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Synthesis of 6-Substituted Nicotinic Acid Uerivatives 
as Analogs of Ergot Alkaloicls;""~" 

Structural resemblaiices ot deri\.ati\es of ti-plicii- 
cthylnicotinic acid, ti,nns-(j-st'yryliiicotiiiic. acid. r i s -  
(i-styrylnicotiiiic acid. aiid Ci-plieiietliyiiyliiicotiiii(~ acid 
to the iiaturally occurring ei,got alkaloids pixmipted 
their synthesis aiid biological civaluat,ioii. Tliesc. 
derivatives, coiitaiiiiiig rings ,2 and I )  of t hr:  lyset~gic 
acid molecule (I), a portion of riiig (", a i d  a caihosainidtb 
gi.oup, iiiiglit be considered to hcl aiialogs of ctgoiioviiie. 

l'hey differ from each ot,lier not, oiily iii thr: degree of 
unsaturation in t'he aliphatic carbon to carlion bond but, 
in tlie spatial relationship of the phenyl group to the 
heterocyclic ring. It would lie expected t'liat com- 
pouiids of the cis s t p y l  series (11) wmld most' closely 
approximate the spatial configuratioii fouiid in lysergic 
acid, while the phenyl group in the t,,ans-Ci-styryliiico- 
tiiiic acid and 6-phenethynylnicotiiiic acid deixivatives 
would possess markedly different spatial relationships 
t'o t'he het'erocyclic ring. In  the phenet'hyl series it 
niiglit he assumed that  because of free rotation of thc 
carbon to carbon bond of the ethyleiie giuup, the t\\-o 
aromatic rings Cali assuine the same spatial confid (J u1.a- 
t i o i l  fouiid in t>he lyseigic acid niolecule : howevw, 
st'rric interactioii tietn-een the tn.o ri igs ivould probably 
pimwit this from kieconiiiig their preferred configura- 
tiot 1 .  

Lthyl tr.Qns-(j-st,yryliiicotiiiate \vas prepared by tjlw 
condensation of benzaldehyde with ethyl 6-methyl- 
nicotinate and on hydrolysis yielded the previously 
reported bt'yrylnicotinic acid.3 Attempts t'o prepare 
t,.ans-O-styrylnicotinic acid l y  tlie corideiisation o f  
heiizaldehyde and 6-methylnicotinic acid following thf> 
diiwtioiis of l'lieniger3 failed to yield t,liis compound. 

I'thyl i~~nris-ti-styryliiicotiriat~~~ \vheii t'reated with 
aninioiiia, tnethylaiiiiiie. and pyrrolidine, yielded t'lw 
expected amides (Table I ) .  Tliesr aniiiies, ho\vevci.. 
failed to add to the double h i i d .  'Treatment of ethyl 
f/,ari.s-(j-styryliiicotiiiate with hydiazine hydrate gave 
t'lir hydrazide. Wheii the ester was boiled with an 

i I )  (a) 2 ljortiori of this palwr nas  preurntrd a t  tilt: l 'rederick 
Syrnl,osiiiin o f  the Division of  hledi 
.\lr,r.ting of t l ip Aiiierii,an CIieri>iml 
1W;O; 0,) Tllia p a l m  wini,rist,s a 1) 
Lel i r f r . l r l  iii iitirtittl fiilfiiliiri.nt of t l lo  w < ~ i i i r t ~ i o c ~ r i t s  fur. titi. 1'11. I ). idt , i i r r~ : a t  

t l i v  I -ni i i , rs i ty  o f  Illinois. 
1 2 )  I ' v l I o ~ ,  .\:t,c,ri,,isri i , ' i i i i i i , l i i t i u i i  f u i  l ' l ~ a i ~ c i  

\ . i j  I I .  l'lif,iiig,,r, I ~ P T . ,  87, !I1 f l ! l > l j .  

