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The same procedure was used to obtain N-(2,5-dichlorophenyl )-
N’-(2-hydroxyethyl )ethylenediamine. For analysis a sample
was recrystallized from toluene, m.p. 95°.

Anal.  Caled. for C,yHiCLN-O: C, 48.20; H, 5.66. Found: C,
48.5; H, 5.6.

D. 1-(4-Pyridyl)piperazine (51).—A solution of l-benzyl-4-
(4-pyridyl)piperazine! (25.33 g., 0.1 mole) in 100 ml. of 2 N
HCI and 500 ml. of methanol was hydrogenated with 10 g. of
palladium-on-chareoal catalyst (59 by wt.) at room tempera-
ture under atmospheric pressure. The theoretical amount of
hydrogen was taken up in 3 hr. The catalyst was filtered and
the filtrate was concentrated in vacuo on a rotary evaporator.
The resulting white solid was taken up in water, and the solution
was made alkaline with KOH. The precipitate was collected
and dried to give 51 in nearly quantitative yield. It was recrys-
tallized from heptane.

E and F. 1-(3,4-Dimethoxyphenethyl)-4-(2-pyridyl)pipera-
zine (34).—A solution of 113 g. (0.46 mole) of 3,4-dimethoxy-
phenethyl bromide” and 150 g. (0.92 mole) of 1-(2-pyridyl)-
piperazine in 1 1. of anhydrous xylene was refluxed for 10 hr. with
stirring. After cooling, the mixture was filtered to remove 1-
(2-pyridyl)piperazinium bromide (the solid was dried, yield 111
g.) and the filtrate was extracted with 500 ml. of 55, HCL. This
solution was immediately made basic at 10-20°. The white solid
which formed was collected, washed with water, and dried to
give 138 g. (929,) of 34. Recrystallization from 3 1. of heptane
produced pure product.

1-(2,5-Dimethoxyphenethyl )-4-(2-pyridyl )piperazine Hydro-
chloride (33).—Following the same procedure, 1-(2,5-dimethoxy-
phenethyl)-4-(2-pyridyl)piperazine was obtained as an oil after

(7) The necessary phenethyl halides were obtained according to litera-
ture methods: 3-methoxyphenethyl chloride, W. S. Rapson and R. Robin-
son, J. Chem. Soc., 1533 (1935); 4-methoxyphenethyl bromide, J. B. Shoe-
smith and R. J. Connor, ibid., 2230 (1927); 3,4-dimethoxyphenethyl bro-
mide, 8. Sugasawa, J. Pharm. Soc. Japan, 67, 206 (1937); 2,5-dimethoxy-
phenethyl bromide, R. A. Barnes, J. Am. Chem. Soc., 75, 3004 (1953); 2,4-
dimethoxyphenethyl bromide was prepared in 70% yield from 2-(2,4-di-
methoxyphenyl)ethanol by the method used for 2,5-dimethoxyphenethyl
bromide, b.p. 116-119° (0.3 mm.). Anal. Caled. for CipH;sBrO:: Br,
32.60. Found: Br, 32.4.
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extraction with ether of the basic solution and concentration
in vacuo of the dried extracts. To a solution of 16.35 g. (0.05
mole) of this base in 50 ml. of absolute ethanol was added 0.1
mole of 2 N absolute ethanolic HCl. The solvent was evaporated
in vacuo and crude 33 was crystallized.

In method F, the above procedure was carried out for aralkyl
chlorides, the solution being stirred under reflux for 24 hr.

G. 1-(3,4-Dimethoxyphenethyl)-4-(2-chlorophenyl)piperazine
(6).—A solution of 120 g. (0.49 mole) of 3,4-dimethoxyphenethyl
bromide and 98 g. (0.5 mole) of 1-(2-chlorophenyl)piperazine in
1 L of 1-butanol was stirred at 105-110° for 15 hr. in the presence
of 76 g. of anhydrous potassium carbonate. The mixture was
filtered while hot and the filtrate was kept at 0° overnight to
give colorless crystals; yield, 150 g. (849,). Recrystallization
from 1.2 1, of isopropyl ether gave pure 6.

H. 1-(3,4 Dimethoxyphenethyl)-4-(2-aminophenyl)piperazine
(12).—A sample of 18.55 g. (0.05 mole) of 1-(3,4-dimethoxy-
phenethyl)-4-(2-nitrophenyl)piperazine (11) in 300 ml. of eth-
anol was hydrogenated in the pressnce of platinum oxide cata-
lyst at room temperature under atmospheric pressure. The
calculated amount of hydrogen was taken up in 15 min. and the
temperature was raised to 40-50°. The catalyst was removed
while warm and a slow crystallization in the refrigerator of the
filtrate afforded 14.1 g. (82.5%) of white crystals. Recrystal-
lization from 50 ml. of 2-propanol gave pure 12.

