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A number of derivatives of G-phencthyluicotinie acid, frans-6-styryhnicotinie acid, eis-6-styryinicotinic acid,
6-plienethynyinicotinic acid, and the three isomeric 6-aminophenethylnicotinic acids were prepared and serecned

for pharmacological activity.
uterine muscle.

Structuwral resemnblances of derivatives of -phen-
cthylnicotinic acid, frans-6-styrvinicotinic acid, cis-
fi-styrylnicotinic acid, and 6G-phenethynyInicotinic acid
to the naturally occurring ergot alkaloids prompted
thenr synthesis and biological evaluation. These
derivatives, containing rings A and 1D of the lvsergic
acid molecule (I), a portion of ring C, and a carboxamdc
group, might be considered to be analogs of ergonovine.
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They differ from each other not only in the degree of
unsaturation in the aliphatic carbon to carbon bond but
in the spatial relationship of the phenyl group to the
heterocyeclic ring. It would be expected that com-
pounds of the cis stvryl series (II) would most closely
approximate the spatial coufiguration found in lysergic
acid, while the phenyl group n the trans-6-styrylnico-
tinic acid and 6-phenethynyluicotinic acid derivatives
would possess markedly different spatial relationships
to the heterocyclic ring. In the phenethyl series it
might be assumed that hecause of free rotation of the
carbon to carbon bond of the ethylene group, the two
aromatic rings can assume the same spatial configura-
tion found in the lysergic acid molecule; however,
steric interaction between the two rings would probably
prevent this from becoming their preferred configura-
t1011.

Ethy] #ans-6-styrylnicotinate was prepared by the
condensation of benzaldehyde with ethyl 6-methyl-
nicotinate and on hydrolysis yielded the previously
reported 6-styrylnicotinic acid.? Attempts to preparve
{rans-6-styrylnicotivic acid by the condensation of
benzaldehyde and 6-methylnicotinic acid following the
directions of Plieniger? failed to vield this compound.

Fthyl i{rans-6-styrylnicotinate, when treated with
anunonia, methylamine, and pyvirrolidine, yielded the
expected amdes (Table I). These amines, however.
failed to add to the double bond. Treatment of ethyl
[rans-6-styrylnicotinate with hydrazine hydrate gave
the hydrazide. When the ester was boiled with an

11) (a) A portion of this paper wus presented at the Yrederick ¥F. Blicke
Syvmposiinm of the Division of Medicinal Clhiemistry at the 138th National
Meoting of the American Cliemieal Society, New York, N. Y., September
196G0; (b) This paper comprises a portion of a thesjs presented by Jacoh
Lehrfeld in partial fulfilment of the requirements for the Phol). degree ut
the University of hnois,

i2) Fellow, American Foaudation for Pharnaaecatical Edlacation.

35 H. Plicniger, Ber., 87, 92 (1951).

several of these compounds abolished ergonavine-induced spasing in isolated

excess of Z2-ammobutanol, a 75Y; vield of N-2-(1-hy-
droxybutyl)-trans-G-styrylnicotinaniude (IIT} was 1so-
lated. Since it was possible that the 2-aminobutyl ester
of {rans-6-styrylnicotinie acid (IV) might have resulted
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from this reaction, the mfrared spectrum of the product
was examined. The presence of a strong absorption
band at 1641 em. ! indicated that the product was the
amide, since absorption in this area is usually attributed
to the C=0 stretching of a secondary amide.* Fur-
thermore, the speetra showed a band at 1543 cm. 1,
which can be attributed to N-H deformation of a
secondary amide.?

Reaction of ethyl trans-6-styvrvlmcotinate with mor-
pholine failed to vield the desired amide. This com-
pound was finally prepared by the reaction of {rans-6-
styrylnicotinyl chloride with morpholine.

The amide, N-methylamide, pyrrolidide, morpholide,
N-2-(1-hydroxybutyl)amide, and hydrazide of 6-phen-
ethylnicotinie acid were prepared by low pressure cata-
lytic hydrogenation of the corresponding derivatives
of trans-6-styryluicotinie acid (Table IT).

