
D u r i n g t h e e a r l y 1 9 6 0 s a t t e m p t s w e r e m a d e t o m a r k e t a
pharmaceutical p r o d u c t c o n s i s t i n g o f fractionated fish oil
triglycerides a n d f a t t y a c i d s for t r e a t m e n t o f h e a r t p a t i e n t s
for r e d u c t i o n o f s e r u m cholesterol. This a t t e m p t was
p r e m a t u r e b e c a u s e most o f t h e e v i d e n c e that s u c h f a t t y
a c i d s w e r e effective was b a s e d u p o n r a t - f e e d i n g t e s t s a n d
w i t h only a very f e w e x t r e m e l y s h o r t term h u m a n f e e d i n g
t e s t s at that t ime h a v i n g b e e n m a d e . S i n c e t h e n , at l e a s t o n e
very long t e r m d i e t a r y test h a s b e e n c a r r i e d o u t by a h e a r t
specialist w h o a d v i s e d h i s p a t i e n t s w h o h a d s u f f e r e d a h e a r t
a t t a c k to go o n a diet w i t h h i g h fat s e a f o o d c o n s u m e d
several t i m e s per w e e k . This p h y s i c a n s u c c e e d e d in g e t t i n g a
p o r t i o n o f his p a t i e n t s to f o l l o w t h e d i e t f o r up to n i n e t e e n
y e a r s a n d w i t h very d r a m a t i c r e s u l t s (7). O f the 80 p a t i e n t s
w h o a d h e r e d to t h e d i e t , 51 ( 5 7 % ) w e r e alive a f t e r t h e 16
t o 19 y e a r s o f the t e s t . In contrast , o n l y 10 o f t h e 116 (9%)
u n d i e t e d patients survived. A l s o , the average m o n t h s o f
r e m a i n i n g life o f t h o s e d y i n g from s u b s e q u e n t h e a r t a t t a c k s
was 109 m o n t h s for the d i e t e d p a t i e n t s a s c o m p a r e d
t o only 58 m o n t h s for t h o s e not d i e t e d . T h e s e impressive
r e s u l t s wou ld i n d i c a t e t h e r e c o u l d be a d e m a n d for fish oil
p o l y u n s a t u r a t e d f a t t y a c i d s as a pharmaceutical w h i c h

c o u l d r e p l a c e the more t r o u b l e s o m e d i e t a r y r e g i m e a n d
e x t e n d t h e life o f p a t i e n t s u n w i l l i n g to f o l l o w the r ig id d i e t .

O t h e r p o s s i b l e p h a r m a c e u t i c a l applications f o r p o l y u n -
s a t u r a t e d fish oil f a t t y a c i d s inc lude use for m u l t i p l e
sclerosis (8) a n d f o r gall s t o n e treatment (9). T h e r e also
m i g h t be c o n s i d e r a b l e use m a d e o f h i g h l y p o l y u n s a t u r a t e d ,
o m e g a - 3 f a t t y a c i d s in t h e i n d u s t r i a l f i e l d a s a starting p o i n t
f o r c h e m i c a l synthesis o f a variety o f s u b s t a n c e s .
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Nitrogen Derivatives (Amides, Diamides, Nitriles, Primary
Amines and Oxides)
R.A. RECK, Armak Industrial Chemicals Division, Akzona, Inc.,
200 S. Wacker Drive, Chicago, IL 60606

