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ABCTRCT

A sories of diasryl acrylonitriles was prepared by condensing
2-pyridinecarboxaldehyde wita variously substituted phenylacetonitriles.
Toe condansktion reaction procseds sccording to the following eguation.

Q.- QG
. Gl

The nitriles used were phenylacetomitrile itself, snd prmethoxy=,
prhydroxy=, pramino=, prdimetiylaxino=, grecetamddo=, prnitro=,
m{ P~iiethylamdnoethoxy)=, and g~ ", &nd prcidorophenylacetonitrile.
The @phenyl=f=-(2-pyridyl}-sorylonitriles wvare found to polymerize
readily in polar solvents in tie pressnce of acids.
Attaspts to prepare Pephenyl=e~(2-pyridyl)-propyladns by
bydrogeneting the eorrqpomu.ng sarylonitrile were unsatisfactory due
%o the resistance %o reduction of tie double bond between the arciatic

rings,




Ethylmeghesiua bradds reactod with e=pleryle=f~{2-pyrid;1)acrylo=
nitrils by Y Li=eddition to glve e-phayl=f=(2=-pyridl)valeronitrile
swhdich was fractionated into & e0lid and & liquid isowner.

vi
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INTROCUCTI N

Since the discovery of their cytotaxic action, nitrogen muistards
heve become the subject of wide investigation as possible chemothera=
putio agents for cancer,

In pursuit of eompounds of this type for soreening for antiveancer
activity Mokay and Brownall (1) prepared N,N-bis(-chlorostiyl)p, V=
diphenyl-n*propylaiine and the oorrocponding dianisyl ocompound.

\ HaCHgC1
a;@ca, Hﬂﬂ'.u{ca,ca,cl

R; - R‘. H’ CH,O

It was deaided to attempt the preparetion of similar §£,8'=dichloro-
Wﬂ having & heterocyclic ring in place of the phenyl or
anisyl group in the P-position of the propylamine. The preparation of
«~phenyl~p=(2+pyridyl)=scrylonitrile was aerried out by condensing
2-pyridinecarbaxaldehyde and pherylacetonitrile. However, becauss of
unexpected difficulty in reducing the double bond in the acrylonitrile,
no propylaxines and hence no nitrogen mstards of the desired typo‘oonld
be prepared in this research.






It has been reported by Gilmen and Karmss (2) thet L-(p-dimethyl=-
aminostyryl)qinoline csused regression of tumors in test animals.

&
H = CH N/
\CH,

8ince the sondensation products of 2-pyridinecarboxaldehyde with phixv!b
motonitrﬂnlhlmmoomaundaiwvingupyﬂdimmmphcoaf
the quimoline group, it was decided $o expend the series of substituted
diaryl ecrylonitriles for study of possible pharmacological properties.

This paper reports the preparation of such a series of diaryl
sorylonitriles, some of their chemiocal properties and the attempts to
meke P-phenyle ¥=(2-pyridyl)propylamines. The scrylonitriles were made
by econdensing 2-pyridinscarboxaldehyde with a variety of substituted
phenylacetonitriles.



HISTORICAL

The cytotoxic behavior of mitrogen mustards has made these compounds
a subject of study in recent years as possible chemotherapsutic agents
for cancer. '
N,¥-bis(p-chloroethyl)-p, ¥ ~diphanyl-n-propylaxine and the corres-
pomgmmeonpogxmahavcmmbimw“nmn (1)
for scresning tgr mti-tuhr sctivity. | | |
3

| : HgCHyOL
n,@-cn, H-CH.II<C
CHgCHgC1

31. n.. H’ GH‘O

It was decided to attempt the preparstion of similar compounds posssssing

& pyridine ring in place of the phenyl or anisyl group in the B-pontioa.
Thexs are several known routes available for the mthuol of

B, ¥ ~diarylpropylamines. The Knoevensgel reaction can be exployed for

condensing aryl aldehydes with phenylacetonitriles giving srylcinnomo=

nitriles. Subsequent reduction furnishes the §, ¥ ~diarylpropylamine.

There are also methods reported for preparing the uﬁnﬁd eompounds

by alkylating phenylacstonitriles. The resulting &,p-diarylpropionitrile

osn then be reduced to the amins.






Amines snd sodium alooholates are usually used as catalysts for
the Knoevenagel condensation resctions.

Prost (3) showed that bensaldehyde condenses with phenylacetonitrile
in the presence of sodinn ethaxide, giving sn excellemt yiald of e-phenyl-
ainnemomtrile. Sodium ethaxide was also used to prepare l-methoxy-e~
phenyloinnamonitrile from pemethoxybensaldehyde and phenylacetonitrile (L).
The seane method was exployed by de Xiewiet and Stephen to prepare the
condensation products of 2,l-demettioxy<, 3,4~dinethoxy~ snd 2-methaxy=
k-acetoxybensaldehydes with phcmho-tonitm.n (5). However, poor yialds
were obtained with h-hydroxy=-2-methoxy= and L=hydroxy=3-methoxybensaldehydes
when sodium ethoxide was used dus %o the fast that the sodinn salts of
the hydroxybensaldehydes are eparingly soluble in alochol. Yields were
ineressed to $0% when 6 N alcoholis potassium hydroxide wes used. ZFrost
was also able to condense phenylacetonitrile with furfural to glive
e~phenylfurfuracrylonitrile using sodinm ethaxide (6).

Substituted phenylacetornitrilas gmwerally resct with aldehydes in
the same mamer a8 phemylacetonitrile. Miederl and Ziering (7) have |
prepared cymnosiilbenss from pemethoxyphenylacetonitrile, 3,L-dimethoxy-
and 3,4*methylensdiaxyphenylacetonitrile snd varicus aromatic aldehydes
in yields renging between 30 and LOF using sodium alecholates ss condens~
ing agents. rﬂitrophwlmmmm ocmmu with rnimhmnddvdo
to L4t ~dindtro“e~cysnostilbens. The grnitro and g-nitrooomndl react
sixilarly. |

KoKsy and Brownell (1) prepsred @, ¥ =diphenylpropylanine from
e~phenyloimmanonitrile [obtained in 95% yleld by condesation of benszaldehyde



with phenylacetonitrile according to Frost (3)] by catelytic reduction
in glacial acetic acid with Adams' platinum oxide catalyst. The reduced
product was obtained in L% yield.
Phillips (8) reported %iat cinchoninaldehyds reacted rapidly with
a variety of substituted phenylacetonitriles to produce the é={substituted
»phcwl)“ﬁ-(h-qamo]yl)mcxyloxﬂ.&uea in 80F or greater yields. Aqueous
potlldnn hydroxide was the ususl cata],vﬁt,. although & more weskly bgsic
catalyst, such as diethylamine or piperidine was used with p-nitrophenyle
acetonitrile. Apparemtly the stronger basic ocatalyst was detrinental
with more reactive nitriles. . |
&,B-Diphenylpropionitrile can be produced in 60-65% yields by
alkylating phenylacetonitrile with benyl chloride using sodium sztde (9).
Jarrouse (10) raported that &,p=diphenylpropionitrile can be cbtained
in & 50% yield by the intersction of bongyl chloridomdphow_lmtonﬁrno
in the presence of aqueous potassinm hydroxide smd triethylamine. Grsy (11)
sarried eut reductive alkylation of indale with 2= sud l~pyridinscarboxs
aldehydes produoing low ylelds of the respsctive skatylpiperidines (II)
sed sone diindolyl product (I). The following squilibris would appear
%o be involved.



