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It is well known t h a t cer ta in derivat ives of 10,11-dihy-
drodibenzo[b , / ] th iepine having a piperazinyl g roup a t posi
tion 10 exhibi t a n u m b e r of in te res t ing effects on t he cen
tral nervous system. 2 Among t h e m pera th iep ine [10-(4-
methylpiperaz inyl ) -10 , l l -d ihydrodibenzo[ i> , / ] th iepine] ( l ) 2 

has been used clinically as a major t ranqui l izer . After con
sidering s t ruc tu ra l modif icat ions of 1, it appea red t h a t an 
invest igat ion of der ivat ives of l -p iperaz iny l - l ,2 -d iphenyl -
e thane , which were derived from 1 by opening the cen t ra l 
s even-membered ring wi th t h e loss of t he sulfur a tom, 
might lead to compounds wi th useful pha rmaceu t i ca l p rop 
ert ies . 

On the o ther hand , Fu j imura e t al.3 r epor ted syntheses of 
1 ,2-diphenylethylamine der ivat ives , a n d they found t h a t 
( - ) -A r ,A r -d imethy l - l ,2 -d iphenyle thy lamine (Spa) was 
abou t one - t en th as po t en t as (—)-morphine. Since 1-pip-
e raz iny l - l ,2 -d ipheny le thane der ivat ives bear a close s t ruc
tura l resemblance to Spa , t h e y migh t be also in te res t ing as 
analgesics. 

In order to invest igate t he activit ies on t h e cen t ra l ner
vous system and analgesic act ivi t ies, we have synthes ized a 
n u m b e r of 1-subst i tuted 4- ( l ,2 -d iphenyle thy l )p iperaz ine 
der ivat ives 4 and found t h a t some of these c o m p o u n d s were 
highly active as analgesics in an imal tes t s . 5 

C h e m i s t r y . 1-Subst i tuted 4 - ( l ,2 -d ipheny]e thy l )p ipera -
zine derivat ives were p repa red by several p rocedures as 
shown in Scheme I. N, iV-Bis (2-hydroxyethyl ) - l ,2 -d iphen-
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y le thy lamine (2), which was p repa red according to the 
m e t h o d of Goodson et al.,6 was chlor inated wi th th ionyl 
chloride to give iV,JV-bis(2-chloroethyl)-l ,2-diphenylethyl-
a m i n e (3) hydrochlor ide . Reac t ions of 3 with p r imary 
amines gave several 1-subst i tuted 4- ( l ,2 -d iphenyle thyl )p i -
perazine der ivat ives (5-20 and 22). T h e catalyt ic hydroge-
nolysis of l -benzyl -4- ( l ,2 -d iphenyle thyl )p iperaz ine (22) on 
pa l l ad ium/ca rbon gave t he debenzyla ted compound , N-
( l ,2 -d iphenyle thy l )p iperaz ine (4). Al though the react ion of 
3 a n d a m m o n i a also gave 4, t h e yield was very poor. 

T h e alkylat ion of 4 afforded 1-subst i tuted 4- ( l ,2 -d iphen-
yle thyl )p iperazine derivat ives (12-21). C o m p o u n d s 5-18 
and 22 were also ob ta ined by the react ions of 1,2-diphen
y le thy lamine (23) and N - s u b s t i t u t e d 2,2 '-dichlorodieth-
y lamine . 8 Synthes ized c o m p o u n d s are summar ized in 
T a b l e I. 

I t is well known t h a t s teric factors are i m p o r t a n t in anal 
gesics. In mos t p o t e n t analgesics which have an a symmet r i c 
center , analgesic act ivi ty largely resides in one m e m b e r of 
each enan t iomorph ic pair . T h e difference in potency be
tween enan t iomorphs is very likely due to t he a symmet r i c 
t opography of t h e receptor . 9 ' 2 0 

