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Catalytic hydrogenation of indolylethylpyridine bases in acidic solutions afforded the corresponding indolylethylpiperi-
dines. These reacted with aryl substituted alkylating agents to give indolylethyl-1-aralkylpiperidine derivatives. The sam¢
products could be obtained by initial quaternization of the pyridine followed by hydrogenation under neutral conditions.
Several of the derived compounds proved to be as effective as morphine in producing analgesia in animals.

A recent report' from these laboratories indi-
cated that catalytic hydrogenation of indole-
substituted pyridines under acid conditions leads
first, when the two ring systems are not conjugated,
to saturation of the pyridine ring. The present paper
documents some of the evidence for this and, in
particular, is concerned with the hydrogenation of
indolylethylpyridine bases? to the corresponding
piperidines. Certain of the derived products, viz. 4-
(indolylethyl)-1-aralkylpiperidines, have been
found to possess analgesic activity equivalent to
morphine when tested in mice and rabbits??
These compounds display a profile of central ner-
vous system depressant properties which dis-
tinetly differs from that of morphine.

Platinum-catalyzed hydrogenation of 4-(3-indol-
ylethyl)pyridine, 4-(1-methyl-3 -indolylethyl)-
pyridine and 2-(indolylethyl)pyridine in either
glacial acetic acid or aqueous alcohol containing
hydrochloric acid provided the piperidine deriva-
tives, I, XIV, and XVII, respectively, in yields of
60-809,. Uptake of hydrogen was more rapid in
the stronger, mineral acid medium. That the indole
nucleus was not reduced under these conditions is
clearly evidenced by the ultraviolet absorption
data given in Table II1.® Further, alkylation of I
with phenethyl bromide afforded an 809, yield of
4 - (3 - indolylethyl) - 1 - phenethylpiperidine (IV),
identical with the product obtained by catalytie
hydrogenation in a neutral medium of the quater-
nary salt 4-(3-indolylethyl)-1-phenethylpyridinium
bromide (XXI). Sodium borohydride reduction of
XXI yielded the piperideine derivative V, with the
double bond presumed to be in the 3,4-position.t

(1) A. P. Gray, J. Org. Chem., 23, 1453 (1958).

(2) A. P. Gray and W. L. Archer, J. Am. Chem. Soc., 79,
3554 (1957).

(3) T. B. O’Dell et al., to be published.

(4) One of these compounds, 4-(3-indolylethyl)-1-phen-
ethylpiperidine, is undergoing further evaluation.

(5) The indole chromophore generally shows absorption
maxima at ca. 225 mu and 280 mu. It is of incidental interest
that an ind-N-alkyl substituent produces s consistent batho-
chromie shift of 5-8 mu in the spectrum; compare the ab-
sorption of II with that of its ind-N-methyl derivative.

(6) See M. Ferles, Chem. listy, 51, 474 (1957) [Chem.
Abstr., 51, 10515 (1957)]. Physical (pK,, spectral—Table
II11) data obtained on V and related compounds in these
laboratories also accord with this structural assignment;
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The compounds listed in Tables I and 1I were for
the most part prepared via one or the other of these
routes—i.e., alkylation of the appropriate piperi-
dine or reduction of the corresponding pyridine
quaternary salt (described in Table IV). The for-
mer process was more generally applicable; the
latter was somewhat more satisfactory, since (as
expected) platinum-catalyzed, low pressure hydro-
genation of the quaternary salts in alcohol pro-
ceeded rapidly and cleanly to give 85-909, yields of
the piperidine derivatives.

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
III), compared with those of III and IV, demon-
strates that the double bond is conjugated with the
benzene ring’ and rules out the remote possibility

H

(7) The spectrum of IX is essentiallv equivalent to a
composite of the spectra of an indole and styrene.
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TABLE 1I
INDOLYLETHYLPIPERIDINES

R'—CH,CH,
{ N—R

Piperi-

Relative
Analgesic
Activity®

Chlorine, ¥%?

%
- Caled. Found

Hydrogen,

Carbon, 9,

Caled.

dine
Posi-

Found

Caled.

