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Ninety-three N^N'-disubstituted piperazine derivatives in which the X1 siibstitnents are 3-i /t-ohlorophenyl )-3-
])henylpropionyl, 3-(p-chlorophenyl)-3-pheuylpropyl, w-t'p-chloro-«-pheiiylbeiizyloxy,)alkyl, 3-(p-chloro-a-
phenylbenzylmercapto)ethyl, 3-(p-chloro-a-pheiiylbenzyiamiito)ethyl, or /3-( l,2-dipheuethylamino)ethyl and the 
N4 substituents are methyl, 2-hydroxypropyl, 2-(2'-hydroxyethoxy)et:hyl, cyclohexyl, benzyl, w-methyl- and 
p-i-butylbenzyl, p-chloro-a-phenylbenzyl, phenethyl, phenyl, chloro- and methoxyphenyl, tolyl, 2-pyvidyl, 2-
pyrimidyl, or 2-thiazolyl have been synthesized. So have some N,N'-disubstituted ethylenediamines in which 
the substituent is p-ehloro-a-pheirylbenzyl and N ' .-ubstituents are alkyl groups or N ' is a part of morpholiue or 
piperidine. Screening for CNS activity revealed that some compounds possessed significant CNS depressant 
activitj". A few compounds exhibited promising antihistaminic activity in experimental animals. 

Basic benzhydryl ethers,2 thioethers,3 and ethylenedi-
ainine derivatives4 in which one of the X atoms is part of 
a heterocyclic ring are important classes of compounds 
with CXS activities such as sedative, tranquillizing, anti­
histaminic, antitussive, and antispasmodic. A number 
of diphenylpropylamines have been reported to possess 
analgetic,6a'b spasmolytic,,r,° ~e and vasodilatory5f ~' ac­
tivities. Interest in piperazine-containing molecules 
has continued to grow in recent years because of the 
broad spectrum of pharmacological activities found 

(1) To whom c o m m u n i c a t i o n s regard ing this paper should be addressed . 
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M. Sa to , Yakugaku /.a.sshi, 8 1 , 261 (1961); Chem. Abstr., 55 , 13771e (1961); 
ic) I .abora to i res Dausse S.A., Br i t i sh P a t e n t 932,430 (July 24, 1963); Chem, 
Abstr., 60, 4 5 2 / (1964); (d) A. Sacha , Acta Polon. Pharm., 2 1 , 347 (196A); 
Chen,. Abstr., 64, 8180 9 (1966); (e) K. T a k a t o r i , S. Hisado , V. Y a m a d a , T. 
N a k a s h i m a , 1. Saka i . a n d S. Asano, Yakugaku Zasshi. SO, 1759 ( I960 ) ; Chem. 
Abstr., 55 , 10454c (1961); (f) Yoshi tomi Pha rmaceu t i ca l Indus t r i e s Ltd . . 
J a p a n e s e P a t e n t 6465 ( M a r c h 30, 1965); Chem. Abstr,. 63 , 1772ft (1965); 
(It) M. Nakan i sh i a n d T. M u r o , J a p a n e s e P a t e n t 221 ( Jan 11, 1966); Chem. 
Abstr.. 64, 11182c (19661. 

(3) (a) G. Rieveschi , J r . . U. S. P a t e n t 2,483.436 (Oct •!. 1949); Chem. 
Abstr., 44, 7882</ (1950); (b) II. F u k u d a . ./. /'harm. Sue. .lapan. 72, 1472 

1952); Chem. Abstr.. 47, 8706.1 (1953): ic) II. W e i d m a n n and P. V. Pe te r ­
sen. J. Pharmacol, h'xptl. Tlierap.. 108, 201 (1953): (d I M. Nakan i sh i and 
'I'. M u r o . J a p a n e s e P a t e n t 15839 ( A U K 5. I964 i ; Chem. Abstr.. 62, 6405a 
i ! 9 6 5 i : (e) Yosh i tomi P h a r m a c e u t i c a i Indus t r i e s Ltd. . J a p a n e s e P a l e n t 
19.655 (Sept 11. 1964); Chem. Abstr., 62, 10450A (L965). 

| I) (a) T. J. Haley, ./. Am. Pharm. Assoc. 37, 383 (1948); lb) A. Burger 
in "Medic ina l C h e m i s t r y , " A. Burger , Ed., 2nd ed, In tersc ience Publ ishers 
I i i c , New York, N. Y., 1960. p 526; (c) S. L. Shapiro , I I . Soloway, E . Chodos . 
and I.. F r e e d m a n . ,/. Pharm. .Set.. 50, 1035 (1961); (d! L. Novak , Czecho-
- lovak ian Pa ten t 110,210 (March 10. 1961): Chem. . I M r . , 6 1 , 9 4 7 5 / (1964). 
i o N. 1). Dawson , U. S. Patent , 3.106.553 (Oct 8, 1963); Chem. Al,str.. 60, 
2959c (1964); (f) K. Kigasawa, II. Sugaha ra , M. Hiiragi . and K. F u k a w a . 
Yakuuahu Zasshi, 83 , 696 (1963): Chem. Abstr., 59, 13847/ (1963). 
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W. Duc t ing . Ed. . I ' e rgamon Press. London, 1960; (b) F a r b w e r k e l loechsl 
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1953): Chem. . 4Mr . , 52, 12916/ (1958); ic) C. van de Wester ingh . P . Van 
H a d e , B. He rmans , C. Van de-r Fycken , J. Boey, a n d P . A. J. J ans sen . ,/. 
Med. Chem., 7, (lit) (1964); id) .1. Klo.-a and II. S ta rke , G e r m a n (Fas t ) Pttl-
ein 33,285 (Dec 5, 1964): Chem. Al,str.. 63, 11579/ (1965); (e) Scher iug 
A.-G.. G e r m a n P a t e n t 1,213.856 (April 7, 1966); Chem. Abstr.. 64, 19623c 
1966i; if) Ch ino iu Gyogyszer es Yegyes/.eli T e r m e k e t G y a r a Rt . , Belgian 

