


ciiinaiiiic acids. Both methods have been used in this 
study. The fixed geometry aiid variable, but nieasur- 
able, electron density a t  the ester function make the 
p-dimethylaminoethyl a-phenylcinnamates an iiiter- 
esting system in which to study these structure -action 
relationships. 

Chemistry.-The a-phenylcinnamic acids were made6 
by the aniine-catalyzed Perkin condelisation of the 
appropriate aromatic aldehydes aiid phenylacetic acids 
in the presence of aceticanhydride. Several 1iit>thods7-~~ 
for the preparation of the p-dialkylaniiiioethyl esters 
were attempted, but only the method t'ia the acid chlo- 
ride1* gave the esters. The data for the syntheses of 
the trans esters are in Table I. Conversion of the cis 
acids to the cis esters proved to be difficult. In niost 
cases, only the isomeric trans ester hydrochloride mas 
obtained. Apparently during the preparation, the 
cis form isomerized to trans. The rearrangement could 
be controlled to some extent by preparing the acid 

TABLE I 
n.4T.4 O S  PREPARATION OF trans ESTER HYDROCHLORIDES 

X Y 

\ /  
F=C\ 

\ 
H/ COOCH,CH,N(CH,), .HCI 

bI.p., 
oC.a Yield? hI.p., 0C.C 

1 H  H 39-41 86 181-183 
No. X T (RCOCI) R (RCOOR"HC1) 

2 OCH, H 94-95d 8Se 94-95 
3 H  OCH, s 85 182-184 
4 OCH, OCH, 90-92 90' 165-167 
5 SO1 H 95-96h 90 205-206 
6 H  XO? s 90 240-242 
7 S O ,  KO2 175-18.5 90"' 244-247 
8 OCH, SO2 E - 9 7  82 224-223 
9 SO1 OCH, 97-98' 6 i e ,k  232-233 
a Melting point of acid chloride, crystallized from hexane. 

* Crude yield of ester hydrochloride based on the acid. e Prelt'iiig 
point of ester h.drochloride, crystallized from acetonitrile. 

Anal. Calcd. for C16H&10?: C, 70.46: H, 4.80; C1, 13.00. 
Found: C, 69.71; H, 4.80; C1, 12.35. e The free ester is ob- 
tained initially and is converted to the hydrochloride (mono- 
hydrate). f S o t  isolated. Q >felting point of free ester, 39". 
Anal. Calcd. for ClsHl&l?;OI: C, 62.62; H, 3.50: C1, 12.23; 
S ,  4.87. Found: C, 62.36; H,  3.34; C1, 12.54: S, 5.02.  

Melting point of free ester, 138-140". Anal. Calcd. for 
C16H,?Cl?;Oa: C1, 11.16. Found: C1, 11.31. Melting point 
of free ester, 81-83". 

chloride at lower temperatures, rather than a t  the 
boiling point of benzene. The data for the syntheses 
of the cis esters are in Table I1 and the analytical data 
for both the cis and trans esters are in Table 111. 

The presence of two isomers in the products from the 
cis acid was indicated by the wide melting point range 
and the presence of two carbonyl bands or one broad 

( 6 )  R. Ketcham and  D. Jambotkar .  J .  Org. Chem., 28, 1034 (1963). 
(7) F. F. Blicke and  H. &I. Kaplan, J. Am. Chcm. Soc., 66, 1967 (1943). 
(8) R. R. Rurtner and J. W. Cusic. ahad.. 66, 262 (1943). 
(9) F. F. Blicke, U. S. Patent  2,401.219 (May 28, 1946); 

(10) A. H. Ford-Moore and H. R. Ing,  J. Chem. Soc., 550 (1947). 
(11) E. R. A n d r e w ,  b1. G. Van Campen, and E. L. Scliumann, J .  A m .  

Ckem. B b s t ~ . ,  
40, 5209 (1946). 

Chem Soc., 76, 4003 (1953). 