Found

Formula
Cl ] HZUNE

M.P.¢

Salt

tion

RI

3-Indolyl

6.10
13.49
9.29

6.14
13.39
9.21

139-141

H

Xvla

0

7.86
7.70

7.99
7.59

67.52
71.83

68.03
71.76

Ci;HuCIN,
Ca3HyCINO

5

9
pA

218-219

123-1

HCI
HCP

2

B-Hydroxy- 3-Indolyl

XVIII

74.76 7.92 7.85 9.61 9.55 2.5

74.87

161-166

HCH

4

phenethyl
Phenethyl
3-Indolyl-

ethyl

XIX
XX

CasH15CINy

1-Indolyl
Phenyl

GRAY AND KRAUS

92 8.01 9.61 9.66 *

7.

74.64

74.87

C.2H4CIN,

119-120°
233-235

HCI

@ ¢ Refer to corresponding footnotes in Table I. ¢ Free base was obtained as an oil that could not be crystallized. ¢ Lit.8 m.p. 119°,

VoL, 26

that the reaction with cinnamyl chloride involved
allylic rearrangement. 1-(3-Indolylethyl)-4-phen-
ethylpiperidine (XX)2 isomeric with IV, was con-
veniently synthesized by the acylation of 4-
phenethylpiperidine with 3-indoleglyoxyly! chloride
followed by lithium aluminum hydride reduction of
the product.

Biological properties.® Since the first announce-
ments that replacement of an N-methyl substituent
in a strong, morphine-like analgesic by an aralkyl
group can increase potency,® a number of groups of
workers 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.!® Structural requirements for activity,
particularly in relation to the potent, new aralkyl
derivatives, have been comprehensively reviewed.!!
The indolylethylpiperidine derivatives presently
under discussion are exceptional in that they do not
possess certain of the structural features presumed
to be prerequisite!! 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 1T do not have a “‘central”
atom, two carbons removed from the basic nitro-
gen, to which is attached an aromatic ring but no
hydrogen.'? As to pharmacological properties, tests
in animals® have not revealed the side effects (e.g.,
mydriasis, cord stimulation) usually associated

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

(9) T. D. Perrine and N, B. Eddy, J. Org. Chem., 21,
125 (1956); J. Weijlard, P. D. Orahovats, A. P. Sullivan, Jr.,
G. Purdue, F. K. Heath, and K. Pfister, 3rd, J. Am. Chem.
Soc., 78, 2342 (1956); B. Elpern, L. N. Gardner, and L.
Grumbach, J. Am. Chem. Soc., 79, 1951 (1957).

(10) Inter al., B. Elpern, P. Carabateas, A. E. Soria, L. N.
Gardner, and L. Grumbach, J. 4m. Chem. Soc., 81, 3784
(1959); E. L. May and N. B. Eddy, J. Org. Chem., 24, 1435
(1959) and references cited therein; I. N. Nazarov, N. 8.
Prostakov, I. G. Zavel'skaya, and N. N. Mikheeva, Izvesi.
Vysshykh Ucheb. Zavedenii, Khim. <. Khim. L'ekhnol., No. 3,
69 (1958) [Chem. Abstr., 53, 4285 (1939)] and earlier ref-
erences; P. M. 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. Pkarm. Chem.,
1, 37 (1959); P. A, J. Janssen et al., J. Med. Pharm. Chem.,
2, 271 (1960) and earlier references; B. G. Boggiano, V.
Petrow, O. Stephenson, and A. M. Wild, J. Chem. Soc.,
1143 (1959).

(11) (a) N. B. Eddy, H. Besendorf, and B. Pellmont,
Bull. Narcotics, U.N., Dept. Social Affairs, 10, No. 4, 23
(1958); (b) N. B. Eddy, Chem. & Ind., 1462 (1959); (c¢) P.
A. J. Janssen and N. B. Eddy, J. Med. Pharm. Chein., 2, 31
(1960).

