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The syiitheses of l-acyl-4-.ubstituted piperazines are reported. h l l  of t,hese compoiinds were tested for 
Their striictwe- tiialgetic activity in mice using both a pressure method and the D'Amour-Smith method. 

activity relationship is discussed. In  particular, the t,itle compound showed promising analgetic activity. 

Recently, a n ide variety of physiologically active 
compounds having a piperazine ring as a structural 
feature has been described. These include antihista- 
minic,2 tranquilizi~ig,~ ganglion stiniulati~ig,~ and anti- 
tumor age1its.j 

In the previous papers of this series,6 it has been 
shown that 1,4-bis(aryloxyacetyl)piperazines obtained 
by the reactions of 1,4-bis(chloroacetyl)piperazine with 
phenols were interesting as antipyretic analgetic agents. 
111 order to jnvestigate a structure-activity correlation 
in the class of 1-acyl-4-substituted piperazines, 1,4- 
bis(acy1)piperaziries and 1,4-bis(alkoxyacyl)piperaziries 
were prepared by general methods and the arialgetic 
activity measured with mice showed a great activity 
in 1,4-bis(butyryl)pipernziiie (13, Table 11). 

tivity of 1-acyl-4-cinnamylpiperazine hydrochlorides 
has never been described, These facts prompted US to 
investigate the structure-activity correlation of l-ncyl- 
4-phenyl-, 1- acyl-4-aralliyl-, and 1-acyl-4-cinnamylpiper- 
azines. Thme piperazine derivatives were prepared by 
the four methods as illustrated in Chart I. 

The intermediates required in this study were syn- 
thesized by the methods as depicted below. l-CiIi- 
namylpiperazine (4a) (ArT = C6H5CH=CHCH,) 
was synthesized by the deformylation of l-cinnaniyl- 
4-formylpipwazine (3a) which was obtained by the 
treatment of 1-formylpiperazine (1) n ith cinnamyl 
halide (2) in the presence of KaHC03. The nmr spec- 
trum of 4a showed a doublet at  T 3.34 mid a doublet- 
triplet centered at 7 3.96 arising from the two olefinic 
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Ar = C,H, 

The analgetic activity of 3-cinnamyl-S-propionyl- 
diazabicyclo [3.2.1 ]octane7 and the antihistaminic ac- 
tion of 1-benzhydryl-4-cinnamylyiperazine hydrochlo- 
ride8 have been reported. However, the analgetic ac- 
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protons with a large coupling constant ( J  = 16 cps), 
indicating that these two hydrogen atoms are trans to 
each other. In an at't'empt to obtain 1-substitut'ed 
piperazines ivit'hout using a protective group, we could 
riot synthesize 4a by the selective reductioii of 4-cin- 
namyl-2-piperazinone with S a B H 4  in triethylami~ie.~ 
1-Acylpipernzines (6, Table I) were prepared by re- 
moving the formyl group from 1-acyl-4-formylpiper- 
azines (5 )  using the technique of Powers'o for X-formyl- 
diethylamine. 
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lizatioii solveiile: 11 ( l Ie2CO);  20 ( I< tOI l ) ;  12-15 (~trO--petroleiiiii e11m (1)p : 3 - 7 l l 0 ) ) :  16-19, 23-27 (ligroiii); 21, 28, 
): 22, 33-37 (1111F); 30-32 (3IeCS).  Poteiicy ratio t ( 1  hiilpyrin (sodiiim niethy1:imiiioaiitip~riii~ nietharieniilfori:it(,! 

( = I ) .  J Where analyses itre iiidioated ollly 
hy synibols of the elements or fiinetions, analytical results obtained f (J r  these eleiiieiits o r  Iuiictioii:: were within ~ t 0 . 4 ~ l  of the i hrorct i c x l  
values. 0 C: calcd, 63.68; fouiid, 63.14. 
Pharni. Franc., 16, 517 (1938). 
mass, Her., 23, 3301 (1890). 

'. The EDjo for stilpyriii by this method is 423.6 nig/kg ip. ( I  0 = iio effect. e S o t  doiie. 

