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A number of substituted 1,4-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 1,4-diazabicyclo[4.4.0]decanes having sub-
stituents in the 4 and 10 positions. In 1960, Freed and
Day! 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 I1.

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-1,4-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.? The resulting product, ethyl 1-(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., 26, 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 I1.
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Tasrr 1
4-SUBSTITUETED 1O-METHY -1, 4-D1\ZABICYCLO [ 440 DECAN Ex
CH.
?\I/\
N—R
Yield, . Caled, ' - ceeeee = Ponmnd, -
No. R Ch Bp, °C Formnia C 11 N 1 ! H N )

IN I 80 Gt (0.63) CulligNe 70.07 I11.76 1817 T0.10 11.75 18.:3¢
X n-Callg fire 158 (0.85) CiallsN, THE2 1206 13,32 T4.04 12,61 13.51
X1 CoHsClIy 156 158-162 (3) 7861 0.00 11.45 T840 9.5 11.52
NI1 (C2Hg)eNCH:CH, 18 Dee #Ha TLOY 12.33 16.58 TILIT 12051 16.46
NI1II HOCH: (' He 60 128 (0.85) Cnl 66.62 11,18 1412 66.83 11.30 14.10
N1V (CeHs)a("H 407 Dec CoHaCle Ny 6717 T.60 712 18,04 B7.82 7.5 T.32 17.8G
NV { N—CH,CH. 11% Dee CrllagClN 51.27 o1t 11,21 28 38 144 927 11.51 28.20
NVl Cells NI1CS 70% Cisllyy Nt 6G.30  &.01 1452 66.50  8.20  11.30
NVl p-OeNCsHiCONIICI:C He 7ot CissN 4O 62.41  7.37 16.17 62 42 7.47 16,09
N VI IL:NCH:CH, W 105-116 (0. 13 ColluNg 66.9G 11.75 21.30 66,01 11.55 21,19
NIX p-1LNCeHsCON T CHLC 1 oy CsllaCN©O 70077 731 13,16 28,75 5069 T.21 1300 28.5)

>
I
“ Isolated only as a dihydrochloride, mp 228-220° dee.  * Isolated ouly as a trihydrochlorvide, myp 16%.5-170. < Mp 165.5-170° dec.

Mp 128.5-120.5°. ¢ Isolated ouly as a trihyvdroehloride, mp 250-253° dec.

TabLy II
A-SUBSITTUTED HO-HYDROXYMETIIYL-1,4-D1520B1CY L4 4.0 DECANES

CH,0H
N
N—R
Yield, Caled, "5 e, =1onnd, € = e

No. R i Ay, 2C Formuin C 1T N (@ [ II (G
XX H 72 CoHi N0 63,40 10.65 16,44 63.24 1077 16.2
NXI (CyH;);NCH,CH, 45* 243-246 dec C;HaCLNLO 47.56 9.05 11.00 2508 47.29 0.02 11.12 27.74
NXNII C¢Hs;CH,CH, D¢ 274-276 dec CrHxCENO G878 N1g 0 K.07 20,42 O8.068 0 S.11 7T.83 20062
XNXIII < NCH,CH, EA 27752790 dee  CsHuCLNLO 4917 S.77 10.75 27.22 45,48 881 1057 206,97
XXIV  (CsH:).CH 16 1533-154 CoHays N0 TNLOZ N30 N3 N4 832 N4

¢ Oil, bp 158-166° (2 mm). * Isolated only as a trihydrochloride.  « Isolated only as a dilydrochloride.

Pharmacological Test Results.>—Compounds XI1I-
XV were first evaluated in a general behavioral screen
(Table ITI). These four compounds were also tested
in a series of antagonism studies. None of the com-
pouiids possessed any significant ability to reverse the
cffect of pentylenetetrazole (anticonvulsant action),
reserpine  (antidepressant  effect), Tremorine (anti-
parkinsonism action), or electroshock (auticonvulsant
action).

TasLe III
CrNnrraL Nurvous SysteM EfrFecrs Founy witn
10-SUBSTITUTED 1,4-Di1azaBreycro'4.4.0]pDECANES
Minimal dose at wlich response
was observed, mg kg

e C O POU DU o e e e

Response N1I XI1i1 N1V NV
Hyperactivity to (ouch 400
Tremors 400 127 400
Conviulsions 100
Decreased motor activity 10 {27 127 41
Sedation ataxia 127 127 127
Righting reflex loss 127
Prosix 127
Hypothermia 400
Myvdriasis 40 400 12.7
Hyperenin 40}
N of deaths at 400 mg/kg 3/ 0/3 174 0/3

i3) The plarinacologic]l evaluadons were perforared by Wyel) Labora-
Cories, 1ue,, Radnpr, Pa.