(12) The only strong analgesic type ecited by Eddy!™® as
an exception to this rule, the benzimidazoles described by A.
Hunger, J. Kebrle, A. Rossi and K. Hoffmann, Erperientiu,
13, 400 (1957) [see also F. Gross and H. Turrian, Erperien-
ta, 13, 401 (1957)], can be seen not to be exceptional; z.e., in
the exampled formula, if N® is considered as the basic nitro-
gen (as it should be), then N# represents the “central’” atom
meeting the requirements.
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TABLL III

ULrrAVIOLET ABSORPTION MAXIMA?

Compound Amax My log E
I.HCl 222 4.24
280 3.76

XVII-IC) 222 4.30
280 3.78

II.HCI 222 4.15
280 3.71

Ind-N-Methyl-11. HCP 227 4.20
288 3.74

IIT-HC! 223 4 .48
282 3.75

IV-HCI 223 4.48
282 3.76

IX 223 4.52
252 4.26

280¢ 2.82

V-HCI 223 4.31
282 3.78

? Spectra determined using a Beckman Model DU
spectrophotometer; solvent: 959 ethanol. ¢ 4-(1-Methyl-3-
indolylethyl)-1-methylpiperidine.? ¢ Shoulder.

0N~ —x
s N.)‘——c HFQ—OCzHa
CHLOHA—N>(CLH. s

with morphine-like analgesia and it may be that
these rather than analgesic potency per se are what
are associated with morphine-like structural fea-
tures. The N-aralkylpiperidines listed in Tables I
and IT (and other, related derivatives) quite gener-
ally display marked depressant effects on the
central nervous svstem (mice and dogs), whereas,
as can be scen from the tables, only a limited group
of the compounds have analgesic activity. This
structural specificity supports the view that the
observed analgesic effects actually are associated
with blocking of the pereeption of pain and are not
merely cvidence of general central depression.!®

Tnspection of Tables T and IT reveals that in this
series analgesic efficacy requires the 4-(indolyl-
ethyl)-N-aralkylpiperidine  structure (IV ws. 1T
IV ws. XX; VII vs. XVIID. Optimum activity
attends those compounds in which an N-unsubsti-
tuted indole nucleus is attached through its 3-
position [IV and VII vs. XV (more toxic) and XVI;
IV vs. XIX], and in which a two carbon chain links
the benzene ring with the piperidine nitrogen (IV
vs. IIT and VI). It is interesting to note, however,
that the benzyl derivative IIT is a highly effective
compound, almost as active as the phenethyl com-
pound IV and appreciably more so than the
phenylpropyl analog VI. This sharply contrasts
with the pethidine series in which the highest
potency is associated with a three carbon separa-
tion.1e

(13) On the other hand, P. A. J. Janssen ef al., J. Med.
Pharm. Chem., 1, 281 (1959); also Jansen ef al.’® appear to
regard the lack of morphine-like extra-analgesic properties to
be evidence of the lack of analgesic action.
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From an over-all standpoint, the optimum com-
pounds of this series are IV, and its piperideine V and
phenacyl VIII analogs, all of which are comparable
to morphine in analgesic activity in mice and
rabbits. The structural specificity found in this series
invites efforts to clarify the observed empirical re-
lationships. It 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.? p-Nitrophenethyl bromide was
prepared as described in the literature.® 4-Phenethylpiperi-
dine, b.p. 120-127° (3 mm.), n% 1.5301, hydrochloride salt
m.p. 182-184°,% was prepared by the hydrogenation of 4-
phenethylpyridine'” in aqueous acetic acid with Adams
platinum oxide, conditions previously defined for the reduc-
tion of 4-benzylpyridine.8

Hydrogenation of indolylethylpyridine bases. 4-(3-Indolyl-
ethyl) piperidine (1). A. In 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 platinum
oxide (Adams catalyst) at room temperature and 50 p.s.. in
an Adams-Parr apparatus. Hyvdrogen absorption was slow,
the ealculated 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 agueous solution
was washed with ether and made alkaline to precipitate an
oil which solidified. The solid was recrystallized (with char-
coal) from isopropyl alcohol to yield 37.7 g. (699,) of I as
off-white erystals, m.p. 162-163°.

