
0.2:) g of Na had beeii dissolved, WM hetibed in n i i  open Uerzeliiis 
beaker at 130-140" for 16 hr. The solid, precipitating on cooling, 
w i t h  filtered off. The crude product (63.5 g) was dissolved i r i  

t)oilirig Et013 ('307b) and acidified wit,h TIC1 arid the slight pw- 
c.ipitat,c that, formed was filtered off. The solveri(, was reitiinwi 
a i d  t he residiie W:LS ( .tallized from cyclohexaiie; J I I ~  ! P - - l O O " ,  
yield 47.0 g (48%). ul. (CIJII,OI) C, E l .  1r :ihmrptii~ri ti:iriils 
were as expect,ed. 

Benzyl (a-Acetoxypheny1)acetate (Xj: -A iiiixtiirc of 24.2 g 
(0.1 inole) of VIII, 50 ml of AczO, arid 3 nil of pyridine (iir 1.5 t i l l  

of IrzSOa) was' heated on a water bath for 2-3 hr. After pouriiig 
i i i to  ice water, the oily layer was separated and diluted (Et*()). 
The  ether solution was washed twice with sat,urated h'aC1 arid 
dried (XazSO,). Evaporation of t,he solvent and distillation uf 
t l io rwidiie gave 22.9 g (XOyo) of prodiict: bp 168-172" (0.4 
i i i r n ) :  ~ ~ 6 . ~ 1 )  l.e542.5; d ? i b  1.132; FeCls t,est (phenolic OH), 
iit,g:tt ive. rl nul. ( C , 7 1 ~ , 6 0 a )  C, 11. l r  ahsorptinii Imnds were :is 
t!Xp!lt!d.  

I I I (JIC?)  of X in 100 nil of anhydrous >re011 wtis hydrogen:rt,ed aver I 
K of .j(i Pci-C :it, room temperature at, :in iititial pressure of 4.2 
kg, mi2 for 2 hr. Filtrat,ion of the catalyst followed by removal 
of  t h e  solvent in vacuo yielded a viscous oil which crystallized 
o i i  refrigeration overnight; yield 13.0 g (83'jE). A sample re- 
c*iyst:tllized twice from C6116-cyclohesane melted :tt 62-G:3"; 
A,,,;,, 5.88 (acetoxy C-0), 5.88 (carboxyl C=O), 8.10 (ester 

tqiiiv. 
Pharmacological Data.---C>:irworth Varnis niale, 

rn iw ,  weighing 13-18 g were dosed orally with the 1 
iLspiriii or an ecliiivderit dose of t,he other compouiitis on :I 
inolcciilar weight hasis. Control gronps rewived 1'; tr:tg:tcaiilli, 
I O  rnl/kg. Ten mice per group were used and six gronps served 
:I> c~oiltrols;. 

Tweiit y miiiiites after dosing, l,he iiiiiinals were giveti il 0.2-1iil 
i l l  iriject.ion of bradykinin (Sandoz) diluted to  100 pgiml with tri- 
ply dial illed deionized €I&. Fifteeti miniites lttter the aninials 
were reinjected with 0.1 nil and observed for writhing for :i 

pc'riod of 20 miti. The results are summarized iri Table I. 

a-Acetoxyphenylacetic Acid (1).-.4 holulioti o 

(-'.-o-c), 3.2-3.45 p (coorr). Anal. (C ,o I r loo~~  c, 11, I!elii 

Discussion 

'l'h hiological data available licre arc sonic\\ h i t  
puzzling. Baucr and Lassla' state tha t  tlieorctically 
t lie most promising homologous series is tlie one iri 
uhich the aspirin molecule is altered in the aliphatic 
acid side chain rather than in the acyl moiety. Their 
rcsults v i th  I1 apparently support this claim. I n  fact, 
their results with the D'Ainour-Smith method appear 
t o  show a greater activity for 11 than for aspirin. The 
t)rittlykiriin-nritliirig method, however, fails to s l i o ~  
:my significant activity. I t  is also iiitcrcstiiig that tlw 
viii\.log IIIx shows iio activity. 1i:vcn though Bauer 
: ~ i 1 ( 1  1,asul:t1 prepared tliih compound :is an intermediatti 
tl1c.J. did not t e r t  it  : ~ i i d  therefore :t comparison of' 
nicthods cannot be made. The cis isomer I I Ib  appear> 
t o  hive some activity, based on the limited screening 
tcits reported here. Compound I proved quite inactive 
hy t lie bradykinin method. l'hc question now arisei 
\\ liet her the two methods used for analgetic screening 
:ire cqu:dly useful, at 1c:tst TI ith :tspirin malogs. Per- 
I i a p ~  ii reevaluation of thc coinpimttivc rcsulth obtain- 
:tliI(> \\ it11 these t\\ o methods for salicylate-type anal- 
getics is needed. 

