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The kinetics of the hydroxide-catalyzed addition of ethanol to five para-substituted acrylanilides has been 
The observed second-order rate constants could be correlated with Hine's uolar studied in ethanol a t  55". 

substituent constant using a p value of 1.77 f 0.04. 
effects in this reaction. 

This report is one of a series designed to explore the 
transmission of electronic effects through amide links. 
Quite a large body of work exists to correlate reactivity 
a t  the carbonyl group with effects of substituents at  
either the nitrogen or the carbonyl carbon. Much less 
work has been published to correlate reactivity a t  the 
methylene carbon of an N-substituted anilide with 
structural changes. Structure-reactivity studies in this 
system have relevance to protein chemistry as well as 
intrinsic interest in the ability of chains more complex 
than methylene groups to transmit activation effects in 
chemical reactions. The work had its inception with 
the observation that the rate of elimination of hydrogen 
bromide from N-(p-bromopropiony1)-"-alkyl- (or aryl-) 
ureas was increased by a factor of three when the 
N' substituent wars changed from benzyl to phenyl.a 
The observation indicated that the acylurea system was 
functioning as an efficient transmitter of electronic 
effects. The elimiination in the acylurea system reac- 
tion was very rapid, and it was decided to study the 
somewhat simpler 6-bromopropionylanilides and re- 
lated compounds. 

The present report concerns the hydroxide-catalyzed 
addition of ethanol to five para-substituted acrylanilides 
chosen to cover a reasonable variation in u con- 
s t a n t ~ , ~  methoxy, methyl, hydrogen, bromo, and 
carbethoxy. The p-nitro derivative was prepared, but 
its rate of addition could not be studied; large spectral 
changes occurred when hydroxide was added to an 
ethanol solution indicating an acid-base reaction at  the 
N-H. Kinetic data on Michael-type reactionsb are not 
common, and this also influenced the choice of reaction 
to be studied. 

The anilides were prepared by either of two routes, 
reaction of acrylyl chloride with the appropriate aniline, 
or reaction of p-bromopropionyl chloride with the 
aniline followed by elimination of hydrogen bromide 
with triethylamine in chloroform.* The latter route 
was found to be rnore convenient, and the p-bromo- 
propionanilides could be stored easily. 

Hydroxide ion was found to catalyze the addition of 
ethanol to the acrylanilides efficiently; weaker bases 
such as triethyl amine were less effective. The reaction 
products were 8-ethoxypropionanilides ; they were 
isolated from reactions at the approximate concentra- 
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The amide link is an efficient transmitter of activetion 

tions of the kinetic runs and characterized. No 
evidence for the presence of p-hydroxypropionanilides 
was found; 5-10% hydroxy compound might have 
escaped detection. The kinetics were measured in 
absolute ethanol, and the reaction was followed by 
ultraviolet spectroscopy. Since products and starting 
materials had overlapping ultraviolet maxima, it was 
necessary to use a two-wavelength Beer's law equation' 
to determine concentrations. Concentrations were 
reproducible to * 170, rate constants to *3%. 

The kinetics were found to be pseudo first order in 
acrylanilide in the presence of excess hydroxide ion. 
The kinetics of p-methylacrylanilide were examined a t  
several base concentrations, and the reaction appeared 
to be second-order overall-first order in anilide and 
first order in base. The data is presented in Table I. 

TABLE I 
ADDITION OF ETHANOL TO P-METHYLACRYLANILIDE" AT 55" 

Conon of OH-, M sec -1 M -1 sec -1 

9.78  x lo-* 5.72 5.85 
9 .80  x 10-8 5.72 5.84 
1.71 x 9.52 5.57 
1.71 x 9.88  5 .78  
2 .11  x lo-' 1 .20 5 .68  
2 . 1 1  x 10-2 1.18 5 .59  

Average 5.72 
0 Initial acrylanilide concentration M ;  * Pseudo-fint- 

order rate constant. 

