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Physiologically Active Amines. 111. Secondary and Tertiary p-Phenylpropyl- 
amines and p-Phenylisopropylamines 

BY E. H. WOODRUFF, JOHN P. LAMBOOY’ AND WILLIAM E.  BURT^ 

It is known3s4 that the N-alkylation of analogs 
of phenethylamine has an effect on their physio- 
logical activity. The quantitative effect of this 
change in structure, as well as whether an increase 
or decrease of activity results, is variable, so that 
a prediction of expected properties is subject to 
doubt. In continuing the studies of amines it 
was desirable to determine the effect on the 
pressor and bronchodilator activity of the intro- 
duction of N-alkyl and N-aralkyl groups into the 
primary amines previously prepared in this 
Laboratory.b,6 The synthesis of the secondary 
and tertiary amines described here was accom- 
plished by one or the other of two methods. 

Method 1.- 
CeHsCH(CH3)CHzNHz + 

CsHsCH (CHs)CHzN=CHCsHs 
C&sCH(CH3)CHzN=CHCeH~ + RI + 
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C~H~CH(CH~)CHZN=CHC~HS 
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CsHsCH(CHs)CH*N=CHCsHs 4- HzO + 
I 

CsHs( CH) CH3NHR.HI 

The hydrolysis of the quaternary salt formed 
by the reaction of a benzalamine and an alkyl 
halide is that of Decker and B e ~ k e r . ~ ’ ~ . ~  This 
method gave good results when R = CH3 but 
variable and generally unsatisfactory results 
when used for the introduction of larger alkyl 
groups. The time required for the formation of 
the quaternary ammonium compound becomes 
progressively longer as the size of the alkyl 
group is increased. Decker and Becker’O state 
that when a certain temperature or duration of 
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heating is exceeded, by-products are obtained. 
This was evidently true where the hydrolysis of 
the ammonium compound failed to give products 
that could be isolated and identified and thereby 
limits the usefulness of the procedure. 

Method 11.- 

CeHsCH (CHI) CHN (CH2R)e 

This is the reduction of a mixture of an amine 
and an aliphatic aldehyde without isolation of the 
intermediate reaction This direct 
reduction procedure has been termed “reductive 
alkylation.” 

The reduction of the isolated Schiff basel3 
is satisfactory when an aromatic aldehyde is 
used and the Schiff base readily isolated. When 
aliphatic aldehydes are used, Skita and Keil“ 
and Emerson and Waltersl’ prefer reductive 
alkylation. While platinum oxide catalyst is 
quite satisfactory for the reduction of the isolated 
Schiff base,19 experiments by the authors as well 
as Emerson and Walters show it to be less satis- 
factory than Raney nickel when the reductive 
alkylation method is used. Skita, et aZ.,12 on the 
other hand, found colloidal platinum superior 
to their nickel catalyst. 

The procedure of Emerson and Walters, using 
Raney nickel and hydrogen, has been used for the 
reductive alkylation (11, R = H, CH3, C2H5) of 
amines as indicated in the table of compounds. 
This catalyst was also successfully used to reduce 
the isolated benzal amine. 

The only previous catalytic reductive alkylation 
experiments reported using formaldehyde (11, R 
= H) were with secondary amines.l6 Contrary 
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All melting points taken on a thermometer 
standardized against a set of Bureau of Stand- 
ards Anschiitz thermometers. Decker and 
Becker method. Reductive alkylation. 

* Smith, J .  Chem. Soc., 2056 
(1927), gives m. p. 87-88' for free amine and 
rn. p. 189-190" for the hydrochloride. ' Two 
forms of this hydrochloride were obtained. 
Simple crystallization was sufficient to make 
the change, though when the melting point 
would change could not be predicted. In 
fifteen consecutive crystallizations six crops 
were of the high melting form and nine were of 
the lower melting form. No further investiga- 
tion is being made of this phenomenon. 

to what might be expected from the 
work of Emerson and Wdters it was not 
possible to isolate any secondary amine 
from the reaction product when form- 
aldehyde was used as the alkylating 
agent. The products were identified as 
the X-dimethyl derivatives and were ob- 
tained in yields ranging from 51 to 85y0 
of the theoretical. This result resembles 
that obtained when other than catalytic 
means of reduction are employed in the 
reductive alkylation of an amine with 
formaldehyde, such as the Eschweiler 
reaction, 20m,22m and gives a convenient 
method for the preparation of N-di- 
methylamines from the corresponding 
primary amine. The use of this method 
to convert 1-ephedrine to l-methyl- 
ephedrine shows that the alcoholic hy- 
droxyl is not disturbed in the reaction. 
Reductive alkylation with formaldehyde 
therefore offers a general one step method 
for the preparation of N-dimethylamines 
without affecting the aliphatic portion 
of the molecule. 

