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The Synthesis and Biological Activity of Piperidylintlanes 

V. J'AHAUAMIAN AM) ,1. 1'". ( I A R J ) O C K I 

licncareh Division, MfXcil Laboratories, luc Fart Wn.ihiimton, I'atnsi/lrania 

Uecctved March „V, lutiS 

A vai'iely of \-methylpiperidyIindaiies and -indent's were prepared and evaluated for anaiget ic act ivily by t he 
phenyl<iuinone writhing and Haffner's assays. Of these, 2-( l-methyl-4-piperidyl )-:{-pliPiiyliiideno (20) was 
found to be quite active in the phenylquinone-induced writhing assay, but inactive in Haffner's assay. Com­
pound 20 is possibly an aspirin-type analgetic. 

The analgetic activity of molecules containing the 
X-alkyl- or X-aralkylpiperidine nucleus (meperidine, 
morphine, fentanyl) and similar activity reported for 
some aminoindanes1 prompted us to prepare a number 
of novel X-alkylpipericlylindanes and evaluate their 
analgetic activity. The compounds prepared are 
listed in Tables I and II. 

Chemistry. -The common intermediate for the syn-
thesis of 2-piperidylindanes and -indenes was the ketone 
4, prepared by the series of reactions outlined in Scheme 
I. The cyanoacetate 1, obtained from the correspond­
ing a,/3-unsatui'ated cyanoacetate2 by catalytic hydro-
genation, was alkylated with benzyl chloride. The 
product (2) was saponified and the resulting cyano 
acid (2a) was cyclized with poly phosphoric acid to the 
keto amide 3 in good yield. The presence of the nitrile 
group in 2 (and the amide group in 3) seems to exert a 

(1) I.. H. Wi tk in , V.. V. HI.MI1.IHT, V. ( ia ld i . E. O'Keel'e, P. Sp i t a l e t t a , mid 
\ . .1. I ' lumiiier, ./. I'l,anna<„l. Exptl. Thrrap.. 133, 400 i l S t i t ) . 

2) S, M. M r E l v a i n and [!. K. I.yl,., . / . Am. Chun. ,Soc. 72, 384 i 111.511). 

stabilizing influence on the products of this reaction, 
since similar cyclizations in the absence of the nitrile 
led to extensive decomposition. Compound 3 was 
hydrolyzed and decarboxylated to the desired ketone 4 
in 80% yield by rcfluxing in LS% HC1. 

The corresponding l-S-piperidyl-l-indanone 7 was 
prepared as shown in Scheme II. 

The acrylate 5 was obtained from 4-benzoylpyridine 
by reaction with triethyl phosphonoacetate in base. 
Quatemizatioti with methyl iodide, followed by catalyt­
ic hydrogenation, gave the ester 6 which was saponified 
and cyclized with polyphosphoric acid to the ketone 7 . 

The compounds listed in the tables were obtained 
from 4 and 7 by standard techniques. Although phenyl-
magnesium bromide tailed to react with 4, phenyl- and 
substituted phenyllithium reacted smoothly. De­
hydrations of the resulting alcohols led to indenes. 
Compounds 10 and 14 were obtained by catalytic or 
sodium bromohydride reductions. 
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SCHEME I 

NCH, 

CHC02C2H5 
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Alternative approaches to some of the compounds 
listed in the tables proved either unsuccessful or too 
tedious. For example, attempted additions of N-
methyl-4-piperidylmagnesium chloride3 to l-phenyl-2-
indanone4 and 3-phenyl-l-indanone6 failed. 

Addition of 4-pyridyllithium to the latter ketone gave 
only a poor yield of the corresponding hydroxypyridyl-
indane and subsequent reactions {e.g., dehydration, 
hydrogenation) of this material proved unsuccessful. 

Since the pharmacologically most interesting com­
pound was the indene 20, its unbranched analogs 24 and 
25 were prepared for comparison. The synthesis of 25 

.NCH3 C6H5 

CHXN (CH2)„N(CH3)2 

C6H5 

24,n = 2 
25, n = 3 

followed verv much the same path as the synthesis of 
20. 

Compound 24 was prepared from l-phenyl-2-inda-
none by reaction with diethyl cyanomethylphosphonate 
to give 8. A small amount of the a„3-unsaturated 
analog of 8 was also isolated from this reaction. The 
nitrile 8 was reduced and the resulting amine dimethyl-
ated by the Eschweiler-Clarke technique to give 24. 

