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bined ether solution and extracts with water and drying over 
anhydrous sodium sulfate, removal of the solvent left 10 g. 
of light orange oil. This was treated with 40 ml. of 5% hy- 
drochloric acid in which it partially dissolved. After stand- 
ing for two hours the mixture was extracted with ether which 
yielded 2.0 g. of a brown oil from which 1.05 g. (15%) of 
nearly pure trimethylacetophenone was isolated by use of 
Girard Reagent "T."lZ The recovered redistilled ke- 
tone was a colorless oil, b.p. 219-223', n 2 6 ~  1.5058; re- 
ported b.p. 219-221 ', 1.5086. The 2,4-dinitrophenyl- 
hydrazone melted a t  192.5-193.5" (reported 194-195°13), - 

(12) A. Girard and G. Sandulesco, Helu. Chim. Acta, 19, 1095 (1936). 
(13) J .  H Ford, C. D. Thompson and C. S. Marvel, THIS JOURNAL, 

67, Y614 (19%). 

the oxime melted at  164.5165' (reported 1650i4), and the 
semicarbazone melted at  160-160.5° (reported 159'15). 

When the acidic aqueous solution from the above ether 
extraction was made basic 6.1 g. of red oil separated. On 
distillation this gave 0.80 g. (15%) of N-methyl-o-phenyl- 
enediamine along with unreacted benzimidazole. The 
diamine was identified by conversion to 1 ,Z-dimethylbenzi- 
midazole with acetic anhydride. The m.p. and mixture 
m.p. with a known sample was 111-112°.1@ 

(14) J. U. Nef, Ann., 310, 316 (1899). 
(15) P. Lucas, Comfit. rend., 162, 1771 (1911). 
(16) M. A. Phillips, J. Chem. Soc., 2820 (1929). 
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The reduction of a series of N,N-disubstituted cqp-unsaturated amides with lithium aluminum hydride has been investi- 
However, the 

A mechanism to account for observed differences in 
Evidence for a stereospecific formation of reductively coupled products from N,N- 

gated. 
nature of this product depended on the sizes of the substituent groups. 
reaction course has been postulated. 
diethylcinnamamide, N,N-diethylcrotonamide, N-methyl-N-phenylcinnamamide and cinnamic piperidide was obtained. 

In  nearly every case the major product was formed by reaction a t  the carbon-carbon double bond. 

In the preceding paper' the reduction of N,N-di- 
ethylcrotonamide with lithium aluminum hydride 
was reported. Inverse addition of the hydride 
was shown to give a mixture of reductively coupled 
amide, N,N,N',N'-tetraethyl-a-ethyl-@-methylglu- 
taramide, a polymer of N,N-diethylcrotonamide 
and several amines. The relative amounts of these 
products could be controlled within limits by varia- 
tion of the quantity of hydride added. Investiga- 
tion of the behavior of a series of substituted acryl- 
amides in the presence of lithium aluminum hy- 
dride now has been completed. The results indi- 
cate that the nature of the major product in each 
case is stronglji dependent on the size of the substit- 
uent groups. 

All of the successful reductions led to a major 
product of one of three types (11, 111, IV). That 
the sizes of R', R2 and R 3  in the a,@-unsaturated 
amide I should influence the course of the reaction 
is not a t  all surprising. However, the observation 

R 3  R3 

R3 Ra 

)C-CH-CONR: 

IV ( x  > 0 )  
R' 

_- 
( I )  For the preceding paper in this series see H. R. Snyder and 

(2) National Science Foundation Fellow, 1952 -1953. 
Robert E. Putnam, THIS JOURNAL, 76,31  (1954). 

that  the nature of R4 is perhaps even more critical 
was not anticipated. I t  will be shown that effects 
of both types can be explained satisfactorily by 
consideration of the steric requirements of the 
groups involved. 

Table I lists the yields of the saturated amide 11, 
the dimeric amide I11 and the polymer IV obtained 
when R', R2 and R3 are varied in size through the 
series R = hydrogen, methyl, a-fury1 and phenyl, 
while R4 is maintained constant a t  ethyl. A con- 
sideration of these data shows the strong depend- 
ence of reaction product type on the nature of the 
substituent group. Thus as the size of R' is in- 
creased (R2 = R3 = H) the degree of polymeriza- 
tion decreases. N,N-Diethylacrylamide (V) gives 
a high molecular weight polymer in nearly 1 0 0 ~ o  
yield. N,N-Diethylcrotonamide (VI) yields an 

TABLE I 
REDUCTIVE COUPLING OF SOME UNSATURATED DIETHYL 

AMIDES BY LITHIUM ALUMINUM HYDRIDE 
Molar 
ratio, 

Amide" hY- 
struc- dride/ Yield,b 
ture R' R* Ra amide I1 111 IV 
V H  H H 0.25" 0 0 90-100 
VI CHs H H  .lSd 0 29.3 37 

.5d 0 10.6 17.7 
VI1 CHI CH3 H .26 47 12 0 
VI11 CHs H CHs .31 0 0 0 
IX a-CdH30 H H .5 0 43-53 0 
X CaHs H H .56 0 45-53 0 

For the significance of R1 and R2, etc., see accompanying 
equation. b F o r  the significance of the Roman numerals, 
see accompanying equation. This figure is based on the 
amount of hydride placed in the extractor thimble. Be- 
cause of the rapidity of the polymerization the solution soon 
became very viscous and the reaction was stopped at about 
one-sixth of the usual reaction time; undoubtedly extrac- 
tion of the hydride into the reaction solution was incom- 
plete. For results a t  other molar ratios see ref. 1. 
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appreciable amount of dimer along with a low 
molecular weight polymer. If R' is quite large only 
the dimer is obtained. Thus N,N-diethylcinnama- 
mide (X) and X,N-diethylfurylacrylamide (IX) give 
better than .S070 of dimeric product and no polymer. 

