
tion for the receptor resistancch to attack by organo- 
phosphorus drugs would lie iri the unavailability of a 
free serine hydroxyl for phosphorylat ioii. Soiiic i i i -  

triguing features of this hypothesis may he suniniarizcd 
as follows. The receptor would havc its t,iocheinir:tl 
origin in the pool of AC'hE, a port ion of which ivould h(b 
trapped in the iiienibrarie network aud tiiaititainrd iti 

the acetylated form through a steady-staic quantal 
discharge of ACh from the syiapt ic cldt This n-oultl 
constitute a self-generating xystctii. a phcwoiiieuori 
riot uncoiiiiiion in bioclieiiiist rjv (as is i lie case f o r  
instance for hoiiie of t he catalytic iiiteriiicdia 
tricarboxylic acid cycle). dssuniiiig that s o n i ( ~  drugb 
could cause release of additioiial cluarit i t  ics of .\C'h?? 

(.%ZJ G 13 .  Koplle, .I. I'ttaiin I'tiarnirz,o7 , 14,  (17 l W 2 l  

A large number of 1,4,i-trisubstiluted piperidines have I ~ e e ~ l  syiit lwsized hy lithium aluminurn hydride reduc,- 
tion of the cwresponding glutarimides. Many of the piperidines :ire highly active as hypotensives when adminis- 
tered intraperitoneally to  intact conscious rabbits. The most active ronipounds were 1-( 3,4-diebhoxyphenethg1)-4- 
methyl-4-n-hes~lpiperidirie hydrochloride and l-(p-niethc lohesanepiperidine hydro- 
chloride. Structure-activity relationships :ire discussed. 

In recent years variations 011 the piperidine structui,c 
have been the subject of many investigations in addi- 
tion to the earlier work which led to the introduction 
of 4-carboethoxy-1-methyl-A-phenylpiperidine (pethi- 
dim) as an analgesic. Other such cotiipowids haviiig 
potent arialgesic activity have. since heen reported, 
e.g. ,  I 2  mid II.3 Hypotenhive activity has also been 
denioiistratrd iii this class, 1.2,2,6,6;-pentaiiirthyl- 
piperidine (Peiiipidine) being the iiiost proiiiineiit 
example. Other piperidines havirig hypot~iisive activ- 

N-CH-CH. NH- 
C350coc qJ- 

CbH, 
I 

m- HOC,H, n-C 'cN-CH w - - { c H 2 ) ? o H  

I I  O(" 

111 

C" OCH 

I \  

ity are III4 and related compounds, while IV; has 

(1) T o  whom all inquiries should be addressed. 
(2) J. Weijlard, P. Orahovets, A. Sullivan. G. Purdue, F. Heath. nnd I<. 

Pfister, J .  Am. Chem. SOC., 78, 2342 (1956). 
( 3 )  S. &I. McElvain and D. H. Clemens, zbid. ,  80,  3915 (lY68j. 
(4) TZ. S. Patent 2,881,066 (19.58); J .  Ow-en arid T. Verhsve, .I. P / m r m u -  

( 5 )  Eli Lilly and Co. ,  . iiistralian 1';itrnt 1%,3.!173 (1039). 
col. Ezpti .  Therap. .  122, 59 (1958). 

been reported to haw lieurosedative as well as hypo- 
tensive and aiitieiiietic action<. 

It appeared that, with the exception of the peinpidiw 
category, a phenyl hubstituent at the &position was 
iicwssary foi iiaeful phariiiacological activity. We had 
h t J ( b i i  engaged i l l  a study of p.p-dialkylglutariiiiidcsh 
froni which pipei idiiies are easily obtained by lithiuiii 
aluiiiinuiii hydridcl reductioii. The availability of a 
laigc iiiuiibci~ of glutaric acids, therefore, prompted our 
iiivestigatioii of the vffccts of 4.4-dialkyl substitution 
in thc piperidine iGrg with a variety of substituents 
oil tlic. nitrogeii. -2mong the first compounds syn- 
thesized was l-ptieiiethyl-~-spirocyclohexancpiperidi~ic 
(T-). This was fouiid t o  havc iiclgligible analgcsir 

\' 

,R 

l i : c N - T H  -i r H ) L -  G R .  
R $  R. 

1.1 

activity, but further screening showed interesting hypo- 
tensive action. Increased hypotensive activity resulted 
on introduction of a 1-methyl substituent into the sidc 
chain and encouraged further investigation of such 
compounds. 

This publication deals principally with the prepara- 
t'ion and evaluat,ioii as hypotensives of piperidines 

(F) G .  .J. l I an , l l ey ,  1;. I?. Selsu~i .  a n d  T. C ,  koniers, Aiistmliair J .  C h r r n . .  
13, 129 (isno). 
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HYPOTENSIVE l-ARALKYL-4,4-DIALKYLPIPERIDINES 

TABLE I 
~SCBSTITCTED GLCTARIMIDES 

B.p. (mrn.) 
or 

m.p., "C. 
98-100 (2.0),36-39 

166 (4 .0)  
190-193 (4.5) 
206 (3.0) 
142-145 ( 3 , 0 ) ,  33-36 
138-140 (2 .0)  
79-80 
134-138 (2 .0)  
147-150 (1.0) 
146-148 (0.7) 
165-168 (1 .5)  
169-170 
72 
63 

n 2 o D  

1.4790 
1.4718 
1.4690 

1.4961 

1,5092 
1.4930 
1.4915 
1 ,4896 

R4 
H 
H 
H 
H 

H 
H 

H 
H 
OCHa 
OCHa 
OCZHI 

H 

H 

OCHa 
H 
H 
H 
H 
OCHs 

RS 
H 
H 
H 
H 

H 
H 

H 
OCHa 
OCHa 
OCzHs 
OCzHs 

H 

H 

OCHs 
H 
H 
H 
OCHa 
OCHa 

OCHaO 
H H 
H H 
H H 
H H 

H H 
H H 
H H 
H H 
H €I 
OCHa OCHa 
H H 

H H 
H H 
H OCHa 
OCHa OCHa 
OCHs OCzHs 

OCHzO 
H H 
H H 
H H 

l3.p. (mrn.) 
or 

111.1) . ,  o c .  