Pharmacology.—Analgetic activity was measured by 

(3) E. L. Engelhardt, U. S. Patent 3,014,911 (Dec 26, 1961). 
(4) A. C. B. Smith and W. Wilson, J. Chem. Soc, 1342 (1955). 
(5) D. B. Bruce, A. J. S. Sorrie, and R. H. Thomson, ibid., 2403 (1953). 

the ability of test compounds to block phenylquinone-
induced writhing in mice. In this procedure,6 com­
pounds were administered orally to groups of ten mice, 
30 min prior to the injection of phenylquinone. The 
total number of animals not writhing starting at time 
zero (after phenylquinone) and continuing for three 
15-min intervals (total time 45 min) was recorded and 
compared to that of a control group. The dose re­
quired to prevent 50% of the animals from writhing 
(ED50) was determined. 

The most active compound in this series, 20 in Table 
II, was compared to known analgetics in both the 
writhing (Table III) and Haffner's assays.7 In the 

TABLE 

Compd 

20 
d-Propoxyphene HC1 
Aspirin 
Codein 
Morphine 

I I I 
EDBO writhing. 

mg/kg po 

25 
50 

250 
35 
8 

latter test, mice are given the test compounds orally 
and after 30 min an artery clip is applied to the root of 
the tail for 30 sec. The animals make continuous 
attempts to remove the noxious stimulus by biting the 
clip. Analgesia is determined by the insensitivity to 
the stimulus as shown by the absence of attempts at 
biting the clip. 

In the writhing assay, 20 was the most active member 
of this series. While its 7?-chloro analog 21 was also 
active, the p-methoxy derivative (22) was not. The 
indane 11 (Table I) as well as the unbranched analogs 
24 and 25 were inactive. 

In Haffner's assay 20 was inactive while the other 
analgetics tested (Table III), except aspirin, were ac­
tive. Compound 20 was free of CXS side effects at 
the doses tested and had no antihistaminic activity. 
It was, therefore, assumed that antiwrithing properties 
of 20 were due to an analgetic effect, possibly of the 
aspirin type. Thus, the X-methylpiperidylindanes 
studied did not possess the potent analgetic activity of 
other N-methylpiperidine derivatives. 

Experimental Section8 

Ethyl Cyano(l-methyl-4-piperidyl)acetate (1).—A 200-ml EtOH 
solution of 41 g (0.19 mole) of ethyl (l-methyl-4-piperidylidene)-
cyanoacetate containing 1 g of P t 0 2 was hydrogenated at room 
temperature at an initial pressure of 3.5 kg/cm2. After 20 min the 
H2 uptake stopped, the catalyst was removed by filtration, the 
filtrate was concentrated, and the residual liquid was distilled 
to give 32.7 g of a light yellow liquid, bp 123-125° (0.7 mm). 
Its hydrochloride salt had mp 163-164°. Anal. (CnH I 8N202-
HC1) N. 

Ethyl a-Benzyl-a-cyano-l-methyl-4-piperidineacetate (2).—To 
a 7.0-g (0.145 mole) NaH 1 in mineral oil) suspension in 100 
ml of 1,2-dimethoxyethane was added ethyl cyano(l-methyl-4-
piperidyl)acetate (30 g, 0.143 mole) dissolved in 100 ml of 1,2-

(6) E. Siegmund, R. Cadmus, and G. Lu, Proc. Soc. Expll. Biol. Med., 95' 
729 (1957). 

(7) F. Haffner, Deut. Med. Wochschr.. 55, 731 (1929); for an evaluation 
of this method, see C. Bianchi and J. Franceschini, Brit. J. Pharmacol., 9, 
280 (1954). 

(8) All melting points are corrected (capillary tubes in oil bath) and all 
boiling points are uncorrected. Ir spectra were obtained on a Perkin-Elmer 
Model 21 spectrometer and uv spectra on a Cary Model 14 spectrometer. 
Absorption bands or peaks of the ir and uv spectra were as expected. Where 
the analyses are indicated only by symbols of the elements, analytical results 
obtained for these elements were within ±0 .4% of the theoretical values. 
MgS04 was the drying agent used throughout. 
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d i m e t h o x y e t h a n e . After 1 he evolut ion of Il2 s topped , benzyl 
chlor ide (20 g, 0.158 mole) was added and the resul t ing mix tu re 
was refluxed for 3 hr. It was concen t r a t ed to half its volume, 
d i lu ted (II.jO), m a d e acidic w i th d i lu te 11 CI, and washed (Kt2(>). 
T h e aqueous layer was m a d e basic with K2CO,; and ex t rac ted 
wi th e ther . Dry ing and removal of the solvent left 34 g (79' ' , ' ) 
of a light o range oil. I t s hydroch lor ide salt had m p 208-209° 
after one recrvsta l l iza t ion from IOtOIl-Kt-.O. Anal. ( C , J l . ; X . O , 
XC1) C, H, X. 

