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A large number of N,N -disubstitued compounds were prepared for broad biolugical testing.

Some N-phenyl-

piperazine derivatives were found to have antihypertensive, adrenolytic, and antiinflammatory properties. A
structure-activity relationship study was carried aut to separate these nctivities in single compaunds and this

has been accomplished.

A considerable body of literature is recorded on the
biological effects of compounds containing the piperazine
moiety. These substances have a plethora of activities
and have led to some clinically useful drugs among
which can be considered perphenazine (tranquilizer) (1),
meclizine (antihistaminic) (I1), dibozane (antihyper-
tensive) (III), and diethylcarbamazine (anthelmintic)
(IV). More recently, Wylie and Archer' have re-
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ported on the tranquilizing properties of 1-[(3-indolyl)-
alkyl]-4-arylpiperazines in experimental animals.
Thus, it appeared that the piperazine grouping could
serve as a useful platform for imparting biological ac-
tvity to organic molecules. A new series of compounds
containing this nitrogen heterocycle has been prepared
in our laboratories and submitted for broad biological
evaluation. The substances have the following basic
structure. It was noted early in our work that 1-[(3-
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ethoxy-3-p-tolyvlpropyl]-3-methyl-4-phenylpiperazine
(V) showed good adrenolytic effect, some weak but
definite antihypertensive effect, and a moderate anti-
inflammatory activity at 50 mg./kg. s.c. in the gran-
uloma pouch test in rats. This finding prompted us to
study this class in depth, determining the effect on
activity with appropriate changes from A to & in the
general structure shown above. FEach parameter was
varied selectively, so that a minimum number of com-

(1) D. W, Wylie and 3. Accvor, J. Med, Phacue, Chem,, 8, 932 (1962).
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pounds would be prepared before choosing the com-
pound or compounds with maximuin biological effects.
It wag also essential that the adrenolytie, antihyper-
tensive, and antiinflammatory effects be separated fromn
one another. Before considering the structure-activity
relationship, the general synthetic scheme employed in
the preparation of these compounds will be considered.

Chemistry.—The compounds to be described in this
paper were prepared i most cases through condensa-
tion of the I-alkoxyl-1-aratkyl chloride with the appro-

priate  N-arylpiperazine (Scheme 1), The aralkyl
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halide derivatives were prepared according to the
method described by Duliere,> and Houben and Fiihrer.®
In addition, a new niethod was devised tor the synthesis
of Tl-aryl-2-alkylpiperazines, l-aryl-2,5-dialkylpipera-
zines, the corresponding homopiperazines (hexahydro-
1,4-diazepine derivatives), and also octahydro-1,4-
diazocine derivatives. This general method is de-
scribed for 1-phenyl-2-methylpiperazine (Scheme 11).

scneme I1
C‘H(CHa)CN
1. CH;CHO + KCN ‘ ,
CeHsNH: 2 CICOCHRGI CsHsNCOCHRCI
CHs LiAIH,
CeHsN NH
R
R=H. alkyl

Aniline was allowed to react with acetaldehyde and
KCXN to afford the nitrile derivative which then was
condensed with an a-chloroacyl chloride to yield the
appropriate amide. The latter compound on redue-

y2) W, Dvdieve, Bull. son. vhim. France, 38, H84 (1024},
¢3) J. Nouben and IX. . Fihrer, Ber., 40, 4900 (10D7).


homopiperazin.es

May 1965

tion with lithium aluminum hydride gave rise to the
desired 1-phenylpiperazine derivatives. The use of 8-
chloropropionyl chloride in the second step afforded
hexahydro-2-methyl-1-phenyl-1,4-diazepine, where with
y-chloropropionyl chloride one obtains octahydro-2-
methyl-1-phenyl-1 4-diazocine.

Since the most significant biological effects were seen
with compounds in which n = 2 (see general structure),
an alternative method of synthesis of these substances
was developed (Scheme III).
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The Mannich base VI was reduced to the secondary
alcohol VII with sodium borohydride. Treatment of
VII with thionyl chloride formed [3-chloro-3-(p-tolyl)-
propyl }4-(o-tolyl)piperazine (VIII) which was then
allowed to react with 1 equiv. of sodium ethoxide in
ethyl alcohol solution forming [3-ethoxy-3-(p-tolyl)-
propyl }-4-(o-tolyl)piperazine (IX). This was identical
with the substance prepared by the previously described
method, and the over-all yield from the Mannich base
was 50%.

All attempts to convert X to XI by treatment with
sodium ethoxide only gave rise to crystalline XII and
a smaller amount of amorphous residue (Scheme IV).
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Formation of XII is probably due to the neighboring
group effect of piperazine nitrogen thus facilitating
dehydrohalogenation.

Finally, in Scheme V is shown the synthesis of com-
pounds in which the ethoxy group is at C-2 of the carbon
chain. Dichloroethyl ethyl ether was allowed to react
with the Grignard reagent to afford the corresponding
chloropropane derivative which in turn was condensed
with phenylpiperazines to yield the desired compounds,
Condensation of the Grignard reagent with 2,3-dichloro-
1-ethoxypropane afforded the corresponding butyl
derivative,
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Pharmacological Methods

23,

The following methodology was employed in the testing of the
compounds reported in this paper.

Adrenolytic Test.—This test was carried out by determining
the effect of the compound in question on the pressor response of
l-epinephrine in the anesthetized dog and, in addition, the effect
on blood pressure as the parameter of the study. An active
compound caused a reverse response to [-epinephrine and the
degree of reversal was expressed fromx —1, equal to a mild effect,
to —4, equal to 2 marked reversal.

Antihypertensive Test.—I)rugs under study for possible hypo-
tensive activity were first studied in anesthetized dogs. Several
intravenous doses were adiministered in a semilog dose range and
the effect of the drug on blood pressure was observed. In addi-
tion, the effects of various doses of the drug on the responses
produced by the control drugs, I-epinephrine, [-norepinephrine,
acetylcholine, histamine, angiotensin amide, and amphetamine,
were noted. If the drug showed interesting hypotensive activity,
it was then studied in anesthetized dogs for possible oral hypo-
tensive activity.