O & =[O ©
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mmtiﬂtyofthohydrogmatoms of & methyl group in the &=
axd Y ~positions of a heterocyclic ring has besn utilized in a mudber of
condensation reactions. Friedlander (12) was sble to prepare [ -styryle
pyridine (stilbaszole) by heating a mixture of bensaldehyde and ¥ ~picoline
with sine chloride. Shar snd Wegstaff (13) reported that scetio anhydride,
wsed as the condensing agent for 2~ or L-picoline with aromatic aldehydes,
gave purer products and higher yields than did sine chloride. Gilman and
Earmas (2) condensed varioualy substituted bengaldehydes with picolines,
quineldine end lepidine using either scetic snhydride or sinc chloride.
They were &bl to prepare L~({g-dimethylaminostyryl)-quinoline according
to the following equation.




O
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Bahner and co-workers (1) reported preparing the isoquinoline analog
and variously substituted compounds of this type of the sinc chloride
method. Yields from this reaction are occasionally low and often the
product mst be extracted from the resulting tar.

Since the pyridinecarboxaldehydes have recently become availsble
commercially, it wos decided to condense 2-pyridinecarboxaldehyde with
a nusber of phenylacetonitriles in the manner employed by Phillips (8).
In the course of this investigetion it was lesrmed that e~phenyl-f-
(2-pyridyl)-acrylonitrile cculd be prepared in good yield from
2-pyridinecarboxaldehyde and phenylacetonitrile using agueous potassium
hydroxide a8 the condensing agent. The following reection illnstrates
this reaction.

©*’ Q. = GO

CHg=CN



The reduction conditions used by McKay and Brownell (i.s. Adamst
platinua cxide catalyst in glacial acetic acid) could not be spplied to
e~phenyl~p=(2-pyridyl )~ecrylonitrile because the vinylpyridine structure
is musoeptible to polymerisation in the presence of acids. The double
bond in a-phu;vl-ﬁ-(z-pyﬂdyl)-uzylonitrﬂc was also found to be very
resistant %o other methods of reduction and several attempts to hydro-
genate the compound gave unsatisfactory results.

Seversl a-phenyl-f-arylpropionitriles have bean cbtained in
m&mwmmmammmmmmmunw
aodm amalgan (10). Avramoff and Sprinsak (15) recemtly reported the
Mﬁi.en of «,f-diphenylacrylonitriles by rdluxl.ng 'uith bensyl aloohol
and potassiun hydrexide. Although the acid was cbtained in most cases,
the hydrolysis of the mitrile could bs suppressed by distilling cut the
water froa the benayl alechol solution before adding the mmtm.o
Mwmmmumcﬁonnnmtwnwm

Kohler (16) showed that sn equivalent of Othwlﬂlmﬁu- bromide
added to G~phenyloinnamoritrile to produce 8,B~diphenylvaleronitrile (III).
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1f, instead of hydrolysing the addition product, & slight molar excess

of ethyl iodide ware added and the mixture refluxed, the resulting product
ves the disubstituted compound (IV). This disubstituted product, conaist~
ing of only a single solid isomer, was obtained by Kohler in 98% yield.
Wawsonsk (17) doing a reinvestigation of Kohler'!s work obtained 904 of
#olid product which could be separsted by fractional crystallisation and
nechanical picking into two isomeric nitriles.

In addition to the nitxogen mustards certain other types of compounds
have been repoyted to possess anti-cencer and anti-tumor sctivity. OCilman
snd Karmes (2) reported that L-(p-dimethylaminostyryl)-quinoline adidinistered
in & diet of rats bearing Lymphoma 8 tumors brought about regression of
the tumors. Bahner and co-workers (14) stated that a series of
k=(L~aminostyryl )>quinolines end isoquinolina snaloge of Li(p-dimetiyl~
axinostyryl)=quinoline showed various degrees of anti-tumor activity.

Since o~phenyl=-f={2-pyridyl)-scrylonitriles are similar to the sbowe
compounds, having a pyridine ring in place of the quinoline group and
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also possessing the double bond between thie sromatic eubstituents, it
appesared desireble to examine this series of compounds for anti;mmor
and snti~cancer activity.

This psper therefore, deals with efforts devoted to the preparation
of the series of compounds possessing & pyridine ring in a related struce
ture in hopes that they may exhibit similar pharmaeologlca.l properties.

Hann and Lapworth (18) first formilated the aldol-like mechanisam
for the chvemgul reaction which was later supported by Kohler and
Carson (19).

The mechanism probsbly involves the following stepas

1. Enolization of the methylene compound by dissocistion of a
hydrogen onj

RI=CHgCH g—> H" o [R'=CE=CN]~

2. Addition of the encl, probably through its ions, to the carbonyl
coupounds

RE ® 0 ¢ [RCiCH]” & B == n,i;ca-cn

3. Elimdnation of water from the aldol-like intermediata.

R | ' N ’
| k.ijn-cn s—> H' « O (or HO) # RS = C=CN

Bases produce 8 higher concentration of the enolate anion in the
enolisation equilibrium (stop 1) by removing the hydrogen ion. Th3 rate






of the addition reaction (step 2) depends upon the degree to which the
carbonyl compound 18 hindered. Reactions similar to step 3 in which
woter is eliminated are catalyzed by both acids and bases, but generally
acids are more effective than bases.



. EXPERLINTALY

I . REAGENTS

A-Chloropherylacetont trile—Prepared by R. Crockep, b, p. 123-126°
(5 mo)' nD” 1051&3)4’ mrtﬂd (20) BDe 1. P boPo 2617,

S=Chlorophenylacetonitrile=-Prepared by D. Wyman ob Pe 115*-1.}6o o
(57 mm.), £33 1.6808, reported (20) m.p. 21°, b.p. 251° (242°).

enylacetond trile=-Prepared by 7. Povlgok, b.p. 127-1§8°
‘8 m.), IID” 1094.15' reportod (20 RePs 30 » bopc 265"‘967 .

The above ehlerophenylacetonitriles were prepared by graduate studemts
in the Organic Preparations Course, Chemistry 5.3, at iichigan State
University. They were prepared from the corresponding chlorobemzyl
chlorides and sodium cyanmide in aqgeous slcohocl solution by the method
shown in Organic Syntheses (21).

Acetic anhyiride—-Eagtaen white lzbel. Used as received.

Anisyl alochol-~Esstnun white label. Used as received.