80-8 1 
180 (1.0),38-40 
50-51 
136-140 (l .O),  

74-75 
185-188(1.0). 

35-37 

43-45 
172 ( 0 . 8 )  
212 (2.0),47-49 
53-55 
68-69 
180-185 ( l ) ,  

46-49 
199-201 (3), 

33-36 
208-212 (3.5),  

36-39 
63-64 
190 (2.0) 
217 (2.5) 
44-47 
63 
63-64 
71 

64-69 
204-206 (3,O) 
238-240 ( 6 .  O ) ,  

210-214 (1.5) 
200-202 (1.5) 
228 (4.0) 
191-194 (2.0) 
66 
64-66 
182-184 (21, 

71-73 
80 
62-64 
102-104 
91-93 
89-9 1 
65-68 
90-91 
72-75 

211 (4.5) 

34-35 

39-42 

-Calcd., %- 
C 

63.9  
70.9 
67.8 
74 .3  
68 .9  
69 .9  
6 9 . 9  
70 .6  
70.9 
71 .7  
72 .4  
74.7 
67 .0  
6 8 . 2  

H 
8 . 9  
9 . 8  

1 0 . 3  
11.5 
9 . 2  
9 . 5  
9 . 5  
8 . 7  
9 . 8  

10.0 
1 0 . 3  
7 . 4  
9 . 7  

10 .0  

7 

N 
8.3 
5 . 9  
4 . 9  
4 . 3  
6 . 7  
6 . 3  
6 . 3  
6 . 3  
5 . 9  
5.6 
5 . 3  
5 . 4  
7 . 1  
6 . 6  

-Calcd., %- 
C 

7 4 . 1  
74.1 
74.7 
75.2 

74 .7  
75.2 

75.7 
71.9 
69.1 
69.8 
7 0 . 4  

76 .2  

75 .7  

69 .8  
76.2 
7 6 . 2  
76 2 
7H.0 
70 .4  
70 2 
76 .6  
76.2 
7 6 . 6  
76.9 

76 .6  
76.0 
77 .3  
76.6 
76 .2  
68.9  
75.8  

7 5 , 4  
7 5 . 8  
73.4 
69 .5  
7 0 . 2  
7 0 . 4  
7 6 . 4  
76.6 
76 .4  

H 
8 . 2  
8 . 2  
8.5 
8 .8  

8 . 5  
8.8 

9 . 0  
8 .6  
8 . 4  
8 .6  
8.9 

9 . 3  

9 .0  

8 . 6  
9 .3  
9 . 3  
9 . 3  
9 . 1  
8 . 9  
8.1 
9 . 5  
9 . 3  
9 . 5  
9 .7  

9 . 5  
9 .7  
9 . 9  
9 . 5  
7 . 8  
7 . 6  
8.1 

7 . 8  
8 .1  
7 . 7  
7 . 9  
8.1 
6.8 
8 . 4  
8 . 7  
8 . 4  

N 
5 . 4  
5 . 4  
5.1 
4 . 9  

5 . 1  
4 . 9  

4 . 7  
4 . 4  
4 . 0  
3 . 9  
3 . 7  

4 . 4  

4 . 7  

3 . 9  
4 . 4  
4 . 4  
4 .4  
4 . 1  
3 . 7  
3 . 9  
4 . 3  
4 . 4  
4 . 3  
4 . 1  

4.3 
4.1 
3 . 9  
4 . 3  
5 . 2  
4 .2  
4.9 

5 . 2  
4 . 9  
4 . 3  
4 . 1  
3 . 9  
4 . 1  
4 .7  
4 . 5  
4 .7  

785 

--Found, %-- 
C 

6 4 . 1  
71.2 
67.9 
7 4 . 0  
69 .0  
69.3 
70 .2  
70 .2  
70 .6  
71.6 
71.7 
74.9 
67.3 
6 8 . 1  

H 
8.8 
9 . 7  

10.1 
11.6 
9 . 0  
9 . 3  
9 . 4  
8 . 5  
9 .7  

10.0 
10.2 

7 . 5  
9 . 7  

10.0 

N 
8.5 
6 . 0  
5 . 3  
4 . 7  
6 . 9  
6 . 1  
6 . 4  
6 . 3  
5 . 8  
5 . 6  
5 , 4  
5 . 7  
7 . 4  
6 . 9  

--Found, %- 
C 

74.4 
73.6 
7 5 . 0  
7 5 . 3  

74 .8  
75 .2  

7 5 . 8  
7 2 . 2  
69 .0  
69.9 
70.0 

76 .7  

75.8 

70.2 
75.8 
7 6 . 5  
76.1 
7 3 . 2  
70 .7  
70 .0  
76 .4  
76 .4  
7 6 . 1  
76.6 

76 .4  
76 .6  
77.2 
75 .7  
7 5 . 5  
6 8 . 5  
75.9 

75 .1  
76 .3  
7 3 . 8  
6 9 . 3  
7 0 . 3  
6 9 . 7  
76.4 
7 7 . 2  
76.4 

H 
8 . 2  
8.1 
8 . 5  
8 . 8  

8 . 2  
8 . 7  

9 . 2  
8 . 6  
8 . 3  
8 . 7  
9 . 0  

9 . 4  

8 . 9  

8.8 
9.2 
9 . 3  
9 . 3  
9.1 
8.8 
8.0 
9 . 4  
9 . 5  
9 . 2  
9 . 8  

9 . 4  
9 . 6  
9 . 9  
9 . 5  
8.1 
7 .4  
8 . 0  

7 . 9  
8 . 2  
8 .2  
7 . 9  
8 . 2  
6 . 9  
8.5 
8 .7  
8 . 4  

N 
5.7 
5.3 
5.4 
5.0 

5 . 4  
4 . 9  

4 . 8  
4 . 9  
4 . 1  
4 .0  
4 . 1  

4 . 6  

4 .7  

4 . 1  
5.0 
4 . 9  
4 .4  
4 . 0  
4 . 0  
3 . 9  
4 . 8  
4 . 5  
4 .9  
4 . 3  

4 . 5  
4 . 3  
4 .1  
4 . 3  
5 . 3  
4 . 4  
5 . 3  

5 4  
4 . 8  
4 . 1  
4 2  
4 . 1  
4 . 4  
5 .1  
4 . 5  
4 7  



T. C. SOMERS AND G. J. I ~ A K D L E Y  \.01. 7 

M.p.,  oc. 
152* 
2 2 7  
230-2:34r 
277-282 
220C 
185-186 
2 2 1-222" 
241 dec. 
268-270 
197-200 
258-23!J 
228-22!1 
240-2-11 
250 dec.  
266-267 dec. 
285 dec. 
220-221 
290 der.  
3'0-325 dec.  
30.5410 dec.  
208-212 

n"'n uf 
free lxise 

. .  

