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Catalytic hydrogenation of indolylethylpyridine tmes  in acidic solutions afforded the corresponding indolylethylpiperi- 
dines. These reacted with aryl substituted alkylating agents to give indolylethyl-1-aralkylpiperidine derivatives. The sainc 
products could be obtained by initial quafernization of t,he pyridine followed by hydrogenation under neutral coridit ions. 
Several of the derived compounds proved to be as effective as morphine in producing analgesia in animals. 

A recent report" from these laborat,ories indi- 
cated that catalytic hydrogenation of indolc- 
substituted pyridines under acid conditions leads 
first', when the tJwo ring systems are not conjugated, 
to saturation of the pyridine ring. The present paper 
documents some of the evideiice for this and, in 
particular, is concerned wit,h the hydrogenation of 
indolylethylpyridine bases? to the correspondiiig 
piperidines. Certain of the dcri\-ed produvts, viz. 4- 
(indolylethy1)-1-aralkylpiperidines, h:i\re h e n  
found to possess analgesic activity equivalent to 
morphine when tested in mice and rabbitp.a,4 
These compounds display a profile of central iier- 
vous system depressant properties which dis- 
tinctly differs from that of morphine. 

Platinum-ca talyzed hydrogeiiatioii of 4- (3-indol- 
ylethyl)pyridine, 4 - (1 -methyl - 3 - indolylethy1)- 
pyridine and B(indoly1ethyl)pyridine in either 
glacial acetic acid or aqueous alcohol containing 
hydrochloric acid provided the piperidine derira. 
tives, I, XIV, and XVII, respectively, in yields of 
SO-SO%. Uptake of hydrogen was more rapid in  
the stronger, mineral acid medium. That the indole 
nucleus was not reduced under thaw conditions is 
clearly evidenced by the ultraviolet absorption 
data given in Table III.5 Further, alkylation of I 
with phenethyl bromide afforded an 80% yield of 
4 - (3 - indolylethylj - 1 - phenethylpiperidine (IV), 
identical with the product obtained by catalytic 
hydrogenation in a neutral medium of the quater- 
nary salt 4-(3-indolylethyl)-l-phenethylpyridinium 
bromide (XXI).  Sodium borohydride reduction of 
X X I  yielded the piperideine derivative V, with the 
double bond presumed to be in the 3,4-p0sition.~ 

(1) A. P. Gray, J .  Org. Chem., 23, 1433 (1958). 
( 2 )  A.  P. Gray and W. L. .4rcher, J .  Anz. Chem. SOC., 79, 

(3) T .  B. O'Dell et nl., to be published. 
(4) One of these compounds, 4-( 3-indolylethyl)-l-phen- 

ethylpiperidine, is undergoing further evaluation. 
( 5 )  The indole chromophore generally shows absorption 

maxima a t  cn. 225 nip and 280 mp. It is of incidental interest 
that  an ind-Iy-alkyl substituent produces a consistent batho- 
chromic shift of 5-8 mp in the spectrum; coinpare the ab- 
sorption of I1 with that  of its ind-ly-methyl derivative. 

(6 )  See M. Ferles, Chem. l i s t y ,  5 1 ,  474 (1957) [Chem. 
Abstr., 51, 10515 (1957)l. Physical (pK., spectral-Table 
111) data obtained on V and related compounds in thwr 
1nlmratoric.s :~ lso  :rc(~ortl with th i s  structiirR1 a~~ ig r imen t .  

3554 (195'7). 
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The compounds listed ill Tnhles I and I1 ume for 
the most part prepared uia one or the other of these 
rout,es--i.e., alkylation of t8he appropriat,e piperi- 
dine or reduction of the corresponding pyridiiie 
quaternary salt (described in Table IT.'). The for- 
mer process was more generally applicable; the 
latter was somewhat more satisfactory, since (as 
expected) platinum-catalyzed, low pressure hydro- 
genat'ion of the quaternary salts in alcohol pro- 
ceeded rapidly and cleanly to give 85-90y0 yields of 
the piperidine deriratives. 