ABSTRACT

W i t h o u t a d o u b t the n i t r o g e n derivatives are t h e
most b r o a d l y diversified f a m i l y o f f a t t y acid deriva-
tives. T o d a y they a c c o u n t collectively for p e r h a p s
4 0 0 m i l l i o n p o u n d s of p r o d u c t s p e r year in t h e USA

a l o n e . A l t h o u g h f a t t y a m i d e s m a y be p r o d u c e d by a
la rge n u m b e r o f synthetic r o u t e s , i n d u s t r i a l l y only
t w o are o f a n y c o m m e r c i a l i m p o r t a n c e . D i a m i d e s are
the d i f u n c t i o n a l a n a l o g s o f s i m p l e a m i d e s , a n d a
t y p i c a l one that is in m e d i u m s c a l e p r o d u c t i o n
v o l u m e is e t h y l e n e bis(stearamide). Industrially, t h e
p r o d u c t i o n o f f a t t y nitriles in t h e f a t t y a c i d derivative
i n d u s t r y i s exclusively by a m m o n o l y s i s o f f a t t y a c i d s
at t e m p e r a t u r e s s o m e w h a t a b o v e t h o s e r e q u i r e d t o
p r o d u c e a m i d e s , or r o u g h l y , 300-320 C. Both v a p o r
p h a s e catalytic a n d l iqu id p h a s e a m m o n o l y s i s pro-
c e s s e s may be e m p l o y e d . Nitriles have l i m i t e d uses a s
s u c h , but find t h e i r u t i l i t y a s f a t t y derivative i n t e r -
m e d i a t e s o n l y . The p r i m a r y a m i n e s , R N H 2 , are
p r o d u c e d i n d u s t r i a l l y by t h e c a t a l y t i c h y d r o g e n a t i o n
o f nitrites. The g e n e r a l c o n d i t i o n s for t h e conversion
o f n i t r i l e s to p r i m a r y a m i n e s w i t h a m i n i m u m c o n t e n t
o f s e c o n d a r y o r tertiary a m i n e s i s w i t h n i c k e l catalyst
u s i n g a n e x c e s s o f a m m o n i a at relatively l o w t e m p e r a -
t u r e s ( 1 3 0 - 1 4 0 C). A m i n e o x i d e s are d e r i v e d f r o m
tertiary a m i n e s by a c o n t r o l l e d r e a c t i o n w i t h h y d r o -
g e n peroxide. In a d d i t i o n to tertiary a m i n e s , the
m o n o a l k y l d i e t h o x y l a t e d a m i n e s can be c o n s i d e r e d
a s in the same c l a s s . T h e s e are m a d e by the a d d i t i o n
o f e t h y l e n e o x i d e to p r i m a r y a m i n e . T w o m o l e s o f
e t h y l e n e o x i d e can be a d d e d w i t h o u t catalyst. A d d i -
t i o n a l ethoxylation d o e s r e q u i r e a b a s i c catalyst.
T h e s e a m i n e s , be s ide s h a v i n g end uses o f t h e i r o w n ,
c a n be c o n v e r t e d to a m i n e o x i d e s o r can be converted
t o ethoxylated q u a t e r n a r y a m m o n i u m s a l t s .

AMIDES

Primary a m i d e s o f f a t t y a c i d s can be r e g a r d e d as s i m p l e
s u b s t i t u t e s of the h y d r o x y l o f t h e c a r b o x y l g r o u p with a n
a m i n o f u n c t i o n . S i m p l e a m i d e s have s t r o n g association
b e c a u s e o f h y d r o g e n b o n d i n g , w h i c h l e a d s to relatively h i g h
m e l t i n g p o i n t s for fat ty a c i d derivatives a n d l o w solubilities
in most solvents. All f a t t y a m i d e s are essentially i n s o l u b l e
in w a t e r . I n p o l a r solvents s o l u b i l i t y d e c r e a s e s w i t h increas-
ing c h a i n lengths, a n d a b o v e d o d e c a n a m i d e it is l o w in all
solvents. F a t t y a m i d e s have g o o d stability t o w a r d s air
o x i d a t i o n , heat a n d d i l u t e a c i d s o r b a s e s . The stability is, o f
c o u r s e , a f f e c t e d by t h e d e g r e e o f u n s a t u r a t i o n in the a l k y l
c h a i n .

