1144

a Griguard solution prepared from Mg (4.7 g) and 4-(evelopent-i-
enyl)bromobenzene (38 g) in a mixture of Et,O (235 ml) and
THF (95 ml), a solution of 2,3-epoxypropy! chloride (31.5 g)
in E;O (40 m!) was added during 30 min with stirriug at rooin
temperature. After stirring for a further 30 miu the niixrare
was decomposed by the addition of 5V HCL The ether layer wns
separated, washed (H»0), and dried {Na.80;) and the ether wax
distilled. The residual oil was distilled to vield a fraction (18.5 gJ,
bp 120-155° (0.1 mm), which solidified aud had mp 100-1t11°
(from ligroin).

(¢) 1-Cyano-3-[p-(cyclopent-l-enyl)phenyl]propan-2-ol.---A
=olation of the foregoing chlorohydrin (14.8 g) in EtOH (150 ml)
wis treated with a solution of 96¢¢ KCN (5.1 g) in 11O (11 1l
and the wixture was heated nuder reflux for 90 niin. 1t was then
coonled and diluted with iced .0 and the prodact was izolated
with CHCL. It (12 g) had mp 77-78° [from Cells-petroleumn
ether (hp 60-80°}].

(d) Ethy!l 4-[p-(cyclopent-1-enyl)phenyl]-3-hydroxybutyrate
was obtained when a solution of the foregoing nitrile (7.5 g) in
LtOH (75 ml) and H,O (2 ml) was saturated with 11Cl gas and
tlien heated under reflux for 12 hr. The ester (4.4 g) ixolated
with CHCl; had bp 165-169° (0.15 mmu).

(e) d4-|p-(Cyclopent-l-enyl)phenyl]-3-hydroxybutyric Acid.---
A solation of the foregoiug ester (2.2 g) in 10¢; EtOH-H.0
(25 ml) containing NaOIl (0.4 g) was heated under reflux for 1
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heo Tt was then cooled slightly awd poared with stirring inio
excess warin, dilate HCL  The mixrare was cooled aud the acid
was collected. Tt (1.7 g) had mp 153-156° ({from MeOI-I1.0).
4-(Cylohept-1-enyl)bromobenzene, prepured ax described for
4-(cyclopent-l-enyhbromobenzene, nsing c¢vclolieptiaione
place of cvelopentanone, had mp 51-53° (froar MeOTIn .
((l(:gHI:.BI') (l, II. Br.
N-(3-Hydroxyethylj-4-( p-biphenyly!l)-3-hydroxybutyramide.-
A mixtare of ethyl4-( p-biphenylyD-3-hydroxybutyrate (10 g) and
ethanobmmitte £ 10 mb) was heated on the steam bath for 2 hn when
it was cooled and stirred with dilate IICL  The aumide (S g) had
mp 150-131° (from EtOH). el (CullaNOyy C, 11 N
N-{3-Hydroxyethyl)-4-( p-biphenylyloxy )-3-hydroxybuty-
ramide had mp 181-183° {from EtOH).  Anal. (CiIlaNOy)
IT, N.
N-(3-Hydroxyethyl)-3-hydroxy-4-{ 2-naphthyloxy butyramide
had mp 161-163° (from KO, Anal. (CiHNOH C, H, N.
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Several unsyminetrically 1,4-disubstituted piperazines have been prepared by redueing l-acyl-4-substituted

piperazines, the latter having been obtained by the acylation of 1-alkyl- or l-arylpiperazines.
1-amino-l-alkyl-4-(o-methoxyphenyl)piperazinium halide

l-amino-4-(o-methoxypheuyl)piperazine (2) gives

Alkylation of

(5-8,12). Some of the 4-s1ibstituted derivatives of 1-phenyl- or 1-(o-methaxyphenyl)piperazines show appreciable
antihypertensive activities, but the 1-methyl-4-substituted piperazines canse no significant fall in blood pressure.

In continuation of our studies of compounds having
antihypertensive properties. we have prepared and
tested a large number of unsymmetrically 1,4-disub-
stituted piperazines.

Chemistry.—The unknown 1-phenyl-4-amiuopiper-
azine (1) was prepared by refluxing bis-g-chloroethyl
aniline with hydrazine in ethanol. Preparation of
1-(o-methoxyphenyl)-4-aminopiperazine (2) was simi-
larly achieved. These compounds could also be pre-
pared by nitrosating the corresponding 1-substituted
piperazine with sodium nitrite and hydrochlorie acid
and reducing the 4-nitrosopiperazine derivative with
zine dust in acetic acid.

Reaction of 2 with aromatie aldehydes resulted in
the formation of the corresponding Schiff bases, c.y..
3 (eq 1). Hydrogenation of 3 in the presence of 109,
’d-C gave 4. Attempted reduction of 3 (NaBH, or
LiAIH,), or hydrogenation in the presence of PtO,, failed
to give 4.

The reaction of 2 with benzyl chloride or benzyl
iodide resulted in substitution ou the 1-nitrogen atom
to yield 5 and 6 (eq 2). Compound 7 (and 8) was
similarly obtained. Proof for the assignment of the
structure of 5 (and 6) was found in the reaction of
benzylhydrazine and bis(g-chloroethyl)-o-anisidine (9)
which yielded the hydrochloride 10 and could be

(1) F. ¥Fried, R. N. Prasad, aud A. 1’ Gaanee, /. Hed. Chem., 10, 271
(1967), may be considered as paper 1.

OMe
C,H,CHO
N N—NH, -
2
OMe
AN N—N=CHCH, BLLIN
N
3
OMe

N NNHCH.CH, (1)
—/

4

converted to § by treatment with NaHCO; (cq 2).

Hydrogenolysis of 5 (eq 3) in the preseuce of PtO,
gave l-benzyl-4-(s-methoxyphenyl)piperazine (11) and
ammonia. On the other hand, hydrogenolysis in the
presence of 109 Pd-C gave l-amino-4-(o-methoxy-
phenyl)piperazine (2) and toluene.

Substitution on the N-1 position of l-amino-4-(o-
methoxyphenyl)piperazine (2) may be explained by
the assumption that N-<1 has the highest nucleophilie
dactivity of the three nitrogen atoms in the molecule.
The amino group in compound 2 can be visualized as u



November 1968

OCH, OCH,
3 2 )
1
N N—NH, & N Ntng,
— \
CH,R
: 5, R=CgH; X=Cl
Gr R=CSH5y X=1
7. R=CH; X=1
OCH, 8, R=CH;X=Cl (2
N(CH,CH,Cl), HCIHNaHCOS
OMe
9
+ — N  NL-NH, C
-HCl
CsHsCHgNHNHz CH2C6H5 C
10
OCH,
5 — N NCH.CH; + NH;
(H] N
(3)
Pd-\[}-{] "
2 + CH;CH,

part of the unsymmetrically disubstituted hydrazine.
Y and Z may be considered as the alkyl groups which

Y Y + NH, X
~N RX ~G L oNR
NNH, ——»
/i 7 \R,
2 58, 12

tend to increase the availability of the electron pair on
the N-1 nitrogen, making it the center of highest nucleo-
philic reactivity.?