G-Phenethynylnicotinic acid was synthesized by the
dehydrohalogenation of ethyl 6-(a,8-dibromophen-
ethylnicotinate. FElemental analysis and a strong
absorption baud at 2215 cm. ' in the infrared spectrum
indicated that the material isolated was actually 6-
phenethynylicotinic acid.* The dibromo produect
resulted from the addition of bromine to a chloroform
solution of ethyl (rans-6-styrylnicotinate. Attempts
to prepare the acid chloride of 6-phenethynylnicotinic
acid were wnsuceessful.  Conscquently, the anndes of
this compound were prepared from the mixed anhy-
dride resulting from the reaction of 6-phenethynyl-
nicotinmic acid and ethyl chloroformate. When am-
mona, methylamine, or pyrrolidine was added to the
mixed anhydride, the corresponding anides were ob-
tained i yields ol over 509, However, only a 259
vield could be obtained when the mixed anhydride wax
allowed to react with morpholine (Table I1I).

Catalytic hydrogenation of ¢-phenethynylnicotiiic
acid vielded cis-6-styrvinicotinic acid. The amide,

i Lo Belloiay, Tle Infrarved Spectrie of Caoagdex Molecates,” 2l
2., lohn Wiley and Sons, New York, No Y. 19380 p. 24005 58, and 99,
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TaBLE I
HyDRAZIDE AND AMIDES OF frans-6-STYRYLNICOTINIC ACID
u ﬁCOR
CsHs’_%:C N/
Time. % 0 carbon—— —U, hydrogen—~  ——¢%, nitrogen—-—
R Solvent hr. M.p.. °C. yield Caled. Found Caled. Found Caled. Found
NHNH.; Ethanol 2 194~-195 39 70.28 70.45 5.48 5.55 17.56 17.50
NH, Ethanol 10 234-236 41 74.98 74.80 3.40 5.21 12.49 12.68
NHCH; p-Dioxane 288 177-178 68 75.60 75.67 5.92 3.92 11.76 11.80
CHN Benzene 84 142-144 39 77.67 77.64 6.52 6.45 10.07 10.13
CH-OHCHNHCH.CH, 20 146-148 76 72.94 72.87 6.80 6.76 9.46 9.37
TasLe II
DrRrivatives or 6-PHENETHYNYLNICOTINIC ACID
mcm
(/sHs(CH2)2 N/
% ~—~—9%% carbon—— ~—4%; hydrogen—— .—— Y% nitrogen——
R AMp., °C. yvield Caled. Found Caled. Found Caled. Found
NH. 184-186 47 74.31 73.91 6.25 6.35 12.38 12.45
NHNH., 132-134 96 69.69 69.72 6.27 6.39 17.42 17.59
NHCH; 118-120 70 74.97 74.73 6.71 6.68 11.66 11.50
Pyrrolidino 86-88 72 77.07 77.45 7.19 7.08 10.04 9.75
Morplolino 63-65 33 72.94 72.57 6.80 6.83 9.46 9.55
CH;CH,CHNHCH.OH 128-130 88 72.45 72.47 7.43 7 .47 9.39 9.36
TasLeE IIT
AMIDES OF 6-PHENETHYNYLNICOTINIC ACID
ﬁCOR
CsH;C=C N”
% carbon- ——4%, liydrogen—— ———U, nitrogen——
R A.p., °C. <, yield Caled. Found Caled. Found Caled. Found
NH; 253-255 81 75.66 75.55 4.54 4.53 12.61 12.45
CH;NH 162-164 51 76.25 76.01 5.12 5.31 11.66 11.75
Pyrrolidino 128-130 35 78.23 77.90 5.84 5.92 10.14 9.98
Morpholino 122-123 26 73.95 74.09 5.52 5.63 9.38 9.67

N-methylamide, and morpholide of this product were
most conveniently prepared by a similar reduction of the
corresponding derivative of 6-phenethynylnicotinic
acid (Table IV). Maximum yields were obtained when
a palladium catalyst deactivated by lead acetate and
quinoline was employed.