Since 1-subst i tuted 4- ( l ,2 -d iphenyle thy l )p iperaz ine has 
an a symmet r i c carbon, t he 1-cyclohexyl der ivat ive 5, which 
showed a s t rong analgesic activity,5 was resolved in to its 
opt ical isomers a n d the absolu te configurat ion of each en-
an t i omorph was de t e rmined to assess t he s t ruc tu re -ac t iv i -
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The preparation and analgesic activities of a series of the entitled compounds (5-22) and the optical isomers of the 
1-cyclohexyl derivative 5 are described. Reactions of iV,A'-bis(2-chloroethyl)-l,2-diphenylethylamine (3) with ammo
nia and primary amines gave iV-(l,2-diphenylethyl)piperazine (4) and N1-substituted derivatives (5-20, 22), respec
tively. The alkylation of 4 afforded 12-21. Compounds 5-18 and 22 were also obtained by the reactions of 1,2-diphen
ylethylamine (23) and N-substituted 2,2'-dichlorodiethylamine. Racemate 5 was resolved with (+)- or (—)-2'-nitro-
tartranilic acid into its optical isomers [(+)-5 and (—)-5], and the absolute configuration of (+)-5 was determined to 
be S configuration by the synthesis and optical rotatory dispersion measurements. The most active members in this 
series of compounds were 5-7, which were approximately as potent as (—)-morphine. In the case of 5, the more potent 
enantiomer (S)-(+)-5 has the opposite configuration to that of (-)-N,7V-dimethyl-l,2-diphenylethylamine (Spa) or 
( —(-morphine with respect to the (C-9) asymmetric center and belongs to a new series of compounds having potent 
analgesic activity. 



1-Substituted 4-(l,2-Diphenylethyl)piperazine Derivatives 

Scheme I 

CH2CH9Z 

CH2CH2Z 

2, Z = O H 
3, Z = CI 

22, R' = CH2C6H3 

4, R' - H 
5, R = c-C6H„ 
6, R = c-C7Hu 
7, R = c-CaH15 

8-20 (Table I) 
21, R = CH,CH=C(CH3). 

CH(CH2)„N >-o 
24, Y = H; n = 0 
25, Y = H; n = 1 
26, Y = H; re = 2 
27, Y = Et; n = 0 

ty relationship. 
Optical resolution of racemic compound 5 was accom

plished by the formation of salts with (+)-2'-nitrotartranil-
ic acid10 or (—)-2'-nitrotartranilic acid in 95% ethanol and 
optically pure (+)-5 and (—)-5 were obtained.11 

In order to determine the absolute configurations of 
these compounds, (R)-(—)-l,2-diphenylethylamine (23)12 

was treated with Af-cyclohexyl-2,2'-dichlorodiethylamine 
hydrochloride.8 Since the product of this reaction was iden
tical with (—)-5, the configuration of (—)-5 was determined 
to be the R configuration.411 Moreover, the optical rotatory 
dispersion (ORD) of (-)-5, (ff)-(-)-23,13 and Spa which 
has also the R configuration showed negative plain curves. 
This fact confirmed the absolute configuration of (—)-5 to 
be the R configuration. On the other hand, (+)-5 was ob
tained from (S)-(+)-l,2-diphenylethylamine (23)13 in the 
same way and (+)-5 showed a positive plain curve in the 
ORD. Therefore the configuration of (+)-5 was determined 
to be the S configuration. 

Pharmacological Results and Discussion. The com
pounds listed in Table I were tested for analgesic activity 
as described in the Experimental Section.14-16 Analgesic 
ED50 values are summarized in Tables II and HI, 
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The structure of 1-substituted 4-(l,2-diphenylethyl)pi-
perazine may be divided into two parts: the diphenylethyl 
moiety and the piperazinyl moiety. Initial studies focused 
on changes in analgesic activity as a function of the substit
uents at position N1 in 1-substituted 4-(l,2-diphenyleth-
yDpiperazine (5-22). As shown in Table II, compounds with 
a cyclohexyl,5 cycloheptyl, or cyclooctyl group showed 
marked activities. They were approximately as potent as 
(-)-morphine, but the compounds with a cyclopentyl or a 
cyclododecyl group showed weak or no activity. Replace
ment of these cycloalkyl groups by linear or branched chain 
alkyl groups caused an appreciable decrease in activity. 
When the substituent at position N1 is a phenyl or a benzyl 
group, the resulting compound shows only weak activity. 
On the other hand, l-cyclohexyl-4-phenylalkylpiperazine 
derivatives (24-27), 1-cyclohexylpiperazine (28),17 1-cyclo-
hexyl-4-methylpiperazine (29),17 which have a cyclohexyl-
piperazinyl group but lack the diphenylethyl moiety in 
their molecule, or N,iV-dimethylcyclohexylamine (30) were 
almost inactive. 