When 5 was heated with sodium ethoxide in absolute
ethanol, it underwent a rearrangement to give 4 (eq 4),
which may be postulated as analogous to the Steven
rearrangement.*

OCH,
S\ .
N NNH—H 22
/
CH,C:H,
5
OCH,

N N—NHCH,CH; (4)
/

4

Treatment of 2 with a large excess of Mel gave a
monomethiodide (7), which was also prepared from 8
(obtained from methylhydrazine and 9) and KI, The

(2) B. M. Bloom, 4nn. N. Y. Acad. Sci., 107, 878 (1963).

(3) C. K. Ingold, "Structure and Mechanism in Organic Chemistry,"”
Cornell University Press, Ithaca, N. Y., 1953, p 523.

(4) A. W. Johnson, ""Ylid Chemistry,"”’ Academic Press, New York, N. Y.,
1966, p 266.
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product 7 (and 8) is thus considered to be the N-1
methyl derivative.

A study of the nmr data of 2-12 shows that the four
aromatic protons of o-methoxyphenyl ring in 4-11
appear between 455 and 463 Hz as a relatively broad
single peak in the aromatic region. This assignment
is based on the spectrum of 12.3

OCH,

S\, ;
N Nt-CH, NO, ‘CI™HCFH,0
—|

NH,
12

Reaction of phenylpiperazine with ethylenimine in
refluxing ethanol, containing a catalytic amount of
H,80,, gave 1-(8-aminoethyl)-4-phenylpiperazinet (13)
in 769 vield. Other (8-aminoethyl)-4-substituted
piperazines (14, 15) were made similarly. This method
was found to be more convenient than the two-step
method’ from 1-substituted piperazine via 1-substituted
piperazine-acetonitrile.®?

The amides (Table IV, and partly in Tables III and
I), in general, were prepared from the corresponding
piperazines by treatment with the appropriate acid
chloride in the presence of a proton acceptor (eq 5).
An excess of the piperazine usually served this purpose.
Some of the amides on reduction with LiAlH, or di-
borane gave rise to l-aralkyl-4-substituted piperazines
(Table V). Preparation of l-allyl- or 1l-propargyl-4-
substituted piperazines was achieved by the reaction
of allyl or propargyl bromide with the desired sub-
stituted piperazines (eq 3).

7\ R"COCI N\
R'N NH R'N NCOR”
CH,=CHCH,X (5)

/N N\

RN N—CH,CH==CH, R'—N  NCH;R”

Pharmacology.—The antihypertensive activity of the
compounds was measured as described before.! In most
cases, the effect of the compounds on pressor responses
to epinephrine and bilateral carotid occlusion were
also noted. The results are given in Tables I-V.

A general study of the structural features of the
piperazines tested for their effect on blood pressure of
experimental animals led to the following observations.
None of the 1-methyl-4-substituted piperazines showed
any significant activity. Only the 4-substituted de-
rivatives of 1-phenyl- or l-o-methoxyphenylpipera-
zines showed appreciable and sustained fall in blood
pressure. Of these, the most active ones were 1, 2,
41, 84, 88, and 97,

Substitution of a methoxy group in the ortho position
of the phenyl ring in 1-benzoyl-4-phenylpiperazine!®

(5) The p-nitrobenzylic ring of 12 gave the expected A.'B’ pattern at
lower field (474-506 Hz).

(6) E. Cerkovnikov and P. Stern, Arhiv. Kem. (Zagreb), 18, 12 (1946).

(7) J. H. Short, U. Biermacher, D. A, Dunnigan, and T. D. Leth, J. Med.
Chem., 6, 275 (1963).

(8) R. P. Mull, R. M. Mizzoni, M. R. Dapero, and M. E. Egbert, tbid..
5, 944 (1962).

(9) D. E. Adelson and C. B. Pollard, J. Amer. Chem. Soc., 87, 1430
(1935).

(10) V. Prelog and G. J. Driza, Collect. Czech. Chem. Commun., &, 497
(1933); Chem. Abstr., 28, 1347 (1934).
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TasLe 1
l-Aleer oL 1-;\11,\Ll&\'1--4-15[ BSTITUTED JAMINOPIPERAZINES SND -HOMOPIPERAZINES

(CHg)n
/ \
RN  NNHR,

Yield,” D (it
-r g

Ni. 121 3. » Lot or i, 0 N Metlualf Foraauly Aaalyses Aedvin”
PGl 1 2507 108-110 10.17) Cuol1sNs GILN A- - -
17-60
2 o-CHOCH, 11 20Ty 144-149 (0.5 Cp N3O C, H, N B— - -
101-104 I+ M
206--200 dee M+ B CiHpNzO - 2HCE
4 0-CILOCT,  CILGII, 28y 21052115 A=L CuHluNO-HCL ¢ 1L CL N 4 —
1) (lII;g H 3 60 94-06 (IL\)' (:SII]QN;’, C, II, N + —
24 ClHy COCH=CIICslI; 21D 225-227 dee M4 E PN CuHgNO211CH G, CL N 4 —
25 Clly COCH==CHC:H; 3 124-126 B+P i) CuHaNz0 C,H,N,O0 -
26 Gy, COCeH; 276 235-234G A D) CrH N0 C, U, N -+
27 o-ClLOGsHy COCeH; 285 195-105 A Dt2)  CisHaN;O: C, H, N -+
28 O()I{J()Cs}'h 00051‘140(,(][3-2) 2 75 2“)—220‘-) A I)()) (flglinggog (vl, II, N +-

@ Yields given are those of crude solid or once distilled liquid. * Recrystallization solvents: A = EtOH, B = C4lls, I = Et,0, M =
MeOll, p = petroleum ether (bp 30-60°). ~ Reaction period indicated i hours in parentheses. ¢ Yield 64% froun 1-nitroso-4-phenyl-
piperazine aud 50% from bis(8-chloroethyDaniline and hydrazine. ¢ Yield 759, fron1 l-o-methoxyphenuyl-4-nitrosopiperazine, 66°;
from N-[bis(8-chloroethyl)]-o-anisidine aud hydrazine. 7 7% 1.4898. ¢ The starting amiue, l-aniino-4-methylpiperazine, bp 7:3-80°
(18 mm), n* p 1.4813, was prepared according to the method reported: E. A. Couroy, 1. 8. Patent 2,663,706 (Dec 1953) (lit. bp 118-
120° (25 mm)). * + —, inactive; 4, rise i1 blood pressure:; X, sustained fall in blood pressure, but marked decrease in epinephrine
aud/or carotid occlusion; XX, sustained fall in bload pressure, but reversal af epinephrine response; —, transient fall in blood pressare
or insufficient activity; — —, wisustained fall in blood pressure; — — —, mean blood pressure lowered by 30-60 mm for 1 hr or
fouger; A, B, or C, (A) decrease in epinephrine and carotid occlusion, (B) deerease iu epiuephrine only, (C) increase in epinephrine and
decrease in carotid occlusion.