11). -1 
HC S Iv 

i'i~oni this reactioii, the iiit'rared spectrum of the procliict 
\vas examined. The presence of a st>roiig ahsorptioii 
1)nnd a t  1641 cin. - - I  indicated that the product, was tlir 
amide, since absorption iii this area is usually att>id)uted 
to the C=O stwtchiiig of a secoiidary Flu- 
tliermore, the spectra slioned a band at 13-43 cni. I ,  

which caii he a t t r i h t e d  to \---I3 deforiiiatioii of' ii 

secoiidary aiiiide.' 
Iieactioii of ethyl li~uris-Ci-stylyliiicotiriate with inoi - 

pholine failed to yield t<he desired amide. This coin- 
pound was finally prepared hy the reaction of i ians-(i- 

lnicotinyl chloride with niorpholine. 
e amide. S-iiir.t,hylamide, pyrrolidide. nioipliolidc, 

N-?-(l -hydrosyhutyljairiide, aiid hydrazide of (i-plieii- 

lytic liydrogeuatmioii of tlit: corresponding driivati\-w 
of ti,uri.s-(j-styryliiicotiiiic acid i:Tat)le 11). 

O-l'lieiietliytiyliii~otiiiiC acid \vas syiitliesizcd t)y tlic' 

tl~Iliydrohalogeiiatioii of rtliyl O-(cu,a-dibroniopheii- 
c.tli!-ljiiicotiiiate. Illenieiital aiialysis slid a strotig 
absorption baiid a t  2215 cin. in tlie iiifrared spectruni 
iiidicated t,hat the niat'erial isolat,ed was actually ti- 
plieiiethyriSliiicotinic acid. Tlie dibronio ptutluct 
result,ed from tlie addit'ioii of bromine to a c~hlorofoi.in 
solution of etliyl tt,czns-Ci-styryliijcotiriatc. ,Ittempt,$ 
to prepare the acid chloride of Ci-plieiiet,hyiiyliiiclotiiiic. 
:ic:id \\-NY! iiiisucccssful. ( 'o tisecliieiitly , t lie amides o/' 
this coiiipouiid wei'r pi,c.paicd froin the mixed aiihy- 
dride resulting f i n i n  tlio rtwAioii of  ti-phenethyiiyl- 
nicotiiiic acid a i i d  rtiiyl c.liloi.oformatr. When n ~ n -  
nionia, metliylnniiiic, 01' py1,rolidiiie \vas added to t~ho 
mixed atihydiide, t h c  cot~cspoiidirig nniides ivei'e 01)- 
taiiied iii yields ol' o\.ei. 5Oc);>. Hou-evei., oiily a 257; 
yield could be obt,aiiied wlirrr t,lie iriixed anhydride ~ v a *  
a l l~ )wd  to i ~ ~ w t  with inoi,pholiiie (Tablc 111). 

(htalytic hydi~ogriiatio~i 0 1  (i-r~li(!iietiiyii~rliii(,otiiii(, 

w i t 1  yirldcd c,l',s-(i-~t,yi,?liiic.otiiiic. acid. 1'11r ainidr. 

ethylnicoti~iic acid \vere prepared by low pi*eL. r5Lll'C casta- 
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TABLE I 
HYDRAZIDE AND AMIDES OF trUnS-6-STYRYLlr.ICo'l~INI~ .ACID 

HJ-JCOR 

N CsH5-C=C 
H 

Time, % -% carbun-- -'/o hydrogen- -- '/u nitrugen-- 
It Solvent hr. RI.p., 'C. yield Calcd. Found Calcd. Found Calcd. Found 

NHNHI Ethanol 2 194-195 5Y 70.28 70.45 5.48 5.55 17.56 17.50 
"2 Ethanol 10 234-236 41 i 4 . 9 8  74.80 5.40 5.21 12.49 12.68 
XHCHy p-Dioxane 288 177-178 ti8 75.60 75.67 5.92 5.92 11.76 11.80 
C4H8K Benzene 84 142-144 39 77.67 77.64 6.52 6.45 10.07 10.13 
CHzOHCHNHCHyCHB 20 146-148 76 72.94 72.87 6.80 6.76 9.46 9 . 3 7  

1% 
S H r  

S H X H I  
NHCH,  
Pyrrolidino 
Morpliolino 
C H ~ C H ~ C H N H C H I O H  

c/o 
ALP. ,  oc. yield 

184-1 86 1 7  
132-134 9 6 
118-120 70 
86-88 72 
63-65 33 

128-130 88 

--yo ( 

Calcd. 