Acknowledgment.--The author wishes to express his 
gratitude to ;\Ierllcy and James Laboratories for their 
finariciul support and especially to Dr. Kenneth It. 
€€($iilich of Sniith Kline and French Laboriatories for 
Ii i ,  j)crson:il help arid interest in the project. Thaiikh 
:irv :ilso due to l>r. James 11111s for the irifrared 
h1)LY'tr:L. 

2,6-L)ialkylpiperazines. 1. I S? iithesis of 
2,6-Alkylpiperazine Uerivativeh Structurally 

Related to (:intiarazinc 

111 the first paper of this series' :i four-step iyritl~csi> 
of cis-~,6-dirnetliylpiper:~zi1ic (Ia) was reported. WP 
havc now found th:tt the procedure suniniaihtl  i ti 
Chart I cwi bc extended to the synthesis of different 
2'6-substituted piperazines (I) starting from :I giveti 
RR'C(SH2)COOC2H, (IIb and c) : i d  X-henzyl-a- 
bromopropionamide (111%). 2-Isopropyl-6-mct hylpi- 
perazine (Ib) and 2,2,6-triniet hylpiperazine (IC) w e r ~  
thus synthesized. The ube of IV-benzyl-cu-broiiio:Lniic 
different from I&, used iii the carlier synthehis of 
was unsuccessful in the two cases examined. S-Benzyl- 
cY-bronioisovalerainidc (IIIh) condensed with w l i w  
ethyl ester ( I lk) ,  but thc corresponding ethyl cl-tcr 
lienzylamidc ITti n 11 hcatcd at 250-260" fornicd 
resinous material from which V h  was not isolated; S- 
bctizyl-cr-hronioi~ohutyr:tniide (1IIc) failed to condeiiw 
with ethyl cr-arriiii(jihOhiityratt. (IIc). 

-2vailability of 1a c proiiipted us to investigate I l i ?  

pharmacologiciil propcrtit.s of conipounds in which t I I C  
pipcrazitie nuclcus \V:LS 1~cp1:~ccd by these derivative. 
l-Ciri~iainyl-il-ber~zIiytlrylpipcraziii(~ (cinn:tr:tzincJ) a('- 
tive :ts an aritihistamiriic agent , 4  ~ : t s  ckioieri n.j niot lc~l  
cwnpound. WP hynthehized I-citinaiiiyl-4-bcrizhydryl- 
2.6-substituted piperazines (VIU:L-C) through the pat h- 
way sunirnnrizetl In Chart I. Itefluxirig of 1:b c with i l i ~  

cquiiiio1:ir anioui i t  of benzliydryl cliloridc :tncl trictliyl- 
:uninc in tolucwc led t o  t lie 4-licnzhydryl tleriv a. t '  1V(' 
(VIIa r). The 4 