Ethyl bromide~-Eastusn white labal. Used as received.

Lithium aluminum hydride«-lietal Hydrides, Inc. Ground to a powder and
stered in bottles in a dessicator.

Hagnesium shavings--tatheson, Colsmen and Bell. Used as received.
Hethyl dodide—Esptumn wiite label. Used as received.
Phenylacetenitrilas~Eastasn white label. Used as recelved.
Phenyl isothiocysnate~-Bastvan white label. Used as recedved.
men, Colemsn and Bell. Used as received.

2-Pyridinecerboxmldehyde~~Aldrich Chemical Co.. Used as reseived.
Stored under niirogen in the refrigerator until nseded.

#1311 nalyses wers by Micro=Tech Laboratories, Skoide, Illincis.



Potassium hydroxide«~Baker Analyzed Reagant. Used as recelved.
£4 Palladium on charcozl catalyst.

Hozingo Raney nickel catalystePreviously prepared by the method
dmﬂhed in Ormic Synhheaea (22).

Sodiun Oynnidc-Baker Anﬂysed Reagent. Uled a8 recelved.

II. PREPABATION (F IIEEE‘!EDIAIPB

a8 desoribed in Organic Symtheses(23). In #his method enisyl sleohol
i3 cormerted into the chloride by vigorous stirring with concentrated
hydrochloric ecid and the resultant chloride ias made into the mitrile by

heating with sodinm cymnide in anbydrous sostons. From 138.2 g. (1.0
mle) of anisyl alcohol there waa obtained 114.6 g. (78%) of pmethoxy=
phenylacstonitrile, b.p. 99-102° (0.4 m.), n3® 1.5290. Organis Syntheses
reports b.p. 94=97° (0.3 mm.), n35 1.5285-1.5291, ylelds of 7L=81%.

| peigiechendssdrticile. Tais comound his beem prepered previcusly
by Yoder and’ co-workers (2L) by the condensatien of grhydroxybensaldehyde
with rhodanine using & modification of the Granacher thio- snd cximine
pyravic acid syntheais (25,26). In this work prhydroxyphesylacetonitrile
was prepared by demethylation of grmethoxypherylacetonitrile with pyridine
hydrochloride.

Twenty~four grass (9.31 mola) of dry pyridine was dissclved im 300
al. of dry ether sad hydrogm ohloride gas was passed inbe the solution
unti) precipitstion of the salt was complete. The pyridime hydrechloride
ws separeted by filtretion, washed twice with dry ether, sad then added






to a 250 ml. flask fitted with an &lr condenser and thermometer.
peMethoxyphenylacetonitrile (1.7 g., 0.10 mole) was then edded and the
reection mixturs was heated to 180° on & mantle for four hours. After
cooling the melt was taken up in weter, sbout 50 =ml. of 6 N hydrochloric
acid was added, and the oil was removed by two ether mﬁom. The
combined ether axtractions were washed twice with water, dried over
sodinm mulfate, and the ether was evaporated off on & steanm bath.
Distillation of the reaidue gave 9.5 g. (71%) of p-hydroxyphenylsceto=
nitrile, b.ps 1u8-150° (0.5 wm.). The materisl solidified in the receiv-
ing flask and gave m.p. 69-70°, reported (27) b.p. 330°, m.p. 69+70°.

of p-hydroxyphenylacetonitrils, h.9 g. (0.09 mls) of sodinm methaxide
and 100 nl. of methanol were mixed in & 1-liter flask fitted with a stirrer
and condenser. After stirring for several ximgtes 200 ml. of xylens wes
added aud the metharol was them boiled off.

p-Diethylaxinoethyl chloride hydrochloride (23.2 g., 0.135 mols)
mmulmm.mmo:nmnuwnm. Two
Mmdmd.mlmtmorxylmmphnhduadrywmbm,
&nd one~third of this was then added to the separetory fumnel. Potassiua
hydroxide (7.6 g, 0.135 xole) was dissolved in a xinima of water and
this solution was added to the funnel, the xylens than being used to
extract the libereted free amine. Two more extrections were made with
ths remaining cold xylene. The combined extracts were dried over
magnesiur sulfate for 30 mimites.



The xylene solntion of the amins was adided to the resction flask
and refluxed for four hours. When working up the reaction mixture the
xylene solution was washed with water, twice with 10% sodiun hydroxide
solution, sad twice sgain with water. The organic solntion wes dried a
fow mimutes over magnesium pulfate snd the xylene was stripped off under
rTeduced pressure. wmtn-:mwmtmadthm@atw
Vigreax eolum i3 yacua, 11.4 ge (55%) of a light yellow oil was collscled,
b.epe 154-155° (0.5 ms.).

Anale. Calo'd. for Oy ligolaOs N, 12.06. Founds N, 12.6..

R AayAMatanidrila. poiitrophenylacetonitrile wes prepared as
described in Organic Synthesss (28). Phenylasetemitrile (150.0 g., 1.28
mles) was added dropwise to & ohilled mixture of L12.5 ml. of consen=
trated nitrie acid (sp. gre 142) and 412.5 of consentrated sulfuric seid
(sp. gr. 1.8) with vigorous stirring. Upon isolation and resrystallie
sation, 110.2 g. (Sh%) of p=nitrophenylacetonitrils, m.p. 11k.5-116.0°,
wss obtained. Organic Symtheses weports m.p. 115-116°, 50<5L% yields.

geAmincphanylacatonisrila. p-Amnophenylscetonitrile was propered by &

sodifiestion of dhe method reported by Chase and ce"workers (29).
8ixty=five grams (0.L0 mole) of p-mitrophenylscetonitrils wes reduced

Mllny S,n{ﬁo 'npmto runs of 35.0 g. and 30.0 g. A suspension

of the p-nitrophenylasetonitrile in & mixture of 150 al. of ethyl

sostate and 50 ml. of 955 ethanc)l was shaken &% rooam tespereture with

0.3 go of 5’”11‘““““““ charcoal st 50 psi. The larger run
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absorbed the theoretical n.mount of hydrogen after four hours; the other
mun required only two and one~half houra. After filtering off the
catalyst the two solutions were conbined and the solvent was removed under
reduced pressure. The olly residue was distilled in ¥acig through a five*
inch Vigreux column giving L8.1 g. (90%) of a colorless oil, b.p. 139-140°
(0.8 ma.), The hydrochloride melted at 229-230°, reported m.p. 230+231°
(29).

peAcstanidophaylacatonitetle. Bight grens (0.061 mls) of paminophenyl-
sostonitrile was diseslved in 5 ml. of concentrated hydrochloric scid in
200 zl. of wvater. Acetio anhydride (7.5 g., 0.073 mole) wes then added
to the solution followed immedistely by the addition of 9.2 g. of sodimm
scetate. Within a short time whiteplatelets filled the reaction mixture.
The platdlets were collected on a filter, washed with cold water and dried.
The erude yield was 9.3 g., B.pe 69+73°. This materisl was recrystallised
from water (ca. 200 ml.) with only a few milliliters of sthanol added to
aid dissolution. ' The recovered product weighed 91 g. (81%), m.p. 73-7L°.
Anal. Cale'd. for CpoHyoNa0t N, 16.09. Foaundt K, 16.05.