Next the drug was studied in both renal and normotensive dogs
for 12-14 days for possible oral hypotensive activity. At the
same time the drug was studied in several groups of anesthetized
dogs for its effect on cardiac output, coronary, renal, and femoral
blaod flow. The scale of activities was determined from values of
+1 and +4, indicating a weak to a marked antihypertensive
effect.

Antiinflammatory Test.—The procedure for producing the rat
granuloma pouch is according to Robert and Nezamis.* Female
rats weighing 140-155 g. were anesthetized with pentobarbital
sodium, The hair on the dorsal surface was removed with
electric clippers and the area was swabbed with 704} alcohol.
Air (25 ml.) was injected beneath the skin to form the pouch.
This was followed by the injection into the formed pouch of
0.5 ml. of 19 croton oil-corn oil solution. As soon as the animals
recovered from the anesthesia, treatment with possible anti-
phlogistic agents was begun either by oral or parenteral adminis-
tration and continued for the next 4 days. Approximately 48
hr. after formation of the pouches, the pouches were deflated by
removing the air through a sterile needle attached by a rubber
tube to a vacuum line. Two days following the removal of air,
the animals were sacrificed, the exudate was removed through a
cut in the skin, and the volume was measured in a graduated
cylinder, Terminal body weight was then recorded and the
animals were autopsied to obtain adrenal and thymus weights.

The scale of activities was determined by the per cent inhibi-
tion of exudate relative to contral values: +1 = 25%, +2 =
25-500, +3 = 50-75%, +4 = 75-100%.

Results

Structure—Activity Study.—The initial finding that
V showed some degree of activity in the above described

(4) A. Robert and J. Nezamis, deta Endocrinol., 28, 105 (1957).
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Nn. R R n Re Rs M.p., =C.
1 |51 C.H; 1 H H 205-010%
2 H C.H, f CH; H 50-255
3 H C.H, 2 H H 200
4+ H C.H, + CH; H 195-104
5 H CH; I H 2.C1 200-103
t H C.H, 2 H 2l 141145
v H C.H; 2 H 4-C1 158
s H C)H, I H J-OCH;  215-17
M C.H; a H 1.0CH; 108

to H C.H; 2 H 3-OCH, 174

11 H C,H; 2 H 4-0CH,  210-1]1]
* H C.H; 1 H 3-CH; 197109
3 H CoH, 2 H 2-CH; 179-180

4+ H C.H, a2 H 3-CH, 15)

o H C.H; 2 H 5-CF, 175-174

& H CoH, +  H 4-CH;y 100

17 H C.H; o H 3-CaHg 186 I8R

18 4-CH;, CH;, * H H 100

19 4-CH,; CH; 2 CH; H 107~ 1aX

20 4-CH; C.Hs 3 o H 104

41 4.CH, CH(CHsj): 2 H CH; 171-173

a1 4-CH; CoH; 2 H 3-CH, 169-171

a1 LCH, C.H, a1 H 4-CH,y 162

14 4-CH,y C.H; 2 H 4-CH; 194--194

257 4-CH, CoH; 2 H 1-0CH;  186-187

26 4-CH,y C.H; 2 H A-Cl 150-132

27 4-CH, C.H; 2 H 3-Cl 168-170

28 4-C'H, C.H; 1 H 4-Cl 271

4 4-Cl C.H; 1 H H 205--2057

300 4.C1 CoH, 1 H H 110

31 (1 C.H, 2 H H 170

g1 4 CaH; 1 H 1-C1 140-244

33 1-C1 C.H; 2 H 2.C1 124

440l C.H, a 3-Cl 1649

sa o 4-Cl C.H, 2 H 4-Cl1 188

g6 4-Cl C,H, 1 1 -OCH; 176174

37 4-C1 C,H; a1 H 2-OCH; 191-192

28 3-Cl CyH; | H H 192--194

30 3-Cl CyH; 1 H 1OCH; 213217

4 54-Cl (GH;, 1 H H 2111215

41 5,4-Cls C(WH; 1 H 1.OCH; iy Rt T

42 4.1 W H; 2 H 3-OCH, 1G8-170

43 4-C1 (@Y= 9 2 H 4-CH; 197

44 4-C71 CuH, 12 H -CH; 184

15 41 C.H; 1 H 3-CH, 1T3-174

4@ 5-Cly C.H, I U H [82-1%5

17 41 C.H, I CH; H 2408

48 4 (.FL, 1 H 3-CH, 103 19

tests promipted us to investigate this series thoroughly
(sce Table 1.