The remaining 10-methyl compounds and the four
10-hydroxymethyl compounds were algo examiued but
showed no particular activity in the general beliavior
tests,

The first four compounds, XII-XV, werce also tested
for antiliustaminic activity using sections of guinea pig
ileum and cldorpheniramine as the coutrol drug.  The
compounds showed some ability to inhibit the histaline
response but not to a degree suggestive of clinical
usefulness,

Nine of these compounds were tested for their
liypotensive activity in  5,0h-diallylbarbituric  acid--
wrethan  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 shight,
31-60 mm was considered moderate, and >61 nun 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
nmuke them candidates for further work in order to
determine their mechanism of action. Preliminary
oxperintents not yet completed indicate that compound
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TasLe IV

HypoTeENsIvE ErrEcTs Founp wiTH 10-SUBSTITUTED
1,4-D1azaBicycro(4.4.0]DECANES

Blood pressure Heart rate,
—~—(systolic/diastolic), mm— beats/min
Dose, Before Max Before Max
No. mg/kg drug change drug change
XII 1.0 110/75 +25/4+15
+25/+15
5.0 110/75 —20/-15
+25/4+15
10.0 105/70 —-20/-15
XIII 1.0 145/95 0 156 0
5.0 140/85 +10/0 162 0
10.0 155/90 +5/+5 162 —6
XIV 0.5 190/140 —35/—30 150 —12
5.0 195/145 —145/—110 144 —78
XV 1 140/80 +-5/4+5 132 0
5 155/80 +10/4+5 138 +12
10 150/85 +10/+5 168 +6
XVIII 1.0 175/110 —75/—45 184 —24
5.0 160/105 —75/—55 156 —-30
XXI 1.0 135/100 0 138 +24
5.0 140/100 —15/0 162 0
10.5 145/105 —35/—20 168 —18
20.5 145/110 —45/—35 162 —-30
XXII 1.0 145/105 -5/-5 108 +12
5.0 145/100 —-10/-5 120 —6
10.0 149/95 —35/-30 114 0
XXIII 1.0 145/90 +5/+5 180 —6
5.0 150/95 0 174 —6
10.0 145/95 —15/-15 162 —6
20.0 125/85 —50/—50 144 —-30
XXIV 1.0 135/90 —5/—10 150 0
5.0 120/75 —35/—35 138 —24

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.t The free base boiled at
89-91° (4 mm), n?p 1.4510, lit.* bp 99-100° (13 mm).

Anal, Caled for CoHixNO2: 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. Caled for CsHjsCINO,: C, 52.01; H, 8.73; N, 6.74.
Fouud: C, 51.94; H, 8.94; N, 6.46.

Ethyl 6-Methyl-1-(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-
enimine? (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°,
vield 70%.

(4) M. V. Rubtsov, E. 8. Nikitskaya, and V. 8, Usovskaya. J. Gen. Chem,
USSR, 26, 129 (1956).
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Anal. Caled for CisHxN30s: C, 59.49; H, 6.94; N, 11.56.

Found: C,59.55; H,7.11; N, 11.66.

10-Methyl-1,4-diazabicyclo[4.4.0)decan-5-one.—Ethyl 6-
methyl-1-(2-p-nitrobenzamidoethyl)-2-pipegidinecarboxylate
(11.5 g, 0.032 mole) was suspended in 100 ml of 6 N HCI and the
mixture was refluxed for 24 hr. It 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 pt 266°.

Anal.  Caled for CoHiyCINLO: 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 53%.

Anal. Caled for CoHgN:0: C, 64.25; H, 9.59; N, 16.65.
Found: C, 64.11; H, 9.65; N, 16.43.

10-Methyl-1,4-diazabicyclo[4.4.0)decane (IX).—A solution of
1.5 g (0.009 mole) of 10-methyl-1,4-diazabicyclo[4.4.0]decan~-5-
one in 15 ml of tetrahydrofuran was added dropwise to a slurry
of 0.57 g (0.015 mole) of LiAlH, in 20 ml of tetrahydrofuran,
and the mixture was refluxed for 12 hr. The excess LiAlH,
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
HCl. The dihydrochloride (very hygroscopic) was recrystallized
from 2-propanol-acetone and obtained in 209, yield, mp 255~
258° dec.

Anal. Caled for CsHeoCLN,: C, 47.58; H, 8.87; CI, 31.21;
N, 12.33. Found: C, 47.48; H, 8.93; C], 30.97; N, 12.42.