Generally speaking, these reactions were un- 
exceptional. It might be mentioned that the cin- 
namyl derivative IX appeared to be somewhat 
labile to acid and was obtained only as the free 
base. The ultraviolet, spectrum of IX (see Table 
111), compared with those of I11 and IV, demon- 
strates that the double bond is conjugated with the 
benzene ring7 and rules out the remote possibi1it.y 

( 7 )  The spectrum of I S  is essentially equivalent to a 
compositca of the spectra of an indole and styrene. 
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that the reaction with cinnamyl chloride involved 
allylic rearrangement. 1-(3-Indolylethyl)-4-phen- 
ethylpiperidine (XX),8 isomeric with IV, was con- 
veniently synthesized by the acylation of 4- 
phenethylpiperidine with 3-indoleglyoxylyl chloride 
followed by lithium aluminum hydride reduction of 
the product. 

Biological p r ~ p e r t a e s . ~  Since the first announce- 
ments that replacement of an N-methyl substituent 
in a strong, morphine-like analgesic by an aralkyl 
group can increase p ~ t e n c y , ~  a number of groups of 
11-orkrrs have reported on the synthesis of more 
active agents by the attachment of a variety of 
moieties to the basic nitrogen of a known analgesic 
structure. lo Structural requirements for activity, 
particularly in relation to the potent, new aralkyl 
derivatives, have been comprehensively reviewed. l 1  
The indolylethylpiperidine derivatives presently 
under discussion are exceptional in that they do not 
possess certain of the structural features presumcd 
to be prerequisite’l to analgesic potency of the 
order of morphine, nor do they seem (in animal 
tests) to resemble morphine in their extra-analgesic 
biological properties. From a structural point of 
view it is most notable that the active compounds 
described in Tables I and I1 do not have a “central” 
atom, two carbons removed from the basic nitro- 
gen, t o  nhich is attached an aromatic ring but no 
hydrogen. l 2  As to pharmacological properties, tests 
in animals3 have riot revealed the side efferts (e.g., 
mydriasis, cord stimulation) usually associated 

(8) R. C. Elderfield, B. Fischer, and J. hI. Lagowski, J .  
Org. Chem., 22, 1376 (1957), have synthesized this com- 
pound by another method. 

(9)  T. D. Perrine and S. 13. Eddy, J .  Org. CIicm., 21 ,  
125 (1956); J. Weijlard, P. D. Orahovats, A. P. Sullivan, Jr., 
G. Purdue, F. K. Heath, and K. Pfister, Srd, J .  Am. Chem. 
Soc., 78, 2342 (1956); B. Elpern, L. X. Gardner, and L. 
Grumbach, J .  Am. Chent. SOC., 79, 1951 (1957). 

(10) Inter al., B. Elpern, P. Carabateas, A. E. Soria, L. N. 
Gardner, and 1,. Crumbach, J .  ,4712. Chem. SOC., 81, 3784 
(1959); E. L. May and N. R. Eddy, J .  Org. Chem.. 24, 1435 
(1959) and references cited therein; I. S. Xamrov, K. S. 
Prostakov, I. G. Zavel’skaga, and N. N. Mikheeva, Izvest. 
Vysshykh CTchcheb. Zavedenii, hhim. i. Khim.  Y‘ekhnol., ?io. 3, 
69 (1958) [Chem. Abstr., 53, 4285 (1959)l and earlier rcf- 
erences; P. %‘I. Frearson, D. G. Hardy, and E. S. Stern, J .  
Chem. Soc., 2103 (1960) and references cited therein; A. H. 
Beckett, A. F. Casey, and G. Kirk, J .  Med. Pharm. Chem., 
1, 37 (1959); P. A. J. Janssen et al., J .  d i e d .  Phunrr. Chem., 
2 ,  271 (1960) and earlier references: R. G. Bog.gi:ino, T’. 
Petrow, 0. Stephenson, and A. hf. \\7ild, J .  Chem. Soc.,  
1143 (1959). 