74.31 
69.69 
74.97 
77,07 
72.94 
72.45 

-asbun-- 
Found 

73.91 
69. 72 
74.73 
77,4<5 
72.57 
72.47 

--y6 Iiydroyen-- 
Calcd. Found 

6.25 6.35 
6.27 6.39 
6.71 6.68 
7.19 7.08 
6.80 6.83 
7.43 7.47 

It 31.p.. o c .  Yo yield Calcd. 

SHz 253-255 81 75.66 
CH,?;H 162-164 51 76 25 
Pyrrolidino 128-1 30 55 78.23 
Riorpholino 122-123 26 73.95 

-----Yo carbun-? --% liydroaen- 

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

Unfortunately, salts of most of the compounds syn- 
thesized mere readily hydrolyzed by water. Only two 
of the compounds were sufficiently soluble to permit 
testing for oxytocic activity. Therefore, i t  seemed 
desirable to prepare the three possible ethyl 6-(amino- 
phenethy1)nicotinates and to submit them for pharma- 
cological testing. They were prepared by the cata- 
lytic reduction of ethyl 0-, m-, and p-nitrostyrylnico- 
tinates (Table TI). The nitrostyrylnicotinic acid 
esters \$-ere 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 mas based upon analogy and 
physical measurements. For example, Katsumoto 
has shown that the trans isomer usually results when 
benzaldehyde is condensed with Z-pi~oline.~ 

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- 

(.;) T. I ia taui i iutu Bull. Chem. SOL. Japan .  33, 212 (1'JbO). 

~~ 

Found Calcd. Found 

75.5,5 4.54 4.53 
76.01 5.12 5 .31  
77.90 5.84 5.92 
74.09 5.52 5.63 

---X iiitrogen- 
Calcd. Found 

12 38 12 45 
17 $2 17 59 
11 66 11 50 
10.04 9 75 
9.46 9.55 
0.39 9.36 

nitrogen- 
Calcd. Found 
-- 
12.61 12.45 
11.66 11.75 
10.14 9.98 
9.38 9.67 

drolysis of the reported derivatives. The compound 
assigned the trans structure had a A,,,,, a t  323 mp and 
an E,,,, of 32,520, while the compound assigned the cis 
structure had a A,,, at 509 inp and an elIlaX of 12,960. 
Our assignment of structure followed the observation 
of Gilliam and Sterna that  the more elongated isomer 
(in this case the trans isomer) absorbs with greater 
intensity a t  a somewhat longer wave length than t'he 
corresponding cis isomer. Similar observations have 
been reported by  william^,^ Curtin and Koehll8 and 
K a t s ~ m o t o . ~  Furthermore, the infrared spectra of 
the trans isomer showed a strong absorption band a t  
975 cm.-'. A band in this region is usually assigned 
to the C-H deformation of a trans double bond.' S o  
such band was present in the spectra of the cis isomer. 

Biological Activity.-The compounds whose syn- 
t'hesis has been described were screened for pharma- 
cological activity. S o  appreciable activity was de- 
tected. I n  addition, however, the 0-, m-, and p -  isomers 
of ethyl 6-aminophenethylnicotinate, S-P(1-hydroxy- 
butyl) 6-phenethylnicotinamide1 and 6-phenet'hylnico- 
tinylpyrolidide were examined for smooth muscle activ- 
ity on both uterus and ileum muscle of the rat and guinea 

( 6 )  A. E. Billiarn and E. S. Stern,  "Electronic .Ibsorption Spectroscopy," 

(7) J. L. R. Williains, J .  Am. Chern. Sou., 84, 1328 (1962); J. L. R. \Vil- 

(8) D. Y. Curtin and 1%'. J. lioehl,  Jr.,  ib id . ,  84, 1Sti7 (lYci2). 