Icimathyl phosphata. Trimsethyl phosphate was prepared by the method
described in Orgsnic Syntheses (30), for the preparstion of alkyl
phosphates. |

Bodinm metal (3L.5 g., 1.50 mles) in small pisces was added slowly
%0 200 ml. of methanol in & 1l“liter flask fitted with & stirrer, oon~
denser and dropping funnel. After all of the sodium had reacted the
methanol vas boiled off. One hundred milliliters of xylens was added
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during the removal of the last of the methanol to prevent caking of the
residue. An additional 100 ml. of xylene was then added, the flask was
cooled in an ics bath, end 76.6 g. (0.50 mole) of phosphorus exychloride
in xylene (ca. 190 nl.) were added dropwise to the stirred reaction mix-
ture keeping the temperature below 20°, After the sddition was complete
the reaction mixture was warmed on & stsam bath with stirring for 10
hours. Ths mixture was then filtered and the sodium chloride on the
f1lter was wvashed several times with ether, the ether wash being added
to the filtrste. The solvent was remcved under reduced pressure and the
product was purified by distillation. The yield of the colorless ol
was 311 g. (Lbif), bope 90-91° (20 ma.), n3° 1.3950. The reported
bodling podnt is 97° (36 m.) (31).

piingthylaminophenylacetonitrile. This coxpound was prepared by the
method exployed by Billmen and co=workers (32,33) for alkylating amines
using phosphate esters.

pAminophenylseetonitrile (17.1 g., 0.086 mols) was mixed with 12.0
g+ (0,086 mole) of trimethyl phosphate in & 1*liter flask fitted with a
cordensar. The mixture was then cmatiously hedted with & Bumsen burner
wnkil & vigorous yesotion set in. A gentle reflux wes then maintained
foy two and ans~half hours using a mantle. After the flask ¢ooled the
pesction mixture was treated with aquecus potassinm hydroxide (15 g. KOH)
snd the orgmie mterial was extracted with three sther washings. the
eosbined exirects were washed with water, drisd over potassiun carbonate
and the ether vas evaporated off on the stean bath. The olly residue
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was distilled in xacua to give 8.3 g. (LOX) of a light yellow oil, b.p.
1194120° (0.5 m.)« The hydrochloride melted at 166~7°.
Ma_ Caloetd tﬁrcmﬂucmat N, 115.250 Founds N, u.h?.

III+ GENERAL EXPERIMENTAL INFORATION
Since Phillips (8) reported that cinchoninaldehyde condensed repldly

with various phenylacetonitriles in & base catalysed resction, it was
reasonsble o belleve that 2-pyridinecarbexaldshyde would behave in like
nsnner. In order to determine what catalyst would be most suitsble tox'~
this resction, & series of condensstions were attempted with 2-pyridine-
osrboxaldehyds and phenylacetonitrile in ethanol using agieous potsssium
hydroxide, piperidine, diethylasine and sodium methoxide as the condensing
sgents. In no case did the product precipitate from the solution as
reported by Phillips. It was later lsarned that phenylacetonitrile was
sn unfortunate choics, since &-phemyl-f~(2-pyridyl)+sorylonitrile was
one of the few condenssation products of the series that falled to
precipitate from the reaction mixture.

 The £irst effective procedure for the preparetion of o-phenyl-f~
(gﬁudyl)mmomm was 88 followst Equivalent amounts of
2-pyridinecarbaxaldehyde and phenylacetonitrile were mixed in a 511
water-ethanol solution. While the suspension was siirred vigorously
with a mechanical stirrer a few milliliters of aquecus potassiun
hydroxide was added. The solid product wiich formed in & few wimites
was isolated, dried, and recrystelliszed from 501 aqueous ethanol.



A more convenient metiod later adopted for the preparation of
a~phenyl=p=(2-pyridyl )=scrylom trile involved carrying out the condensa=
tion in isopropyl aloohol. Tue reaction mixture was allowed to stand
for approxiuately an hour to assure completion of the condensation.

It was then poured into a beskor of ice with stirring. The product
precipitetod immedistely s & solid. Attempts to csuse precipitation of
the product by adding water to the isopropyl aleohol solution forced the
pm&xctmtdlolnumumouwum«uudomhnm
zaterial . ‘

Usially the mubstituted phenylacetonitriles formed condensation
products with 2-pyridinecarboxaldehyde which precipitatsd from imopropyl
alochol solution as orystals within minutes after being catalysed with
agueous potassium hydroxide. . o ‘

Aqieous potassinm hydroxide wes sn effective catalyst for most of
the condensations, Piperidine was used with g-nitrophenylacetonitrile
becmise bermene wes used &3 the oolvugt fer the reaction. p Aminophenyl=
autmitﬁlo was basic emough to salf-catalyse its condensation with
2-pyridinecerboxaldehyde.

Isopropyl alcohol proved to be & good solvent for carrying out the
resction and for recrystallisation of the products. When isopropyl
aloohol and & piperidine catalyst wers usad to condense p=nitrophenyl<-
acetordtrile and 2-pyridinscarboxaldehyde an intense purple color
doveloped in the resction mixture. When bensens was used as the solvent
the solution did not change color spprecisbly. The acetamido= and
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nitro~substituted products were quite insoluble in the aloohols and
bensens, and acetonitrile was employed as the solvent for reerystallis-
ing these products. '

Iv. CUEEEAﬂON PRICUCTS

2hanyl=f=(2-pyridyllacrylonitrile. Seventeen grama (0.157 mols) of
2-pyridinecarboxaldehyde and 18.J; g. (0.157 mols) of phenylacetonitrile
were dissolved in 150 ml. of isopropyl alcohol in & 500-ml. Erlensayer
flask. A solutien of 5.0 g. of potassiun hydroxide in 20 ml. of vater
was then added, the veaction mixture was swirled a few seoconds and allowed
$0 stand overnights The solution was poured on 1o0e (oa. 500 g.) with
stirring, wherexpon & whits solid precipitated. This material was
collected on a filter, washed thres times with wmater to resove treses of
slkall, snd dried. Rearystallisstion of the cruds product from 150 al.
of isopropyl alcohol yialded 2.8 g. (76.5%) of white crystals, m.p.
63-64°. A second recrystallisation gave 23.2 g., m.p. 65-66°,

Anal. Cale'd for Cy H,oNgt C, 81.523 H, L.893 ¥, 13.59.
Foundt C, 81.613 H, 5.013 N, 13.50.

nitrils (37.9 ges 0.25 mols) snd 268 g. (0.25 mole) of 2~pyridinecsrbox-
aldehyde wers mixed in 500 ml. of isopropyl alochol. Within & minute
after adding 25 sl. of 20 aquecus potassium hydraxide orystals begsn
precipitating from the solution. After standing overmight the white
orystalline product was separsted by filtrwiion, weahed once with oold






Asopropyl alochol and thres times with water. The dried materisl wedghed
55.8 g. (678 yleld), m.p. 121-127°. After two recrystallizations from
4sopropyl &lcohol the pmm melted at 126:127".'
Ansl. Cala'd for CyJigClNgt C, 69.873 H, 3.773 ¥, 11.65.
Foands C, 69.563 H, 3.903 N, 11.58.