TABLE I1 
I>AT.A os PREPARA'ITOS OF cis ESTER HYDRO~HI.ORIDES 

. I  

Y 
Temp., Time,c Yield,d 7c R M . p . ,  

No.a cC.b rnin. R C i s #  cis' 0C.Q 

1 80 30 60 100 30 116-117 
5 5 24 124-126 2 -10 goh 70 

3 80 30 i i  100 
4 40 30 87 100 80 163-164 

70 170-171 

40 60 90 100 80 169- l i l  

m c  

a 
183-1 84 

6 35 60 75 70 40 217-219 
8 25 60 66 m -  1 3  38 183-184 

43 40i 14 199-201 9 2 j  60 
The numbers refer to the same substituents as in Table I. 

Reaction time in benzene. 
e Per cent. (&57;) of cis isomer in the crude 

Per cent of c is  isomer iso- 
Crystallized from acetonitrile- 

For formation of acid chloride. 
Crude yield. 

product based on infrared analysis. 
lated (based on starting acid). 
ether. Ether. a Based on ultraviolet analysis. 

band in the infrared spectrum One band was always 
the same as that of the previously obtained trans isomer. 
The spectral data on the acids, acid chlorides, and esters 
are presented in Table IT'. 

Since 2c had the greatest tendency to isomerize during 
ester formation, it was utilized in further studies on 
this reaction. Isomerization could not occur a t  any 
point other than during or before acid chloride forma- 
tion, since the ratio of the isomers was the same in the 
acid chlorides and the amino esters. The reactions in 
heiizene a t  80 aiid 25' afforded exclusively rearranged 
trans acid chloride, whereas in ether a t  -5' a mixture 
(55% cis and 45% trans) was obtained. At -60' in 
ether the cis acid was isomerized to the tians acid, no 
acid chloride was formed. The fact that isomerization 
is complete a t  very low (-60') and a t  higher (23-80') 
temperatures but that a t  an intermediate temperature 
i - 5") the cis acid chloride is the iiiajor product means 
that isomerization occurs a t  two points and/or by two 
mec haiiisnis. 

Pharmacology.-It was indicated above that p- 
diniethylaminoethyl a-phenylciniianlates have struc- 
tural features which might be expected to lead to the 
following types of actions: (1) anticholinergic, ( 2 )  
antihistaniinic, and (3) local anesthetic. Extensive 
studies were carried out to evaluate the acute toxic- 
ity, anticholinergic, and antihistaminic actions of 
all compounds. Representative compounds I t ,  2t, 
5t, IC, 2c, and 5c,  were evaluated for their local an- 
esthetic activity. Systemic effects on  blood pressure, 
respiration, EEG, aiid EKG of It, 2t, 51, and 5c were 
also investigated (see Tables V-T'III). 

Materials and Methods 
To study the in vivo effects, male Swiss Rebster mice, weighing 

ill1 compounds were injected i.p. as their 
Dose-response curves were 

18-22 g., were used. 
hydrochlorides in normal saline. 
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TABLE 

EFFECT OF ATROPINE (LDo) O N  THE TOXIC EFFECTS OF THE ESTERS -~ <7 ------% mortality--- ,,L ~ i i o r t a l i t y - ~  
ITith \Tit11 

trans JTith compd. and c1s With compd. and 
No.  dose" compd. atropineh dosea compd. atropine* 

1 100 30 SO 125 50 80 
2 i n  3 0 80 100 30 60 
:i 100 0 20 1 %50 0 90 
I 125 3 0 60 200 30 70 
1 100 0 3 0 100 0 40 
(i 200 0 20 100 20 40 
7 130 0 0 . . .  . . .  . . .  
4 150 50 60 150 20 50 
9 250 0 0 300 30 40 

r -  

lZ A total of 10 mice were injected i.p., for each dose, mg./kg. 2.0 mg./kg. of atropine sulfate was given i.p. 10 min. before giving 
the compounds. 

TABLE T I  
EFFECTS OF P-nIYETHYLA#ISOETHYL a-PHESYL-CfS- AND -hnS-CINNAMATES OK THE BLOOD PRESSURE OF D O G S  

ANESTHETIZED WITH PEXTOBARBITAL 

Dose, 7 Blood pressure, IIIIII.~ - Duration, 
h-0.a m a . / k s .  mean diastolic systolic min. Respiration/min. 