Pa ten t 621,300 (Nov 30, 1962); Chem. Abstr., 59, 3832</ (1983): (g) Chi-
noin Gyogyszer es Vegyes /e t i T e r m e k e t G.vara Kt. . French P a t e n t 1,334,04(1 
(Aug 2. 1963); Chem. A>,str.. 60, 1642y (1964): (h; K. l l a r s a n y i . D. Korbon-
iis. anil l>. Kiss. ./. Med. Chem., 7, 623 (1964(; (i) F a r b w e r k e Hoechs i . A.-G.. 
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among this group of compounds.2"'5 It is also known 
that the mild sedative property exhibited by antihista­
minic compounds could be potentiated by the chemical 
modification to obtain useful antianxiety or tranquiliz-
ing substances.-11-7 We have, therefore, undertaken the 
synthesis and pharmacological study of a series of com­
pounds, in which p-chlorobenzhydryl and various 
X-monosubstituted piperazines are linked by a connect­
ing chain A as shown in the following general formula I. 

A = ( W O , CH„OH,, ()(CH2)2, 0 ( C n , ) t , SfCH-)., NlliCII.,).., 
or N(CITs)CH»Clf, 

R = alkyl, cyclnalkyl, aralkyl, aryl, and heterocyclic ".roups 

In view of the significant CXS depressant activity dis­
played by some of the ethylenediamine derivatives 
(I, A = XHCHoCtL). additional compounds wherein 
the piperazine part was replaced by other pharma­
cologically active amines were also synthesized. 

To extend the structure-activity relationships in ihe 
same series (I. A = XHCHoCHo), the p-chlorobenzliy-
dryl group was replaced by 1,2-diphenylethyI since a 

(I5i (a) II. U. PeLigura. ('. \". Deliwala. S. S. M a a d r c k a r . and V. K. Siielh. 
./. Med. Chem.. 11, 332 (1968): (b) F. Hoffmann-La Roche ,v. Go. A.-G.. 
Belgian P a t e n t 612.185 (July 10, 1962); Chem. Abstr.. 57, 16634c (1962; : 
(c) J. R. Boissier. l i . Ra lou is , and G. D u m o n t , Thempie, 18, 1499 (1H63): 
Chem. Alistr., 63 , 15381/ (19651: (di Societe Indus t r ic l l e Pour la Fab l ica t ion 
des Ant ih io th iues . French Patent 1,318,449 (Feb 15. 1963); Chem. Abstr.. 
59, 12825c (1963): (e! J. R. Bo i s s i e r and R. Ha lo ids . French P a t e n t 1,314,913 
( Jan 11, 1963); Chem. A Mr., 59, 64l9 (t (1963): (f) M a y and Baker Ltd . . 
Belgian Pa ten l 620,236 (Jan 14. 1963): Chem. Abstr.. 59, 6418 / (1963); 
(g) W. H. Bar re t t . H. I.arkin, and [.. Belford. Fed. Prcc. 25, 258 (1966): 
• •Chemotherapy Research Bul le t in . " Vol. 8, The C h e m o t h e r a p y Research In­
s t i t u t e . N. Y., 1966, p 135; ih) K. Merck A.-G.. Ne the r l ands P a t e n t Appl 
6.514,242 ( M a y 5, 1966); Chem. Abstr., 65, I 3 7 2 2 M 1966); (i) C IHA Ltd. . 
Ne the r l ands Pa ten t Appl. 6,505,618 (Nov 5, 1H65): C),em. Abstr.. 64, 11226c. 
( 1966). 

(7) S. K. Sharplcss m " T h e Pharmacological Basis of T h e r a p e u t i c - . " 
L. S. G o o d m a n and A. Oi lman , I'M., 3rd ed, T h e Macmi l l an Co. . New \ urk. 
N. Y,, 1965, p 140. 
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number of 1,2-diphenylethylamines have shown anal­
getic and CNS depressant activities.8 

Chemistry.—N1- [3- (p-Chlorophenyl) - 3 - phenylpro-
pyl]-N4-(substituted)piperazines (I, A = CH2CH2) were 
synthesized by the condensation of 3-(p-chlorophenyl)-
3-phenylpropionyl chloride with different X-monosub-
stituted piperazines followed by the reduction with 
LAH. 

N1-[co-(p-Chloro-a-phenylbenzyloxy)alkyl]-N4-(sub-
stituted)piperazines [I, A = 0(CH2)2, 0(CH2)4], X 1 -^-
(p-chloro - a - pheny lbenzy lmercapto) ethy 1 ] - XT4 - (substi­
tuted) piperazines (I, A = SCH2CH2), and ~X1-[0-(p-
chloro - a-phenylbenzylamino)ethyl]-X4- (substituted) 
piperazines (I, A = X*HCH2CH2) were prepared by con­
densing oj-(p-chloro-o:-pheuylbenzyloxy)ethyl or -butyl 
chloride, /3- (p-chloro - a - phenylbenzylmercapto)ethyl 
chloride, and /3-(p-chloro-a-phenylbenzylamino)ethyl 
chloride hydrochloride, respectively, with various 
X-monosubstituted piperazines in the presence of Et3X 
in EtOH. 