. onitrila, The condensation of 15.2
g (0.10 mle) of Frohlorophenylacetonitrile snd 10.7 . (0.10 sole) of
2-pyridinscarboxaldehyde was carried out in 175 al. of isopropyl alcohol
using agueons potassium hydroxide (1 g. in § wl. of water) to catalyse
the resction. Waen the catalyst was added the yellow solution turned —
Mightly darker and orystaus precipitated witiin a mimbe. After filtre~
tion, washing and drying, the product weighed 19.6 g. The yleld was
81.6 percent and the white crystals melted at 103=14.5°. Two m-y-m
lizations from isopropyl Alocohol did mot change the melting poixmt.

Anal. Cale'd for Cy HClNgt C, 69.673 H, 3.T73 N, 11.65.

Youndt G, 70,00y H, k.0ls M, 11.L2.

1loxep ,_ .' g~Chlorophenylacetonitrile
(15.2 g., 0.10 wls) and 10.7 g. of 2-pyridinecarboxaldehyde ware dis=
solved in 200 l. of isopropyl aleohol, followsd by the additdon of &
solntion of 1 g. of potessium hydroxide in 5 ml. of water. The reaction
mixture was alloved to stand at room teuperature for three hours but mo
precipitation took placs. The flask was then placed in the refrigerator
overnight, » precipitate being present the following morming. 7he
reaction flask was allowed to stand in the refrigerator two additional




days before the product was isolated. Tho white eryltﬂl were collected
on & f4ltar, washed with water and airdrlad for saveral days. The
matorial welghed 16.0 g. (67%) and melted over a 134-152° range. Several
Wm from isopropyl aleohol only narrowed the difference
‘o 132-11°. Recrystallisations from bensane and from ethyl acetate
failed to improve the meliting point.

Aral. Cale'd for Ci H,ClNat X, 11.65. Found: N, 10.72.

6(o-Ttoupharyd)ofe{ 2preldz oncrylanitetla, Ten grans (0.062 mole)
of pnitrophenylacstomitrile and 6.6 g. (0.06é mle) of 2-pyridinscarbox-
aldehyde wers dissolved in LSO ml. of bensene. Thirty drops of piperidine
were added snd the resction mixture was allowed to stand one day. The
cmtﬂlmich!omdmwnoctedonammmddud; The orude
product welghed 11.3 g.; B.p. 130~5°, The meterial wes recrystallised
fron bergene (s, 800 ml.) and 7.0 g. of tan crystals, (-.p. 198-eoo°
was recoversd in the first orop. The ocozbined mthu- nq:m fronm the
resction mixtars and the recrystallization furnished sn sdditiomal 6.7 g.
when the volume of tho‘loluuen was reduced. The total yleld was 13.7
ge» 82.5% of theoreticsl. The crystals from sucther recrystallisstion
molted a4 198199 .5°.

Amal. Calo'd for O, B N;04¢ C, 66.953 H, 3.61) M, 16.73.

Foundt C, 67.033 H, 3.773 N, 15.92.

gmmmmw; When 4.8 g. (0.0L5 mole)
of 2-pyridinscarboxaldehyds was added to 8.0 g. (0.045 mole) of
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pasdnophanylacetonitrile in 75 ml. of isopropyl alcohol, precipitation

of the wiite crystalline product took place within a mimte without the
ald of an outeide catalyst. Mterthacmtallw&-oomctdona
fi1ter and dried, they weighed 8.5 g. (85%) and malted st 9L<95°.
Recrystallisstion from 4s0propyl slookol gave 7.3 g. of white needlss,
Rpe 95-96°,
Anal. Cale'd. for CigiyN,t C, 75.99) H, 5.013 N, 18.99.
Founds G, 76.0L43 B, 5:133 N, 19,07«

One grem of ®~(p~aminophenyl)=p=(2-pyridyl)-scrylonitrile was added
to & beaker ocontaining 25 ml. of watar. Fifteen drops of concentrated
hydrochloric acid were added with stirring followed by the addition of
15 drops of acstic anhydride. A watexr solution of 0.6.3. of sodinm
scetate was added immediately and the acetylated product formed as & heavy
precipitate. 'Aqueoun potassinm hydroxide was sdded until the solution

wos basic o litms. The product was eollacted on a filter, thrice
mwnwmmma. The yallow crystalline product melted st
182-197°. Two mmmnuum from acetonitrile yeised the melting
point to 211.5-212.5°% This 13 identical with the malting point of
e~(pracetanidophenyl)~p~{2-pyridyl ) -acrylonitrile prepared from
pracetamidophenylacetonitrile and 2-pyridinecarboxaldenyde. A mixed
melting peint ¢f the two products showed no depression.

(005 mle) of pdimethylaminophenylacetonitrils wes condensed with
5.3 g. (0.05 mle) of 2=pyridinecarboxaldehyde in 175 ml. of isopropyl
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alcohol using aqueous potassium hydroxide (one graw in five milliliters
of wvater) a8 catalyst. Yallow crystals precipitated from the solution
within minutes after the alkall was added. Upon completion of precipi-
tation the product wes collected on & filter, washed once with cold
4sopropyl alcohol and twice with water. The dried yellow crystels welighed
11.7 gep B.ps 130=13L°. Wuen the material was recrystallized from iso~
propyl alochol 9.3 g. (75%) was recovered, m.p. 135-136.5°. The pure
product melted et 135.5-136.5°.
Anal. Calo'd. for Cyg;sNyt C, 77.093 H, 6.073 K, 16.86.
| Founds C, 77.263 H, 6.133 N, 16.95.
e={ohcataridopheny) )=f~(2- preidy))-scyloniteile. - geAcetamidophenyl®
scetonitrile (5.5 g., 0.032 wle) and 3.5 g. (0.032 mole) of 2“pyridine-
carboxaldeliyde were dissolved in 100 ul. of idopropyl aloohol, followed
by the additionm of 0.5 g. of potassius hydrexide in 3 ml. of water to
the solution. The resotion mixture $arned dark parple when the alkalt
wes sdded. After sianding several hours & preaipitate formed which was
eollected on & filter, washed with oold isopropyl aleohol, water, and
dried. The yilald was 7.0 g. (84.5%) of yellow material, n.p. 208-210°.
Two mmtmimiom from acetonitrile y:n yellow phtelota, P,
a1.5-212 A
Anal. Cale'd. for Cygy,N01 N, 15.96. Pounds N, 16.18.