Unfortunately, salts of most of the compounds syn-
thesized were readily hydrolyzed by water. Only two
of the compounds were sufficiently soluble to permit
testing for oxytocic activity. Therefore, it seemed
desirable to prepare the three possible ethyl 6-(amino-
phenethyl)nicotinates and to submit them for pharma-
cological testing. They were prepared by the cata-
lytic reduction of ethyl ¢-, m-, and p-nitrostyrylnico-
tinates (Table VI). The nitrostyrylnicotinic acid
esters were obtained by the condensation of the prop-
erly substituted nitrobenzaldehyde with ethyl 6-methyl-
nicotinate (Table V).

The assignment of structure to the cis- and trans-
styrylnicotinic acids was based upon analogy and
physical measurements. For example, Katsumoto
has shown that the trans isomer usually results when
benzaldehyde is condensed with 2-picoline.?

Further evidence for the assignment of structure
was obtained from the ultraviolet spectra of the two 6-
styrylnicotinic acids which were obtained by the hy-

(%) 1. Katsuunioto, Bull. Chem. Soc. Japan, 88, 242 (1960).

drolysis of the reported derivatives. The compound
assigned the #rans structure had a A« at 323 mu and
an €g.x of 32,520, while the compound assigned the cis
structure had a Apax at 509 mu and an e, of 12,960.
Our assignment of structure followed the observation
of Gilliam and Stern® that the more elongated isomer
(in this case the frans isomer) absorbs with greater
intensity at a somewhat longer wave length than the
corresponding c¢¢s isomer. Sumilar observations have
been reported by Williams,” Curtin and Koehl,? and
Katsumoto.® Furthermore, the infrared spectra of
the trans isomer showed a strong absorption band at
975 em.~!. A band in this region is usually assigned
to the C-H deformation of a trans double bond.* No
such band was present in the spectra of the cts isomer.
Biological Aectivity.—The compounds whose syn-
thesis has been described were screened for pharma-
cological activity. No appreciable activity was de-
tected. In addition, however, the o-, m-, and p- isomers
of ethyl 6-aminophenethylnicotinate, N-2-(1-hydroxy-
butyl) 6-phenethylicotinamide, and 6-phenethylnico-
tinylpyrolidide were examined for smooth muscle activ-
ity on both uterus and ileum musecle of the rat and guinea

(6) A. E. Gilliam and E. 8. Stern, "'Electronic Absorption Spectroscopy.”
2nd Ed., 1957, p. 267,

(7) J. L. R. Williawns, J. Am. Chem. Soc., 84, 1323 (1962);: J. L, R. Wil-
lians, 8. K. Webster, and J. A. VanAllan, J. Org. Chem., 26, 4893 (1961).

(8) D. Y. Curtin and W. J. Xoehl, Jr., 1bid., 84, 1967 (1962).
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TaBLE IV
AMIDES OF ¢18-6-STYRYLNICOTINIC AcCLD

n( OR
oty ( ==

=G carhon=e——ee o= U8 Ty drogens=———— -~ % nitrogen——

R M.p.. °C, Ci xield Caled. Found Caled. Tound Caled. Found

NH-. 146-148 50 75.066 75.35 4.4 4.53 12.61 12.45

CH;NH 116-118 03 75.67 75,62 5.92 6.05 11.76 11.52

Morpholino 87-88 10 73.45 318 6.16 6.26 9.52 9,37
TaBLe V

ErnyL 6-( N1TROSTYRYL)NICOTINATES

COOC.H.
HH [ !
oL
R R
e v rbon————s eeems GO hydrogen—-— --— 0 nitrogen—--
R AL, °C. e vield C'aled. Found Caled. Yound Caled. Found
0-N O 120--131 8 04.42 [SEPY 4.73 4.97 9.39 0.27
=N s 133135 89 64,42 64,34 4.73 4.58 9.39 9.45
p-NOa 186188 73 64.42 G446 4.73 4.85 9.39 9.44
Tasre VI
ErnyL 6-(o, m and p-AMINOPUENETHYL)NICOTINATES
m(/OO(ﬂ}h
Eyem
H.N
% carbon— - === iydrogeun—-— ~—%% nitrogen—-«
N Ha position A, S Coovield (aled. Yound Caled., Found Caled. Found
o 72-74 T
n (HCD 212-213 7 RGN 0. 93 H.87 .11 8.16 8.05
P 7470 a0 71.08 71.06 6.71 6.63 10.37 10.38

LA mLp. 70°.

pig. Of the compounds prepared only these five were
sufficiently soluble in dilute hydrochloric acid to permit
such testing. Responses were compared against those
elicited by an ergonovine maleate standard. The Mag-
nus method?® for recording in witro contractile responses
of isolated tissues was employed and the organ segments
were maintained in a bath of Tyrode’s medium. !

