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A new synthesis for 1,4-diazabicyclo{4.4.0 |decane has been developed. The synthesis of a series of 1,4-diazabicyclo[4.3.0]-
nonanes has been accomplished for the first time. The 1,8-diazabicyclo[4.3.0nonane system has also been synthesized for the
first time. A new method for the preparation of 2-aminomethylpiperidines is also reported.

Pipecolic acid (2-piperidinecarboxylic acid) and
diethyl 1-carboxymethylpyroglutamate were the
starting materials for the diazabicyclodecanes
and nonanes reported in this paper.

The first attempt to prepare 14-diazabicyclo-
[+.4.0]decane was unsuccessful. The commercially
available picolinic acid was hydrogenated to 2-
piperidinecarboxylic acid and converted to its
ethyl ester by the method of McElvain and Adams.?
The ester was converted to ethyl 1-cyanomethyl-2-
piperidinecarboxylate by treatment with chloro-
acetonitrile. Attempts to hydrogenate the cyano-

methyl compound, using platinum oxide or pal-

ladium on carbon, failed to yield the corresponding
ethyl 1-8-aminoethyl-2-piperidinecarboxylate. Hy-
drogenolysis occurred and ethyl 2-piperidinecar-
boxylate was the only product. Although 1-8-
aminoethyl-2-piperidinecarboxylate appeared to
be an ideal compound for preparing the lactam
corresponding to the 1,4-diazabicyelo[4.4.0]decane,
attempts to prepare it were dropped in favor of an
easier synthesis of the lactam.

When ethyl 2-piperidinecarboxylate, in the
presence of g catalytic amount of its hydrochloride,
was treated with one equivalent of ethyleneimine
the lactam, 5-keto-1,4-diazabicyclo[4.4.0]ldecane
(1) was formed. Reduction of I with lithium alumi-
num hydride gave 1,4-diazabicyclo[4.4.0]decane
(IT). During the course of this work compound II

0

I II

was synthesized by a different method.? However,
the method employed in the present investigation
seems to be an improvement in terms of ease and
overall yield. When 1,4-diazabicyclo{4.4.0]decane
was treated with ethylene oxide it was converted
to the 4-8-hydroxyethyl compound. Attempts
to prepare the tosyl derivative of the g-hydroxy-
ethyl compound led to the formation of the 4-3-
pyridinium derivative.

(1) 8. M. McElvain and R. Adams, J. Am. Chem. Soc.,
45, 2745 (1923).

(2) K. Winterfield, K. Kullmar, and W. Gobel, Ber., 92,
1510 (1959).
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A number of 1,4-diazabieyelo[4.3.0nonanes were
prepared from 1-g-chloroethyl-2-chloromethylpyr-
rolidine(III). The preparation of this compound is
reported in the preceding paper.® In order to intro-
duce a variety of substituents into the 4-position
of the 1,4-diazabicyclo[4.3.0Tnonane(IV), ring clo-
sure of the N-mustard(III) was effected by re-
actions with three classes of amines: n-alkylamines,
dialkylaminoalkylamines, and g-phenylethylamines.
The unsubstituted 1,4-diazabicyclo[4.3.0]nonane
(R==H) was prepared by the debenzylation (hydro-
genolysis) of the corresponding 4-benzyl deriva-
tive. In addition to the diazabicyclononanes
smaller amounts of 1-g-alkylaminoethyl-2-alkyl-
aminomethylpyrrolidines(V) were also obtained
in some cases. These reactions were carried out

CH.Cl N—R CH,NHR
N--CH,CH,CI N/ T\ N-CH,CHNHR
11 v v
RNH,

under a variety of conditions but in general the
reactions proceeded most satisfactorily when car-
ried out in 509, aqueous acetone. The 1,4-diaza-
bicyclo[4.3.0]nonanes are examples of a new
heterocyclic ring system. They are listed in Table
I

The tendency of g-haloamines to undergo rear-
rangement during reaction with nucleophilic rea-
gents has frequently been noted.* Fusion and Zirkle
have reported the ring expansion of l-ethyl-2-
chloromethylpyrrolidine to 1-ethyl-3-chloropiperi-
dine.’ In contrast with the latter observation, the
reaction of 3-chloropiperidines with amines to form

(3) M. E. Freed and A. R. Day, J. Org. Chem., 25, 2105
(1960).

(4) J. F. Kerwin, G. E. Ullyot, R. C. Fuson and C. L.
Zirkle, J. Am. Chem. Soc., 69, 2961 (1947); E. M. Schultz
and J. M. Sprague, J. Am. Chem. Soc., 70, 48 (1948); 8. D.
Ross, J. Am. Chem. Soc., 69, 2082 (1947).