Even more striking is the effect of a second sub- 
stituent on the reaction course. N,N-Diethyl+- 
methylcrotonamide (VII), on treatment with lith- 
ium aluminum hydride, yielded 4 i %  of N,P\'-dieth- 
ylisovaleramide (identified by hydrolysis to iso- 
valeric acid and conversion to isovaleranilide) and 
1 FC of the dimeric product, N,K,N',S'-tetraethyl- 
a-isopropyl-$,/3-dimethylglutaramide. On the 
other hand two attempts to reduce K,N-diethyl-a- 
methylcrotonamide yielded only basic products. 
In addition the unsaturated amide could be recov- 
ered to the extent of 30-4070. 

Undoubtedly the reactions leading to the satu- 
rated amides and the dimers and polymers all are 
initiated by attack of the ethylenic function by an 
aluminohydride anion.3 The two most plausible 
modes of attack are thosc illustratcd in the ac- 
companying scheme. 

R 3  

reduction products. The yield of the saturated 
amide alone was about twice the theoretical amount 
according to path 1, if the liberated aluminum hy- 
dride plays no further role. To account for the 
observed products by the stoichiometry of path 2 
requires only that the primary organoaluminum 
hydride ion combine with more of the unsaturated 
amide in a reaction similar to that by which it is 
formed (R.11H3- -f R2XlH2- -f R3AlH-) before 
the occurrence of the organometallic synthesis and 
hydrolysis which lead to the various products. 

Reaction according to path 2 provides a satisfac- 
tory explanation of the effects of groups on the 
nature and yields of the products. The introduc- 
tion of a single methyl group at the P-position of the 
acrylamide system probably does not greatly hin- 
der the primary attack (formation of a substance 
of type XII), but the hindrance to organometallic 
synthesis by identical methyl groups in the subse- 
quent steps reduces the extent of polymerization 
(compare VI and V in Table I) .  -1 second methyl 
group in the @-position (compound 1'11) exagger- 
ates the effect. Most of the product is simple sat- 

urated amide aris- 
R 2, 

ing by hydrolysis of 
LH-~-COKR: + AIHl addition products 

R1 T R' of type XI I ;  only 
a little dimer, and 

XI no polymer, is formed. 

I R2 I the aluminohydride ioii 

dered, but the organo- XI1 h H 3 -  metallic synthesis is al- 
most stopped. Comparison of compounds IX and 
X, which have as a single substituent a t  R1 a bulkv 

(1) R 2  7 I 
)C=C-COSR: ------f 

R3 11- AlH? R3 
R)C=C-COXR: I + AlH4-- 

1 Evidently the addition of 
R3 R3 R '  

\Cr;-C-CONR: ---+ R)CH-+-COSRj still is not seriously bin- 
R' (21 Rl/' f : 

H. . , kl I-I:I - 
Path 1 represents a simple hydride ion transfer 
from an aluminohydride ion to the unsaturated 
amide to give the anion XI. Hydrolysis of this 
anion, in the workup of the reaction mixture, 
would lead to the saturated amide 11, and a Mich- 
ael addition involving this anion and the unsatu- 
rated amide would generate a new anion which 
could be hydrolyzed to the dimer 111 or which 
could add to  still another molecule of unsaturated 
amide yielding a trimer or, eventually, polymers 
IV. Path 2 consists in the addition of alumino- 
hydride ion to thn olefinic system yielding an or- 
ganoaluminum compound XII,  which by hydroly- 
sis or addition to more of the unsaturated amide 
could generate saturated amide or dimer, trimer, 
etc.4 
.In argument against reaction as indicated by 

path 1 is found in the reaction of K,N-diethyl$- 
methylcrotonamide. Treatment of 0.2 mole of the 
amide with 0.05 mole of lithium aluminum hydride 
gave about 0.1 mole of X,K-diethylisovaleramide 
along with about 0.02 mole of dimer as well as basic 
(:i) For a summary of the information concerning the structure of 

lithiiim aluminum hydride arid the mechanism of reduction by it see 
\V, (;, Brown i n  hilams, "0rg:riiic Reactions," Vol. VI, John Wiley and 
Sons, Ini , , ,  New York, N .  Y., 1931, p .  469;  after this manuscript was 
prepared, V. hIiCovi6 and hl. Xlihailovik, .I. Org.  Cheni . ,  18, 1190 
(1033) ,  reported a i l  extensive s t i idy of the reduction of amides with thi+ 
reagent. 

(4)  The addition of lithium alumilium hydride t o  a n  olefinic system 
has been observed by F. A. Hochstein and W. G. Brown [TIiIs JOUR- 

N A L ,  70, 3 4 8 i  (1948)],  and organoaluminum compounds are believed 
to  be intermediates in the Ziegler polvmerization of olefins [K. Ziegler. 
A I I R P Z U .  C I I L I I I . ,  64, 323 (1932)l 

aromatic group, with thve crotonamide derivative LfI 
shows that the larger group is more effective in 
interfering with the polymerization. Finally a 
single methyl group in the a-position (see cornpound 
VI 11, N, N-dieth yl- a-methylcrotonamide) evidently 
blocks the primary addition; no products arising by 
reaction a t  the olefinic linkage are formed. 