ItC 5 -71 - 57 - 82 6-7 79 
It 10 - 67 - 65 - 70 10-12 i a  
It 15 - 105 -85 - 125d 15-20 30" 

- 95 - 150 .f s Ite 20 - 123 
2tC 2 . 5  - 19 - 25 - 25 2-3 33 
2t 5 - 68 - 65 - 85 3-4 33 
2t 10 - 105 - 80 - 113 7-8 36 
2t" 15 - 82 - 85 - 130 10-11 21 
5tc 5 - 63 - 52 - 73 6-7 46 
5'  10 - 65 - 50 - 20 

- 60 -70 7-8 93 
5t 15 - 75 - 70 - 100 10-11 66 
5t 20 - 88 - i D  - 100 25-26 54 
5 C C  5 -81 - 72 - 83 8-9 51 

c- 

- -  

a The numbers refer to the same substituents as in Table I ;  t = trans, c = cis isomers. b All data represent the maximum decrease 
These are the mean values of ( - ) in blood pressure, irrespective of time compared to blood pressure prior to drug administration. 

three experiments. At first' a wide pulse pressure was observed. e See test. The dog died. 

higher doses, CKS stimulant effects, such as increased 
spontaneous motor activity, back arching, jumping, 
twitching, aiid convulsioiis were seen 5-10 min. after 
injection. Animals a t  higher doses exhibited unco- 
ordinated muscular movements and were unable to 
right themselves from a supine position. The Straub 
tail effect was observed in all animals a t  all dose levels. 
-\Iortality seemed to result froni central action, char- 
acterized by tonic or clonic tonic convulsions or by pro- 
gressive flaccid paralysis followed by respiratory failure. 
Among all of the coinpounds, 2t was found to have the 
lowest LDjo. It was not possible to determine the 
LDjo of 7t, 9t, and 9c due to their low solubility in normal 
saline. The in oivo effects, also studied in male Long- 
Evans rats, were found to be the same. 

In  order to  evaluate whether the convulsant action of 
the compounds could be prevented by prior adminis- 
tration of an anticonvulsant, 60 mg./kg. of pentobar- 
bital was given i.p. to each of 10 mice, followed after 
10 min. by an i.p. injection of 100 nig./kg. of I t  or 75 
mg./kg. of 2t. These doses, when administered alone, 
produced 30VL mortality. In  10-15 min. CXS stiin- 
ulant actions were observed but all the animals sur- 
vived; thus, 60 nig./kg. of pentobarbital prevented 
death, but did not block the C S S  stimulant actions. 

The possible synergistic action of the p-dimethyl- 
aminoethyl a-phenylcinnaniates with atropine wm in- 
vestigated in mice. These data, summarized in Table 

T', shorn that the mortality was tremendously enhanced 
by a small dose, 2.0 mg. /kg., of atropine sulfate. (The 
LDjo of atropine sulfate in mice is 230 rng./lig.) Thus 
atropine synergizes with the central toxic effects of the 
compounds. 

B. Cardiovascular Studies.-Intravenous injections 
of I t ,  2t, 5t, and 5c were accompanied by a rapid fall in 
blood pressure, the intensity aiid duration of action 
were directly proportional to the dose as seen in Table 
VI. The effect of the compound on a normal response 
bracket was determined by comparison of the blood 
pressure before and after injection of the compound. 
The tranp isomers produced only a slight change in the 
normal response bracket. Prior administration of 
atropine did not prevent the fall in blood pressure 
caused by It, 2t, aiid 5t. Administration of 5 nig. 'kg. 
of 5c partially blocked the fall in systolic and diastolic 
blood pressure produced by 20 and 40 y/kg. of ACh. 
Prior injection of atropine partially prevented the fall in  
systolic and diastolic blood pressure produced by 5c .  
In  no instances mere the pressor effects of epinephrine 
antagonized by the compound. Immediately after 
injection of all four compounds, the cardiac rate in- 
creased and the respiratory rate initially dropped and 
later increased markedly. In  the case of It, a dose of 
20 mg. kg. was fatal. The systolic and diastolic pres- 
sures decreased to nearly zero and respiration stopped. 
At a dose of 1.5 nig./kg. of 2t, swallowing and vomiting 
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reflexes arid abdoiiiinal spastiis with retching iiioveiiieiits 
n ere iiiaiiifested along with the fall in blood pressure. 
.ifter ahout 5 i i i i i i .  these actiolis aubsidcd. aiid tlic dog 
I~c~covcrcd. 