N-(p-Chloro-a-phenylbenzyl)-N'-(substituted)ethyl-
enediamines and X"1-[/3-(l,2-diphenylethylamino)ethyl]-
X'4-(substituted)piperazines were prepared by the con­
densation of /3-(p-chloro-a-phenylbenzylamino)ethyl 
chloride hydrochloride or ^-(1,2-diphenylethylamino)-
ethyl chloride hydrochloride with various amines. 

The physical constants, yields, recrystallization sol­
vents and analytical data of the compounds synthesized 
are given in Tables I—-III. 

Pharmacology.—The gross observation of intact 
mice, the spontaneous motor activity, and potentiation 
of barbital hypnosis revealed that some of the com­
pounds in these series possessed good CXTS depressant 
activity. None of the compounds had any significant 
analgetic activity (narcotic or nonnarcotic). A few 
compounds exhibited significant antihistaminic activ­
ity. 

The results of the pharmacological evaluations, in­
cluding cardiovascular study and antihistaminic activ­
ity of the compounds tested, are given in colums 5-8 of 
Tables I-III. 

Results and Discussion 

In general, the CXS depressant activity as seen by the 
decrease in motor activity was in the following descend­
ing order according to the nature of the bridge -Ad­
joining p-chloro-a-phenylbenzyl and piperazine moieties 
in the general formula I: XHCH2CH2 > CH2CH2 > 
CH2CO > SCH,CH2 > OCH2CH2CH2CH2 > OCH2CH2. 
The substituents R on the X4 position of the piperazine 
also influenced the depressant activity. In the ethyl-
enediamine series (I, A = X"HCH2CH2), compounds 73 
and 80-82 exhibited significant CNS depressant activ­
ity. The replacement of the piperazine group either by 
a heterocyclic amine like morpholine, piperidine, or 
alkyl- or dialkylamine reduced the activity. When 
p-chloro-a-phenylbenzyl moiety was replaced by 1,2-
dipheiiylethyl, the activity was considerably reduced. 

Diphenylpropionamides (I, A = CH2CO) and the cor­
responding diphenylpropylamines (I, A = CH2CH2) ex­
hibited mild to marked CNS depressant activity. The 

(8) P. Rao, P. B. Sattur, G. S. Sidhu, X. K, Sogani, S. 11. Zaheer, S. S. 
Mandrekar, V. H. Sethy, U. K. Shetli, L. P. Shah, and V. X. Bagadia, CXS 
Drugs, a Symposium, Regional Research Laboratory, Hydrabad, India, 
1967, C.S.I.R., New Delhi, 1967, p 283. 

reduction of the amide to the corresponding amine in­
creased the activity. The benzhydryl ethers (I, A «= 
OCH2CH2) showed a lower order of depressant activity 
as compared to the benzhydryl thioethers. In the thio-
ether series (I, A = SCH2CH2) the activity was found to 
be of higher order when the X'4 substituents were aryl 
(57 and 61) and 2-pyrimidyl (65). The length of the 
carbon chain [I, A = 0(CH2)4] had no significant effect 
on the activity. 

In vitro antihistaminic action on guinea pig ileum 
showed seven compounds (27, 34, 36-38, 44, and 52) to 
possess significant antihistaminic activity. However, 
when tested for antihistaminic activity in vivo by the 
aerosol method in the guinea pig, only 27, 34, and 38 
showed marked antihistaminic activity. 

Experimental Section 

Pharmacological Methods.—CNS activity of the compounds 
was evaluated by methods described earlier.6" The compounds 
being insoluble were administered intraperitoneally as an aqueous 
suspension with 0.5% carboxymethylcellulose. 

Cardiovascular effects of some selected compounds were 
studied in normotensive dogs under pentobarbital anesthesia. 
The effects of the compounds on pressure response produced by 
the injection of 2-4 Mg, kg of epinephrine, 3-4 Mg/kg of acetyl­
choline, and 3-o pg, kg of histamine were recorded. The test 
compounds were generally given in a dose of 5 mg/kg and the 
effect was studied repeatedly at 10 mm, 1 hr, 2 hr, and 4 hr after 
drug administration. 

Antihistaminic activity in vitro of the compounds was investi­
gated on the guinea pig ileum against contraction produced by 
histamine and the results were compared with the inhibition 
produced by diphenhydramine (10~8 g/ml producing 50% inhibi­
tion). 

In vivo antihistaminic activity (guinea pig) was studied by the 
degree of protection against histamine aerosol (2%). Gasping, 
head movements, and the appearance of asphyxial convulsion 
were taketi as the end point. The animals which responded to 
the histamine aerosol (2%) within 2 min were taken for the test. 
After the rest period (2 days) the test compounds were given 
intraperitoneally at 0.1LD5o, 0.5 hr before the challenging dose of 
histamine aerosol. Animals treated with 0.5% vehicle alone 
served as controls. Absence of above reactions during the ex­
posure period (2 min) was considered as the positive antihista­
minic activity. 

Chemical Methods.9 N-Monosubstituted Piperazines.—Thp 
following N-monosubstituted piperazines required for the prasent 
work were prepared according to the literature methods: N-
methyl,10a N-(2-hydroxypropyl),Mb N- [2-(2 '-hydroxyethoxy )•• 
ethyl],10" N-cycloh«xyl,10d N-benzyl,10e N-(»i-methylbenzyl),10f 

N-(p-/-butylbenzyl),10f N-(p-ehloro-a-phenylbenzyf),1(,t', N-(2-
phenethyl), lof N-phenyl,101' X-o- and -p-chlorophenyl,101 N-o-
and -p-methoxvphenyl,10 ' N-o-, -m-, and -p-tolyl,10' N-(2-pyr-
idyl),10k N-(2-pyrimidyl),10k and N-(2-thiazolyl).1»k 

p-Chloro-a-phenylbenzylmalonic Acid.—p-Chloro-a-phenyl-
benzyl chloride11 (1.0 mole) was condensed with diethyl malonate 
(1.1 moles) in the presence of NaOEt (1.1 moles) in EtOH follow-

(9) Where analyses are indicated only by symbols of the elements, analyti­
cal results obtained for those element* were within ±0 .4% of the theoretical 
values. Melting points and boiling points are uncorrected. Melting points 
were taken in capillary tubes in a sulfuric acid bath with a partial immersion 
thermometer. 

