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Cinnamic acid derivatives (I) might exhibit with sodio ketones, Grignard
reagents, and metallic amides either 1,2 or 1,4 addition. These two courses of
reaction may be illustrated by the following general scheme in which MB repre-
sents the basic reagent.

oM
1,2 { —MX
50 H,CH=CHCB =X, C.H,CH=CHC=0
OsHf; CH—CHC=0 -+ MB— X B
X i 1’4 acid

L——-—>C5H5(YJHCH=COM —294, C4H,CHCH,C=0
I I
B X B X

In the present investigation a study has been made of the relative extents
of these two courses of reaction with certain of these basic reagents as X in (I)
is varied. Although the magnesium of Grignard reagents (and perhaps also
the sodium of sodio ketones) may first coordinate with the carbonyl oxygen of
(I, the relative extents of formation of the 1,2 and 1,4 addition products are
assumed to be dependent on the relative rates of addition of the basic anions at
the carbonyl carbon and 8-carbon, respectively. Because X isin closer proximity
to the carbonyl carbon than to the S-carbon, its electronic and steric effects
should influence the rate of the 1,2 addition more than that of the 1,4 addition.
Consequently, a variation in X which would decrease the rate of the 1,2 addition
should increase the relative extent of the 1,4 addition. The relative rate of the
1,2 addition might be expected to decrease as X is varied in the order, Cl, OC;H;,
OCH; or OC,H;, OC(CHjs)s, N(C,Hs),, since, with the corresponding acetic or
benzoic acid derivatives, this is known to be the decreasing order of the relative
ease of alkaline hydrolysis, which may be considered to involve 1,2 addition with
sodium hydroxide. Therefore, cinnamic acid derivatives (I) might be expected
to exhibit, with a particular basic reagent, relatively less 1,2 addition and rela-
tively more 1,4 addition as X is varied in this order. In general, this expectation
has been realized. This can be seen from the results summarized in Table I
which are taken from the present investigation and from the literature. Thus
with sodio acetophenone, 1,2 addition occurs when X is chlorine and apparently
mainly when X is phenoxy whereas 1,4 addition takes place mainly when X is
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methoxy or ethoxy; with phenylmagnesium bromide, 1,2 and 1,4 addition ap-
pear to occur to about equal extents when X is phenoxy whereas 1,4 addition is
realized largely when X is ethoxy and exclusively when X is {-butoxy or diethyl-
amino; with sodium amide, 1,2 addition predominates when X is ethoxy or t-butoxy
wheresas 1,4 addition occurs partly when X is diethylamino; with diethylamino-
magnesium bromide, 1,2 addition occurs mainly when X is methoxy whereas
1,4 addition is realized when X is {-butoxy. The basis for these generalizations
and also certain related reactions are discussed below.

Reactions with sodio ketones. Ryan and Dunlea (1) reported that sodio aceto-
phenone, prepared by means of sodium amide, or sodio acetone, prepared by
means of metallic sodium, reacted with ethyl or methyl cinnamate by 1,2 addi-
tion to form the corresponding 8-diketone. However, in each case the yield was
only about 69,. Stobbe (2) reported, that in the presence of sodium ethoxide,

TABLE I
Mobk or AppiTioN oF Basic REageNTs TO CeH;CH=CHCOX As X 1s VARIED
REAGENT Ce OC:Hs (OCHs) OC(CHw: | N(CoHs)
| | |
Na(CH.COCe¢Hj) 1,2 1,2 ; 1,4
(1,47)e (1,2)s
CsH;MgBr 1,2 and 1,2 1,4
1,47 | and 1,4 (1,2)e 1,4 1,4
NaNH, 1,2 1,2 | 1,4
‘ : (1,2)e
(Csz)zNMgBI‘ 1,2 1,4.-
(1,4?)

@ Realized to a relatively small extent.

acetophenone added to ethyl cinnamate by 1,4 addition to form the Michael
condensation product but no yield was given.