I:r(~iii the data i i i  Tahle \'I, it is evident that a t  a dow 
of .? iiig. lig.. 5( hab the  iiiaxiiiiuiii effect of loiveriiig 
.ystolic pimsure as n.cll as thc loiigest duratioii o f  actioii. 
I i i  the  trans series, a p-iiiethosy or a p-nitro group oil t h  
@-phciiyl ring does not affect the iiiteiisity of action, hut 
with a iiiethosy group, tlie duiatioii of action is di- 
iiiinishcd to half, whereas with a nitro group it is not 
c8ected. The fall iit hlood presqure lasts fi.oui :3-20 
i i i i i i  , dcpciidiiig oii the  dose and nature of the colii- 
poiiiid. Co~iipdrisoii of the rebults obtained iii this 
Study TI ith the general cardiovascular response patterns 
qiveii by Smithld indicates that the coiiipoimds iiiay he 
cithci,  gssiiglioiiic* t)locl;ing or tratiquiliziiig agents. 
l'lic 1attt.r actioii seenis iimr(1 lil,ely on the baFis of 
coniparisoii TI ith kiion-ii structures having these prop- 
c1rtic.s. This coiitentioii is coiisistciit with the anti- 
c~holiiiergic aiid aiitihistariiinic effects on isolated tissuc 
a id  thc traiiquiliziiig properties observed during t l i ~  
acute tcnicity studies. The fall 111 blood pressure iiial- 

t w  attributed tentatively to a c.eiiti,al rather tliaii m i  

adreiiolytic action. 
C. Anticholinergic and Antihistaminic Actions.-The 

aiitispasiiiodic actions of the esters were coiiipared i r i  
i 211 o oii isolated guinea pig ilcutii. I t  eait 1 x 3  seeti froiii 

'Table 1-11 that all of the cotlipourids blocked the spas- 
iiiolytic coiitractioiis due to acetylcholine aiid histaiiiiiic 
to varyitig degrees at concentratioiis rarigiiig froiii 2 t o  
.?O y/iiil. The EDjo and EDgs were calculated accord- 
itig to  the niethod of Litchheld aiid \Tilcoxoii.12 Coni- 
parisoii of thci aiiticholiiiergic activities indicates that 11 
is iiiost actiw. Siibstitutioii of a p-niethoxy group iit 
tlic. p-pheiiyl riiig ciihaiices the anticholinergic activity 
i i i  thc rzs  i ao i~ iws .  Coniparisoii of the two iiionoiiitro- 
-iil)stitutcd e-ters (5f aiid 61) in the t lans series reveals 
that the a-nitro substituent i b  iiiorc cffective in decreas- 

iiig tlie aiiticholiiiergic activity than the $-nitro substit- 
iieiit. Tlic a-iii~thoxy, d-iiitI.o-suhstituted trcrris c.5tc.r 
19t) is coiisiderahljr i i i o r ~  cffcctive thaii it.: ( 2 s  i - o i i i w  

a- aii aiiticlioliiiergic agc'iit. Only i i i  the case of 1 ,  5, 
atid 9 ai c thc f m u s  wtet stroiiger aiitiehloitict.gics 
thaii the. ( I >  i zo t i ic i  + 

'The atiticlioliiici.gic. dtect appears to lw of a cotiipc~ti- 
tivc aiitagotiist typc. When iiicreasiiig aiiiouiitb of 
acc~tylcholiiic ~vere adiiiiitistered iii the preseticc~ of 10 
y 1111. o f  It (a dose sdficieiit t o  block coiiiplctcly the. 
response to 0.1 y/iiil. of acetylcholine) the strength of 
coiitractioii iiicreased uiitil the iioriiial wspoiisc \\a\ 
obtained at a d o s ~  of 10 y/iiil. This iiiay iiidicatc that 
thv coiiipou~id blocks thc Iwcptor site to iiiaiiifcst i t s  

aiiticholiiiergir effect 
('oiriparisoii of the aiitihistaminic activities 1x11 w l h  

that 2( is thc i i i o - t  activc aiid that 5t is thv iiiost c f fw  
ti\-<% iiietiit)cL ot the i ianq seiics 111 geiieral, tliv u s  
i b o i  i t w s  are i 1 i o  i e effec tn-e aiitihistainiiiics thai i t hc )r- 
i-c.,ipoiiding f i a r i  i isoiiiei -. 