Rat and guinea pig tissues exhibited virtually iden-
tical reactions to the test compounds, thus this report
on biological activity makes no distinction between
species’ responses. Doses are expressed as milligrams
of drug contained in 100 ml. of bath medium and repre-
sent the concentration to which the excised tissue was
exposed. Single uterine horns exposed to 0.1-0.2
mg./100 ml. of ergonovine maleate exhibited character-
istic increases in rhythmic clonic contractility gradually
developing into a tonic spasm that was relieved only
after a lapse of about 15 min. following repeated wash-
ing of the tissue. These concentrations elicited no
effect upon excised gut segments and thus the standard
drug exhibits a demonstrable selectivity for uterine
smooth muscle.

The substances to be tested were dissolved in water
acidified with hydrochloric acid to pH 3. This solvent,
when administered alone in volumes equivalent to
those subsequently administered along with a test
drug, produced no observable effect on the tissues.
The addition of this solvent did not influence the pH of

(9 R. Magnus, J. Physiol., 102, 123 (1904).
(10) T. A. Solmow, A Manuel of Pharmacology,"
ders Co., Philadelphia, Pa., 1957, p. 1003.

8th Ed., W. B. Sauu-

the buffered Tyrode’s medium. 'T'he results of these
experiments may be summarized as follows:

(a).—Tothyl 6-(o-aminophenethyl)nicotinate, in con-
centrations of 0.1-3 mg./100 ml., elicited no response
from normal uterus or gut. In concentrations of 3
mg. 100 ml., however, this substance abolished the
uterine spasms previously induced by 0.2 mg./100
ml. of ergonovine maleate.

(b).-—Fthyl 6-(p-aminophenetl 13 I)nicotimate, n con-
centrations of 0.1-5 mg./100, ml ploduced no effect
upon uterus but caused a progressively increasing de-
gree of relaxation in gut in doses of 1-5 mg./100 ml.
In concentrations of 5 mg./100 ml., the compound
failed to influence the ergonovine-induced uterine
spa<1n<

(¢).--N-2-(1-Hydroxybutyl) -6-phenethylnicotinate
was nmnlal in effect to ethyl 6-(c-aminophenethyl-
nicotinate) in that it exerted no influence upon normal
uteri when exposed to concentrations up to 10 mg./100
ml.; however, at 1.25 mg./100 ml. and higher, the gut
was increasingly depressed. This compound failed to
influence ergonovine-induced uterine spasms. While
the structure of N-2-(1-hydroxvbutyl)nicotinate was
established frow its infrared spectra, it seemed possible
that during testing an acyl rearrangement might have
occurred with the result that the compound tested was
actually the 2-aminobutyl ester of 6-phenethylnicotinic
acid. In order to establish the structure of the com-
pound subjected to biological testing a sample of N-
[1-hydroxybutyl]-6-phenethylnicotinate was dissolved
i1 0.05 N hydrochloric acid and heated on a stean bath
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for 3 min. The solvent was lyophilized and a Nujol
mull was prepared from the residue. The spectra
contained a band of 1640 ¢m.—! characteristic of the
amide band.

Ethyl 6-(m-aminophenethyl)nicotinate, like XN-2-
(hydroxybutyl)nicotinate and ethyl 6-(p-aminophen-
ethyl)nicotinate had no effect on normal uterine ac-
tivity when given in doses up to 4 mg./100 ml. and
failed to influence the uterine spasms induced by
ergonovine. Gut depression, however, was evident at
docas of 5 and 10 mg./100 ml.

