
Synthesis aiid Central Nervous System Depressant i i c  tiviLy 
of New Piperazine Derivatives. I 
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trinls. ;iccordinglj-, the >yrithe5is of thc compouiitls 
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cyclic piperazines were prepared by the action of the 
corresponding halides on excess of piperazine. In  
general, N-arylpiperazines were prepared by heating 
stoichiometric amounts of hydrochlorides of diethanol- 
amine and different anilines. However, S-methoxy- 
phenylpiperazines which could not be obtained by the 
above method were prepared by the condensation of 
P,p'-dibromodiethylamine hydrobromide and the corre- 
sponding anisidines. 
3,4,5-Trimethoxybenzoylpiperazines (I, A = CO) 

were made in good yields by condensing equimolecular 
proportions of 3,4,5-trimethoxybenzoyl chloride and 
the various N-monosubstituted piperazines in the pres- 
ence of triethylamine. 

a- [N4-(Substituted) -N1-piperazinyl]-3,4,5- trimeth- 
vxyacetophenones (I, A = COCHJ mere obtained 
by the condensation of a-bromo-3,4,5-trimethoxy- 
acetophenone with various N-monosubstituted piper- 
azines. a-Bromo-3,4,5-trimethoxyacetophenone was 
formed by bromination of 3,4,5trimethoxyacetophe- 
none, which in turn was synthesized by the action of 
trimethoxybenzoyl chloride on sodium ethyl acetoace- 
tate and subsequent hydrolysis of the resulting ester. 

p- [X4- (Substituted) - N'-piperazinyl] -3,4,5-trimeth- 
oxypropiophenones (I, X = COCHzCH2) resulted 
from Nannich reactions on 3,4,5-trimethoxyaceto- 
phenone and S-monosubstituted piperazine hydro- 
halides. When the AIannich reaction with S-(m- 
toly1)piperazine dihydrochloride was carried out under 
the same conditions as with other N-arylpiperazines, 
P,P-bis [ S4-( in-tolyl)-XI-piperazinyl] - 3,4,5- trimethoxy- 
propiophenone resulted, in place of the expected P- 
[S4-(??~-tolyl)-~1-  piperazinyl] - 3,4,5- trimethoxypropio - 
phenone. 

y- [N4 - (Substituted) - K1 -piperazinyl] - 3,4,5- trimeth- 
oxybutyrophenones (I, A = COCH2CH2CH2) were 
prepared by the fusion of y-chloro-3,4,5-trimethoxy- 
butyrophenone and the requisite K-monosubstituted 
piperazine. The required y-chloro-3,4,5-triniethoxy- 
butyrophenone, hitherto unknown, was formed in 85% 
yield from a-3,4,5-trimethoxybenzoyl-y-butyrolactone 
by treatment with hydrochloric acid and fused ZnC12. 
The reduction of some ketonic llfannich bases and 
butyrophenones with sodium borohydride gave the 
corresponding alcohols. The physical constants, yields, 
recrystallization solvents, and analyses of the com- 
pounds synthesized are given in Table I. 

Pharmacology.-Almost all the compounds reported 
i i i  this paper were tested for their central nervous sys- 
ten1 (CSS) activity. The gross observation of intact 
mice revealed that some of these compounds possess good 
C S S  depressant activity. This mas confirmed by 
testing their effects on spontaneous motor activity 
(hctophotometer, NetroIndustries, U. S. A.) , potentia- 
tion of barbital hypnosis,13 arid in some cases by their 
effect on classical avoidance behavior in rats.14 The 
approxiinate LD,, of the compounds were determined 
on mice intraperitoneally as described by Litchfield, 
et uZ.15 The results of these observations are sum- 
marized in Table I. All the compounds were also 
tested for analgetic, anticonvulsant, and monoamine 

(13) V. H. Seth) S S \Iantlrekar, and U Ti Sheth, I n d i a n  J W e d .  % I  

(14) L Cook and R T Kelleher, A n n  2 .  Y Acad Scz , 96, 315 (1962) 
(15) J. T Litclifield, Jr., and 1 \\ \1ilcoxon, J .  Pharmacal Lsp t l .  

21, 32 (196ij. 

? h e r a p . ,  96, 99 ( l Y 4 Y ) .  

oxidase inhibitory activities. Sone of the conipouiids 
had any analgetic activity (narcotic or nonnarcotic) , 
when tested by the rat tail flick method,16 clip method117 
and Silsen's electric shock method. l8 Similarly, there 
was no protection against convulsion produced by 
minimal electroshock and by penty1enetetrazole.lg 
Also no M A 0  inhibition mas seen by antireserpine 
activity.20 All of the compounds were administered 
intraperitoneally in a suspension made with 0.5% car- 
boxymethylcellulose (CJIC) . (The vehicle itself was 
tested in a control group wit'h negat'ive results.) 

