23.8 g (0.2 mole) of SOCl2 in 50 ml of CHC13. The 
solution was gently refluxed for 2 hr. The solvent was evapo
rated in vacuo. The resulting dark residue was dissolved in water, 
and the solution was made basic (Na2C03) and then extracted 
with ether. After removing the ether, the residual oil was 
distilled to give a 57% yield of product, bp 127° (6 mm), n25r> 
1.4997. 

Anal. Calcd for C9Hi,Cl2N: C, 51.43; H, 8.16: CI, 33.74; 
N, 6.67. Found: C, 51.36; H, 8.11; 01,33.99; N, 6.84. 

4-Butyl-10-methyl-l,4-diazabicyclo[4.4.0]decane (X). Method 
A.—Butylamine (4.2 g, 0.0576 mole) was added dropwise to 3 g 
(0.0143 mole) of VII. To this mixture was added 50 ml of 
acetone and 25 ml of wrater. The resulting solution was refluxed 
for 12 hr. The bulk of the solvent was removed in vacuo, the 
remaining solution made basic (NaOH) and extracted with ether. 
After removing the ether, the remaining oil was distilled in vacuo 
(Table I). The dipicrate decomposed at 240°. 

Anal. Calcd for QaHasNgOu: C, 44.91; 11,4.83: N, 16.76. 
Found: C, 44.81; H, 4.64; N, 16.72. 

4-Benzyl-10-methyl-l,4-diazabicyclo[4.4.0] decane (XI). 
Method B.—Benzylamine (4.1 g, 0.0383 mole) in 25 ml of chloro
form was added dropwise to a solution of 7.3 g (0.0348 mole) of 
VII and 7.0 g (0.0696 mole) of triethylamine in 50 ml of CHC13. 
The solution was refluxed for 18 hr. The solvent was evaporated, 
the residue was dissolved in water, and the solution was made 
basic with NaOH. The mixture was then extracted (CHC13). 
After removing the chloroform by distillation, the residual oil 
was distilled in vacuo (Table I) . The dipicrate decomposed at 
240-260°. 

Anal Calcd for C28H3oNsOi4: C.47.86: H, 4.30; X, 15.95. 
Found: C, 48.01; H, 4.52; N, 15.61. 

4-(2-Diethylaminoethyl )-10-methyl-l ,4-diazabicyclo [4.4.0]-
decane (XII).—Method B was used with the same molar quanti
ties as above. The free base could not be distilled without de
composition. I t was converted to its trihydrochloride by dis
solving in dry ethanol, passing in dry hydrogen chloride, and 
finally adding dry ether. I t was quite hygroscopic. I t was 
recrystallized from methanol and acetone, mp 236-242° dec. 

Anal Calcd for C16H34C13N3: O, 49.65: H, 9.45; CI, 29.32; 
N, 11.58. Found: C, 49.39; H, 9.73; 01,29.26; N, 11.48. 

The free base was obtained by dissolving the hydrochloride in 
water, neutralizing the solution (NaOH), and extracting with 
chloroform. After drying (K20O3), the CHC13 was removed to 
yield the pure base (Table I). 

4-(2-Hydroxyethyl)-10-methyl-l,4-diazabicyclo[4.4.0] decane 
(XIII).—Method B was used with the same molar quantities. 
The free base was quite hygroscopic; dihydrochloride, mp 255-
257°, from methanol-2-propanol-aeetone. 

Anal Calcd for CnHMCl2N20: O, 48.71: II, 8.92; 01, 
26.14; N, 10.33. Found: O, 48.73; H, 8.86; CI, 26.12; N, 
10.14. 

Compound XIII was also prepared from IX. 10-Methyl-l ,4-
diazabicyclo [4.4.0]decane (5 g, 0.0325 mole) and 1.79 g (0.0407 
mole) of ethylene oxide in 50 ml of methanol were placed in a 
pressure bottle and heated for 12 hr. After removing the meth
anol in vacuo, the residual oil was distilled in vacuo. This 
method gave somewhat better yields (Table I) . 