Considering the general structure already outlined.
it was found that R. equal to CHjy was not essential
for any of the activities found. The R, funetion was
alzo not critical since methyl. ethyl, and isopropyl did
not alter the activity for any of the compounds.  How-
ever, maximum biological effects were obtaimed with
Ry cqual to ethyl. One compound was made with a
homopiperazine moiety but this led to a warked
diminution in adrenolytic. antiinflanimatory, and anti-
Lypertensive effectz.  In addition, it was also observed
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CaoHas N0 - SHCI 6179 T.37T 6177 T.4R
CaHsN:0-2HCL 6148 7.6 63,200 T.N0
CaHauN20 - 2HCCL (3.40  T.81 6335 T.x4
CoHaN,O-2HCL (4.2 778 G408 T2
CuoHusCIN.0 - HCL 63.04  6.88 62.38 .04
CoHy:CIN,O - 2HC A8.41 677 58,10 .92
CoHsCINO - 2HCI A8.41  4.77 0 A%.200 6.N0
CoHag N4 2HCL €1.07  7.82 61,03 7.30
CoH3N20; - 2HC GL.82  7.a8 6171 7.l
CasHyy N0 - 2HCI 61.80  T.58  61.02 T.83
CoHyo N0 - 27HCI 61.81  T.58  61.45  7.47
CoHuN.0O - 2HC G3.83  T.61 063.41  T.u0
CorHaN O - 2HCL G4.03  7.T8  6S.NT T8
C»HyN2O-2HCL-0.4H,0 61.85  N.15  62.68 R.u24
CoHn N0 6174 6.57  6L.8% 6.4
CoH N0 - 3HCL 64,23 7.78 6412 T
(y"_’liHii'_’-\—‘_’(".—[HC"I'().;{}{-}() (3. 0N oY (13,06 N
Co Hae N0 - 2HCL 3,47 T.G1 G361 7oAt
CuHyN2O - JHCL 64,05 T.84 6440 TUTT
CoHyNoOQ - 2H( 64.23  T.84 6400 7.4
CoHaaNLO - 2HCL GA.58  5.26 0 (7.21 %98
CosHyp N0 - 2HC 04,020 8,08 6hxd X 13
CHa N0 - JHCL 64.92 .05 65.10 §.24
CouHy N0, -2HCL 62.06 7.76 62.74 7.78
CaHae N0 - 2HCL 59.16  7.01 39 720
C»Hy CIN,O-HC1 64.00  7.39  64.5G  7.47
CHaeN.0 - 2HCI SU.16 7.01 8914 7106
CouHu CINWO. - 2HC 57.4% 6.a1 At G.7H
Co Ha CIN.O - 2H(CL 5541 U7 B8 6LON
CoyHyCIN,O - 2HCL-0.4H,0 AT 709 AT, 7.08
CyHoyCLNLO - H I AT.81 0 6G.06 4TS 6.0a
CaHasCLNLO - 2H O 54.09  6.05 4. (.26
CaHoCLNLO - HO RN B s, 640
CoHosCLNLO-HCL HyO OIS L S (TN R ¢ 636
CoHyCIN,O, - 2HC1- HO A5.00 7.0 fa.o4 T.00
CaHasCIN Oy - AHC AT.20  6G.7G SG.SY 6.8s
CuH,CIN,O - 2HCT-Ha0 55.00 (.70 7 t. 64
Oy Hy CINLO: - 2HCI AG.30 (A3 ) Gl
CoHaoCLNLO 1L SN SR | 598
CuHs V0. 3HCL-0.5H.0 A1.837 0 2,93 5100 014
CoHasCINLO - 2H Y 57.20 GG ST.0G 160
CoHyCINLO 2L .23 Tl 3O sl
CHasCINLO - 2HCA .03 70l 5D .48 Toad
CoHawCIN,O -2 HC G925 T.0L a8.s Tl
(o Has N0 - 2HOT-0.5HL,0 85 14 AE.000 6.5
Cy Hy N0 - 2HC 60.72 G99 60.839  T.12
(o Hy BNLO - HCL0.5H,0 GA.0D T AR 6RO T 6D

that an N4-methyl or -benzyl group also yielded weakly
active compounds. An N42-pyridyl group offered
no advantage over the phenyl group. The compounds
tisted in Table I were also less effective in our tests.
Open-chain derivatives of the piperazine [e.g., N-
nethyl-N-phenyl-N’-methyi-N ‘- (3- p~chlorophenyl) - 3-
ethoxypropylethylenediamine, see Experimental] also
were found to be weakly active in our tests. Thus, with
the B and D portion of the molecule fixed and the T
portion confined to phenyl and its derivatives, system-
atic changes were made at A and C to determine
alterations in biologieal effects.
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No. R " Rs M.p., °C. Formula oo R R
49 H 1 H 172-175 CauHoN.O-2HCI 63.53 7.62 63.98 8.11
30 H 1 2-OCH. 198-201 CoeHzoN20,-2HCI 61.88 7.55 62.10 7.77
51 4-Cl 1 H 179-183 CuHasCIN.0-2HCI- H,0 56.05 6.94 55.87 6.63
52 4-Cl 1 2-OCH, 176-179 CoHosCIN0. - 2HCL- H 0 55.05 7.20 58.84 7.00
53 4-Cl 2 H 178-179 CyH,CIN0-HCI1-0.5H,0 63.39 7.42 63.51 7.85
54 4-Cl 2 2-OCH; 217-218 CaHy CIN,O,-2HCI 58.05 6.95 57.93 7.20
OCH, markedly lowered the blood pressure (45 mim.) of un-

R | S thetized d iving doses of

| N anesthetized dogs receiving doses of 4 mg. /kg. orally for
@CHCH2CH2N ,NO 12 days. Under these conditions, this substance pro-
R=CLF duced a slight augnientation of the pressor response

Adrenolytic Effects.—The selection of a compound
with maximum adrenolytic action was facilitated when
it was discovered that chain length (C) was quite im-
portant. Those compounds with n = 1 had a low order
of activity and thus attention was confined to sub-
stances in which n = 2. Although R = H, R; = Hor
Cl at the 2-, 3-, or 4-positions gave compounds with a
+2 effect, R = 4-CH; was responsible for compounds
with increased adrenolytic activity. The most potent
compound in this series with pronounced adrenolytic
activity at 50 y/kg. was found to be IX (22, Table I).
Replacement of Ry = 2-CHj; for 2-OCH; had no favor-
able effect on activity, but the compound with Rs =
2-,3-,or4-Clgave only a —2 effect. DMore interestingly,
a methyl or methoxyl group at position 3 or 4 in por-
tion E with parts A, B, C, and D remaining fixed as in
compound 20 gave less active substances.

Antihypertensive Effect.—Some of the compounds
having an adrenolytic effect also were found to lower
blood pressure. As previously indicated, V showed
some antihypertensive effect, although transient. A
more significant effect (4+3) was noted for those com-
pounds with R = R, = Hand n = 2 with R, = C:H;,
Those substances with n = 1 had insignificant anti-
hypertensive activity. Thus, it appeared that the
adrenolytic activity could be separated from the anti-
hypertensive effect according to the nature of the
substituent R; .., the methyl group enhanced the
adrenolytic effect, whereas an unsubstituted phenyl
group at portion A of the molecule was responsible
for increased hypotensive effect with minimum adreno-
lvtic action. It now remained to determine the in-
fluence of R3 on the blood pressure lowering action.
Compounds with Ry = Cl, either at the 2-, 3-, or 4-
position, were weakly hypotensive. On the other hand,
R; = 2-OCH; resulted in a substance with some hy-
potensive action (40 mm. decrease in blood pressure
at 5 mg./kg.). However, at this effective dose the com-
pound was also adrenolytic. A methoxyl group at the
3- or 4-position gave only weakly active substances.
The methyl group for R; gave more definitively signifi-
cant results; the 2- and the 4-methyl-substituted com-
pounds gave a marked hypotensive response (60 mm.
at 5 mg./kg.), but the effect was only transient with
blood pressure returning to predrug level within 30
min. However, the 3-methyl derivative (Table I, 15)