(10) (a) Rhone-Poulenc. British Patent 662,283 (Dec 5, 1951); Chem. 
Abntr., 46, 11252c (1952); (b) L. J. Kitchen and C. B. Pollard. ./. Org. Chem., 
8, 338 (1943); (c) H. G. Morren, Belgian Patent 523,902 (Feb 16, 1954); 
Chem. J W r . . 53, 18073c (1959); (d) H. G. Morren. Belgian Patent 549,420 
(Jan 10, 1957); Chem. Abdr., 54, 12169a (1960); (e) R. E. Lutz and N". H. 
Shearer, J. Org. Chem., 12, 771 (1947); (f) K. G. Boggiano. G. B. Jackman, 
V. Petrow, and O. Stephenson, British Patent 840.358 (July 6, I960); Chem. 
Abstr., 55, 588a (1961); (g) T. Fujii. K. Tomino, and H. Watanabe, J. 
Phurm. Sac. JuiM.it, 74, 1049 (1954); (h) C. B. Pollard and L. G. Mac-
Dowell, J. Am. Chem. Hoc, 56, 2199 (1934); (i) C. B. Pollard and T. H, 
Wicker, Jr., ibid., 76, 1853 (1954); (j) C. B. Pollard and J. B. Christie, 
J. Org. Chem., 23, 1333 (1958); (k) K, L. Howard. H. W. Stewart, E. A. 
Conroy, and J. J. Denton, ibid., 18, 1484 (1953). 

(11) J. P. Norris and C. Banta, J. Am. Chem. Soc, 50, 1804 (1928). 
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E 
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HI 
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0 5 

5 9 

6 1 
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6 5 
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5 3 

72 

77 
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6 2 

8 8 

71 

6 5 

7 5 

5 2 

5 0 

7 0 

6 8 

49 

5 7 

5 5 

4 2 

4 0 

6 0 

6 3 

5 5 

5 3 

5 9 

5 7 
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6 3 

5 6 

71 

71 

5 9 

4 8 

5 0 

5 5 

71 

5 5 

6 5 

5 3 

6 1 

7 5 

6 1 

4 5 

5 1 

5 9 

4 1 

5 3 

5 5 

4 2 

5 6 

5 1 

12 

3 9 

4 9 

M p o r l , „ 

' ' ( m m ) , "('• 

1 2 3 - 1 2 6 

1 8 0 - 1 8 2 

1 2 0 - 1 2 2 

2 1 8 - 2 2 0 d e e 

1 2 3 - 1 2 4 

2 0 0 - 2 0 2 d e c 

1 2 0 - 1 2 1 

2 0 4 - 2 0 6 d e e 

1 1 4 - 1 1 6 

2 6 0 - 2 6 5 d e e 

1 4 0 - 1 4 2 

1 7 8 - 1 8 0 

1 2 9 - 1 3 0 

1 8 2 - 1 8 4 

1 5 4 - 1 5 6 

1 8 0 - 1 8 2 

1 1 5 - 1 1 7 

2 0 0 - 2 0 1 

1 2 6 - 1 2 8 

1 6 2 - 1 ( 6 1 

1 5 0 - - 1 5 1 

1 5 3 - 1 5 4 

1 7 5 - 1 7 8 

1 7 3 - 1 7 5 

1 6 1 - 1 6 2 

1 5 4 - 1 5 7 

1 9 4 - 1 9 6 d e e 

2 0 0 - 2 0 1 ' d e c 

2 0 8 - 2 0 1 * d e e 

1 9 8 - 1 9 9 

1 5 2 - 1 5 3 

1 6 4 - 1 6 6 

1 7 0 - 1 7 2 d e e 

1 6 4 - 1 6 5 

1 6 8 - 1 6 9 

1 7 2 - 1 7 3 

1 8 2 - 1 8 6 d e e 

1 7 3 - 1 7 4 

1 6 2 - 1 6 4 

1 7 4 - 1 7 5 

1 6 4 - 1 6 5 

1 6 4 - 1 6 6 

2 1 4 - 2 1 5 d e e 

2 0 4 - 2 0 5 

2 1 6 - 2 2 0 

1 9 8 - 2 0 0 

2 3 4 - 2 3 6 d e e 

1 9 5 - 1 9 7 

1 5 1 - 1 5 3 

1 4 6 - 1 4 8 

1 6 6 - 1 6 8 

1 4 4 - 1 4 5 

1 8 3 - 1 8 4 d e e 

1 8 4 - 1 8 5 d e c 

1 8 2 - 1 8 4 d e c 

1 7 5 - 1 7 7 d e e 

2 2 2 - 2 2 4 

2 0 2 - 2 0 3 

1 9 2 - 1 9 3 

9 7 - 9 8 

2 0 8 - 2 0 9 d e e 

1 9 4 - 1 9 5 
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2 0 0 - 2 0 2 d e e 

2 0 3 - 2 0 4 dec . 