4-Benzhydryl-10-methyl-l,4-diazabicyclo[4.4.0]decane (XIV). 
-Method B w'as used with the same molar quantities. The di

hydrochloride of XIV was prepared by dissolving the oil, from 
the CHCI3 solution, in dry acetone and adding dry HC1. The 
addition of petroleum ether or diethyl ether precipitated a gum. 
This was dissolved in 2-propanol and acetone was carefully 
added to produce a solid. The latter was recrystallized from 
methanol-ethyl acetate (Table I ) . A pure sample of the free 
base could not be obtained. 

4-( 2-Piperidinoethyl )-l 0-methyl-l ,4-diazabicyclo [4.4.0] decane 
(XV).—Method B was used and the oil was converted to a tri
hydrochloride by the procedure used for XIV. The salt was 
recrystallized from ethanol-acetone. 

4-Phenylthiocarbamyl-10-methyl-l,4-diazabicyclo[ 4.4.0] dec
ane (XVI).—Phenyl isothioeyanate (0.S75 g, 0.0065 mole) 
was added dropwise to a solution of IX (1 g, 0.0065 mole) in 10 

nil of cyclohexane. The resulting precipitate was recrystallized 
from cyclohexane (Table I). 

4-(2-p-Nitrobenzamidoethyl)-10-methyI-l,4-diazabicyclo-
[4.4.0]decane (XVII).—A solution of 3 g (0.0195 mole) of IX and 
3.74 g (0.0195 mole) of 1-p-nitrobenzoylethylenimine in 100 nil of 
acetone was refluxed for 24 hr. The solvent was removed -in 
vacuo and 1he residual oil was solidified by the addition of petro
leum ether. The product was recrvstallized from cvclohexane 
(Table 1). 

4-( 2-Aminoethyl )-10-methyl-l ,4-diazabicyclo (4.4.0J decane 
(XVIII).—A solution of XVII in 6 .V HC1 was refluxed for 2 hr. 
The precipitated p-nitrobenzoic acid was removed by filtration. 
The filtrate was made basic (NaOH) and extracted (CHC13). 
After removing the chloroform, the remaining oil was distilled 
in vacuo (Table I). The trihydrochloride of this base was 
formed from an acetone solution by adding dry HC1. It was 
recrystallized from a mixture of methanol and 2-propanol: mp 
265-268° dec. 

Anal. Calcd for C,ill26Cl3N3: C,43.07; II, 8.55; 01, 34.68; 
N, 13.70. Found: C, 43.05; H, 8.38; 01,34.58; X, 13.62. 

4-(2-p-Aminobenzamidoethyl)-10-methyl-l,4-diazabicyclo-
[4.4.0]decane (XIX).—A solution of 3.46 g (0.01 mole) of XVII 
in 100 ml of ethanol was hydrogenated over platinum. The 
catalyst was removed by filtration and the filtrate was evaporated 
in vacuo. The semisolid residue could not be obtained in analyti
cally pure form. It was dissolved in a mixture of chloroform and 
acetone and treated with dry HC1. The resulting hydrochlo
ride was recrystallized from a mixture of methanol and 2-pro
panol (Table I). 

Dimethyl 2,6-Pyridinedicarboxylate.—A solution of 43 g (0.258 
mole) of 2,6-pyridinedicarboxylic acid in 150 ml SOCI2 was re
fluxed for 18 hr. The SOCl3 was evaporated in vacuo leaving a 
solid residue. Methanol was added carefully with cooling and 
stirring; yield of ester 98%, mp 123-125°.s 

Dimethyl 2,6-Piperidinedicarboxylate.—Dimethyl 2,6-pyri-
dinedicarboxylate (49.5 g, 0.254 mole) was dissolved in 250 ml of 
warm glacial acetic acid and hydrogenated over platinum.6 I t is 
advisable to keep the solution at 50-60° to keep the solute from 
precipitating; yield 60%., mp 92-93°. 