A larger batch of product was prepared from 21.5 g (0.128
mole) of 10-methyl-1,4-diazabicyclo[4.4.0]decan-5-one and 7.3 g
(0.192 mole) of LiAlHs. 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
809, n*p 1.5006.

1-(2-Hydroxyethyl)-6-methyl-2-piperidinecarboxylic Acid &-
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), n?Dp 1.4894,
yield 70%.

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

1-(2-Hydroxyethyl)-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 LiAIH, in 35 ml of anhydrous ether. The mixture was
refluxed for 12 hr. The excess LiAlH; 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), n%p 1.5015,
yield 40%.

Anal. Caled for CoHisNO,: 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 LiAlH, in1 150 ml of dry ether. The
mixture was refluxed for 20 hr. The excess LiAlH, 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-hydroxymethyl-
6-niethylpiperidine was recrystallized from petroleum ether,
mp 83-83.5°, yield 71%.

Anal. Caled for GGHisNO: 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, 0.0533 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 petrolenm ether. This solid
proved to be starting material (509;). The filtrate was evapo-
rated, the oily residue was dissolved in 15 mil of methanol con-~
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taining 2.58 g of ethyleue oxide, and the solution was heated as
before, on a steam bath, for 5 days. Evaporation of the solvent
and distillation of the residnal oil gave a 299 yield of VI, based
ou 0.053 mole of starting material.
1-(2-Chloroethyl)-2-chloromethyl-6-methylpiperidine (VII).—
1-(2-Hydroxyethyl)-2-hydroxymethyl-6-methylpiperidine (13.9 g,
0.08 mole) it 50 ml of chloroform was added dropwise to a stirred
xolution of 23.8 g (0.2 mole) of SOCL in 50 wl of CHClL;. The
solution was gently refluxed for 2 hr. The solvent was evapo-
rated invacuo. The resulting dark residue was dissolved in water,
and the solution was made basic (Na;CO;) and then extracted
with ether. After removing the ether, the residual oil was
distilled to give a #7% yield of produet, bp 127° (6 mmj, n%p
1.4997.
Anal.  Caled for CGHRCLN:  C, 51.43; 1, 8.16; Cl, 33.74;
N, 6.67. Found: C, 51.36; H, 8.11; (1, 33.99; N, 6.84.
4-Butyl-10-methyl-1,4-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 water. The resulting solution was refluxed
for 12 hr. The bulk of the solvent was removed 7n #acuo, 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. Caled for CyuHpNgOqs: C, 44.91; H, 4.83; N, 16.76.
Foand: C, 44.81; H, 4.64; N, 16.72.
4-Benzyl-10-methyl-1,4-diazabicyclo[4.4.0)decane (XI).
Method B.—Benzylamine (4.1 g, 0.0383 1ole) in 25 ml of chloro-
forin was added dropwise to a solution of 7.3 g (0.0348 inole) of
VII and 7.0 g (0.0696 mole) of triethylaniiue in 50 ml of CHCl;.
The solution was refluxed for 18 hr.  The solveut was evaporated,
the residue was dissolved in water, and the solution was made
basic with NaOH. The mixture was theu extracted (CHCI;).
After removing the chloroform by distillation, the residual oil
was digtilled 1n vacuo (Table I). The dipicrate decomposed at
240-260°.
Anal.  Caled for CgHyNgO:  C, 47.86; I, 4.30; N, 15.95.
Found: C, 48.01; H, 4.52; N, 15.61.
4-(2-Diethylaminoethyl)-10-methyl-1,4-diazabicyclo[4.4.0]-
decane (XII).—Method B was used with the same molar quanti-
ties as above. The free base could 1ot be distilled without de-
composition. It was eonverted to its trihydrochloride by dis-
solving in dry ethanol, passing in dry hydrogen chloride, and
finally adding dry ether. It was quite hygroscopic. It was
recrystallized from methanol and acetone, mp 236-242° dec.
Anal. Caled for CisHuCELN;:  C, 49.65; H, 9.45; Cl, 29.32;
N, 11.58. Found: C,49.39; H,0.73; Cl, 29.26; N, 11.48.
The free base was obtained by dissolviug the hydrochloride in
water, nentralizing the solution (NaOH), and extracting with
chiforoform.  After drying (X.COQj), the CHCl; was removed to
vield the pare base (Table I).
4-(2-Hydroxyethyl)-10-methyl-1,4-diazabicyclo[4.4.0]decane
(XII).-~Method B was used with the saine molar quantities.
The free base was quite hygroscopic; dihydrochloride, mp 235
257°, from methanol-2-propanol-acetone.