1 9 3 - 1 9 4 d e c 

2 1 2 - 2 1 4 d e c 

1 9 9 - 2 0 1 

1 8 5 - 1 8 6 

1 9 5 - 1 9 7 d e e 

1 1 9 - 1 5 0 

2 ( 1 2 - 2 6 1 d e c 

1 6 4 - 1 6 6 

2 4 0 - 2 4 5 ' 1 1 ) 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
e 
c 
c 
c 
(' 
c 
c 
c 
c 
c 
c 
c 
c 
c\ 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c: 
c 
c 
(' 
( ' 
( ' 
( ' 
c 
c 
c 

F o r m u l a 
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TAHLK I (Continued) 

M p or b p 
6 (mm) , °C 

185-168 dec 
275-285 (10) 
210-211 dec 
188-190 
205-206 dec 
208-210 dec 
250-270 (6) 
168-170 dec 
290-296 (12) 
180-182 
245-255 (7) 
212-214 dec 
245-255 (7) 
159-160 dec 
260-270 (5) 
274-285 (3) 
280-295 (9) 
106-107 

88-89 
170-171 
265-280 (1) 
163-165 

; H, n-CsHi4; 
experiments and are based on 3-(p-chlorophenyl)-3-phenylpropionyl chloride (in case of the compounds of odd numbers from 1-25), 
N-monosubstituted piperazines (in case of 27-67), /3-(p-chloro-a-phenylbenzylamino)ethyl chloride hydrochloride (in case of 67-100), 
and 0-(l,2-diphenylethylamino)ethyl chloride hydrochloride (in case of 101-111). Yields are calculated for the materials melting not 
less than 2-3° below the highest melting point obtained. c Mice were observed during the toxicity tests. The lowest dose at which 
significant depression was noted in mice is recorded in this column. Depression at doses greater than 40% of the LD60 is not considered 
to be significant and is indicated as negative (— ). d The study of motor activity of a group of six mice was done on an actophotometer 
for lOmin before and 1,2, a n d 4 h r after administration of the compound (dose O.lLDso). The peak effect is given here. Less than 50% 
decrease in motor activity was not considered to be significant and is indicated as negative (—). ' The negative, moderate, and marked 
antihistaminic activity of the compounds tested in dogs is noted as (—), ( + ), and ( + + ), respectively, in this column. The other 
significant effects on blood pressure of dogs were also given in this column as footnotes. / Produced 60% potentiation of barbital hypno­
sis at O.ILD50 dose. « Produced 80% potentiation of barbital hypnosis at O.lLDso dose. h Showed significant antihistaminic activity 
when tested in vitro on guinea pig ileum. * Showed significant antihistaminic activity in vivo in the guinea pig by the aerosol method. 
' H. G. Morren, R. Denayer, S. Trolin, E. Grivskv, H. Strubbe, G. Dony, and J. Maricq [Ind. Chim. Beige, 19, 1176 (1954); Chem. 
Abstr., 53, 2240 (1959)] reported base bp 205° (0.2'mm.), * A. Sacha [Acta Polon. Pharm., 21, 347 (1965); Chem. Abstr., 64, 8180? 
(1966)] reported mp 209-212°. ; 40% inhibition of ACh response after 1 hr; the effect lasted for 4 hr. m 80% inhibition of epi­
nephrine response after 10 min; the effect lasted for 3 hr. n 70% inhibition of ACh response after 10 min; the effect lasted for 1 hr. 
0 50% inhibition of epinephrine response after 10 min; the effect lasted for 1 hr. » 50% inhibition of ACh response after 1 hr; the effect 
lasted for 2 hr. " Produced 32% increase in motor activity at 40 mg/kg. ' 70% inhibition of ACh response after 1 hr; the effect 
lasted for 4 hr. 

N o . 
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70 

71 

72 

73 

74 

75 
76 
77 
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7» 
80 
81 

82 

" A 

A 

N I K C H - ) . ; 
N H ( C H . ) . 

N ( C H . ) ( C H . ) . 

N ' H ( C H . ) . 

X H l C H j ) . 

N ( C H 3 ) ( C H 2 ) 2 

N H ( C H i ) . 
N H ( C H i ) . 
N H ( C H s ) ! 
N H ( C H , ) S 

N H ( C H ? ) j 
X H ( C H . ) . 
X H ( C H . ) . 

N H f C H i ) . 

, Me2CO; E, 

R 

i 

2 - ( 2 ' - H y d r o x y e thoxy) e thyl 
Benzyl 

Benzy l 

m - M e t h y l b e n z y l 

p-£-Butylbenzyl 

p-Z-Butylbenzyl 

p -Chooro -a -pheny i 
o -Chlorophenyl 
o-M e thoxy pheny l 
p - M e t h o x y p h e n y ] 
o-Tolyl 
2-Pyr idyl 
2 -Pyr imidy l 

2-ThiazolyI 

EtOH; E90, 90% 

[benzyl 

EtOH 

; : rys tn 
sol­

v e n t " 

E - A 

E 
E - W 
E 
E 

E 

E 

Ego 

P - E t 

It 
11 
E 

E - E t 

; Et, 

% 
yielc 

58 
64 

54 

40 

59 

49 

62 
51 
49 
43 
46 
48 
49 

43 

Et2C 

F o r m u l a 

C22H30CIX3O • d ioxa la te 
C23H32CIX3O2 
C26H30CIN3 • d ioxa la te 
C26H30CIN3 • d ima lea t e 
C2-H82CIN3 • d i m a l e a t e 
C27H32CIN3 • d ioxa la te 
C27H32CIX3 
C27H32CIN 3 • d i m a l e a t e 
CSOHSBCINS 

C 3 O H 3 8 C 1 N s • d ima lea t e 

C31H10CIN3 
C31H40CIN3 • d i m a l e a t e 
C12H33CI2X3 
C25H27CI2N3 • d i m a l e a t e 
C26H30CIN3O 
C26H30C1N3O 
C26H30CIN3 
C24H27CIX4 
C23H26CINS 
C23H2eClN5 • d ima lea te 
C22H25CIN4S 
C22H2SC1N4S-dimaleate 

P, i-PrOH; W, H20. 