(11) (a) N. B. Eddy, H. Besmdorf, and R. I’c,llmont, 
B d .  i\’arcotics, U.N., Dept. Social A fu i r s ,  10, XO. 4, 23 
(1958); ( b )  S : B .  Eddy, Chem. CE Ind.,  1462 (1959); ( c )  1’. 
A. J. Jnnssen and N. B. Eddy, J .  .l/ed. Phurni. C‘heI)i., 2 ,  31 
(1960). 

(12)  The only strong analgesic typcl cit,cd b ~ .  Eddy”” as 
an exception to this rule, the benzimidazoles descrilwd I)y A. 
Hunger, J. Kebrle, A. Rossi and I<. Hoffmunn, E.rperienticc, 
13, 400 (1957) [see also F. Gross and H. Turrian, Esperieri-  
lia, 13, 401 (1957)], can be seen not to be rxception:tl: i . e . ,  i n  
the exampled formula, if Yb is considered as the hasic iiitro- 
pc’n (as it shoiild br), thrn Xn rt,prcwnts thtx “ceutral” ntr)rrl 
nieeting the requirenicntj. 



I '  HC1 222 4 . 2 4  
280 3 .76  

SVII . I IC1 222 4.30 
280 3 .78  

11. HC1 222 4 .15  
280 3 .71  

I n d - , ~ - ~ ~ ~ ~ t h y l - I I ,  IIClb 227 4.20 
2% 3 .74  

I11 HCI 223 4 .48  
282 3 . 7 5  

IV.  €IC1 --LJ y p  4 .48  
282 3.76 

I S  223 4.52 
252 4.26 
28OC '3 .82 

\ * ,  1 IC1 223 4.31 
282 3 78 

___ 
Spcxctr:L tli.terniincd using a Beckman Model DU 

4-( l-Mcthyl-3- spcctroplrotr~~nc~tc.r: solvcnt: 95% et+anol. 
indol~lcth~~l)-l-~~ic~tliylpipc~ridine.~ Shoulder. 

( ' E ?C H ?-K ((1 M 

with morphine-like analgesia and it may be that 
thesc rather than analgesic potency per se are what 
are associ:it,cd xi th  morphine-like structural fea- 
tures. Tho N-nralliylpiperidines listed in Tables I 
and I1 (and other, i~llated derivatives) quite gener- 
ally display niarkctl depressant effects on the 
central ner\-oiis s y s ~  (m (mice and dogs) , whereas, 
as can be sc'eii i l . l l I I I  the tahles, only a limited group 
of the conipoiinds h:tve analgesic activit'y. This 
structur:il spwiiicity supports t,he view that the 
observed aiialgwic cffects actually are associated 
with hlocl<iirg id the pcrcicption of pain and are not 
mcrely ei.itlciire of general central depre~sion. '~  

Inspcctioii of Ta1,les I and I1 reyeals t'hat, in this 
series n i i n l g ~ ~ i r  efficacy rcrpiirvs thc 4-(indolyl- 
c~thyl)-~~r-ni.:ill~~l~)ipc~ridiiio strurture (IV z's. 11; 
IV us.  SX; 1-11 rs .  SVIII). Optimum activity 
attends t 1ir1;;c c~)iupouritls in  rvhich an N-unsubsti- 
luted indoI(: i i i i r l w i s  is attached through its 3- 
position [ I \ -  :iirtl l*II cs. XV (more toxic) and XVI; 
IV us. XIX], niid in which a two carbon chain links 
the benzeiie ring with the piperidine nitrogen (IV 
1:s. 111 aiid T-11, It, is interesting to note, however, 
that the benzyl derivative I11 is a highly effective 
compound, alniost as active as the phenethyl com- 
pouiid I V  a d  appreciably more so than the 
phenylpropyl nnnlog VI. This sharply contrasts 
with the pethidine series in which the highest 
potency is associated with a three carbon separa- 
tion.llC 

(13) On the other hand, P. A. J. Janssm et al., J .  Med. 
Pharm. Chem , 1, 281 (1050); also Jansen et  al.l0 appear to 
regard the lack of morphine-like extra-;analgesic properties to 
be evidence of the, 1:ick of analgesic action. 