(d),—6-Phenethylnicotiny! pyrrolidide exhibited a
mild increase in uterine activity at 5 and 10 mg./100
ml., but as the concentration was further increased to
20 mg./100 ml. this response gradually reversed itself.
The higher doses produced an overriding depression.
The gut responded with a transient increase in con-
tractivity lasting approximately 1 min. This was
observed following administration of 2-4 mg./100 ml,

Experimental'!

Ethyl trans-6-Styrylnicotinate.—A solution of 16.5 g. (0.10
mole) of ethyl 6-methylnicotinate,’? 32 g. (0.30 mole) of freshly
distilled benzaldehyde, and 30 ml. of acetic anhydride in 80 ml. of
xylene was heated for 72 hr. at 150°. The dark brown solution
was then steam distilled. The oily residue which remained after
removal of the volatile components solidified upon cooling and
was removed by filtration. The solid was dissolved in 250 ml. of
benzene, and the resulting solution was washed with cold 0.5%
potassium hydroxide until the wash water remained basic. It
was then dried over anhydrous sodium sulfate and chromato-
graphed on a 12 X 25.4 cm. alumina (Alcoa activated alumina,
grade F-20) colunin. The product was eluted from the column
with 400 ml. of benzene. After evaporation of the benzene a tan
solid remained. Recrystallization from 959, ethanol gave 18.0
g. (719,) of a solid melting at 98-100°,

Angl. Caled. for C,:Hi:NO,: C, 75.86; H, 5.97; N, 5.53.
Found: C,75.77; H, 5.65; N, 5.57.

Amides and Hydrazide of (rans-6-Styrylnicotinic Acid.—
Ethyl trans-6-styrylnicotinate was dissolved in the proper solvent
and treated with the desired amine (Table I). All reactions
were carried out at reflux temperature except for the reaction
with methylamine which was performed at room temiperature
and the reaction with 2-aminobutanol in which the reactants
were heated to 120°. The hydrazide and unsubstituted amide
were recrystallized from ethanol and the pyrrolidide from ethanol
by dilution with water. The N-methylamide and the 2-butanol-
amide were purified by recrystallization from a solution of equal
parts water and dioxane.

trans=-6-Styrylnicotinylmorpholide.—A mixture of 10 g. (0.04
mole) of trans-6-styrylnicotinic acid (m.p. 223-225°),2 prepared
by the alkaline hydrolysis of ethyl trans-6-nicotinate, and 100 ml.
of thionyl chloride was allowed to react at room temperature for
18 hr., after which the thionyl chloride was removed under re-
duced pressure. To the cooled residue was added a cold solu-
tion of 40 ml. of morpholine and 115 ml. of 5%, potassium hy-
droxide solution, and the mixture was shaken at room tempera-
ture for 45 min. The resulting precipitate was filtered and dis-
solved in benzene. The benzene layer was separated, filtered,
and evaporated to dryness. The residue was recrystallized twice
from ethanol-water to give 5.55 g. (47%) of a white solid melting
at 156~158°,

Angl. Caled. for CsH;3N0.: C, 73.45; H, 6.16; N, 9.52.
Found: C, 73.29; H, 6.34; N, 9.43.

Ethyl 6-(o-, m-, and p-Nitrostyryl)nicotinates,—These com-
pounds were prepared by the condensation of ethyl 6-methyl-
nicotinate with o-, m-, and p-nitrobenzaldehydes. For example,
the following is a procedure employed for the preparation of

(11) All melting points are corrected and were deterinined by the capillary
tube method. Microcarbon-hydrogen analyses were performed by Weiler-
Strauss Microanalytical Laboratory, Oxford, England. Nitrogen analyses
were carried out in thislaboratory on a Coleinan nitrogen analyzer.

(12) A. Platter, W. Keller, and A. Boller, Helv, Chim. Acta, 87, 1379
(1954).