In the present investigation, it was found that sodio acetophenone, prepared
by means of sodium amide, reacted with methyl or ethyl cinnamate by 1,4 addi-
tion to form the Michael condensation product which, on hydrolysis, gave 8-
phenyl-y-benzoylbutyric acid (II) in 499, and 669, yield, respectively. Simi-
larly, sodio pinacolone reacted with ethyl cinnamate to give the Michael con-
densation product in 649, yield. None of the 8-diketone which would result
from 1,2 addition was found; however, the copper salt method for the isolation
of the g-diketone, used by Ryan and Dunlea, was not employed. The main re-
action with ethyl cinnamate and sodio acetophenone may be represented as

CsH; CHCHCO.C:H; + acid
C¢H;CH=CHCO0,0;H; + Na(CH:COCH;) — ] Na —
CH,COC¢H;
C¢H;CHCH,CO.C.H HOH CsH;CHCH,CO H
s 5 2 1023 = 83 W =8 2 2
CH,COC.H; CH.COC:H;

II
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"The yields reported above were obtained using a slight excess (109,) of the
sodio ketone. When one molecular equivalent of ethyl cinnamate to one equiva-
lent each of sodio acetophenone and sodium amide was used, the yield of II was
lower (379,). The reaction was realized also with a catalytic amount (10
mole 9;) of sodium amide but the yield was only 199.

When phenyl cinnamate, in which the carbonyl group is more reactive, sodio
acetophenone and sodio acetone reacted by 1,2 addition to give the correspond-
ing B-diketone in yields of 29-309,. Since these reactions were carried out
with one molecular equivalent each of the ester and sodio ketone in the presence
of an equivalent of sodium amide, the g-diketone was converted to its sodium
derivative presumably by the sodium amide (3). The formation of cinnamoyl-
acetophenone (III) may be represented as
CiH,CH=CHC0,CH; —SiCo0il,

[CsH; CH=CHCOCHCOC:H;|Na —acd_, CsH; CH=CHCOCH,COCsH;
III

In addition to the 8-diketone, there was obtained a considerable quantity of a
viscous red oil from which nothing could be crystallized. On refluxing the oil
with sodium hydroxide, a small amount (3%) of an acid was obtained which
appeared to be B-phenyl-y-benzoylbutyric acid, presumably resulting from 1,4
addition.

When the reaction was carried out using two equivalents of sodio acetophenone
to one of phenyl cinnamate, the yield was considerably lower (15%). In this
case, a small amount of white solid was obtained in addition to the yellow cin-
namoylacetophenone. The white compound was evidently compound IV,
which was formed apparently from both 5 1,2 and a 1,4 addition; it has not been
established which mode of addition occurred first.

CsH; CHCH,;COCH,COCsH;

CH,COC¢H;
Iv

As was expected, cinnamoyl chloride underwent 1,2 addition with sodio aceto-
phenone to form the sodium salt of I1I which was acylated in the reaction mix-
ture to give dicinnamoylacetophenone (V) in 669, yield.

NaCH:COCsHs NaCH:COCsHs
C0CeH: | s

(CsH,CH=CHCO CHCOCH;|Na ~ZHCH=CHCOC! |~ 1 0 H=CHC0),CHCOC:H;
\%

The product was shown to be a diacyl derivative rather than a 1,4 addition
compound, by synthesis from sodio cinnamoylacetophenone (the sodium salt
of III) and cinnamoyl chloride. That it was the C-acyl derivative (V) rather
than the O-acyl derivative was indicated by its formation of a copper salt from
which it was regenerated.
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Reactions with Grignard reagents. Kohler and co-workers (4) have shown
that, with phenylmagnesium bromide, ethyl cinnamate exhibits mainly 1,4
addition to form the ester of 8,8-diphenylpropionic acid (VII). Some (< 109%)
1,2 addition also occurs under certain conditions to form benzalacetophenone
which undergoes 1,4 addition with the Grignard reagent in the reaction mixture
to give B,B-diphenylpropiophenone (VI). With methyl cinnamate (4), rela-
tively more 1,2 addition was realized while with phenyl cinnamate (5) almost
equal amounts of 1,2 and 1,4 addition were observed. The two courses of re-
action with phenyl cinnamate may be represented as