to intravenously administered Il-epinephrine and a
marked increase in the response produced by [-nor-
epinephrine and angiotensin amide. A moderate brady-
cardia was also observed. At a dose of 6 mg./kg.
administered orally to 12 unanesthetized dogs, this
compound caused a 1909 increase in water excretion,
a 50% increase in sodium excretion, and a 309 in-
crease in potassium excretion over control values in the
6-hr. period following the administration of the drug.
It would appear that the substance inhibits antidiuretic
hormone and preliminary experinents in this direction
have confirmed this. Other members of this series,
although hypotensive, do not show this diuretic action.
The compound in which Ry = 3-C;H; gives a similar
antihypertensive effect without any diuretic action.
Antiinflammatory Effects.—Again V furnished a use-
ful lead in determining antiinflammatory effects of
this series of compounds.  Although several compounds
showed antiinflammatory properties, this effect was
accentuated in those substances where R = 4-CL
These compounds did not show marked antihypertensive
or adrenolytic effects. Substitution at the E portion of
the general structure gave varying vesults. It was
noted that compounds with —+2 activity resulted
with R; = H, 2-OCH;, or 2-Cl.  Substitution at the 3-
or 4-position geneally led to weaker antiinflammatory
substances. Also R; = H or CH; had little effect and
the samme was true for n = 1 or 2. Thus, of the vast
number of compounds prepared the following two struc-
tures showed the most promising antiinflammatory
action. These substances were 2-3 times more active

OCQHs

| /\
Cl CHCH,CH,N N—CH,
N/

XIII
OCH,

‘ I\
C.H,CHCH,N N@
N/

XIV OCH,

than phenylbutazone when tested orally in the gran-
uloma pouch test and in the cotton pellet test. Al-
though certain variations of these (i.e., 2-OCH; in
compound 30 and 4-Cl in compound 8) led to potent
antiinflammatory agents, the toxicity factor was also
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increased by these changes.  Disubstitution of  the
phenyl ring in portion A led to less active compousnds.
These substahces were devoid of analgesic activity in
experintental animals when tested according tee the ra
tail fick teat.

Experimental®

1-Substituted Piperazines.-——Thesc intermediates were ale-
tained froan canmmercial scurces and also wecording to methods
devised in aur labaratary, examples of which are herein de-
seribed.

1-Aryl-1-ethoxyethyl Chlorides.--These suhstances were pre-
pared fraa the apprapriately suhgtituted phenyl ccanpaund
accarding 1a the methad of Dhiliere? and Haulien and Fiithrer.?
[-(4-Chloraphenyl)-1-ethoxyvethvl chlaride, b.p. 132--140° i1z
. ); 1-G-trifluorcethylphenyl)-l1-ethaxyvethyl chiloride, b.p.
108-110° (12 mm.);  1-(3,4-dichlorephenyl)-1-ethaxyethyl ehlee-
vide, hupe 132-130° (12 1ane): 1-Gi-cldorophenyli-1-ethoxyethyl
ehleatde, Dope 133-137° 112 me): 1-(4-fhncvophenyi-1-cthuxy-
cthyl chlaride, Tupe 110-113° (12 1ainL); 5 ethaxy=3-02-cilno-
phenyDprapyl ehlaride, hup. 03-08° £ 12 nuny; S-ethoxy-4-phen-
vibutyl chloride, b.p. 80-87° {0.04 m.x; and S-ethoxy-4-(4-
chlaraphenyDhutyl chleride, hupe 195195 (0,07 wme y, have not
heen characterized previausly.

3-Bthaxyv-1-phenylprapyl chlaride, 3-cthoxy=s-{4-tolvlprojivi
chloride, 3-ethaxy-3-(4-chlaraphenyl propyl chlaride were -
chased from the Aldrich Chemical Co., Milwankee, Wix.

General Method for the Synthesis of 1,4-Disubstituted Pi-
perazines. 1-[2-(Ethoxy-2-phenyl)ethyl|-4-(2-methoxyphenyl)-
p'perazine.—A mixture «f 26 g. (0.14 wmole) of l-phenvl-1-
cthaxyethyl chloride, 27 g. (0.14 male) of 1-(d-methoxyphenyly-
piperazine, and 20 g. af Na,COy in 400 ml. of hutanol was re-
Huxed fra' 38 hr. with vigarcus stirring.  The cooled solinion wis
filtered and cancentrated @ rvacne to remove hutanal. "The
residue was dissalved in ether, extvicted with water, dried, ;o
again cancentrated o vacwo. The residue was fractionated 1.
give 20 g, (42%, yield) of the free luse, Do 169--173°% €0.1 1w,
which was ccanverted to the dihvdicehlovide and veervsidlizet
from ethanol; mq, 213--217°0 The chaveeteristies for the otley
emlbers of the seres arve lsted in Tahle T; vhey wers lkewise
olnained in vields of 40437,

1-13-Ethoxy-3-{»-chlorophenylipropyl!-4-methy|piperazine
dihydrochloride wuas recrvstallized from ethyl aleohal to give
white erystalg, ., 925-014°,
Anal, Caled, far CuHsCLENLO: €, 197 H, T80
¢, 71.09; H, 7.9,
1-[3-Ethoxy-3-(p-tolyl)propyl;-4-benzylpiperazine dihydro-
chloride was recrystallized from ethyl alechol o vield white
prewder, . H00°,
Anal. Caled, for CaHoCLNLO: C, 6402, H, SO0
(7, 64.86; H, 8.01,
1-13-Ethoxy-3-(p-tolyl )propyl;-4-(2-pyridyl)piperazine di-
hydrochloride was recrystallized frean cthyl aleahol to give whire
neewder, mup. 194-195°,
Anal. Caled, for CoHaCLNGO: ()
¢, 60.07; H, 742,
1-[3-Ethoxy-3-(p-tolyl )propyl'hexahydro-3-methyli-4-phenyl-
1,4-diazepine had h.p. 120-152° (007 nnn. ).
Anal.  Caled. for CuHaO: €, T84 B
Pomal: C, TR37: H, 017 N, 7.l
1-13-Keto-3-(p-tolyl)propylj-4-{o-tolyl )piperazine Hydro-
chloride {VI).—-A sclntiem of 40.8 g (10.20 male) of 1<o-tolvl)-
riperazive dihyvdrochlioide, 7.70 g0 (0237 mole) of parafirmalile-
hvde, and 3470 g, (L2530 mole) of posethviaest phenoe in
170 1l of anhvdrons ethanol was sGrred nader refinx far 32 L.
After cooling to — L0° foe 2 hr, the eoduer was filtered, washe.l
with three 30-ml portions ot eddd scetone, and dried wvernigis
in raenn at F070 The yield wus 770 g0 iTH.A7) of eddarless
ervatuds weelling e 20-214° dee. A araple was vevevsiallizel
fean Jovol. ol wethanol (. 2] i Y
Anal. Caled, for CoyHsCINGG: O
Fonud: C, 76,05 H, ©.70: N, 7.7+
1-13-Hydroxy-3-(p-tolyl)propyl'-4-1 u-tslyl )piperazine (VII).
A solion of 305z (00 noles o1 e ketrpiperemine Livdrocalo-