. it  ropit it', tliplienliydraiiiii IC, and pro iiwthazi i i v  

IT w e  used as standards for eoiiiparisoii of tlic. aiiticlio- 
I i i icqic  aiid aiitihistaiiiiiiic activity. It liah appimi- 
iiiatdy half tlir, aiiticlioliiiergic. potcwcy of pi,ouietli:i- 
ziiic. hut oiily 2 Ac0 of the potency of atropiiic. '1'11~ 
i i io3t  effcctivc, aiitihistaiiiiiiic of the c3stc.i swici, 2(,  I- 
oiily 1 .ic; a+ potent as dipheii2iydi~aiiiiiIc. 

Local Anesthetic Activity.-The data i i t  Tablr 
\ X I  indicatc that 111 geiicral thc, trans isoiiieis, havittq 
tlic conjugated carhoiiyl group, are iiiorc~ activc thaii 
tlie czs isoiiim ah local aiiesthetic agents. The iinsiit)- 

stituted anti tlw 3-iiietlioxy-sLibstitiited trarz,i aiiiiiio 

e s t c m  show-cd tlic higlicst activity. 
it was foiuid that a3  the carboiiyl stretchiiig fmluct ic \ -  
increased, thc potelicy decreased, 111 agreenitwt witlr 
Galiiisliy 111 thiee czs csters have the saiiic' c a ih i iy l  
stretching f i  c~c~uciicics, but different iiiteiisiticls ot 
activity so that iio corrclatioii lwtn-eeii thesc propei? I(- 

i i  possible The presence of a nitro group oi l  the @-ring 
a i  iii 5c increaser the local aiiesthetic activity, w h ( w a s  

D. 

111 thc f j  an. 
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TABLE VI11 
IAOCAT. .kSESTHETIC .ACTIVITY" 

Concentration of test material, % Carbonyl pK, of 
No. 0 . 0 5  0 10 0 . 2 3  0.50 freqiioncy, parent. 

II a d  
I t  75 81 . . .  1UU 5 . 9  7 . 2 3  
21 70 85 . . . 96 6 . 9 1  7.51 
5l 0 10 90 B6 5.81 6 . 7 7  
1r  . . .  30 . . .  36 5 .8  5.94 
2c 0 2 . . .  10* 5.8 6 . 1 2  
5c  . . .  2 1  66 68 5 . 8  5 . 3 5  
Lidocaine' 63 92  95 95 . . .  . . .  

* The value is 
a t  0.3% concentration, 0.5% irritated t,he eye. The local anes- 
thetic activity of lidocaine a t  0 . 0 1 ~ ~  is li%, and at 1% is 100%. 

a Calculated as 100 - % response (see test) .  

the methoxy group decreases the potency as in 2c. A 
more sensitive method, ionization constants, was used 
to determine minor changes in electron density. In  the 
trans series, the pKa values of the a-phenylcinnamic 
acids parallel with the carbonyl stretching frequency of 
the amino esters and are directly proportional to the 
local anesthetic activity. In the cis series, the pK, 
values of the acids are inversely proportional to the 
local anesthetic activity. The activity of I t  and 2t is 
approximately the same as that of lidocaine \Then 
tested by the corneal reflex method. 

Experimental l5 
@-Dimethylaminoethyl a-Phenyl-trans-cinnamates.-The acid 

chlorides were prepared by heating the acids6 with a 10% excess 
of thionyl chloride in refluxing benzene for 30 min. One drop of 
pyridine per gram of acid was added to the reaction mixture. The 
solvent and excess thionyl chloride were removed in a rotatory 
evaporator. The acid chloride was dissolved in hexane and the 
evaporation repeated. In  3 cases (Zt ,  5t, and 9 t )  the acid chlo- 
rides were recrystallized from hexane and analyzed (Table I). 
This was found to  be unnecessary since the crude acid chlorides 
afforded good yields of the esters. I n  most cases the acid chloride 
in benzene, when treated with 1 mole of the amino alcohol a t  
room temperature, afforded the solid ester hydrochloride which 
was cwllected by filtration. With Zt, 7t, and 9t, 2 moles of the 
amino alcohol were allowed to react with the acid chloride and 
t,he solid amino alcohol hydrochloride was removed by filtration. 