Structure-Activity Relationships.-In general, the 
CKS depression activity as seen by decrease in motor 
activity was in the following descending order according 
to  the nature of -A-, the bridge joining the trimethoxy- 
phenyl and the piperazine nucleus in the general 
formula I :  -COCH2CH2- > -COCH2CHzCH2- > 
-CO- > -COCH2-. It was also noted that the nature 
of the subst'ituent R on the S4 position of piperazine 
affects the activity. In  the two most active series, 
viz., propiophenones (I, A = COCH2CH2) and the 
butyrophenones (I, a% = COCH2CH2CH2), a higher 
order of activity was observed when the K4 substituent 
R was phenyl or substituted phenyl than when it was 
an alkyl, aralkyl, or heterocyclic group. Further, the 
substitution in the ortho position of the phenyl ring 
led to  more active compounds (34, 35, 39) than ineta 
or para substitut'ion. When both the ortho positions 
of the N4-phenyl ring were substituted with methyl 
groups (42), the activit'y was diminished considerably. 
The symmetrically substituted piperazine derivative 
(45) was completely devoid of activity. 

I n  the trimethoxybenzoylpiperazine series (I, A = 
CO), hoJvever, the activity was found to be higher for 
~4-heterocyclic-substituted piperazines than the X4- 
aryl ones. Also the N4-heterocyclic-substituted piper- 
azines of this series mere t~he least' toxic. The reduction 
of the carbonyl group to the secondary alcoholic group 
slightly diminished t'he activity and increased the 
toxicity. 

Compounds 13, 35, 39, 40, and 49 are undergoing a 
more extensive pharmacological evaluation. 

Experimental Section2 
Intermediates.-The required 3,4,5-trimethoxybeiizi>yl chlo- 

ride,*2 3,4,.~-trimethosyacetopheri01ie,~~ aiid a-bromo-3,4,5-tri- 
methoxgacetopherioiie'? were prepared by literature methods. 

~-Chloro-3.4,5-trimethoxybutyrophenone.-A mixture of 8.4 g 
of ~ - ( 3 , 4 , . i - t r i m e t h o ~ y b e i ~ ~ o ~ l ) - y - ~ ~ i 1 t y r o ~ a c t o i ~ e ~ ~ ~ ~ ~  and 25 ml of 
coiiceiitrated HC1 TVRS heated oil a steam bath for 3 hr. After 
coolirig, 8.0 g of fused ZiiCl? was added aiid heatiiig was coiititiried 
for 2 hr. The reactioii mixture W R ~  theti cooled aiid extracted 

- 
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TABLE I (Continued) 
F / c  

Mouse CNS decrease 
L D ~ Q ,  depres- in motor 

Crystn 70 mg/kg sion.d activity 
KO. h n solvent' yieldb Alp,' O C  Formula .\nalyses?' ip mglkg  of micee 

48 COCI'I&II,CH, o-Chloropheiiyl E-ilc 47 198-200 dec C23H2~C1N204.2HC1 N 200 50 32 

49 COCII&H&IT2 o-MethoxypheiiyI E 52 185-187 dec C24H32X20i.2HC1 C, H, ?; 150 79 

.io CHOHCH2CI12CII, o-llethoxypheityl E-Et '30 194-195 dec C21Ha4N20j.2HC1 C, 13, S 7.i 2U i 5  
31 COCH2CH2CH2 o-To1 yl E-Et, 48 191-192 dec C24H32S204.2HC1 S 200 ,XPt 38 