«-Benzyl -a-cyano- l -methyl -4-piper idineacet ic Acid (2a). 
C o m p o u n d 2 (72 g, 0.24 mole) was hydro lyzed i>y reflttxing in 
aqueous .MeOIl in the presence of 9.0 g (0.24 mole) of N a O H for 
2.5 hr. After cooling, t h e react ion solution was acidified to p l l 
J and the s epa ra t ed solid was collected by fil tration, washed 
(Il.O'i, and dried to give 60.3 g i\W", ! of a whi te solid, m p 244° 
dec. Anal. (C, 6 I I 2 „N 2 0 2 ) C, U, X. 

2-( 1 -Methyl-4-piperidyI ) - l -oxo-2- indanecarboxamide ( 3 ) . - T<> 
warm (60°) po lyphosphor ic acid (600 g) was added to 60 g (0.22 
mole) of 2a over a per iod of 45 min. T h e resul t ing m i x t u r e was 
s t i r red at (10 100° for 4 hr. It was then poured on to ice and the 
solution was m a d e basic witli solid K O H and ex t rac ted with 
CIICI;). Dry ing and removal of the solvent left 47 g ( 7 S ' , ) of a 
tan solid, m p 163-165°. T w o recrys ta l l iza t ions from hexane 
e thvl a c e t a t e gave whi te pr isms, nip 1 65 -165 .5° . Anal. (('•«II,.!l-
X2( 'bj C, H, X. 

2 - ( l -Methyl -4 -p iper idy l ) - l - indanone ( 4 ) . - 2-( l - . \ Ie thy l -4-
])iperidyl ) - l -oxo-2- indanecarboxamide (31 g, 0.11 mole) was 
hydro lyzed ( and deca rboxy la t ed ) by l'efiuxing for 3 hr in ISO ml 
of I S ' ' , HCI . After basification wi th N a O H , the product was 
ex t rac ted wi th e ther a n d concen t r a t ed . Recrvs ta l l i za t ion of the 
residual solid (20.:! g, 7 9 ' , , m p 9 1 - 9 5 ° ) from h e x a n e - E t O A e 
gave the product as whi te p r i sms , nip 99.5 101 °. Arml. (CVJIn-
X O ) C, II, X . 

Ethyl l -Methyl-a-phenyl-4-piperidinepropionate (6) . — A solu­
tion of 11 g of 4 - | ( f J - c a r b e t h o x y - a - p h e n y l ) v i n y l j - l - m e t h y l p y r i -
d in ium iodide in 1.50 ml of E f O H was h y d r o g e n a t e d in the pres­
ence of 1 g of P t ( ) 2 ca ta lyst at room t e m p e r a t u r e at an initial 
p ressure of 3.5 kg cm5 . After fi l tration from the ca ta lys t , t he 
c rude product was conver t ed to its f u m a r a t e salt which was 
recrystal l ized from E t O H -Eb.O to give 0.2 g I 'O.V, ! of the product 
as whi te crys ta ls , m p 123-124.5° . Anal'. (C,7II->:,N03-C,H,0,) 
C, II, X. 

3 - ( l -Methyl -4 -p iper idy l ) - l - indanone (7) . A 110-g sample of fi 
was hydro lyzed by refittxing w i th 16 g of N a O H in aqueous 
M e O I I for 4.5 hr. After cooling, it was acidified wi th IIC1 and 
concen t r a t ed to d ryness . T h e residue was added to 1000 g of 
po lyphosphor ic acid and t h e resul t ing m i x t u r e was s t i r red and 
hea ted on a s t e r m b a t h for 2.5 hr . It was then poured in to ice • 
water , m a d e basic wi th K O H , and ex t r ac t ed wi th CHCf,. D r y i n g 
and removal of I he solvent left a b rown liquid which was disti l led 
to give 37 g ( 4 5 ' , i of a light yellow liquid, bp 160° (0.5 m m ) , 
A f u m a r a t e was p repared and recrysta l l ized from H t 0 H ~ E t 2 O 
to give whi te c rys ta ls , m p 179-180°! Anal. lO,.-,IIi ,X'0 • C,I1,() , i 
C, II, X. 