Manufacture
Most s i m p l e a m i d e s o f f a t t y a c i d s are p r e p a r e d by the

r e a c t i o n o f the appropriate fat ty acid w i t h a n h y d r o u s
a m m o n i a in a b a t c h p r o c e s s :

o o o
If Ir II

R-C-OH + NH 3 ~ R-C-O-NIt 4 ~ R-C-NH2 + H20

The reaction is c o n d u c t e d at 180-200 C u n d e r s l i g h t
p r e s s u r e (50-100 psi) for 10-20 hr. P r e s s u r e i s m a i n t a i n e d
by the rate o f a d d i t i o n o f a m m o n i a a n d the w a t e r o f
r e a c t i o n i s r e m o v e d continuously. The e f f l u e n t stream is
c o l l e c t e d a n d the a m m o n i a p o r t i o n i s recovered and can be
r e c y c l e d . While m o s t s i m p l e a m i d e s are m a d e by this
p r o c e d u r e , the s t a r t i n g material can be a n ester. V a r i o u s
catalysts have b e e n e m p l o y e d in the m a n u f a c t u r e o f
a m i d e s . A m o n g them are b o r i c acid (1), A 1 2 0 3 (2), a n d
zinc a l k o x i d e s (3).

If t h e use o f a m m o n i a i s not convenient, it is p o s s i b l e to
p r e p a r e s i m p l e a m i d e s by r e a c t i n g u r e a w i t h a f a t t y acid in
a s e a l e d vessel at 170-240 C for 2 hr at elevated tempera-
t u r e s (4). O t h e r m e t h o d s r e p o r t e d in t h e literature for the
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TABLE I

Solubilities o f Normal Amides @ 30 C (g/100 g)

Solvent Caprylamide Capramide Lauramide Myristamide Palmitamide Stearamide

Acetonltrile 5.4 1.4 0.9 0.6 0.3 0.2
Methanol 53.0 15.2 12.4 2.7 1.2 0.7
Ethanol 95% 32.8 12.0 11.4 3.8 l.S 0.8
Isopropanol 26.3 10.9 11.4 3.2 1.8 1.0
n-Butanol 25.8 9.1 10.1 3.8 1.9 1.1
Acetone 7.8 3.8 3.4 1.0 0.8 0.5
2-Butanol 8.3 3.8 3.8 1.2 1.0 0.7
Ethyl Acetate 5.7 2.2 2.5 1.0 0.6 0.3
Butyl Acetate 6.0 2.9 3.0 1.2 0.8 0.5
Carbon Tetrachloride 0.4 0.2 0.4 O.1 0.1 0.1
Nitroethane 2.1 1.1 1.1 0.5 0.3 0.2
Hexane 0.02 0.01 Nil Nil Nil Nil
Benzene 0.6 0.8 1.0 0.4 0.4 0.4
Cyclohexane 0.1 0.4 0.5 0.2 0.3 0.3

preparation o f f a t t y a m i d e s inc lude h y d r o g e n o l y s i s o f
h y d r o x a m i c a c i d s ( 5 ) a n d h y d r a z i d e s (6).

The s o l u b i l i t y o f s i m p l e a m i d e s in a v a r i e t y o f solvents is
c o m p i l e d in T a b l e I. In general, the l o w e r a l k y l a m i d e s are
q u i t e i n s o l u b l e in n o n p o l a r solvents a n d more s o l u b l e in
p o l a r solvents. At h i g h e r t e m p e r a t u r e s t h e h i g h e r a l k y l
a m i d e s wi l l d i s s o l v e in p o l a r solvents.

Uses

The s o l u b i l i t y characteristics o f the s i m p l e a m i d e s l e a d
to t h e i r m a i n use, the most i m p o r t a n t o f w h i c h i s a s a n
antislip a n d a n t i b l o c k a d d i t i v e for p o l y e t h y l e n e f i l m . F o r
this u s e , o c t a d e c e n a m i d e a n d d o c o s e n a m i d e are the most
important . This is the same p r o p e r t y o f w a x - c o a t e d a n d
resin-coated p a p e r s w h i c h p e r m i t s o n e film t o sl ide h o r i -
zontaUy o n another. O n l y 0.1-0.5% o f a m i d e is u s e d in
plastic f i l m s , but even at t h e s e concentrations the c o l o r
stability o f the a m i d e i s important . The use o f t h e s e ad-
ditives is p e r m i t t e d in f o o d p a c k a g i n g m a t e r i a l s by F D A
regulations.