A normal Arrhenius plot over the temperature range 
45-65' (Table 11) gave these activation parameters for 
p-methylacrylanilide: AGf = 23.2 kcal/mol; AH* = 
20.2 kcal/mol; AS* = 7.3 cal/deg. The reaction 

TABLE I1 
EFFECT OF TEMPERATURE ON RATE OF ADDITION OF 

ETHANOL TO ~-METHYLACRYLANILIDE" 

10s k i r  10' ka, 

Concn of OH-, 10'k1,6 10% k i ,  
Temp, OC M x 10' 800 -1 sec-1 M-1 

65.0 * 0.05  9 .48  1 .45  15 .3  
55 .0  A 0.05  See Table I 5 .72  
50.0 A 0.05  8 .96  3 . 5 3  3.94 
45 .0  f 0.05  9 .73  2 .14  2.20 

rate constant. 

appears to be a normal Michael-type addition. 
eq 1-3. 

0 Initial anilide concentration lom4 M ;  * Pseudo-first-order 

See 
The most likely rate-controlling step is the 

(1) OH- + CzHsOH _r CzH60- + Hz0 

CzHsO- + CHZ : CHCONHAr + 
C&HsOCH&H-CONHAr (2) 

C2HsOCHzCH-CONHAr + CZHSOH 
C2H&OH2CH&ONHAr + C~HSO- (3) 

(7) H. H. Willard, L. L. Merritt, Jr.. and J. A. Dean, "Instrumental 
Methods of Analysis," 4th ed, D. Van Nmtrand Co., Inc., Princeton, N. J.. 
1965, p 94. 
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addition of ethoxide; though not determined specifically 
in this work, it would be very surprising if either the 
first or third steps were rate-determining. The high 
positive p described below also supports the addition as 
the rate step. No indications of equilibrium attain- 
ments were observed; the infinity absorbances were the 
same as the absorption of the pure product a t  the same 
concentration. At each kinetic point the entire 
ultraviolet spectrum of the mixture was scanned; a 
single pair of maxima with an isosbestic point was 
obtained. The position of the maximum wm es- 
sentially that of the product or starting material in 
ethanol in the absence of base. Occasional nmr scans 
of reaction mixtures a t  higher concentrations adduced 
no evidence for the presence of extraneous materials. 
Thus within the limits of detection of ultraviolet 
spectroscopy and nmr spectra, no material was present 
other than starting materials or final products. 

The results of the addition of ethanol to the sub- 
stituted acrylanilides in ethanol a t  55” are shown in 
Table I11 with the Hine polar substituent constantss-l0 

TABLE I11 

ACI~YLANILIDES AT 55’ 
RATE OF ADDITION OF ETHANOL TO plZTa&lBSTITUTED 

101 kl? Concn of OH-, 10: kr ,  
P-x .a sec-1 M X 101 M-1 sec-l 

-0CHa -0 .17  4 .09  9.16 4.47 
-CHs -0 .13  5.72 9.78 5.72 
H 0 8 .43  8.60 9.80 
Br + O .  25 27.1 10.9 24.9 
-CO&*Hs + O  .46 56.0 8.96 62.5 

first-order rate constant. 
in all cases. 

a Hine’s polar substituent constants. Reference 8. Pseudo- 
Acrylanilide concentration lo-* M 

for the appropriate group. The best least-squares line 
has a slope corresponding to a p value of a 1.77 f 0.04. 
A plot of log rate constant vs. the Hammett u 
constant shows distinct curvature.*J0 

No really good model systems seem to be available for 
comparison with the present results. The addition of 
t-butyl amine to para.-substituted aryl vinyl sulfones in 
ethanol a t  25” gave a! p value of +1.59.” A p of +1.0 
was obtained for the /3 acyl group in the addition of 
methoxide to trans-dibenzoylethylenes.12 The reaction 
of 1,l-diaryl-2-chloroethylenes with ethoxide shows a p 
value of 3.55 at 120” (using “normal” substituent 
constants). la Two reactions in which the substituted 
aromatic ring is on the carbon atom to which the 
attacking anion becomes attached have been reported, 
the reaction of barbituric acid with P-nitrostyrenes in 
dioxane-water a t  30” ( p  +0.74)6 and the addition 
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that the Hammett v scale is not appropriate. 
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of cyanoacetic ester to cinnamoylferrocenes with a p of 
0.65 a t  3Oo.l4 The p value found for the addition of 
ethoxide to acrylanilides in ethanol at 55” compares in 
magnitude with those reported above. The amide 
function is apparently serving as an efficient transmis- 
sion medium for activation effects in this reaction where 
substantial negative charge is developed in the transi- 
tion state. 