. .  
. .  

1 '16.&0 

1 . 4(i%ii  
1. i 6 . 3  
1 - M O X  
I .17!i-1 
I 4847 
1 1811 
I 4838 
1.4835 
1.4840 
1 4934 
1 4768 
1 .4815 
1 . ,4800 
1 .78?1 

. .  

Fnund, $;1 
( '  I1 s 

. X i 7  8 . 4  4 . 6  
4 i . 7  .j. .j 1.7.6 
6 0 . 6  1 1 . 2  7 . -  
80.8 1 1 . 4  7 . 2  
6 4 . 3  1 1 . 9  6 . 7  
6 8 . 3  1 1 . 4  5 . i  
66.0 1 1 . 0  t i  4 
6 6 2  1 1 . 8  4 . 5  
7 2  6 1 2 . 8  4 3 
7 2  Tr 1 2 . 5  4 . 2  
til.:< 10 .1  7 . 8  
K < . 5  10.5 7 . 2  
t i l 4  10.9  t i . ;  
6 6 . i  11.0 f j .2  
67 6 11 .2  6 0 
67.!1 1 1 . : 3  6 0  
i i 7 9  10.7 I i O  
( i X . 1  1 1 . 2  ;I(; 

Rll  7 I 1  7 6 0 
7 0  4 1 1 . 8  .i 0 
7 2  3 8 9 .i 0 

a In rabbits, i .p .  and/or i.v.: 0 = no noticeable act'ion on blood pressure, + == v:iiia11le activity with 10-15ci fall in blood pressurc~ 
of cases, + + = 10-255 fail in about 755;  of cases, + + +- = 30--40(;; fall at higher closes in 755; of ( ~ i s w ,  
11 obt,airied at higher doses with little wtriability shc~m~i ill respo~lsr and apparent existence of :L d(~se-respo~isc 

obtained in about 50 ++++ = 50-603j 
curve. Citrate. Hygroscopic. Picrate, ni.1). 227". 

having the general structure T'I where R1 and I{: 
are alkyl or spirocycloalkane; R, is H, CH,, or C2H6: 
r I  = 0, 1, 2, or 3;  arid R4 arid R, are 11 o r  alkoxy. 
Coiiipounds having 1-alkyl and 1-phenyl substituents 
as well as inany of the corresponding niethiodide salt* 
have also been synthesized. 

The @,@-diallryl- and 8-spirocyeloalkaneglutaric 
acids, from which the required bases were derived, 
were obtained by acid hydrolysis of the a,cu'-dicyaiio- 
@-substituted gl~tariiiiides.~ Where the usual 
Chareschi reaction between the ketoiie, ethyl cyaiio- 
acetate, and ammonia failed to give the rcquircd iniiclc 
as found with ethyl 2-iriethylbutyl ketoiic, thc pi'o- 
cedure described by ;\IeElvain and Clenictis? for 
otherwise inaccessible alkyl aryl derivatives \\a:: 
eiiiployed successfully. This involvcs condensation 
of cyanoacetainide with the alkylideiic cyaiioacetatc. 
iii the presence of sodiuiii ethoside. 

Generally the glutaric anhydride was used in prefer- 
ence to the acid for condensation with the base, as 
reaction occurs more smoothly with the foriner aiid 
also conversion of the crude glutaric acid to the anhy- 
dride followed by distillation offered an easier incthod 
of purification. Reaction m-ith the appropriate alliin(. 
at 180-200' for sevcral hours then gave the S-suhsti- 
tuted glutarimide (Tables I and 11), exccpt that nhe rc  
1 1 3  in Table I1 is iiiethyl, higher teiiiperatures (to 350') 
\ w e  necessary to complete the coiidensation. The 
iiiethod worked equally well for all alkyl and aralliyl- 
Ltiiiines tried, yields of 70-907{:, being obtained, except 
iii the case of t-butylamine where ring closure of the 
intermediate ~-t-buty1-~-spirocyclohesaneglutaraiiiic 
acid was apparently prevented by steric factors. 
Glutarimides having no S-substituent, required a5 
intermediates to the secondary bases, were obtained 
hy fusion of the anhydride with urea. 

The piperidine bases were obtained in lligh yield 
(70-85%) by reduction in ether with lithium aluiiiinuni 

( 7 )  A. I. Vogel, J. Chem. S O L . ,  li58 (1Y31). 

hydride. 'l'h(,y were geiicrally characterized ah tIic1 
hydrochloride salts (Tables I11 and IV) . I'hcnolic 
derivatives of I-plienylalliylpiperidirles were dcrivcd 
from the coixsponding alkoxy conipouiids, and thcx 
acr.tosy coiiipoulids by acetylation of thc phciiol.. 
In a fen- instarices where the primary amine was 1~s:. 
accessible thaii the alkyl halide, the required l-snbsti- 
tutcd piperidine \vas prepared by alkylatioii of t h v  
secondary base. 1 tetliiodide salts (Tables V and T ' l l  
T\ (w obtaind u-ithout difficulty by reaction in ethc.1 
a t  IVOIII tc3iiiperaturc for sevcral days or hy rcflusiiig 
iii acctonc solutioti for 2 3 111.. 