A n o t h e r use o f long c h a i n s a t u r a t e d a m i d e s is as a n
i n t e r m e d i a t e in the p r o d u c t i o n o f w a t e r repellents for
textiles o f the Z e l a n o r V e l a n t y p e . The p r o d u c t s o f r e a c -
tion o f the a m i d e w i t h f o r m a l d e h y d e , p y r i d i n e , a n d hy-
d r o c h l o r i c acid are w a t e r s o l u b l e q u a t e r n a r y s a l t s w h i c h are
a p p l i e d to t h e f a b r i c a n d h e a t e d to form a w a t e r repellent
film, p r o b a b l y d i a m i d e in s t r u c t u r e .

F i l m s o f fat ty acid a m i d e s are d e p o s i t e d f r o m a variety
o f f o r m u l a t i o n s a s mold-release a g e n t s . A s o l u t i o n o f t h e
a m i d e is usua l ly s p r a y e d onto t h e m o l d . With m o l d e d
r u b b e r g o o d s , the s a t u r a t e d a m i d e is a d d e d to the r u b b e r
mix b e f o r e c u r i n g a n d a s s i s t s in c u r i n g a n d improvement o f
t h e m e c h a n i c a l properties.

F a t t y acid a m i d e s i m p r o v e the p r o p e r t i e s o f p r i n t i n g ink
by assisting s l i p , r e d u c i n g g l o s s , r e d u c i n g b l o c k a n d t a c k ,
a n d i m p r o v i n g resistance t o s c u f f i n g , scratching, a n d
r u b - o f f . B e t t e r s p r e a d i n g p r o p e r t i e s at the ink-paper i n t e r -
face are o b t a i n e d a l o n g w i t h i m p r o v e d a d h e s i o n o f the ink
to t h e p a p e r .

The a b i l i t y o f f a t t y a c i d a m i d e s in h y d r o c a r b o n solvents
to a d h e r e to m e t a l s u r f a c e s m a k e s t h e m v a l u a b l e a d d i t i v e s
in l u b r i c a n t s . They increase t h e w e a r characteristics o f the
l u b r i c a n t a n d l e a v e no c a r b o n d e p o s i t s o n t h e m e t a l s u r f a c e .
Both s a t u r a t e d a n d u n s a t u r a t e d a m i d e s m a y be u s e d for this
p u r p o s e .

Diamides
F a t t y b i s a m i d e s , or d i a m i d e s o f t w o t y p e s , are p r o d u c e d .

One i s m e t h y l e n e b i s s t e a r a m i d e , w h i c h i s m a n u f a c t u r e d by
reacting t w o m o l e s o f s t e a r a m i d e w i t h one mole o f formal-
d e h y d e :

2R-CO-NH2 + H2CO --~ R-CO-NHCH2-NH-CO R + H20

The r e a c t i o n i s c o n d u c t e d a t 180-200 C a n d p r o d u c e s a
h a r d w a x y p r o d u c t w h i c h i s u s e f u l in p o w d e r m e t a l l u r g y o r
p l a s t i c e x t r u s i o n l u b r i c a n t s .

E t h y l e n e b i s a m i d e s are a n o t h e r c l a s s o f d i a m i d e s that
have i n d u s t r i a l significance. T h e s e c o m P o u n d s a r e p r o d u c e d
by t h e c o n d e n s a t i o n o f 1 mole o f e t h y l e n e d i a m i n e a n d 2
m o l e s o f s t e a r i c a c i d :

2R-CO-OH + H2NCH2CH2NH2 ~ R-CONHCH2CH2NHCOR + 2H20

I n some c a s e s , c a t a l y s t s c a n be u s e d , but are n o t necessary.
The r e a c t i o n is run a t 180-185 C .