These results seemed to suggest that the, cycloalkylpi-
perazinyl group might have an important role in analgesic 
activity, but cycloalkylpiperazine itself could not display 
analgesic activity and the 1,2-diphenylethyl moiety may be 
necessary for the appearance of potent activity in these 
compounds. 

Fujimura et al.3 showed that in the case of Spa, only the 
(—) enantiomer showed analgesic activity. Its mirror image 
form showed no activity and the racemic compound was 
less active than the (—) isomer. Nakazaki12 reported that 
Spa has the R configuration and bears the same absolute 
configuration to (—)-morphine with respect to the (C-9) 
asymmetric center of the latter.18 Nakazaki12 also assumed 
from the activity of Spa that it might interact with the an
algesic receptor20 in a similar manner as (-)-morphine. Sa
saki et al.13 studied the absolute configuration and the con
formation of Spa and assumed that the analgesic activity of 
Spa is consistent with its stereochemical resemblance to 
(—)-morphine. 

Therefore it is very interesting that in the case of 5, the 
racemic compound showed marked activity and the (+) en
antiomer of 5, which has the S configuration, is more po
tent than its mirror image form, which has the same config
uration as Spa. 

Generally, in most potent analgesics which have an 
asymmetric center, analgesic activity largely resides in one 
member of each enantiomorphic pair .9 1 9 2 0 In the case of 5, 
the more potent enantiomer (+)-5 has the opposite config
uration to that of Spa or (-)-morphine with respect to the 
(C-9) asymmetric center, and even (—)-5 shows activity ap
proximately comparable to that of Spa. Since the racemic 5 
is as potent as (+)-5 in some assay methods, it could be 
possible that (-)-5 potentiates the activity of (+)-5 or in 5 
the stereosensitivity is decreased.9 

These results may suggest that the asymmetric center of 
(+)-5 does not correspond to the (C-9) asymmetric center 
of (—)-morphine and the mode of interaction of (+)-5 with 
the receptor20 differs from that of Spa.21 

It may be concluded from the results of this investigation 
that a piperazinyl moiety substituted with a cycloalkyl 
group having 6-8 carbon atoms may be essential for analge
sic activity and for the appearance of potent activity a 1,2-
diphenylethyl moiety may be necessary. These compounds 
belong to a new series of analgesics. 

In order to get a more consistent correlation between 
structure and activity, changes in activity as a function of 
substituents at position 1 of the piperazinyl moiety and ef
fects on the activity of substituents on both of the phenyl 
rings in the diphenylethyl moiety are under investigation 
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Table I. 1-Subst i tuted 4- ( l ,2 -Diphenyle thyl )p iperaz ine Dihydrochlor ides 

Natsuka, Nakamura, lino, Umemoto 

Compd P r o c e d u r e " Mp, °C 

XR-2HC1 

R e c r y s t n 
solvent Yield, 9c F o r m u l a a " 

4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
22 

H 
C8HU< 
C 7 H 1 3 
C 8 H 1 5 C 

C)2H23 

C 5 H 8 * 
C6H5 

o-CH3OCGH4 

CH2C6H4-/>-Cl 
(CH2)2C6H5 

(CH2)3C6H, 
C6H13 

CHjCHlCHg^ 
CrV 
CH2CH=CH2 
CH2CH2OH 
(CH2)3N(CH3)2'HC1 
CH2CGH5 

A 
A 
A 
A 
A 
A 
B 
B 
A 
A 
A 
A 
B 
B 
B 
B 
B 
A 

265-267 dec 
270-271 dec 
273-277 dec 
268-272 dec 
249-254 
254-258 dec 
216-218 
268-270 dec 
258-259 
270-271 
239-245 
257-259 
254-255 dec 
262-263 
240-241 dec 
245-246 
252-254 dec 
250-251 