Ana lyses 

C, H , X 
C, H , N 
C, H , N 
N 
X 
C, H , X 
N 
C, H , X 
C, H, N 
X 
C, H , X 
X 
C, H, X 
C, H , X 
C. H, X 
N 

N 
C, H, X 
C, H , X 
X 
N , S 
C, H, X . S 

M o u s e 
LDso, 
m g / 
kg 
ip 

400 

300 
400 

60 

162 

800 

800 

800 

150 
800 

6 Yields reported 

C N S 
de­

pres ­
s ion^ 

m g / k g 

(-) 

(-) 
50 

(-) 

60 

100 

100 

135 

60 
6 0 ' 

are the 

%\ 
in 

m o t o r 
ac t . of 
m i c e d 

(-) 
(-) 

(-) 

70 

(-) 

(-) 

92 

65 
70 

r e s u l t s 

Ant i ­
his ta­
minic 
ac t . 8 

(-) 

(-) 

(-) 

(-)' 

(-) 

(-) 
(-) 

of sing 

mg the method of Henderson12 for the preparation of diphenyl-
isosuccinic acid; vield 62%, crystallized from H 20, mp 178-179° 
dec. Anal. (Ci6Ff13C104) C, H. 

3-(?>-Chlorophenyl)-3-phenyipropionic Acid. A.—p-Chloro-
a-phenylbenzylmalonic acid (160 g) was partially decarboxylated 
by heating at 180° for 2 hr. The desired acid was obtained follow­
ing the usual technique and recrystallized from H20, yield 85 g 
(62%), mp 108-109°. Anal. (Cl6Hi3C102) C, H. 

B.—p-Chloro-of-phenylbenzylmalonic acid (20 g) in glacial 
AcOH (100 ml) was refluxed for 2 hr and then poured over 
crushed ice. The solid thus obtained on recrystallization (H20) 
gave 9.9 g (08%) of the desired compound in pure form, mp 108-
109°, undepressed by admixture of the compound obtained by 
method A. 

3-(p-ChIorophenyI)-3-phenyIpropionyI chloride was prepared 
from 3-(p-chlorophenvl)-3-phenylpropionic acid bv the action of 
SOCl2; vield 65%, bp 180-186° (6 mm). Anal. (Ci6H12Cl20) 
C, H. 

N l-[3-(p-Chlorophenyl)-3-phenylpropionyl]-N4-phenethyI-
piperazine (9).—A solution of 3-(p-chloi'ophei\yl)-3-phenyl-
propionyl chloride (5.58 g, 0.02 mole) in anhydrous CHC13 (25 ml) 
was added slowly to a solution of N-phenethylpiperazine (3.8 g, 
0.02 mole) and Et3N (4 g, 0.04 mole) in anhydrous CHC13 (25 
ml), and the mixture was refluxed for 7 hr. I t was then cooled, 
washed (H20), dried (Na2S04), and concentrated. The resulting 
solid was crystallized twice. 

The other members of this series (I, A = CH2CO) were pre­
pared similarly. Absorption peaks of ir spectra were as expected. 

N1-[3-(;o-Chlorophenyl)-3-phenyIpropyl]-N4-phenethyIpipera-
zine Dihydrochloride (10).—A solution of the above amide (2.16g, 
0.05 mole) in Xa-dried T H F (175 ml) was added dropwise to a 

suspension of LAH (1.0 g) in dry E t 2 0 (200 ml) at such a rate 
that a gentle reflux was maintained. After addition, the reaction 
mixture was refluxed for 16 hr, cooled in ice, and decomposed by 
dropwise addition of ice-H20. The inorganic material was fil­
tered off and the organic phase was dried (Na2S04) and concen­
trated. The residue was taken up in 15 ml of Me2CO and was 
added to 10 ml of 5 AT 2-propanolic HC1. The white solid thus 
obtained was recrystallized. 

The rest of the amides were reduced similarly to the corre­
sponding amines. Absorption peaks of ir spectra were as ex­
pected. 

o-(j»-Chloro-a-phenylbenzyloxy)butyl Chloride.—The proce­
dure followed was analogous to that described b\ ' Morren13 for the 
preparation of 8-(o-chloro-a-phenylbenzyloxy)butyl chloride; 
yield 60%, bp 186-194° (5 mm). Anal. (C17H18C120) C, H. 

(3-(p-Chloro-a-phenylbenzylmercapto)ethyl Alcohol.—p-Chlo-
ro-a-phenjdbenzyl mercaptan3" (94 g, 0.4 mole) was added drop-
wise to an equimolar quantity of NaOC2H5 in 200 ml of EtOH, 
followed by ethylene chlorohydrin (32 ml, 0.4 mole) and refluxed 
for 2 hr. The reaction mixture was poured over ice and ex­
tracted with Et 2 0. The combined E t 2 0 extracts were dried (Na2-
S()4) and the solvent was removed. The residual oil was sub­
jected to fractional distillation under reduced pressure and the 
fraction distilling at 216-224° (11 mm) was collected as a bluish 
oil, yield 57 g (51%). Anal. (Ci6H16C10S) C, H, S. 