CsHsMgBr CsHsMgBr

12 - CGH5CH=CHCOCGH5 —-——1,4—‘—9
(CeH;):CHCH,CO CeH;

CsH5CH=CHCO'zCsH51 VI
CsH:MgB
i "—s (CeHy),CHCH,CO0,CeH; -9,

(CeH;):CHCH,CO.H
VII

Kohler reported that with n-amyl cinnamate (4), less 1,2 addition was ob-
served than with ethyl cinnamate but no yields were given. It has been shown
in this laboratory (6) that phenylmagnesium bromide gives apparently only
1,4 addition with {-butyl cinnamate, which has a relatively unreactive ester
group. In the present work, this has been confirmed the yield being increased
from 449, to 76%.

CsH;CH=CHCO,C(CHy); —2HEMeBr . H,),CHCH,CO,C(CHy;

Maxim (7, 8) has shown that di-substituted cinnamic amides, for example,
N, N-diethy!l cinnamamide, gave excellent yields of 1,4 addition product.

CH;CH=CHCON (C.H,); —22M8B , ((H,),CHCH,CON(C,H)),

The course of addition of phenylmagnesium bromide to cinnamoyl chloride
has been difficult to determine. Kohler concluded that both 1,2 and 1,4 ad-
dition occurred but he gave no yields. There is no doubt that he realized 1,2
addition since he isolated 8,8-diphenylpropiophenone (VI) after treatment of
the reaction product with alcoholic potassium hydroxide. He represented the
reaction as taking place thus (4)

CH,CH=CHCOCl —CEMeBr .  H,CH=CHCOC:H; CeHsMgPBr

OMgBr
CiH:CH=CHCOC1 _

(CeH;),CHCH=CC,H;
OOCCH==CHC,H;

{CeHs);CHCH=CCH; K%OH"") VI
VIII
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8,8-Diphenylpropionic acid (VII) also was isolated after hydrolysis. Kohler
considered that this acid resulted from direct 1,4 addition of the Grignard reagent
to the acid chloride but it might have arisen from 1,4 addition of the reagent
to compound VIII which Kohler assumed to be formed from 1,2 addition as
represented above. In an experiment with phenylmagnesium bromide and a
large excess of cinnamoyl chloride, we isolated only a 19 yield of acid VII.
A mixture that was difficult to separate was obtained as the main product; it
was not further studied. In this connection it should be pointed out that Night-
ingale and Wadsworth (9) have shown that cinnamoyl chloride exhibits 1,2 addi-
tion with diphenylcadmium to form benzalacetophenone. We have found that
diphenylcadmium fails to react with ethyl cinnamate in refluxing ether or ben-
zene, 909, of the ester being recovered unchanged.

In contrast to phenylmagnesium bromide, methylmagnesium iodide appears
to give 1,2 addition exclusively; however, the yields have been low. Kohler
(4) reported a 279, yield of benzalacetone from methyl cinnamate while Maxim
(8) obtained a poor yield of this ketone from N-methyl cinnamanilide. We
have been unable to realize appreciable 1,4 addition with methylmagnesium
iodide and ¢-butyl cinnamate or N,N-diethy! cinnamamide and with i-butyl-
magnesium chloride and methyl cinnamate. No attempt was made to isolate
the 1,2 addition product.

Maxim (7, 8) realized 1,4 addition of ethylmagnesium bromide to di-substi-
tuted cinnamamides in excellent yields. However, we have been unable to
realize appreciable 1,4 addition with this Grignard reagent and i-butyl
cinnamate.