E t h y l e n e b i s s t e a r a m i d e is u s e d a s a l u b r i c a n t in plastic
e x t r u s i o n s , m o l d r e l e a s e a g e n t s , a n d a s a d e f o a m e r in p a p e r
m a n u f a c t u r e .

Ethoxylated Amides

A la rge variety o f e t h o x y l a t e d a m i d e derivatives can be
a n d are p r o d u c e d . The i n i t i a l d i s c u s s i o n wi l l involve the
e t h y l e n e o x i d e c o n d e n s a t e s o f p r i m a r y a m i d e s . The r e a c -
tion i s :

R-CO-NH2 + xCH2CH 2 ~ R-CO-NH-(CH2CH20)xtt
\ /

o

It i s c o n d u c t e d at 150-200 C u s i n g a b a s i c catalyst. A la rge
variety o f e t h o x y l a t e d a m i d e s a r e p r e p a r e d in this m a n n e r
a n d a s is e x p e c t e d , t h e d e g r e e o f ethoxylation c o n t r o l s H L B
v a l u e a n d / o r w a t e r s o l u b i l i t y .

S i m i l a r c o m p o u n d s can be p r e p a r e d by f i r s t s y n t h e s i z i n g
a s u b s t i t u t e d a m i d e f o l l o w e d by ethoxylation.

R-CO-NHCH2CH2OH + n(CH2CH2) ~ R-CO-NHCH2CH20(CH2CH20)nH
\ /

O

T h e r e is a m p l e e v i d e n c e that t h e e t h y l e n e o x i d e r e a c t s w i t h
t h e h y d r o x y l f u n c t i o n r a t h e r than the s e c o n d a r y a m i d o
h y d r o g e n (7).

E s t e r s o f f a t t y a c i d s w h e n r e a c t e d w i t h d i e t h a n o l a m i d e
p r o d u c e a high activity or " s u p e r a m i d e " c o n t a i n i n g over
90% n - a l k y l d i e t h a n o l a m i d e ( 8 - 1 0 ) . This type o f a m i d e is
by f a r the most i m p o r t a n t , from a c o m m e r c i a l p o i n t o f
view, o f t h e f a t t y a m i d e s . T h e r e a c t i o n i s run a t 115-160 C ,
u s i n g m e t h y l e s t e r s o f f a t t y a c i d s , 1.3 m o l e s o f d i e t h a n o l -
a m i d e a n d a catalytic a m o u n t o f s o d i u m m e t h o x i d e . The
m e t h a n o l i s d i s t i l l e d o f f a s it i s p r o d u c e d . The alkanol-
a m i d e s are n o n i o n i c surface-active a g e n t s a n d have m a n y
applications in l iqu id d e t e r g e n t s ; s u c h as d i s h w a s h i n g
c o m p o u n d s , s h a m p o o s , cosmetics, l a t e x stabilizers, a n d d y e
leveling a g e n t s . They f u n c t i o n a s f o a m stabilizers, e m u l s i -
fiers, viscosity controllers a n d c o r r o s i o n inhibitors. Most
s u p e r a m i d e s are p r o d u c e d from e i t h e r w h o l e c o c o n u t
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TABLE II

Melting Points of Saturated Primary Amines

( R - - N H 2)
R = M.p.C. ° R = M.p,C.°

CH 3 92.5 C 1 IH23 16.5
C2H 5 -80.6 C12H26 28.0
C3H 7 -83.0 C13H27 27q
C4H 9 -50.5 C14H29 37.9
C 5 H l l -55.0 C15H31
C6H12 -19.0 C16H33 46.2
C7H15 -23.0 C17H35 49
C8H17 0.04 C 18H37 51.8
C9H19 C20H41 57.8
Ci0H21 15.0 C22H45 62.7

f r a c t i o n s o r t h e so-called m i d d l e cut w h i c h c o n t a i n es-
sentially 70% C12 a n d 30% C I 4 h o m o l o g s .