Il"n an over-all standpoint, the optimum com- 
pounds of this series are IV, and its piperideine V and 
phenacyl VI11 analogs, all of which are comparable 
to morphine in analgesic activity in mice 2nd 
rabbits. The structural specificity found in this series 
invites efforts t o  clarify the observed empirical re- 
lationships. I t  will be of particular interest to  as- 
certain whether or not analgesic activity resides in 
only one of the enantiomorphic forms. 

 EXPERIMENTAL'^ 

Intermediates. Synthesis of the requisite indolylethylpyri- 
dines was reported earlier.2 p-Nitrophenethyl bromide was 
prepared as descrihed in the literature.16 4-Phenethylpiperi- 
dine, ~J .P.  120-127" (3 mm.), ny 1.5301, hydrochloride salt 
m.p. 182-184°,16 was prepared by the hydrogenation of 4- 
phenethylpyridine ' 7  in aqueous acetic acid with Adams 
platinum oxide, conditions previously defined for the reduc- 
tinn of 4-benx?-lpyridine.18 

Hydrogenation. of indolylethylpyridine bases. 4-(S-Indolyl- 
eth1jl)piperitline ( I ) .  A. I n  glacial acetic acid. A solution of 
53.0 g. (0.24 mole) of 4-(3-indolylethyl)pyridine in 200 ml. of 
glacial acetic acid was hydrogenated over 1.2 g. of platinuni 
oxide (Adains catalyst) a t  room temperature and 50 p.s.i. in 
an Adnnis-Parr apparatus. Hydrogen absorpt'ion was slow, 
the cn!culated amount being absorbed in 45 hr. The filtered 
solution was concentrated in vacuo to a thick, red oil which 
was taken up in dilute aqueous acid. The aqueous solution 
was washed with ether and made alkaline to precipitate an 
oil which solidified. The solid was recrystallized (with chsr- 
coal) From isopropyl alcohol to yield 37.7 g. (60%) of I as 
off-n-hite crystals, m.p. 162-163". 

€3. I n  acidi'cd aqueous ethanol. Khen  IL solution of 44.5 g. 
(0.2 mole) of 4-(3-indolylethyl)pyridine in a mixture of 100 
nil .  of water, 80 nil. of ethanol and 20 nil. of concd. hydro- 
chloric acid n-as shaken in an Adams-Parr apparatus Kit11 
1.0 g. of platinum oxide at room temperature and 50 p.s.i., 
hytlrogen nhsorption was complete in less than 20 hr. Work- 
up rafforded 36 g. (78y0 yield) of I, m.p. 161-162'; mixture 
melting point with the product obtained in A showed no tlc- 
pression. 

illk~]lUtiOiZ of indoZ!/Zethylpiperidines. The following 
euaniples will illustrate the procedures used for the prepara- 
tion of many of the compounds described in Tables I and 11. 

A.  4-(3-lndoZ!/lethyl)-I-phenethl/lpiperidi~e (IV) . A stirred 
mixture of 125 g. (0.55 mole) of I, I50 g. (1.2 moles) of sodiuni 
ciirlionate (monohydrate) ant1 750 ml. of isopropyl alcohol 
\vas hmted tn reflux and a solution of 102 g. (0.55 mole) of 
l)henethyl hromide in 125 ml. of isopropyl alcohol was added, 
dropwise. Stirring and heating Jvas continued for 16 hr. Thc 
hot reaction mixture was filtered, the filtrate was conccn- 
t,rated i i z  uac?~o to n smaller volume and cooled in an ice 
Imth. Recrystallization of the resultant precipitate froin 
ethanol provided 148 g. (81y0 yield) of IV, m.p. 129--130". 

(14) Microanalyses were performed by the Clark Micro- 
analytical Laboratories, Urbana, Ill., and by the Micro-Tech 
Laboratories, Slroliie, Ill. 1Ielting points are corrected for 
stein exposure. 

(15) E. 1,. Foreman aiid S. 11. McElvain, J. Ana. Chena. 
Soc., 62, 1435 (1940). 