The nature of the group R4 has a different, but 
equally important, effect on the course of the reac- 
tion of an unsaturated amide. Competing with 
the reactions discussed above are two hydrogeno- 
lytic cleavages of the amide function itself. Hyclro- 
genolysis of the carbon-oxygen bond to yield a 
tertiary amine group occurred to some extent in  
all the reactions studied, as shown by the produc- 
tion of basic products, sometimes in relatively high 
yield. In general the basic fractions were complex 
mixtures of which the major components seemed to 
be amino amides formed by partial reduction of 
compounds of type 111. However, when cinnaniic 
piperidide was reduced the basic fraction was coni- 
posed almost entirely of N-cintiamylpiperidine, 
along with some higher boiling basts. In contrast, 
N,N-diethylciniiar713mide yielded no isolable 
amount of the unsaturated amine. The basic 
fraction from a typical reduction of this amide 
gave what appears to be a mixture of XIII,  XIV 
and XV, which could not be separated by distilla- 
tion. The infrared spectrum of the mixture 
indicated the amino amides XIV and XV to be the 



April 5 ,  1954 REDUCTIVE COUPLING AND POLYMERIZATION OF UNSATURATED AMIDES 1895 

C6HjCHzCH--CHzN( CaH5)2 
I 

CsHj-CH-CHzCH2N( C2Hj)z 
XI11 

CeHjCHzCHCH*N( CzHj)2 
I 

C~H~-CHCHZCON( C1H5)2 
XIV 

CsH5CHzCHCON( C ? H ~ ) Z  

C ~ H ~ - - C H C H ~ C H ~ N ( C ~ H ~ ) ~  
XV 

major components. Treatment of the mixture 
with picric acid resulted in the formation of a dipi- 
crate having the composition expected of the salt of 
XIII.  

Although the structures of the basic products 
(XIII, XIV, XV) have not been proved, i t  can be 
stated that hydrogenolysis of the carbon-oxygen 
bond does not occur in the case of N,N-diethylcin- 
namamide until after the coupling reaction. In  
other words hydrogenolysis does not compete with 
the primary step (attack of the unsaturated func- 
tion) in the sequence leading to the dimer. How- 
ever, in the reaction of the piperidide comparable 
yields of dimeric amide I11 and unsaturated amine 
are formed, the two reactions being equally fa- 
vored. 

The initial step in the hydrogenolysis probably 
consists in nucleophilic attack of the amide carbonyl 
group by the aluminohydride ion, yielding an inter- 
mediate addition product, XVI. In this step the 
group NR2 can have two effects. The first is simply 
steric in nature: as NR2 becomes larger the more 

OAlHB- CsHjCHzCHCON( CzHj)z 
I I 

R-C-XR? CtjHj-CH-CH?CON( C2H5)2 
1 

H 
XVI XVII 

CsH,CHzCHCOaH 
I 

CeHjCH-CHzCOzH 
XVIII 

hindered will be the carbonyl group and conse- 
quently the less reactive. Secondly, the stronger 
NR2 is in electron-donating properties the more it 
will cede electrons making the carbonyl group less 
susceptible to nucleophilic attack. The latter ef- 
fect will be directly related to the base strength of 
the amine, RzNH. 

The experimental results indicate that the pi- 
peridide group (-CONCaHlo) is more susceptible to 
attack by aluminohydride ion than is the diethyl- 
carbamido group [-CON(C2H&]. Thus N,N- 
diethylcinnamamide is coupled before hydrogenoly- 
sis occurs; on the other hand, cinnamic piperidide 
is coupled and hydrogenolyzed a t  about the same 
rate. Since piperidine is a stronger base than di- 
ethylamine, the piperidide group should be more 
stable than the diethylcarbamido group toward 
hydrogenolysis. However, the -NC6H10 group is 
also smaller than the -N(C*H& group and so nu- 
cleophilic attack of -CONC5Hlo is less hindered. 
Since cinnamic acid piperidide indeed forms amine 
more easily than does N,N-diethylcinnamamide, 

the steric effect of R4 must overshadow in impor- 
tance the electronic effect of -N(R4)2. 

As indicated above there is a second possible re- 
action of amides with lithium aluminum hydride. 
It was noted that a volatile amine was produced in 
every reduction of an a,@-unsaturated amide. 
These amines could be produced only by hydrogen- 
olysis of the carbon-nitrogen bond. In  general, 
since they were not major products, no attempt was 
made to isolate them. However, when N-methyl- 
N-phenylcinnamamide was treated with lithium 
aluminum hydride the basic fraction was exclus- 
ively N-methylaniline (a 16% yield of reductively 
coupled amide also was obtained). The amount of 
amine isolated corresponded to hydrogenolysis of 
about 10% of the amide groups present, a far 
greater amount of carbon-nitrogen cleavage than 
occurred in any other reduction. This is especially 
interesting in view of the recent work of %::lttig and 
H~rnberger .~ These workers attempted to con- 
vert N,N-dimethylcinnamamide and N-methyl-S- 
phenylcinnamamide to cinnamaldehyde by inverse 
addition of a minimum amount of hydride. The 
products obtained were not aldehydes and so were 
not investigated further. Since the diethylamide 
and N-methylanilide of cinnamic acid under similar 
conditions have been shown to give reductively 
coupled products it is reasonable to assume that 
Wittig and Hornberger obtained such products. 