6-SUBSTITUTED NICOTINIC AcID DERIVATIVES 153

ethyl 6-(o-nitrostyryl)nicotinate, A mixture of 8.0 g. (0.053
mole) of o-nitrobenzaldehyde, 8.75 g. (0.053 mole) of ethyl 6-
methylnicotinate, 16 ml. of acetic anhydride, and 90 ml. of xylene
was heated at 150° for 72 hr. The solution was cooled and the
bright yellow precipitate which formed was filtered and washed
with a cold solution of 4 parts of xylene to 1 part of ligroin. After
drying, the yellow solid weighed 8.9 g. Evaporation of the filtrate
yielded a dark brown solid which was dissolved in 200 ml. of
benzene and chromatographed on a 12 X 100 mm. alumina
(Alcoa activated alumina grade F-20) column using 300 ml. of
benzene as the eluting solvent. The benzene was evaporated
to about 0.1 its original volume and then a 5-fold excess of ligroin
(30-60°) was added. An additional 3.5 g. of product was cb-
tained to bring the total yield to 12.4 g. (79%). The product
was dissolved in benzene and ligroin was added until the solution
became cloudy. Upon cooling, a yellow solid melting at 129-131°
was obtained.

While the optimuni yield was obtained in the case of ethyl
6-(m-nitrostyryl)nicotinate when the reactant was refluxed for
72 hr., the optimum yield in the case of ethyl 6-(p-nitrostyryl)-
nicotinate was obtained after only 24 hr. Both of these prod-
ucts were purified by recrystallization from ethanol.

Derivatives of 6-Phenethylnicotinic Acid.—This series of
compounds was prepared by the catalytic hydrogenation of the
corresponding derivatives of trans-6-styrylnicotinic acid. The
preparation of ethyl 6-phenethylnicotinate will serve as an ex-
ample of the procedure. A solution of 11.8 g. (0.046 mole) of
ethyl trans-6-styrylnicotinate in 200 ml. of absolute ethanol was
hydrogenated at a pressure of 3 atm. uging 5 g. of wet Raney
nickel catalyst (W-5) until the absorption of hydrogen ceased.
This required about 3 hr. The catalyst was removed by filtra-
tion and the filtrate distilled. The fraction distilling at 146-150°
(0.2 mm.) was collected. It weighed 9.4 g. (819,). The hy-
drobromide, formed by treatment of an ether solution of this oil
with anhydrous hvdrogen bromide, melted at 133-135° after
recrystallization from absolute ethanol by the addition of an-
hydrous ether and cooling.

Anal. Caled. for CsH,sBrNO:: C, 57.14; H, 5.38; N, 4.16.
Found: C, 57.44; H,5.56; N, 3.84.

Ethyl 6-(o-, m~, and p-Aminophenethyl )nicotinates.—Hydro-
genation of the isomeric ethyl 6-(o-, m-, and p-nitrophenethyl)-
nicotinates following the procedure outlined for the ethyl 6-phen-
ethylnicotinate yielded the ethyl esters of 6-(o-, m-, and p-amino-
phenethyl)nicotinate. The o-isomer was recrystallized from a
benzene-ligroin (60-90°) solution, the m- isomer from absolute
alcohol by the addition of ether, while the p- isomer was recrys-
tallized from water.

Ethyl 6-(a,8-Dibromophenethyl)nicotinate.—A solution of
16.0 g. (0.1 mole) of bromine in 75 ml. of chloroform was added to
33.4 g. (0.093 mole) of ethyl trans-6-styrylnicotinate which had
been dissolved in 200 ml. of chloroform. The solution was al-
lowed to stand at room temperature for 20 hr.  After removal of
the chloroform and excess bromine, the residue was triturated
with 100 ml. of 959 ethanol and filtered to give 32.6 g. (85%)
of a product decomposing at 161-163°. This product was used
without further purification. For analysis a sample was re-
crystallized from 959 ethanol.

Anal. Caled. for C,H;;Br:NO:: C, 46.63; H, 3.67; Br,
38.78; N, 3.40. Found: C, 47.04; H, 3.59; Br, 38.45; N,
3.17.