St. Groszkow-bki, -1. Serper, S. Ioiiesro, -4. Soresco, A. Hack, ail 
i A. 1,. Jacoby ( to  Xatioiial Aluminate Corp.), U. S. Patelit, 2,541,354 (Feb 13, 

I i i  tlic riictliods A aiid J), acyl chlorides \I ere tre:ttcd 
\\ ith tn.icc the theoretical aiiiourit of corre5pondirig 1- 
Yubititutcd pil)eraxincs (4 arid 10) in benzene or with 
ccluiniolur amount of correspoiiding 1-substituted piper- 
aziiics (4 and 10) in the presence of XaHCO3 in ethanol 
t l J  give 1-acyl-4-iubstituted piperazines. In order to 
study the chemical and physiological properties of 1- 
:~ryI-4-ci1itiam~lpi~eraziries in detail, 62-68 were then 
s~rithesized through other two routes. In  method B, 
1-acylpiperaziiies (6) w r e  treated with cinriamyl bro- 
mide (2b) in the presence of SnHC'03 in benzene to give 
62, 64, arid 67. III rnetliod c', the Leuckart amine 
:tlkylationi1 was carried out t o  furnish 62-68 in good 
yields. The nitijority of llie l-:icyl-4-substituted piper- 

iiiaiioinetvr. 'The puiIi tliresliold 11 :ts detcrniiiicd h j  
tlic 11rc3surc :tt ~ h i c l i  thc. respcxiseh t o  Ixtiii ((.!I.. 
\I rithing, squeaking, or t q k g  to bite the pres~ed l ~ r -  
tion) m r c  firit observed. Kormal paiii threAold of 
untreated animals was about 40 nim. When tlic [ i : t i t i  
threshold of teqt ariimali; cxcceded 100 nim after the :id- 
ministration of it test compound, the dose of the tc 
compound was considered to lie effective. 

1,d-Bis (acyl)l)ipc.r:Lzin es ai id related conipou~id\ 
(11-37) were divided into three groups. In groul) .I 
(11-22), 1,4-hib(l)ut> rj.l)l)ipc>raziiie (13) \\as the n w h t  
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TABLE I11 
1-ACYL-4-SUBSTITUTED PIPERAZINE HYDROCHLORIDES 

R I C O N S N - Y ~  - HCl 

R? 
D'.lmour- 

Pressure 1 Smith 
LDso, EDao, E D ~ Q ,  

Yield, mg/kg  mg/kg m d k g  
Group No. RI Rz Y LIP, o c a  7 0  Formula Analysese PO PO PO 

D 38 CII3 H 216-217 71.6 C12H1iN20C1 C, H, N 1200 OC 0 

40 C3H7 H 205 89.7 C14HziN20Cl C, H, ru' 1900 0 . . .  
41 C6HjCH2 I3 214 31.0 CL8HziNyOCl C, 13, N . . . 0 . . .  
42 C6Ha I1 90-94b 32.3 CiiH18N30 N . . .  0 . . .  
43 C6Hs 0-C1 131-133b 74.8 CnHiiKzOCl C, H, S . . . 0 . . .  
44 O-CsH4C1 H 200-202 22.6 C17HiSNzOC12 C, H, S . . . 0 
45 o-C~HICI 0-C1 165-166b 58.8 Ci7Hi6NzOC12 C, H, K . . . 0 . . .  
46 ??L-C&CI I T  207-209 59.8 CiiHisN20Clz C, H, N . . . 0 . . .  
47 m-CaH4Cl 0-C1 135-137b 53.0 Ci7Hi6N2OCli C, H, N . . . 0 
48 p-CsHdC1 H 122-123b 65.3 Ci7Hi7NzOCl C, H, N . . . 0 . . .  
49 p-CeH,Cl 0-C1 110-lllb 58.8 C I ~ H I ~ N ~ O C ~ Z  C, H, K . . . 0 . . .  

E 50 CHI 0-Cl CH, 198-199 76.4 C13HisNzOC12 C, H, N 1190 0 . . .  
51 CzHj 0-Cl CH2 198-200 87.3 C14H2oNzOClz C, H, N . . . 0 . . .  
52 C3H7 0-Cl CH, 196-199 53.8 C1~HzzNzOClg C, H, N 1860 43.39 68.0 
53 Ce,H,CH, 0-C1 CH2 218 58.2 Ci~HznNtOC12 T i  205 0 0 
54 CcH5 H CHz 247 67.3 Ci8HziNzOC1 C, H, N . . . 0 0 
55 O-CsH4Cl H CH2 257 54.5 Ci8HnoN20C12 C, H, N >lo00 0 . . .  

58 3,4,5-CsH,(OCIIa)3 0-C1 CHz 233 47.8 CziHz~Nz04C1? C, H, K 586 0 . . .  
F 59 CzHj H CHsCH, 204-205 37.1 CisHz3NnOCl C, H, N 400 0 . . .  

61 CzHs H (CHz), 174-175 27.2 Ci6HzjNzOCl C, H, K 400 0 . . .  
62 CH, H CHZCH=CH 205-206 46.3 CijH2iNzOCl C, H, N 1000 0 . . .  