(5) R. C. Fuson and C. L. Zirkle, J. Am. Chem. Soc., 70,
2760 (1948).
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S 2-methylpyrrolidines have been reported.® These
:; occurrences suggested that a possibility existed
o e o & iecn | B that  1-8-chloroethyl-2-chloromethylpyrrolidine
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cis-1,4-Diazabicyclo[4.4.0]decane

to be a useful synthesis of substituted 2-amino-
methylpiperidines,

Conformations of the diazabicyclo ring systems. X-
ray analysis has shown that N-substituted hetero-
cyclic structures such as N,N’-dichloropiperazine?
and the tetracyclic o-isosparteine exist in chair
conformations. Thus it appeared reasonable to
consider only the chair-chair form of the 1,4-
diazabicyclo[4.4.0ldecanes. Two such forms pos-
sible are the trans and the cis. They differ in that the
unshared electron pair of the bridgehead nitrogen
and the hydrogen of the bridgehead carbon may be
situated trans or ¢is to each other.

The investigations of Bohlmann on the conforma-
tions of many alkaloids possessing the quinolizi-
dine structure provides a means of distinguishing
between such conformational isomers.? This work
reported the correlation of a group of bands ap-
pearing in the infrared spectra of quinolizidines,
between 2700-2800 cm. ), with a trans ring fusion,
the absence of such bands being evidence for a cis
ring fusion. Those bands are also present in simple
amines but not in amine derivatives such as amides.

Since 1,4-diazabicyclo[4.4.0]decane contains both
bridgehead and nonbridgehead nitrogen, the elec-
tron pair of the latter were immobilized by forma-
tion of the 4-phenylthiourea. The infrared spectrum
of this compound showed the frans bands at 2760-
2785 cm.™!. From this it would appear probable
that the more stable conformation is that of trans
1,4-diazabicyclo[4.4.0]decane.

(8) P. Anderson and O. Hassel, Acta. Chem. Scand., 3,
1180 (1949).

(9) ¥. Bohlmann, Angew. Chem., 69, 641 (1957); F.
Bobhlmann and C. Arndt, Ber., 91, 2167 (1958); F. Bohl-
mann, Ber., 92, 1798 (1959).
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trans cis

1,8-Diazabicyclo[4.3.0]nonane

Similarly, when the infrared spectrum of the
4-phenylthiourea derivative of 1,4-diazabicyclo-
[4.3.0]nonane was examined, the trans bands were
again present, appearing at 2775 ecm. 1. Here again
the trans conformation appears to be more stable.

In view of the foregoing results, it was expected
that in the 1,8-diazabicyclo[4.3.0]nonanes the trans
form would also be the more stable. However, when
the infrared spectra of the phenylurea derivative
of 1,8-diazabicyclo{4.3.0lnonane was examined,
there were no bands in the 2700-2800 cm. ! region.
This evidence suggests that the cis form is the more
stable. Examination of simple ball-spring models
of the cis and {rans forms of this molecule reveals
a possible explanation for this observation. When
the models are constructed in accordance with
accepted principles, 7.e., with large substituents
in the equatorial position, the free electron pairs
belonging to the two nitrogen atoms are found in
axial positions, in close proximity for the trans
form. The spacial requirement of the nitrogen
electron pair is greater than that for hydrogen®®
and on steric grounds alone this could destabilize the
trans form. In addition it must be considered that
the repelling effect due to the proximity of two
electron pairs weculd be a destablizing force.
Thus the greater stability of the cis form is prob-

- ably due to the unfavorable 1,3-diaxial interaction

of the electron pairs of the nitrogen atoms in the
trans form.

EXPERIMENTAL

Melting points were determined by the capillary tube
method in a Hoover-Thomas apparatus. The melting point
values are uncorrected.

Eihyl 1-cyanomethyl-2-piperidinecarbozylate. Chloroaceto~
nitrile (15 g., 0.2 mole) was added to a well stirred slurry of
ethyl 2-piperidinecarboxylate (31 g., 0.2 mole) and anhy-

(10) D. H. R. Barton and R. C. Cookson, Quart. Rev., 10,
44 (1956).
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drous potassium carbonate (28 g., 0.2 mole). A fairly vigor-
ous reaction occurred. After stirring for 2 hr., sufficient water
was added to dissolve the inorganic salts and the solution
was then extracted with benzene. The extract was washed
with saturated sodium chloride solution and dried over an-
hydrous sodium sulfate. After removing the benzene by dis-
tillation, the remaining oil was distilled in vacuo. There was
obtained 27 g. (69%) of ethyl l-cyanomethyl-2-piperidine-~
carboxylate, b.p. 110~115°/0.2 mm., n% 1.4700. The base
was converted to the hydrochloride by the addition of hy-
drogen chloride to an acetone solution of the base. The hy-
drochloride was recrystallized from ethanol-acetone, m.p.
138-139°,

Anal. Caled. for CloHuNzOgCl: C, 51.61; H, 7.36; N,
12.04; Cl, 15.24. Found: C, 51.48; H, 7.48; N, 11.96; Cl,
15.25.