In no case could the other product, an aldehyde 
(or its reduction product), be isolated. However, 
evidence for its existence was obtained. The in- 
frared spectra of all of the dimeric amides showed 
an absorption band eharacteristic of a hydroxyl- 
containing impurity. These compounds could 
arise from further reduction of the aldehyde pro- 
duced. In two cases infrared spectra showed dis- 
tinct aldehyde absorptions. A small, high boiling, 
neutral fraction from the reduction of N,N-diethyl- 
a-methylcrotonamide contained a high proportion 
of aldehyde. Likewise, a trimeric product present 
in the basic fraction from the reduction of N,N-di- 
ethylcrotonamide contained a small amount of al- 
dehyde as an impurity. 

With the evidence available it is not possible to 
state whether hydrogenolysis of the carbon-nitro- 
gen bond occurs before or after coupling of a,@-un- 
saturated amides. Two generalizations are pos- 
sible: 1, an amide formed from methylaniline is 
cleaved to aldehyde and amine more readily than 
one from diethylamine or piperidinesa; 2, amethylan- 
ilide is more susceptible to carbon-nitrogen than to 
carbon-oxygen cleavage. The reason for this be- 
havior is again found in a consideration of the size 
of the groups involved. In order for hydro- 
genolysis of the carbon-oxygen bond to occur, 
the intermediate, XVI, must react further with 
some entity capable of donating a hydride ion. 
This entity may be aluminohydride ion or an- 
other ion of type XVI. If the NR2 group is large 
enough to prevent further attack, then preferential 

( 5 )  G .  Wittig and P. Hornberger, A n n . ,  677, 11 (1952). 
(5a) NOTE ADDED IN PROOF.-Since this was written, F. Weygand, 

G. Eberhardt, H. Linden, F. Schafer and Q. Eigen ( A n g e u .  Chem.,  66, 
525 (1953)) have found the  reduction of N-methylanilides with lithium 
aluminum hydride to be an attractive method for the  preparation of 
aldehydes. 
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hydrogenolysis of the carbon-nitrogen bond will 
occur. Since methylaniline is considerably larger 
than either diethylamine or piperidine i t  is not sur- 
prising that carbon-nitrogen cleavage occurs while 
in the case of the other amides the reaction pre- 
ferred is carbon-oxygen cleavage. ,2 similar ef- 
fect was noted by Mousseron, Jacquier, Mousseron- 
Canet and Zagdouin.6 These authors observed 
that the piperidide, N-methylanilide and dibutyl- 
amide of cyclohexanecarboxylic acid undergo car- 
bon-nitrogen hydrogenolysis by lithium aluminum 
hydride while the dimethylamide exhibits carbon- 
oxygen cleavage. 

As has been shown above, the sizes of the sub- 
stituent groups, R', R2, R3 and R4, have pronounced 
effects on the reaction of the unsaturated amide I 
with lithium aluminum hydride. A second, equally 
interesting effect may also be attributed to the na- 
ture of these groups. In the reduction of N,N-di- 
ethylcrotonamide, N,N-diethylcinnarnamide, X- 
methyl-N-phenylcinnamamide and cinnamic piper- 
idide strong evidence for a stereospecific formation 
of the dimeric product I11 was obtained. Thus, in 
all of the above reductions only one of the two pos- 
sible racemic forms of I11 was isolated. 

The reduction of N,N-diethylcinnamamide pro- 
vides the clearest example of stereospecificity. 
S,N,?;',N'-Tetraethyl-a-benzyl-/3-phenylglutaram- 
ide (XVII), melting at  12G', was obtained in 537* 
yield. No other neutral product was isolated; in- 
deed, most of the original amide not converted to 
XVII could be accounted for in basic products also 
dimeric in nature. That XVII is one racemic form 
only is indicated by its sharp melting point. Hy- 
drolysis of XVII gave a-benzyl-P-phenvlglutaric 
acid (XVIII), melting point 1S2-183°, which also 
proved to be one racemic form. This was shown by 
subsequent isolation of its diasteroisomeric race- 
mate from a different source. 

In an experiment with N,N-diethvlcrotonamide a 
liquid dimer was produced in 29Vn yield.' After 
distillation and hydrolysis with 20% hydrochloric 
acid, an acid melting a t  97-99' was obtained. This 
acid was identical with one of the racemic a-ethyl- 
P-methylglutaric acids of M i ~ h a e l . ~  That the iso- 
meric amide was not produced in comparable yield 
can be deduced from the observation that over 
S.S%l, of the unsaturated amide was accounted for 
in isolated products. 

The reduction of cinnamic piperidide and N- 
methyl-X-phenylcinnamamide also gave products 
each of which proved to be onlv one of the two pos- 
sible dl  pairs. Here, however, the failure to iso- 
late high yields of products throws some doubt on 
the possibility of a stereospecific reaction. It is in- 
teresting to note that the dimer obtained from N- 
methyl-N-phenylcinnamamide has the same stereo- 
chemical configuration as XVII (as shown by hy- 
drolysis to the same acid as XVII). On the other 
hand, the dimer from cinnamic piperidide appar- 
ently is of diastereoisomeric configuration since 
hydrolysis yielded the diastereoisomer (melting 
point 161-162') of XVIII. 

(6) M. Mousseron, R. Jacquier, M. Mousseron-Canet and R. Zag- 

(7) .A Mjchsel and J. Ross. THIS J O I J R N A L ,  63, I15S ( lEi j .  
douin, Comfif. rend.,  285, 177 (1952). 