unatnbigouc. synth .\cyl:ttinn of S'la with propionic 
:~n hy drid c gave opio11yl-4-be1iz~l-~, (i-dimethylpi- 
perazine (XIa) which W : L ~  cat:ilyticaIly clehcrizylatctl 
t o  l-propiony1-~,Cj-cliiiicthyl~~ipcr:txinc (XI,). Condc~~-  
\:ition of X:t with beiizhytiryl cliloridc lctl t o  1-prnpio- 
tiyl-4-bctizliydryl-~,~j-diiiictIiyl~)iper:ixi~~e (Xla), wliicli 
\\-as fouiiti idcntirnl (mixture nieltirig poiiit :tiid ir spec*- 
I r:i) wit11 thc prodiict o h t a i i i d  1)y proptoiiy1:tt ioii 01  
VIIa .  
S I a  led to i d a t  io11 ol' :t i i i k t u r c  ot sturting conq)ou~itl 
anti 1-propionyl cleriwte Sa, V:~IISN! apparently by :t 
prcfrrcntial c~lcavagc~ of the. S-hcnzhyclryl bontl. 
Ihi l l .v ,  concleri-at hi of T711:i (a \\-ith cinnnrnyl callloride 
in refluxing toluciic' : t t i( l  i n  the pre\criec' of :in quimo1:ir 
wiount of trictIig1amirie led to  t hc dc5ireti cnnipnu~itls. 
bye were nlsn i i i t  rwited it) hyiithchizing I-~)c~iizliydr~rl--L- 
ciiinaiiiyl-2,(i-s~i~)~tit uted piperaziws, isonicrb of \'I 11:~ 
(+, in ortiw to ( l c 4 i i c b  (Iic iiiflucnce of the r c v e r 4  of t 
iubstituentj in thc 1 :ind 4 position 0 1 1  the pharni:t- 
cological activity. .lily effort to  introdiicc the b 
benzhydryl group in tlie S1 position of the 2,tj-bu 
tilted piperazinp 11u~leus by treating benzhydryl ha  

I+;ffoi*ts i o  obt:iiti 1-1 I : t  hy acid Ilytlroly 



May 1908 NOTES G13 

CHART I 

R\Y ,C-COOC,H, 
R, ,c-co /R’ 

\ I.ihlH, 
d /UCH2CGHj - TEA 

RR’C(NH2)COW2H5 + RR’C(Br)CONHCH2C6Hj - HN\ 
CH-CONHCH2CbHj A “‘CH-CO 

I I 
R2 RL 

IIa-d IIIa-c 

IVa-d Va-c 

I 
R2 

VIa-c 

from VIa + 
(C,H,CO),O I 

I 
R2 

Sa- c 

A2 

VIIa-c 

from VIIa + 
(C,H,CO),O I 

C H CH-CHCH-CI Y 7  
VIIa-c * C,,HjCH=CHCH,N NCH(C,,Hi), 

V TEA 
I 

CH3 

VIIIa-c 

a, R = R2 = CH,; R’ = H  
b,R=CH(CH,),;R’=H; b=CH,  
c, R=R’= R2 = CHJ 
d, R=H;R’=R1=CH(CHJ, 

TABLE I 
R R1 
\ /  
C-COOC2H5 

R2- CH-CONH CH2 C6H, 
HN< 

with VIa-c was unsuccessful probably because of the 
steric hindrance a t  K1 due to  the adjacent methyl 
groups. 

Antihistaminic activity of the synthesized cinnarazine 
derivatives was measured in vitro on the isolated guinea 
pig ileum on the basis of antagonizing the contractile 
response elicited by histamine, added to the bath in a 
concentration of 0.1 pg/ml. The only compound 
sufficiently soluble to be tested (VIIIb) possessed a 
substantially lower antihistamine activity than cin- 
narazine itself. 

Experimental Sections 

Materials and Intermediates.-a-Alanine ethyl ester6 (IIa), 
valine ethyl ester? (IIb), ethyl a-aminoisobutyrate8 (IIc), N- 

( 5 )  Where analyses are indicated only by symbols of t he  elements or 
functions, analytical results obtained for those elements or functions were 
within &0.4% of the theoretical values. 

(6) R. W. Chambers and F. H. Carpenter, J .  Am. Chem. Soc., 77, 1522 
(1955). 

Yield, % BP, ‘C (mm) Formula Analyses 

74 180-185 (1) Ci?H?f,N203 CJ H, N 
58 160 (0.5) CiaHsaNs03 C, H, N 
31, 8 150-152 (0.5) CisHsoNnOa C, H, N 

benzyl-a-bromopropionamide3~ 9 ( IIIa), K-benzyl-a-bromoiso- 
valeramideo (IIIb), and N-benzyl-a-bromoisobutyramide9 (IIIc)  
were prepared by known procedures. The synthesis of 2,2’- 
iminodipropionic ethyl ester benzylamide, bp 155-160’ (0.5 mm) 
(IVa), 4-ben~y1-2~6-dimethylpiperazine-3~5dione (Va), 4-benzyl- 
2,6dimethylpiperazine (VIa), and 2,6dimethylpiperazine ( Ia )  
has been reported in a preceding paper.3 

General Directions for IVa-d.-An equimolecular solution of 
IIIa-c, IIa-d, and EtYN in aboiit 5 vol (with respect to 111) of 
dry PhMe was refluxed for many hours with stirring. After 
cooling, Et3N.HBr was filtered off and the solvent was evaporated 
under reduced pressure. The residue was suspended in loco 
HCl and extracted with EtzO. The acid solution was made 
alkaline with NaOH. The extract was dried (Na,SOa), the solvent 
was evaporated, and the oily residue was distilled. Compounds 
IVb-d obtained are listed in Table I. 