Attempts to reduce the cyanomethyl compound to the
corresponding S-aminoethyl derivative were unsuccessful.
Hydrogenolysis occurred with both platinum and palladium
as catalysts and only ethyl 2-piperidinecarboxylate was iso-
lated.

5-Keto-1,4-diazabicyclo4.4.0)decane. Ethyl 2-piperidine-
carboxylate (15 g., 0.1 mole) and 0.15 g. of the corresponding
hydrochloride were added to 100 ml. of ethanol and the
solution heated to boiling. To the refluxing solution was
added dropwise 4.3 g. (0.1 mole) of ethyleneimine in 50 ml.
of dry ethanol. Refluxing was continued for 24 hr. The sol-
vent was removed in vacuo. The residue was recrystallized
from ethyl acetate, yield 529, m.p. 133-135°. It was re-
crystallized again from acetone, m.p. 134-134.5°.

Anal., Caled. for C;HN2O: G, 62.25; H, 9.14; N, 18.15.
Found: C, 62.21; H, 9.15; N, 17.98.

1,4~Diazabicyclo[4.4.0)decane. 5-Keto-1,4-diazabicyclo~
[4.4.0]decane (20 g., 0.13 mole) in 200 ml. of dry tetrahydro-
furan was added dropwise to a stirred suspension of 8 g.
(0.21 mole) of lithium aluminum hydride in 300 ml. of
tetrahydrofuran. The reaction mixture was refluxed for 12
hr., cooled, and 32 ml. of water added gradually to decom-
pose the lithium aluminum compounds. The mixture was
stirred for 2 hr. and filtered. The precipitate was extracted
with 250 ml. of hot 2-propanol and the extract added to the
filtrate. The combined solutions were dried over anhydrous
sodium sulfate and then concentrated to about 25 ml. at
100°. The residual oil was distilled ¢n vacuo. The yield of 1,4+
diazabicyclo[4.4.0]decane was 63%, b.p. 98-99°/25 mm.

Anal. Caled. for CsHieNa: C, 68.55; H, 11.52; N, 19.96.
Found: C, 68.39; H, 11.73; N, 20.17.

The dihydrochloride was prepared in dry ether solution
and recrystallized from 2-propanol, m.p. 213-214°,

Anal. Caled. for CsHysN,Cle: C, 45.10; H, 8.52; N, 13.14;
Cl, 33.27. Found: C, 44.95; H, 8.64; N, 13.16; Cl, 33.09.

The phenylthiourea derivative was prepared by treating
a cyclohexane solution of the base with phenylisothiocyan-
ate. It was recrystallized from ethanol, m.p. 118-119°,

Anal. Caled. for C;HyN;S: C, 65.60; H, 7.71; N, 15.27.
Found: C, 65.75; H, 7.59; N, 15.27.

4-(2-Hydroxyethyl)-1,4-diazabicyclo[4.4.0)decane. To 5 g.
(0.036 mole) of 1,4-diazabicyclo|4.4.0]decane in 20 ml. of
methanol was added a solution of 2 g. of ethylene oxide in
10 ml. of methanol. After standing for 16 hr., the methanol
was removed and the residue distilled ¢n vacuo. The yield was
4.7 g. (72%), b.p. 98-100°/0.3 mm., n2® 1.5920.

Anal. Caled. for C,oHN:0: C, 65.17; H, 10.94; N, 15.21,
Found: C, 65.33; H, 11.03; N, 15.30.

Treatment of the base in ether solution with methyl io-
dide gave a dimethiodide which was recrystallized from
ethanol, m.p. 195-196°.

Anal. Caled. for C;2HaeN:OI,: C, 3078; H, 560; N, 5.98;
I, 54.22, Found: C, 30.59; H, 5.84; N, 6.13; I, 54.21.

4-(2-Hydroxyethyl)-1,4-diazabicyclo[4.4.01decane (2.5 g.,
0.014 mole) was dissolved in 30 ml of dry pyridine. The
solution was cooled to 5° and 2.7 g. of p-toluenesulfonyl
chloride added in small portions, while keeping the temper-
ature below 10°, The mixture was allowed to stand at 0-5°
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for 3 days. The pyridine was removed under reduced pres-
sure at room temperature. The residue was stirred with 5 ml.
of ice water, then with 20 ml. of cold 2N potassium carbo-
nate solution. The residual oil was dissolved in benzene and
the solution dried over anhydrous sodium sulfate. The ben-
zene solution was refluxed for 4 hr. and then concentrated to
s small volume. When the oily residue was triturated with
acetone, it solidified. It was recrystallized from methanol-
acetone, yield 17%, m.p. 134-135°.