B. In acidified aqueous ethanol. When a solution of 44.5 g.
(0.2 mole) of 4-(3-indolvlethyl)pyridine in a mixture of 100
ml. of water, 80 ml. of ethanol and 20 ml. of concd. hydro-
chloric acid was shaken in an Adams-Parr apparatus with
1.0 g. of platinum oxide at room temperature and 50 p.s.i.,
hydrogen absorption was complete in less than 20 hr. Work-
up afforded 36 g. (789 yield) of I, m.p. 161-162°; mixture
melting point with the product obtained in A showed no de-
pression.

Alkylation of indolylethylpiperidines. The following
examples will illustrate the procedures used for the prepara-
tion of many of the compounds described in Tables I and II.

A. 4~(8-Indolylethyl)-1-phenethylpiperidine (IV). A stirred
mixture of 125 g. (0.55 mole) of I, 150 g. (1.2 moles) of sodium
carbonate (monohydrate) and 750 ml. of isopropyl alcohol
was heated to reflux and a solution of 102 g. (0.55 mole) of
phenethyl bromide in 125 ml. of isopropy! aleohol was added,
dropwise. Stirring and heating was continued for 16 hr. The
hot reaction mixture was filtered, the filtrate was concen-
trated in wvacuo to a smaller volume and cooled in an ice
bath. Recrystallization of the resultant precipitate from
ethanol provided 148 g. (819 yield) of IV, m.p. 129-130°.

(14) Microanalyses were performed by the Clark Micro-
analytical Laboratorics, Urbana, Ill., and by the Micro-Tech
Laboratories, Skokie, Ill. Melting points are corrected for
stem exposure.

(15) E. L. Foreman and 8. M. McElvain, J. Am. Chem.
Soc., 62, 1435 (1940).

(16) C. F. Bailey and S. M. McElvain, J. Am. Chem.
Soc., 52, 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.

(17) F. W. Bergstrom, T. R. Norton, and R. A. Seibert,
J. Org. Chem., 10, 452 (1945).

(18) A. P. Gray, W. L. Archer, E. E. Spinner, and C. J.
Cavallito, J. Am. Chem. Soc., 79, 3805 (1957).
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TABLE IV

4-(INDOLYLETHYL) PYRIDINIUM NALTS

' \
@3—0}120}12 ! MR B©
N =%

Hydrogen, %

Bromine, ¢/

Indole Carbon, ¢
R Position  MLP. Formula Caled.  Found Caled. Found Cualed.  Found
XXI Phenethyl 3 157-157 .5 CyHaBrN» 67 81 67.42 569 5 86 19,62 1[9.59
XXII v-Phenylpropyl 3 b C.,.HaBrN. 18 97 18.87
XXIII Phenoxyethyl 3 149-151 CyHyBrNLO 65.25 63.60 5 4% 581 18.88 18.¢4
XXIV Phenethyl 1 151-154 CoyHyBrN, 67.81 68.08 5.69 3.68 19.62 19 .60

¢ Ionic bromine by potentiometrie titration. » Shrinks and melts gradually above 63°

The hydrochloride salt, recrystallized from isopropyl alco-
hol, melted at 225-226°.

B. 4-(8-Indolylethyl)-1-(p-nilrophenethyl) piperidine (NX1I).
This alkylation may proceed via p-nitrostyrene.’s!9 To a
mixture of 22.8 g. (0.1 mole) of T and 32 g. (0.3 mole) of an-
hydrous sodium carbonate in 150 ml. of isopropyl alcohol,
stirred and heated to reflux on a steam-bath, was added,
dropwise, a solution of 23.0 g. (0.1 mole) p-nitrophenethyl
bromide in 100 ml. of isopropy! alcohol. After 21 hr. at re-
flux the reaction mixture was diluted with water and the
precipitate was recrystallized from chloroform-petrofeum
ether (h.p. 60-70°) to give 23.4 g. (649 vield) of X1I, m.p.
173-175°,