(16) C. F. Bailey and S. Rf.  McElvain, J .  Am. Chem. 
SOC., 5 2 ,  1633 (1930), report b.p. 126-130" (3  mm.), n:: 
1.5293, hydrochloride salt m.p. 171-173", for this com- 
pound obtained by the nickel catalyzed hydrogenation of 4- 
stilbazole. 

117) F. W. Brrgstrom, T .  R. Norton, and R. A. Seibert, 
J .  Org. Chem., 10, 45'2 (1915). 

(18) A. P. Gray, \V. L. Archer, E. E. Spinner, and C. J. 
Cavallito, J .  Ana. C h m .  SOC., 79, 3805 (1957). 
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The hydrochloride salt, recr\.st:dlizecl from isopro1)~~I :tlco- 
hol, melted at 225-22ti". 

B. .4-(Y-Znrlol~lr~hyl)-l-(p-ni(~o~heiiefh~~l)piperidirr~~ f 111). 
1 his alkylation  nay prorertl via p-nitrostyrc.rie.'j,19 To :t 
iuixture of 22.8 g. (0.1 iliole) of I : t i id 3 2  g. (0.3 mole) of :t i l-  

hydrous sodiiini c a r h i a t e  in I50 n i l .  of isopropyl :ric*ohol. 
stirred aiicl he:rtetl to reflux on a ste:iin-lntil, \ \as : t ( l ( l c d >  
dropwise, a soliitioii of Z . 0  g. (0.1 mole) ~~-1iitrop1ir~ric~1 hy1 
tlromide in 100 1111. of isopropyl :tlcohol. .iftcr 21 hr. :it re- 
flux the reaction mixtiire was diluted with water : L l i d  thc. 
precipitate \viis rccryatalliaetl from c.l~lorofor~i~-petrolc.ii~ii 
ether (t).p. GO-'70") to give 23.4 g. (ti-&:; yid(1) ( J f  X I ,  111.1). 

C. Q-(3-lndolyletlilil)-l-pheriucr/lpipr,.iiii'rie (1'111). 'Po a 
stirred mixture of 22.8 g. (0.1 inole) of -I-(:3-iridolS.lothyl)- 
piperidiii(?, 33.0 g. (0.2 mole) of h!dr:itctl 1iot:iPsiiiiii carbo- 
nate and I50 1111. of t)oiling toluene wa.p :itltlctl, dropwise, :L 
soliition of 15.5 g. (0.1 n io l (~ )  of ] i I i ~ i i a ( ~ ~ ~ l  c:hloritlc i i i  50 inl. 
of t~olurne. Afte;. being stirred :tiid 11c~: i tc~I  for 8 hr , ,  thc react- 
tioii niixture w3s diluted ivith 300 1111. of hot I ~ c ~ i z c ~ l c ,  filterotl 
and the filtrate \vas :iIloi\ c d  t o  c ~ ) i ) l .  'I'he c r ~ ~ s t d l i i i e  prwipi- 
ta te  that  formed was recrystallized from benzene to  yieltl 
23.0 g. (70%) of WII, white flakes, m.p. 1'73-174". 

D. ~ - ( S - Z n d o l ! / l p t h y l ) - ~ - ( P - h y d r o x y p h e n e t i r i ~  
(VII). A mixture of 11.4 g. (0.05 mole) of I and 6.0 g. (0.05 
mole) of styrene oxide was heated in an oil bath a t  a bath 
temperature of 150" for 7 hr. The cooled melt was crystal- 
lized from ethanol i o  yield 10.0 g. (58%) of VII, m.p. 1:33- 
135'. 

4-(lndolylethyl)pyridiniurn. salls. 4-( S-liidol!ilethlil)-l-phen- 
ethylpyridinium bromide (XXI). ,4n example will illustrate 
the procedure used for obtaining the salts listed i i i  Table IV. 
-4 solution of 235 g. (1.05 moles) of 4-(3-indolylethyl)pyri- 
dine and 226 g. ( I  .2 moles) of phenethyl hroinide in a liter of 
acetonitrile was heated at rcfliis on a steam Imth for  8 hr. 
The oily precipitate, \\-hic.h cr?,st:illized 011 cooling, \vas re- 
crystallized from isopropJ.1 nlcoliol t o  yield 345 g. (817;,) of 