3-Phenyl-2- indeneacetonitr i le (8). A 21.0-g sample of X a l i 
( 5 0 r , on minera l oil) was washed with Colin to r emove the minera l 
oil and suspended in dry 1 ,2-d imethoxyethane . T o th i s suspen­
sion was added 80 g of d ie thyl c y a n o m e t h y l p h o s p h o n a t e and t h e 
mix tu re was s t i r red unti l H2 evolut ion s topped . A 1,2-dimethoxy­
e thane solution of 80 g of l -pheuy l -2 - indanone was t h e n a d d e d 
and t h e resul t ing mix tu re was refluxed for 18 hr. It was then 
c o n c e n t r a t e d to one- th i rd its vo lume and poured in to ICO and 
ex t rac ted ( E t : 0 ) . Dry ing and removal of the solvent left a 
brown oil which was crystal l ized in hexane and recrystal l ized 
from h e p t a n e -KtOAc to give 31 g ( 3 5 ' , j of whi te p r i sms , m p 
62 03° . Anal. (C, 7 I i ,„X) X. 

l -Phenyl indene-2-e thy lamine . T n a 6-g suspension of L i A l h , 
in 100 ml of e ther was added a solut ion of 30 g of 3 -phenyl -3-
indeneace ton i t r i l e in 200 ml of e ther and t h e resul t ing m i x t u r e 
was s t i r red at room t e m p e r a t u r e for 2 hr, t hen refluxed for 1 hr. 
Il2() was added to the react ion mix tu re and the inorganic solids 
were filtered. T h e filtrate was dried and c o n c e n t r a t e d and a 
h y d r o b r o m i d e salt of the residual oil was recrysta l l ized th ree 
t imes from E t O H - E t . O to give 10 g ( 3 2 r ) ) of a whi te solid, m p 
24S 250° . Anal. (C,- I I , 7X • H B r ) C, H, X . 

T h e following expe r imen t s are r e p r e s e n t a t i v e of the m e t h o d s 
used for the p r e p a r a t i o n of the c o m p o u n d s listed in T a b l e s I and 
I I . T h e phvsical cons t an t s of these p r o d u c t s are listed in the 
tables . 

Method A. 2 - ( l -Methy i -4 -p iper idy l j - l -phenyl - l - indanol (12). 

T o an e ther solution of PhLi (prepared from 21 g of Pli l i r mid 
l . S g of l.i) was added 17 g (0.07 mole) of 2-i l -methyl -4-p iper idy l i 
1-indanone. dissolved in 50 ml of e ther . T h e resul t ing solution 
was refluxed for IS hr and poured in to ice water and the separa ted 
solid was collected, dried, and purified. 

Method B. 2-i 1-Methylpiperidyl -3-phenyl indene 20 i . 
C o m p o u n d 12 (32 g, 0.1 mole) was d e h y d r a t e d by warming to 
60° with 300 ml of 2 M H 2SO, for 20 min. T h e solution was then 
poured in to a cold K O H solution and ex t r ac t ed with ether . 1 Irving 
and removal of the solvent left 29 g of a (dear yellow oil. 

Method ('. l -Phenyl -2- ( l -methyl -4 -p iper idy l l indane 11). 
C o m p o u n d 20 18 g, 0.028 mole) was h y d r o g e n a t e d at room tem­
p e r a t u r e in 100 ml of glacial AcOlI in the presence of i'tO., 
cata lyst 10.7 gi at an initial p ressure of 3.5 kg cm'-. After ID 
u p t a k e s topped '3 hr) , the cata lyst was filtered, and the fil trate 
was concen t r a t ed , d i lu ted tll-jOi, m a d e basic with K2CO„, and 
ex t rac ted with e ther . Dry ing and removal of the solvent gave 
an oil which par t i a l ly crystal l ized and was purified by rocrvstal 
l izat ion. 

M e t h o d ! ) . 2- ( l -Methyl-4-piperidyl )-l-indanol 110 i. T o a 
0.7-g suspension of X a B H , in 40 ml of / -P rOH was added 11 
(3.7 g. 0.016 mole ) dissolved in the same alcohol and the resul t ing 
solution was s t i r red at room t e m p e r a t u r e for 16 hr. then hea ted 
at 60° for 2 hr. poured into d i lu te HCI. washed with e ther , m a d e 
basic with K2CO.!, and ex t rac ted with CIICI:,. Drying and 
removal of the solvent left the product as a solid which was 
purified by recrvs ta l l iza t ion. 