Since N,N-diethylcinnamamide, N-methyl-N- 
phenylcinnamamide and cinnamic acid piperidide 
were all prepared from trans-cinnamoyl chloride it is 
reasonable to assume that they all have the trans 
configuration. Thus the configurational differ- 
ences observed in their dimeric reduction products 
should be due to the nature of the amide group 
only. I t  would not be reasonable to postulate an 
actual mechanism to explain this behavior without 
a knowledge of the configurations of the product 
ami des , 

Experimenta18.9 
Preparation of Amides.-All of the amides prepared 

were synthesized from the acids via the acid chlorides. The 
general procedure is given in reference 1. In all but one 
case thionyl chloride was used to convert the acid to its 
chloride. Acrylyl chloride was prepared by the method of 
Rehberg, Dixon and Fisher.'o 

Reduction of N,N-Diethyl-P-methy1crotonamide.-The 
following procedure is typical of the method used in the re- 
duction of ar,P-unsaturated amides. 

In a flask equipped with a Soxhlet extractor and efficient 
reflux condenser were placed 31 g. of N,N-diethyl-8-methyl- 
crotonamide and 600 ml. of anhydrous ether (dried over so- 
dium hydride). The entire system was swept out with ni- 
trogen and an ordinary paper thimble containing 2 g. of 
lithium aluminum hydride (Metal Hydrides, Inc.) was 
placed in the extractor. Refluxing was begun immediately. 
The initial extraction caused a violent reaction; subsequent 
extractions did not have as great an effect. The lithium 
aluminum hydride reacted with the paper thimble to some 
extent but not enough to cause any difficulty. Refluxing 
was maintained for four hours. Wet ether was added to 
the reaction mixture and the precipitated inorganic material 
was removed by filtration. The ether filtrate was extracted 
with 10% hydrochloric acid, dried over anhydrous sodium 
sulfate and the ether was removed on a steam-cone. There 
remained 22.5 g. of an oil with a strong menthol-like odor. 
The oil was fractionated under reduced pressure. 

Pressure, 
Fraction B p.,  O C .  nim. w t . ,  g. 

1 49-51 0 .3  2 . 5  
2 51-54 .3 11.3 
3 54-115 .3 1.0 
4 115-134 . 3  5 . 1  

Fractions 1 and 2 were combined and redistilled through 

Frac- Pressure, Ref index 

1 28-104 20 0 . 5  1.4458 
2 104-106 20 11.2 1.4455 
3 106 20 1 .6  1.4456 

The infrared spectrum and nitrogen analysis of fraction 2 
indicated it to be N,N-diethylisovaleramide (yield 47%). 

Anal. Calcd. for CgH19NO: N, 8.90. Found: N, 8.92. 
A sample of this amide was hydrolyzed with 20% sulfuric 

acid. The crude isovaleric acid so obtained was treated 
with thionyl chloride. After removal of excess thionyl 
chloride in vacuo a benzene solution of aniline was adde:. 
The crude isovaleranilide obtained melted at  98-105 . 
Recrystallization from cyclohexane gave pure amide of m.p. 
112.5-113'. This was identical with authentic isovaleran- 
ilide (as shown by infrared spectra and mixed m.p.). 

Fraction 4 was redistilled in a Holtzmann column. 
Fractions 5 and 6 proved to be N,N,N',N'-tetraethyl-a- 

isopropyl-P,/?-dimethylglutaramide (yield 12%). 
Anal. Calcd. for Cl~H38N202: C, 69.22; H, 11.61; N, 

8.97. Found: C,69.80; H, 11.45; N, 8.54. 

a modified Claisen column. 

tion B.P.,  ' C .  mm. Wt.,  g. (zoo)  

(8)  All melting points are uncorrected. 
(9) Microanalyses by Mrs. Lucy Chang, Mrs. Esther Fett ,  Mrs. 

Katherine Pih and Mr. Joseph Nemeth. Infrared analyses by Miss 
Helen Miklas. 

(10) C. E. Rehberg, M. B. Dixon and C. H. Fisher, THIS JOURNAL, 
81, 208 (lQ45). 
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Frac- Pressure, Ref. index Reduction of N,N-Diethy1cinnamamide.-The reduction 
The quantities used were as 

1 28-130 1 .2  0 .2  1.4970 follows: 35.8 g. of amide, 500 ml. of anhydrous ether and 
2 130-132 1 .5  .4  1.4963 3.8 g. of lithium aluminum hydride. Refluxing was main- 

tdined for 3.5 hr. The initial extraction caused a violent 
reaction and the appearance of a bright orange color. 3 132 1 . 5  . 5  

4 132-160 2 .2  . 1  1 ,4880 This color was gradually discharged by subsequent extrac- 
5 160- 165 2 . 2  1.8 1.4836 tions. The reaction mixture was decomDosed with wet 

(20") was run in the usual fashion. t iun  B.p., 'C. mm. Wt.,  g. 

1'4975 

6 165-172 2 . 2  2 . 0  1,4840 
The poor analytical results were due to decomposition of 

the material during distillation. Further fractionation 
gave samples of even higher impurity. Since the infrared 
spectrum was exactly what would be expected for N,N,N',- 
N'-tetraethyl-a- isopropyl -6,p -dimethylglutaramide, this 
amide was hydrolyzed and the solid acid was characterized. 

a-Isopropyl-p,6-dimethylglutaric Acid.-A solution of 2 
g. of N,N,N',N'-tetraethyl-or-isopropyl-P,~-dimethylglu- 
taramide in 50 ml. of 20% hydrochloric acid was refluxed 
for 21 hours. The solution was cooled and extracted with 
four 20-ml. portions of ether. The ether extract was washed 
ivith 5% sodium hydroxide; the aqueous layer was sepa- 
rnted and then was acidified with 10% hydrochloric acid. 
The acid solution was extracted with three 20-ml. portions 
of ether, the ether layer was dried over anhydrous sodium 
sulfate and the ether was evaporated under an air jet. 
There remained 327 mg. (25%) of an oil which solidified on 
standing (m.p. 86-89"). Two recrystallizations from cyclo- 
hexane gave white crystals of a-isopropyl-@,@-dimethyl- 
glutaric acid, m.p. 88-90'. 