6-Phenethynylnicotinic Acid.—To a stirred suspension of 24.85
g. (0.065 mole) of ethyl 6-(«,8-dibromophenethyl)nicotinate in
450 ml. of 2-propanol, which was heated to boiling, was added
24 g. of potassium hydroxide pellets. After refluxing for 21 hr.
the solvent was removed by distillation and the residue was dis-
solved in 800 ml. of ice-water. The solution was acidified to
pH 3 with 1:1 hydrochloric acid. The resulting precipitate was
filtered and then washed with water. After recrystallization
from a dioxane—water solution 12.5 g. (929;) of product decom-
posing at 234-237° was obtained.

Anal. Caled. for C,HNO,: C, 75.32; H, 4.06; N, 6.28.
Found: C,75.41; H, 3.96; N, 6.15.

Amides of 6-Phenethynylnicotinic Acid.—These compounds
were synthesized by the reaction of the appropriate amine with
the mixed anhydride formed from the reaction of 6-phenethynyl-
nicotinic acid with ethyl chloroformate. The following synthesis
of 6-phenethynylnicotinamide serves as an example of the pro-
cedure employed.

A stirred solution of 2.23 g. (0.01 mole) of 6-phenethynyl-
nicotinic acid and 1.01 g. (0.01 mole) of triethylainine was main-
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tained at 12-16° while 1.05 g. (0.01 mole} of ethyl chloroformate
was added dropwise. After the addition was completed, the
stirred suspension was kept at the same temperature for an
additional 15 min. and then a stream of ammonia gas was passed
through the solution for 3 min. The suspension was wllowed to
warm to room temperature and remained there for 4 hr., after
which time the solvent was removed by evaporation. The re-
sulting solid residue was recrvstallized from hot ethanol by the
addition of water until the solution became opalescent and then
cooled.

Synthesis of cis-6-Styrylnicotinic Acid and Derivatives.—
To 0.50 g. (0.002 mole) of 6-phenethynylnicotinic wcid suspended
in 50 ml. of methanol was added 1 drop of quinoline and 0.1 g. of
deactivated 1047 palladium-on-charcoal catalyst.®  The mixture
was stirred in an atmosphere of hydrogen until 0.002 mole wus
tauken up. The catalyst was then removed by filtration and the
filtrate evaporated in vacuo. The residue was recrystallized from
hot methanol by the addition of water and cooling to give 0.35
g. (69%,) of a crystalline solid which melted at 148-150°.  Upun
caoling, the liquid in the melting point tube resolidified and
remelted at 222-225°, which was the melting point of the trans
isainetr.

Anal. Caled. for CLHUNO.: G 74.65; 10 492, N, 6.22.
Found: C, 74.67; H,5.17; N, 6.24,

similar hydrogenation of the previously prepared muides of
ti-phenethynylnicotinic acid yielded the corresponding amides of
eis-0-styrylnicotinic acid (see Table 1V).

Vol. 7
Conclusions

Of those compounds tested, only G-phencthylnico-
tiny] pvrrolidide exhibited a stimulant effect upon the
uterus; but in order to produce sich action, a dose was
required that was (on a weight basis) approximately 50
times the dose of ergonovine needed to provoke a vig-
orous response. 1t did not display the smooth muscle
selectivity characteristic of ergonovine, for at doses
somewhat below those required for uterine stimulation,
it increased gut motility.  Lithyl 6-(o-aminophenethyl)-
ncotinate, which in itself produces no cffects on either
uterus or gut, consistently abolished the uterine con-
tractions  previously  initiated by argonovine. Tl
nature and specificity of this antagonism remains to be
determined. The other compounds affected neither
normal uterus nor uterus previously stimulated by
ergonovine.  Thesc last three compounds all depressed
gut activity, however.  Under the conditions described,
none of the substances examined evoked responses that
compare favorably with the uterotropic action of
Crgonovie,

4-Alkyl- (or Aralkyl) 1-Aryl-2-piperazinones
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A number of 4-alkyl- (or aralkyl) l-aryl-2-piperazinones were prepared as potential analgesics.