Reactions with amino bases. Although cinnamoyl chloride has been reacted
with ammonia and various amines, and ethyl cinnamate with ammonia (10, 11)
methylamine (11b) and diethylamine (11b), reactions of cinnamic acid deriva-
tives with sodium amide or sodium or magnesium derivatives of amines have ap-
parently not previously been reported.

In the present investigation, sodium amide in liquid ammonia was found to
react readily with ethyl cinnamate and even with (-butyl cinnamate, by 1,2
addition, to give cinnamamide in 769, and 629 yields, respectively.

CeH; CH=CHCO,R _Y2NH:  (O,H,CH=CHCONH,

However, sodium amide reacted with N, N-diethyl cinnamamide to give a 179,
vield of the 1,4 addition compound, N,N-diethyl 8-aminohydrocinnamamide
(IX), a small amount (< 1%,) of cinnamamide, and a considerable quantity of
a high-boiling unidentified liquid. The reaction mixture immediately assumed
a bright red color which changed within one minute to a deep purple. None of
the N, N-diethyl cinnamamide was recovered.

CsHs CH=CHCON(C,Hs), 2N, o H,CHCH,CON(C,Hs),

NH.
IX
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Sodioaniline, anilinomagnesium bromide, and isobutylaminomagnesium
bromide reacted with ¢-butyl cinnamate by 1,2 addition to form the correspond-
ing substituted cinnamamides in yields of 609, 369, and 309, respectively.
In the latter two cases, unchanged ¢-butyl cinnamate was recovered in yields of
409, and 439, respectively. Also, sodiomethylaniline reacted with ¢-butyl
cinnamate to give the 1,2 addition product, N-methyl cinnamanilide, in 549
yield. The reaction with the anilino bases may be represented as

CeH; CH=CHCO:C(CH)s —hamamsz— CsH,CH=CHCONHC:H,

However, diethylaminomagnesium bromide reacted with ¢-butyl cinnamate
apparently by 1,4 addition, the primary product reacting further by a Michael
type condensation to form (X) in 219, yield; unchanged ¢-butyl cinnamate
(339%,) was recovered.

CsH;CH=CHCO0,C(CH,), —CHo:NMeBr ,

OMgBr CeHwCHCHzCOzC(CHs)s
C{H;CHCH=COC(CHy); o=t CHCO:C(CHy)
|
N(C:Hy), CoH, CHN (C:Hy),
X

With methyl cinnamate, diethylaminomagnesium bromide reacted by 1,2

addition to give N, N-diethyl cinnamamide in 25%, yield.
OsH;CH=CHCO,CH; —ZHfMBr o b CH=CHCON(C:Hy):

In addition methyl cinnamate (28%,) was recovered, and there was isolated a
product which appeared to be N,N-diethyl g-diethylaminohydrocinnamamide
(XI) (119), resulting from both 1,2 and 1,4 addition. Since N,N-diethyl-
cinnamamide failed to add diethylaminomagnesium bromide under similar
conditions, compound XI appears to have resulted from 1,4 addition followed
by 1,2 addition.

CeH; CHCH,; CON(C:H),

N(C,Hs):
XI

EXPERIMENTAL?

Phenyl cinnamate was prepared from cinnamoyl chloride and phenol by a modification
of the general method of preparation of phenyl esters (12), using dimethylaniline in place
of pyridine and carbon tetrachloride as solvent. A 74% yield of the ester, m.p. 70-71°,
was obtained. After further recrystallizations the ester melted at 75-76° (13); yield, 35%.

¢t-Butyl cinnamate was prepared from ¢-butyl alcohol and cinnamoyl chioride in the
presence of dimethylaniline (14). Since the ester appeared to be contaminated with

2 Melting points are corrected; boiling points are uncorrected. Microanalyses are by
Oakwold Laboratories, Alexandria, Virginia.
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cinnamoyl chloride, an ether solution of the product was washed twice with 109 sodium
hydroxide. The ether solution was dried over Drierite and the solvent distilled. Frae-
tionation of the residue yielded pure ester (54%), b.p. 122.5-123.5° at 3 mm.