Hydrogenation of 4 - ( i i i d o ! ~ ~ l e f h ~ i ) p ~ / r i d i n i i ~ ? ~ z  salts. 4-( S- 
Indolylethyl)-l-pheneth?ilpiperitEine (IV). h solution of 102 g. 
(0.25 inole) of X X I  in 1 1. of 7 j f / ;  aqueous methanol was 
stirred with 2.5 g. of Adanis platiniim oxide catalyst' a t  65" 
: r i d  a hydrogen pressure of 400 p.s.i. i n  :i 2-1. Magne Dash 
autoc1:tve. Absorption of hydrogen was complete in 2-4 hr. 
The hot mixture was filtered and the catalyst thoroughly 
\\.asheti with hot methanol. Thc combined filtrates were 
diluted with water, made alkalinr with :queous ammonia, 
:md the precipitate was recrystallized frotii ethanol to  yield 
i : 3 ,  g ,  (887,;) of IV, m.p. 130-132". The melting point of a 
iiiixture with the product oht:iiiied 11.1. the reaction of I with 
phenethyl bromide was not depressed. The hydrochloride 
salt melted a t  225-226' after recrystallization. 

4-(3-Indolylethyl)-l-pheneth,yl-A3-piperideiiie (V).  T o  a 
stirred solution of 20.0 g. (0.05 mole) of X X I  in 200 ml. of 

r 1  

173-175'. 

S Y I ,  111.p. 157--157.5". 

i t  : I  r:itcB s i i l i i c ~ i i ~ i i t  111 i i ~ : i i ~ i -  

5 . 2  g .  (0 .4  ~liole) of sotlirliii 
lioruliydridc i i i  100 1111. of i i i~~t l ia~io l .  Aftctr t lie :idtiitioii \\-:is 

c~o~np l r t i~  the solutioil \ \:(a I i r x t c d  i i i ider  rctfiil\ 0 1 1  :I s t c ~ : i i i i  

Imth for 2 11r.. co~ici~~~tr. : t tc~l t u  :tl)oi:t o i i ~ - l i : ~ I 1  i t a  ~~I I I I I I I~  : i11(1  
cooletl to pi,ovide :I cr\.st:illirica jlr(~(il)it:itc~, 'l'liis \\:is t lior- 
oughly w:ish(vl with watrr, ilrictl : i i r i i  rcv:rJ : i t : i l l izc~t l  f r o i n  I K ~ I I -  
zriit~-petroler~in c~thc~r I .  (i0-70') to  Kivr, i? . ( i  g. ( i ' ( i ' {  
> . i c , l i l )  of \.. v o l o r l c v  ( 
poilit UII : ~ ~ I i i i i \ t i i w  \ \ i t  

An esot~lic:rinic rcxc:tioii ; i i i c l  vigoroLir c.voiiitiori of gtis took 
place whf2Ji  n rai)idl>. stirred sol~itiori of  10.0 #. 10.0'?0 I I I O ~ ( > )  

of XI1  aiitl 5.0 y .  of %'/1 l i~.dr:iziri t~ 1ijdr:itc (0.085 mole)  i t i  

200 1111. of eth:rliol \vas treatcxi wit11 :ii)l)rosi~i~rttel\. 2 g .  of 
Raiiey nickel rxtalyst (IV-2) i i i i i l  \v;irincd grarit 1y uti :I stc::iiii 

bath. Thc: st(':iiii Ii:ith \v:w reini)vrcl and tlic r:itca of g:n 
evolutioii co~it,rollrtl I.)? ice-oooliiig of t III: rcsncat ion  fl: irlc.  .It 
the end of 5 xuin. the iiiitixl re:tctioll h:td siil)iitlc~l : ~ n t l  the 
reaction mixture was i irutc~tl  iiiidvr ~~ofliis \vitIi stirritig for  5 
hr. Coriceiitration of the filtered solutioli iiiiclc~r w t l i r c : c d  prvs- 
sure left a residue ivhicli \vas extracted \rith hot IJ(~IIZ(~IIV. 
The benzene solutioii W:LS diluted 
ni th  ethernl hydrogen chloride. Rec 
cipitate from iiietti:tncil~c:thyl acetate nl'fordccl 5.8 K. (55'71 
yield) of SI11 :LS the t l ih~~tlrcic~hlori~~r wit ,  mi:ltiiig Lvith dc- 
conipositioii at 293". 