39 CzHj 0-C1 122-124 27.3 C13HaNnOC12 C, H;  N' . . . d 

. . .  56 O-C&Cl 0-C1 CHz 234-235 40.5 C18HigXzOC13 C, H, N 442 0 
57 O-C6H4OCHa 0-C1 CH:! 223-224 42.0 C1gHzzNzOzClz C, H, N 705 0 

60 CsH7 C1 CHzCHz 175-177 50.4 CisHz4NzOClz C, H, N 400 0 

63 CZHS H CHzCH=CH 184-187 55.0 C L ~ H Z ~ N Z O C ~  C, H, X 715 28.9 58.2 
64 n-C3H7 H CH2CH=CH 207-209 52.3 C17H2~rUT20C1 C, H, X 882 38.5 17 .6  
65 i-C3H7 H CH,CH=CH 214-217 43.7 Ci7HzjNzOCl C, H, N 693 79.5 135.0 
66 n-C.iHg H CHzCH=CH 209-212 42.1 CiaH27NzOCl C, H, pu' 790 117.0 . . .  
67 n-CjHii H CH,CH=CH 198-200 35.6 CigHzQNnOCl C, H, N . . . 0 . . .  
68 n-C6Hi, I T  CHzCH=CH 195-198 40.8 C ~ ~ H ~ I N ~ O C I  C, H, K . . . 0 . . .  

Aminopyrine 165 22 1 
Crystallization solvents: 38, 40, 41, 44, 46, 48, 54-58 (EtOIT); 39, 50-53, 59, 64-68 (MeCS); 42 (DMF);  43, 45, 47, 49 (EtOH- 

Il&)); 60, 61 (i-PrOH); 62 ( AleCX-EtsO); 63 (EtOH-Eteo). b Free base. c 0 = no effect. Not done. e See footnote .f, Table 
11. f K: calcd, 9.68; found, 9.16. 

active compound; replacing the butyryl group of 13 by 
a lower or a higher acyl group led to a considerable 
diminution of the activity. No analgetic activity was 
found in the benzoyl derivatives (20-22). In  group B 
(23-32), 1,4-bis (et hoxyacet yl) - arid 1 , 4-bis (bu toxya- 
cety1)piperazine (24, 27) were active compounds. I n  
group C (33-37), all of the compounds showed profound 
analgetic activity in the D'Amour-Smith test but were 
inactive when tested by the pressure method. 1-8cyl- 
4-substituted piperazines were divided next into three 
groups. In  group D (34-49), no active compounds 
were found. In group E (50-58), only 52 was active. 
In  group F (59-68), the phenethyl- and phenylpropyl- 
substituted compounds (59-61) were inactive. On the 
other hand, the compounds substituted with a cinnamyl 
group at K4 of the piperazine ring in 1-acyl-4-eubsti- 
tuted piperazines shon-ed a potent analgetic activity. 
Among them, 1-propionyl- and 1-butSryl-l-cinnamyl- 
piperazines (63, 64) were the most potent. The 
potency of 64 was 4.3 times that of aminopyrine. The 
pharmacological screening data for these compounds 
(11-68) are given in Tables I1 and 111. 

Experimental Section 

Melting points were measured on a micro hot stage and are uii- 

corrected. Ir  spectra were recorded on a Japan Spectroscopic 
Model DS-301 spectrometer and the nmr data (CCI,) were oh- 
tained wit,h a Hitachi Co., Ltd., Model R-20, with Jle4Si as an 
internal reference standard. 

1,4-Bis(acyl)piperazines (ll-22).-Khile most of the 1,4- 
bis(acy1)piperazines were already known, some which were 
unknown were prepared by the general method outlined belotv. 
A solution of the appropriate acyl chloride (0.1 mole) in CHCl3 
(150 ml) was added, drop hg drop, to a suspension of piperazine 
hexahydrate (0.5 mole) and XaHCOs (0.1 mole) in CHCI, 
(100 ml), and the mixture was stirred at room temperature for 
5 hr. The reaction mixture was filtered, and the filtrate was 
then dried ( iYa2SO4) and concentrat,ed under reduced pressure. 
The residue was recrystallized from a suitable solvent to give 
colorless crystals; t,he yields were SO-SOCr, (Table 11). 
1,4-Bis(alkoxyacyl)piperazines (23-32) were obtained by the 

treatment of 1,3-bis(chloroacet,yl)piperazine with sodium alk- 
oxides in a manner analogous to the procedure reported earlie+ 
(Table 11). 
1,4-Bis(N-phenylglycyl)piperazines (33-36).-A mixture of 

1,4-bis(chloroacetyl)piperazine (0.1 mole) and the appropriate 
aniline (0.4 mole) in EtOH (50 ml) \\-as heated n-ith stirring 
under reflux for 3 hr. After cooling, the crystals which separatcd 
from the solution wcrc collected by filtration, washed (H,O), 