C. 4-(3-Indolylethyl)-1-phenacylpiperidine (VIII). To a
stirred mixture of 22.8 g. (0.1 mole) of 4-(3-indolylethyl)-
piperidine, 33.0 g. (0.2 mole) of hydrated potassium carbo-
nate and 150 ml of boiling toluene was added, dropwise, a
solution of 15.5 g. (0.1 mole) of phenacyt chloride in 50 ml.
of toluene. After being stirred and heated for 8 hr.. the reac-
tion mixture was diluted with 500 ml. of hot benzene, filtered
and the filtrate was allowed to cool. The erystalline precipi-
tate that formed was recrystallized from benzene to yield
23.0 g. (70%,) of VIII, white flakes, m.p., 173-174°.

D.  4-(3-Indolylethyl)-1-(-hydroxyphenethyl)piperidine
(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 at a bath
temperature of 150° for 7 hr. The cooled melt was crystal-
lized from ethanol to yield 10.0 g. (58%) of VII, m.p. 133~
135°,

4=(Indolylethyl)pyridinium salls. 4-(3-Indolylethyl)-1-phen~
ethylpyridinium bromide (XXI). An example will illustrate
the procedure used for obtaining the salts listed in Table IV.
A solution of 235 g. (1.05 moles) of 4-(3-indolylethyl)pyri-
dine and 226 g. (1.2 moles) of phenethyl hromide in a liter of
acetonitrile was heated at reflux on a steam bath for 8 hr.
The oily precipitate, which crystallized on cooling, was re-
crystallized from isopropyi aleohol to vield 345 g. (819;) of
NXXI, m.p. 157-157.5°.

Hydrogenation of 4-(indolylethyl)pyridinium salts. 4~(3-
Indolylethyl)-1-phenethylpiperidine (IV). A solution of 102 g,
(0.25 mole) of XXI in 1 1. of 759 aqueous methanol was
stirred with 2.5 g. of Adams platinum oxide catalyst at 65°
and a hydrogen pressure of 400 p.s.i. in a 2-1. Magne Dash
autoclave, Absorption of hydrogen was complete in 2-4 hr.
The hot mixture was filtered and the catalyst thoroughly
washed with hot methanol. The combined filtrates were
diluted with water, made alkaline with aqueous ammonia,
and the precipitate was recrystallized from ethanol to yield
T3 g (8895) of IV, m.p. 130-132°. The melting point of a
mixture with the product obtained by the reaction of I with
phenethyl bromide was not depressed. The hydrochloride
salt melted at 225-226° after recrystallization.

4-(8-Indolylethyl)-1-phenethyl-Ad-piperideine (V). To a
stirred solution of 20.0 g. (0.05 mole) of XXI in 200 ml. of

(19) ¢f. W. J. Dale and G. Buell, J. Org. Chemi., 21, 45
(1936).

methanol was added, dropwise at u rate suflicient to main-
tain gentle reflux, a solution of 15.2 g. (0.4 mole) of sodium
borohydride in 100 ml. of methanol. After the addition was
complete the solution wus heated under reflux on a steam
bath for 2 hr., concentrated to about one-half 1ts volume and
cooled to provide a crystalline precipitate. This was thor-
oughly washed with water, dried and recerystallized from ben-
zene-petrolewn cther (b.p. 60-70°) to give 12.06 g (767,
vield) of 'V, colorless erystals, mup. 132-133° The melting
poiut on admixture with IV was depressed to 1199,

A=(8-Indolylethyly=1-( p=amiinophenethybpiperidine  (N111).
An exothermic reaction and vigorous evolution of gas took
place when a rapidly stirred sohition of 10.0 g. (0.026 mole)
of XII and 5.0 g. of 85%. hydrazine hydrate (0.085 mole) in
200 ml. of cthanol was treated witl approximately 2 g, of
Raney nickel catalvst (W-2) and warmed gently on a steam
bath. The steam bath was removed and the rate of gas
evolution controlled by ice-cooling of the reaction flask. At
the end of 5 min. the initial reaction had subsided and the
reaction mixture was heated under reflux with stirring for 5
hr. Concentration of the filtered solution under reduced pres-
sure left a residue which was extracted with hot benzene.
The benzene solution was diluted with ether and acidified
with etheral hydrogen chloride, Reerystallization of the pre-
cipitate from methanol-ethyl acetate afforded 5.8 g. (55%;
vield) of XIIT as the dihvdrochloride salt, melting with de-
composition at 293°.