I-(.~-l,ctlol!/leth?/1)- $-phc i l ~ , ~ ~ i ~ l p , ~ ~ ~ r i f ~ ~ ~ l e  ( X S ) .  'Yo a mix- 
ture of 17.0 g. (0.09 mole) of 4-phenethylpiperidi11e arid 27.0 
g. (0.2 mole) of anhydrous potassium carbonate i n  250 nil. of 
dried ethylene glycol dimethyl ether was addrd, dropwisc 
with stirring, a solution of 20.7 g. (0.1 mole) of 3-iiidolegly- 
oxylyl chloride20 in ailother 250 ml. of the diether. The  rrac- 
tion iiiixt,ure was stirred a t  room t~eiiipernturc for 2' hr. :md 
t h y r i  heated on :i strain bath for 1 hr. The reactioii ~nisti irc~ 
\\-:+s filtered, the filtrate wis evaporated to dryness a11d tlic: 
residue was crystallized froiri ch lo ro fo r i i i -~~r t ro l e~~~i~  cmt1ir.r 
:tiid recryst,allized from isopropyl alcohol to  yield l(i.5 R. 
(51%) of I - (Y-indoiegl~osylyl)- i -phenPthylpiperid~ne,  111.1). 

The whole of this product (0.05 mole) dissolved i i i  300 1\11. 

of ethylene glycol dimethyl ether (dried ovw sodium hJ.- 
dride) was addrcl, dropwise with stirriiig, to a slurry of 5 . f ;  g .  
(0.15 mole) of lithium ahiminuni hydride in 200 ml. of thc 
glycol ether. After the adtlitioii was coiiiplrte, the react io11 
mixture was heated a t  reflux for 0 lir. Ethyl acetatc \ \ a -  
added to the cold reaction mixture followed l l ~ ,  \vatt:r :tiid 
dilute hytlrochloric acid. Tho resulti~nt :tcid i i i ix t i im w:ts 
treated with !$0 g .  (O.:i i l i o l r )  of potassiu~n sotliuiii tart rat(., 
made ~troiiply alkalillc : L I I ~  cxst racted with et,liclr. \\.hen t II( '  
r ther extract  vas sli:ikrii \\ . i t11 27; hytlrochloric ;tci(l, :L 
mater-insolublc hydrochluridc salt precipit:ttcd. 1tccryst:illi- 

J-( $ - ~ \ ! , / O / ~ / / d / l  l / /  )-f -( / J - l /  

179-183 O .  
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zatlon from methanol afforded 10 5 g. (69% yield) of the hy- 
tlrochloride salt of XX as small, colorless crystals, m.p. 233- 
235".  

l~econiposit~on of the salt provided XX, colorless needles 
frorn I,canzcxnr-prtroleum ether, m.p. 119-1200 (lit.8 gives 
in p 110') 

I cl, nou~irdymc.nt. The author& are grateful to  hIr. 
1) 1.' Cortright aiid Niss RIary Unroe for the ionic 

halogen and basic nitrogen determinations aiid for 
measurements of ,lltravjolet spectra, and to btr. R, 
H. 'hiley Of these laboratories for preparing "Ie Of 
the compounds. Special thanks are also due Dr. T. 
B. O'Dell and hi< aisoc-iates for furiiishiiig the 
biological data. 
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~ 1 0 1 t o ~ i i l ~ ~ ~ ~ i t i i t ~ i o i i  011 t tw  iiic.th>,lriie group of ethyl 2-pyridylacetate ( I )  was effected by allowing its sodiiiiii derivat,ive to 
wiict  with : i l k ~ . l ,  : i l l ~ ~ l ~  :rnd arJ.1 halides. Substitiit,ion was shown to be on the methylene groiip by hydrolyzing and decarbos- 
>.l;iting th(, l)iit,\,l dcrivlttivc of ( I )  to give a-mnylpj-ridine. Benzoyl chloride reacted with I to give a-dibrnzo!-!-a-(2-pyridyl)- 
:Ic.rt:ttc~. Th(, :iidrh!.de functions of benzaldehyde and of hrxaldehyde were condensed with the methylene group in the pres- 
i ~ i i w  of :t basic catalyst. Acrolein underwent a Michael addition with I in the presence of sodium ethoxide. Nitrosation yielded 
t hr osiinr. 