Foand:

Foune:

Wl HL, 73S0 Fomd:

o4 N T6L

th . G
(1.
() Alyuebitog poiots pre coryee(ml,

Wolfl, 116 Wamly, wonl 1 Comadell, o CHin, Tuvesin, 29, 05

ride VI 150 1. of methanal was adjusted ta pld 10 with 9wl
of A0 gwgeons NaOH. The resnlting wldte suspension wies
srivred iieaae e bath and treated with 763 g of NuBH over s
Lcada, peviod, lolding the tempernture Lotween G and 207,
When the 1ee huth was removed, the {elaperature cose e 437
within 5 e, The new ihitmer saspension was stirved ot
srabieat 1ereperiaare fra 3 hey, cooled to 52, and soddified 1a i 2
wirh 32wl of concomrared HCL Aner 20w of sthring, e
PH wie again erdsed 1o 13 with 70¢ ) NaOH, and 1the solnion was
dilared wirli 250 nd, of water and extraeted witle 150w, of CHCL,
Tolbowed Dy two further exirnels of 100 wl, eaele  After deviwg
avd vaaoval of (e solvent, the inhiiadly Hily residne evvstadlized
oregimeding 10 a colurless solid welghing 33,1 g (985 vield ) aud
weelting o S0eS5°0 Recrvstallizadon frae 1T ovol of mibivdrons
abiaol gave w124, recnvery of mauterial melfing 85867 (o
Aidering 1,

nad, Caled, Jor CoyHaN2O: O

Found: C, 77.66; H, 8.67; N, 8.90.
1-i{3-Ethoxy-3-(p-tolyl)propyl) -4-(o-tolyl)piperazine Dihydro-
chloride (IX).-—A sdutirm of 16.22 g, (0.07 male) of the piper-
azino wleohol VIL in 125 ml of benzene was treated witte HCH
gas metil precipitatiore af the salt was caaplete (pH 23, A soln-
ton of 17.65 g, (0,17 mole) »f thienyl chlaride in 770w, af hen-
zene was selded over wopeviod of 1) wdin. at raom tempersdnre,
aed the vesuliing suspensien wes heated toeoveflux during 30 e
and then refluxed with stirring far 3 hre, Benzene and oxeess
tdcuyl chbwide woere distilled il al mb of distillde Lol
leeen collecred, J0 kool fresh Leuzere wies added, aned the distillze-
ton cordhiaed to dryviess. The tin residue wies dissolved 1o 75
1l ol auhvdrans ellanel md trewsed with o colntioa of 7.0
(0504 gmdom s of sudibnm ta 130 ml of anhyvdrous eileaol over «
Jeciod of 10 cdn. witlestieriug and fee-lvah ccoling, The suspen-
st was steered and refluxed for 1 he, cooled to room temerse-
suee, el lefn stonding nverdgla, The solvan was reaceved i
peerg, e codidacenf 48,5 was tresaed with 500 nd. of water with
bee-hutle cooling, waal the oily praduet was extracied inta ehlore-
foenn The mrehid exiraet was dried (N.R0, 5, clavified witle
Yurco, siad evigorared vo dviness 7y eeoo. The orange residnsd
cil weighed 174 g, 00237 vield).

A DB-ws portiore ol the alwve ol iakieS mole) was dissolved o
SN rals of e lemol aned ihe solntion was saturated with HCU gas
wahom cooling, e enoling to roma temperatnre, the praduct
crvstallized. 11 was filtered, washed with cold methaned, med
idvied e evernighn, vielding 8.99 g, of salh, o 1G7-162°, A
small second evop (0,86 ¢.) was abtained fram the filtrate by cool-
e to —10° avernight,  The 9.87 g, was recrystallized frone in
1l of 2-peqanol, with cooling tee = 10°) vielding 6,42 ¢, (41010
of waterial melting at 169-171° (prior sintering)

Al ('):11(‘(1 [or (‘::;H;M(‘l;’\“l()i (“3 1’14.93; HA \lll AR
Found: €, 64.88; H, 8.09: N, 6.2,

1-i4-Chloro-4-phenyl)butyl!-4-phenylpiperazine Dihydro-
chloride (X1 ‘Fwentv-iive williliters «f T-8 N\ ethanolic HCI
was wdded 1o 7 g (0.016 wwde) of 1-1(4-hydraxy-4-phenyl)-
Lty =f-phenyipiperazite’ dissolved in 27l of ethyl aleohol.
An laanedizae vellow coloravion necarred fodlawed Ly the foreee-
fiote o 0 whive suspension. After vefluxing this mixoe foar 3
ey, o was e flhreved aned the white solid was recrvstallized
feonn et adeslol 1o vield 1.5 g of pnre praeduet, ni. 27 236°,

