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During a study of the preparation of unsymmetrical aliphatic secondary
amines, a three-step process for their preparation from ketones and ammonia
has been developed. This method consists of the hydrogenation of a ketone in
the presence of ammonia to form the primary amine. The amine may then be
condensed with a mole of the same or a different ketone in the presence of an
acid catalyst yielding the corresponding ketimine which may be isolated. Hy-
drogenation of the ketimine yields the secondary amine in high yield.

Preparation of primary amines. As most of the primary amines used for this
investigation were prepared by the reductive amination of ketones, a study was
made to determine the optimum conditions for their preparation. Although
previous investigators have deemed it advisable to use an inert solvent (1-6)
or a large excess of ammonia (7) for the hydrogenation of aldehydes or ketones
in the presence of ammonia to obtain primary amines, we have not found it
necessary to use either the inert solvent or the large excess of ammonia. Hy-
drogenation of a 1 to 1-1.5 molar mixture of a ketone and ammonia over Raney
nickel at 120-150° and 500-1000 p.s.i. in the absence of a solvent has given
in many cases primary amines in better than 80 % yields. Table I lists the pri-
mary amines prepared and their properties.

Preparation of ketimines. Although unsymmetrical aliphatic secondary amines
have been prepared by the hydrogenation of ketone in the presence of an amine,
little information is available in the literature about the isolation and properties
of the intermediate ketimines.! Aside from the work of Cope, et al. and Blom-
berg, et al. no record of the preparation and isolation of these aliphatic ketimines
has been found. Cope, Hancock, et al. (8) have prepared a number of condensa-
tion products of ketones with alkanolamines by azeotroping the water of reac-
tion with benzene. The majority of these were found to exist as the corresponding
oxazolidines. However, the product from diisobutyl ketone did exist as the
ketimine. Blomberg and Bruce (9) prepared N-isopropylidenemethylamine
using basic catalysts such as sodium hydroxide, caleium oxide, potassium
hydroxide, and potassium carbonate. Of these, potassium carbonate was the
favored catalyst, giving a 40 % conversion to product.

We have found that aliphatic ketimines may be conveniently prepared from
ketones and amines with acidic catalysts. After neutralization of the catalyst,

1 We are indebted to Mr. Francis L. Schmehl who kindly brought to our attention the
excellent work of Campbell, Sommers, and Campbell, J. Am. Chem. Soc., 66, 82-84 (1944),
on the preparation and hydrogenation of aldimines. We were aware of the reference, but
decided to restriet our paper to a discussion of ketimines.
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TABLE I

PREPARATION OF PRIMARY AMINES BY HYDROGENATION OF A MIXTURE OF A KETONE
AND AMMONIA® OVER RANEY NICKEL

Ere
CONDITIONS 5? . gg&’g"'
3 B,P. S N
STARTING MATERIAL - E PRODUCT °c’ ”i" d’i" LER | e, Ty
L B (au.) Eo g1 F 5
B0 | B4l 8 e 2|2
& |Aa| m g 5 E| &=
Acetone 140 740 | 0.5 | Isopropylamine 32,2 |1.377 (0.694 ! 77 97 | 60.3; 59.1
15° 15° ’
Methyl ethyl ketone 120 | 700 | — | sec-Butylamine 62.6 |1.3928; .7225| 90 96 | 73.3, 73.1
Methyl isobutyl ketone | 120 500 | — | 1,3-Dimethylbutyla- 108.5 |1.4081 .74651 90 — |101.5] 101.2
mine
Methy! amyl ketone 130 700 | 1.5 | 2-Aminoheptane 141-142 1.4179‘ .7629| 90 — |115.3] 115.2
Isophorone 140 | 500 | — | 3,3,6-Trimethyleyelo- | 179.6 |1.4539( 8442 74 — |142.0] 141.2
hexylamine ‘
Diisobutyl ketone 150 | 1000 | — | 1-Isobutyl-3-methyl- 169  11.4210) ,7718] 48 | 85 1143.5! 143.2
butylamine | J ] ) I‘

@ Mole ratio, ketone : NHs—1:1-2, ® Yield is based on recovery of ketone and alcohol. (Credit is taken foraleohol
as equivalent to ketone.)

the ketimines were distilled without decomposition and were stable on storage
in a dry inert atmosphere. In the presence of moisture, the lower-boiling ket-
imines are subject to hydrolysis.