I. 1-(3,4-Dimethoxyphenethyl)-4-(2-acetylaminophenyl)-
piperazine (13).—Acetyl chloride (7.85 g., 0.1 mole) was added
slowly to a stirred solution of 6.8 g. (0.02 mole) of the above amine
(12) in 75 ml. of toluene under anhydrous conditions. After
refluxing for 1 hr., the solid was collected and dried to give 7.55
g. (909%) of 1-(3,4-dimethoxyphenethyl)-4-(2-acetylaminophen-
yl)piperazine hydrochloride, m.p. 200-205°. For analysis, a
sample was recrystallized from 2-propanol, m.p. 215°.

Anal, Calcd. for ngHngaOa‘HCl: Cl, 8.44.
8.3.

A 5-g. finely ground sample of the above hydrochloride was
suspended in 100 ml. of dry ether and treated with gaseous am-
monia with stirring.  After 15 min., the inorganic salt was filtered
and the filtrate was concentrated in vacuo to yield a white solid.
It was recrystallized from 150 ml. of heptane to give 4.05 g. (809%)
of 13.

Found: C},
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The alkylation of amines with l-p-nitrobenzoylethylenimine has been studied.
tuted amino)ethyllbenzamides were readily hydrolyzed to N-substituted ethylenediamines.

The p-nitro-N-[2-(substi-
The p-nitro-

benzamides were hydrogenated catalytically and a series of analogs of procaine amide were obtained. These

analogs were screened for antifibrillatory activity in the rabbit heart and in the dog heart.

pounds showed high activity.

Numerous drugs have been used to some extent in the
treatment of the heart’s rate and rhythm. However,
ouly quinidine and p-amino-N-(2-diethylaminoethyl)-
benzamide (procaine amide) are drugs of sufficient
selectivity and specificity of action to be classified as
antiarrhythmic and antifibrillatory agents. Fibrilla-
tion is a state of rapid, tremulous, and ineffective con-
tractions of the atrial or ventricular muscle. In 1918
quinidine was reported to be the most effective anti-
arrhythmic agents among the cinchona alkaloids.?
2-Diethylaminoethyl p-aminobenzoate (procaine) had
been reported to have some activity by Shen and
Simon.? In 1951, procaine amide was shown to be

(1) W, Frey, Berlin. klin. Wochschr., 65, 849 (1918).

Several of the com-

effective in the treatment of cardiac arrhythmias.?
This compound has cardiac actions essentially identical
with those of quinidine.*

Although very useful, both quinidine and procaine
amide may at times precipitate ventricular fibrillation
or respiratory collapse.” Thus it was felt that the
synthesis and study of the cardiac action of a series of

(2) T. C. R. Sher and M. A, Simon, Arch. intern. pharmacodyn., 89,
68 (1938).

(3) L. C. Mark, H. J. Kayden, J. M. Steele, J. R. Cooper, J. Berlin, E.
A. Ronenshine, and B. B. Brodie, J. Pharmacol. Exptl. Therap., 102, 5
(1951).

(4) J. Zapata-Diaz, C. E. Cabrera, and R. Mendez, Am. Heart J., 48,
854 (1952).

(5) S, P. Schwartz, S. Orloff, and C. Fox, ibid., 87, 21 (1949); B. M.
Cohen, New England J. Med., 246, 225 (1952).
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NoALKYEAMINO= O =ARYLAMINOETHY LAMINO=p=NTTROBENZAMIDES
p~ONCHOCONHCHCHOR (= NHRONRS NHAR
Time, Yield, Cnled., e =P ound, Gae—--
Compd. R AMethod min, Ligquid wilded . Mo, Formula « I H o il N
[ A 60 Hexane N Hti-HN
I - A 15 Hexane T 0406 CpHaNO, 61400 7.920 1432 61,28 775 4.1
S oo '
LT o A 10 Hexane s U749 CrbaNyO: 60 620 6. 92 1515 60,79 7 060 14 ux
~
v L J o A 1> Petr. ether 0 O4- 46 CH NGO 50200 652 15,96 5918 6,36 16 .09
TN
O
\ [J R A 60 Hexuane 46 120422 CpHEN;O0 358300 6,15 15,05 55,68 5,92 1510
N
CH
No . - - - e [
VI f N 13 15 62 120122 CHeeN O D751 6,01 1917 57.65 7.05 19,00
N
‘\,
VI J——‘\> ‘ 13 720 Tl 1931964 CpHpNiO0: 5537 .66 21.53 5558 4.73 2140
=N
VI CyH;NH-# A 720 I'thanol- i 140-142  CpHENGO: 63 14 531 14,73 63.29 550 1452
hexane
IN 2,6-( CHy ) CoHu- A 720 Fthanol- 3 111103 CpHpeNLOp 65015 612 13,41 64,95 5,97 13,27
NH- hexane
X CgH;,N(CHg)—I' A 60 Hexane 82 23125 Cils N0, 6413 5. 74 1381 64.19 5.73 1404
~l (“H((ﬁ\/v A 30 Hexune T 12y CulfNLOn TORT 565 TL1u 70034 581 1121
il
i
NI1I Q ! BB 720 S R&-H0 CrHENO, 65 A7 5. 50 13,50 65,41 5 34 1301
SN
XTIT  «CHaN : A 180%  Acetone- 44 135138 CaHigNzOy 6978 531 11,63 69.70 5,40 11.39
NH hexane
XIV D ¢ A 720  Hexane 67 S8-84 CRHNO, 58 43 665 12,03 AR.35 6.77 11.83
COOEL
NH
.- /N - \ . ) \ . Co g e s e s e = e s
N Lo A 720 Hexane (33 102-105  CrHa N0, 2948 6,95 11,56 59,67 7 17 11.36
7 C00E