JC2H40 H /(C2H40)Y H
R_CO_N{c2H4OH + x(CH2CH2) ~ R-CO-N\

\ / (C2H40)z H
o

y+z=X

I n this c a s e , t h e r e wi l l be t w o e t h y l e n e o x i d e c h a i n s i n s t e a d
o f one, a s p r o d u c e d by ethoxylation o f p r i m a r y a m i d e s .

A n o t h e r c l a s s o f s u b s t i t u t e d f a t t y a m i d e s , N,N-dimethyl-
a l k y l a m i d e s w e r e i n t r o d u c e d in 1961 ( 1 1 ) . T h e s e p r o d u c t s
a r e d i f f e r e n t in p h y s i c a l a n d c h e m i c a l properties a n d are
d i f f e r e n t in p h y s i c a l a n d c h e m i c a l p r o p e r t i e s a n d are
especially u s e f u l a s high b o i l i n g p o l a r solvents. The a m i d e s
c a n be p r e p a r e d at 140 - 170 C u n d e r m o d e r a t e p r e s s u r e s
by r e a c t i n g e i t h e r the f a t t y a c i d or e s t e r w i t h d i m e t h y l -
a m i n e , c o n t i n u o u s l y v e n t i n g e x c e s s d i m e t h y l a m i n e a n d
w a t e r o r a l c o h o l , separating the D M A a n d recycling. It h a s
b e e n r e p o r t e d that a 96%+ conversion o f the m e t h y l e s t e r
t o a m i d e can be o b t a i n e d at 30 C u s i n g s o d i u m m e t h o x i d e
a s catalyst.

T h e p r o d u c t i o n o f m a n y o t h e r s u b s t i t u t e d a m i d e s o r
d i a m i d e s i s also p o s s i b l e by s u b s t i t u t i n g v a r i o u s o t h e r
p r i m a r y o r s e c o n d a r y a m i n e s in the m a t r i x . In general, t h e
reaction c o n d i t i o n s are the s a m e , a n d t h e e n d p r o d u c t
o b t a i n e d is strictly d e p e n d e n t on the s t r u c t u r e o f t h e
starting c o m p o n e n t s .

F A T T Y N I T R I LES
F a t t y n i t r i l e s are p r o d u c e d by the r e a c t i o n o f f a t t y a c i d s

w i t h a m m o n i a at t e m p e r a t u r e s o f 2 8 0 - 3 6 0 C. The r e a c t i o n
can be c o n s i d e r e d as o n e o f s i m p l e d e h y d r a t i o n o f a m m o n i a
s o a p s a n d a m i d e s , but side r e a c t i o n s a n d equ i l i b r ium
r e a c t i o n s involving w a t e r have t o be c o n s i d e r e d (12-18).
The overall r e s u l t i s :

R-CO-OH + NH 3 ~ R-C ~ N + 2H20

but t h e equ i l i b r ium r e a c t i o n s are:

RCONH 2 =~ RCN + H20 and RCONH2 + H20 ~ RCO2H + NH 3

U n l e s s the w a t e r o f r e a c t i o n i s c o n t i n u o u s l y r e m o v e d , t h e
e n d p r o d u c t c a n c o n t a i n u n d e s i r a b l e contaminants.