/3-(p-Chloro-a-phenylbenzylmercapto)ethyI chloride was pre­
pared from the corresponding alcohol with SOCl2 in CHCb, bp 
208-218° (13 mm), yield 63%. Anal. (CiJHuCUS) C, H, S. 

i3-(p-Chloro-o;-phenylbenzylamino)ethyl Alcohol.—A solution 
of p-chloro-a-phenylbenzyl chloride (119 g, 0.5 mrle) in pyridine 

(12) G. G. Henderson , / . Chem. Soc, 59, 731 (1891). 
(13) H . G. M o r r e n , Belgian P a t e n t 551,032 (March 

Abstr.. S3, 2010H (1959). 
14, 1957); Che), 
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TABLE II 

X , X ' - D l S U B S T I T U T F , D E t H Y LEX EDI AMINES 

CH—N—CH.,CH,N 

R," 

No. 

83 
84 
85 
86 

87 
88 
89 

00 

111 

'.12 
93 

U4 
95 

96 
97 

98 

99 

100 

a-t 

R ' 

II 
II 
M e 
II 

II 
II 
II 

II 

11 

Ale 
II 

M e 
H 

11 
H 

H 

M e 

11 

/ ' \ 
-N I 

\ / R.,/ 

X H i 
M e i N 
M e i N 
E t sN 

rc-Pr.X 
n-liu-iN 
( P h C H i J s N 

C M l t N H 

r i -PrNH 

n - P r X H 
i - P r N H 

i - P r . \ U 
i - B u N H 

Cyc lohexy lamino 
2 ,6-Xyl id ino 
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136-138 
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184-185 
175-187 ( l i 
190-205 (8! 
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204-205 
170-180 (10) 
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184-194 (8 j 
200-205 (9) 
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190-200 (3) 
193-194 dec 
210-212 (7) 
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215-224 (10) 
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reported the dihydrochloride of base (hygroscopic). 

TABLE II I 
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( V - CH,— CH—A—r N NR 
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101 

102 

103 X 
104 N 
10.5 N 
106 N 

A 

H ( C H S ) . 

H ( C I l ! ) ! 

H ( C H i ) . 
H ( C H i ) ! 
H ( C H « ) . 
H ( C H . ) 2 

M e 
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p - r -Buty lbenzy l 
p -Ch lo ro -a -pheny l benzyl 
o -Methoxy phenyl 

107 N H ( C H i h p - M e t h o x y p h e n y l 
108 NFI (CHs) 2 2 -Pyr idy l 
109 N H ( C I I i ) ! 2 -Pyr imidy l 
110 N ( C H . ) ( C H s ) s 2 -Pyr imidy l 
H I N H f O B , ) ! 2-Thiazolyl 

"~" See corresponding footnotes in Table I. 
the effect lasted for 2 hr. 
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M p or bp 
( m m ) , °C 

210-215 ' ' (7) 
170-171 
258-260 dec 
255-265 (5) 

88-89 
260-275 (7) 
126-128 
208-210 
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113-114 
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h Compounds solidified on standing. ' 50", <, inhibition of ACh response after 10 niin; 

(120 ml) was added dropwise with stirring to an ice-cooled solu­
tion of monoethanolamine (61 g, 1 mole) in pyridine (75 ml). 
Stirring was continued for 0 hr at room temperature and the 
mixture was then heated on a steam bath for 10 hr. Pyridine 
was distilled off under diminished pressure, and the residue was 
treated with ice-H20 and extracted with E t 2 0 . The combined 
EtsO extracts were dried (NaaSCX) and concentrated, and the 
resulting oil was distilled in vacuo. The fraction distilling at 

bp 202-212° (G mm) was collected, yield 79 g (00(,c). Anal. 
(C,5H l6ClNO) X. The oxalate was crystallized (EtOH-Me,CO 1, 
mp 191-192 V4* Anal. (C,7Hi8ClNOs) N. 

(14) (a) E . Uw.vnnp and F. Colin [Brit ish P a t e n t 1,109,502 (April 10, 
1988); Chem. Abstr., 69, 35937m (1968)) p r e p a r e d this c o m p o u n d by the 
ca ta ly t i c reduc t ion of t he Schiff base ob ta ined from p-chlorobenzophencme 
a n d m o n o e t h a n o l a m i n e . (b) li • HC1 l i t . 1 4" mp 230-232° . 

foot.no
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/3-(p-Chloro-a-phenylbenzylamino)ethyl chloride hydrochloride 
was obtained in 7 1 % yield by the action of SOCU on /3-(p-chloro-
a-phenylbenzylamino)ethyl alcohol in CHC13 following the usual 
techniques; it was crystallized from EtOH, mp 230-232°.H b 

Anal. (Ci6H16Cl3N) C, H, N. 
/3-[N-(Methyl)-N-(p-chloro-a-phenylbenzyl)amino] ethyl Al­

cohol.—A mixture of /3-(p-chroro-a-phenylbenzylamino)ethyl 
alcohol (26.15 g, 0.1 mole), HCOOH (10 ml, 98%), and HCHO 
(41 ml, 37-41%) was refiuxed for 6 hr. Most of the HCHO 
aud HCOOH were removed by distillation under diminished 
pressure. The residue was made alkaline with cold 5 JV NaOH 
and extracted with E t 2 0 . The combined E t 2 0 extracts were 
dried (NaaSO*) and concentrated and the residue was distilled 
in vacuo. The fraction distilling at 184-190° (6 mm) was col­
lected, yielded 18 g (65%). Anal. (CieHuClNO) N. 

^-[N-(Methyl)-N-(p-chloro-a-phenylbenzyl)amino]ethyl chlo­
ride hydrochloride was obtained as an oil by the action of SOCl2 

on the corresponding alcohol and was used directly for further 
condensation. 