TapLe Il
1-o-METHOX YPHEN YL-4-3 UBSTITUTED BENZYLIDENEAMINOPIPERAZINES

OMe
/N
N NN=CHR

Ny, It Yiebl, ' \Mp, FC s Forpiuly Analyses Avdiviey

8] Cell, 1.5 0:3-04 A CislTu N0 ¢, H,N, O +
20 CelT3Cle-3,4 02 137-138 A CysH1gCLNO C, H CLN +
21 CsHy(OCH )3, 4 75 145-146.5 A CooHasN40; C, H, N +
22 CsI1 N (CH;)p 70 132-133.5 A CpHaoeN 0 G, H,N + -
23 4 _\? S8 ST-S8.5 B4+ 1 CoTlaNO ¢, H, N +

e Yields given are those of crade solids, * Reerystallization solveuts: A = EtOll, & = I5t,0, P = petroleum ether. * See fuoinn(e
h in Table I

TasLe I

1-ALKYL- O 1-ARYL-4-(S-3UBSTITUTED AMINO)ETHYLPIPERAZINES AND -11OMOPIPERAZINES

§CHz)n
AY
RN NCH,CH,NHR,
No. R Rs no Yield, vt Mp, °C 3t Aetlw,d” Formala Analyses Avdvicy”
20 CH, COCHCClo 3 58 109-111 M+ I (18 (HoeCIN;O - ¢, H, CL N 4+ —
0.5H,0-2HCl
30 CH:,  COCH=CHGCH, o 51 254-236 M 4B AL CiHaNeO-2HCI GH, CLN
51 Celd; CH.CH,CONHNII; 2 d 225227 M+ I € CisHs N0 3HCl C H, CL N -
dec

a Yields given are those of ernde solid. * Recrystallization solvents: M = JMeOll, E = Et.0. ¢ Reaction period irc hours indicated
in parenthesis. < Over-all yield 1007 starting from 13. ¢ Prepared by the reaction of 1-{g-amiroethyl)-4-phenylpiperazine (13) (0.1
mole) with ethyl aerylate (0.12 mole) at room temperature for 72 hr, complete removal of the solvent and excess ester under reduced
pressure, and subsequent refluxing with 955, hydrazine (0.12 mole) in EtOH for 3 hr. Ethanol was removed and the product wax
isolated as a trihydrochloride. 7/ See footnote k in Table I.

(which caused a sustained fall in blood pressure) gave
57, which caused an unsustained fall in blood pressure.
However, if the methoxy group was attached to the
ortho position of the benzoyl group, ax in 41, the product
<0 obtained produced a sustained fall in blood pressure.

The corresponding p-methoxybenzoyl derivative (42)
caused a large unsustained fall in blood pressure,
whereas the m-methoxybenzoyl derivative (43) was iu-
active.

There wus no consistent change in antihyperteusive
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(CHg)n
. ; / A
Tapre IV: 1-ALKYL- OR 1-ARALKYL-4-ACYLPIPERAZINES AND -HOMOPIPERAZINES RN NCOR,

Yield,®

No. R1 Ry n 1% Mp, °C &P Method® Formula Analyses Activity™
32 0-CHyOC¢H, p-CIC¢H, 2 8 125-127 B+ P E(20) CisH,CIN-O, C H CL,N X
33 CH; p-CICsH, 2 81 279-281 M + E  F(20) CHi;CIN.O-HCl C, H,Cl, N - =
34 CH, p-CICeH, 3 33 183185 M+ E F(20) CuHuCIN,0-HCI G H CLN  —
35 CH; 0-CICsH,4 2 2 295—294 M4 E  A(D CpHCIN,O-HCl C H, CI, N +

ec
36 CH, 0-CICsH, 3 83 253—255 M A1) CuHpCIN,0 HCl  C, H, C,, N +

ec
37 o0-CH;OCsHs 0-ClCeHy 2 73 164-166 B+ P D(1) CisH 1y CIN,O. C,H,CLN, O — -
38 o-CHyOCeH, 0-CH30C:H, 2 87 91- 93 E D(0.5) CisH2N:0, C,HN - -
39 CH; 0-CH;0C:H, 2 57 268270 M + E  F(20) Ci3H1sN-0,- HCI C, H,CL N -
40 CH3 O-CHgOCsI‘L 3 33 262-264 M + E F(‘_)O) CquoNgOz'HCl C, H, Cl, N + -
414 CsH5 0-CH3005H4 2 09 103-104 Ea A(3) 15H?0N202 C, H, N, O B- —~ —
42 CgH; p-CH;OCsH, 2 81 12?59 E E(20) CisHnN,0:° C H N -

29.5
43 Cg¢H; m-CH;OCsH, 2 46 203—2102 E+ W B() CisH2o N0, - HCI C, HCLN + =

ec
44 CH;, p-CH;0C:H, 2497 241-243 M+ E  A(2) CisH1sN:0,- HCl C, H, C, N -
45 O-CH;;OCSH4 p-CH30C5H4 2 97 122-123 B + P D(l) CmHggNgOs C, H, N -
46 CH; 0-CH;CeH, 2 74 283—288 M+ E  B(0.5) CuHiN.0-HCI C, H CLN +—