Pharmacology and Structure-Activity Relations.- 
.\t tc.1. p i ~ l i m i i i a i ~ ~  sclwniiig iii niicv, sc>lectcd corn- 
poiiiids \I ( ' 1 ~  t(sst(d for hypotc~iisivc activity l)y iiitix- 
pci itoiical iiijcctioii iri  iiitact conscious iabhits. 1 1 w i ~ -  

iii'iiig blood prc'>sui (' i i i  the auricular artery by IM' ( I !  

tlic. (;I aiit Capsulc The initial dosc uscd was gciierally 
thc. Iriglic~t dose 111 mg. kg. which killed 0 5 miw 
aciitcxl i. i i i  prcliminary screening. The tables give O I I I J -  
a rough iiidicatioii of hypotensivc actil-ities obtained , 
us the syriibols  der oiily to iiiterisity of action anti 
largely igiiorc degree of toxicity aiid diiratioii of  
s ( ~ i o i i .  TT'1i(ii P wlativcly high activity sppeai cd 
:tit PI,  intrapwitoiical atliiiinistrat ion, t hc cvmipou I i d  

\\as tested fnrth(\r for oral activity ill labbits. 
Soi~ie of tliv tliiaternary aiiiiiioniuiii coiiipouiids had 

gaiiglioii-blocl~iii~ activity, tmt none of the tertiary 
liases shon.et1 this property. The niechanisni by which 
thcl lattcr produce hypotensive action is still being 
qtudied, but our interest vias concentrated on this clash 
n hich seciiitd 1il;ely to producc a hypotensive d i ~  
lackiiig the undc~sirahle bidr effects of tho ganglioii- 
blocking c.onipoiintf- 
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TABLE IV 
I -ARALKYLPIPERIDINE HYDROCHLORIDES 

" C N C ; H ( C H ; I , ,  R2 d R 5  .HC1 
R3 

nmD of M . P . ,  Hypotenaive 
free O C . ,  -Caled., %- -Found, %- activity" 

R1 Rz Rs n R4 Rs base HC1 Salt Formula C H N C H N 1.p. Oral 
H H  H 1 H  H 1.5240 220-226b 0 

H i-C3H1 H 1 II H C 270dec. C1aHzeClN 71 .8  9 . 8  5 . 2  71.7 9 . 7  5 . 1  + 
H CHI CHa 1 H H 1.5261 207.5 CIKHZICIN 71.0 9 . 5  5 . 5  71.1 9 . 4  5 . 2  0 

CHa CiHa H 1 H  H 1.5175 315dec. CiaHzaClN 71.7 9 . 8  5 2 71.7 9 . 7  5 . 1  + 
CHs CzHs CHI 1 H H 1.5136 266-270 Ci7Hi8ClN 72.4 10 .0  5 . 0  7 2 . 5  10 .0  4 . 7  + f d  
CH3 n-CaH7 H 1 H  n 1.5130 312-317dec. CnHz8CIN 72.4 10 .0  5 .0  72 .1  9 . 9  4 . 9  0 
CHa n-CaH7 CHs 1 H H 1.5143 283 dec. Ci8HaoClN 73 .1  10.2 4.7 72.6 10.4 4 . 7  f d  

CHI n-C4Ho H 1 H  H 1.5100 285 dec. C18HaoCIN 73.1 1 0 . 2  4 . 7  72 .8  9 . 8  4 .9  + 
CH3 n-CrHo H 1 H  OCHa 1.5158 289-291 dec. CioHazClNO 70 .0  9 . 9  4 . 3  69 .8  9 . 9  4 . 1  0 
CHa n-CdHs H 1 OCHa OCHa c 265 dec. CzoHarClliOz 67.5 9 .6  3 . 9  67.4 9 .7  3 . 7  0 
CH3 n-CdHs H 1 OCHa OCzHa 1.5176 256 dec. CziHasC1NOz 68 2 9 8 3 . 8  67.7 9.7 3 . 6  +++ +++ 
CH3 n-CrHv H 1 OCiHa OCiHs c 257-258 CziHasClSOz 68 .8  10.0 3 . 7  69 .1  9 . 9  3 . 8  +++ ++ 
CH3 n-C4Ho CHa 1 H H 1.5093 275-277dec. CieHazClN 73 6 10 4 4 . 5  73.5 10.4 4 . 6  0 
CHI  n - C d o  H 3 H  H , . , 254-257 C Z O H ~ ~ N  74.2 10.6 4 . 3  74.0 1 0 . 5  4 . 1  0 
CH3 n-CsHi1 H 1 H  H 1.5087 285 CigHazClN 73.6 10.4 4 . 5  74.0 10 .5  4 . 8  + 
CHo n-CsHi1 H 1 OCHs OCHa 1,5200 258-260dec. CiiHasC1SOz 68.2 9 . 8  3 . 8  68 .1  9 . 5  3 . 5  0 
CHa n-CaHii CHI 1 H H 1.5077 272 dec. CzoHsrClN 74.2 1 0 . 6  4 . 3  74 .2  10 .7  4 . 4  ++ 
CHa n-CaHla H 1 H  H 1.5056 283 CzoHarClN 74.2 1 0 . 6  4 . 3  7 4 . 0  10.4 4 . 4  +++ ++ 
CHI n-CaHia CH3 1 H H 1.5017 255 Cz1HaaClN 7 4 . 6  1 0 . 7  4 1 74 .8  10.6 4 . 1  +++ ++ 

CH3 i-CaHi H 1 H  H C 353 dec. CiiHi6ClN 72.4 1 0 . 0  5 . 0  72.6 9 .9  4 . 8  ++ 