R! R Rt Rs
H+
C=0 + CHNH; «—— C—NH—CH
R? Rt R? OH Rt
]
R! R? Rt R3
/ H, AN
CHNHCH  «— C=N—CH + H0
. (Ni) /
R? R# R? R¢

Ketimines from lower-boiling constituents. In the preparation of the imines
from water-soluble ketones and amines where a two-phase azeotrope could not
be formed, an acidic catalyst was necessary to attain equilibrium in a reasonable
length of time.

Of the variables involved in the preparation of N-isopropylidene-isopropyl-
amine temperature and catalyst concentration were investigated most fully.
Refractive indices were found to be satisfactory in the determination of con-
version to ketimine by comparison with synthetic mixtures of known compo-
sition of the components. Increase of the temperature accelerates the rate of
reaction but at the sacrifice of extent of conversion. As can be seen from Figure
1, equilibrium (55 % imine) was reached in 30 minutes at 50° using 0.5% m of
hydrochloric acid based on the amine as catalyst. At 30° the equilibrium state
was nearly reached after 80 minutes giving 63 % imine, whereas, at 20° equi-



1056

D. G. NORTON, ¢t al.

1
foal
s k4
. 2
» 1 Q
9 o
wQ
ks ¢
< -9
5
1370 Catalyst Concentration = 0.5%m HC1 Based on Amine | 6
Mole Ratio = 1
1 360 ! | 1 ! ] } ] ! d
10 20 30 40 50 60 70 80 g0 100
Time, minutes
Figure 1. EFFECT OF TEMPERATURE ON REACTION RATE OF ACETONE
WITH ISOPROFPYLAMINE
Fia. 1
1 400 |- e g L
SEQ -
F 1390 46 ¢
&
R =
v Mole Ratio = 1 Temperature = 30° =
z %m HC! (Based on Amine) &
o ) 380 1213 426 5
& 2:05 [
% 3:0.24
4 =012
1370 5== None -1 ¢
—0
8 W/ '
1360 L L i ] L | i ! !
10 20 30 40 50 60 70 80 90 100

Time, minutes
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Figure 2.

librium had not been reached after 100 minutes with a 67 % conversion. As
expected, increasing the catalyst concentration from 0.12 to 1.3 % m hydrochloric
acid based on the amine increased the rate of reaction but did not appreciably
change the equilibrium state (Figure 2).

The water formed in the reaction was removed by three separate means: (2)
countercurrent extraction with 48 % sodium hydroxide, (b) separation by dilu-
tion of the mixture with hydrocarbons, and (¢) drying over solid sodium hy-
droxide. For laboratory preparation the last of these was preferred, but for
larger scale preparations one of the other methods may be more economical.

Countercurrent extraction of the water from the equilibrium produet with
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aqueous caustic was accomplished by passing the reaction product up through
a column packed with glass beads countercurrent to a stream of 48 % aqueous
sodium hydroxide. A contact time of 40 seconds was sufficient to remove the
water. A minimum concentration of the effluent caustic of 30 % was found neces-
sary to give efficient dehydration.

It was found that the water could also be separated by diluting the reaction
product with an inert hydrocarbon such as the isodecanes. A ratio of four to
five volumes of the hydrocarbon diluent was necessary to remove a major por-
tion of the water. In this case, the water removal was not as complete, the
conversion to recovered imine being 45% as compared to 53% for counter-
current extraction. To avoid further condensation during distillation of the
ketimine, the acidic catalyst was neutralized by the addition of the appropriate
amount of aqueous sodium hydroxide before extraction.

Drying of the product over solid, stick, sodium hydroxide suspended in the
organic layer was found to be the simplest for laboratory preparations.

Ketimines from higher-botling constituents. The imines from the higher-boiling
and, in the present cases, water-insoluble ketones and amines were prepared by
refluxing the components with an azeotroping agent (e.g., benzene, toluene,
xylene, or an excess of the ketone) to remove the water of reaction. Since a
catalyst was generally not necessary with this procedure, the product was dis-
tilled without further treatment.

Hydrogenation of the ketimines has given the corresponding secondary
amines in high yield. The recovery of minor amounts of the original primary
amine and ketone, or corresponding alcohol, from hydrogenation of the ket-
imine product indicates possible incomplete hydrogenation or insufficient drying
of the Raney nickel catalyst. The physical properties of the imines prepared
are listed in Table II.