ec
47 CH, 0-CH;3CeH, 3 55 263—266 M+ E By Ci1HyN,0-HCI C, H,C, N +—

ec
48  CeH; o-CH;C¢H, 2 33.5 200-202 M+ E B(0.5)) CiHnoN,O -HCH C, H,CL, N X
49  CeH, m-CH;CeH, 2 745198200 M4 E B(0.5) CisHaN.O -HCl C, H, CL, N - -
50 CsH:, p-NOzCsH; 2 95 119-121 M E(ZO) 17H17N303 C, H, N -
51 CHs p-NO-zCsH4 2 96 98-100 C + H D(g) 121N C, H, N, O + -
:)2 O-CHgOCsH4 p-NO2CeH4 2 62 128—130 C + I\I D(O5)g ClaH19N304 C, H, N, O - =
53 CsH5 ”l-NOzCsH4 2 82 93— 95 M E(20) 170170\ C, H, N +_
54 0-CH3005H4 m-NOQCsH4 2 90 109-111 M E(QO) 13H19 -3 4 C, H, N -
55 O-CH3005H4 3,5-(N02)2CsH3 '_) 53 1:)4:-156 C + x\I E(QO) 180118, N ¢Ug C, H, N - =
56 CH, Hs 350 210212 M+ E  A4) CuHeN:0-HCl CHOC, N +
57 0-CH3005H4 CSHj 2 20 98— 99 C + H A(Z) 18 20N2 Py C, H, N, O - =
58¢ CqH; ¢-C;Hs 273 63- 64+ E + P E@4) C1H1sN-0 C, H N, O -
59  CeH; CH(CHs)» 2 65 164-166 B+ P C(0.5)  CayHaN:0 C, H N - =
60 CH; CH(CeH; )2 3 8 170-172 M + E  B(0.5) C2H24N20-HCl C, H,C, N - —
61 CH, CH,OCH; 2 64 182-183 M 4+ E  F(20) Ci3HisN:0:- HCL C, H, Cl, N + -
62  GCeH; CH,OCH; 2 67 179-181 M F(20) CisHxN:0.- HCI C, H C, N - -
63 CeH; CH(CH;)OCH; 2 84 214-216 M+ W F(20) C1sHuN20,- HCL C H C, N - =

72 104- E CisHpN:0, C H, N
105.5
64 CH; CH(CH;)OCH; 3 71 210-212 M 4+ E  F(20) Ci1:H2N.0.- HCI C, H,CL, N +—
65 CH; c—cti—{__J 2 8 216-218 M+ E B(0.5) CuHeN,OS:HCI CHC,N -~
S
66 CH, CH_;CH_Q 3 43 117-119 M +E B(0.5) CuHisN08.HCI G HCLN,8 +-—
67 CoH, =il J 2 S6 157150 C4+M B35  CoHaNOS G H Y, S
2 22 184-186 M + E  B(0.5) CisHaoN20.8- HCl C,H,CL,N, S +-—

68 o-CHiOCsHs  cH—cH \@

69  0-CHOCsH, CH=CHC:H; 2 89 112-114 B+ P D@0.5) CoHuN:O: C, H, N -
70 o-CH;OC¢H, CH==CH, 2 66 81.5-88 B+ P E@48)  CuHusN.O C,H N -
71  CeHs CH==CH, 2 48 210dec M F(48) CuHisN.0-HCl C,H CLN  +-—
72 o-CHOCsH, CH,OCHCh-24 2 75 120-131 B+ P  C(0.5)  CiyHuCLN:O; CHCLN Xj
73 CH, CH:.OCsH,Clb2,4 2 62 195-196 MM B(0.5)  CuHCLN.0;-HCI C H CLN -
74 CH, CH.OCHCl24 3 63 208210 M B(0.5) CuHuCLN:0:-HCI C H CLN  —
75 CH, 3,4-CLCsH, 2 68 208300 M A(L) CHiCLN.0-HCl C, H, CL O -
76 CH; 3,4-CLCsH 3 89 235237 M+ E Al CuHiCLN:0-HCl  C, H, CL, N -=
77 0-CHOCsH,  3,4-CL,CsH, 2 55 132-134 M D(1) CisH1sClaN 20, C H, CLN -
78 CH, 2,4-Cl,CsH; 2 83 280-291 M A(1) CeoHuWCLN:O-HCl C H, CLN  +-—
79 CH, 2,4-CLCsH, 3 66 23323 M+E  AQ) CuHiCLN:0-HCl C H,CLN  —
80 CeHs 34-(CH,0).CHs 2 57 198200 M B(0.5) CupHaN.03HCI CHCN  ——
81 CH, 34-NO.CICH, 2 8 110-112 C+P  D() CH1CIN;0, CHCN  +-
82 CeHs CHLNf 2 96 95.596.5 M CuHiN;0 C, H, N -
83 CHy CH,Ny/ 2 23 203—210 A CHLCIN;0 CCHCLN  +
ec
84  0-CH,OCH, CH.N4 2 75 17%—173 A+ E CiHisCIN;O, G, HCLN  A- - —
ec
85 0-CH,OCsH, CH,I! D75 101.5-103 A CisHuIN:O, ¢, H 1IN +
86 0-CH;OCsH, CH,Cl" 2 38 9899 B+ P CuHuCINZO, C,H, CL, N

¢ Yields given are those of crude solid. ® Recrystallization solvents: A = EtOH, Ac = Me,CO, B = CsHg, C = CHCl;, E = Et,0s
Ea = EtOAc, H = hexane, M = MeOH, P = petroleum ether (30-60°), W = water. ¢ Reaction period indicated in hours in pa-
rentheses. ¢ Compound prepared by Dr. F. Fried of these laboratories. ¢ J. R. Boissier, R. Ratouis, and C. Dumont, J. Med. Chem., 6, 541
(1963), reported the dihydrochloride of p-methoxybenzoyl (mp 224°) and m-methoxybenzoy! (mp 196°) derivatives. / The acid chloride
was prepared by stirriug thionyl chloride with the corresponding acid, containing DMF, at room temperature. ¢ Instead of Csls, the
reaction solveut used was CHCl;,  * Bp 179-182° (0.9 mm). * Yield (i) 28% on reaction of ethyl azidoacetate aud pheuylpiperazine
and (i) 969, on reaction of 1-chloroacetyl-4-piperazine [preparation reported by H. P. Dalalian aud 8. Kushner, U. 8. Pateut 2,807,617
(Sept 1957); Chem. Abstr., 52, 3875 (1958)] and sodium azide. 7 Prepared from ethyl azidoacetate and methylpiperazine. * Prepared
from NaNj and I-iodoacet yl-4-0-methoxyphenylpiperazine. ! Prepared from 1-chloroacetyl-4-o-methoxypheiclpiperazine (0.057 mole)
and KI (0.085 niole). * Prepared from l-o-methoxypheuylpiperazine and chloroacetyl chloride in Et,O. » See footuote h in Table L.