MeOH 
MeOH 
MeOH 
MeOH 
EtOH 
MeOH 
EtOH 
MeOH 
MeOH 
AcOH 
MeOH 
EtOH 
MeOH 
EtOH 
MeOH 
EtOH 
MeOH 
MeOH 

7 
66 
71 
67 
61 
58 
47 
69 
44 
66 
58 
60 
55 
32 
57 
50 
53 
60 

C18H22N2-2HC1 
C24H32N2'2HC1 
C25H34N2-2HC1 
C,GH36N2-2HC1 
C30H44N2'2HC1 
C23H30N2'2HC1 
C24H26N2 • 2HC1 • C2H5OH* 
C25H28N2O'2HCl-0.5H2O i 

C25H27N2C1'2HC1 
C26H30N2'2HC1 
C2i-H32N2'2HC1 
C24H34N2-2HC1 
C22H30N2-2HC1 
C,9H24N2'2HC1 
C21H26N2-2HC1 
C20H2eN2O'2HCl 
C23H33N3-3HC1 
C25H28N2'2HC1 

"Capital letters refer to procedures in the Experimental Section. ''All compounds were analyzed for C, H, X. and CI; analytical results 
were within ±0.4% of the theoretical values. 'Cyclohexyl. dCycloheptyl. eCyclooctyl. 'Cyclododecvl. gCvclopentyl. AMass spectrum m/e 
342 (M + ). 'Mass spectrum m/e 372 ( M J ) . ^Maleate.7 

in our laboratory . T h e absolu te configurat ion and the con
formation of po t en t compounds are also being invest igated. 
Resul ts of these invest igat ions will be repor ted in succes
sive papers . 

E x p e r i m e n t a l S e c t i o n 

All melting points were taken in a capillary and were uncorrect
ed. Optical rotatory dispersion measurements were carried out in 
MeOH (c 0.10) at 22-24° with an automatic recording spectropo-
larimeter Model ORD/UV-5, Japan Spectroscopic Co., Ltd. Mass 
spectra were taken with a Hitachi RMU-6L mass spectrometer 
using the direct insert probe, an ionizing potential of 70 eV. Organ
ic extracts were dried over anhydrous Na2S04. 

JV,iV-Bis(2-chloroethyl)-l,2-diphenylethylamine (3) Hydro
chloride. In CHCI3 (150 ml) was suspended N,/V-bis(2-hydroxy-
ethyl)-l,2-diphenylethylamine (2) hydrochloride6 (80.5 g, 0.25 
mol), and a solution (150 ml) of SOCl2 (90 g, 0.75 mol) in CHC1;) 

was added dropwise to the mixture. The mixture was refluxed for 2 
hr and the excess of SOCI2 and the solvent were removed in vacuo. 
The residue was recrystallized from acetone to give 79.5 g (89%) of 
3-HC1 as colorless needles: mp 130-131°. Anal. (Ci8H2iNCl2-HCl) 
C,H,N,C1. 

1-Substituted 4-(l,2-Diphenylethyl)piperazine (5-20, 22) 
Dihydrochlorides (Table I). Procedure A. 5-9, 12-15, and 22 
Dihydrochlorides. In DMF (30-40 ml) was dissolved 3-HC1 (20 
mmol) and the appropriate primary amine (80 mmol) was added to 
the mixture. The mixture was refluxed for 5 hr with stirring. After 
the solvent and excess of amine were removed, the residue was dis
solved in aqueous 10% HC1 and the solution was cooled. The re
sulting crystals were collected, washed with a small amount of cold 
H 2 0 and acetone, and dried. The product was recrystallized from 
MeOH or EtOH. 

Procedure B. 10, 11, and 16-20 Dihydrochlorides. In DMF 
(30 ml) were dissolved 3-HC1 (20 mmol) and the appropriate pri
mary amine (25-40 mmol), and NaHCO : i (6.8 g, 81 mmol) was 
added to the solution. The mixture was heated at 80-100° for 24 hr 
with stirring. The solvent and excess of amine were removed, and 
to the residue was added aqueous 10% Na2CO:(. The mixture was 
extracted with Et 2 0, the E t 2 0 extract was washed with H 2 0 and 

dried, and the solvent was removed. The residue was treated with 
methanolic HC1, and the resulting crystals were recrystallized from 
MeOH or EtOH. 