Differences in the ability of the carbonyl group to 
support the negative charge in the transition state are 
presumably responsible for the results obtained. The 
carbonyl group is cross conjugated with the aromatic 
ring through the nitrogen atom. However, the presence 
of the nitrogen atom seems to make little difference in 
the ability of the aromatic ring to affect the carbonyl 
group as ring substituents change. The amide link 
is planar with about 40% contributions from the form 
with C:N as estimated by Paulingl5 and from13 C-H 
coupling constants. l6 A very mobile, polarizable 
system of unshared electrons and p orbitals is available 
from the ring to the negative charge, and is probably 
responsible for the efficient transmission activation 
effects. 

Other reactions are being studied to determine the 
efficiency of the amide and other similar groups in 
transmission of electronic activation effects. 

Experimental Section 
Melting points are uncorrected, and were measured with a 

Thomas Unitemp bath. 
Kinetic Determinations.-The solutions of potassium hy- 

droxide in absolute ethanol were prepared fresh for each kinetic 
run and were standardized by titration with 0.01 M sulfamic acid. 
The determinations were conducted in a 300-ml three-necked 
flask equipped with a Teflon-coated magnetic stirring bar, a 
condenser, a rubber septum, and a stopper. The flask waa 
flushed with prepurified, carbon dioxide free nitrogen and a static 
pressure of nitrogen was maintained throughout the run. In a 
run 200 ml of the hydroxide solution were placed in the flask 
and allowed to equilibrate thermally for about 0.5 hr; the 
acrylanilide (weighed on a microbalance) was then added to give 
a 10-4 M solution. Samples were withdrawn with a hypodermic 
syringe and placed in 5-ml glass stoppered volumetric flasks 
precooled with Dry Ice. Samples were kept at  -77’ until the 
run was completed, whereupon they were allowed to come to 
room temperature and the ultraviolet absorption spectrum was 
measured with a Perkin-Elmer Model 450 spectrophotometer. 
Repetition of the freeze-thaw measurement cycle gave constant 
absorbance values indicating no appreciable reaction during 
the measurement cycle. Approximately 12-20 points were 
taken throughout three half-lives; the infinity value was taken 
approximately 8 hr after completion of the points; and three 
samples taken 1 hr apart showed no change in absorption. The 
e’s were identical with those from known products and starting 
materials at  the same concentrations. The-absorption curves 
were the same in the hydroxide solutions as in pure absolute 
ethanol. The data were analyzed using a two-parameter Beer’s 
Law equation.’ Good pseudo-first-order rate constants were 
noted to beyond 90% reaction. The average error in rate con- 
stant for a single run was 1.50Jo. In  replicate determinations 
3% agreement between runs was noted. The largest error in 
duplication of results appeared to be the result of carbon dioxide 
contamination of the alcoholic hydroxide solutions. 

Attempts were made to quench the reaction by adding a sample 
to excess hydrochloric or acetic acid; the absorbance of the 
samples so treated varied with time. An acid-catalyzed reaction 
apparently occurred with an appreciable rate a t  room tempera- 

(14) M. Furdik and s. Toms, Chem. Zuerfi, 326 (1966); Chem. Absfr., 
66,7015 (1966). 
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University Press, Ithaca. N. Y., 1960, p 281. 
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86,3577 (1964). 
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ture. The freeze-quenloh method made quantitative transfer 
of samples unnecessary, since the sample withdrawn could be 
measured directly in the 1-cm cell. Table IV gives the wave- 
lengths and extinction coefficients used in analyzing the data. 