(15) Melting points were taken on a Fisher-Johns melting point block and 
Xicroanalyses were performed in the  microanalytical labora- are corrected. 

tory, Department  of Chemistry, University of California, 13erkeley. Calif. 

The filtrate was washed wit,h water, dried over anhydrous sodium 
sulfate, and evaporated to dryness in uacim. An et,her solution 
of the free ester was treated with dry hydrogen chloride to give 
the ester hydrochloride, which was collerted hy filt>ration. When 
ij-dimethylaminticthy1 ~-p-ri i troph~nyI-fran~~-p-nitrocinnamate 
\vas rrystallized from 'JS(;l ethanol, it was converted to the ethyl 
ester, m.p. 166-l6i0, confirmed by its identit,y with an aut,hen- 
tic sample prepared from the acid chloride and ethanol. 

l h t a  on these preparations are in Table I and the analytical 
dat,a are in Table 111. 

@-Dimethylaminoethyl a-Phenyl-cis-cinnamates.-The opti- 
mum conditions for conversion of the cis acids6 to acid chlorides 
are out,lined in Table 11, the analyses are in Table 111. After 
removal of solvent and excess thionyl chloride, the crude acid 
chloride or mixture of acid chlorides in ether was h a t e d  with 2 
moles of t,he amino alcohol. After removal of the aminoethanol 
hydrochloride and conversion to the ester hydrochloride as de- 
scribed above for 2t, 7t, and 9t, the cis amino esters were purified 
by repeated fractional crystallization. The higher melting isomer 
( trans except for 2c) crystallized first. The purity of the cis iso- 
mer was followed by disappearance of the infrared carbonyl ab- 
sorption band associated with the trans isomer. Further proof 
of identity and purity was obtained from the ultraviolet spectra. 
The spectra of the cis ester hydrorhlorides were in all cases nearly 
identical with t,hose of the corresponding cl's acids but markedly 
different from the trans ester hydrochlorides or acids. Since the 
carboxy and the carbalkosy groups are essentially equivalent 
chromophores, the same curves for the esters and the acids w r e  
taken as proof of identity of the esters. 

Isomerization Studies on a-Phenyl-cis-p-methoxycinnamic 
Acid.-Reaction of the cis acid in benzene a t  80 and 25" afforded 
exclusively the trans acid chloride as evidenced by the infrared 
spectra and melting point of the ester product. The cis acid 
(0.25 g., 0.99 mmole) was stirred with thionyl chloride (0.144 
g., 0.09 nil., 1.2 mmoles) and a vatalytice amount of pyridine (0.5 
drop) in ether for 60 to 90 min. in a bath maintained at - 10 to 
-So ,  or a t  -60 to -55' and treated n i th  the amino alcohol 
after removal of excess thionyl chloride. At t,he lower tempera- 
ture only the free trans arid was obtained; when carried out a t  
-10 to - S o ,  a mixture of acid rhlorides and later amino ester 
hydrochlorides containing approximately 557c cis and 45y0 trans 
was obtained. These values were estimated from the relative 
intensities of the two infrared carbonyl absorption bands in the 
acid chlorides and amino ester hydrochlorides (Table IV). 
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4-Substituted Piperidines. I. 
Derivatives of 4-t-Amino-4-piperidinecarboxamides 
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A number of derivatives of 4-t-amino-4-piperidinec.arboxamides have been prepared. The pharmacologicai 
screening has shown that 1-( y-butyrophenone) derivatives may be classified as neuroleptic agents, whereas the 
l-,(a,a-diphenyl-ybutyronitrile) derivatives constitute analgesic agents. The latter eonipounds elirit relatively 
minor addirtion symptoms. 

Our interest in therapeutic agents derived from of the general foriuula I ,  in which S.1A' represents a 
nitrile or a carboxaniide group. 1, is much less clearly 
defined and can represent a number of different sub- 
stituent groups, 

piperidine led us to prepare a large number of 4,4- 
disubstituted and 4-substituted piperidine derivatives. 
The purpose of this first paper is to describe compounds 