Anale Caded! for CoyHeCLN e O G055 H, a1l N, 8t
Foand: Coan.600 H b e N s,

Coregonund X 00 Tg, 0.002 molet e 25 vl ol ethyvl aleolied wis
wdeled 10 40 1al. o1 el sdeohol in which was dissedved 0.7cg. of
<ot Tle vesalting raixinre was stivred at voonc tempertnre
overnigld and leaddilleeed.  The filtrate was evaporated to dey-
ress, the vesaliing browre solid was takere np in ether, and 1le
ccanorphens vesidae wis filtered off. The ether filtrate wis
eviaponted (o dryness wgain, and the residue was then reerystal-
Lized froa icsnedl inean of ether to give 0013 g, of prodnet, nee
- ONE,

el Cudedl o Cubla NG )
Found: 82100 H,y S 000 N,

N-Methyl-N ‘-phenylethvlenediamine wag prepared frore N-
vicet by l-N-phenylethvlenediamined v the N-formyl derividtive
by ithe method of Blieke snd En® vield 6847, lope 75802 (13

et

T H, STUD N, s

S22

H, <28 N, 051,

P Sl sont Lo daosen, Ul S0 Pacent 2,007,171 (14611
ixt 1 B Newrar, Berl, 24, 2101 (1801,
nyoL VL Blicke ol €21 LasJ La Chean. Sor., T4, 3033 (10525,
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Anal. Caled. for CiHisNa2: C, 73.17; H, 9.76; N, 17.07.
Found: C, 73.32; H, 9.54; N, 17.46.
N-Methyl-N-phenyl-N’-methyl-N’-( 2-p-fluorophenyl-2-
ethoxy Jethylethylenediamine—A mixture of 7.45 g. (0.036
mole) of 1-p-fluorophenyl-l1-ethoxyethyl chloride and 6 g. (0.036
mole) of N-methyl-N‘-methyl-N -phenylethylenediamine in 200
ml. of butanol containing 10 g. of Na,CQ; was refluxed with
stirring for 96 hr. After filtration, the reaction mixture was con-
centrated in vacuo and the residual oil was fractionated in vacuo
to give 6.1 g. (56 9) of product, b.p. 170-180° (0.5 mm.).
Anal. Caled. for CxoHxFN:0: C, 72.79; H, 8.25; N, 8.49.
Faund: C, 72.46; H, 8.26; N, 8.56.
N-Methyl-N-phenyl-N‘-methyl-N‘-(3-p-chlorophenyl)-3-eth-
oxypropylethylenediamine.—A mixture of 8.53 g. (0.036 mole)
of 1-p-chlorophenyl-1-ethoxypropyl chloride and 6 g. (0.036 mole)
of N-methyl-N’-methyl-N‘-phenylethylenediamine in 200 ml
of butanol containing 10 g. of Na;CO; was refluxed with stirring
far 96 hr,  After filtration and concentration in vacuo, the residual
ail was fractionated in vacuo to give 8.5 g. (659 ) of product,
h.p. 180-195° (0.6 mm.).
Anal.  Caled. for C,H2CIN,O: C, 69.86; H, 8.10; N, 7.76.
Faund: C, 70.01; H, 8.10; N, 7.64.

A New N-Phenylpiperazine Synthesis. 2-Anilinopropioni-
trile.’*—To a solution of 83.0 g. (0.80 mole) of NaHSO; in 154 ml.
of water was added 24.65 g. (0.56 mole) of acetaldehyde over a
period of 25 min., maintaining the temperature between 60 and
70°. After an additional 0.5 hr. of stirring at this tempera-
ture, 77.0 g. (0.83 mole) of aniline was added over a 20-min.
period. After 20 min. of stirring at 60-70°, a solution of 40.5 g.
(0.80 mole) of NaCN in 90 ml. of water was added over 20 min.
‘The praduct separated as an oil which crystallized on cooling to
room temperature. After filtering, recrystallizing from 50%
aqueous ethanol, and drying, it weighed 51.0 g. (62.4%, yield),
n.p. 90-92°.

Anal, Caled. for CsHieN.: C, 73.94, H, 6.90; N, 19.16,
Found: C, 73.84; H, 7.12; N, 19.07.

2-Anilinoisebutyronitrile.!'—In an analogous procedure 43.5
g. (0.75 mole) of acetone, 312.2 g. (3.0 moles) of NaHSOs, 46.5
g. (0.5 mole) of aniline, and 29.5 g. (0.6 mole) of NaCN in a
total of 655 ml. of water yielded 68.8 g. (86.09 yield) of the amino-
nitrile, n1.p. 89-92°.

Anal. Caled. for CoHoN:: C, 75.0; H, 7.49; N, 17.49,
Found: C,74.91; H, 7.73; N, 17.30.

N-Phenyl-N-(1-cyanoethyl)chloroacetamide.—Sodium carbon-
ate (154.6 g., 1.46 moles) was suspended in a solution of a-
anilinoacetonitrile (213.0 g., 1.46 moles) in 2.0 1. of benzene.
Chloroacetyl chloride (165.0 g., 1.46 moles) in 400 ml. of benzene
was added over a 25-min. period at such a rate as to control
the gas evolution, maintaining the temperature at 70°. The
mixture was refluxed for 2 hr., cooled to room temperature, and
filtered, and the inorganic salts were washed with benzene.
Llvaporation of the filtrate left a residue of 329.2 g. of oil which
was crystallized from 400 ml. of anhydrous ethanol by cooling to
—10° overnight. The colorless, crystalline product weighed
236.3 g. (78.8% yield), m.p. 69-71°.

Anal. Caled. for CyHuCIN:O: C, 59.33; H, 4.98; N, 12.38,
Found: C, 59.00; H, 5.02; N, 12.56.

1-Phenyl-2-methylpiperazine.'>—To a mixture of 11.93 g.
(0.32 mole) of LiAlH, and 280 ml. of tetrahydrofuran in a 1-1.
flask under N, was added a solution of N-phenyl-N-(1-cyano-
ethyl)chloroacetamide (22.26 g., 0.1 mole) in 85 ml. of tetra-
hydrofuran over a period of 17 min. maintaining the tempera-
ture below 25° with an ice bath. The mixture was then refluxed
at 69° for 2 hr., cooled to 25°, decomposed with 18 ml. of water
(stirring for 25 min.) and 12.3 ml. of 15% aqueous NaOH
(stirring for 15 min.). The inorganic products were filtered and
washed with tetrahydrofuran, and the filtrates were evaporated
to dryness. The oily residue (13.3 g.) still contained halogen.
It was refluxed overnight with 10.6 g. of Na,CO; and 25 ml. of
toluene. The toluene solution was filtered and evaporated to
dryness, leaving 11.1 g. of halogen-free oil, which was distilled in
vacuo. Material boiling at 115-117° (1.0 mm.) was collected (3.6
g., 10.4% yield) and converted to the phenylthiourea derivative,

(10) H. Biicherer, German Patent 157,910 (1903); Chem. Zentr., I, 477
(1903).