Anal. Calcd. for CloHlsOl: C, 59.38; H, 8.97. Found: 
C, 59.44; H ,  9.11. 

Polymerization of N,N-Diethylacrylmide .-The reaction 
was run in the usual way. The quantities used were as 
follows: 20 g. of amide, 600 ml. of anhydrous ether and 1.5 
g. of lithium aluminum hydride. The first extraction 
caused an extremely violent reaction and an immediate 
copious precipitate formed. Refluxing was continued for 
30 min. The reaction mixture was carefully decomposed 
with water and the precipitate was filtered with the aid of a 
filter dam. After air drying, the mixed polymer and inor- 
ganic material weighed 21 g. The ether filtrate was ex- 
tracted with 10% hydrochloric acid and the ether layer was 
dried over anhydrous sodium sulfate. Evaporation of the 
ether yielded a negligible amount of viscous oil (0.3 g.). 
The hydrochloric acid extract was made basic with 5% so- 
dium hydroxide. A white, gummy, basic polymer of N,K- 
diethylacrylamide separated which, after drying in a vacuum 
desiccator a t  20 mm., weighed 2 g. This was not further in- 
vestigated. 

An 8-g. sample of the mixed polymer and inorganic matter 
was placed in the cup of a Soxhlet extractor and extracted 
with benzene for 70 hr. At this time there remained in the 
cup 1.5 g. of white solid which was evidently alumina and 
lithium hydroxide since it was almost completely soluble in 
cold 20% hydrochloric acid. Evaporation of the benzene 
and drying in a vacuum desiccator a t  0.03 m'm. gave 6 g. of 
:L rubber-like polymer. This was only slightly soluble in 
organic solvents (including benzene). Its slight solubility 
in benzene with the production of a gel was interpreted as the 
result of cross-linking, perhaps by means of aluminum- 
carbon bonds. 

Attempted Reduction of N,N-Diethyl-a-methylcroton- 
amide.-The quantities used were as follows: 25 g. of amide, 
A00 ml. of anhydrous ether and 1.9 g. of lithium aluminum 
hydride. The reduction was run in the usual way; reflux- 
ing was maintained for 4 hr. Wet ether was cautiously 
added to the mixture, causing a violent reaction. The pre- 
cipitated inorganic material was removed by filtration and 
the filtrate was washed with 10% hydrochloric acid. The 
ether layer was dried over anhydrous sodium sulfate. 
Evaporation of the ether and fractionation of the residual 
nil gave 7.3 g. of N,N-diethyl-a-methylcrotonamide (shown 
by identity of infrared spectrum with that of an authentic 
sample), b.p. 76-80' (2.7 mm.), 29.4'% recovery. A 
higher boiling material (129-131O (2.7 mm.)) was also ob- 
tained (1.3 g.). An infrared spectrum indicated a mixture 
of compounds containing alcohol, aldehyde and amide 
groups. This was not further investigated because of the 
poor yield. 

The hydrochloric acid extract was made basic and worked 
up in the usual way. Five grams of a foul smelling oil was 
obtained. This was not investigated further. 

ether, filtered to remove inorganic materid and allowed to 
stand overnight. N,N,K',K'-Tetraethyl-a-benzyl-p-phen- 
ylglutaramide (13.05 g.) separated in long white needle\, 
m.p. 121-121". After removal of the precipitate the ether 
filtrate was extracted with 1 Nhydrochloric acid. The ether 
layer was dried over calcium chloride, concentrated and 
cooled to 8". In this way an additional 2.7 g. of crude 
amide (m.p. 108-116') was obtained. Extraction of the 
inorganic precipitate with ether and evaporation of the 
ether gave 3.55 g. of crude amide (m.p. 109-115O). The 
total yield of amide was 19.3 g. (52.5%). In two other ex- 
periments yields of 45 and 46% were obtained. Two recry\- 
tallizations from ether gave pure white needles, m.p.  126'. 

Anal. Calcd. for CneHasNzOz: C,  76.42; H, 8.88; N, 
6.86. Found: C, 76.57; H, 8.85; N, 6.57. 

The hydrochloric acid extract was made basic with 10% 
sodium hydroxide and extracted with ether. The ether 
layer was dried over anhydrous sodium sulfate and the ether 
was distilled. The residual oil weighed 6.4 g. and had a 
strong amine odor. On standing for two weeks a t  8' the 
amine fraction deposited 2.7 g. of white crystals which 
melted at  room temperature. These were separated by de- 
cantation. The liquid amine was distilled under reduced 
pressure, the main fraction boiling over a 50" range (150- 
200') a t  0.4 mm. An infrared spectrum indicated a mix- 
ture containing a t  least one compound with an amide car- 
bonyl. 

To 1 g. of the mixture of liquid amines in 10 ml. of alcohol 
was added a saturated solution of picric acid in ethanol. A 
yellow oil precipitated immediately. This oil eventuallv 
crystallized on standing in the ethanol solution. Several 
recrystallizations from ethanol gave a pure yellow solid of 
melting point 178-180". Its analysis indicated a dipicrate 
of ~,N,N',N'-tetraethyl-2-benzyl-3-phenyl-l,5-pentanedi- 
amine. 