.52 COCH2CH?CH, 2-Pyridyl E 55 229-231 dec CZ2H29S3O4.2HC1 C, H, S 130 107' 53 

H 84-86 CzaHmClN204 x 

If 114-1 15 C2a&,N*Os S 

H 89-9 1 C24HnXz04 N 

a Ac, LIe2CO; B, C6H6; E, EtOH; Eio, 70% EtOH; E t ,  E t 2 0 ;  H, n-C6Hld; P, i-PrOH. * Yields reported are the results of single ex- 
perinieiits and are based on the 3,4,5-trimethoxybenzoyl chloride (in case of 1-15), S-sitbitituted piperazines (in case of 16-27), S-sitb- 
stit,uted piperazine hydrohalide salts (in case of 28-35, 37-39, aiid 41-45), aiid ~pchloro-3,4,5-trimethoxybutyrophe1io1ie (in case of 46- 
49, 51, aiid 52); yields are calciilat,ed for the materials melting not less than 2-3" below the highest melting point obtained. Melting 
points were taken in capillary tubes with a partial immersion thermometer and are micorrected. 1Iice were observed diiring the 
toxicity tests. Ilepressioii a t  dohes 
greater than 40% of the LDao is not considered to  be significant and is indicat'ed as negative (-). Any other significant effects oit the 
CSS of mice, rats, or cats are also noted in footnotes iii this column. e The study of motor activity of a group of six mice was done oti 
ai1 actophotometer for 10 miri before and 1, 2,  and 4 hr after drug administration (dose one-tenth of the LDSo). The peak effect is 
given here. Pro- 
duced 6 0 5  potentiation of barbital hypnosis at 20 mg/kg. J. R. Boissier, R .  Ratorik, aiid C. 
l)iiniont, J .  Med. Chem., 6, 541 (1963), reported mp 133-133". 7 Produced 60% poteiitiatioti 
of barbital hypnosis at 100 mg/kg. L- Sleep in cat lasting for 5 hr a t  5 mg/kg can be aroused easily but goes back to sleep if left midis- 
t'rirbed; normal in 24 hr. % Xarked relaxation of nictitating mem- 
brane arid marked sedation observed in cat which persisted for more than 2 hr at' 20 mg/kg. Marked sedation aiid loss of righting 
reflex observed in mice a t  135 mg/kg. Marked sedation in mice a t  
133 mg/kg. Prodriced 80yc potentiation of barbital hypnosis a t  30 
mg/kg. Pro- 
duced 60% potentiation of barbital hypnosis a t  50 mg/kg. s Marked 
salivation in cat a t  5 mg/kg. 21 Also has marked hypoten- 
sive action. Marked sedation 
arid loss of righting reflex observed in mice a t  10 mg/kg. Xarked sedation (lasting for 6 hr)  and marked relaxation of nictitating mem- 
brane observed in cat a t  10 mg/kg. Produced loo%, pot'entiation of barbital hypnosis a t  
20 mg/kg. 1007, inhibition of orientation and amphetamine- 
induced hyperactivity. Produced 
607, potentiation of barbital hypnosis at, 50 mg/kg. Produced 80% pot'entiation of barbital hypnosis 
at 20 mg/kg. bh l larked 
sedation and loss of muscle tone observed in mice at, 50 mg/kg. Marked sedation and relaxation of nictitating membrane observed in 
cat a t  5 and 20 mg/kg. c c  95% 
decrease in motor act,ivity of mice at, 10 mg/kg. 
potentiation of barbital hypnosis a t  20 mg/kg. 50 ,c 
decrease in motor activity of mice a t  10 mg/kg. Also has marked 
hypotensive action. lIarked sedat,ioii aiid loss of 
miiscle tone observed in mice a t  50 mg/kg. 

The lowest dose at  which significant depression was noted in mice is recorded in this colitmn. 

Less than 50TG decrease in motor activit,y was not considered to be significant and is indicated as negative ( - ). 
0 Mild depression in cat a t  5 mg/kg. 

Pharmacological testirigs not, done. 

Produced 80%;: potentiation of barbital hypnosis at 100 mg/kg. 

Produced 60% potentiation of barbital hypnosis a t  100 mg/kg. 
Produced hyperactivity and irrihbility in mice a t  60 mg/kg. 

p Boiling point 155-158' (5 mm). Mild sedation and relaxation of nictitat'iiig membrane observed in cat a t  5 mg/kg. 
Produced 80% potentiation of barbital hypnosis a t  35 mg/kg. 

Urination, salivation, and limb paralysis observed in mice at 60 mg/kg. 
e 60% decrease in motor activity of mice a t  20 mg/kg. Produced catatonia in mice a t  100 mg/kg. 

Produced catatonia in cat at 80 mg/kg. 
Blocking of conditioned avoidance response (C.4R) in rats a t  20 mg/kg. 

Also has marked hypotensive action. 98% decrease in motor activity of mice at 10 mg/kg. 

Marked sedation and relaxation of nictitating membrane (effect lasting for 4 hr)  observed in cat a t  5 mg/kg. 
Also has hypotensive action. 

At higher doses (120-160 mg/kg) catatonia was noticed. I t  has also marked hypotensive action. 
dd  Produced 100% potentiation of barbital hypnosis a t  20 mg/kg. 
Mild sedation and loss of muscle tone were observed in mice a t  10 mg/kg. 

ee Produced 100 

00 Produced 60% potentiation of barbital hypnosis a t  20 mg/kg. 
Also has marked hypotensive act,ioii. hh Marked sedation in mice a t  50 mg/kg. 

i f  Produced 90% potentiation of barbital hypnosis a t  10 mg/kg. 

with ether. The combined ether extracts were washed (HzO), 
dried (NazS04), treated with active carbon, and concentrated 
iuider reduced pressure. The resulting solid residue on crystal- 
lization from hexane gave 7.0 g (85% j of product, mp 80-82". 

The 2,4-dinitrophenylhydrazone derivative of this componnd 
was crystallized (EtOH), mp 139-140". Anal. (C1~H2,C1N~O~) N. 