(11) An alternative synthesis is given by R. A. Jackson, J. Am. Chem.
Soe., 67, 1996 (1943).

(12) C. B. Pollard and T. H. Wicker, Jr., ibid., 76, 1853 (1954).
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m.p. 158-160°, A mixture with phenylthiourea derivative of
authentic 1-phenyl-2-methylpiperazine (m.p. 158-160°) melted at
159-160°.

Anal, Caled. for CgHaN3S: C, 69.50; H, 6.79; N, 13.48.
Found: C, 69.36; H, 6.95; N, 13.47.

In a subsequent preparation, after addition of all reagents,
tetrahydrofuran was distilled out and replaced with xylene until
the temperature in the mixture reached 131°. It was then re-
fluxed for 6.75 hr. and worked up as before. The fraction boiling
at 114-120° (1.0 mm.) weighed 11,15 g. (63.49; yvield). Replace-
ment of tetrahydrofuran with toluene gave 48.7%; after a 2-hr.
reflux, and 58.59 after a 6-hr, reflux.

N-Phenyl-N-(1-cyanoethyl)-«-chloropropionamide.—In a
procedure analogous to that used for the preparation of the cor-
responding acetaniide, e-chloropropionyl chloride gave a 70.4%;
yield of colorless crystalline product, m.p. 85-87°,

Anal. Caled. for CH;sCIN0: C, 60.19; H, 5.49; N, 11.84,
Found: C, 60.83; H, 5.45; N, 11.82.

1-Phenyl-2,5-dimethylpiperazine.—Reduction of N-phenyl-
N-(1-cyanoethyl)-a-chloropropionamide with LiAlH, in toluene,
refluxed for 6 hr., and worked up as in the first case, gave 17.49,
of the oily piperazine, b.p. 117-125° (1.0 mm.).

Anal. Caled. for CHisN20.75H,0: C, 70.72; H, 9.64; N,
13.75. Found: C, 70.83; H,9.63; N, 13.61.

The phenylthiourea derivative melted at 163-165°.

Anal. Caled. for CisHuN,S: C, 70.15; H, 7.07; N, 12.92.
Found: C, 69.74; H, 6.84; N, 12.77,

1-Phenyl-2,2-dimethylpiperazine.—Treatment of 19.2 g.
(0.12 mole) of 2-anilinoisobutyronitrile with chloroacetyl chlo-
ride resulted in an oily amide which could not be crystallized.
The crude product (27.3 g., 96.29; yield) was dissolved in 85
ml. of tetrahydrofuran and added over a 25-min. period to a
solution of 12.0 g. (0.32 mole) of LiAlH, in 300 nil. of tetrahy-
drofuran at 25° under N, The mixture was refluxed for 6 hr.
and worked up in the previously described way. The fraction
boiling at 110-115° (1.0 mm.) weighed 3.7 g. (16.39, yield based
on the anilinonitrile).

The phenylthiourea derivative melted at 193-195°,

Anal. Caled. for CeHxN,S: C, 70.15; H, 7.07; N, 12.92.
Found: C,69.93; H, 7.13; N, 12.71.

Hexahydro-2-methyl-1-phenyl-1,4-diazepine.—A mixture of
29.2 g. (0.20 mole) of e-anilinopropionitrile in 300 ml. of ethylene
dichlaride and 21.2 g. (0.20 mole) of Na,CO; was treated with a
solution of 27.7 g. (0.21 mole) of g-chloropropionyl chloride in
50 ml. of ethylene dichloride over a period of 34 min. at —15
to —20°. The mixture was stirred at —15° for 2.5 hr. and al-
lowed to stand for 16.5 hr. at —35 to —40°. After removal of
the inorganic salts and the ethylene dichloride in vacuo at room
temperature, the residual oil (56.6 g.) showed a tendency ta crys-
tallize, and also to darken quickly on standing.

A 34.2-g. portion of this oil was dissolved in 130 ml. of tetra-
hydrofuran and added dropwise over a 38-min. period to 16.15 g.
(0.44 mole) of LiAlH, in 400 ml. of tetrahydrofuran at 40° under
N2 The mixture was stirred at 37° for 21.5 hr., cooled to 20°,
and worked up in the previously described way. The fraction
boiling at 118-120° (1.0 mm.) weighed 7.8 g. (33.99, yield based
on the anilinonitrile).

Anal. Caled. for C:HigNs: C, 75.79; H, 9.46; N, 14.75.
Found: C. 5.63; H,9.58; N, 14.32.

Octahydro-2-methyl-1-phenyl-1,4-diazocine.—A mixture of
30.0 g. (0.21 mole) of y-chlorobutyryl chloride, 29.2 g. (0.20
mole) of e-anilinopropionitrile, and 21.2 g. (0.20 mole) of Na,CO,
in 325 ml. of benzene was refluxed for 1 hr., cooled to room tem-
perature and stirred for 18 hr. After removal of the inorganic
salts and the solvent, the oily residue (57.6 g.) was dissolved in
85 ml, of tetrahydrofuran and added over a 22-min. period to
14.8 g. (0.39 mole) of LiAlH, in 300 ml. of tetrahydrofuran
at 25° under N2, The mixture was then refluxed for 6 hr. and
worked up in the previously described way. The fraction boiling
at 138-142° (1.0 mm.) weighed 10.4 g. (25.5% vield based on the
anilinonitrile).

Anal. Caled. for CsHyN.: C, 76.47; H, 9.79; N, 13.74.
Found: C,77.87; H,9.74; N, 12.77.