CHs n-CsH13 CzHa 1 H H 1,5028 216-219 CzzHaaClN 7 5 , l  1 0 . 9  4 . 0  74 .9  10 .7  3 . 9  + f d  
CHs n-CsHla H 1  OCHzO C 274 CxHarClSOz 68.6 9 . 3  3 . 8  68.7 9 . 4  3 . 7  + 
CH3 n-CsHla H 1 H  OCHa 1.5106 285-287 Ci1HaeClK0 71.3 10.3 4 . 0  71.7 10.0 3 . 6  ++ 
CHa n-CsHia H 1 OCHs OCHa 1.5168 256-258 CnHa8ClNOz 6 8 . 8  1 0 . 0  3 . 7  68.7 9 .9  3.8 ++ 
CH3 n-CeHis H 1 O H  O H  e 173-174 CroH~ClN0x 67.5 9 . 6  3 . 9  67 .2  9 . 3  3 . 9  0 
CHs n-CaHlr H 1 OCOCHa OCOCHr . . .  203 C~aHasClNor 6 5 . 5  8 . 7  3 . 2  65.2 8 .8  3 . 2  +++ 4-f  
CHa n-CeHla H 1 OCzHa OCzHs c 250-255 dec. CzrH42ClXOl 7 0 . 0  10 .3  3 . 4  69 .8  9 . 9  3 . 2  ++++ 0 
CHI n-CsHls H 2 H  H . , , 237-240 CziHasCIN 74.6 10 .7  4 . 1  74 .1  10.6 3 . 9  4-4- 
CHI n-CeHia CHa 2 H H 1.5020 209-212 CizHaaCIS 7 5 . 1  10 9 4 . 0  75 1 10 .8  30 .9  +++ ++ 
CH3 n-CsHia H 3 H  H 1.5000 248-252 C?zH:+sCIS 75.1 1 0 . 9  4 . 0  75 0 10.5 3.8 ++ 
CHs n-CsHia H 3 H  OCHa 1.5071 248-250 CzaHaoClNO 72 3 10 6 3 . 7  72 .8  1 0 . 6  3 . 6  +++ +f 
CHs i-CsHia H 1 H  H 1,5043 295 dec. CzoHarClN 74.2 1 0 . 6  4 . 3  74.3 1 0 . 6  3 . 9  0 
CHI  i-CsHia CHI 1 H H 1.5035 254 dec. CZIH~BCIN 74.6 10.7 4 . 1  75.2 11.0 3.8 0 
CHs n-CiHis H 1 H  H 1.5065 285 CziHmClX 74.6 10 .7  4 . 1  7 4 . 8  11.1 4 . 0  + + + d  4- 
CH3 n-C~Hls CHa 1 H H 1.5041 253-258dec. Cz?H08NC1 75 .1  10 .9  4 . 0  7 5 . 3  10.6 3 . 8  +++ + 
CHI n-CoHis H 1 H  H 1.5047 283-285dec. CzaH4uClS 75.5 1 1 . 0  3 . 8  7 5 . 5  10 .9  3 . 8  0 
CzHa CHzC(CHa)HCzHa H 1 H H 1.5119 233-235 CroHarClS 74 .2  10.6 4 . 3  7 3 . 8  10.2 4 . 2  + 
CZHK CHzC(CHa)HCzHs CH3 1 H H . . .  218 CiiHaaC19 74.6 10 .7  4 . 1  74.2 10 .4  4 . 1  ++ 

(C Hz) I H 1 H  H 1.5268 >310 CiiHmCIK 73 .0  9 . 4  5 . 0  7 3 . 0  9 . 4  4 . 9  ++ 
(CH2)d CHa 1 H H 1.5276 275 dec. CisHsClS i 3 . 6  9 . 6  4 . 8  73 7 9 . 8  4 . 6  0 
(CHdd H 1 OCHs OCHJ c 261 dec. CloHaoClh-01 6 7 . 1  8 . 9  4 . 1  66 .9  9 . 0  4 . 2  ++ 
(CHZ)6 H O H  H 1,5350 2.59-260 CIIHZEC~N 73 .0  9 . 4  5 ,O  72 .8  9 . 2  5 . 1  0 
(CHZ)6 CHa 0 H H , , , 281-284 dec. Ci8HmCIN 7 3 . 6  9 . 6  4 . 8  7 3 . 5  9 .6  4 . 5  -td 
(CHds CZH6 0 H H 1,5306 295 dec. C1oHauClh' 7 4 . 1  9 . 8  4 . 6  74.1 9 . 7  4 . 5  0 
(CHda H 1 H  H 1.5321 300 dec. CisHiaCIS 73.6 9 . 7  4 . 8  73 .8  9 . 6  4 . 4  ++ 
(CHds H 1 H  OH f 235-241 CisHisClSO 69 .8  9 . 1  4 . 5  69 .4  9 . 0  4 . 3  + 
(CHds H 1 H  OCHa 1.5368 295-298 CieHaoClNO 70 .5  9 . 3  4 . 3  70.5 9 . 2  4 .4  +++ 4-f  
(CHzjo H 1 H  OCOCH3 . , . 273-276dec. CioHaoClSOz 68 .3  8 . 6  4 . 0  68.6 8 . 6  4 . 1  0 
(CHds H 1 OCHa OCHI u 265 deo. CZOHIZCIIYOZ 67 .9  9 . 1  4 . 0  68 0 9 . 3  3 . 9  0 
(CHds H 1 OCHa OCiHs h 258-260 CxHxCIKOi 68.5 9 3 3 . 8  68.6 9 . 2  4 . 1  +f 
(CHds  H 1  OCHzO C 305-308dec. C19HiaClNOz 67 .5  8 . 4  4 . 2  67.6 8 . 2  4 . 1  +++ f 
(CHds CHs 1 H H 1.5341" 284-288 dec. CloIIaoC!N 7 4 . 1  9 . 8  4 . 6  74 .1  9 . 7  4 . 3  ++ ++ 
(CHds CHa 1 H H 1.53283' 284-288 dec. CioHaoClN 71 1 9 . 8  4 . 6  74.5 9 . 7  4 . 7  +f ++ 
(CH?)a CzHs 1 H H 1.5280 224-226 CzuHazClS 74.6 10 .0  4 . 4  74.7 10 1 4 . 2  + 
(CHds CHa 1 OCHs OCHa . , . 245 dec. CziHarClNO? 68 .6  9 . 3  3 8 6 8 . 5  9 . 3  3 . 9  0 