Dimethyl 1 -(2-( p-Nitrobenzamidoethyl )piperidine-2,6-dicar-
boxylate.—A solution of 3.23 g (0.0161 mole) of dimethyl 2,0-
piperidinedicarboxylate and 3.08 g (0.0161 mole) of 1-p-nitro-
benzoylethylenimine in 50 ml of dry ethanol was refluxed for 
12 hr. The solvent was evaporated in vacuo, and the resulting 
solid was extracted with benzene. The benzene solution was ex
tracted with dilute HC1, and the acid solution was made basic 
(Na2C03) and extracted (CHCI3). The chloroform solution was 
dried (K2C03) and then evaporated. The remaining solid was 
recrystallized from petroleum ether; yield 8 1 % , mp 101-104°. 

Anal Calcd for Ci„H23X30,: C, 54.95; H, 5.89: X, 10.68. 
Found: C,54.91; 11,5.88; X, 10.45. 

5-Oxo-l,4-diazabicyclo[4.4.0]decane-10-carboxyIic Acid. A 
solution of 3 g (0.0077 mole) of dimethyl l-(2-p-nitrobenzamido-
ethyl)piperidine-2,0-dicarboxylate in 100 ml of 6 .V HC1 was re
fluxed for 4 hr. The precipitated p-nitrobenzoie acid was re
moved by filtration, the filtrate was extracted with ether, and 
then the filtrate was evaporated to dryness. The residue was 
washed with acetone and then with dimethylformamide; yield 
of hydrochloride 84%, mp 272-274° dec. The product was 
analytically pure without further purification. 

Anal Calcd for C9HiSClN203: 0 ,46.06; 11,6.44; 01,15.11; 
X, 11.94. Found: C, 46.05; II, 6.60; CI, 15.12; X, 11.72. 

Methyl 5-Oxo-l,4-diazabicyclo[4.4.0]decane-10-carboxylate. 
—5-Oxo-l ,4-diazabicyclo [4.4,0]decane-10-carboxylie acid was 
suspended in methanol and saturated with dry H O , and the 
mixture refluxed for 12 hr. The methanol was removed in 
vacuo and the residue was dissolved in water. The water solu
tion was made basic (KOH) and extracted (CHC13). The chloro
form solution was dried (K2C03) and the chloroform then was 
removed by distillation. The residue was recrystallized from 
benzene-petroleum ether; yield 63%, mp 155.5-156.5°. 

Anal. Calcd for Ci0Hi6N,O3: C, 56.68; H, 7.60; X, 13.20. 
Found: C,56.63; H, 7.72; X, 13.11. 

10-Hydroxymethyl-l ,4-diazabicyclo [4.4.0] decane (XX).—A 
solution of 15 g (0.071 mole) of methyl 5-oxo-l ,4-diazabicyelo-
[4.4.0]decane-10-carboxy]ate in KM) ml of warm fetrahydrofuran 

1 j) U. A. Hurncs iiii'l it. AI. tales, J. Am. L'htm. i'uc, 75, 1)75 il'J.W). 
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was added dropwise to a suspension of 8.1 g (0.212 mole) of 
LiAlH4 in 50 ml of tetrahydrofuran The mixture was refluxed 
for 48 hr. The excess hydride was destroyed by the careful 
addition of water, and the white precipitate was removed by 
filtration and washed with 2-propanol. The combined washings 
and filtrate was evaporated to leave a heavy oil. The latter 
was distilled in vacuo, bp 156-166° (2 mm) (Table II). 

4-(2-DiethylaminoethyI)-10-hydroxymethyl-l,4-diazabicyclo-
[4.4.0]decane (XXI). General Procedure.—A solution of 3 g 
(0.0176 mole) of XX in 50 ml of acetone was added dropwise to 
a stirred solution of 2.79 g (0.0176 mole) of 2-diethylaminoethyl 
chloride hydrochloride and 3.55 g (0.0352 mole) of triethylamine 
in 50 ml of water. The solution was refluxed for 24 hr, evapo
rated to half volume, made basic (KOH solution), and extracted 
(CHCI3). The chloroform extract was dried (K2CO3) and 
evaporated to yield an oil. The latter was dissolved in dry 
acetone and treated with dry HC1. The resulting trihydrochlo-
ride was recrystallized from a mixture of methanol and 2-pro
panol (Table II). 