N-Monosubstituted Piperazines.-The following N-mono- 
substituted piperazines required for the present work were 
prepared by the methods described in literature: X-methyl,l*a 
N-[2-(2-hydroxgethoxy)ethyl] ,Izb S-cyclohexylJ12c N-beIizyl,'?d 
S-m-methylbenzyl,'2~ N-p-t-butylbenzyl,'*" X-phenethyl,~*e N- 
pheny1,'zf K-o- and -p-chlorophenyl,'2g K-m-, -0-, and -p-tolyl,'zg 
?;-m-, -0-, arid -p-methoxypheny1,12h N - ( 2 , 6 - ~ y l y l ) , ~ ~ '  S-(2- 
pyridyl), N- (Zpyrimidgl), l 2 j  and N- (Zthiazolyl). 

rn-llethylbenzyl bromide,2' p-t-butylbenzyl bromide,?* pheii- 
ethyl chlorideJZ9 2-bromopyridi1ie,~~ 2-~hloropyrimidiiie,~l and 
2-chlorothia~ole3~ required for preparing the corresponding S- 

(27)  A .  F. Titles,  J .  Chem. Soc., 514 (1926). 
( 2 8 )  (a) &Butyl chloride: J. F. Norris and  A. W. Olmsted, "Organic 

Syntheses," Coll. Vol. I, John Kiley and Sons, Inc., New York, N. Y., 1941, 
p 138; (b) t-butylbenzene: D. Nightingale. R. G. Taylor, and  H. 11.. 
Smelser, J .  A m .  Chem. Soc., 63, 258 (1941): (c) t-butylbenzyl bromide: 
P. Mamalis, H. Green, D. J. Outred, and X. Rix, J .  Chem. Sac., 3915 (1962). 

(29) 1,. Rermejo and J .  J. Herrera. C o n ~ r .  Intern. Quzm. Purn u A p l i . ,  a h ,  
.\lndrld. 1854, 4 ,  238 (l!l35); C l i r n ~ .  dl/J.str,, 30, :j418(, (lsns). 

(30) C. F. H. Allen and J. R .  Thirtle, "Organic Syntheses," Call. Vol. 111, 
. Idin 1Viley and Sons, Inc.. New York, h-. I-., 1955, p 136. 

(31)  I.  C. Kogon. R .  RIinin, and C .  G. Overberger, "Organic Syntlieseu," 
('oil. Vol. I V ,  John \Vile? and Sons, Inc., New Tork,  N. Y., 1963, p 182. 

monosubstituted piperazines were obtained by literat itre 
methods. 

N1-(3,4,5-Trimethoxybenzoyl)-N4-(2-pyridyl)piperazine (13). 
-To a solution of 3.26 g (0.02 mole) of X-(2-pyridyl)piperazine 
and 4.0 g (0.04 mole) of triethylamine in 20 ml of anhydrous 
CHC13, 4.6 g (0.02 mole) of 3,4,5-trimethoxybenzoyl chloride 
dissolved in 20 ml of anhydrous CHC13 was added slowly. The 
reaction mixture was refluxed for 7 hr. It was then cooled, 
washed (HzO), and dried (NanSOd), and CHCls was removed 
in z'ucuo. The residue solidified when triturated with hexane. 
The solid was then recrystallized twice from i-PrOH to give 5.U 
g of pure 13. 

Other members of this series (I, A = CO) were prepared, follow- 
ing the above procedure. The resulting products were either 
recrystallized, when solid, from the appropriate solvents or coii- 
verted, when oily, to appropriate salts. 

N1-( 3,4,5-Trimethoxyphenacyl)-N L [ 2-( 2-hydroxyethoxy )- 
ethyllpiperazine Hydrobromide (16).-A solution of 5 3  g (0.02 
mole) of a-bromo-3,4,5-trimethoxyacetophenone and 3.5 g 
(0.02 mole) of S-[2-(2-hydroxyethoxy)ethyl]piperazine in 40 ml 
of l I e 2 C 0  was refluxed for 3 hr and concentrated to half of its 
volume. The reaction mixture was left overnight a t  10". The 
resulting white solid was filtered, dried, and recrystallized. 

N1-( 3,4,5-Trimethoxyphenacy1)-N4-( pmethoxypheny1)piper- 
azine (23).-A solution of 3.18 g (0.011 mole) of a-bromo-3,4,5- 
trimetliosyacetopheiiotie, 1.92 g (0.01 mole) of N-(p-methosy- 
pheiiyl)piperazirie, arid 5.0 g (0.02 mole) of triethylamine iri 

( 3 2 )  K. Ganagathi and A. Venkatarainan, Pro( .  Indian &ad. S, i., Zaa, 
8-13 (1942);  Chem. Bbslr. ,  40, 40598 (1946). 