1-(3-Indolylethyl)~4-phencthylpiperidine (XX). To a mix-
ture of 17.0 g. (0.09 mols) of 4-phenethylpiperidine and 27.0
g. (0.2 mole) of anhydrous potassium carbonate in 250 ml. of
dried ethylene glycol dimethyl ether was added, dropwisc
with stirring, a solution of 20.7 g. (0.1 mole) of 3-indolegly-
oxylyl chloride® in another 250 ml. of the diether. The reac-
tion mixture was stirred at room temperature for 2 hr, and
then heated on a steai bath for 1 hr. The reaction mixture
was filtered, the filtrate was evaporated to dryness and the
residue was crystallized from chloroform-—petroleum ether
and reerystallized from isopropyl alechol to yield 16.5 g.
(516) of 1-(S-indoleglyoxylyl)-4-phenethylpiperidine, m.p.
179-183°.

The whole of this product (0.05 mole) dissolved in 300 ml.
of ethylene glycol dimethyl ether (dried over sodium hy-
dride) was added, dropwise with stirring, to a slurry of 5.6 g.
(0.15 mole) of lithiun aluminum hydride in 200 ml. of the
glveol ether. After the addition was complete, the reaction
mixture was heated at reflux for 9 hr. Ethyl acetate was
added to the cold reaction mixture followed by water and
dilute hydrochloric acid. The resultant acid mixture was
treated with 90 g. (0.3 mole) of potassium sodium tartrate,
made strongly alkaline and extracted with ether. When the
ether extract was shaken with 205 hydrochloric acid, n
water-insoluble hydrochloride salt precipitated. Reerystalli-

(20) M. E. Specter and W. C. Anthony, /. .t Chent,
Soc., 76, 6208 (1954); M. Giua, Gazz. chin. dal., 54, 593
(1924) [Chem. Abstr., 19, 280 (1925)].
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zation from methanol afforded 10.5 g. (699, yield) of the hy-
drochloride salt of XX as small, colorless erystals, m.p. 233-
235°.

Decomposition of the salt provided XX, colorless needles
from benzene-petroleum ether, m.p. 119-120° (lit.8 gives
m.p. 119°).

Acknowledgment. 'The authors are grateful to Mr.
D. I. Cortright and Miss Mary Unroe for the ionic

SYNTHESIS OF DERIVATIVES OF ETHYL 2-PYRIDYLACETATE

3373

halogen and basic nitrogen determinations and for
measurements of ultraviolet spectra, and to Mr. R.
H. Shiley of these laboratories for preparing one of
the compounds. Special thanks are also due Dr. T.
B. O'Dell and his associates for furnishing the
biological data.

DECATUR, IrL.

[CloNTRIBUTION FROM THE DEPARTMENT oF CHEMISTRY, HOorr CoLLeGr]

Synthesis of a Series of Derivatives of Ethyl 2-Pyridylacetate

GERRIT Vax ZYL, DONALD L. DeVRIES, RICHARD H. DECKER, axp E. THOMAS NILES

Received January 31, 1961

Monosubstitution on the methyvlene group of ethyl 2-pyridylacetate (I) was etfected by allowing its sodium derivative to
react with alkyvl, allyl, and aryl halides. Substitution was shown to be on the methylene group by hydrolyzing and decarbox-
vlating the butyt derivative of (1) to give a-amylpyridine. Benzoyl chloride reacted with I to give a-dibenzoyl-a-(2-pyridyl)-
acetate. The aldehyde functions of benzaldehyde and of hexaldehyde were condensed with the methylene group in the pres-
cnee of a basic catalyst. Acrolein underwent a Michael addition with I in the presence of sodium ethoxide. Nitrosation yielded

the oxime.