1148

R. N. Prasap, L. R. HAwKINg, AND I\,

TreTie Vol. 11

TasLe V

1-ALKYL OR 1-ARALKYL-4-3LKYL- Ol -3RALKYLDPIPERAZINES

RN
Yield,® B S
No. Rt R. %, wr mp, °C
87 CHy CH:-=CH, 45 268 dec
fated 0-CH,0C:H; CH=CH., 83 117 (0.9)
222 dec
K4 CsH; CH=CH, 69 110-114 (0.8}
90  o-CH,OCH, C=CH 74 1)28 (0.5)
205
1 Skl C=CH S 118 (0.7)
177-178
02 ClHy C=CH 50 252 dec
03 CeHs c-C3H; 73 120 (0.3),
30-56
170
04 CsH; 2,4-CLC¢H, D3 66-6%
91 CH, 2,4-CLCsHy 90 2385239
U6 Csf{:, O-CHE()CsH4 46.5 103, 5-105
097 CeHs p-CH,;OCH, 35 107.5-108 .5
08 CeH, CH(CsH,)» 76 1152116

099 CeH,
100 CeH;
101 CeH;
102 CeH,

190-196
205-207
184-185
201-205

CH(CH)OCH, 60
3,4-(OCH,).CeHy 85
m-CHngH4 50
7?7,-CH3005H4 -)4 D

~ Yields given are those of the crude solids or once-distilled liquid.
¢ . Hromatka, I. Grass, and F. Sauter,
reported the picrate of 1-allvl-4-methylpiperaziie (prepared by a different route).

B0, W = H.O, M = MeOH.
(Amsterdam), 1, 120 (1963); Chem. Abstr.,
* Aualyzed as a dipicrate. ¢ N. D. Dawson, T.
(3 hr) to get rid of all traces of EtOH.

kJ. R. Boissier,

NCH,R,
St Mevuogml Iyriyale Analyses Aeviy?

M A Cy 1Ny 2HCE (/ FLCLN 4 -

B Crgl13oNO II N - - =
M+ A C N0 - 211 (* H, Cl, N

B! CuHisNe CH N N

& 4 H N0 (‘ H, N -
W CrgHisNAO < 2C TN, O H N

(¢ Cral1gNy/ (‘ II N XX
W CiaHaeNo - 2GILN, O €, H, N
W ¢ CHpN2CH N C H N -

D CulleN. CHN N
I Crl LN ’L oI TaN Oy C, H, N
AL E CpHiChbN CH CLN - —
B+l By H,sCl\ A1 CHCLN  +
b D N +
5 D C,H N -
B v HaNe C LN -~
BBt D ColaNa-21Cl CHCLN -
M+ Bt F o CulN0u HCE CHCLN =
E+ Lt [ Ha N C H CLN
E+ Et F CisHa N0 )H( Ig C, II CL N -

b Reerystallization solvents: A = Me,(CO, E = EtOIl, It =
Monalsh. Chem., 87, T01 (1916): Chem. Abstr., 81, X100 (1957),
7T, Cuviguy and H. Normant, J. Organomnctal. Chem,

60, 4165 (1964), reported the preparation of 1-allvl-4-phenylpiperazine by a different route.
S. Pateut 2,993,899,
piperaziue, bp 147° (4 mm), from aniline and CH=C—CH,N (CH,CH,Cl),- HCL.
1. Ratonis, and C. Dumont, J.

Chem. Absir., 56, P3492 (1962), prepared 1-phenvl-4-propargvi-
# The product had to be heated in racuo at 160-170°

Med. Chem., 6, 541 (1963), prepared 1-(p-

utethoxvbenzyl)-4-phenylpiperazine dihydrochloride (mp 224°) und 1-(n-methoxybeiryl)-4-phenvipiperazine dihvdrochloride (up

196°) from phenylpiperazine and the correspondiug beuzyl chloride.
benzyvl)-4-phenylpiperazine from phenylpiperazine and 3,4-dimethoxybeuzyl ch loride.

activity in passing from the amides (Tables T and IV)
to the amines (Table V).

The amides 70, 71, and 58 had relatively weak hypo-
tensive properties, whereas the corresponding amines
88, 89, and 93 lowered the blood pressure of experi-
mental animalz by 50-80 mm for over 30 min.

The amide 42 caused a large unsustained fall in
blood pressure, but the corresponding amine, 97, caused
a fall in blood pressure which was sustained for 40 min.
The amides 59, 63, and 80 also produced a large un-
sustained fall in blood pressure, but the amines 98, 99,
and 100 were essentially inactive. 1-Benzoyl-4-phenyl-
piperazine! caused a sustained fall in blood pressure,
bit 1-benzyl-4-phenylpiperazine!® produced a large un-
sustained fall in blood pressure.

Experimental Section'!

1-Nitroso-4-phenylpiperazine (16).—1-Pheuylpiperazine!? (48.6
g, 0.3 mole) was mixed with H,O (400 m!) and concentrated
HCl was added dropwise until the pH was 5-6. A solution of
NuNO; (20.7 g, 0.3 mole) in H,0 (150 ml) was added over a period
of 20 min maintaining a pI1 of i-6 hy dropwise addition of 15¢;
[1CE to the center of the reaction vessel. (While adding the
neid, care was taken to =ee that it did not fall on the sides of the

{11} Boiling points are uncorrec(el. Melddng points were determined in
open capillary tubres with a Thomas—Hoover capillary melting point appara-
cus, whicli was calibrated against known standards. Unless otherwise stated,
(lie ir spectra of crystalline solids were of Nujol mulls. The microanalyses
were provided by Messrs. Orville Kolsto and Victor Rauschel and staff of
Abbott Microanalytical Laboratory, North Chicago, Ill. The nmr spectra
of all the compounds were taken in 1J2:0 containing DCI, on a Varian A-60
instrument using 3-(trimethylsilyl)-l-propanesulfonic acid sodium salt
(TPR) as internal standard. They were kindly provided by Dr. M. Leven-
erg and R. Egan, of tlie Chemical Physiecs Department, Abbott Labora-
(ories, North Chicago, 111., and are reported in hertz from TPS. Unless spe-
cially npted, uv, ir, and nmr spectra were as expected.

(121 ¢, B. Polland andd 1. G. MacDowell, .J. Amer. Chem. Sor..
[BEEEIN

66, 2104

¢ Boissier, ef af.,” reported the preparation of 1-(3,4-dimethoxy-
i See foolrote h i Table 1.

reactionl vessel, oiherwise the color of the reaction mixture
changed from orange to dark green with signs nf decomposition.)
The orange precipitate was filtered below 15°, washed (11.0)),
and dissolved in I1:0. The prodact was crystallized from the
dry Et,0 solution by the addition of petroleum ether (bp 30-60°);
vield 26.5 g (467), mp 65-67°. Anal. (Cpl1pN;0) C, 11, N.