Anal. Caled for CuHuCLN,O: G, 48.71; H, 8.92; CJ,
26.14; N, 10.33. Found: C, 48.73; H, 8.86; Cl, 26.12; Y\,
10.14.

Compomid XIII was also prepared from IX. 10-Methyl-1,4-
dinzabicyelo[4.4.0]decane (5 g, 0.0325 mole) and 1.79 g (0.0407
mole) of ethylene oxide in 30 ml of methauol were placed in a
pressiire bottle and heated for 12 hr.  After removing the meth-
anol in vacuo, the residnal oil was distilled in vacuo. This
niethod gave somewhat better yields (Table I).

4-Benzhydryl-10-methyl-1,4-diazabicyclo{4.4.0]decane (XIV).
- Method B was used with the same molar quantities. The di-
hydrochloride of X1V was prepared by dissolving the oil, from
the CHCI; =olution, inn dry acetone and adding dry HCl. The
addition of petrolenn ether or diethyl ether precipitated a guu.
This was dissolved in 2-propanol and acetone was carefully
added to produce a solid. The latter was recrystallized from
methanol-ethyl acetate (Table 1), A pure sample of the free
base conld not be obtained.

4-(2-Piperidinoethyl)-10-methyl-1,4-diazabicyclo[4.4.0] decane
(XV).——Method B was used and the oil was converted to a tri-
hydrochloride by the procedure nsed for XIV., The salt was
recrystallized from ethanol-acetone.

4-Phenylthiocarbamyl-10-methyl-1,4-diazabicyclo[4.4.0] dec-
ane (XVID.--Pheuyl isothiocyanate (0.875 g, 0.0065 1nole)
was added dropwise to a solution of IX (1 g, 0.0065 mole) in 10
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il of eyclohexane. The resulting precipitate was recrystallized
from eyclohexaue (Table I).
4-(2-p-Nitrobenzamidoethyl)-10-methyl-1,4-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-nitrobenzoylethyleuitniune in 100 1l nf
acetonne was refluxed for 24 hr.  The solvent was removed ¢n
vacuo and the residnal oil was solidified by the additiou of petro-
leum ether. The product was recrystallized from cyclohexanc
(Table 1).
4-(2-Aminoethyl)-10-methyl-1,4-diazabicyclo/4.4.0]decane
(XVIH).—~A solution of XVII in 6 ¥ HCI was refluxed for 2 hr.
The precipitated p-nitrobenzoic acid was removed by filtration.
The filtrate was made bagic (NaQH) and extracted (CHCL).
After removing the chloroform, the remaining oil was distilled
in vacuo (Table 1). The trihydrochloride of thi¢ base wi
formed from an acetone solution by adding dry HCL It was
recrystallized frour a wixture of methanol and 2-propanol; wp
265-268° dec.
Anal. Caled for CulleCLNg: ) 43.07; 11, 8.55; CL 34.68;
N, 13.70. Fouand: C, 43.05; H, 8.38; Cl, 34.58; N, 1:3.62.
4+(2-p-Aminobenzamidoethyl)-10-methyl-1,4-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 platimun. The
catalyst was removed by filtration aud the filtrate was evaporared
in vacup.  The semisolid residue could not be obtained iu analyti-
cally pure form. Tt was dissolved in & mixture of chloroform and
acetone and treated with dry HCL The resulting hydrochlo-
ride wus recrystallized from a mixture of methanol and 2-pro-
panol (Table 11
Dimethyl 2,6-Pyridinedicarboxylate.—A solution of 43 g (0.258
mole) of 2,6-pyridinedicarboxylic acid in 150 wml SOCl was re-
fluxed for 18 hr.  The SOCL was evaporated in vacwo leaving a
solid residue. Nethanol was added carefully with cooling and
stirring; vield of ester 989, mp 123-125°58
Dimethy! 2,6-Piperidinedicarboxylate—Dimethyl 2,6-pyri-
dinedicarboxylate (49.5 g, 0.254 niole) was dissolved in 250 nil of
warm glacinl acetic acid and hydrogenated over platinuint Tt ix
advisable to keep the solution at 50-60° to keep the sohite frow
precipitating; yield 809, mp 92-93°.