An Improved Procedure for the Preparation of 1-Phenyl-
piperazine Derivatives. 1-(m-Ethyiphenyl)piperazine—To a
mixture of 8,8-dichloroethylamine hydrochloride (59.0 g., 0.33
mole) in 252 ml. of propyl alcohol, was added 40.0 g. (0.33 mole)
of m-ethylaniline and then 24.7 g. of sodium iodide. Within
a 15-20-min. period the temperature of the reaction mixture
was brought to reflux temperature with vigorous stirring, The
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solution was heated under reflux for 3 hr. while 52.5 g. (0.495
niole) of Nu,CO; was added in small portions whereby vigarras
faeaming cecurs. The reflux temperature was maintained for a
additional 1 hr. and then the reactian nixture ccoled to rem tene
perature. ‘The mixture was filtercd, and the filtrate was evajo-
rated to dryness.  Agnecs acid was added to the vesidine and the
resulting soluticn was extracted several times with chlovofranr.
The acidic solution was then basified to pH 10 with & & NaOtl
salntion and extracted well with ether. The ether extract wiw
dricd aver Na.80,.  The drving salt was then filtered off, and tle
ether was removed on the steamm hath.  The oily residue was is-

Yohimbane Derivatives. Il.
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tilled 4 pacwn wnd the produet was collected wt TTO-115% (a5
v b The vield was 8107,

Anol. Celed. for CoHgNa:
Fomel: € 7361 FLOAs: N, 1404

o ML O N, 1T
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17a-FInara-, -chloro-, and -bramaychimhbanes, 178-fluira- and 178-chlare-1Ge-methylyohimbanes, 173-chloro-

|6a-chlaromethylyohimbane, and 168-chlorayahimbane were prepared.
mnast of these campounds produced significant tranguilizing etferts in nntamed mankeys.

On pharmacalagical  evaluation,
The clinical evalnation

of the 17a-haloyahimbanes, the masi active of thix series, was preclnded hy strang adrenalytic effeets i
dogs. A convenient n.an.r. methad fro canformational assignmerts of some evelie aleohads is deserihed.

The tranquilizing and hypotensive properties of
reserpine have inspired cousiderable effort by various
research groups to investigate the activity of other
compounds having the pentacyclic yohimbanoid skele-
ton.! The resulting studies have centered mainly on
the cardiovascular area leaving the pharmacology of the
central nervous system largely unexplored. The
scarce data available create the linpression that frans
C/D ring junction, opposite configuration at C-3, and
other differences, as compared with reserpine, render
derivatives of yohimbane devold of sedative activity.™

Our interest in this field arose from the observation®
of significant analgesic and sedative properties in a
group of previously described compounds, such as vo-
himbane (I), 16a-methylyohimbane (11),* epivohinibol
(I1I),* and 16a-methylyohimbol (IV).* This finding
suggested the synthesis of a wide variety of compounds
based on the yohimbaue nucleus for evaluation of their
central nervous system effects.  The present study is
concerned with the preparation of 16- and 17-haloyo-
himbanes and their pharmacological properties.

Two of the starting materials for this work, 178-hy-
droxyyohimbane (IIT) and 17e-hydroxy-16a-methyl-
vohimbane (IV), were readily accessible by procedures
described in the literature.®* The third, 16a-hy-
droxyyohimbane (XIX), was prepared by the KBH, re-
duction of 16-ketoyohimbanc.® The ratia of the re-
sulting epimers (XIX and XX), which was close to 1:1,
did not permit any conclusions as to the configuration
of the hydroxyl groups. The low solubility of one of
the isomers (XX) in chloroform, pyridine, dimethyl
sulfoxide, and other common solvents precluded steric

(1) The subject was reviewed by: J. Kerwin, C. I’. Balant, and G. 1.
Ullyot in “Medicinal Chemistry,” A. Burger, Ed., 2nd, Ed,. Interscience
Prbligleers, Inc., New York, N. Y., 1960, p. 365; 1b) R. A. Lueas, *‘Progress
in Medicinal Chemistry,”’ Butterworths, London, 1963, p. 140.

(2) We thank Mr. M. Chessin, Dr. J. I'. Emele, and Dr. J. t3ylye for theie
pbarmacological studtes.

t3) P, Karrer and R. Seamanu, Hele. Chiwe. Adela, 36, 1432 (14525,

14) B. Witkop, Ann,, 554, 83 (1943).

5 R, K. Hill and K. Muenech, J. Ovg. Chene., 22, 1276 (10574,

studies by conventional infrared and n.nir. methods.
Configurational assigniments were finally made on the
hasis of the observation that on warming i trifluoroace-
tic acid for 15-30 min. at 530° only epimer XX elimi-
nated water. The dehydration reaction was most con-
veniently carried out in the wnr, sample tube, the
formation of the olefin being detected by the appear-
ance of a signal at 5.5 p.pan.  Application of this
technique to model compounds with known configura-
tion, showed definite stereochemical specificity.  For
example, i the case of 17 e-hydroxy-16e-methylyohim-
bane and 173-hydroxy-10e-methylyohimbane® only the
former compound, in which the hydroxyl is axial,
eliminated water to give rise to an olefinie signal at 5.23
p.p-m. This analogy, as well ag the established con-
cept that 1.2-chmination reactions are particularly
facile if the two substituents are in a trans coplanar (di-
axial) arrangenent, led to the assignment of the 168-OH
(axial) configuration for the epimer XX which is casily
dehydrated.

The tosyvlation of the aleohols IIT, 1V, and XIX gave
178-(p-toluenesulfonyloxy)yohimbane (V), 16x-methyl-
17 e-(p-toluenesulfonyloxy)vohimbane (VI), and 16a-
(p-rolnenesulfonyloxyyyohimbane (VII). When these
compounds were allowed to react with a saturated solu-
tion of dry hvdrogen halide in pyridine, substitution
with inversion” took place to give 17e-fluoro-, 17a-
chloro-* and  17e-bromoyohimbane (VIII-X), 173-
fluoro-16a-niethiylyohimbane  (XI), 178-chloro-16a-
methylvohimbane (XII), and 168-chloroyohimbanc
(XIIT) (see Table 1.

The reactions involving hydrogen bromide were ac-
companied by partial chmination in the case of 178-

63 J. Shavel, dr
IS AT

(7)) Noelenplalo: sseoetihm ion of che p-tubenesnlfonyloxy geoup has been
Showo by 1L Phillips 170 Cheon. Sor., 123, 44 (1923) ] vy proveed with itver:
vou and very lode racemization,

iR Afrer eompdetinn of this work, the converston of epiyvohimbol to 1N

sieh PQCE war deceetlied Ly YV Bao aud O Yonemitsie, Tetrahedyoo Letives,
No. §, 18] (1962
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