« Reerystallized from petroleum ether (30-60°).
73, 204 (1953)] report m.p. 53-54°.
/ Sinters at 160°. ¢ Recrvstallized {rom ethanol-hexane.
7 Recrystallized from henzene-hexane. * Heated at 145°,

new analogs of procaine amide could possibly produce
more active and specific drugs.

The procaine analogs were prepared by alkylating a
number of primary and secondary amines with p-
nitrobenzoylethylenimine. The latter can be prepared
in good yields aund is easily purified.” p-Nitrobenzoyl-
cthylenimine readily isomerizes to 2-(p-nitrophenyl)-2-
oxazoline in acetone solution in the presence of sodium
iodide or potassium thiocyanate”  In order to de-

0
1§ CH. O~

S /"~ CH

oy@»cff/ P oa————@«g .

“CH, N\ CH

termine whether the alkylation of amines with p-
nitrobenzoylethylenimine would give both alkylation
and isomerizat'on products, the imine was treated in
acetone solution with tributylamine, diethylamine, and
n-butylamine, respect’vely. A good yield of 2-(p-
nitrophenyl}-2-oxazo! ne was obtained when the solu-
tion in acetone was refluxed with tributylamine. With
an equivalent of diethylamine, an exothermic reaction
took place, and a good yield of N-(2-diethylaminoethyl)-
p-nitrobenzamide was formed. An exothermic reac-

(6) H. W. Heine, M. 1. Ferter, and T3, M. Nicholson, J. Am. Chem. Sur..
81, 2202 (1954).

¢ Recrystallized from hexane.
E Reervetallized from acetone-hexane.

2 AL Yamazaki, Y. Kitagawa, S, Hirakd, and Y. Tsukamoto  [J. Pharin. SoecJapan,

¢ Recrystallized from ethanol.
¥ Reerystallized from acetone,

 Recrystallized from benzene.

tion was also observed with n-butylamine, but in this
case a bis derivative was obtained, N, N-di(p-nitro-
benzamidoethvl)butyvlamine.

(),N—@—(tom [CHLCHLN(CaH

(AT )aNH
cH, JONSTE
02‘\'—@'(;\\ da
N

<’):),N—A»@—<<()N/1' T (C{HN
= SCH,
\(\‘JALNH;

f\().,N—@(JONHCHQCH; N{(Hy). CH,

The monosubstituted butylamine derivative could
not be obtained by this method. Oxazoline forma-
tion does not appear to be a major competing reaction
where primary or sccondary amines are used. Irom
these observations, 1-p-nitrobenzoylethylenimine ap-
peared to be a promising alkylating agent for procaine
amide analogs.

Satisfactory vields of substituted nitrobenzamides
were obtained when p-nitrobenzoylethylenimine and
the amine were heated on a steam bath without a
solvent. However, when using more than 0.05-mole
quantities, it was found advantageous to use acetone
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HYDROCHLORIDES OF N-ALKYLAMINO- OR ~ARYLAMINOETHYL-

Compd.
1

1I

111

v
v
VI
VII
VIII
IX

X

XI
XII
XTII1e
X1V
XV

« Hydrochlorides prepared in ethanol-ether.

ANTIFIBRILLATORY p-AMINO-N-[2-(SUBSTITUTED AMINO)ETHYL]|BENZAMIDES

TasLE IT

AMINO-p-NITROBENZAMIDES?