1-(o-Methoxyphenyhpiperazine was nitrosated similarly at
70-75° (1 hr). The product 1-(o-methoxyphenyl)-4-nitrosopiper-
azine (17) wus isolated from the reaction mixture by basifieation
(NaOH) and subsequent extraction (CHCL) in 56.5% vield, bp
185-200° (0.1-0.8 1mm), mp 062-64° (MeOI-H,0).  Anal.
(CuHN;0:) G H, N

1-Methyl-4-nitrosohomopiperazine {18) was prepared from i-
methythomopiperazine!® (40 g, 0.35 mole) at =3 (o 0° by the
method desceribed for the preparaiion of 17, 78 vield, bp
140-143° (17 nun). This prodaet was redaced to 19 without any
further purification.

1-Amino-4-phenylpiperazine (1, Table I)., Method A.--A mix-
ture of N,N-bis(g- ohloroeth)l)anilille“ (109 g, 0.5 mole) aud
99-1009. (NHe).H.O (110 g, 2.2 moles) in EtOH (900 ml) was
heated under reflux.  After 2 hr there was sepuration of layers iu
ihe reactionc mixtare and H,O (170 ml) was added to render it
honiogeneoas. Reflaxing was continned for 22 hr.  Most of the
EtOH was then rentoved uider reduced pressure, and the residue
was basified with 209, NaOH. The basic solution was ex(racted
(CHCL;, five 100-ml portious) aud the extract was dried.  After
rentoval of the solveid, 59.0 g (66%¢) of the produet boiling at
118-127° (0.7 nuu} was obtained. The distillate, which solidified
(mp 45-50°) v cooling, wus recrystallized from petrolewiu ether
(60-80°) and redistilled (o give the pure product. T-Amino-4-
(0-methoxyphenuyl)piperazine (2) was prepared similarly fromc
hydraziue aud the corresponding o-unisidine (9).%

Method B.——Zine dust (26.8 g, 0.41 niole) was added over a
period of 20 niin to 16 (26 g, 0.136 mole) in 509, aqueons AcOH
(200 ml) at 20-30°, The mixture was heated to 50° and, after
1 hr at this temperatwre, filtered. The filtrate was cooled and
(13) A. H. Sommers, R. 1. Michaels, Jr., and A. W, Westou, i4i/., 76, 3803
(1451).

114) R. ', Blderfiehd, 1. X, Covey, J. 3. Gelduschek, W, 1.
Ross, aml 1. 1. Ross, J. Qrg. Chem., 23, 1740 (1958).

(15 AL T Somnmers, 7. 80 Patene 2,801,063 (1950);
22028 (1w5u).

Meyvers, A B
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strongly basified with 509 NaOH, followed by NaOH pellets,
until the separated precipitate had redissolved. The product
was extracted (CHCl;), the extract was washed (H,0), dried, and
concentrated, and the residue was distilled #n vacuo to give 15.3 g
(649, of the product boiling at 108-110° (0.17 mm), mp 57-60°.

1-Amino-4-methythomopiperazine (19) and 1-amino-4-(o-me-
thoxypheny!)piperazine (2) were prepared similarly.

1-Benzylideneamino-4-(o-methoxyphenyl)piperazine (3, Table
II)—A mixture of benzaldehyde (7.7 g, 0.072 mole) and 2 (15 g,
0.072 mole) in toluene (200 ml) was refluxed, using a water
separator, until the theoretical amount of H.O had been collected
(1.3 ml, 1.5 hr). The reaction solution was cooled and diluted
with petroleum ether (30-60°) to give 11.0 g (51%,) of the crude
product (mp 88-99°). Recrystallization from absolute EtOH
gave the analytically pure product, mp 93-94°. The ir spectrum
showed no primary or secondary amine peak.

Other benzylideneamino derivatives (20-23) were prepared
similarly and are entered in the table.

1-Benzylamino-4-(o-methoxypheny!)piperazine Monohydro-
chloride (4)., Method A.—A solution of 3 (10 g, 0.034 mole) in
DMF (50 ml) and 109, Pd-C (0.3 g) was hydrogenated in a Parr
shaker at room temperature at an initial pressure of 3.66 kg/cm?.
After 0.5 hr the hydrogenation mixture was filtered and the
filtrate was poured into cold H.O aud extracted (Et.0). The
extract was dried and concentrated to give an oil, which was
converted to the hydrochloride (mp 209.5-211°). Two recrystal-
lizations (EtOH-Et,0) gave the analytically pure product
melting at 210.5-211.5° in 35% yield. Anal. (CisHyuN;O-HCY)
C, H, C|, N.

Method B.—Metallic Na (0.72 g, 0.0315 g-atom) was dis-
solved in absolute EtOH (50 m!) and 5 (10.5 g, 0.0315 mole) was
added. The clear solution was heated in a pressure bottle on the
steam bath for 4 hr, and allowed to cool to room temperature.
The mixture was diluted (EtOH) and filtered (1.8 g of NaCl,
1009;). The filtrate was evaporated and the oily residue was
taken up in Et.0, filtered, and evaporated again (7.5 g). This
compound had no Cl, did not form an embonate salt, and was
insoluble in HyO. The product was distilled twice in a collar
flask (oil bath, ca. 190°, 0.5 mm) and analyzed as 1-benzylamino-
4-0-methoxyphenylpiperazine (4). Anal. (CisHxN,;0) C, H, N.
A part of the product was converted to its monohydrochloride
(mp 209-212° dec, from EtOH-Et,0) which was identical with
the produet made by method A.

1-Amino-1-benzyl-4-(o-methoxypheny!)-1-piperazinium Chlo-
ride (5). Method A.—A solution of Nal (29.5 g, 0.198 mole) in
absolute EtOH (1000 m!) was added to l-amino-4-(o-methoxy-
phenyl)piperazine (41 g, 0.198 mole) in EtOH (200 ml) followed
by K.CO; (27.3 g, 0.198 mole) in H,O (25 ml) and benzy! chloride
(25 g, 0.198 mole). The mixture was refluxed for 19 hr and
filtered hot to give 45.5 g (849,) of l-amino-1-benzyl-4-(o-
methoxyphenyl)-1-piperazinium iodide (6), mp 174° dec. Re-
crystallization (H,O) raised the melting point to 176° dec.
Anal. (CsHuIN;O) C, H, I, N, O.

A solution of 6 in MeOH was passed through a column of IRA-
400 (Cl— form). The eluate was concentrated and the residue
was diluted (Et,0) to give 5 (hydrated form) in 709 over-all
vield. The hydrated product melted at ca. 140°, then resolidified
and melted at 198-199°. The analysis for this product corre-
sponded to (CisHyCIN;0-0.5H:0) C, H, Cl, N, O. The water
of crystallization could be removed by heating at 150° for 15
min, giving the pure product (5), mp 201-202°. Anal. (CisHay-
CIN;0) C, H, N.