B iiiimhcr of reactions of I have been reported 
hy previous investigators: the Michael condensa- 
t i o i l '  with acrylonitrile to form y-carbethoxy-y- 
j~-pyritlyl)I,iityroiiitrile (11), the rcactioiis2 with 
othyl c.hloro:wc~tatc and potassium ethoxide to form 
othyl '-p!.ridyiiisiiccinnte (111), with ethyl forinate 
: L i id pota sii I im to f orin et'h yl hydroxyinethyleiie ( 2 -  
I)yrid?.l)ac.(,tnt(, (IT.'), aiid with y-phenoxypropyl 
1)roinidc a i i d  potassium in diethyl et,her to for 
o t  hy1 ph(,iiosy-cu-(a-pyridyI)vnlcrate (V), the coii- 

0 0 

dcnsation3 with p-phenoxyethyl bromide to form 
ethyl a-(2-pyridyl)-y-phenoxy-n-butyrate (VI), and 
the preparation of ethyl cu-bromo-2-pyridylacetate4 
(1711) by the addition of I to a solutioii of bromine 
in carboiidisiilfidc. 

In  our laboratory the sodium derivative of I, 
prcpared in benztme, reacted with bulyl bromide 
giving a ,507, yield of et,hyl cu-(2-pyridyl)caproatc 
(T'III). By usiiig hexyl bromide, a similar yield of 
(thy1 cu-(-3-pyridyl)caprylate (IX) was obtained. 
Lesser yields werc obtaiiied when such basic rea- 
gents as sodium hydride, sodium amide, sodium 
ethoxide, phenyllithium, or butyllithium were 
employed. The butyl derivative of I was converted 
I o arriylpyridine by hydrolysis and decarboxylatioii 
awording to t>hc method described by Docring 
hiid Pa~ t~e r i i ak .~  Thfi sodium derivative of I ,  
prc'pxred by usiiig sodium et hoxide, react>ed with 
h i r z y l  (ahloride t o  give ethyl cu-(2-pyridyl)-d 
phcii~lpropionatc (S) iu yield. X was hydro- 
lizocl aiid drcarbo tcd to 2-phciiylct~liylp~~ritli I I  r 
(dih\-dro-a-stilb>i 

.\s a repi.rseirt:ttiT-c aliphatic ~ ~ ~ ~ s i ~ f i i r : i t t ~ d  WIII-  

poiiiid. allyl 1)roinidc \vas :iddcd t o  t he .sodi~uii 
salt of I niid gave :I 279; yicld of c>t,hFl n-(2-pJ-ridyl)- 
I~-pciitc~iioatc~ (XI) .  Sodiiini i t1  heiin'iic wheii iisctl 
;is i i  hasic wf:ilys!~ pinvidvcl ;I h i t t e r  yield thail 
sodiiim c,thoxidc, i i i  cthniiol. 

F3enzoyl vhloridc iv i ts f o i i i i t l  t o  i w c . t  spon- 
(:tiicwiissly \\-iih t t o  gi1.c whnt p r o \ d  to  Iw ethyl 
tu-dibriizoyI-cy-(L'-~y~id\-I)ii('et;i tc. (XIT) i i i  .18C;;, 

.. . . 

tl\v:irtls, 11. [!lt:ii)iit, 1;. H .  C 'h rkv ,  : i t ~ r l  '1' 

( . 5 )  \I7. van 17. Ilocriiig :tiid V. Z. l':tst(;riiak, .I. . I  t i l  

Sitigli, ( 'utt .  .J. ( 'he i t / . .  32, 785 (19%). 
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