A n d .  Calcd. for C ~ ~ H ~ T S O I ~ :  C, 54.41; H, 5.53; PIT, 
13.36. Found: C, 54.62; H,  5.24; N, 13.19. 

Thus the liquid amine is perhaps a mixture of N,N,N',N'- 
tetraethyl-2-benzyl-3-phenyl-1,5-pentanediamine and at  
least one amine containing an amide group. The solid 
amine undoubtedly contains amide groups also. Since 
attempts a t  the preparation of derivatives (methiodide and 
picrate) were unsuccessful the solid amine was not investi- 
gated further. 

a-Benzyl-6-phenylglutaric Acid, 183' Isomer.-A mixture 
of 7.4 g. of N,N,N',N'-tetraethyl-a-benzyl-P-phenylglutar- 
amide and 100 ml. of 1 : 1 hydrochloric acid was refluxed for 
7 hr. The oil initially formed gradually solidified during the 
reaction. The mixture was cooled to room temperature and 
filtered. The filtrate was extracted with ether and the 
ether layer was used to dissolve the solid previously ob- 
tained. The ether solution was extracted with 10% sodium 
hydroxide. The aqueous layer was acidified with 20% 
hydrochloric acid and extracted with ether. The ether layer 
was dried over anhydrous sodium sulfate; evaporation of 
the ether on a steam-cone gave 5.1 g. of crude acid of melt- 
ing point 160-178'. This crude product was exhaustively 
extracted with hot benzene. a-Benzyl-6-phenylglutaric 
acid, insoluble in benzene, was obtained as a white powder, 
m.p. 17&180° (3.3 g.). On concentration and cooling the 
benzene solution deposited 1.5 g. of white crystals, m.p. 155- 
165'. This was assumed to be a mixture of a-benzyl-& 
phenylglutaric acid and its two isomeric half-amides. Hy- 
drolysis of this mixture with 1 : 1 hydrochloric acid and work. 
up as before yielded 1 g of a-benzyl-P-phenylglutaric acid, 
m.p. 172-183". The total yield of crude acid was 81%. 
Recrystallized from 10% ethanol it melted at  182-183'. 

Anal. Calcd. for C1iH1801: C,  72.47; H,  6.08. Found: 
C, 72.45; H,  6.25. 

Reduction of N-Methyl-N-phenylcimamide .-The re- 
duction was run in the usual way. The quantities used were 
as follows: 23.7 g. of amide, 500 ml. of anhydrous ether and 
2 g. of lithium aluminum hydride. Refluxing was main- 
tained for 3 hr. The initial extraction caused the appear- 



ance of a bright yellow color which was discharged by sub- 
sequent extractions. The reaction mixture was decomposed 
with wet ether and the precipitated inorganic material was 
removed by filtration. The ether filtrate was extracted with 
100 ml. of 0.5 N hydrochloric acid. The ether layer was 
separated, dried over anhydrous sodium sulfate and the 
ether was removed on a steam-cone leaving a colorless oil. 
High-boiling petroleum ether was added and a white crystal- 
line solid (2.8 g,) separated; i t  melted a t  141-143.5". 
After standing for one month the solu$on deposited an ad- 
ditional 1 g. of crystals, m.p. 138-147 . The total yield of 
N, S'-dimethyl- N,N' - diphenyl -a - benzyl - - phenylglutara- 
mide was 16%. Recrystallization from high-boiling petro- 
leum ether gave white needles; m.p. 146-146.5'. 

Anal. Calcd. for CSSH~ZNZOZ: C, 80.64; H, 6.77; N, 
5.86. Found: C, 80.94; H, 6.81; N, 6.13. 

The petroleum ether was removed from the filtrate in 
V U C Z I O .  The resulting oil could not be induced to  crystallize 
nor could i t  be distilled without extensive decomposition. 
I t  was not investigated further. 

The hydrochloric acid extract was made basic with 10% 
sodium hydroxide and the resulting oil was taken up in 
ether. The ether layer was dried over anhydrous sodium 
sulfate and the ether was removed on a steam-cone leaving 
0.9Fi g. of a light brown oil with the odor of rnethylaniline. 

The oil was dissolved in 15 rnl. of pyridine and a solution 
of 2.5 g. of benzenesulfonyl chloride in 5 ml. of pyridine was 
added. The reaction mixture became warm and turned 
light brown. It was allowed to stand a t  room temperature 
for 24 hr. It was then poured into 75 ml. of 20y0 hydro- 
chloric acid and the red oil which precipitated was allowed to 
stand in the solvent till solidification occurred. The solid 
was filtered and air-dried; it weighed 1.05 g. (47%). 
Several recrystallizations from 80% ethanol gave pure white 
needles of 3--methylbenzenesulfonanilide of melting point 
75-79'. Admixture with an authentic sample of A-- 
methylbenzenesulfonanilide (m.p. 78-80') failed to  depress 
the melting point (78-80'). 

A sample of the N,N'-dimethyl-Xi,"-diphenyl-a-benzyl- 
0-phenylglutaramide described above was hydrolyzed with 
20yo hydrochloric acid. The acid obtained was identical 
with the 183" isomer of a-benzyl-0-phenylglutaric acid ob- 
tained from N,N,N',  ~ ' - te t rae th~l -Lu-benz~l -~-phci i~ lg lu-  
taramide. 