(C Hz) s CHa 1 H H 1.5337 284-288 dec. k ++ 

(CHds  CHa 1 OCHzO C 264-265 CioHaoClNOn 6 8 . 3  8 . 6  4 . 0  6 8 . 1  8 . 2  3 . 8  0 

(CHds CHs 2 H H 1.5278 198-204 CioHazClN 74 .6  1 0 . 0  4 . 4  74 5 9 . 9  4 3 ++td 
(CH?)s H 3 H  H 1.5261 253-254 CioHaiCIN 74.6 10.0 4 . 4  7 4 . 6  9 . 8  4 . 0  +++ ++ 
(CHda H 3 H  OCHa 1.5279 235 CziHnClNO 71.7 9 . 7  4 . 0  71 .8  1 0 . 1  3 . 8  + + + d  
C(CHa)H(CHz)c CHa 1 H H 1.5302 295-297dec. CzoHaiClN 74.6 10.0 4 . 4  7 4 . 8  1 0 . 0  4 . 2  0 
(CHi)s H 1 H  H 1.5377 299 dec. CisHaoClN 7 4 . 1  9 .8  4 . 6  74 2 9 . 6  4 . 3  0 
(CHda CHI  1 H H 1.5346 319-321 dec. CinHazClN 74.6 10 0 4 4 74 B 9 9 4 .2  + 

(CHZ)6 H 2 H  H 1.5279 259-261 CieHaoClN 74 .1  9 . 8  4 . 6  74.6 9 . 8  4 . 5  + 

a I n  rabbits; for symbols see Table 111, ref. a. 

2 &Form. 

K. Kindler, [Arch. Pharm., 265, 389, 405 (1927)l gives m.p. 233'. Crude base was 
not distilled. Toxic or strong depressant effects a t  effective dose levels. e Base, m.p. 69-71". 'Base, m.p. 1i5-180". Base, 
m.p. 66-72'. Base, m.p. 45-50'. 1 CIsomer, [ a ] ' 5 ~  -16.6' (c 2.5, H 8 ) .  ' &Isomer, [ 0 1 ] 2 0 ~  +14.8" (c 2.5, HzO). 

The following general observations can be made about 
the relationship between activity and chemical struc- 
ture in 1,4-substituted piperidines (VII) : (a) secondary 
bases, where R3 is H, are inactive; (b) tertiary bases 
having 1-alkyl substituents have little or no activity; 
and (c) good hypotensive activity is associated with 

the tertiary bases having phenylalkyl substituents on 
the nitrogen and fairly large alkyl substituents at  the 
4-position. The activity of one such compound was 
lost when the phenyl grouping was hydrogenated. 

Most of the active conipounds investigated have the 
general structure VI11 where R1 and Rt are methyl, 
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TABLE 1- 
PIPERIDINE ~ I E T H I O D I U E ~  

,- --ialcd., @4- - Found,  [ i  
N 

4 . 0  
3 . 2 
3.2 
-1 . 5 
4 3 
.% . 2 
1 . 2 
$ 2  
4 . 0  
3 8  
3 . i 
:I 8 

( '  

51 1 
58 1 
57.6 
47.0 
48.7 
49.6 
49.6 
50.4 
5 1 . 3  
53.0 
53.8 
5 5  3 

1 1  
9 b  

10 1 
10 1 
7 8  
8 1  
8 2  
8.4 
7.8 
8 6  
8 8  
9 0  
7 1  

ri 
8 . 6  
10.0 
10.0 
7.9 
i . X  
8 . 3  
8.3 
i !i 
8 . 0  
8 9 
ti 0 
7 1  

R1 
CH3 
CHI 
CHs 

R1 
€I 
CH3 
C Ha 
CHs 
C H3 
C Ha 
C H3 
CHa 
CHJ  
(' €1 a 
C H3 

c H3 
CIIa 
CHa 
c € I d  

c HJ 
( 1 1 1 3  
V I I S  
c Hi 
C H3 
C H3 

CIIJ 
c € I 3  

CHI 
C Ha 
CIIl  
C H3 
C €13 
Cfla 
Cfla 
CHI 
(',H5 

n-CsHn 
C H3 
CzHr 
n-CaH7 
4 a H ;  
CHIC H=C Hz 

283 
208-208 
211-212 
2 i 3  dec. 
180-181 
226 dec. 
240-241 de(,. 
2 li-2 18 
202-203 

46.6 
48.3 
49.9 
49 9 
50.2 
51 3 
52.6 
53.8 
55 0 

X 4 H 9  
i-CsHli 
n-C~Hla 
CsHs 

TABLE V I  
I-ARALKYLPIPERIDISE ~fETHI0DII)Eb 

R' i 
R1 

N . p . ,  " C % .  

172-174~ 
187-191 
lY5-197 
19i--lY8 5 
211-217 
2 15-21 7 
174--17.5 
203--206 
179-188 
204 207 
163-174 
228-227 : 
198-202 5 
177-178 
203.- 20.5 
208-21 1 
214-2 1 5  
211-215 .i 
193-202 
l Y 5  -196 
230 d w .  
202 
181 --la4 
2 l i  218 5 
213 5-214 
186-187 5 
10T-202 
213 -216 
209-208 
260 
230 

234 -2:3.i 
e 1 ,; 
221 
241 dec. 
180 dec. 
182.5-184 
220 
225--226 
213-22:3 
230 
2 8  5-236 
"2- 218 
180-182 

2 : w d  

,-Found, ' --, 
C H S  Ra 

H 
H 
CH3 
H 
C H3 
H 
H 
CH3 
H 
H 
€1 
H 
€I 

H 
C Hs 
H 
C Ha 
CsHa 

H 
E€ 
li 
H 
I1 
H 
H 
CHa 
TI 
H 
C Ha 
H 

€1 
CHa 
H 
C H 3  

C?Ha 
I I  
CH3 
H 
H 
11 
I1 
I1 
CH3 
I1 
H 
H 
CHI 

Er 

Fr 

c€r3 

Formula n 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
3 
I 
1 
1 
1 
1 
1 
1 
1 
I 
2 
a 
x 
1 
1 
I 
1 
I 
1 
1 
I 
1 
I 
n 
D 
0 
I 
I 
1 
I 
1 
I 
2 
2 
.i 
3 
1 
1 