JV-(l,2-Diphenylethyl)piperazine (4) Dihydrochloride 
(Table I). Procedure A. In MeOH (300 ml) was added 3-HC1 (11 
g, 30 mmol) and 28% NH4OH (60 ml) was added to the solution. 
The mixture was refluxed for 48 hr. After the reaction, the solvent 
was distilled off and to the residue was added aqueous 5% NaOH. 
The mixture was extracted with AcOEt, and the AcOEt extracts 
were dried. After the solvent was removed, the oily residue was pu
rified by chromatography on a column of neutral alumina. The 
product was eluted with CHCI3. The oily base was converted to its 
hydrochloride with methanolic HC1. 

Procedure B. In AcOH (90 ml) was dissolved 22-2HC1 (4.3 g, 10 
mmol), and 10% Pd/carbon (2.2 g) was added to the solution. The 
mixture was subjected to catalytic reduction. When about 1 molar 
equiv of hydrogen (250 ml) was absorbed, the reaction was stopped 
and the catalyst was filtered off. The filtrate was concentrated 
under reduced pressure and the residue was washed with E t 2 0 and 
then dissolved in H 2 0 . The mixture was made alkaline with NaOH 
and extracted with E t 2 0 . The E t 2 0 extract was washed with H 2 0 
and dried and the solvent was removed. The residue was treated 
with methanolic HC1 and the resulting crystals were collected and 
recrystallized from MeOH to give 2.9 g (86%) of 4-2HC1: mp 265-
267° dec. 

l - (3-Methyl-2-butenyl)-4-( l ,2-diphenylethyl)piperazine 
(21) Dihydrochloride. In DMF (30 ml) were dissolved 4 (2.7 g, 10 
mmol) and l-bromo-3-methyl-2-butene (1.8 g, 12 mmol) and 
NaHC03 (1.4 g, 17 mmol) was added to the mixture. The mixture 
was refluxed for 8 hr with stirring. The solvent was removed in 
vacuo, and to the residue was added aqueous 10% NaOH. The mix
ture was extracted with Et 2 0. The Et 2 0 extract was dried and the 
solvent was removed. The residue was treated with methanolic 
HC1 and the resulting crystals were recrystallized from MeOH to 
give 2.6 g (64%) of 21-2HC1 as colorless needles: mp 232-234° dec. 
Anal. (C 2 : ! H:JON 2 -2HC1) C, H, N, CI. 

l-Cyclohexyl-4-(l,2-diphenylethyl)piperazine (5). In DMF 
(45 ml) were dissolved N-cyclohexyl-2,2'-dichlorodiethylamine hy 
drochloride8 (9.0 g, 34 mmol) and 1,2-diphenylethylamine (23) (6.8 
g, 34 mmol) and NaHCO:) (10 g, 119 mmol) was added to the solu-
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Table II . Analgesic Activi ty of Tes t C o m p o u n d in Mice 

Compd" 

4 
5 
6 
7 
8 
9 

10 
14 
15 
16 
22 
24 
25 
26 
27 
28-
29 
3 0 ' 

2-
Spa 

2HBr 

HCl 
HCl 
•HCl 

Morphine • 
HCl 

ED50, 

D'Amour-Smith 
method sc 

>160 
3.09 (2.21-4.95)° 
5.45 (2.98-9.95) 
3.45 (2.06-5.80) 

>160 
36.9 

>160 
>160 
>160 
£70" 
>160 
>160 
~1206 (inactive) 
>160 
>160 
>160 
>160 
>160 
>160 

46.6 
2.39 (1.78-3.20) 

mg/kg 

Phenylquinone 
method po 

65.0 
12.5 (6.29-21.8) 
10.4 (6.21-17.4) 

8.98 (4.03-20.0) 
MOO 

41.6 

60.0 

sioo 
65.0 

MOO 

MOO 
MOO 
MOO 

78 
MOO 
MOO 

52.3 
4.20 (2.61-6.77) 