N,N-Diethyl cinnamamide was prepared by a modification of the method of Maxim
(15). Cinnamoyl chloride, prepared from 0.6 mole each of cinnamic acid and thionyl
chloride, was dissolved in 300 ml. of ether. This solution was added to 87.6 g. (1.2 mole)
of diethylamine (b.p. 55.5-56.5°) in 300 ml. of ether in an ice-bath. Water (500 ml.) was
added and the ether layer was washed several times with 109, sulfuric acid, then with satu-
rated sodium bicarbonate solution and was finally dried over Drierite. The solvent was
distilled and the residue recrystallized from ligroin (70-90°) yielding 101 g. (83%) of color-
less needles, m.p. 68-69°. Vorlander and Herrmann (16) report the m.p. as 66° and, Crom-
well and Caughlan (17), as 72°. The latter workers describe a good general procedure for
the preparation of cinnamamides from cinnamoyl chloride and various secondary amines.

Condensations of ketones with cinnamic acid esters. The ketones were first converted to
sodio ketones by means of sodium amide suspended in ether (3). Conversion was assumed
to be complete within five to ten minutes. The ester was added to the sodio ketone at
room temperature and the resulting mixture was refluxed for one hour. The reaction
mixture from phenyl cinnamate and acetone was poured into water and the cinnamoylace-
tone was precipitated from the aqueous phase with carbon dioxide. In all other cases the
reaction mixture was poured onto a mixture of ice and a slight excess of acetic or hydrochlorie
acid. The ether phase was washed with saturated sodium bicarbonate solution dried over
Drierite, and the solvent distilled. The residue from the reaction of ethyl or methyl cin-
namate was either fractionated and the direct Michael condensation product isolated or it
was hydrolyzed with 109 sodium hydroxide to the acid which was isolated. The residue
from the reaction of phenyl cinnamate with acetophenone was dissolved in a minimum
amount of methanol and chilled; cinnamoylacetophenone precipitated and was filtered off.
The methanol was evaporated from the filtrate and an attempt was made to distill the re-
sulting oil; however, only phenol distilled. The oil remaining in the distilling flask was
then refluxed with 109 sodium hydroxide for two and one-half hours yielding 0.38 g. (3%)
of an acid, m.p. 146-148° which appeared to be slightly impure B-phenyl-y-benzoylbutyric
acid. Stobbe (2) reported the melting point to be 152-153.5%; in this investigation it was
found to be 156-157°.

When the reaction of one equivalent of phenyl cinnamate with two equivalents of sodio-
acetophenone was carried out, there was obtained from the methanol filtrate a small
amount of a white compound which, after recrystallization from alcohol and water, melted
at 89-90°. Microanalysis indicated that it was 1,5-dibenzoyl-4-phenylpentanone-2.

Anal. Cale’d for CiH20;5: C, 81.06; H, 5.99.

Found: C, 81.39; H, 5.91.

In each case, some cinnamic acid (5-15%,) was obtained on acidification of the sodium
bicarbonate wash solution except in the reaction of ethyl cinnamate with pinacolone; here
B-phenyl-vy-pivaloylbutyric acid (3%), presumably resulting from hydrolysis of the 1,4
addition product, was obtained.

The yields of the main products using various proportions of the reactants are given in
Table II.

Condensation of acetophenone with cinnamoyl chloride. Sodioacetophenone (0.1 mole)
was prepared in 180 ml. of ether and dry nitrogen was passed through the suspension while
refluxing for one hour to insure complete removal of the ammonia. The ether suspension
of the sodio ketone was chilled in a Dry Ice-ether bath (—70°) and cinnamoyl chloride (ap-
proximately 0.1 mole, prepared from 14.8 g. of cinnamic acid and 19 ml. of thionyl chloride)
dissolved in 75 ml. of ether was added. The resulting yellow suspension was stirred at
room temperature for one hour and poured into ice-water containing 5 ml. of glacial acetic
acid. A yellow solid separated and was filtered off. The ether phase was dried over Drier-
ite and, after distillation of the solvent, more yellow solid was obtained. The combined
produet was washed with boiling methanol and dried, yielding 12.5 g. (66%) of dicinnamoyl-
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acetophenone, m.p. 181-183°. Two recrystallizations from methanol gave material, m.p.
189-190°.