54.8 7 . 5  3 : i  
55.6 7 . 8  :I .i 
53.8 i 4  L i - 1  
56.8 8 . 0  3 . 4  
5 6 . 0  7 . 5  3.6 
56 9 8 . 0  3 , : i  
57.3 8 . 2  3 . 2  
35 9 7 . 8  3 . 1  
54.7 7 . 8  :3.1 
55.9 8 . 1  2.!1 
56 5 8 2 2 . 6  
59.0 8 6 3 0 
58 2 8 4 3 . 4  
5.5 0 8 :3 2 F, 

58 .i 8 2 3 5 
58.3 8 4 X 2 
59.7 8 i ;i 1 
60 8 8 !i :i 0 
:i;x 8 : i  ? ! I  
57 T 8 t i  2 ,? 
5.55 7 5  ? ! I  
,551.7 8 7 3 0 
80 2 8 7 2 ! I  

5 9 4  8 7  2 7  
58 5 8.1 :I :i 
,596 8 . 6  2 ! 4  
6 0 . 3  8 6 :3 u 
61 4 8 . 9  :3 I 
60 0 6 .  8 :3 0 
ti0 9 7 1 :I 2 
58 8 K :i :I 1 
.io 6 8 3 2 x 
5 5 0  7 2  :i.?> 
Dli 8 i 7 :i 8 
56 5 7 4 3 :i 
5 7 6  7 9  : 3 2  
5 8 0  7 8  : I 2  
5 6 6  7 5  0 1  
5 7 . 5  7 . 7  2 'J 
55 6 i.4 3 . j  
54 0 6 . 8  2 7 
6.1 8 7 .  4 3 U 
5 5  6 i.6 2 $1 

58.1 7 8 3 1 
5Y 2 7.8 3 2 
59.1 8 0 3 2 
5 7 8  8 0  2 8  
58 5 7.8 3 5 
5 8 7  8 1  3 2  

R4.7 T.6 3 . 8  
5 6 . 8  7 8 3.6 
:)a.8 7 . 8  3 6  
56 9 8 0 3.5 
5 5 . 8  T . 8  3 . 6  
36.9 8 . 0  3 5 
a . 8  8 3 3.4 
5 5 . 7  7 9 3 . 3  
5 4 . 7  7 9 3.0 
35.6 8.1 3 0 
5t i .4 8 2 2 9 
.58, 7 8 5 3 . :i 
5 i  8 8 3 3.4 
55.6 8 1 2.9 
58.7 8 . 5  3 3 
58.i 8.5 :3 :i 
59.6 8 0 :3 2 
60 4 8 8 3.1 
5 7 . 5  8 3 x 1 
58.0 8 t i  2 i 
55.8 7 7 3 .0  
59.6 8 ti :i 2 
60.4 8 . 8  3.1 
59.1 8 . ;  2.9 
.58 7 8 5 3 . 3  
3 9 6  8 6  3 2  

_ _  

_ -  

5 6 1  i 3  3 t 5  
5 i  I i , t i  :i 
.58 1 7 8 3 . 4  

.56.0 7 5 3 :1 
5.1 i ti 8 3 2 
31  ! I  7 ,5 3 1 
.i.5 8 7 i 3 0 
5 8 1  7 8  3 4  
5 8  0 8 0 3 :j 

J9  0 8 0 3 . 3  
27 8 7 . 9  3 I 
.58 I 7 . 8  3 4 
, iY 0 8 0 3 3 I I  I 1  
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RJ 
VI11 

n-hexyl, or 4spirocyclohexane; R3 is H or methyl; 
and R4 and R5 are H or alkoxy. 

-\Iany anomalous observations were made regarding 
the phenyl substituents R4 and R5. For example, 
introduction of a niethylenedioxy group into l-phen- 
ethyl-4-spirocyclohexanepiperidine (RQ = H) at  Rd 
and R5 increased activity markedly, but the same 
structural modification in the otherwise identical 
compound having R3 = CH3 resulted in slight hyper- 
tensive activity. Again, the activity of the former 
compound is abolished by introduction of OCH3 
groupings at  R4 and R5, but the two conipounds having, 
respectively, OCH3 and OC2H5, or H and OCH, 
at  R1 and It6 have activities similar to that of the 
parent coiupound. Similar anomalies mere found 
among conipounds having methyl n-hexyl substit- 
uents a t  the 4-position (Table IV). There is no ap- 
parent relation between activity and structure as far as 
substitution of the phenyl group is concerned. 

Although all active coinpounds have fairly bulky 
4-substituent 3, generally methyl and n-hexyl or spiro- 
cyclohexane, the limit is reached with methyl and n- 
nonyl, the cc nipound l-phenethyl-4-methyl-4-n-nonyl- 
piperidine being inactive. High activity was, however, 
found when i,he desirable 4-substituents were retained 
and the pheriylalkyl chain was lengthened. Thus 1- 
(l-niethyl-3-phenylpropyl)-4-~i~ethyl-4-~-hexylpip eri- 
dine and 1-(4-phenylbuty1)-4-spirocyclohexanepiperi- 
dine are hypotensive when adiiiinistered intraperitone- 
ally or orally to the rabbit. 

The d- and E-isomers of one active dl-compound were 
found to have activity identical with that of the dl- 
compound (Table IV). ,411 other compounds having 
asynimetric centers were synthesized and screened as 
the dl-forins. 

The suggec8tion8 that the N-oxide derivative of a 
pharmacologically active base may retain activity of 
the base with reduced toxic side effects was investigated 
in one instrtnce. The K-oxide of l-phenethyl-4- 
spirocyclohexane was found to be without hypotensive 
activity. 

Experimental 
Microanalyses were carried out by the University of Melbourne 

and C. S. I. R. 0. hlicroanalytical Laboratory. Melting points 
were determined on a gas-heated Electrothermal apparatus and 
are uncorrected. 