2nd Ed., 1957, p. 267. 

hams, S. I<. Webster, and  J. A. Vanilllan, J .  Ory. Ckem , 26, 4893 ( IYt i I ) ,  
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pig. Of tlic compounds prepared oiily tliesc h\.c 17 w ( ~  
sufficieiitly wluhle iii dilute liydrochloric acid to peimit 
such testing. Responses were compared agaiiist thosc 
elicited by an ergoiioi-irie maleate standaid. The  Alag- 
iius methodg for recordiiig in v i t m  contractile responseu 
of isolated tissues was employed a i d  the orgaii segmeiits 
were maintained in a bath of Tyrode's medium. lo  

Rat aiid guinea pig tissues exhibited i.irtiially ideii- 
tical reactions to the test ~ompou~ids,  thus this repoi t 
011 hiological activity makeq no distinctioii betweell 
species' responses. Doses are expressed as milligrams 
of drug contained in 100 ml. of bath medium aiid repre- 
sent the concentration to which the excised tissue was 
exposed. Single uterine horns exposed to 0.1-0.2 
mg./100 ml. of ergonorine maleate exhibited character- 
istic increases in rhythmic clonic contractility gradually 
developing into a tonic spasm that was relieved only 
after a lapse of about 1.5 miii. following repeated wash- 
ing o f  the tissue. These coiicentratioiis elicited no 
effect upoii excised gut segments and thus the standard 
drug exhibits a demonstrable selectivity Cor uterine 
smooth musclr. 

The substances to  be tested were dissolved in water 
acidified with hydrochloric acid to pH 3 .  This Solvent, 
wlicii administered alone in lvluines equivalent to 
tliosr stibsequriitly administered along with a test 
drug, produced no observable effect on the tissues. 
The additioii of this solvent did iiot iiiflueiice the p H  of 

-----5A nitrogen--- 
Calcii. 1:ounrl 

12,i j l  12 .1s  
1 1 . i B  11.52 

!I .52 ! I ,  : 3 i  

tire I)ufYeretl 'l'yrodr's mediuin. The rewlts of these 
eyperiments may be summarized as follon b : 

(a) - Ethyl G-(o-aminophenethyl)nicotmatc, i i i  coii- 
ccritiatioiis of 0.1 -5 mg./100 ml., elicited 110 i~spoiise 
fi~om rioimal uterus or gut. 111 concentiations of 5 
iiig. '100 in1 , however. this substa~ice at~olished tht. 
uterine spasms previously induced by 0.2 mg./100 
1111. of wgoiiovirie maleate. 

ib). Ethyl 6-(p-aminophenethyl)nicot~1iatc. in coii- 

cmtratioiia of 0.1-5 mg., 100, ml. produced 110 effect 
upoii uterus but caused a progressively increasing dc- 
gree of relaxatioil in gut in doses of L . 5  ing./100 r i d .  
Ti l  coiiceiitrations of 5 mg./100 nil., the compouiid 
failed to influerice the ergonovine-induced uterine 
spasms. 

(c). -1-2- (1 -Hydroxybutyl) -G:-pheiietliylriicotirlate 
wab siniilar in effect to  ethyl G-(o-aminophenethyl- 
iiicotinate) in that it exerted no irifluerice upoii normal 
uteii when exposed to concentrations up to 10 mg./100 
ml.; however, a t  1.23 mg./100 ml. arid higher, the gut 
was increasingly depressed. This compound failed to 
iiiflueiice ergonovine-induced uterine spasms. While 
the structure of 5-2-(l-hydroxybutyl)nicotir~ate was 
established from its infrared spectra, it seemed possible 
that during testing an acyl rearrangement might have 
occuri ed with the result that  the compound tested was 
act ually the 2-amiiiohutyl ester of 6-phenethyliiicotiliic 
arid. In order to establish the structure of the corn- 
pourid subjected to  biological testing a sample of S- 
[ 1 -hydrouybutyl]-~i-pheiiethylriicotiliate was dissolvcd 
111 0.02 N hydrochloric acid and heated 011 a steairi lmth 
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for 3 min. The solvent was lyophilized and a Kujol 
mull was prepared from the residue. The spectra 
contained a band of 1640 cm.-l characteristic of the 
amide band. 

Ethyl 6-(m-aminophenethyl)nicotinate, like S-2- 
(hydroxybuty1)nicotinate and ethyl 6-(p-aniinophen- 
ethy1)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 a t  
dor3s of 5 and 10 mg./'100 ml. 