2- (3-Phenyl -2- indenyl ) -N,X-dimethyle thylamine (24). A 9 .1-
g sample of l -phenyl indene-2-e t l iy lamine was t r e a t e d with 32 
ml of HCO-.H and 6.5 ml of 37 ' , aqueous H C H O by refluxing for 
6 hr. Al ter cooling, the solution was m a d e s t rongly acidic with 
2 A' HCI. e v a p o r a t e d to d ryness , d i lu ted with water , m a d e 
basic with K O H , and ex t rac ted with e ther . T h e h y d r o b r o m i d e 
salt of the c rude product was p r epa red and recrystal l ized twice 
from H t O I I - E U ) to give 7.5 g ((>()'', I of whi te crystals , m p 209 
210° . Arml. (C i : dI 2 ,X • I IBr) C, 11, X. 

2-Benzyl-2-cyano-o-dimethylaminovaleric Acid. A 40-g (0.2 
mole) sample of e thyl , , - c y a n o d i h y d r o c i n n a n i a t e was a lky la t ed 
with 37.4 g (0.3 mole) of d i m e t h y l a m i n o p r o p v l chloride in 1,2-
d i m e t h o x y e t h a n e in the presence of 9.6 g of 50 ' ' , N a i l ton 
minera l oil) according to the p rocedure for the p repa ra t ion of 2. 
T h e c rude product , e thyl 2 -benzy l -2 -cvano-5 -d ime thy lamino-
va le ra te . a m o u n t e d to 17.2 g (82 ' , i. A 15-g (0.05 mole) por t ion 
of th is ester was hydro lyzed with 2.3 g (0.05 mole ! of XaOI I as 
descr ibed for the hydrolys is of 2. T h e produc t was recrystal l ized 
from wate r to give 6.6 g ' ,50' ' , ) of whi te crys ta ls , nip 204 205° . 
Arml. (C,„H2 UX2()2 : C. II, X. 

2-Carbamyl-2-dimethylaminopropyl- l - indanone. A 50-g sam­
ple of 2 -ben /y l -2 -cyano-5-d imethy laminova lo r i e acid was cyclized 
with po lyphosphor ic acid (700 g) as descr ibed for the p repa ra t ion 
of 3. T h e product was recrystal l ized from KtOAc hexane to 
give 32 g ( 6 4 ' , .• of whi te crystals , nip I IS 119°. Anal. ;(',.,-

naix,o2> c. ii, x. 
2-Dimethylaminopropyl- l - indanone. A 75.5-g 0 ) 3 mole) 

sample of 2-carbam> l -2 -d i ine thy laminoprop \ -1-1-indanone wa.s 
hydro lyzed and deca rboxy la t ed in 1 8 ' , HCI as descr ibed in the 
p repa ra t ion of 4. T h e oily c rude produc t (58 g, 90 ' , pure by 
vpc , was conver ted to its hydroch lor ide salt and recrystal l ized 
from KtOII K t 2 0 to give 47 g (65 ' ' , ) of 2 -d imcthy lan i ino-
p rop \ 1-l-indanone hydroch lor ide , m p 167 168° 'lit.'1 mp 117 
l i s 0 ' ) . Anal. ( C H . ' / N O - H C l i 0 , II, X. 

3-(4-Pyridyl ) -1-indanone. 1 ) imethyl iphenyl -4-pyr idy l imetli-
y l m a l o n a t e (87 g. 0.28 mole) was hydro lyzed by refluxing with 
23 g (0.56 mole , of X a O H in aqueous M e O I l for 1.5 hr. After 
cooling, the solut ion was acidified to p l l 5 ti and the prec ip i ta ted 
solid [p resumab ly iphenyl - - l -pyr idy l )methyl ina lon ic acid! was 
filtered and dr ied. It a m o u n t e d to 73 g ( 9 2 ' , ), m p > 2 5 0 " . 
A 70-g sample of th is diacid was then t rea ted wi th 800 g of 
po lyphosphor ic acid at 90° for 5 hr. T h e react ion mix tu re was 
poured o n t o ice and m a d e basic wi th K O H . T h e s epa ra t ed solid 
was filtered and a m o u n t e d to 3!) g ( 7 2 ' , ' ) of a light tan solid, 
m p 106-109° . T w o recrys ta l l iza t ions from hexane KtOAc 
gave whi te needles, m p 111 112°. Anal. ( C , , H , i X O ) C . II, N 
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