The following phenylalkylamine intermediates were either 
commercially available or were prepared by methods reported 
in the literature: benzylamine, 1-phenylethylamine, l-phenyl- 
propylamine, phenethylamine, 1-phenyl-2-propylamine ( d l ,  d-, 
and Z-), 1-benzylpropylamine, 3,4-dimethoxyphenethylamine, 
3,4,5-trimethoxyphenethylamine, 1 - (3,4dimethoxyphenyl) -2- 
propylamine, 3,Pmethylenedioxyphenethylamine, 1-(3,4meth- 
ylenedioxypheny1)-%propylamine, l-phenyl-3-butylamine, and 
Pphenylbutylamine. 

p-Xethoxyphenethylamine, 3-methoxy-4ethoxyphenethylam- 
ine, and 3,4-diethoxyphenethylamine, previously reported in the 
literature, were synthesized by lithium aluminum hydride re- 

(8) C. C. Chlvenor. Reu. Pure A p p l .  Chem., 8, 83 (1953). 

duction of the corresponding p-nitrostyrenes, which were pre- 
pared according t o  the method of Gairaud and L a p ~ i n . ~  4- 
(p-hIethoxyphenyl)butylamine, obtained by lithium aluminum 
hydride reduction of 7-( p-methoxyphenyl)butyramide, has b.p. 
146'(3 mm.), G O D  1.5208. 

All phenylalkylamines having an asymmetric center, and the 
compounds derived from them, were prepared as the dl-forms 
unless otherwise stated. 

The following examples are typical of the methods used for 
preparation of the compounds tabulated. 

N-Phenethyl-p-spirocyclohexaneglutarimide.-p-Spirocyclo- 
hexaneglutaric anhydride (18.2 g., 0.1 mole) and phenethyl- 
amine (12.5 g., 0.103 mole) were mixed, and the mixture was 
heated at 190-210" for 3 hr. when evclution of water vapor ceased. 
The mix was cooled and macerated with water when the dark 
mass readily crystallized. The product was obtained as large 
colorless needles, m.p. 81-82' after two recrystallizations from 
petroleum ether (b.p. 55-95'), 21.5 g., 75y0 yield. 

1-Phenethyl-4-spirocyclohexanepiperidine Hydrochloride.- 
An ethereal solution of the above glutarimide (14.3 g., 0.05 mole) 
was added with stirring over 15 min. to a slurry of lithium alumi- 
num hydride (4.5 g., 0.13 mole) in 250 ml. of dry ether. The 
mixture was refluxed for 1 hr. and the complex then was de- 
composed by addition of moist ether and finally water. After 
filtration, the residue was washed thoroughly with ether and the 
solution was dried (Sa2S04). The solvent was removed and the 
residue was distilled to give 1-phenethyl-4-spirocyclohexane- 
piperidine as a colorless liquid, b.p. 174-176" (0.5 mm.) (11.0 
g., 86y0 yield). The hydrochloride salt was prepared by treat- 
ment of an ethereal solution of the base with dry HC1. R e  
crystallization from ethanol-ether gave colorless needles, m.p. 
300" dec. 

N-( 1-Phenyl-2-propyl )-fi-methyl-fi-n-hexylglutarimide.- 
p-Methyl-p-n-hexylglutaric anhydride (31.8 g., 0.15 mole) 
and 1-phenyl-2-propylamine (20.6 g., 0.153 mole) were mixed 
and heated together over a free flame to an internal temperature 
of 350°, maintaining this temperature for 15-20 min. when 
evolution of water vapor ceased. Distillation gave the product 
as a viscous liquid, b.p. 205-209' (5.0 mm.), 37.0 g.,  75% yield. 

1-( 3,4-Dimethoxyphenethyl)-4-spirocyclohexanepiperidine 
Methiodide.-The free base (4.0 g.), obtained by hydride re- 
duction of the corresponding glutarimide, was alIowed to react 
with methyl iodide (4  ml.) in ethereal solution a t  room tem- 
perature. After several days the precipitate was filtered, 
washed with ether, and recrystallized from alcohol-ether to give 
pale yellow flakes, m.p. 235-236", 85% yield. 

d l -14  1-Methyl-2-cyclohexylethyl)-4-spirocyclohexanepi- 
peridine.-1-( 1- Phenyl-2 -propyl) -4-spirocyclohexanepiperidine 
(5.4 g. ,  0.02 mole) was hydrogenated in acetic acid solution (100 
ml.) using Bdams' PtOz catalyst (0.2 g.) in a Parr low-pressure 
hydrogenator. Reduction began at  80" and was complete in 
2 hr. Sfter removal of catalyst, the solution was evaporated, 
the residue was made alkaline and extracted with ether. Treat- 
ment with HCl gave the hydrochloride salt which, after recrystal- 
lization from water containing a trace of HCl, was obtained 
as a colorless powder, m.p. 230-245", 4.2 g., 677, yield. 

And. Calcd. for C1&&1N: c, 72.7; H, 11.6; N, 4.5. 
Found: C, 73.1; H, 11.3; S,4.3. 

dl-(l-phenyl-2-propyI)-4-spirocyclohexanepiperidine N- 
Oxide.-The free base (5.4 g., 0.02 mole) was converted quanti- 
tatively to the crystalline N-oxide by mixing with 100 vol. of 
hydrogen peroxide (10 ml.) and 20 ml. of water. The N-oxide 
separated after a few minutes a t  room temperature. After air 
drying, the colorless product (5.7 9.) had m.p. 95-100' (with 
gas evolution above this temperature). 

Anal. Calcd. for C19H29NO: C, 79.3; H, 10.2; N, 4.9. 
Found: C,79.9; H, 10.3; ",5.0. 

The compound decomposed slowly to the piperidine base on 
storage at  room temperature for several months. 

Acknowledgment.--We are grateful to b'lr. 11. I. 
Murray for technical assistance, to Mr. R. G. Curtis 
for useful discussions, and to Dr. G. A. Bentley and 
Miss P. A. Tasker for permission to include the pre- 
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these compounds. 

(9) C. €3. Crairaiid and G. R .  I,appin, J .  Ow. Chem., 18, 1 (1953). 