Reduction of Cinnamic Piperidide.--The reduction was 
run in the usual way. The quantities used were a s  follows: 
21.3 g. of amide, 600 ml. of ether and 1 g. of lithium alumi- 
num hydride. Refluxing was maintained for two hours. 
The initial extraction caused the appearance of a bright 
yellow color which was never completely discharged. Wet 
ether was added cautiously and the resulting precipitate of 
inorganic material was removed by filtration. A strong 
odor of piperidine was noted, indicating hydrogenolysis of 
the amide group had taken place to some extent. The 
ethereal filtrate was cooled in an ice-box. In this way a 
white solid (A) of melting point 141-146' separated (2.2 g.). 
This was removed by filtration and the filtrate was extracted 
with 1 0 ~ o  hydrochloric acid. The ether layer was dried 
over anhydrous sodium sulfate and the ether was evaporated 
on  a steam-cone. There remained 9.0 g. of a colorless oil. 
A little ether and a few crystals of the previously obtained 
solid were added. The mixture was cooled to 8' and was 
kept a t  this temperature for several days. Another 2.1 g. 
of amide ( B )  (m.p. 129-137') was obtained. To  the re- 
sidual oil was added 10 ml. of cyclohexane and the solution 
was allowed to stand for several months during which time 
4.1 g. of a solid (C) of melting point 105120° separated. 

Solids A and B were combined and recrystallized three 
times from high-boiling petroleum ether giving a pure prod- 
uct melting a t  147-148'. This w a q  ru-henzT.l-p-l)heriyl- 
g1nt:irir tiipiperidide (yield 20741,). 

Anal. Calcd. for C Z ~ H ~ ~ N Z O Z :  C, 77.74; H, 8.39; N ,  
6.48. Found: C, 77.94; H ,  8.33; N,6.37. 

Recrystallization of C from ethanol gave cinnamic piperi- 
dide, m.p. 118-120° (19% recovery). 

The hydrochloric acid extract of the crude reaction prod- 
uct was made basic with 10% sodium hydroxide and was ex- 
tracted with ether. The ether layer was dried over anhy- 
drous sodium sulfate and the ether was evaporated on a 
steam-cone. There remained 4.2 g. of an oil with a strong 
piperidine odor. This was combined with 5.8 g. of the 
corresponding oil from a similar reduction of cinnamic acid 
piperidide. The combined amine fractions were tli.;tilletl 
through a Holtzrnann column a t  reduced pressure. 

Pressure, 
Fraction B.p., "C. mm. Wt., g 

1 88-107 0.6 1 0  
2 107-108 . 6  1 2  

108 (; 4 .6 
4 108 t i  0 0 
6 Pot residue (i 

r) 

The infrared spectrum of :L sample of fraction 3 w a ~  
nearly identical with that of diethylcinnamylamine indicdt- 
ing that fraction? 2, 3 and 4 were prob'ibly N-ciiinxnyl- 
piperidine. 

Ancd. (Fraction 3) Calcd. for C)I~HI&: C, 83.54; H, 
9.50; N, 6.96. Found: C, 83.30; H, 925.5; N, 7.27. 

a-Benzyl-0-phenylglutaric Acid, 161 ' Isomer .-A mixture 
of 1.1 g. of a-benzyl-P-phenylglutaric dipiperidide and 25 
ml. of 20yo hydrochloric acid was refluxed for 20 hr. The 
reaction mixture was cooled, extracted with ether till ;ill 
solid had dissolved and the ether layer was decanted and ex- 
tracted with 5y0 sodium hydroxide. The basic layer n w  
acidified with 10% hydrochloric acid and cooled to  0". 
The light brown precipitate was filtered and dried; it 
weighed 0.65 g. (83y0), m.p. 142-155". Three recrystalli- 
zations from benzene gave a pure white powder, m.p. 160- 
161'. Its infrared spectrum indicated a dibasic acid and 
was slightly different from that of the 182-183" isomer of 
a-benzyl-0-phenylglutaric acid. Thus i t  is prob:ibly the 
diastereoisomer of the 182-183" acid. 

A n d .  C'ilcd. for Cl8HI8O1: C, 72 47; H, (i.0S. Found: 
C, 72.73: H ,  5.98. 

Reduction of N,N-Diethylfurylacry1amide.-The reduc- 
tion was run in the usual fashion. The quantities used were 
as follows: 19.3 g. of amide, 500 nil. of anhydrous ether and 
1.9 g. of lithium aluminum hydride. Refluxing was main- 
tained for three hours. The initial extraction caused :I 
bright yellow color which was discharged by subsequent 
extractions. Wet ether was added and the precipitated in- 
organic material was removed by filtration. Thc rther 
filtrate was mashed with 10% hydrochloric acid and dried 
over anhydrous sodium sulfate. Evaporation of thc ether 
left 10.8 g. of a colorless oil. This oil wa5 distilled through 
:t short path apparatus. ;\',N,N',N'-Tetrartli~l-ru-fut-- 
furgl-/3-furylglutaraniide distilled at 19;i" (0.5 mni .) : i l i r l  
weighed 9.8 g. (53y0). A second experiment g:tvc :: yicltl 

Anal.  Calcd. for C22H32S204: C, 68.01; H, 8.17; S, 
7.21. Found: C,68.21; H, 8.37; N, 7.10. 
On treatment with water K,N,N',N'-tetraethyl-a-fur- 

furyl-0-furylglutaramide formed a monohydrate which re- 
crystallized from cyclohexane in large plxtcs of meltiiig 
point 59-61'. 

Of 43.5%. 

Anal. Calcd. for C23H74?;10:: C, 6>.02; I{ ,  X (3: S 
7.06. Found: C, 65.47; H, 8.17; Y, ii.S.7. 
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