Thil )'dtrﬂ.. was obtained
83 & mixtare with ﬁwmw)-s-(w)mmmo
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by the fo]lmd.ng prooedure Fourteen end seven—tenths graus (0.10 mola)
of pmethaxyphenylacetonitrile and 10.7 g. (0.10 mle) of 2-pyridine-
_clmcnalddxydq were mixed in & solution of 75 ml. of isopropyl &leohol
in 200 ml, of water. Three graxs of potaés;nn hydroxide dissolved in
5 51, of vater vas then added and the mixbure vas sirled vigorously a
fow miea until the solid product precipitated. The reastiom mixture
mthmmwadt.o ptand aw«r&lhombefommmg After the
erude product was washed snd air dried it welghed 21.8 g. Recrystallisa-
tion from isopropyl alcohol gave two fypes of crystals. ne (the
scrylonitrile) melted st 74~75° and the cther (ahown 40 be largely the
hydvaxy mitrile) melted st 118-132°. Separetion of the scrylomitrils
from the hydroxy mitrilé was achieved by redissolving them in the mther
Yiguor and porsitting the solntics to stand. The scrylonitrile crystals
lised f1rst and was Jargely separeted from the hydrexy midrile by decante
ing to remove the unpreaipitated hydroxy mitrile. The seryloniirile wes
recrystallised from fresh isopropyl aloohol, 14.2 g. {58%) being
recovered, m.ps T1.5773.0°: Two sdditional recrystallisstions imroved
the melting point to 72-73°.

Amsl. Calo'd, for C,5H; N,00 N, 11.86. Founds N, 11.73.

« Sevem grazs (0.053 mole)

of p-hydroxyphenylacetordtrile was dissolved in & solution of 3.4 g. (0.06
m1e) of potassium hydroxide in 125 mi. of vater. 2-Pyridinecarbox>
aldehyde (5.7 g+ 0.053 mole) was then sdded and the reaction mixture was
allowed to stand &t room tewperature for ons day. The product was
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precipitated by adding carbon dicxide (dry ice) to the solution. The
1ight brown solid was collected on a filter, washed with water, and
dried. The yield of grude pﬁdnct was 6. g. (L3Z), m.p. 155-158°,
Rearystallisation from 4sopropyl slochol gave 5.0 g. of tau crystals
malting &t 164<165°, A second recrystallisstion did mot changs the
malting point.

Anal, Cala'd. for O, H,oNa0t G, 75.673 H, L.5us N, 12.61.

Foundt G. 75.663 H, h.70; N, 12.55.

phenylacetonitrile (36.8 g., 0.25 mls) and 28.0 g. (0.25 mle) of
2-pyridinecarboxaldehyde were added to & 2-liter Erlenmeyer flask contain™
ing 100 ml. of 95% ethanol snd 500 ml. of water. Ten grems of potassium
hydroxide pellsts was then added snd the mdxture was swirled seversl
mmtes unt4l the psllets dissolved and the s0lid condensstion product
formed. After filtering, washing with water amd drying, the crude material
wedghed 58.9 g., R.p. 118-130°. Reorystallisation from ethyl acetate
furnished S1.2 g. of white crystals. The yleld was 83% and the malting
podnt was 148-150°. An additional recrystallisation reised the melting
point to 19 .5-150.5°

Anal. Calo'd. for Cy5H, g0 C, 70.853 H, 5.553 N, 11.02.

Fomdt ©, 70.7h H, 5.623 ¥, 10.91.

mu and one~half grams (0.015 mols) of p~P-diethylmminosthoxy)phenyl=
acetonitrile and 1.6 g, (0.015 mole) of 2-pyridinecarboxaldehyde were



27

dissolved in 75 ml. of isopropyl alcohol. One pellst of potassium
hydroxide was dissolved in a minimm of water and wes added to the above
solution. Aﬁcthomoﬁondanatoodtorhnm orystals pre~
aipdtated from the solution. Upon warming the mixture only part of the
erystals want imto solution. When the varm solution was filtered 0.8 g.
of orange orystals, m.p; 156-159°, ware obtained. After recrystallisation
from acetonitrile the resulting oyengs neodles melted at 157-155°. 4n
snalysis mémd‘ that the materisl ¥as e-pyridoin. The reported melting
point 18 156° (3U). |
Aral. Caleld for CyglyoNaOt C, 67.273 H, L.T1.
Fomds C, 67.593 H, L.72.

The mother liquor from the above product gave & white precipitate
upon standing. mmweromllectedqnlm, washed with oo_ld
isopropyl alschol and dried. The yleld of e=[p~(p~distnylaminostioxy)=
phenyl J=fhydroxy=p=( 2-pyridyl )-propionitrile was 1.2 g. (25%), m.p.
107-109°. Recrystallization from isopropyl alochol ruised the melting
point to 108.54109°.

Anal. Cale'd. for CggfasN,0yt C, 70.783 H, 7.L3.
Pounds ©, 70.683 H, T.L5.

(0.021 mole) o2 &~(p-chlorophenyl)-f=(2-pyridyl)acrylonitrile was dis~
solved in 200 ml. of dry bensene, 6 g. of methyl iodide was added and
the soiutims wee sllowed to stand st room tempersture. Precipitation of






TABLE I

CONDENSATION PRODUCTS OF 2~PYRIDINECARBOXALDEHYDE
WITH VARICUSLY SUBSTITUTED PHENYLACETONI TRILES
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R Tield M.p. C.
. 1« B 75 6566
2. pc1 67 126~127
3. o1 82 103=104.5
ke 901 61 132-U0°
Se 2‘);‘ 8 198*199.5
b« g“.b 85 : ”.96
7. p WHCOCH, 85 211.5-21% .5
8. p M(CHy)a 75 135.57136.5
9. p OCHy 58° I o - T
10. lm' 85 M-S‘JSOJ
. po L3 164~165
12. p OCGHMN(Colla)g 25 108.5-109
‘up-rwm used as catalyst.
Bie catalyst necessary

%mwwwmmmmwm
wes a mxture of the aldol intermediate and the dehydrated compound.
teble aldol intermediate.
recrystallizations from isopropyl aleohol, bensens, and
ethyl acetate failed to reise the melting point.



29

the arystalline methiodide was very alow and the reaction mixtures stood
for two months before an attempt was made to isolate the orange crystals.
After filtration, Mg with dry benzens and drying, 4.5 g. (563 yield)
of crystals was cbtalned, R.p. 211-12°. Recrystallisation from an
i sopropyl aloohol‘ucotonitrj.i- solvent gave orange needles, m.p. 211.5-
212° dea. ‘
Anal. Cale'd. for C,gH;,ClINgs C, 47.03; H, 3.16.
. Founds C, L6.89y H, 303.