Anal. Caled. for CpHauN;3SO;: C, 63.50; H, 7.26; N,
10.08; 8, 7.70. Found: C, 63.25; H, 7.19; N, 9.98; S, 7.64.
The analysis indicates the compound to be 4-(2-pyridini-
umethyl)-1,4-diazabicyclo[4.4.0 ldecane tosylate

4-Benzyl-1,4-diazabicyclo[4.3.0lnonane. To a solution of 9
g. (0.04 mole) of 1-(8-chloroethyl)-2-chloromethylpyrrolidine
hydrochloride in 100 ml. of 50% aqueous acetone was added
17 g. (0.16 mole) of benzylamine. After 16 hr. of refluxing
most of the acetone was removed by distillation. The aque-
ous solution was cooled, made strongly basic with solid
sodium hydroxide and extracted with benzene. The benzene
solution was dried over sodium hydroxide pellets. The ben-
zene and benzylamine were removed by distillation and the
residue distilled in vacuo. The yield of the free base was 499,
b.p. 130-135°/2 mm. The dihydrochloride was prepared
from an ethereal solution of the base and dry hydrogen
chloride. It was recrystallized from ethanol-acetone, m.p.
239-240, [«]3F —13.34° (1% in 95% ethanol).

The dipicrate was prepared from the free base and picric
acid in hot ethanol solution. It was recrystallized from
ethanol, m.p. 249-250°.

Anal. Caled. for CyeHaelNO14: C, 46.30; H, 3.89; N, 16.63.
Found: C, 46.23; H, 3.90; N, 16.50.

A second product was obtained from the above preparation
which distilled at 185-195°/2 mm. The presence of N—H
absorption in the infrared indicated the product was the
triamine, 1-(8-benzylaminoethyl)-2-benzylaminomethyl-
pyrrolidine. The base (1.5 g., 11.6%) was converted to a
trihydrochloride in ether solution. After recrystallization
from 2-propanol, the hydrochloride melted at 245-246°,

Anal. Calcd. for 021H32Nacla: C, 5823, H, 7.45; Cl, 2457,
N, 9.71. Found: C, 58.03; H, 7.59; C], 24.34; N, 9.52.

The tripicrate of this second product, made from the tri-
hydrochloride and aqueous lithium picrate, melted at 112-
113°,

Anal. Caled. for CagHasNuOn: C, 4675; H, 378; N,
16.25. Found: C, 46.55; H, 3.56; N, 16.37.

§-Keto-1,4-diazabicyclo[4.3.0nonane hydrochloride. Ethyl
2-pyrrolidinecarboxylate (20 g., 0.14 mole), prepared by
the esterification (Fischer) of proline, was dissolved in 100
ml. of dry ethanol and a trace of dry hydrogen chloride was
introduced. To this was added 6 g. of ethyleneimine in 50
ml. of ethanol. The mixture was refluxed for 20 hr. and the
solvent removed under reduced pressure. The residue could
not be crystallized and could not be distilled without exten-
sive decomposition. A chloroform solution of the residue was
adsorbed on a column of alumina. Elution with chloroform
separated the product from a dark band of more strongly
adsorbed material. The chloroform solution was treated with
dry hydrogen chloride and a hydrochloride was obtained. It
was recrystallized from ethanol; yield 30%, m.p. 242-243°,

Anal. Caled. for C;H;;N.OCl: C], 20.20; N, 15.90. Found:
Cl, 20.40; N, 15.92.

1,4-Diazabicyclo(4.8.0nonane. (a) From 5-keto-1,4-di-
azabicyclo[4.3.0jnonane. 5 - Keto - 1,4 - diazabicyclo4.3.0 lno-
nane (7.5 g., 0.053 mole) in 75 ml. of dry tetrahydrofuran
was added to a stirred suspension of lithium aluminum hy-
dride (3.3 g., 0.09 mole) in 100 ml. of tetrahydrofuran. After
15 hr. of refluxing, 15 ml. of water was carefully added. The
precipitate was removed and washed with ethanol. The
washings were added to the filtrate and the resulting solution
was dried over anhydrous sodium sulfate. The solvent was
removed and the residual oil distilled in vacuo, yield 30%,
b.p. 74-75°/10 mm., n% 1.4950. The hydrochloride was
prepared in the usual manner and recrystallized from etha-
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nol, [aly —2.84 (1% in 959, ethanol). Treatment of the
free base with phenyl isothiocyanate in petroleum ether (b.p.
30-60°) gave the corresponding N-phenylthiourea deriva-
tive which was recrystallized from petroleum ether-acetone,
m.p. 122-123°,

Anal. Caled. for Ci,Hi,N5S: N, 16.10; 8, 12.25. Found: N,
15.97; S, 12.05.