°Dihydrochloride unless otherwise stated. 6Toxic dose, 
confidence limits. 

c95% 

tion. The mixture was refluxed for 10 hr with stirring. After being 
cooled, the inorganic materials were filtered off and the solvent 
was removed. To the residue was added aqueous 10% HCl and the 
mixture was cooled. The resulting crystals were collected, washed 
with a small amount of cold H2O and acetone, dried, and recrystal-
lized from MeOH to give 8.5 g (59%) of 5-2HC1: mp 270-271° dec. 
The base (5), prepared from the dihydrochloride with aqueous 5% 
NaOH, crystallized from 95% EtOH in colorless prisms: mp 94-
95°. Anal. (C24H32N2) C, H, N. 

l-Benzyl-4-(l,2-diphenylethyl)piperazine (22) Dihydro
chloride. In EtOH (200 ml) were dissolved 23 (7.5 g, 38 mmol) and 
N-benzyl-2,2'-dichlorodiethylamine hydrochloride8 (10.2 g, 38 
mmol), and NaHC0 3 (11.5 g, 137 mmol) was added to the solution. 
The mixture was refluxed for 24 hr with stirring. After being 
cooled, the inorganic materials were filtered off and the solvent 
was removed. To the residue was added aqueous 10% NaOH and 
the mixture was extracted with Et20. The E t 2 0 extract was 
washed with H 2 0 and dried and the solvent was removed. The res
idue was treated with methanolic HCl, and the resulting crystals 
were recrystallized from MeOH to give 9.0 g (55%) of 22-2HC1: mp 
250-251°. 

4-Benzyl-, 4-(2-Phenethyl)- , 4-(3-Phenylpropyl)- , and 4-
( l -Phenylpropyl)- l -cyclohexylpiperazine (24-27) Dihydro
chloride. A mixture of benzyl chloride (or 2-phenethyl chloride, 
3-phenylpropyl chloride, or 1-phenylpropyl chloride) (10 mmol), 
JV-cyclohexylpiperazine (28)17 (10 mmol), NaHCOs (1.6 g, 19 
mmol), and DMF (15-20 ml) was refluxed for 20 hr and the solvent 
was removed in vacuo. To the residue was added aqueous 10% 
Na2C03 and the mixture was extracted with AcOEt. The AcOEt 
extract was washed with H2O and dried. The solvent was removed 
and the residue was treated with methanolic HCl. The resulting 
crystals were recrystallized from MeOH. The yield of 24-27-2HC1 
ranged from 50 to 65%. 24-2HC1: colorless scales; mp 261-264° dec 
Anal. (Ci7H26N2-2HCl) C, H, N, CI. 25-2HC1: colorless prisms; mp 
296-299° dec. Anal. (Ci8H28N2.2HCl) C, H, N, CI. 26-2HC1: color
less pillars; mp 268-272° dec. Anal. (Ci9H30N2-2HCl) C, H, N, CI. 
27-2HC1: colorless prisms; mp 267-269° dec. Anal. (Ci9H3oN2-
2HC1) C, H, N, CI. 

Optical Resolution of (±)-l-Cyclohexyl-4-(l,2-diphenyl-
ethyl)piperazine (5). To a warm solution of (±)-5 (14.2 g, 41 
mmol) in 95% EtOH (103 ml) was added a warm solution of (+)-
2'-nitrotartranilic acid10 (22.1 g, 82 mmol) in 95% EtOH (103 ml). 
After being cooled, the precipitates were collected and recrystal
lized several times from methyl ethyl ketone to give (+)-5 di-(+)-
2'-nitrotartranilate (12.3 g) as pale yellow crystals: mp 132-134°, 
[a]30D +61.0° (c 2.0, MeOH). Anal. ( C a ^ N ^ C i o H j o N a O T ) C, H, 
N. 

The above salt was dissolved in H 2 0 and aqueous 10% Na 2 C0 3 

was added to the solution and the liberated base was extracted 
with AcOEt. The AcOEt extract was washed with H 2 0 and dried 
and the solvent was removed. The residue was treated with metha
nolic HCl and the resulting crystals were recrystallized from 
MeOH to give 4.5 g [26% based on (±)-5] of (+)-5-2HCl as colorless 
needles: mp 275-276.5° dec; [a]22D +56.3° (c 2.0, MeOH); ORD 
[0]24 (nm) +150° (650), +205° (589), +2850° (275). Anal. 
(C24H32N2-2HC1) C, H, N, CI. 