It has been found that the size of the alkyl groups on the ketone (R!, R?)
have a greater effect on the conversion than the size of the alkyl groups (R?, R?)
of the amine. For example, the reaction of acetone with 1-isobutyl-3-methyl-
butylamine gave the corresponding imine in 85% conversion, while the reac-
tion of isopropylamine with diisobutyl ketone gave only a 10 % conversion to its
corresponding imine. This effect is thought to be due to the large alkyl groups
(R, R?) on the ketone which hinder the entrance of the amine nitrogen to the
carbonyl carbon. On the other hand, although the alkyl groups (R R#) of the
amine may be large, their separation from the point of attachment by the
nitrogen atom would lessen their steric effect on the reaction. Consequently, in
the preparation of mixed secondary amines with both a large and a small alkyl
grouping »ia imines it is advisable to choose the reactants such that the smaller
alkyl grouping is derived from the ketone.

EXPERIMENTAL

Preparation of the primary amines. The primary amines were prepared by hydrogenating
an equimolar mixture of the ketone and anhydrous ammonia over Raney nickel at 120~150°
and 500-1000 p.s.i.g. Distillation of the reaction produet without other treatment was suf-
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ficient to isolate isopropylamine and sec-butylamine. The other amines thus produced were
isolated and purified in the following manner. The reaction product was acidified with dilute
sulfuric acid and the acid-insoluble material, largely alcohol derived from the ketone, was
separated by steam-distillation. The amine was liberated from its salt by the addition of an
excess of sodium hydroxide. After separation of the aqueous phase, the amine was dried
and fractionated. The following example will serve to describe the process.

Isopropylamine. A mixture of 696 g. (12 moles) of acetone and 204 g. (12 moles) of am-
monia was hydrogenated in a stirred autoclave over 50 g. of Raney nickel at 140° and 740
p.si.g. Upon distillation, 545 g., 77% yield of isopropylamine, b.p. 31.5-82.5°, ny 1.377,
d145 0.694, was obtained.

Anal. Cale’d for C:HeN: C, 60.95; H, 15.34; Neut. equiv., 59.1.

Found: C, 60.68, 60.53; H, 15.25, 15.19; Neut. equiv., 60.3, 60.8.

Preparation of the ketimines. Generally the imines from the lower-boiling, water-soluble
amines and ketones were prepared by adding 3 g. of concentrated hydrochloric acid to a
mixture of 5 moles of each component. After the reaction mixture had stood at room tem-
perature for 24 hours, sodium hydroxide sticks were suspended from wires in the organic
phase to neutralize the catalyst and to separate the water formed. The product was dis-
tilled directly after removal of the aqueous layer.

The imines from the higher-boiling, water-insoluble amines and ketones were made by
refluxing the components with an azeotroping agent such as benzene, toluene, or an excess
of the ketone to remove the water of reaction. The product was distilled directly. The follow-
ing examples serve to illustrate the processes.

N-Isopropylideneisopropylamine. Cone’d hydrochloric acid (3 g.) was added to a mixture
of 5 moles (290 g.) of acetone and 5 moles (295 g.) of isopropylamine. The temperature rose
to 50° over a period of five minutes and then slowly subsided. The mixture was set aside
overnight. Several pieces of stick sodium hydroxide were added and the mixture was oc-
casionally shaken. When the water removal was complete, the product was distilled and
gave 125 g, of isopropylamine, 128 g. of acetone, and 262 g. of N-isopropylideneisopropyl-
amine b.p. 93.5°, n2 1.4088, d% 0.7477. For analysis see Table I1I.

TABLE III
ANALYSES OF KETIMINES
4 c | H J N
IMINE ‘ I
f Theory | Found | Theory | Found | Theory { Found
N-Isopropylideneisopropylamine : 72.62 1 72.33 | 13.21 | 13.20 | 14.2 | 13.6

N-Isopropylidene-1,3-dimethylbutylamine
N-sec-Butylidene-1,3-dimethylbutylamine
N-(1,3-Dimethylbutylidene)-1,3-di-

76.52 | 76.39 | 18.56 | 15.58 | 9.92 | 9.81
77.85 | 77.05 | 13.63 * 13.53 | 9.02 | 8.78
78.61 | 78.12 1 13.75 | 13.65 | 7.64 | 7.52

methylbutylamine
N-(1,3-Dimethyl-2-butenylidene)-1,3-di- | 79.49 | 78.82 112.78 1 12.75 | 7.73 | 7.53
methylbutylamine \ ' i
N-(1-Isobutyl-3-methylbutylidene)-1, 3- 79.92 | 79.92 | 13.86 | 13.88 ! 6.22 | 6.25
dimethylbutylamine