(d) .-6-Phenethylnicotinyl pyrrolidide exhibited a 
mild increase in uterine activity a t  5 and 10 mg./100 
ml., but as the concentration was further increased to 
20 mg.1 100 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-methylnic0tinate,~~ 32 g. (0.30 mole) of freshly 
distilled benzaldehyde, and 30 ml. of acetic anhydride in SO ml. of 
xylene was heated for 72 hr. a t  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 em. alumina ( A h a  activated alumina, 
grade F-20) column. The product was eluted from the column 
with 400 ml. of benzene. After evaporation of the benzene a tan 
solid remained. Recrystallization from 9570 ethanol gave 18.0 
g. (71y0) of a solid melting a t  98-100". 

Anal. Calcd. for C16Hlr?;02: C, 75.88; H, 5.97; ?;, 5.53. 
Found: C,75.77; H,5.65; S , 5 . 5 7 .  

Amides and Hydrazide of trans-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 a t  reflux temperature except for the reaction 
with methylamine which was performed a t  room temperature 
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°),3 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 5y0 potassium hy- 
droxide solution, and the mixture was shaken a t  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. (47y0) of a white solid melting 
a t  156-158'. 

Anal. Calcd. for CI8HlsZj20:!: C, 73.45; H, 6.16; S, 9.52. 
Found: C, 73.29; H, 6.34; N,  9.43. 

Ethyl 6-(0-, m-, and p-Nitrostyry1)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 deterxilined b y  the capillary 
AIicrocarbon-hydrogen analyses were perfornied by Weiler- 

Sitrogen analyses 

(12) A.  Platter. W. Keller, and A. Boiler, Heln. Chim. Acta, 37, 1379 

tube method. 
Strauss Xicroanalytical Laboratory, Oxford, England. 
were carried out in this laboratory on a Coleiiian nitrogen analyzer. 

(1954). 

ethyl 6-(0-nitrostyry1)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 xylcne 
was heated a t  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 c:b- 
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 a t  129-131 ' 
was obtained. 

While the optimum 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 B-(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-st>-rylnicotinate in 200 ml. of absolute ethanol was 
hydrogenated at a pressure of 3 atm. using 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 dietilled. The fraction distilling a t  146-150" 
(0.2 mm.) was collected. It weighed 9.4 g. (Sly0). The hy- 
drobromide, formed by treatment of an ether solution of this oil 
with anhydrous hydrogen bromide, melted a t  133-138' after 
recrystallization from absolute ethanol by the addition of an- 
hydrous ether and cooling. 

Anal. Calcd. for Cl6H1sBrXO2: C, 57.14; H, 5.38; ?;, 4.16. 
Found: C, 57.44; H, 5.56; ?r',3.84. 

Ethyl 6-(0-, m-, and p-Aminophenethy1)nicotinates.-Hydro- 
genation of the isomeric ethyl 6-(o-, m-, and p-nitrophenethy1)- 
nicotinate5 following the procedure outlined for the ethyl 6-phen- 
ethylnicotinate yielded the ethyl esters of 6-(0-, m-, and p-amino- 
phenethy1)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-(cr,6-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 95% ethanol and filtered to give 32.6 g. (85%) 
of a product decomposing a t  161-163". This product was used 
without further purification. For analysis a sample was re- 
crystallized from 957, ethanol. 

Anal. Calcd. for CIGH16Br2XOZ: C, 46.63; H, 3.67; Br, 
38.78; N, 3.40. Found: C, 47.04; H, 3.59; Br, 38.45; K, 
3.17. 

6-Phenethynylnicotinic Acid.-To a stirred suspension of 24.85 
g. (0.065 mole) of ethyl 6-(a,p-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 
p H  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. (92%) of product decom- 
posing at  234-237' was obtained. 

Anal. Calcd. for ClrH&02: C, 75.32; H, 4.06; N, 6.28. 
Found: C,73.41; H,3.96; N,6.15. 

Amides of 6-Phenethynylnicotinic Acid.-These compounds 
were synthesized by the reaction of the appropriate amine m-ith 
the mixed anhydride formed from the reaction of 6-phenethynyl- 
nicot,inic acid wit,h 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 B-phenethynyl- 
nicotinic acid and 1.01 g. (0.01 mole) of triethylamine waa main- 



tained at 12-16' while 1.08 g. (U.01 mule) uf ethyl chloruformate 
was added dropwise. After the addition was completed, the 
stirred suspension was kept a t  the same temperature for an  
additional 15 niin. and then a stream of amrnonia gas was passed 
through the solution for 3 min. The suspension was :illowed to 
warni to room temperature and remained therr for 4 iir, ,  after 
whirh time the solvent was removed by evaporation. The re>- 
sult,ing solid residue was re stallized from hot ethanol by tlio 
addition of water until the solution became opalesrent and thcn 
cooled. 