(b) From 4-benzyl-1,4-diazabicyclo[4.83.0nonane. Two
grams (0.09 mole) of 4-benzyl-1,4-diazabicyclo [4.3.0 nonane
in 10 ml. of glacial acetic acid was hydrogenated over 200
mg. of platinum oxide at 40 lb. p.s.i. and 60°. After remov-
ing the catalyst, 2 ml. of conced. hydrochloric acid was added
and the solution concentrated on a steam bath to a syrup.
On cooling, the product solidified and was recrystallized
from ethanol. The product melted at 204-205° and a mixed
melting point determination with the dihydrochloride ob-
tained from the reduction of 5-keto-1,4-diazabicyclo[4.3.0]-
nonane gave no depression.

4-Propyl-1,4-diazabicyclo[4.3.0 lnonane. Nine grams (0.04
mole) of 1-8-chloroethyl-2-chloromethylpyrrolidine hydro-
chloride was placed in a 100 ml. flask fitted with a dropping
funnel and a Dry Ice condenser. The flask was cooled in an
ice bath and 9.6 g. (0.16 mole) of n-propylamine was added
over g period of 10 min. The ice bath was then removed.
After a few minutes, refluxing began spontaneously and all
of the material dissolved. After standing overnight, the
mixture was taken up in 100 ml. of water. The solution was
made strongly basic with 409 sodium hydroxide solution,
extracted with ether, and the ether extract dried over anhy-
drous sodium sulfate. After removing the ether, the residual
oil was distilled i vacuo; yield 44%, b.p. 130-135°/25 mm.
The free base darkens on standing. It was converted to the
dihydrochloride in the usual manner. It was recrystallized
from ethanol-acetone. The dihydrochloride had an analysis
corresponding to a monohydrate which suggests that the free
base had picked up a molecule of water before the hydro-
chloride was prepared.

The dimethiodide was prepared from the free base and
methyl iodide, in ether solution, and recrystallized from
ethanol, m.p. 215-216°.

Anal. Caled. for C;sHpeN.I: N, 6.19; 1, 56.14. Found: N,
5.98; 1, 56.15.

4=Amyl-1,4-dinzabicyclo[4.3.0 [nonane. To 4.5 g. (0.02
mole) of 1-8-chloroethyl-2-chloromethylpyrrolidine hydro-
chloride was added 7 g. (0.08 mole) of n-amylamine. Xylene
(25 ml.) was added and the solution refluxed for 1 hr. The
xylene was removed under reduced pressure. The residue
was worked up as in the preparation of 4-propyl-1,4-diaza-
bicyclo[4.3.0lnonane. The yield was 36%, b.p. 82-85°/0.2
mm.

The dihydrochloride was prepared from an acetone solu-
tion of the base and was recrystallized from acetone-alcohol.

A dipicrolonate was prepared from the base and two
equivalents of picrolonic acid in methanol solution. The
yellow product was recrystallized from ethanol, m.p. 223-
224°,

Anal. Caled. for CupHgeNiOn: C, 52.88; H, 5.83; N,
19.26. Found: C, 53.02; H, 5.93; N, 19.31.

A second fraction was obtained, from the original distilla~
tion, which boiled at 144-148°/0.2 mm., yield 18%. This
material was found to be the unclosed triamine, 1-8-amyl-
aminoethyl-2-amylaminomethylpyrrolidine. It was not pos-
sible to prepare a pure salt from this base. A trimethiodide
was made from the base and excess methyl iodide in acetone
solution. It was recrystallized from acetone, m.p. 221-222°,

Anal. Caled. for CuHyN3Is: C, 34.30; H, 6.30; N, 5.98; 1,
53.70. Found: C, 34.12; H, 6.10; N, 6.12; I, 54.00.

4~v=-Dimethylaminopropyl-1,4-diazabicyclo{4.3.0nonane.
To 4.5 g. (0.025 mole) of freshly distilled 1-8-chloroethyl-2-
chloromethylpyrrolidine was added, slowly with stirring, 9
g. (0.075 mole) of N,N-dimethyl-1,3-propanediamine. The
solution was heated carefully to 80° at which point a vigorous
reaction took place and some cooling was necessary. Finally
the mixture was heated at 100° for 3 hr. After cooling, the
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solid mass was dissolved in & minimum amount of water.
The solution was made strongly basic with sodium hydroxide
pellets. The oily layer was taken up in l-butanol and the
aqueous layer extracted with more 1-butanol. The 1-butanol
extracts were dried over anhydrous sodium sulfate and the
butanol removed under reduced pressure. The residue was
fractionally distilled at 25 mm. The yield was 339, b.p.
138-140°/25 mm., n%5 1.4815. The trihydrochloride was
prepared from an acetone solution of the base and recrystal-
lized from methanol-acetone, [«}?} —9.16° (1% in 959
ethanol).