T'hese com-

pounds were prepared either by catalytic debenzylation or pyrolytic debenzylation (or demethylation) of 1,1-
dialkyl- (or 1,1-diaralkyl) 3-oxo-4-arylpiperazinium halides,

In the course of our search for new nonnarcotic type
analgesics, we have synthesized a group of d-alkyl-
(or aralkyl) l-aryl-2-piperazinones (I). 1.4-Diaryl-,!
1,4-diarvalkyl-, and 1,4-dialkyl-2-piperazinones® having
identical substituents at the 1 and 4 positions, 3-sub-
stituted 2-piperazinones,® and 3,3-disubstituted-2-piper-
azinones* have been reported. 1-Cyclohexyl-2-piper-
azinone® and 4-alkyl-3-oxo-1-piperazinylalkylphenothi-
azines® have been described. However, no 4-alkyl-
(or aralkyl) 1-aryl-2-piperazinones have heen recorded
in the literature except for six compounds disclosed in
our patent.” Recently very similar compounds, 1-(2-

(1) (a) C. A. Bischioff and Q. Nastrogel, Ber., 22, 1783 (1889): ilid., 23,
2026, 2031, 2035 (1880);: (b) C. A. Bischioff and Ch. Trapesouzjauz, 1hid.,
26, 2931 (1892).

(2) W, B, Martin, Jr., and A. ¥, Martell, J. Am. Chem. Soc.. T2, 1301
{1050).

(3) (a) 11. Moureu, Y. Clhoviu, and L. Yetit, Compt. Rend., 243, 910
(1956), Chem. Abstr.. 81, 5769 (1957); (b) A. P. Phillips. U. 8. Pateut
2,958,693 (Nov. 1, 1960), Chemn. Ahstr., 68, 9438 (1961},

(4) (a) 1. 8. 8trong, W. i, Craig, and V. T. Elkind, U. S. Patent 2,649,450
(Aug. 18, 1953), Chem. Abstr., 48, 8271 (1954): (b) G. Melone, A. Vecchi,
and G, Muaffii, British Patent 870,888 (June 21, 1961), Chem. Abstr., 66, 482
11962): (e) J. 8. Strong, W, I, Craig, and T. V. Klkind, U. 8. Patent 2,700,-
668 (Jau. 25, 1U53), Chem. Abste., 80, 413 (1956); (d) 1. Kametani, W.
Taub, and D, Ginsburg, Bull. Chem. Soc. Japan, 31, 860 (1958); (e) S. R.
Aspinall, J. dm. Chem. Soc., 62, 1202 (1940).

i) J. Nonzl, Collection Czeck. Chem. Commur., 28, 2651 (196¢), Chem.
Abste., 88, 3603 (1063).

i)y J. W. Cusie, H. 2. Lowrie, and H. W Sause, UL =, Patent 2,778,617
CApril 2, 19567) 0 Chem. Abstr., B1, 12155 (1957).

(7) O. . Tancher aud 8 Nayao, U, 8. Patentr 3,072,658 (lau. 8,
1463).

phenethvl)-4-(lower alkyl)-2-piperazinones,® were re-
ported.

The following compounds have been prepared for
analgetic screening.

/ .
K0
Ar = Colly, 4-CHOCHy, 3-CHOCH,, 4-CICeH; 1R = H, CIL,

CeHy; R1 = H, CH,, CeH;CH., CeH,CH.CH,, CsH,CH,CH(CH,),
3,4-(CH;0),C:H;CH,.CH(CH;), (C:H;),NCH.CH;; R* = H,
CH, CH,, R®= H, CH,

The synthesis of these compounds was carried out as
follows with final conversion to the desired piperazin-
ones ria either catalytic hydrogenolysis or pyrolytic
distillation.

The ease of cychzation to form piperazinium halides
(1II) from the reaction of the diamines (II) and chloro-
acetyl chloride, a-bromopropionyl chloride, or a-chloro-
phenylacetyl chloride seems to depend on steric factors.
When Ila was treated with chloroacetyl chloride in
benzene under Schotten-Baumann conditions, IIla
precipitated from the benzene solution on standing at
room temperature. When a-bromopropionyl chloride
was used, it was necessary to heat the benzene solution
wnder reflux before cyclization took place. The samc

(&) S, Archer, Ul S0 Patent #,062.821 (Nov. G, 1ab2).