N-(1,3-Dimethylbutyl)-3, 5, 5-trimethyl-
2-cyclohexenimine
N-(1,3-Dimethylbutylidene)-3, 3, 5-tri-
methyleyclohexylamine
N-(3,3,5-Trimethylcyclohexyl)-3,5,5-
trimethyl-2-cyclohexenimine
N-(3,3,5-Trimethyleyclohexyl)-3,3, 5-
trimethyleyclohexanimine

81.38 | 81.30 | 12.29 | 12.26 | 6.33 | 6.32

|
80.64 | 80.54 | 13.08 | 13.05 | 6.27 | 6.27

82.69 | 82.09 | 11.95 | 11.95 | 5.36 | 5.41

i
82.06 | 81.99 1 12,62 | 12.62 1 5.32! 5.24
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1064 D. G. NORTON, et al.
TABLE V
HyproGENATION 0F ALiPHATIC KETIMINES TO SECONDARY AMINES OVER RaNEY NICKEL
o} { H r N f NEUT. EQUIV.
AMINE ‘ ‘ ‘ ;
t Found ‘ Theory | ; Found [ Theory i Found ‘{ Theory ; Found | Theory
— ‘ ‘ |

Diisopropylamine | 7117 { 71.21 | 14.96 | 14.95 | 13.62 | 13.84 | 101.4 | 101.2

N-Isopropylpropylamine | 71.02 J 71.21 | 14,89 J 14.95 | 13.83 | 13.84 ) 101.3 } 101.2

N-Isopropylisobutylamine [ 73.12 | 72.96 [ 14.85 j 14.88 ‘ 12.12 ( 12.16 | 115.7 | 115.2

N-Isopropyl-sec-butyla- i 72.72 ’ 72.96 ] 14.72 ) 14.88 l 12.12 | 12.16 | 115.8 f 115.2
mine ! ; | | | ‘

N-Propyl-sec-butylamine t 72.87 | 72.96 ) 14.67 | 14.88 ( 12.1 ; 12.16 } 115.6 j 115.2

N-Isobutyl-sec-butylamine ! 74.31 | 74.35 1 14.67 | 14.66 | 10.80 | 10.65 . 130.7 ‘ 129.2

Di-sec-butylamine == === | 130.7 © 129.2

N-Isopropyl-1,3-dimethyl- } 75.27 | 75.44 | 14.72 | 14.78 | 9.72 i 9.78 | 143.8 ‘ 143.3
butylamine ‘ ) ‘[ ‘ | _ i {

N-Propyl-1,3-dimethyl- 75.39 | 75.44 ) 14.76 | 14.78 | 9.77 1 9.78 | 144.1 | 143.3
butylamine [ | ) f‘ { | i

N-Isobutyl-1,3-dimethyl- 76.43 | 76.36 | 14.74 | 14.74 r 8.89 | 8.91  157.8 | 157.3
butylamine ) ' n ’ }

N-sec-Butyl-1,3-dimethyl- | 76.22 { 76.36 | 14.74 § 14.74 { 8.91 f 8.91 | 157.8 ; 157.3
butylamine | | ] ; |

Bis(1,3-dimethylbutyl)- | 77.73 77| 1472 |14.68 | 7.34 } 7.55 | 186.0 ( 185.4
amine 1 ! | (

N-Isopropyl-3,3,5-tri- [ 78.59 ) 78.69 | 13.70 ’ 13.75 | 7.56 ’ 7.64 ; 182.5 ‘ 183.3
methyleyclohexylamine [ ! “

N-Isobutyl-3,3,5-tri- 79.32 | 79.11 | 13.75 | 18.79 | 7.04 i 7.10 | 197.2 [ 197 .4
methyleyclohexylamine | : ]

N-sec-Butyl-3,3,5-tri- ( 79.17 1 79.11 1 13.74 1 13.79 7.14 | 7.10 | 196.8 \ 197.4
methyleyclohexylamine | 1 ‘

N-(1,3Dimethylbutyl)- |~ | — | — | — | — | — 253 | 225.4
3,3, 5-trimethyleyclo- 5 / } i |
hexylamine ] | J i | [ ’

Bis(3,3,5-trimethyleyclo- | — — ‘ — ( - [ — 265.5 | 265.5
hexyl)amine | | | | |

N-Isopropyl-1-isobutyl-3- { .62 7175 | 1689 laes | 752l 75 — | —
methylbutylamine ! i ‘ ’ | L ]

N-Propyl-1-isobutyl-3- \ 77,74 | 77,75 ] 14.64 \ 14.68 | 7.54 ' 7.55 ' — —_
methylbutylamine ( | | } ’ | !