4-B-Piperidinoethyl-1,4-diazabicyclo [4.3.0 lnonane. To 6.8
g. (0.03 mole) of 1-8-chloroethyl-2-chloromethylpyrrolidine
hydrochloride was added gradually 15 g. (0.12 mole) of 1-(2-
aminoethyl) piperidine with stirring and warming. The
reaction was less exothermic than when N,N-dimethyl-1,3-
propanediamine was used. The mixture was then heated at
150° for 20 min. The mixture was worked up as in the case of
4-y-dimethylaminopropyl-1,4-diazabicyclo [4.3.0nonane ex-
cept that chloroform was used as the extracting solvent.
Fractional distillation in vacuo gave a 33% yield of product,
b.p. 120-125°/0.5 mm. The trihydrochloride was prepared
in 2-propanol solution and recrystallized from 2-propanol-
methanol, [«]%} —12.44 (19 in 95% ethanol).

4-B-Phenylethyl-1,4-diazabicyclo[4.3.0lnonane. B-Phen-
ylethylamine (7.2 g., 0.06 mole) was added slowly with stir-
ring to 4.5 g. (0.02 mole) of 1-8-chloroethyl-2-chloromethyl-
pyrrolidine hydrochloride. The reaction was quite exother-
mic. Finally the mixture was heated at 160-170° for 20 min.
The mixture was worked up as in the case of the dimethyl-
aminopropyl derivative except that ether was used as the
extracting solvent. Fractional distillation gave a 359, yield
of product, b.p. 122-124°/0.5 mm., #35 1.5375. The dihy-
drochloride was made in ether solution and recrystallized
from acetone-ether. The dimethiodide was made in boiling
acetone and recrystallized from dry ethanol, m.p. 212-213°.

Anal. Caled. for CyHasNol,: C, 39.78; H, 5.48; N, 5.47;
I, 49.35. Found: C, 39.88; H, 5.28; N, 5.44; I, 49.52.

From the original fractional distillation, a higher boiling
fraction (200-210°/0.5 mm. ) was obtained which proved to
be 1-8-(8-phenylethyl)aminoethyl 2-8-phenylethylamino-
methylpyrrolidine, yield 319%,. It was converted to a trihy-
drochloride which was recrystallized from methanol-acetone,
m.p. 256-257°,

Anal. Caled. for CosHiN:Cly: C, 59.93; H, 7.87; N, 0.12;
Cl, 23.08. Found: C, 59.72; H, 7.67; N, 9.20; Cl, 22.88. A
tripicrate, made in dry ethanol solution, melted at 225-226°.

Anal. Caled. for CuHeN20s: C, 47.40; H, 4.07; N,
16.18. Found: C, 47.21; H, 4.20; N, 16.30.

4-(a-Methyl-B-phenylethyl)-1,4-diazabicyclo[4.3.0 Inonane.
1-(B3-Chloroethyl)-2-chloromethylpyrrolidine hydrochloride
(4.5 g., 0.02 mole) and 11 g. (0.08 mole) of a-methyl-3-
phenylethylamine were refluxed for 18 hr. in 100 ml. of 509
aqueous acetone. The acetone was removed by distillation
and the aqueous solution made strongly basic with sodium
hydroxide. The solution was extracted with benzene and
the extract dried over sodium sulfate and fractionally dis-
tilled in vacuo. The product distilled at 117-120°/0.2 mm.,
yield 469%. The dihydrochloride was prepared in 2-propanol
solution and recrystallized from the same solvent, [«]??
—4.81 (1%, in 959, ethanol).

The monomethiodide made in boiling acetonitrile was re-
crystallized from ethyl acetate, m.p. 134-135°.

Anal. Caled. for CyHNLI: C, 52.80; H, 7.05; N, 7.27; 1,
32.84. Found: C, 52.73; H, 6.89; N, 6.29; I, 32.90. The value
for nitrogen was consistently about 1% low and could not
be improved by recrystallizations.

4-(a,a~Dimethyl-B-phenylethyl)-1 4-diazabicyclo[4.3.0 no-
nane. This compound was prepared from o,a-dimethyl-5-
phenylethylamine by the procedure used for making 4-(a-
methyl-g-phenylethyl)-1,4-diazabicyclo{4.3.0 Jnonane.

The dipicrate melted at 202-203°.