2,6-Disubstituted 4-Benzylpiperazine-3,5-diones (Va-c, 
Table 11). General Method.-The procedure has been described 

(7) M. D. Slimmer, Ber., SO, 400 (1902). 
(8) N. Zelinsky, A. Annenkow, and J. Kulikow, 2. Physiol. Chem., 73, 459 

(1911). 
(9) C. A. Bischoff, Ber., 31, 3236 (1898). 
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i n  detail3 and is based on the heating of the appropriate IV at, 
210-2.50' for 3 4  hr under atmospheric pressure. The crude 5' 
w i s  irolat,ed by distillation and purified by precipitat>iiig in ether 
the corresponding hydrochloride from which the free base was 
liberated with Na2C03. Compoiind IVb failed to ryclize to \. 
:ift,er heating for 4 hr at 250-260". 

2,6-Substituted 4-Benzylpiperazines (VIa-c, Table 11). General 
Method.-A solution of Ti0 g of V in 500 ml of anhydrous ether 
was added under stirring to a suspension of 50 g of LiAlHl in 
5O() ml of ether, and the mixture was refliixed for 6 hr and worked 
111) :is described3 for VIa. 

2,6-Substituted Piperazines (Ia-c, Table 11). General Method. 
---A sohition of 0.1 mole of T? in 100 ml of EtOH was hydro- 
genated a t  at'mospheric pressure over 10 g of l0yo Pd-C. The 
catalyst was filtered and I was isolated by distillation of t,he 
filtrate. 

2,6-Substituted 4-Benzhydrylpiperazines (VIIa-c, Table 111). 
General Method.--8 solut,ion of 0.1 mole of Ia-c, 0.11 mole of 
benzhydryl chloride, 0.11 mole of Et&, and 100 ml of PhMe was 
refluxed for 35-40 hr. The reaction mixt.ure was cooled and 
ireat,ed with 50 ml of 5(;; HCI. The aqueous layer was separated, 
rnnde alkaline (Xa2C03), and extracted with ether. The extract 
was dried (NapSO4) and the solvent was evaporated to give 
(mitie VI1 purified by distillation. 

2,6-Substituted 1-Cinnamyl-4-benzhydrylpiperazines ( VIIIa--e, 
Table 111). General Method.-A solution of 0.05 mole of VII, 
0.00 mole of cinnamyl chloride, 0.06 mole of EtZN, and 200 nil of 
PhhIe was refluxed for 48 hr. Into the reaction mixture, dry 

IICl riss biihbled oil cwlirig, the solverit, was tlec.;mteci off, and 
t,he gummy precipit,ate was washed (Et&) and trit,iirated with 
100 ml of IlsO The irisolitble hydrochloride ( i f  VI11 which 
solidified aftter standing was separated from t,he aqueous solti- 
tion; t,he base VI11 wiis liberated with 10yc SaOII  anti was 
extracted (C611c). The filtrate of the hydrochloride was made 
alkaline (NaOH) slid ext,ract,ed (Il:t?O). From t8he dried aiitl 
evaporat,ed e x h c t  R wwiable ttmoiint of startiiig VI1 was re- 
c m w e d  by distillatioii. 
l-Propionyl-4-benzyl-2,6-dimethylpiperazine (IXa).--A mixtu~e 

of 10 g of YIa and 13 g of propionic, anhydride was heated a t  100" 
For 1.3 hr, cooled, arid poiired irito 40 nil of 10% IIC1. The excew 
of propionic anhydride was extracted (EtzO), and the acid S O ~ I I -  

tion was made alkaline wit,h 105; NaOH and ext.racted (Et&). 
The extract was dried, the solvent was evaporated, and the residue 
was distilled to give 12.1 g (95yc) of IXa, bp 140" (0.4 mm). 