Synthesis of cis-6-Styrylnicotinic Acid and Derivatives.- 
To 0.50 g. (0.002 mole) of 6-phenethyny1nic.otinic. wid suspended 
in 50 nil. of methanol \\-as added 1 drop of cluinoline and 0.1 g .  (Jf 
tieactivated lo(;; pslladiuiii-on-rharc~~:il cxtnlyst.8 The niisture 
\\-its stirred in an at,niosphere o f  h>-drogen until 0.002 niole \\-:is 
taken up. The rat'alyst was then removed kiy filtrat,ion :md thc 
filtrate cxtporated in cucr/o. The residiic \vas rrv~yst:~llized froril 

hot, niethanol by the addition of water :tnd rooling t ' 1  g i w  0.i.j.i 
g. (W'j;.) of a c*ryst:tlline solid which melted :it, 14R-l.iO". I-pori 
c*ooling, the liquid in the melting pciint tube rcsolidified :mtl 
rc~riielt~ed at  222-225', w1iic.h \\-as the niclting point r ) f  the t r c tn ,~  
i SI )i npr . 

.Inal. (Mcd. for CLIHIISC)Y: C, T4.65; I t ,  4.!)2; S, ti.22. 
lound:  <:> 74.67; H, 3.17; S, ti.24. 

Siniil:rr hydrogenation of the prcviouslj. prepared :iiiiidea o f  
(i-plieni~thyr1ylnicotinic. acid yielded the i,orrt:spondirig tiriiides of 
cis-(j-st,yr?.lnic.otinic acid (see T h l e  I Y). 

&Alkyl- (or Aralkyl) l-iiryl-2-piperazinones 

I nuiiiber cjf 4-alkyl- (or aralkyl) I-aryl-2-piperazinones R eie prepared as potential analgesics. 'I'hcse CUII I -  

pounds were prepared either by catalytic debenzylation or pyrolytic deben&tion (or demethylation) of 1,l- 
dialkyl- (or 1,1-diaralkyl) 3-oxo-Carylpiperazinium halides. 

111 the course of our search for new iioiiiiarcotic type 
analgesics, we have synthesized a group of +alkyl- 
(or aralkyl) 1-aryl-2-piperaxinories (I). 1 ,&Diary]-, I 
1 ,+diaralkyl-, and 1 ,.l-dialk~r1-2-piperaxirio1ies? having 
ideritical substituents a t  the 1 aiid -1- poeitioiis, :3-~ul)- 
stituted 2-piperazinoiies, aiid ;3,:3-disubstituted-2-piper- 
asirioiies4 have beeii reported. I-Cyclohexyl-'-piper- 
aziiioneb aiid 4-alkyl-8-oxo-l-piperazinylalkylplieiiothi- 
azinesK have been described. However, iio &-alkyl- 
(or aralkyl j 1-aryl-2-piperazinoiies have beeii recorded 
in tlie literature except for six compounds disclosed in 
our patent.' Recently very similar compounds, 1-(2- 

'l'he syiithesis of thew compounds \ \as carried out a<  
follons 11 ith h i d  coiiversioii to the desired piperaziii- 
oiie? iiu either catalytic liydioge~iolysis 01 pyrolytic 
distillation. 

The ease of cyciizatioii to form piperaiiiiiurn 1ialidt.s 
(111) from the imctioii of the dianiiiies (11) and chloro- 
acetyl chloride, a-bromopropioiiyl chloride, or (Y-ChlOl.0- 
phenylacetyl chloride seems to  depend on steric factors. 
When I I a  was tieated with chloroacetyl chloride in 
benzene under. Schotten-Baumann conditions, IIIa 
precipitated from the beiixerie solution on standing a t  
room teniperaturtl. Wli(>ii a-bromopropionyl chloridr 
was used, it wab iicrc.ssary to heat the benzene solutioii 
uiitlci 1 eflux liefore cyclization took placc. The saiiit' 
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