Anal. Calcd. for ngH32N3014Z C, 48.65, H, 45, N, 15.63.
Found: C, 48.72; H, 4.63; N, 15.54.
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4-B-(4-Methoxyphenyl)ethyl-1,4-diazabicyclo[4.3.0 Inonane.
This compound was also prepared by the method used for
making 4-(e-methyl-g-phenylethyl)-1,4-diazabicyclo[4.3.0]-
nonane using S-4-methoxyphenylethylamine as the starting
amine.

The dipicrate melted at 214-215°,

Anal. Calcd for OngaoNsOs! C, 4680, H, 422, N, 15.62.
Found: C, 46.95; H, 4.45; N, 15.57.

4-B-(8,4-Dimethozyphenyl)ethyl-1,4-diazabicyclo[4.3.0no-
nane. To a stirred suspension of 9 g. (0.04 mole) of 1-8-
chloroethyl-2-chloromethylpyrrolidine and 30 g. of pow-
dered potassium carbonate in 100 ml. of refluxing xylene was
slowly added a solution of 7.2 g. (0.04 mole) of 8-3,4-di-
methoxyphenylethylamine in 50 ml. of xylene. Refluxing
was continued for 12 hr. and water was then added to dissolve
the solids. The aqueous layer was separated and the xylene
layer extracted with dilute hydrochloric acid. The acid ex-
tract was added to the aqueous layer and the solution made
strongly basic with potassium hydroxide pellets. The oily
layer was extracted with chloroform and the chloroform
solution was dried over anhydrous sodium sulfate. Frac-
tional distillation in vacuo gave a 309 vield of produet, b.p
160-168°/0.1 mm. The dihydrochloride was made in ether
solution and recrystallized from 2-propanol.

A dipicrate was prepared by adding an aqueous solution
of lithium picrate to an aqueous solution of the dihydro-
chloride. It was recrystallized from water and then from
acetone, m.p. 248-249°.

Anal. C&l(}d for CngagNsole: C, 4652; H, 431, N, 14.97.
Found: C, 46.72; H, 4.50; N, 15.15.

7,9-Dikeio-1,8-diazabicyclo[4.3.0nonagne. Potassium iso-
cyanate (2.7 g.) was added to a solution of 6.25 g, of ethyl
pipecolate hydrochloride in 20 ml. of water. After standing
overnight, 4 drops of coned. hydrochloric acid was added
and the solution evaporated to dryness at 100°. The residue
was extracted with hot acetone. The acetone solution was
evaporated to dryness and the residual oil triturated with
dry ether until it solidified. It was recrystallized from ether,
m.p. 123-123.5°.

Anal. Calcd. for CTHmNzOg: C. 5450, H, 654, N, 18.30.
Found: C, 54.70; H, 6.64; N, 18.51.

1,8-Diazabicyclo(4.8.0nonane. To 11.4 g. (0.3 mole) of
lithium aluminum hydride suspended in 300 ml. of dry
tetrahydrofuran was added slowly 14 g. (0.09 mole) of 7,9-
diketo-1,8-diazabicyclo{4.3.0lnonane in 50 ml. of tetra-
hydrofuran. The mixture was stirred and refluxed for 8 hr.
After cooling, 48 ml. of water was carefully added with stir-
ring and the inorganic material removed by filtration. The
precipitate was washed with 2-propanol and the washings
were added to the tetrahydrofuran solution. The solution
was concentrated under reduced pressure to an oil. The lat-
ter was taken up in ether and the solution dried over anhy-
drous sodium sulfate. Fractional distillation gave a 269%
yield of 1,8-diazabicyclo(4.3.0lnonane, b.p. 155-156°,
n%? 1.4740. The dihydrochloride was prepared in ethanol-
ether sclution and recrystallized from ethanol, m.p. 178-
179°.

Anal. Caled. for CiHN.Cle: C, 42.22; H, 8.10; N, 14.08;
Cl, 35.60. Found: C, 42.05; H, 8.23; N, 14.20; Cl, 35.41.

A phenylurea derivative was prepared by treating the
base with phenylisocyanate in dry ether solution. It was re-
crystallized from ethanol, m.p. 210-210.5°.

Anal. Caled. for CiHisN;O: C, 68.54; H, 7.80; N, 17.13.
Found: C, 68.74; H, 7.60; N, 16.95.

8-Ethyl-7,9-diketo-1,8-digzabicyclo[4.3.0)nonane.  Ethyl
pipecolate (3.2 g., 0.02 mole) was added to 1.4 g. of ethyl
isocyanate in 25 ml. of cyclohexane. After standing for 2
hr., the solution was concentrated to a syrup on a steam
bath. Several drops of coned. hydrochloric acid were added
with stirring and a semisolid mass formed. This was extracted
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with ether and the ether solution dried over anhydrous so-
dium sulfate. After removing the ether, the residual oil was
distilled 4n vacuo. The yield of 8-ethyl-7,9-diketo-1,8-diaza~
bicyclo[4.3.0lnonane was 64%, b.p. 106-108°/0.1 mm., n3¢
1.5004.