M.p., °C.
164-166°
202-204
198-200
197-199
233-234¢
237-239¢
228-231
237-240 dec.
215-229
210-215 dec.
204-207 dec.
208-212

206-208
236-237

Formula

CiHaCINO,
CMHZOCINSOli
CIRHXESCINCKO:‘}
C13H1801N304
CI4H24CI;’/_N4O4
CIZHISCIN’JOB
015H16C1N303
CirHxCIN;O4
C1sHisCINO4
CyHa:CIN;04
CiH5CIN;O4

CirHyCIN;0;
CisHaCINO;

— Cl, %
Caled. Found
10.75 10.77
11.30 11.45
11.83 11.80
11.23 11.08
18.50 18 .53
11.95 11.70
11.02 11.12
10.14 9.96
10.56 10.44
8.61 8.65
10.19 10.32
9.19 9.37
8.87 8.74

® Ref. b, Table

109

The nitro compounds were hydrogenated in ethanol
solution, over platinum as a catalyst, to the correspond-
ing amino compounds. The latter are included in
Table III and their hydrochlorides in Table IV.

Screening for Antifibrillatory Activity.—The pharma-
cological testing of the amino compounds was done
with the aid of the personnel and facilities in the labora-
tory of Dr. Hadley L. Conn, Jr., of the University of
Pennsylvania Medical School. The testing involved
the measuring of a drug’s ability to raise the threshold
voltage necessary to produce atrial fibrillation in an
isolated rabbit heart. Detailed information concerning
these tests will be published elsewhere. Some of the
pertinent data are shown in Tables V and VI. The
other compounds which were synthesized had little or
no activity and are not included in Tables V and VI.

The N-alkylamino- or -arylaminoethylamino-p-nitro-
benzamides are convenient starting materials for the
preparation of N-substituted ethylenediamines. The

I gives m.p. 162-164°. <F. F. Blicke, H. C. Parke, and E. L.
Jenner [J. Am. Chem. Soc., 62, 3316 (1940)] give m.p. 223~

benzamides are hydrolyzed by refluxing with 6 N
HCI, and the N-substituted ethylenediamines are iso-

224°. 4 Dihydrochloride. ¢ Not possible to prepare crystalline . . .
hydrochloride lated as dihydrochlorides. Three examples of this
TasLE 111
N—ALKYLAMINO— OR -ARYLAMINOETHYLAMINO-p-AMINOBENZAMIDES
p-H.NCH.CONHCH.CH:R (R = NHR, NR,, NHAr)

————Caled., % Found, 9
Compd. R Yield, % M.p., °C. Formula C H N C H N
XVI (i-C3H:)s N~ 49 236 (2.5 C1:H N0 6830 959 1595  68.24 960  15.93
mim, )¢
XVII O b $4 118-120 CysHa N30 67.97  R.5T  16.99  67.86  8.531  16.73
NZ
XVIII ¢ 61 139-140 ChiHy N0 66.91 8.22 1801  66.80 8.45 17.85
N_
O\ d
XIX [) 61 159-160 CuH 1oN 500 62.61 7.70 16.86  62.77 7.54  16.63
:\:,
CH,
N
XX [j ‘ 64 158-161 1 Hu N0 64.08  R.47 21.36  63.97 8.64  21.19
N__
XXI CHNH-  / 35 120-122 CyHi;N:0 70.55  6.72 16.46  70.42  6.79 16.40
XXII CHyN(CHY~ ¢ 78 139-141 CreH, N0 7133 712 1560 71.18 7.14  15.46
XXITT @3 ’ 50 47-53 CirHy N0 7256 6.82 1494 7232 7.00  14.67
NH- ¢ ~
XXIV D 80 105-107 CHL NGO 6391 7.90 13.17  63.90  7.99  12.99
COOEt
NH- * i )
XXV Q 60 218-220" C1sHyCIN,0* 58.43 7.64 11.36  58.26  7.80  11.97
AY
COOFt

2 Boiling point. ? Recrystallized from acetone—ether.
acetone. ¢ Recrystallized from acetone-hexane.
(hygroscopie solid).

as a solvent to dissipate the heat of reaction. The
N-substituted ethylamino derivatives of p-nitrobenz-
amide are listed in Table I and their hydrochlorides in
Table II. Most of the amines used in preparing the
substituted p-nitrobenzamides were purified commer-
cial products. Ethyl 1-aminocyclopentanecarboxylate
and ethyl l-aminocyclohexanecarboxylate were pre-
pared by published methods. With aromatic primary
amines, unlike aliphatic primary amines, both the
monoalkylated and the dialkylated products can be
prepared.

¢ Recrystallized from acetone-petroleum ether.
7 Recrystallized from chloroform.
* All attempts to prepare the pure base have failed.