With higher aldehydes (11, R = CH3, 
CzHs) the monosubstitution products 
were isolated, the yield increasing as the 
alkyl groups became larger.17*18,24 

This change in type of product, e. g., 
from N-dimethyl to a mixture of the 
higher N-alkyl and N-dialkyl amines, 
also resembles results obtained by the 

Melting point. 
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reduction of aldehydes in the presence of am- 
monia. l1 

Experimental difficulties with crystallization 
have retarded the reporting of more N-ethyl 
and N-propyl amines as well as the identification 
of the higher boiling N-diethyl and N-dipropyl 
amines. 

Experimental 
The preparation of the methoxy primary amines used 

in these syntheses has been described previously.6*B 
Alkylation by the Method of Decker and Becker.'~S~g-- 

The Schiff bases used were prepared by refluxing for thirty 
minutes equimolecular quantities of the amine and benzal- 
dehyde dissolved in 95% ethyl alcohol. The solvent 
was removed and the product distilled in vacuo. The 
Schiff bases were obtained in yields of 95% and were mostly 
yellow oils with a few low melting solids. They were used 
without further purification or analysis. 

Equimolecular proportions of a benzal amine (Schiff 
base) and the appropriate alkyl iodide were introduced 
into a thoroughly dried Carius tube. After sealing, the 
tube was heated a t  100" by steam for five to twenty-four 
hours, the longer time being used for the higher halides. 
The reaction was considered complete when the whole 
contents of the tube upon cooling was a red to orange 
viscous oil or a partially crystalline mass. A layer 
of mobile liquid above the viscous mass showed the re- 
action to be incomplete. After opening, the contents of 
the tube were washed out with an alcohol, methyl alcohol 
for the methylated product and ethyl alcohol for the higher 
alkylated product, to  which had been added one-eighth 
of its volume of water. The mixture was refluxed for 
thirty minutes, after ,which it was poured into an equal 
volume of water and boiled until the odor of benzaldehyde 
had disappeared. The solution was made weakly acid 
with acetic acid and extracted three times with ether. 
After basification with 30% sodium hydroxide the amine 
was extracted with ether, the ethereal solution dried with 
anhydrous magnesium sulfate, and after removal of the 
solvent the residue was distilled in vacuo. The hydro- 
chlorides were prepared from an anhydrous ether solution 
by the addition of gaseous hydrogen chloride and were 
recrystallized from ether-alcohol mixtures. 

Reductive Alkylation.-One-tenth mole of amine, 0.3 mole 
of the desired aldehyde, and 1.0 g. of anhydrous sodium 

acetate in 100 cc. of ethyl alcohol were reduced by 58 g. 
of Raney nickel and hydrogen (initial pressure 50 pounds 
(3 atm.)) in an Adam@ reduction machine as described 
by Emerson and Waiters." When hydrogenation was 
complete the catalyst was removed by liltration*E and the 
alcoholic solution of the amine evaporated to  dryness. 
The amine is extracted from the sodium,acetate by ether, 
the ethereal solution dried with anhydrous magnesium 
sulfate and the residual oil fractionated. The amine 
hydrochlorides were prepared and purified as in Method 
I. Amines of the type prepared here are not sufficiently 
volatile with steam for this to be a practicable method to 
effect any separation. 

Solution formaldehyde U. S. P. XI was used as the 
source of formaldehyde. Acetaldehyde and propional- 
dehyde were materials of usual purity. 

Reduction of Schiff Bases with Raney Nickel.4.05 
mole of benzal amine, 30 g. of Raney nickel and 100 cc. 
of ethyl alcohol were shaken in the Adamz6 reduction 
machine under an initial hydrogen pressure of 50 pounds 
(3 atm.). The theoretical amount of hydrogen was ab- 
sorbed in about two hours. The catalyst was removed 
by filtration, the solvent distilled off and the residue dis- 
tilled in vacuo; yield, 5585%. When less catalyst is 
used the reduction proceeds more slowly. These results 
parallel those obtained with platinum oxide'g as a catalyst. 
The hydrochlorides of the benzyl amines are less soluble in 
absolute alcohol than those of the N-alkyl amines. 

The authors wish to thank Mr. C. H. Emerson for the 
microanalyses reported in this work. 

Summary 

For the purpose of pharmacological testing 
a group of N-alkyl, N-dimethyl, and N-benzyl- 
phenylpropyl and isopropylamines have been 
prepared. 

The reductive dimethylation of primary amines 
by means of formaldehyde and Raney nickel has 
been described. 
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