N-sec-Butyl-1-isobutyl-3- | 78.42 | 78.31 ‘ 14.64 , 14.66 | 7.02 i 7.03 ‘ — —
methylputylamine ( [ : | 5 ‘J ( ‘ -

N-(1,3-Dimethylbuty)-1- | 79.37 | 79.21 l 14.50 | 14.62 | 6.17 | 6.16 ] 298.6 | 227.
isobutyl-3-methylbutyla- { 1 ‘ ; ‘ ’
mine ‘ {

N-(3,3,5-Trimethyleyclo- { 80.61 | 80.82 ( 13.75 | 13.94 | 5.17 | 5.4 l 272.1 ’ 267.5
hexyl)-1-isobutyl-3- i ( " | l ’ \
methylbutylamine | ‘ l I ] { @ |

Bis (1-isobutyl-3-methyl- | 80.14 ] 80.23 } 14.49 | 1459 | 5.81 s — { _
butyl)amine ; ! |

N-Isopropyleyclohexyla- 5‘ 76.18 l 76.52 2 13.40 j 13.56 “ 9.94 > 9.92 1‘ — E —

| ; : | ‘1 |
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The above corresponds to a 539, conversion to product in a 95%, yield.

N-(1,8-Dimethylbutylidene)-1 ,8-dimethylbutylamine. A mixture of 1000 g. (10 moles) of
methyl isobutyl ketone, 1010 g. (10 moles) of 1,3-dimethylbutylamine, and 100 ml. of ben-
zene was refluxed through a column with a phase-separating head. During about 24 hours
150 g. of water had separated. Upon distillation after removal of the benzene, 197 g. of
1,3-dimethylbutylamine, 190 g. of methy! isobutyl ketone, and 1412 g. of N-(1,3-dimethyl-
butylidene)-1,3-dimethylbutylamine, b.p. 74-76° (10 mm.), »¥ 1.4313, d% 0.7848 were ob-
tained. This corresponds to a 779, conversion to product in a 96% yield. For analysis see
Table III.

Hydrogenation of the ketimines. The imines were hydrogenated over Raney nickel at 100-
150° and 200-1000 p.s.i.g. Copper chromite catalyst at 170-200° and 1000 p.s.i.g. was used in
a few instances, but it showed no advantage over the Raney nickel catalyst. N-Isopropyl-
ideneisopropylamine has also been hydrogenated in vapor phase in 919 yield over a copper
on activated alumina catalyst. The physical properties and analyses of the secondary
amines prepared here are recorded in Tables IV and V. The following example will serve to
demonstrate the reaction.

Ditsopropylamine. A 970-g. sample of N-isopropylideneisopropylamine washydrogenated
over about 50 g. of Raney nickel at 100° and 200 p.s.i.g. After separation from the catalyst
the product was acidified with dilute sulfuric acid and the acid-insoluble material was
separated by steam-distillation. Approximately 60 g. of a mixture of isopropy!l alcohol and
acetone was recovered from the steam-distillation. The amines were liberated from the acid
golution with sodium hydroxide, separated, and dried over solid NaOH. Distillation gave
58 g. of isopropylamine and 880 g. of diisopropylamine boiling at 82-84°, nZ 1.3918, dio
0.7063. The above corresponds to an 89%, conversion to product in better than 95%, yield
based on recovery of isopropylamine. For analysis see Table V.

SUMMARY

A study has been made of the reaction of aliphatic ketones with ammonia
and amines. Primary amines have been prepared in excellent yield by the hy-
drogenation of ketones in the presence of anhydrous ammonia, without the use
of an inert solvent or excess ammonia.

A number of novel aliphatic ketimines have been prepared and isolated in
high yield by the reaction of ketones with primary amines in the presence of an
acidic catalyst.

These ketimines can be hydrogenated to the corresponding secondary amines
which provides a convenient means for preparing secondary amines with dif-
ferent alkyl groups in the same molecule.

A study of the reaction variables in the above reactions has led to both a
better understanding of the reaction conditions and to increased yields.

EmeryviLLe, CALIFORNIA
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