Anal. Caled. for CeHuN.Os: C, 59.32; H, 7.7; N, 15.37.
Found: C, 59.33; H, 7.9; N, 15.44.

8-Ethyl-1,8-diazabicyclo[4.3.0 lnonane. A solution of 11 g.
(0.06 mole) of 7,9-diketo-1,8-diazabicyclo[4.3.0]nonane in
25 ml. of dry ether was added solwly to a stirred suspension of
7.6 g. (0.2 mole) of lithium aluminum hydride in 100 ml. of
anhydrous ether. The mixture was then refluxed for 24 hr.
Thirty milliliters of water was carefully added and the mix-
ture was stirred for 2 hr. 2-Propanol (100 ml.) was then
added and the mixture filtered. After drying the filtrate over
sodium sulfate, the solvent was removed and the residual oil
distilled 7n vacuo. The yield was 67%, b.p. 98-100°/25 mm.,
n%y 1.4730.

Anal. Caled. for CHisN.: C, 70.10; H, 11.76; N, 18.15.
Found: C, 70.24; H, 11.58; N, 18.22.

When a sample of the base was treated with methyl p-
toluenesulfonate in ether solution, a dimetho-p-toluenesulfo-
nate was obtained. It was recrystallized from acetone, m.p.
210-210.5°.

Anal. Caled. for CpHiNeS:0s: C, 56.90; H, 7.27; N
5.32. Found: C, 56.82; H, 7.36; N, 5.41.

8-Butyl-7,9-diketo-1,8-diazabicyclo[4.3.0lnonane. This com-
pound was prepared by the procedure used for 8-ethyl-7,9-
diketo-1,8-diazabicyelo[4.3.0nonane. The yield was 69%7,
b.p. 155-158°/2 mm., n35 1.4928.

Anal. Caled. for CiiHysN:0s: C, 62.83; H, 8.63; N, 13.32.
Found: C, 62.80; H, 8.69; N, 13.32.

8-Butyl-1,8-diazabicyclo]4.3.0Inonane. The corresponding
keto compound was reduced with lithium aluminum hydride
as described for the preparation of 8-ethyl-1,8-diazabicyclo-
[4.3.0lnonane. The yield was 65%, b.p. 115-117°/10 mm.,
n%s 1.4718.

Anal. Caled. for CiiHNy: C, 72.47; H, 12.17; N, 15.36.
Found: C, 72.63; H, 12.31; N, 15.22.

A dimetho-p-toluenesulfonate was prepared by treating
the base in ether solution with methyl p-toluenesulfonate.
It was recrystallized from methanol-acetone, m.p. 176-177°.

Anal. Calcd. for CgTHmNQn 206: C, 5848, H, 763, N,
5.05; S, 11.54. Found: C, 58.62; H, 7.81; N, 4.90; S, 11.70.

Preparation of 2-alkylaminomethylpiperidines from 8-
alkyl-1,8-diazabicyclo[4.3.0nonanes. When any of the 1,8-
diazabicyclo[4.3.0lnonanes were treated with 2N hydro-
chloric acid, the odor of formaldehyde was immediately
discernible. A stream of nitrogen passed through the solu-
tion and then into a solution of 2,4-dinitrophenylhydrazine
producing a precipitate of formaldehyde 2,4-dinitrophenyl-
hyvdrazone, m.p. 165-166°. Evaporation of the hydrochloric
acid solutions gave the corresponding aminomethylpiperidine
hydrochlorides. The latter were recrystallized from metha-
nol-acetone or ethanol-ether. The yields were nearly quanti-
tative.

1,8-Diazabicyeclo[4.3.0lnonane — 2-Aminomethylpiperi-
dine dihydroehloride, m.p. 177-178°,

Anal. Caled. for CHN-Cla: C, 38.50; H, 8.62; N, 14.98;
Cl, 37.90. Found: C, 38.31; H, 8.72; N, 14.78; Cl, 37.68.

8-Ethyl-1,8-diazabicyclo!4.3.0nonane — 2-Ethylamino-
methylpiperidine dihydrochloride, m.p. 201-202°.

Anal. Caled. for CsHyoN-Cle: C, 44.70; H, 9.37; N, 13.03;
Cl, 32.92. Found: C, 44.68; H, 9.21; N, 12.95; C], 32.82,

8-n-Butyl-1,8-diazabicyclo{4.3.0jnonane —  2-Butyl-
aminomethylpiperidine dihydrochloride, 192.5-193°.

Anal. Caled. for CHaN2: C, 49.45; H, 9.97; N, 11.53;
Cl, 29.15. Found: C, 49.65; H,9.80; N, 11.61; Cl, 29.32.
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