8ix grams (0.02l mole) of Phydroxy=e~(p~methoxyphenyl)=p-(2-pyridyl)~
propionitrile was disscive! dn 200 al. of dry ether with & mimima amount
of methanol sdded to take the matarisl into solution. . The hydrochloride
was then precipitated by adding & slight excess of etheresl hydrogen
chloride. After filtering, weshing with dry ether and drying, 7.1 g. of
orude product weas obtained. When & malting poind was attempted the sample
in the upi.uuypel;-m-dm_nmzoo". The melting point of the
materisl wes esteblished at 229+230° by the following method. The oil
bath was gradusted to various texperatures and the melting point of the
product tested by imameming the tip of the cepillary. By comverging on
the tepersturs at widoh the sumple tock seversl seconds to melt and
before it polymerissd, the melting point was determined. When an sttespt
was made to recrystallise he hydrochloride by dissolving it im warm
methanol, the Bolutica begen to darksm. Dry ether was quickly sdded
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forcing the salt out of solution. Six grems (88%) of macrecus platelsts
was recoversd, m.p. 231=232° deo.
Anal. Calotd. for C;al,eN00 C, &1.963 H, 5.21.
m: c, 62.133 H, 5.26.

B-Rhemds ¥=(2-ovrddrl)propvlaidng. Twenty and six-tenths greas (0.10
mole) of-C“phc‘nyPﬁ-(z‘pyndyi)*acrylomtrih was dissolved in 120 ml.
of ablolnﬁ othmol And ﬁédod te the ﬂ.uk for high pressure hydrogenation.
The solution vas chilled in & dry fce-acetons bath amd spproximstely 20
ule of 1iquid amsonia was sdded. Two grams of Reney nickel was sdded and
the material was then Lydrogenated at 1500 psi for four hours at an
elevated tempersture (oa. 100°). The catalyst was filtered off and the
solvent was removed under reduced pressure leaving & red-yellow oil as
residue. This materisl was distilled at 0.5 sm. prossure uaing a four”
inch Vigreux column. A forerun of 0.7 g. of a light yellow oil distilled
st 60-61°. Three other fractions were then collscteds 5.7 g. st 130-150°%)
5di ge at 15071555 end 2.1 g. at 1557165°. The fractdan with b.p.
1507155° (0.5 xm.), nD” 1.5745, was used to identify the product.' The
oil formed a yellow erystalline salt with picric acid, m.p. 215.5-216.5°.
Phenylisothiocyanate wes used to prepare the phenyiihidurea derivative.
This aaterial appesred to have a multing point below room tempersture.
am, the hydrochloride salt of the phenylihicures derivative was -
& wiite orystalline selt, seemingly nouhygrossopic, which melted at
176-177°. This salt gave the following enalysis.

" Amsl. Cale'd. for CpyzallN,S1 K, 10.94. Founds K, 10.95.
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&thenvi-f~{2-pyridvll-valaonlirile. Nagnesiums tarnings (2.9 g., 0.12
gram™aton) were placed in & one~liter flask fitted with a stirrer, con-
denser capped with & calcinm chloride tube, and & dropping funmel, and
the entire system was flamed gently. Ons hundred milliliters of dry
sthyl ether was sdded to the magnesium in the flask. Eﬁxyibmnd.da
(127 g., 012 mols) was dissolved in 150 ml. of dry ether and powred
into the dropping furmel: %Ten milliiliters of the etiyl broxide solation
was then added to the magneaium and the wesotion mixture was stirred
vigorously. After the remction begin the ethyl bromide soludion was
m&mxmmmu.mmnmunuummwn
umm@homm)‘ The stirring was contimied one~half hour
afber the addition was complete. An additional two milliliters of ethyl
bromide was uddod to conmue the unreacted magnesium.
&*Phenyl=f=( 2-pyridyl)y*scrylomitrile (20.6 g., 0.10 mols) wes dis~
nwuzwn.uwbmmm»mmmmmu
he Grignard resgent with stirring over s 20-mimte pericd. The resction
mixture wvas then stirred and refluxed on a steam bath for five hours.
‘mwmplumdmwbyﬁdingnMJlnw solution
(o8, 100 ml.) of ammordun chloride. 7The organic laysr wes weshed thres
times with water, dried over potassiun carbonate for two hours, and the
solvent was evaporated. . .
The oily residus was distilled in yama glving 16.8 g. (79%) of &
yallow oil of b.p. 140-142° (0.8 mm.). Several attapts to prepare
& mitadble crystalline acid salt fyrom hydrogen chloride or pioric acid
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were unsuccessful. Tae salta may ba too Lygroscopic to bo__m:l.ly
crystallized and purified. The oil was redistilled at 126=128° (0.2 m.).
The distillate solidified upon standing in the refrigerator, m.p. 61-3°,
and fractional crystallization from n-hexane gave a solid md & liquid
isomer. Six gress of colorless chunky crystals, m.p. 67.569°, were
obtained from 10.2 g. of distillate. Rearystallization of the solid
iscmer did mot change the melting point. ,

Ans). Cale'd. for CygH,Nat C, 81.32) H, 6.82.

‘Pounds C, 81.19§ H. 6.83.
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DISCUSSION

© The conlensatdon of 2-pyridinecarboxaldehyde and ring substituted
phenylacetonitriles procesds sccording to the following equation.

The table on page 28 lists compounds prepared in this manner.

Usually the intermediate sldol compound in this series is unstable
and splits out & molsculs of water mpontanecusly during the reaction
yielding m aorylonitrile as the final product. However, when p-methoxy
phenylacetoritrile was condensed with 2-pyridinecarboxaldehyde the aliol
intermediate was stable snd waa the only product recoversd from the re~
sotion mixture. Later, when this condensstion was repsated, the crude
pm&tdmlmofﬂmndolinwmwcdmdnuﬂ
compound .  p~ [( 3= ethylanincethoxy)-phenyl ]-acetonitrile and z-pyrmm
cazboxaldehyde elso formed a stsble aldol compound which was the sole
product froa the condensation reaction.

gia and irapa isomers of the condemsation products are posaidle,
although in no instance was there evidence of mors than one isomer produced.






Presumebly the isomer isolated from thess condensations is tha gig-
modification where the cyam group lies adjacent to the pyridine ring
(the phenyl group and the pyridine group are trans to ons another).

Y

Qh;l’m Imapa-Forn
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DeXierist and Stephen (5) were unsble to hydrolyse nmitriles obtained by
similer oondensations and sssumed that the products were the gig~isomers.
It had been shown by Pfeiffer (35) that cis forms of certain olafinic
nitriles reasist hydrolysis whereas the trans isomers can be hydrolyzed
without difficulty.