l-Propionyl-2,6-dimethylpiperazine (Xa).-A solution of I2 g 
of I X a  in 100 ml of EtOH was hydrogenat,ed a t  50" and inider 
50 atm of initial hydrogen pressure in the presence of 3 g of 
10% Pd-C. After 5 hr t.he catalyst was filtered off arid the filtrate 
was distilled; yield 6.5 g (83';;) of Sa, bp <)3-05' (0.5 mni), 

The hydrochloride melted a t  13.5-lji" (i-PrOH-EtnO). 
nnl. (CJ119C1NzO) C1, S.  
l-Propionyl-4-benzhydryl-2,6-dimethylpiperazine (XIa). A. 

From Xa.---A solutioii crf 3.4 g (0.02 mole) of Xa, 4.45 g (0.0'2'2 
mole) of benzhydryl chloride, 2.2 g (0.022 mole) of EtJY, and 

J h d .  (C16H24N20) c, 13, x. 

?LzoD 1.505~. ;ha!. (C!IIII&&) C, H, N. 
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50 ml of PhMe was refluxed for 30 hr, EtBN. HCl that precipitated 
was filtered off, the filtrate was evaporated, and the oily residue 
was treated with petroleum ether. A solid was separated and 
crystallized from EtOII; yield 3 g (44.5%) of S I a ,  nip 135-137". 
ilnal. (C22HzZX20) C, H, N. 

From VI1a.-A mixture of 0.5 g of VIIa and 2 g of pro- 
pionic anhydride wab heated a t  100" for 1.5 hr then was cooled 
and poured into 10 ml of Na2C03 solution. After stirring 15 
min a t  room temperature to decompose the excess propionic 
anhydride, the mixture was extiacted with ether, and the extract 
was dried to give 0.4 g of a solid which after crystallization from 
EtOH melted at 135-137' and was identical (mixture melting 
point and ir spectra) with XIa obtained from Xa. 

Attempts to Synthesize 2,B-Substituted 1-Benzhydrylpiper- 
azines.-A solution of 0.01 mole of VIa-c, 0.015 mole of benz- 
hydryl chloride, 0.015 mole of Et3N, and 50 ml of PhMe was 
refluxed for 48 hr. The clear solution was cooled and shaken 
with 20 ml of 10% HC1. The organic layer was evaporated and 
the residue was identified by ir analysis as crude benzhydryl 
chloride. The aqueous acid was made alkaline (Na2C03) and 
was extracted (EtsO). From the extract 90% of the starting VI 
was recovered by distillation. 

Acknowledgment.-The authors are indebted to  Dr' 
G. Pelizza and RIrs. A. Restelli for organic and micro- 
analysis and to  Dr.  W. Zanichelli and to  Dr. G. Schott 
for assistance in the compilation of the manuscript. 
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3-Hydroxy-1-methyl- 
4-(diphenylmethy1ene)piperidine 
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Scientific Laboratories, The Wm. S. ,Iferrell Company, 
Division of Richardson-Jleri el l ,  Inc. ,  C2ncinnati, Ohzo 4.5d16 

Recezved December 11, 196? 

In  1956, Lyle and co-workers2 reported an attempt to 
effect oxotropic allylic rearrangement of 1-methyl-a, a- 
diphenyl-l,2,3,6-tetrahydro-4-pyridinemethanol (2) an- 
alogous to  that reported earlier for diphenylcyclo- 
hexen-1-ylmethanol (3) by B r a ~ d e . ~  Using 2 N HCl 
in aqueous acetone, Lyle obtained only the enamine 4 
and not the desired 3-hydroxy-l-methyl-4-(diphenyl- 
methy1ene)piperidine (5a). Since the tertiary car- 
binol 2, earlier prepared from methyl l-methyl-1,2,3,6- 
tetrahydroi~onicotinate,~ was readily available to us by 
sodium borohydride reduction of the quaternary salt of 
diphenyl-4-pyridinemethanol (1), a reinvestigation of 
the oxotropic allylic rearrangement n-as undertaken 
(see Scheme I). 