Dimethyl 1-(2-(p-Nitrobenzamidoethyl)piperidine-2,6-dicar-
boxylate.—A sohition of 3.23 g (0.0161 mole) of dimethyl 2,6-
piperidinedicarboxylite and 3.08 g (0.0161 mole) of I-p-uitro-
benzoylethylenimine it 50 ml of dry ethanol was refluxed for
12 hr.  The solvent was evaporated in vacuwo, and the resnlting
solid was extracted with benzeue. The belizeue solution was ex~
tracted with dilute HCL, and the acid solution was made basic
(NayCOy) and extracted (CHCI;).  The chloroforin sohition was
dried (K,C0Q3) and then evaporated. The remaining solid wax
recrystullized from petrolenm ether; vield 8147, mp 101-104°,

Anal. Caled for CistlygNyOp: €, 534.95; H, 5.89; N, 10.068.
Forad: ( 54.91; H, 5.88; N, 10.45.

5-0x0-1,4-diazabicyclo[4.4.0]decane-10-carboxylic Acid. A
=olttion of 3 g (0.0077 mole) of dimmethyl 1-(2-p-uitrobeuzamido-
ethyDpiperidive~2,6-dicarboxylate in 100 ml of 6 N HCI was re-
fluxed for 4 hr. The precipitated p-nitrobenzoic acid wius re-
moved by filtration, the filtrate was extracted with ether, and
theu the filtrate was evaporated to dryness. The residue was
washed with acetone aud then with dimethylformamide; yield
of hydrochloride 84%, mp 272-274° dec. The product was
analytically pure without further purification.

Anal.  Caled for CoHCINGOy: €, 46.06; H, 6.44; Cl, 15.11;
N, 1194, TFound: C, 46.05; 1II, 6.60; CIl, 15.12; N, 11.72,

Methyl 5-Oxo-1,4-diazabicyclo[4.4.0]decane-10-carboxylate.
w5-0x0-1,4-diazabicyvclo[4.4.0]decane-10-carboxylic  acid  was
suspended i1 methanol and satnrated with dry HCL, and the
mixlure refluxed far 12 hr.  The methanol was removed in
vacuo and the residue was dissolved in water. The water sohi-
tion was made basic (KOH) and extracted (CHCL). The chloro-
formr solution was dried (K.CQ;) and the chloroforin then was
removed by distillation. The residae was recrystallized from
benzene-petroleaun ether; yield 639, mp 155.5~156.5°.

Anal, Caled Tor CollgNyGQy: C, 56.68; H, 7.60; N, 13.20.
Found: C, 56.63; H, 7.72; N, 13.11.

10-Hydroxymethyl-1,4-diazabicyclo[4.4.0]decane (XX).—A
solutian of 15 g (0.071 wole) of methyl S-oxo-1,4-diazabieyclo-
I4.4.0]decanc-tO-earboxylate in 100 3ul of warm tetrahydrofiran

(33 R. A\, Darnes sawed 1L N Fales, /. Am. Cheon, Soc., T8, 975 (1UH3).
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was added dropwise to a suspension of 8.1 g (0.212 mole) of
LiAlH, 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 n vacuo, bp 156-166° (2 mm) (Table II).

4+(2-Diethylaminoethyl)-10-hydroxymethyl-1,4-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
(CHCL;). The chloroform extract was dried (X;CO;) and
evaporated to yield an oil. The latter was dissolved in dry
acetone and treated with dry HCL. The resulting trihydrochlo-
ride was recrystallized from a mixture of methanol and 2-pro-
panol (Table II).
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4-Phenylethyl-10-hydroxymethyl-1,4-diazabicycio[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-Piperidinoethyl-10-hydroxymethyl)-1,4-diazabicyclo-
[4.4.0]decane (XXIII) was prepared by the general procedure
with 1-(2-chloroethyl)piperidine as the halide and using 0.020
M quantities of the reagents (Table II).

4-Benzhydryl-10-hydroxymethyl-1,4-diazabicyclo[4.4.0]decane

(XX1IV).—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-amino-l-aryl-2-pyrrolidinones.

Some new derivatives of propionanilide, N-tamino-
alkylpropionanilides (III), were reported by Wright
and co-workers' 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-t~aminoalkylpropionani-
lides such as IV,2 V,® V1,4 VII,4 and VIIL? 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-1-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’s®
or Scheradsky’s’” method, a-bromo-y-butyrolactone

(1) W, B, Wright, Jr., H, J. Brabander, and R. A. Hardy, Jr., J. Am. Chem.
Soc., 81, 1518 (1959).

(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. Okuwmura and I, Inoue, ibid., 12, 718 (1964),

(5) Presented at the Kinki Local Meeting of the Pharmaceutical Society
of Japan, Nov 23, 1962.

(8) T'. A. Berti, Gazz. Chim. Ital., 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-1-aryl-2-
pyrrolidinone (XII) on reaction with aniline or its