The free base [(+)-5], prepared from the dihydrochloride with 
aqueous 10% Na2C03, crystallized from n-hexane in colorless nee
dles: mp 96-97°; [a]22D +62.7° (c 2.0, MeOH); ORD [0]2:! (nm) 
+ 171° (650), +220° (589), +3950° (275). Anal. (C24H32N2) C, H, 
N. 

The first mother liquor from the (+)-2'-nitrotartranilate forma
tion was evaporated to dryness. The residue was taken up in 
AcOEt, and the solution was washed with aqueous 10% Na 2 C0 3 

and H 2 0 , dried, and evaporated to dryness in vacuo. The residue 
was dissolved in 40 ml of 95% EtOH and treated with a warm solu
tion of (-)-2'-nitrotartranilic acid (11.1 g, 41 mmol) in 95% EtOH 
(50 ml). After being cooled, the precipitates were collected and re
crystallized several times from methyl ethyl ketone to give (—)-5 
di-(-)-2'-nitrotartranilate (9.0 g) as pale yellow crystals: mp 132-
134°; [a]22D -61.5° (c 2.0, MeOH). Anal. (C24Hn2N2-2CioH10N207) 
C ,H ,N . 

Treatment of the salt with alkali in a similar manner as de
scribed above gave the free base, which was converted to its hydro
chloride. The hydrochloride was recrystallized from MeOH to give 
3.4 g [20% based on (±)-5] of (-)-5-2HCl as colorless needles: mp 
275-276.5° dec; [a]29D -56.0° (c 1.0, MeOH); ORD [0]24 (nm) 
-150° (650), -203° (589), -2840° (275). Anal. (C24H:)2N.)-2HC1) C, 
H, N, CI. 

The free base [(—)-5], prepared from the dihydrochloride, crys
tallized from n-hexane in colorless needles: mp 96-97°; [«]:ion 
-63.0° (c 2.0, MeOH). Anal. (C24H32N2) C, H, N. 

Table III . Analgesic Activi ty of l -Cyclohexyl -4- ( l ,2 -d iphenyle thyl )p iperaz ine and I ts E n a n t i o m o r p h s in Mice a n d R a t s 

Compd" 

(±)-5 
(+)-5 
(-)-5 
Spa* HCl 
Morphine • HCl 

Confign 

S 
R 
R 
9R 

D'Amour—Smith 
method (mice, sc) 

3.09 (2.21^.95)" 
1.92 (1.35-2.73) 

50.7 
46.6 

2.39 (1.78-3.20) 

ED5(I, mg/kg 

Phenylquinone 
method (mice, po) 

12.5 (6.29-21.8) 
10.6 (5.30-19.5) 
73.3 
52.3 
4.20 (2.61-6.77) 

Haffner method 
(rats, sc) 

0.73 (0.37-1.17) 
0.73 (0.37-1.17) 

1.17 (0.65-2.28) 

"See footnote a in Table II. *See footnote c in Table II. 
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Synthesis of ( - ) - l -Cyclohexyl-4-( l ,2-diphenylethyl)pipera-
zine [ ( - ) -5 ] Dihydrochloride from (JR)-(—)-l,2-Diphenyleth~ 
ylamine. In EtOH (30 ml) were dissolved (fi)-(-)-l,2-diphen-
ylethylamine12 (1.1 g, 5.6 mmol) and iV-cyclohexyl-2,2'-dichlorodi-
ethylamine hydrochloride (1.3 g, 5 mmol) and NaHCOis (1.4 g, 17 
mmol) was added to the solution. The mixture was refluxed for 24 
hr with stirring and the solvent was removed in vacuo. To the resi
due was added aqueous 10% NaaCO:; and the mixture was extract
ed with AcOEt. The organic layer was washed with HoO and dried 
and the solvent was removed. The residue was treated with metha-
nolic HC1, and the resulting crystals were reerystallized from 
MeOH to give 1.2 g (57%) of colorless needles: mp 275-277° dec; 
[<i]28D —54.6° (c 1.0, MeOH). By mixture melting point measure
ment and ir spectrum, this compound was identified with ( — 1-5-
2HC1, previously described. 