¢ Recrystallized from
7 Recrystallized from ethanol-cyclohexane
* Monohydrochloride. Cl: caled., 9.59; found, 9.50.

procedure are summarized in Table VII. The free
base of XXVIII was quite stable at room temperature,
but when its aqueous solution was refluxed, it was con-
verted to 6,9-diazaspiro[4,5]decan-10-one (XXXII).

HO
N
— X we
N
H

XXXII

HOOC CH,—CH,
H,NCH,CH,—NH—C
CH,—CH,
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HypRroCHLORIDES 0OF N~ALKYLAMINO- OR ~ARYLAMINOETITY [~
AMINO-1)-AMINOBENZAMIDES?

SRS IS
Compd. Mop., w0 Formula Caled. ' Found
XVI» 222-228 ) HACLNGO 2108 21,04
NVIIe  205-207 CsHyp:CIN;O 1249 12.61
XVIIITe 194196 CiHL CINGO 1514 1295
NIXe 2052002 CiHaCINGO, 1241 12.22
ANY 224226 CHyCLN.O 2115 21.40
\,\] ‘H Cm}i{g(‘lxg() 1_) ].) 12 14
XXII® 205-216 dec. CHaCINO 11,54 11.64
XXIIL/
ANXIVE  224-227 CHHATCLN:EO 18.07 18.23
NNV

+ Hydrochlorides were made in ethanol--ether. * Dihydro-
chlovide.  © Monohydrochloride. 4 Dihydrochloride  was  pre-
pared hy catalytic hydrogenation of the dihvdrochloride of V1.
» Monohydrochloride prepared by the catalviie hydrogenation
of the hydrochloride of VIIL (very hygroscopic). 7 Pure hvdro-
chloride conld not be isolated, ¢ Nee XXV, Table TIT.

TasLe V
ANTIFIBRILLATORY IX¥rECTS 0N IsoratEd RABBIT HEART"

Av, change from the
control threshold

Noof voltage for atrial
Compd. expt. fibrillation,

Procaine amide 3 65

XXII 5 > 15,000
XXITI 3 452"
XVIT 3 174
(p-H.NCiH CONHCH.CHL)LNCH, 2 150

XXTI 4 46

XVI 2 24

@ After the threshold values were established, agueous solu-
tions containing 3 mg. of the compound were infused into the
heart. * This compound introduced irregularities in the heart
rhythm.

‘ompound XXXII was also preparved by the proce-
dure deseribed by Freed and Day.?

Experimental

Infrared spectra of the free bases were obtained from potas-
sium bromide disks. Ultraviolet spectra were measured in
methanol solution. All melting points were determined in the
Thomas—Hoover capillary melting point apparatus.

p-Nitrobenzoylethylenimine was obtained in good vields by a
previously reported procedure,® m.p. 124-126°.

2-p-Nitrophenyl-2-oxazoline.——p-Nitrobenzoylethylenimine
(3.84 g., 0.02 mole) and 3.70 g. (0.02 mole) of tributylamine were
dissolved in 200 ml. of acetone. The solution was refluxed for
12 hr.  After cooling, the white, crystalline precipitute was re-
moved, washed with a little acerone, and dried, 8877 yield,
m.p. 180-181°.6

Anal. Caled. for CiHgN,Oy: C, 36.24:
Found: C, 56.14; H, 4.08; N, 14.42.

N-.Alkylamino- and -Arylaminoethylamino-p-nitrobenzamides.
A.---p-Nitrobenzoylethylenimine (3.84-5.76 g., 0.02-0.03 mole)
was carefully mixed with 0.02-0.06 mole of the amine. In
general, the reactions were highly exothermic. After heating ou
the steam bath, a suitable organie liquid was added with stirring
before removing the product by filtration. The solid was re-
crystallized from a suitable solvent with the aid of decolorizing
carbon.

B.—A solution of the reactants in acetone was heated on a
steam bath.  The acetone was removed under reduced pressure,
and the residue was recrystallized as above.

N-(2-Diethylaminoethyl)-p-nitrobenzamide (I}.-—Infrared:
3335 (3), 1631 (8), 1592 (), 1517 (), 1339 em. 71 (s); ultraviolet:
max 262 My (log enax 4.06).

H, 4.20; N, 14.55.

(7) M. E. Freed and A, R. Day, J. Ory. Chem., 35, 2108 (1960).