A sample of 5 was converted to a monohydrochloride (10),
mp 167-168° (from EtOH-Et,0). Anal. (CigHxCIN;O-HCI-
H,0) C, H, CI, N.

Another sample of the quaternary chloro compound 5 was
couverted to its embonate salt, by dissolving it in H,O and adding
a hot saturated solution of sodium embonate to it. The embonate
salt of 5 was filtered and washed (H,0), mp 141°. Anal. (CssHego-
N:0s-2H,0) C, H, N, O.

Method B.—A mixture of 2 (12 g, 0.058 mole) and benzyl
chloride (3.6 g, 0.029 mole) in toluene was refluxed for 5 hr. The
reaction mixture was cooled and filtered. The filtrate was evapo-
rated and the residue (3.4 g, 359;) was crystallized (EtOH-
Et,0) to give 5.

Method C.—A solution of benzyl hydrazine® (9.3 g, 0.0763
mole) in absolute EtOH (100 ml) and bis(g-chloroethyl)-o-

(16) J. H. Biel, A. E. Drukker, T. F. Mitchell, E. P. Sprengeler, P. A. Nuli-
fer, A. C. Conway, and A. Horita, J. Amer. Chem. Soc., 81, 2811 (1959).
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anisidine’® (9) (18.9 g, 0.0763 mole) was refluxed under N, for
21 hr. At the end of this period, the reaction mixture was
concentrated and the residue was washed (Et:0). The remaining
oil was treated with methanolic HCI and Et.O to give 10 (8 g).
An aqueous solution of 10 was basified (cold NaHCO;) and ex-
tracted (CHCL). The extract was concentrated and the residue
was recrystallized (MeOH-CsHeEt,0) to give pure 5 (mp 201-
202°).

1-Amino-4-(o-methoxyphenyl)-1-methylpiperazinium Iodide
(7).—1-Amino-4-(o-methoxyphenyl)-1-methylpiperazinium chlo-
ride (8) (mp 211-213°, EtOH-Et,0) was prepared by refluxing
equivalent amounts of methyl hydrazine and 9 in EtOH, as
described for the preparation of 5 (method C). Anal. (CreHy-
CIN;0) C, H, Cl. Treatment of 8 with Nal iu absolute MeOH
gave 7, mp 176-178° dec. Anal. (C:H»IN;0) C, H, I, N.

Compound 7 was also prepared by refluxing 2 with excess Mel
in MeOH for 4 hr. The solvent was removed and the residue on
trituration (Et;O) gave the methiodide (mp 174-175° dec) in
819, yield.

1-Amino-1-(p-nitrobenzyl)-4-o-methoxypheny!)-1-piperazi-
nium Chloride Hydrochloride Monohydrate (12).—1-Amino-4-(o-
methoxyphenyl)piperazine (8.0 g, 0.0386 mole) and a-chloro-p-
nitrotoluene (6.6 g, 0.0386 mole) in CsHs were refluxed for 5 hr.
The reaction mixture was cooled, filtered, and concentrated.
The yellow oily residue was dissolved in MeOH and triturated
(Et.0) until a solid formed (8.0 g). A small saniple was converted
to the hydrochloride and recrystallized (EtOH-Et,0), mp 165-
166° dec. Anal. (CisHyCINOy- HCI-H.0) C, H, Cl, N.

Hydrogenations, Reduction of 1-Amino-1-benzyl-4-(o-me-
thoxyphenyl)piperazinfum Chloride. (a) With 109, Pd-C.—A
solution of 5 (10 g, 0.0296 mole) in 100 m! of EtOH and 100 mg of
Pd-C was hydrogenated at 3.5 kg/cm? for 1 hr. The mixture
was filtered. The presence of toluene in the filtrate was shown
by glpe using a silicone SE-30 column. The filtrate was evapo-
rated to near dryness and Et:O was added. The produet (5.5 g,
mp 199-201°) which was filtered and recrystallized from EtOH-
Et:0 was identified as the hydrochloride salt of l1-amino-4-(o-
methoxyphenyl)piperazine (2).

(b) With PtO..—A solution of 5 (10 g, 0.0296 mole) in absolute
EtOH (100 ml) and ¢a. 100 mg of PtO, were hydrogenated at 3.5
kg/cm?  After 1 hr the mixture was filtered. The odor of NH;
was noticed. The filtrate was evaporated and the residue was
taken up in C¢Hs. The extract was concentrated and the oil
remaining (5.5 g) was distilled in a collar flask. This produect
was identified as 1-benzyl-4-(o-methoxypheuyl)piperazine (11).
Anal. (C;sH»N:0) C, H, N, O.

1-Benzyl-4-(o-methoxypheny!)piperazine (11) was synthesized
by refluxing benzy! chloride (6.3 g, 0.05 mole) and o-methoxy-
phenylpiperazine (19.2 g, 0.1 mole) in xylene for 2.5 hr. The
reaction mixture was cooled, filtered, and concentrated. The
oily residue was converted to the dihydrochloride, yield 13.2 g
(73%), mp 202-203° dec. Recrystallization trom EtOH-Et,O
containing a little C¢Hs raised the melting point to 206-207°
dec. Anal. (C;sH»N.0-2HCH) C, H, N.

The hydrated hydrochloride had a melting point of 162-167°
dec. The free base (mp 50° from petroleum ether), prepared from
the aqueous solution of its dihydrochloride and NaHCO; solu-
tion, separated as an oil which crystallized slowly on standing.
Anal. (Clgszl\vzo) C, H, N.

1-(3-Aminoethyl)-4-phenylpiperazine (13, Table III).—A solu-
tion of l-phenylpiperazine (53.5 g, 0.33 mole) in EtOH (220 ml)
containing concentrated HaSO4 (3 ml) was refluxed with ethyl-
enimine (13.0 g, 0.3 mole) for 24 hr. After this period, EtOH
was removed by distillation. The residiie was mixed with solid
KOH (15 g) aud the mixture distilled under reduced pressure.
After an initial fraction of 1-phenvlpiperazine (27.1 g, 0.167 mole),
the produet distilled at 116-120° (0.1 mm) and solidified on cool-
ing; yield 787, on the basis of 1-phenylpiperazine used. It
was identified by formation of its pierate, mip 199-201° dec,
11t.8 203-204° dec.

1-(3-Aminoethyl)-4-methylpiperazine (14)7 bp 89-92° (9.5
mm), n?p 1.4785, and 1-(3-aminoethy!)-4-methylhomopiperazine
(15), bp 103-105° (9.5 mm), were obtained similarly from the
corresponding methylpiperazine or methylhomopiperazine and
ethylenimine in 43 and 359, yields, respectively.