4-PhenyIethyl-10-hydroxymethyI-l,4-diazabicyclo[4.4.0]-
decane (XXII) was prepared by the general procedure, for XXI, 
with phenethyl bromide as the halide, and using 0.120 M amounts. 
The mixture was evaporated to dryness and the residue was 
heated with a small amount of 2-propanol and cooled to cause 
crystallization. It was then recrystallized from a mixture of 
methanol and 2-propanol (Table II). 

4-(2-PiperidinoethyI-10-hydroxymethyl)-l,4-diazabicyclo-
[4.4.0] decane (XXIII) was prepared by the general procedure 
with l-(2-chloroethyl)piperidine as the halide and using 0.020 
M quantities of the reagents (Table II). 

4-BenzhydryI-10-hydroxymethyl-l ,4-diazabicyclo [4.4.0] decane 
(XXIV).—The general procedure was followed in this case 
with benzhydryl chloride as the halide, and using 0.020 M 
quantities of the reagents. The dihydrochloride was recrystal
lized from methanol-ethyl acetate; mp 213-214° dec. The 
salt was dissolved in water and the solution made basic (NaOH). 
The resulting free base was removed, washed with water, and 
dried (Table II). 
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A number of 3- or 4-disubstituted amino-l-aryl-2-pyrrolidinone derivatives have been prepared, some of 
which were found to possess a potent antiinflammatory effect when administered intraperitoneally. These 
compounds were obtained by the reaction of 2-disubstituted aminobutyrolactones with aniline derivatives, or by 
alkylation of 3- or 4-ammo-l-aryI-2-pyrrolidinones. 

Some new derivatives of propionanilide, N-^-amino-
alkylpropionanilides (III), were reported by Wright 
and co-workers1 as effective analgesic agents. The 
compounds in this series are considered analogs of 
methadone (I) and isomethadone (II), in which the 
quaternary carbon atom and one of the phenyl groups 
are replaced by a nitrogen atom. We had previously 
prepared various analogs of N-2-aminoalkylpropionani-
lides such as IV,2 V,3 VI,4 VII,4 and VIII,5 in order to 
study the relation between their chemical structure 
and pharmacological activity, and found that some of 
them have strong analgesic, antipyretic, and anti
inflammatory activities. 

This paper is limited to a report on the synthesis 
and antiinflammatory activity of a series of 3- and 4-
disubstituted amino-l-aryl-2-pyrrolidinones. 3-Disub-
stituted amino-l-aryl-2-pyrrolidinones and their 5-
methyl homologs were prepared by methods A and B as 
illustrated below. Method A was applied to the com
pounds, in which R' and R " form a morpholino, 
piperidino, and pyrrolidino ring. According to Berti's6 

or Scheradsky's7 method, a-bromo-y-butyrolactone 

(1) W. B. Wright, Jr., H. J. Brabander, and R. A. Hardy, Jr., J. Am. Chem. 
Soc, 81, 1518 (19S9). 

(2) N. Shigematsu, Chem. Pharm. Bull. (Tokyo), 9, 970 (1961); N. 
Sugimoto, K. Okumura, N. Shigematsu, and G. Hayashi, Annual Report of 
Tanabe Seiyaku Co., Ltd., Vol. 6, Tanabe Seiyaku Co., Ltd., Osaka, Japan, 
1961, p 67. 

(3) N. Sugimoto, K. Okumura, N. Shigematsu, and G. Hayashi, Chem. 
Pharm. Bull. (Tokyo), 10, 1061 (1962). 

(4) K. Okumura and I. Inoue, ibid., 12, 718 (1964). 
(5) Presented at the Kinki Local Meeting of the Pharmaceutical Society 

of Japan, Nov 23, 1962. 
(6) F. A. Berti, Gazi. Chim. ltd., 84, 420 (1954). 
(7) T. Scheradsky, Y. Knobler, and M. Frankel, J. Org. Chem., 26, 1482 

(1961). 
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(X) was treated with morpholine, piperidine, and 
pyrrolidine to give 2-disubstituted aminobutyrolactone 
(XI), which yielded 3-disubstituted amino-l-aryl-2-
pyrrolidinone (XII) on reaction with aniline or its 