Synthesis of ( + )- l-Cyclohexyl-4-(l ,2-diphenylethyl)pipera-
zine [(+)-5] Dihydrochloride from (S)-(+)- l ,2-Diphenyleth-
ylamine. To a solution of 7V-cyclohexyl-2,2'-dichlorodiethylamme 
hydrochloride (0.99 g, 3.8 mmol) in CHC13 was added (S)-( + )-l,2-
diphenylethylamine13 (1.5 g, 7.6 mmol). After the solvent was re
moved, the mixture was heated at 110-120° for 2.5 hr and then at 
120-130° for 0.5 hr. After being cooled, to the mixture was added 
aqueous 10% HC1 and the mixture was cooled and the resulting 
crystals were collected, washed with a small amount of cold H2O 
and acetone, and dried. The crystals were reerystallized from 
MeOH to give 0.64 g of colorless needles: mp 275.5-277° dec; 
[a],9D +54.5° (c 2.0, MeOH). By mixture melting point measure
ment and ir spectrum, this compound was identified with ( + )-5-
2HC1 previously described. 

(/?)-( — )-JV,JV-Dimethyl-l,2-diphenylethylamine hydrochlo
ride:3 ORD [ 0 P (nm) -258° (610), -273° (589), -3560° (275). 

Analgesic Assay. The compounds listed in Table I were tested 
for analgesic activity by the following methods. D'Amour-Smith 
method.14 Thermal pain was induced by radiating heat light on the 
tail of male mice (9-12 g) of ddN strain using the modified appara
tus of D'Amour-Smith according to the procedure of Nakamura et 
al.14b Phenylquinone writhing method.15 Chemical pain was in
duced by an intraperitoneal injection of phenylquinone in female 
mice (18-22 g) of ddN strain. Haffner method.16 Mechanical pain 
was induced by pressing the tail of male rats (90-110 g) of Wister 
strain using the modified apparatus of Haffner. 

Six to twelve animals were used for a dose, and the values of 
ED>;u were calculated according to the Litchfield-Wilcoxon meth
od.22 
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Antagonism of Luteinizing Hormone Release and of Ovulation by an Analog of the 
Luteinizing Hormone-Releasing Hormone 

J o h n P . Yardley,* Theodore J. Foell, Craig W. Beat t ie , and N o r m a n H. G r a n t 

Wyeth Laboratories Inc., Philadelphia, Pennsylvania 19101. Received May 7, 1975 

Two varients of LH-RH, <Glu-D-Phe-Trp-Ser-Tyr-D-Ala-Leu-Arg-Pro-Gly-NH2 (I) and <Glu-D-Phe-Trp-Ser-Tyr-
D-Ala-Leu-Arg-Pro-NHCH2CH;j (II), have been synthesized by solid-phase methods. Both peptides strongly inhibit 
the LH-RH induced secretion of LH in an in vitro assay; however, only I proved effective in preventing ovulation in 
the 4-day cycling rat. 

Antagonis ts of t he luteinizing h o r m o n e releasing factor 
( L H - R H ) offer a basis for t he design of a cont racept ive 
agent . 1 A successful cand ida te would be expec ted to inh ib i t 
p i tu i t a ry secretion of the gonadot rop ins F S H a n d L H 
wnich normal ly induce ovar ian funct ions such as follicular 
deve lopment , ovulat ion, a n d gonadal s teroid product ion . 

T h e route t aken by leading groups in th i s field involves 
t he design of more po t en t agonists of L H - R H which could 
themselves form the basis for an tagonis t design, e.g., by de
letion of his t idine a t posi t ion 2.2~4 T h e po ten t i a t ing effects 
of D-alanine a t posi t ion 6 a n d of t he N - t e r m i n a l e thy lamide 
modif icat ions on agonist act ivi ty have been r e p o r t e d 3 4 and 