Activation parameters were calculated from AH* = AEa - 
RT; AS*/4.576 - 101: k - 10.753 - log T + Ea/4.576T; 
AG* = AH* - T A S + .  

TABLE IV 

P-ETHOXYPROPIONANILIDES IN ETHANOL 
ABSORPTION h.lAXlM.4 O F  ACRYLSNILIDES A N D  

&Ethoxy- 
Acrylanilide, propionanilide, 

-0CH3 285 (1.32)  252.5(1.64)  
-CHa 277.5 (1.20) 247.5(1.60)  
H 270 (1.08)  245.0(1.49)  
Br 275 (1.45)  252.5 (1.95) 
-COzCzHs 290 (2.42)  272 (2.40) 

P-X imax (104 .) imax (104 f) 

Syntheses of p-Bromopropionani1ides.-In a typical example 
1 g of ethyl p-aminobeneoate was dissolved in 20 ml of anhydrous 
ether and mixed with 1 g of 8-bromopropionyl chloride diluted 
with 10 ml of anhydrous ether. After filtering off the fluffy 
white precipitate of amine hydrochloride, the filtrate was washed 
with 5% hydrochloric acid and with water, and then evaporated 
on a rotary evaporator to yield yellow crystals. The yellow 
crystals were recrystallized from chloroform: p-H, mp 119-120" 
(lit. mp 119-120'); p-€lr,17 mp 135-136'; p-CH3,lS mp 137-138; 
p-OCH8,'7 mp 111-112'; p-C02CzH5,l7 mp 119-120'. 

Synthesis of Acry1anilides.-In a 50-ml pear-shaped flask 
equipped with a reflux condenser were placed 1 g of the bromo- 
propionanilide, 20 ml of chloroform, and 1.5 ml of triethylamine. 
The solution was refluxed 1 hr and then cooled to room tempera- 
ture. After washing three times each with 20 ml of water, 20 
ml of 3 M hydrochloric acid, and water, the chloroform was 
dried with calcium chloride. After filtering the calcium chloride 

(17) Satisfactory C, H, and N analyses (f0.3%) were obtained for this 
compound. 
(18) R. Oda, S. Tokivra. '4. Miyasu, and M. Okano, Chem. High Polymers 

(Tokyo), 16, 260 (1959); C. K'ung, G. M. Chetrikina, T. A. Sokolva. 
and M.  M. Koton, Vysohomolekul. Soedin., 6 (l), 149 (1964). 

DERIVATIVES OF 3-ETHYL-4PIPERDINEACETIC ACID 3273 

the chloroform was removed on a rotary evaporator, and the 
residue crystallized from chloroform-carbon tetrachloride. 
Most samples were then sublimed at  reduced pressure: p-H, mp 
93-95' (lit. mp 93-94'); p-Br," mp 178-179'; p-CH1,1~919 
mp 138-139'; p-OCHa,17~'g mp 91-92'; p-C0~CzHs, mp 113- 
114' (lit. mp 110-112°).18 

Synthesis of 8-Ethoxypropi0nanilides.-These were prepared 
from the bromo compounds by the action of sodium hydroxide 
and ethanol. In  a typical example 52 mg. of 8-bromopropion- 
anilide (2.3 X mol) was dissolved in 200 ml of 0.030 M 
ethanolic potassium hydroxide and the solution was heated a t  
55' for 24 hr. After cooling, 0.5 M hydrochloric acid was added 
to an apparent pH of 6 (indicator paper). The solution was 
evaporated to 20 ml, and filtered with a Buchner funnel. The 
potassium chloride was washed with chloroform, and the combined 
filtrate and washings were evaporated on a rotary evaporator. 
The crude product was sublimed to yield 31 mg (80%) of product. 
Each preparation was repeated using 50 mg of the acrylanilide 
and 200 ml of approximately 0.015 M ethanolic potassium 
hydroxide; the work-up and yields were the same as for the 
bromo compounds. Two triplets were found for the methylene 
protons and the triplet-quartet pattern of the ethoxy group was 
easily identified in nmr spectra of the products: p-H,'7 mp 42- 
44'; p-Br,'7 mp 93-94'; p-CHa, mp 63-64' (lit. mp 59-60°);M 
p-OCH3,17 mp 59-60'; p-CO~CtHs,l7 mp 102-103°. 