Anrax R Dy

Vol 8

Tasre VI
ANTIFIRRILLATORY [SFrBers oN INtact Dog Hiarte

Av. chanve frowm {he
control threshold

No. of voltage for ntrinl
Comyud, expt. fibrillarion ',
Procaine amide 2 A
NXXITI 2 200
XXI1I1 1 16
NVIIT 2 A8
i p-HaNCiH CONHCHL.CHL ). NCyH,y L 160

" After the threshold values were established, aqueous solu-
tions containing 130 mg. of the compound were infused through
the femoral vein,

Taprwe VIT
N-SUBSTITUTED DTUYLENEDIAMINE DIHYDROCHLORIDES

ROCHC"HNH.

R Yield, ©, Mop.,
CsHNH - e N3 - 15t
——  NH
N 89 187189

—/ ConH
+ Melting points check with published values.

N-(2-Diisopropylaminoethyl )-p-nitrobenzamide (II).--In-
frared: 3270 (s), 1629 (8), 1593 (=), 1512 (s), 1342 em.™1 (s);
ultraviolet: Npex 262 mu (log emex 4.07).

N-(2-Piperidinoethyl )-p-nitrobenzamide (I}, —Infrared:
3380 (), 1637 (8), 1594 (), 1520 (8), 1342 em. 71 {s): ultraviolet:
Mix 262 mip (10g emax 4.06).

N-(2-Pyrrolidinoethyl )-p«nitrobenzamide (IV).—Infrared:
3355 (%), 1629 (3), 1500 13), 1515 (x), 1342 (=), 1331 em.~! (s):
ultraviolet: Apax 262 mu (log epay 4.05).

N-(2-Morpholinoethyl)-p-nitrobenzamide (V }.—~Infrared:
3275 (=), 1638 (%), 1589 (8), 1510 (2), 1338 cm. 7! (s); ultraviolet:
Amax 202 ms (10g ey 4.05).

N-[2-(4-Methyl-1-piperazino )ethyl] -p-nitrobenzamide {V1).---
Infraved: 3285 (s), 1639 (s), 1597 (s), 1520 (8), 1346 em. 71 (8);
ultraviolet: Agux 262 mu (log enex 4.11).

N-{2«(1-Imidazolyl )ethyl]-p-nitrobenzamide (VII).—Infrared:
3235 (m), 1648 (s), 1590 (), 1511 (s), 1343 em. 71 (8); ultraviolet:
Nax 201 mu (10g emax +.09).

N-(2-Anilinoethyl)-p-nitrobenzamide (VII}.—Infrarved:
3371 (s, 1632 (8), 1591 (=), 1512 (=), 1345 em. 71 (s): ultraviolet.:
Ao 248 mpu (log enax 4921,

N-'2-(2,6-Dimethylanilino )ethyl] - p-nitrobenzamide (IX).--
Infraved: 3208 (m), 1634 (=), 1595 (s}, 1513 (&), 1343 em. !
(27, ultraviolet: Apae 249 mu (10g emax 4.13).

N-[2-(N-Methylanilino )ethyl]-p-nitrobenzamide
Infrared: 3345 (s), 1648 (s), 1610 (%), 1515 (x). 1351
(=), ultraviolet: A 254 mp (Jog enax £.39).

N-/2-(N-Benzylanilino )ethyl|-p-nitrobenzamide (XI).
Tnfraved: 3372 (), 1631 (=), 1580 (2), 1505 (s), 1497 (x), 1346
(=), 1338 eni. 7 (s): ultraviolet: Npux 254 mp (1og emax 442).

N-[2-(1-Indolino)ethyl]-p-nitrobenzamide (XII).——Infrared:
3360 (=5, 1633 (s), 1595 (5), 1514 (), 1339 em. 71 (2} ultraviolet:
Ninax 207 Mg (‘]()g eman +.31 5.

N-2-Diphenylaminoethyl-p-nitrobenzamide (XIII).—Extrac-
tion of the solid with acetone at room temperature left a 20-30¢
vield of 2-p-nitrophenyl-2-oxazoline. A mixture melting point
determination with an authentic sample showed no depression.
The acetone extract was evaporated and the residue was recrystal-
lized from benzene-hexane to give pure XITT. Tt was not pos-
sible to prepare a erystalline hydrochloride.

Infrared: 3290 (=), 1638 (8), 1590 (s), 1313 (s), 1485 (s},
1355 (s), 1342 em.™! (x); ultraviolet: Apax 248 mu (I0g enx
4.27),260 (min.) (4.22), 275 (4.24).

N-[2-{1-Carbethoxycyclopentylamino)ethyl]-p-nitrebenzamide
(XIV).—Infrared: 3275 (s), 1630 (s), 1712 (s), 1589 (s), 1508
(%), 1338 em. 71 (2); ultraviolet: Apax 262 mu (log emax 4.09).