Preparation of Amides (Table IV and part of Tables I and III).
—The following methods indicate the general procedure followed
in the preparation of the amides. The period of refluxing is
indicated in Table I.

Method A. 1-(3,4-Dichlorobenzoyl)-4-methylpiperazine Hy-
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drochloride (75).--A solation of l-methylpiperazine (20.0 g,
0.20 mole)” in CgHy (400 1nl) was treated with small portions of
sd-dichlorobenzoyl chloride (20.95 g, 0.10 mole) and the vesalt-
ing hot wixtnre reflaxed for 1 hr.  The eooled mixtare wis washed
suecessively with HL( (five 50-ml portions), 1 N NaOll solation
(two 30-ml portions), and H.O (three 30-uil portions). The
orgalde layer was dried aud coucentrated. The residaal oil was
dissolved i MeOIL (100 ml) and dry HCl gas was bubliled
throagh the cooled solution to give 21.0 g (687) of the crade
produet, mp 208-300°.% Two recrystallizations (MeOH) gave
43¢, of the unalytically pure product with no chauge in the melt-
g polid.

Method B. 1-(2,4-Dichlorophenoxyacetyl)-4-methylpiperazine
Hydrochloride (73).—A mixtare of 2,4-dichlorophenoxyacetic
neid (22,1 g, 0.1 mole) and SOC: (40 ml) was reflaxed for 0.5 hr
(reaction period indicated in the table). The excess reagent was
removed munder reduced pressure. The residue was dissolved in
Cyllg (60 ml) and enutionsly added to a solution of I-methyl-
pipernzinie (20.0 g, 0.2 mole) in CgHy (200 ml). The mixtare
was stirred overnight, at room temperatare, and (hen washed
saecessively with 110 (three 20-ml portions), 1 ¥V NaOH {30
wly, and H.0 (two 30-ml portions).  The orgaide tayer was dried
and concentrated under reduced pressure. The residual oil was
takerc up in Et0 (100 ml) and ethereal T11CT (60 mil) was wdded
to give 21.0 g (62¢,) of the product, mp 195-196°.  Recrystal-
lization (MeOH) did not raise the melting poiid.

Method C.-—This meihod is essentially the same as method B
except that the product was isolated as the free base witbout
conversinn to the hydrochloride.  One or two reerystallizations
froni a saitable solveut gave the analytical saniple.

Method D was identical with method 4, except that the prodact
was sohited as the free base without conversion to the hydro-
chloride.  Reerystallization from s suitable solvent gave the
:naly tically pnve prodnet.

Method E wus the same as method D, above, except that the
renction was carried on at rooni temperature for a period indicated
i the able.

Method F was the same as method E, except that the prodact
was isolated as a hydroclitoride.

1-Alkyl- or 1-Aryl-4-alkyl- or -aralkylpiperazines (Table V). ——
Compounds in this series were prepared by the following general
methods,

Method A, 1-Allyl-4-methylpiperazine Dihydrochloride (87).

“Allyl bromide (90 g, 0.74 mole) was added to a solution of N-
weihylpiperazine (150.3 g, L5 moles) in tolaene (300 ml) at
10-20° ander Na. The mixtare wuas stirred overnight at room
temperature, refluxed for 1 hr, eooled, and filtered and the filtrate
wies washied (150 NaOll, saturated NaCl). The organic layer
was dried and concentrated.  The oily residue was distilled, bp

C17) R Baltaly, L RL Buek, 1. Lars, snd W Sehion, . Amer, Clem. Sov.,
66, 2133 (1944,

(18) 1n some eases die hydroehloride was reconverted to (e iree hase winl
parified as sueb.

I N. Prasap, Lo R Hawkins, axo I Trerse

\"(r}. 1 l

452 (4.0 nun), yield 48.8 g (46.57%).  The distillate was taken ap
in MeOlI, converted to the hydrochloride salt, and reerystallized
(MeOT1).

Method B. 1-Allyl-d-phenylpiperazine (89).--The rewction
was carried oat exactly as in method A, except that the mixture
was refluxed for 30 min only. The product was disiilled twice
and isolated as a free base, n¥p 1.5603.

Method C. 1-(o-Methoxypheny!)-4-propargylpiperazine (90)
was prepared as described in method A, except that the renction
mixture was refluxed for 30 min as soon as the addition of pro-
pargyl bromiide was complete. The produet was isolated by
distillation.

Method D. 1-Cyclopropylmethyl-4-phenylpiperazine (93).—
A solution of 58 (49.4 g, 0.215 mole) in Et20 (600 ml) wns ndded
over 30 min to a suspension of LiAlH, (9.0 g, 0.236 mole)
Et0 (500 ml), at 10°. The mixture was then refluxed for 3 hr,
cooled to 10°, and hydrolyzed by cautious addition of LitOAc¢
(5.3 g, 0.06 niole), followed by 0 (80 ml). The precipitate was
filtered and the filtrate was dried and concentrated. The the
residue, ou distillation, gave the product.

Compound 96 wus also prepared by (his method, except that
THE was used as the solvent. In the preparation of 97 and 99
by thix niethod, LiAlll, was dissolved in Et.O and the amide was
dissolved in THF.

Method E. 1-(2,4-Dichlorobenzy!)-4-phenylpiperazine (94).
--A mixture of N-phenylpiperazine (32.4 g, 0.2 mole) aud «-2,4-
trichlorotolitette (19.5 g, 0.1 mwole) was refluxed in xylene (200
nil) for 4 hr and filtered. The filtrate was evaporated, and the
residue crystallized (MeOIT1).

I the case of 95, the residue was distilled [bp 110-112°
(0.1 mun)] and the distillate was couverted to a hydrochloride.

Method F. 1-Phenyl-4-(m-~tolyl)piperazine (101).— A snlution
of 49 (as n free base) in THF was added dropwise to a1 2.50%
solutiont of diborane in THF (120 ml), at — 10° under N..  After
the addition was complete, the well-stirred mixture was allowed
to warni slowly to roomn temperature and then refluxed for 2 hr.
The reaction niixture was ecooled and hydrolyzed by dropwise
addition of 109, HCLI (80 1ul), and the solvent was removed by
concentration. The residue was hasified with aqueaus KO and
extracted (CIICL) and the extract was dried and concentrated.
The residue wus converted to the hydrochloride and vecrystallized
(EtOH-Et,0).

1-(3-Diphenylethyl)-4-phenylpiperazine (98) wis prepsred
stwilarly by the reduction of the correspouding amide (59) with
diborane. The product (98) was isolated as the free buaxe.
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