Registry No.-Ethanol, 64-17-5; 3,4'-dibromopro- 
pionanilide, 7661-10-1 ; 3-bromo-4'-methoxypropion- 
anilide, 7661-14-5; 3-bromo-4'-ethoxycarbonylpropion- 
anilide, 21690-53-9; acrylanilide, 2210-24-4; p-bromo- 
acrylanilide, 13997-69-8 ; p-methylacrylanilide, 7766- 
36-1; p-methoxyacrylanide, 7766-37-2; p-ethoxycar- 
bonylacrylanilide, 14745-58-5; P-ethoxypropionanilide, 
2 1690-58-4 ; 4'-bromo-3-et hoxypropionanilide, 2 1690- 
59-5; 3-ethoxy-4'-methylpropionanilide, 21690-60-8; 
3-ethoxy-4'-methoxypropionanilide, 21690-61-9; 3- 
ethoxy-4'-ethoxycarbonylpropionanilide, 21690-62-0. 
(19) K. Yokota, T. Imamura, and Y. Ishii, Kogyo Kaguku Zasshi, 68 

The abstract gives no 

(20) H. H .  Wasserman, B. Suryanarayana. and D. D. Gasetti. J. Amer. 

(ll), 2280 (1965); 
numerical data. 
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Ethyl l-benzoyl-3-ethyl-A4@-piperidineacetate (4) and ethyl l-benzoyl-3-ethyl-l,2,3,6-tetrahydropyridine-4- 
acetate ( 5 )  have been prepared from l-benzoyl-3-ethyl-4-piperidone by the phosphonate modification of the 
Wittig reaction. Catalytic reduction of 4 
has been shown to give primarily ethyl cis-l-benzoyl-3-ethyl-4-piperidineacetate while 5 gives mainly ethyl 
trans-l-benzoyl-3-ethyl4piperidineacetate. The stereochemistry of these products has been established by 
interrelation with cis-l-benzoyl-3-ethyl4piperidineacetonitrile from cinchonine via trimethylsilyl derivatives of 
3-ethyl-1-me thyl-4-piperidineethanol. The literature assignments of stereochemistry to the cis and trans 
isomers of ethyl S-ethyl-2-oxc4piperidineacetate are shown to be in error. 

Compound 4 is partially isomerized into 5 in the presence of base. 

The 3-ethyl-4-piperidineacetic acid skeleton con- 
stitutes an important, portion of the nonaromatic frame- 
work of a number of isoquinoline and indole alkaloids. 
In  connection with synthetic work in the latter area 
we required a convenient source of 3-ethyl-4-piperi- 
dineacetic acid derivatives capable of functionalization 
at C-5 and having a known stereochemical relationship 
between the ethyl and acetic acid groups. Two com- 
pounds are of particular interest. Stork and McEl- 

(1) (a) This work was supported by National Science Foundation Grant 
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vain2 prepared ethyl 3-ethyl-4piperidineacetate (1) 
but were able only to make a tentative (cis) stereochem- 
ical assignment. Evstigneeva and Preobrazhenskaya8 
have reported the preparation of crystalline @a, mp 
84-85') and oily stereoisomers (2b) of ethyl 5-ethyl-2- 
oxo-4piperidineacetate (2) and assigned cis stereochem- 
istry to the crystalline isomer and trans configuration to 
(2) G. Stork and S. M. McElvain, J .  Amer. Chem. Soc., 68, 1053 (1946). 
(3) R. P .  Evstigneeva, J. Gen. Chem. USSR (Engl. Transl.). 38, 2494 

(1958); R. P. Evstigneeva, Yu. F. Malina and N. A. Preobrachenskaya, 
I N .  Vyssh. Ucheb. Zaued. Khim.  Khim. Tekhnol., 6, 46 (1958); Chem. 
Abs f r . ,  68, 11369 (1959). 