After some experimentation we found that treatment 
of 2 with 1 N aqueous HC1 a t  room temperature for 24 
hr resulted in quantitative conversion to  3-hydroxy-l- 
met hy1-4-(diphenylmethylene) piperidine (5a) , ob- 
tained as the free base, mp 109-llOo, or hydrochloride 
salt, mp 230". It was converted to the acetate 5b, mp 
171-172", as the acid maleate salt. The structure of 5a 
was confirmed by its nmr spectrum that showed an a- 
hydroxycarbinyl proton at  T 5.56 ppm and a hydroxyl 

(1) To  whom inquiries should be addressed. 
(2) G. G. Lyle, E. F. Perlowski, and R. E. Lyle, J .  Org. Chem., 21, 423 

(1956). 
(3) E. A. Braude and J. A. Cross, J .  Chem. Sac., 2014 (1950); see also 

E. 4. Braude, Quart. Rev. (London), 4, 404 (1950). 
(4) (a) R. E. Lyle, E. F. Perlowski, H. J. Troscianiec, and G. G. Lyle, 

J .  Ore. Chem., 20, 1761 (1955); (b) R. E. Lyle and G. G. Lyle, J .  A m .  Chem. 
Soc., 76,  3536 (1954). 

3 

SCHEME I 

1 

5a, R = H  
b, R -COCH3 

proton at  T 5.88 ppm that disappeared on addition of 
deuterium oxide in the presence of sodium deuterate. 

Our interest in the rearrangement product 5 arose 
from its structural relationship to l-methyl-4-(diphen- 
ylmethylene) piperidine (6) that, as the quaternary salt, 
is in clinical use as an anticholinergic agent (diphe- 
mamil),5 and the fact that  5 contains an ethanolamine 
moiety in common with the biogenetic catecholamines 
and some of their antagonists.'j Comparison of in 
vitro anticholinergic activity (guinea pig ileum) of 5a 
and 6 (as tertiary amine salts) showed 5a to be less 
active by a factor of 100. Compounds 5a and b in- 
creased spontaneous motor activity in mice and rats. 
Screening for anorexic activity (eating behavior of 
mice7 and food consumption in rats)8 showed little or no 
such activity. Compound 5b both prevented (EDbo = 
15 mg/kg P O )  and remitted ptosis induced by 2 mg/kg 
iv of reserpine in mice at  lt5-3O mg/kg pg These 
data suggest that  5a and 5b possess weak sympatho- 
mimetic properties. lo Compounds 5a and 5b inhibited 
mustard-induced hind foot edema" in rats at 30 and 10 
mg/kg/day p o  given about 18 hr before and just before 
the mustard, respectively. Essentially no inhibition of 
edema was observed at these doses in adrenalectomized 
rats. Compound 5a was also evaluated for its effect on 
the relative weight (mg/100 g of body weight) of the 
endocrine organs of the intact immature rat. At 50 
mg/kg/day sc for 10 days, it reduced the rate of body 
weight gain to 61% of control and body growth to 7GY0 
of control. The endocrine and endocrine-influenced 
organs which varied by more than 20y0 from the control 
were ventral prostate, T9yo; epididymal fat body, 7S%; 
thymus, 64%; and spleen, 69%. 

These evaluationq failed to suggest therapeutic util- 
ity for 5a and 5b. 

(5) N. Sperber, F. J. Villani, M. Sherlock, and D. Papa, ibzd. ,  73, 5010 
(1951). 
(6) R. A. McLean in "Medicinal Chemistry," A. Burger, Ed. ,  2nd ed, 

Interscience Publishers. Inc., New York, N. Y., 1960, p 592. 
( 7 )  By a procedure described by H. J. Keffeler. D. L. Braun, and A. 

Kandel, Pharmacologist, 9, 244 (1967); D. L. Braun, H. J. Keffeler, C. L. 
Kright ,  and A. Kandel, zbzd., 9, 244 (1967). 

(8) By an  unpublished modification of a method by J. Spengler and P. 
Waser, Arch. E x p .  Pathol. Pharmakol., 237, 171 (1959). 

(9) Cf. A. Kandel. Fed. Proc., 26, 385 (1966). 
(10) We thank Drs. T. H. Tsai and A. Kandel for these test result data. 
(11) A. C .  Levy, T. H. Beaver, R. D. Strain, and D. E. Holtkamp, Proc. 

Sac. E x p .  Biol. M e d . ,  111, 576 (1962). 