Anal. Cale’d for CHnOs: C, 82.08; H, 5.30.

Found: C, 81.62; H, 5.62.

The molecular weight was determined by the freezing point method in benzene; Cale’d
for CueH20s: 380. Found: 382.

The product was further identified by the mixed melting point method using a sample
synthesized by reacting equivalent amounts of cinnamoyl chloride with the sodium deriva-

TABLE II
CoNDENsSATIONS oF KETONES wiTH CINNAMIC AcIiD ESTERS
&

B o

Nl o R

CINNAMIC ESTER @ EETONE “n H2a PRODUCT M.P., C. -

4 5 B ]

2 3 | &8= 2
L L =

Ethyl cinnamate 0.1 | Acetophenone 0.11/0.11] 8-Phenyl-y-benzoyl- | 156-157¢ | 66

butyric-acid
Ethyl cinnamate 0.1 | Acetophenone [0.1 [0.2 | 8-Phenyl-y-benzoyl- |156-157¢ | 37
butyric-acid
Ethyl cinnamate 0.1 | Acetophenone |0.1 [0.01) Ethyl 8-phenyl-y- | 61.0- 19
benzoyl butyrate? 61.5¢ ¢
Methyl cinnamate |0.1 | Acetophenone [0.11/0.11| 8-Phenyl-y-benzoyl- | 156-157¢ | 49
butyric acid
Ethyl cinnamate (0.1 | Pinacolone 0.11/0.11} Ethyl g-phenyl-y-piva- | b.p. 169~ | 64

loyle butyrate 171/5
mm.

Phenyl cinnamate [0.05] Acetophenone |0.050.1 | Cinnamoylacetophe- | 108.5- 29
none 109.57

Phenyl cinnamate [0.05| Acetophenone 0.1 0.1 | Cinnamoylacetophe- 108.5~ 15
none 109.57

Phenyl cinnamate [0.05! Acetone 0.05‘0.1 Cinnamoylacetone 83-84¢ | 30

s Literature (2); 152-153.5°. The oxime melted at 145.5-146.5°; literature (2); 144-144.5°.

® Hydrolysis of a sample of the ester gave the acid, m.p. 156-157°.

¢ Literature (19): 59-61°.

¢ B.p. 221-231°/5 mm.

¢ Hydrolysis of a sample of the ester gave the acid, m.p. 124-125°; literature (20): 124°.
The amide melted at 132-133°; literature (20): 133°.

/ Literature (1): 109°,

¢ Literature (1):83-84°.

tive of cinnamoylacetophenone prepared by means of sodium amide in ether suspension.
After refluxing for thirty minutes on the steam-bath, the reaction mixture was poured into
water containing acetic acid. The ether phase was washed with water, dried over Drierite
and the solvent distilled. The residue was boiled with methanol and filtered giving dicin-
namoylacetophenone, m.p. 186-187°, in 409, yield; unreacted cinnamoylacetophenone
(26%,) was recovered from the methanol filtrate.

The dicinnamoylacetopenone in methanol solution formed a copper derivative (m.p.
247-249°) on treatment with excess saturated copper acetate solution; it was largely re-
covered on shaking the copper derivative with 209, sulfuric acid.