N-[2-(1-Carbethoxycyclohexylamino)ethyl-p-nitrobenzamide
(XV). --Infrared: 3275 (m), 1639 (s), 1705 (8), 1588 (8), 1508
(2, 1336 em. 7 (s); ultraviolet: Amax 262 mp (1og emax 4.09).

N-Alkylamino- and -Arylaminoethylamino-p-aminobenz-
amides. —A mixture of the corresponding nitro compound (0.01

(X).-
em, !
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mole,) 200 mg. of platinumn oxide, and 150 ml. of ethanol was hy-
drogenated in a Parr apparatus. The catalyst was removed by
filtration, the ethanol was evaporated under reduced pressure, and
the residue was purified by vacuum distillation or by recrystal-
lization from suitable solvents. The monohydrochlorides were
obtained by catalytically hydrogenating the hydrochlorides of
the corresponding nitro compounds. In many cases the mono-
hydrochlorides were prepared first and the pure free base then
was obtained by neutralization and recrystallization.
N-(2-Diisopropylaminoethyl)-p-aminobenzamide (XVI).—

Infrared: 3345 (s), 3225 (s), 1620 (s), 1600 (s), 1495 (s), 1292
cem. 71 (s); ultraviolet: Amax 283 mu (l0g emax 4.23).

N-(2-Piperidinoethyl)-p-aminobenzamide (XVII).—Infrared:
3330 (s), 3217 (m), 1620 (s), 1600 (s), 1508 (s), 1289 cm.™! (8);
ultraviolet: Apax 280 mu (log emax 4.24).

N-(2-Pyrrolidinoethyl )-p-aminobenzamide (XVIII).—Infrared:
3375 (8), 3345 (s), 3220 (s), 1623 (s), 1590 (s), 1485 (s), 1288 (s),
1270 em. ~1(s); ultraviolet: Amax 280 mu (log emax 4.20).

N-(2-Morpholinoethyl )-p-aminobenzamide (XIX).—Infrared:
3392 (s), 3322 (s), 3228 (s), 1622 (s), 1595 (s), 1505 (s), 1285
em. 1 (s); ultraviolet: Amax 280 mu (log emax 4.23).

N-[2-(4-Methyl-1-piperazino)ethyl]-p-aminobenzamide (XX).
—Infrared: 3450 (s), 3385 (s), 3338 (s), 1622 (s), 1600 (s), 1500
(s), 1290 (), 1280 em. "1 (s).

N-(2-Anilinoethyl)-p-aminobenzamide (XXI).—Infrared:
3468 (s), 3412 (s), 3328 (s), 1618 (s), 1595 (s), 1492 (s), 1295
cm. " (8); ultraviolet: Amax 248 mu (log emax 414), 258 (4.11),
282 (4.27).

N-[2-(N-Methylanilino)ethyl]-p-aminobenzamide (XXII).—
Infrared: 3440 (s), 3428 (s), 3351 (s), 1630 (s), 1600 (s), 1495 (s),
1279 cem.™1 (8); ultraviolet: Amax 255 mu (l0g emax 4.31), 266
(4.25), 280 (4.27).

N-[2-(1-Indolino)ethyl] -p-aminobenzamide (XXIII).—
Infrared: 3425 (s), 3340 (s), 3223 (), 1622 (s), 1598 (s), 1492 (s),
1285 em. "t (8).

N-[2-(1-Carbethoxycyclopentylamino)ethyl]-p-aminobenz-
amide (XXIV).—Infrared: 3465 (s), 3419 (s), 3355 (s), 3325 (8),
1620 (s), 1693 (s), 1598 (s), 1495 (s), 1293 cm. "1 (s); ultraviolet:
Amax 280 mu (10g emax 4.23).

N-[2-(1-Carbethoxycyclohexylamino)ethyl]-p-aminobenzamide
Monohydrochloride. (XXV).—All attempts to prepare the pure
free base have failed. The monochydrochloride was hygroscopic.

N,N-Di(p-nitrobenzamidoethyl)butylamine (XXVI}. A.—
The time of heating was 5 min., the liquid added was ethanol.
The product was recrystallized from benzene, 719 yield, m.p.
123-125°, light yellow solid.

Anal. Caled. for Cz2H27N506'. C, 5-75 H, 596, N, 15.31.
Found: C, 57.92; H,6.15; N, 15.18.

Infrared: 3300 (m), 3260 (m), 1652 (m), 1596 (m), 1520 (s),
1342 em. =1 (s); ultraviolet: Amax 261 mu (log emax 4.34).

The hydrochloride melted at 196-198°.

Anal. Caled. for C-_)gHnglN5Oei Cl,
7.11.