A number of reactions of I have been reported
by previous investigators: the Michael condensa-
tion! with acrylonitrile to form +y-carbethoxy-vy-
(2-pyridyD)butvronitrile (II), the reactions? with
ethyl ehloroacetate and potassium ethoxide to form
ethyl 2-pyridyvinsuceinate (I1II), with ethyl formate
and potassium to form ethyl hydroxymethylene(2-
pyridvDacetate (IV), and with ~y-phenoxypropyl
bromide and potassium in diethyl ether to for
ethyl phenoxy-a-(2-pyridyl)valerate (V), the con-

Chart 1

Reaction Products of thyl(2-Pyridyl)acetate

L
s (;——’(ﬂ‘—OCsz

N

LR =H; Ry =H
Il Ry = H; Ry = CH,CH.CH.CN
I Ry = Hi Ry = CH—C—O0C.H;

IV, RiRy = =CHOH

AW R] = H; Rg = CHQCH?CH:( )Cs“:,
\I R, = H, 1{) = C}{zCHQOCn}'{s
VI Ry = H; R, = Br
VI Ry = H; Ry = CH.CH,CH,CH;
IN. R, = H; Ry = CH,.CH.CH.CH,CH.CH;
N. I{l = }‘I, Rg = CH'_’CGH.%
NL Ry = H; Ry = CH.CH=CH_.
"T. R| = (Vj /5H3.’ 1?2 = (T(*GH‘,
}
0 O
XU RiRo = == sHs
NXV. R, = H: R. = CH.CH.("HO
NVIL RR; = ==NOH
NVILL Ry = H; R: = NHa

(1) V. Boekelheide, W. J. Liun, P. O'Grady, and M.
Lamborg, J. An. Chem. Soc., 75, 3243 (1953).

(2) G. R Clemo, W, MeG, Morgan, and R.
S Chewr Soc., 965 (1937 ).

Raper,

densation® with g-phenoxyethyl bromide to form
ethyl a-(2-pyridyl)-y-phenoxy-n-butyrate (VI), and
the preparation of ethyl a-bromo-2-pyridylacetate?
{VII) by the addition of I to a solution of bromine
in carbondisulfide.

In our laboratory the sodium derivative of I,
prepared in benzene, reacted with butyl bromide
giving a 509, vield of ethyl a-(2-pyridyl)caproate
{VIII). By using hexyl bromide, a similar vield of
ethyl a-(2-pyridyl)caprylate (IX) was obtained.
Lesser vields were obtained when such basic rea-
gents as sodium hydride, sodium amide, sodium
ethoxide, phenyllithium, or butyllithium were
cmployed. The butyl derivative of T was converted
to amylpyridine by hydrolysis and decarboxylation
according to the method deseribed by Doering
tnd Pasternak.® The sodium derivative of I,
prepared by using sodium ethoxide, reacted with
benzyl chloride to give ethyl o-(2-pyridyl)-g
phenylpropionate (X) in 529 yield. X was hydro-
lized and decarboxylated to 2-phenylethylpyridine
{(dihydro-a-stilbazole).

As a representative aliphatic unsaturated com-
pound, allyl bromide was added to the sodinm
salt of [and gave a 27% vield of ethyl a-(2-pyridyl)-
Atpentenoate (XI). Sodium in benzene when used
ax a basie catalyst provided a better vield than
sodium ethoxide in ethanol.

Benzoyl chloride was found to react spon-
taneously with I to give what proved to be ethyl
a-dibenzoyl-a-(2-pyridvlacetate  (XII) in 389

(3) K. Winterfield and J. Sugstein, Nalurwissenschaflen,
40, 3062 (1953). .

(4) O. K. Edwards, M. Chaput, I, H. Clarke, and T
Singh, Can. J. Chem.. 32, 785 (1954).

(3) W. von L. Docering and V. Z. Pasternak, .J.
Chemn. Soc., 72, 143 (1950).
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