Reactions of Grignard reagents with cinnamic acid derivatives. To phenylmagnesium
bromide, prepared from 5.1 g. (0.21 g. atom) of magnesium and 33 g (0.21 mole) of bromo-
benzene (b.p. 157°) in 95 ml. of ether, was added 35 g. (0.172 mole) of ¢-buty! cinnamate, fol-



ADDITIONS OF CINNAMIC ACID DERIVATIVES 269

lowed by refluxing on the steam-bath for four hours essentially as described previously
(6). A thick yellow precipitate separated. In contrast to the earlier experiment, the reac-
tion mixture was decomposed with ice cold 109 sulfuric acid. The ether phase was washed
with saturated sodium bicarbonate and dried over Drierite. The solvent was distilled and
the residue steam distilled to remove biphenyl until about 600 ml. of distillate was col-
lected. The mixture in the distilling flask was cooled and extracted with ether. The ether
solution was washed with saturated sodium bicarbonate, dried over Drierite, and the sol-
vent distilled. The residue was fractionated through a 10-cm. Vigreux column, yielding
36.5 g. (76%) of t-butyl 8,8-diphenylpropionate, b.p. 159-160° at 1.75 mm. After one re-
crystallization from methanol the ester melted at 56.5-57.5°; the reported (6) m.p. is 55.5-
55.6°.

In a similar manner, methylmagnesium icdide was reacted with {-butyl cinnamate and
with N,N-diethy! cinnamamide, and ethylmagnesium bromide was reacted with ¢-butyl
cinnamate. The products could not be distilled or erystallized. Only small amounts of
impure acids could be isolated after refluxing the products with 48% hydrobromic acid.
t-Butylmagnesium chloride was reacted with methyl cinnamate but, after refluxing the
product with 209, sodium hydroxide, the only product isolated was cinnamic acid (3%).

Reactions of amino bases with cinnamic acid derivatives. The reactions with the sodio
amines were carried out by adding an ether solution of the cinnamic acid derivative to a
liquid ammonia suspension or solution of sodium amide or of the sodio amine prepared from
the appropriate amine and an equivalent of sodium amide in liquid ammonia. After stir-
ring for an appropriate time, excess solid ammonium chloride was added, the ammonia was
replaced by ether and the resulting mixture was poured into water. When the product was
cinnamamide or cinnamanilide most of it precipitated at this point and was filtered off.
The ether phase was extracted several times with 2 N hydrochloric acid to remove any amine
(see below). The ether solution was then washed with saturated sodium bicarbonate,
dried over Drierite and the solvent distilled. Petroleum ether was added to the residue to
precipitate amide. After filtering, the petroleum ether was evaporated and the residue
fractionally distilled. In the reaction of sodium amide with N,N-diethyl cinnamamide
there was obtained a large residue which was refluxed with 109, sodium hydroxide for three
hours yielding an oil, b.p. 230-248° at 2 mm., and cinnamiec acid (6%).

To the combined hydrochloric acid extracts was added a large excess of potassium
carbonate and the amino compound, which separated, was extracted with ether. The ether
solution was dried over potassium carbonate, the solvent distilled, and the residue crystal-
lized or fractionated.

The reaction with the aminomagnesium bases was carried out by adding an ether solu-
tion of the cinnamic acid derivative to the aminomagnesium base prepared from the appro-
priate amine and an equivalent of standard ethylmagnesium bromide (18). The mixture
was stirred and refluxed for the appropriate time, excess aqueous ammonium chloride was
added and the product isolated essentially as described for the sodiocamino bases.

The results are summarized in Table III.

SUMMARY

A study has been made of the relative extents of 1,2 and 1,4 additions of
certain sodio ketones, Grignard reagents, and metallic amino bases to cinnamic
acid derivatives, CsH;:CH=CHCOX, as X is varied. In general, with a par-
ticular basic reagent, the relative extent of 1,2 addition decreases and that of
1,4 addition increases as X is varied in the following order: Cl, OC¢H;, OCH;
or OC,H;, OC(CH,);, N(C.Hs)s. The tendency for 1,2 addition appears to be
greater and that for 1,4 addition less with sodium amide and related basic rea-
gents than with sodio ketones and phenylmagnesium bromide.

Durnam, N. C.
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