N,N-Di(p-nitrobenzamidoethyl )aniline (XXVII). A.—When
2 equiv. of p-nitrobenzoylethylenimine and 1 equiv. of aniline
were used a bis derivative was obtained. The time of heating
was 12 hr., the liquid added was hexane. The product was re-
crystallized from acetone, m.p. 190-191°.

Anal. C‘dl(ld. for CqumNsOs: C, 6036, H, 486, N, 14.67.
Found: C, 60.24; H, 4.75; N, 14.69.

Infrared: 3300 (m), 3260 (m), 1652 (m), 1596 (m), 1520 (s),
1342 em. ~1(s); ultraviolet: Apax 256 mu (10g emax 4.56).

The hydrochloride had m.p. 228-232° dec.

Anal. Caled. for CyHaCIN:Os: Cl, 6.90.
6.83.

7.18. Found: Cl,

Found: CJ,

N,N-Di(p-aminobenzamidoethyl)butylamine (XXVIIIL).—
This compound was prepared from XXVI by catalytic hydro-
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genation over platinum. The product was recrystallized from
chloroform—ether and obtained as a yellow, hygroscopic solid,
m.p. 64-68°.

Anal. Caled. for CHuN:0,: C, 66.46; H, 7.88; N, 17.62.
Found: C, 66.52; H, 7.67; N, 17.54.

Ethy! 1-Aminocyclopentanecarboxylate (XXIX)..—Cyclopenta-
none was converted to hydantoin-3-gpirocyclopentane.! The
latter was hydrolyzed with barium hydroxide to form l-amino-
cyclopentanecarboxylic acid.® The ethyl ester hydrochloride was
prepared in the usual manner, m.p. 228°. It was suspended in
ether and treated with triethylamine to form the free ester,
b.p. 80° (10 mm.); this agrees with the boiling point reported in
the literature.1®

Ethyl 1-Aminocyclohexanecarboxylate (XXX).—This com-
pound was made from cyclohexanone by the same procedures
used for making XXIX.0-12 The free ester had b.p. 97°
(14 mm.) which agrees with the literature value.

N-Substituted Ethylenediamines.—A stirred suspension of
0.01 mole of the corresponding substituted p-nitrobenzamide
(VIII, X, XIV) in 50 ml. of 6 N HCIl was refluxed for 12 hr.
After cooling, the p-nitrobenzoic acid was removed by filtration
and the solvent was distilled under reduced pressure. The
residual dihydrochloride was then recrystallized from ethanol
with the aid of decolorizing carbon. The results are shown in
Table VII. The new compound XXXI was converted to the
free base. A solution of the dihydrochloride (0.01 mole) in 25
ml. of water was passed through a 30-ml. column of IR-4B
Amberlite weakly basic ion-exchange resin. The column had
previously been washed with aqueous ammonia and distilled
water. The column was then eluted with distilled water until
the eluent no longer gave a ninhydrin test. After removing the
water under reduced pressure, the residue was recrystallized
from water-acetone to yield pure 1-(2-aminoethylamino)cyclo-
pentanecarboxylic acid, 659 yield, m.p. 194-196° (sinters at
185°).

Anal. Caled. for CsH;gN,Os: C, 55.78; H, 9.38: N, 16.25.
Found: C, 55.59; H, 9.43; N, 16.03.

6,9-Diazaspiro[4,5]decan-1-one..—1-(2-Aminoethylamino)-
eyclopentanecarboxylic acid (0.5 g., 0.0029 mole) was dissolved
in 35 ml. of water and the solution refluxed for 12 hr. Cooling
and addition of acetone caused the recrystallization of the
diazaspiro compound, m.p. 158-159°, 699 yield. The infrared
spectrum showed a strong lactam carbonyl absorption at 1633
c¢m.~L  The series of broad bands in the 3000-2000-cm. ~? region,
characteristic of amino acids, were not present.

Anal. Caled. for CsH1N-O: C, 62.31; H, 9.15; N, 18.17.
Found: C, 62.55; H, 9.35; N, 18.16.

The hydrochloride, prepared by passing HCI into an ethanol
solution of the base, showed an interesting behavior on recrystal-
lization. When reerystallized from ethanol-ether, it melted at
229-230°, but when recrystallized from ethanol-ether with the
aid of decolorizing carbon, it melted at 239-240°. When the
higher melting form was recrystallized from ethanol-ether with-
out the aid of charcoal, the lower melting form was again ob-
tained. This process was repeated several times. The two inter-
convertible forms showed no differences in their infrared spectra
nor in their analyses.

Anal.  Caled. for CG;H:CINO: C, 50.38; H, 7.95; Cl, 18.59;
N, 14.69. Found: C, 50.50; H, 7.93; Cl, 18.78; N, 14.65.
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