/3-(l,2-Diphenylethylamino)ethyl chloride hydrochloride was 
prepared in 91 % yield by the action of S0C12 on the corresponding 
alcohol16 as usual and crystallized (EtOH), mp 212-213° dec. 
Anal. (Ci6H19Cl2N)N. 

/3-[N-(Methyl)-N-(l,2-diphenethyl)amino]ethyl chloride hy­
drochloride was prepared from /3-(l,2-diphenylethylamino)ethyl 
alcohol hydrochloride, following the method described by Ker-
win, et al.16 

N ' - [0- (p-Chloro-a-phenylbenzyloxy )ethyl] -N4-(2-pyridy 1 )piper-
azine Maleate (37).—To a mixture of N-(2-pvridyl)piperazine 
(1.63 g, 0.01 mole) and Et ,X (2.0 g, 0.02 mole) in EtOH (20 ml), 
was added a solution of /3-(p-chloro-a-phenylbenzyloxy)ethyl 
chloride" (3.09 g, 0.11 mole) in EtOH (10 ml) and the reaction 
mixture was refiuxed for 25 hr. The solvent was distilled off, 

(15) L. H. Goodson, C. J. W. Wiegand, and J. S. Splitter. J. Am. Chem. 
Soc.,68, 2174 (1946). 

(16) J. F. Kerwin, T. F. Herdegen, R. Y. Heisler, and G. E. Ullyot, ibid., 
72,3983 (1950). 

(17) N. Kato, et id., Japanese Patent 5028 (Sept 4, 1951); Chem. Abstr., 
17,9362* (1953). 

We have recently reported2 the synthesis and CNS 
depressant activity of compounds incorporating 3,4,5-
trimethoxyphenyl and piperazine groupings into a sin-

(1) (a) Postdoctoral Research Fellow, Indian Council of Medical Re­
search, New Delhi, (b) To whom communications regarding this publication 
should be addressed. 

(2) R. B. Petigara, C. V, Deliwala, S. S. Mandrekar, and TJ. K. Sheth, 
J. Med. Chem., 11, 332 (1968). 

and the residue was treated with cold 40% NaOH till alkaline 
and extracted with Et^O. The combined E t 2 0 extracts were 
dried (Na2SO<) and concentrated. The resulting oil was taken 
up in 20 ml of E tOH and added to a solution of maleic acid in 
EtOH. The solid thus obtained was crystallized. 

N-(p-Chloro-a-phenylbenzyl)-N'-(2,6-xylidino)ethylenedia-
mine (97) was prepared by the condensation of /3-(p-chloro-a-
phenylbenzylamino)ethyl chloride [obtained by the basification 
of 9.5 g, 0.03 mole, of /3-(p-chloro-a-phenylbenzylamino)ethyl 
chloride hydrochloride] with 2,6-xylidine (3.63 g, 0.03 mole) 
following the method described for 37. The resulting oil was 
distilled in vacuo and the fraction distilling at bp 230-242° (7 mm) 
was collected. The free base was converted to its maleate salt. 

N-(p-Chloro-a-phenylbenzyI)ethylenediamine (83).—A solu­
tion of p-chloro-a-phenylbenzyl chloride (23.7 g, 0.1 mole) in 
pyridine (25 ml) was added dropwise with stirring to an ice-
cooled solution of ethylenediamine (24 g, 0.4 mole) in pyridine 
(50 ml). The reaction mixture was stirred at room temperature 
for 16 hr and then heated on a steam bath for 1 hr. Pyridine 
was distilled off at diminished pressure, cold H 2 0 was added 10 
the residue, and the residue was extracted with Et 2 0. The 
combined E t 2 0 extracts were dried (Xa2S04) and concentrated. 
The residual oil was distilled in vacuo and the portion distilling 
between 176 and 182° (2 mm) was collected. 

The other compounds reported in Tables I—III were obtained 
by the condensation of appropriate halides with various N-
monosubstituted piperazines or appropriate amines, following the 
method described for 37. In case of amines having low boiling 
points, excess of amines was taken, eliminating the use of tri-
ethylamine. The resulting products were crystallized when 
solid or converted into the appropriate salts or distilled under 
vacuum when an oil. 
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gle molecule with appropriate variations in the connect­
ing bridge and at the N4 position of piperazine ring. In 
that series the -COCH2CH2- linkage was found to fur­
nish the most active compounds. The work has now 
been extended to include new linkages, restricting the 
length of the bridge to three carbon atoms. Analogous 
compounds replacing the piperazine with other biologi-
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Several N^N^disubst i tuted piperazine derivatives, in which N 1 substituents are 3,4,5-trimethoxybenzoyl-
acetyl, 3,4,5-trimethoxycinnamoyl or -hydrocinnamoyl, 3,4,5-trimethoxyphenylpropyl, and 3,4,5-trimethoxy-
benzoylalkyl and N4 substituents are benzyl, m-methyl- or p-<-butylbenzyl, p-chloro-a-phenylbenzyl, phenyl, 
chloro-, fluoro-, or methoxyphenyl, tolyl, a,a,a-trinuorotolyl, 2-pyridyl, 2-pyrimidyl, or 2-thiazoyl groups, have 
been synthesized. Analogous compounds with other alkyl and heterocyclic amines in place of piperazine have 
also been synthesized. All these compounds have been screened for CNS activity. A few of these compounds 
exhibited significant CNS depressant activity. The 3,4,5-trimethoxyphenyl moiety was found to be the most 
essential for CNS activity as stepwise omission of the methoxy groups of most active compounds resulted in loss of 
activitv. 