It 1is posaidle for two molecules of 2*pyridinecarboxaldehyde to
reast in a bensoin~type condensation to form 2-pyridoin. In only one of
the listed condeneations, vis., tho preparetion of c’[g‘(p'diothyhnm'
ethoxy)phenyl J=p=hydroxy=p~(2-pyridyl)-scrylonitrile, was there any
2"pyridoin recovered from the reacﬁon mixture. 2-Pyridoin may have
been forwmed m this reaction becase of the slow precipitation of the
hydroxy a&trlh; or beomise freah 2-pyridinecarboxaldehyde was not used.
The condensation product, 1.e., the hydroxy nitrils, did not precipitate
until after two days, wheress the nitriles fiom the other condensation
reactions precipitated within minutes. If this delay is due to a slower



35

rate of reaction, perhaps this sllows tiue for free Z'pyridinaca:box_-
aldehyde to coniense to form 2-pyridoin. Also, when old 2-pyridine~
carboxaldeiryde is added $o0 isopropyl alcohol an insoluble material is
diffused throughout the solution. _Parhapa the insolubla substance is
2-pyridoin uhich is formed by self-condensation of the aldshyds upon
standing. The insolnble material was not in sufficient quantity to be
collected on & filter,

If e"phenyl-f=(2-pyridyl)-acrylonitrile er any of the phenyl sub=
stitated analogs is dissolved in a polar solvemt, such as methanol, and
& small amount of acid is added, the solution twrns black and & tarry
substance covers the botton and sides of thoeom. This resction
takes place repidly, within & matter of seconds under optimum conditions.
Por this yeason i% is believed that polymsrisaticn is the reaction that
ococars yather than sny possible oxidation resction. A polar solvent
appeazs to be essential for the polymerisation. The hydrochloride salt
of the acrylonitriles can be prepared withou$ difficuliy by adding
sthereal hydrogen chloride to & solutiom of the compound in dry ether.
The hydrochloride salt, however, cannot be recrystallised since this
procedure necessitates dissolving the orystals in a solvent. Sireng
minersl acids bring sbout the conversion to the tmry materisl quickly,
whereas scetic acid cmises the reaction to take plase at & slower rate.
An excess of sn equivalmmt of acid is not necessary for polymerisstion.
Ths resstica is probably an ionic polymerisation since a polsr solvent
and an acid aye requisites for the reaction. &,p-Diphenylacrylonitriles
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do not behave in this msmmer, therefore, awarontly ﬁo pyridine ring in
the structure plxys & upm.cmt role in pmmtd.ng the pol:merlutim.

- The hydrochloride salt of ?Wﬁ’(p‘nthamhml)‘ﬂ'(wyl)'
propionitrile can be prepared llthough one mst use csution when re~
erystallizing the salt in erder %o avoid dehydration and subsequent
polymerisation of the compound.

The double bond 4n e-phewl-ﬁ-(mm)wmmm appears to
be very resistant to reduction. When &-phenyl-p=(a-pyridyl)-scrylonitrile
was trested with & large excess of lithium alumimam hydride an oll was
the yesulting product. An infrw red spectrum of the oil indicsted that
$he nitrile group had bem reduced. Howsver, spparemily the double bond
in the vinylpyridine structurs remeined intact since the oil still
polymarised in the presence of sn eocid and en sttept to distil the oil
in xacne resulted in decomposition. Attempts to hydrogemats the double
bond of the aorylonitrile or of the cil darived from the lithiun almximm
hydride reducticn using platimin oxide or Ranay mickel in ethanol &b
roon tempersture snd 50 psl were unsuccessful. Soms P‘phml—v-
(2+pyridyl)-propylaning wes obtained in low yield by reducing whwl-ﬁ'
(2~pyridyl)=scrylonitrils with Ranay niokel at 1500 psi and an elevated
taperatare. _

- When pramincophenylacetonitrile is oondensed with 2-pyridinecarbox*
aldehyds two different products are possibls. The aldehyde osn react
with the active methylane of the p~mainophenylacetondtrile by the
Knoevensgal reaction in the mamner common with the other substituted
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phenylacetonitriles reported in this work, or the amino group can react
with the aldehyds to form the Schiff's base. Bince_ﬂm eandensation
product formed from g‘lﬂﬂ-nophﬁfvh‘?atozd.trilo and 2=pyridinecarboxaldehyds
pmmumuﬂdnaﬁmummmmwmwm
4sopropyl aloohol with no added catalyst, it was reasonable to believe
that the Knoevenagel condensation took precedence over the formation of
the Bctiffis base. Howwver, n arder to establish unequivocal proof of
which conansation product wes cbtained, & sample of the meterisl was
acetylsted. The resulting derivative had the sane meliing polat as did
G’Wmmgph@m)*ﬁ'(zwr@yl)wnimc syntheaized by condensing
2-pyridinecsrboxaldshyde with pacetadophenylacetonitrile (page ).
There was no depression in & mixed melting polind.

Grey (11, £es aleo page 5) reportad reductive alkylation of indola
wlth pyridinscerbexaldenydes in glacial acstis ecid wsing palladinm on
chmonmnyﬂudllupmhydmm When (ray's procedure
mwnunwtumuwmnmw
casboxaldehyde the experiment was unsuccessful, snd there was quantitative
recovery of the phenylacetonitrils. Gray's reduction was slow snd required
72 hours to absord the theoretical amoumt of hydrogen; whereas, in this
experimant 75% of the theorstical amount of hydrogen was taken up in L5
@m. Apparently there was no intermediate formed between the
2=pyridinecarboxaldehyde and phenylacetonitrile as was the case with
indale, and the sbsorptlon of hydrogen was due to hydrogenation of the
aldehyde.
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Whml‘ﬁ‘(!’pyﬂdyl)facrylogitﬂlo was treated with ethyluagnesiun
brom.de in an attempt to prepare @-phenyl=f=(2-pyridyl)veleronitrile.

O3 G5O

mmﬂmzdhpmdudmmnwbywunmggm_. The
distillate solidified mpon standing & few days in the refrigeretor.
Fractional orystallization from n“hexans provided a aoiid wd & 1gmid
isomer, o R |
Wlﬂhmbcmpwnmmurﬂonimanﬂmthﬂ
iodide btut the resstion prooseds slowly. Xfthlvaorylonimowln
mqnof.mthylviodidommwhmiwtnolmt,ynohum,
mmu-w-tmmm.omwnnum_w:m
aftey spproximately A wesk. The yeported methiodide #teod for two months
bafore the product wes isolated in order to asmre ecapletion of the

precipitation.
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SUMARY

2-Pyridinscarboxaldehyde condenses repidly with phenylaceto=
mtrile and substituted phanylacetonitriles in the presence of an alka~
line catalyst to give good ylelds of &-(substituted phwl)-lB'(z-pyrldyi)‘
myxmm InhmﬁmﬁMMle
umaiuuy stable to be mnw |

hwl'ﬁ’(w}wm are polymerised by acide in
polar solvents. ,

The double bond between the ayonstic rings ia €-phenyl-f=(2-pyridyl)-
scrylomiirils is very reaistant to redustion. The satursted compound
mwmmnamwwummmmtm-nsoomm
an elevated texpereturs. | _

Ftiyleagueeinn bremide reacts with o-phenyl=p=~(2-Ryridyl)=
asrylonitrils by 1,i-sddition giving e-phenyl-f~(2-pyridyl)-valeroniirile.
mmmumammnmanmminw
imoner. o
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