C o m m e r c i a l practice t o d a y i s t o p r o d u c e t h e nitriles by
e i t h e r a b a t c h o r c o n t i n u o u s p r o c e s s . T h e b a t c h o r l iqu id
p h a s e p r o c e d u r e c a n take a s l o n g a s 2 4 h o u r s t o r u n , a n d
t h e e n d p r o d u c t i s usua l ly d i s t i l l e d b e f o r e f u r t h e r u s e .
U n s a t u r a t e d f e e d s t o c k s have a t e n d e n c y to p o l y m e r i z e a t
h i g h e r t e m p e r a t u r e s , so t h e y are usua l ly run at l o w e r
t e m p e r a t u r e s , but r e q u i r e a l o n g e r r e a c t i o n t i m e . C a t a l y s t s
s u c h a s Z n O o r M n ( C H a C O 2 )2 a t 0.1-0.25% by w e i g h t c a n

be used . The a m m o n i a rate is a d j u s t e d t o t h e rate of r e a c -
t i o n a n d usua l ly a b o u t t w o m o l e s p e r mole o f a c i d are
r e q u i r e d .

The c o n t i n u o u s p r o c e s s is r e a l l y u s e d by one c o m p a n y ,
a n d is the invention o f P o r t s ( 1 8 ) . I n this m e t h o d f a t t y
a c i d s are f e d c o n t i n u o u s l y t o a l iqu id r e a c t o r , vaporized a n d
p a s s e d t h r o u g h a catalytic r e a c t o r c o l u m n countercurrently
w i t h a m m o n i a . E x c e s s a m m o n i a a n d w a t e r a r e r e m o v e d at
the t o p o f the c o l u m n , a n d the s t r e a m is sent to a n am-
m o n i a a b s o r b e r for recovery a n d recycling. The p r o d u c t
nitrile is r e m o v e d from the r e a c t o r c o l u m n a s a v a p o r a n d i s
c o n d e n s e d a n d u s e d a s is. U s u a l l y n o a d d i t i o n a l distillation
i s n e e d e d .

Fatty Nitriles
Nitriles, a s s u c h , have f o u n d l i m i t e d c o m m e r c i a l use, but

have b e e n s u g g e s t e d a s piasticizers, p e t r o l e u m l u b r i c a n t
additives, p e n e t r a t i n g oils a n d e x t r e m e p r e s s u r e l u b r i c a n t
additives. The only l a rge use i s a s an i n t e r m e d i a t e in pro-
d u c t i o n o f f a t t y a m i n e s .

PRIMARY AMINES
A la rge n u m b e r o f m e t h o d s are k n o w n f o r the prepara-

tion o f a m i n e s , but c o m m e r c i a l p r o d u c t i o n i s usua l ly b a s e d
o n h y d r o g e n a t i o n o f a nitrile in e i t h e r a b a t c h or con-
t i n u o u s process. S e v e r a l n i c k e l a n d c o b a l t catalysts are u s e d
for t h i s p u r p o s e . C a u s t i c a n d / o r a m m o n i a m e t a l s o a p s have
b e e n u s e d t o s u p p r e s s t h e f o r m a t i o n o f s e c o n d a r y a m i n e in
t h e R a n e y nickel- o r cobalt-catalyzed h y d r o g e n a t i o n of
f a t t y nitriles t o p r i m a r y a m i n e s ( 1 9 , 2 0 ) . T h e s e alkalies,
h o w e v e r , are r e p o r t e d t o y i e l d an u n d e s i r a b l e res idue d u r i n g
h y d r o g e n a t i o n . This c a n be a v o i d e d (21) by u f i n g a m m o n i a
a n d a s m a l l a m o u n t o f w a t e r i n s t e a d o f alkali. W a d d l e t o n
(22) h a s o b t a i n e d over 96% y i e l d o f p r i m a r y a m i n e by
h y d r o g e n a t i n g a nitrile a t 130-140 C w i t h a partial p r e s s u r e
o f a m m o n i a o f 2.07 M P a ( 3 0 0 psi) a n d a t o t a l p r e s s u r e o f
3.45 M P a (500 psi) w i t h h y d r o g e n in t h e presence o f R a n e y
n i c k e l catalyst. O t h e r catalysts e v a l u a t e d inc lude m i x t u r e s
o f Ni, A1, Co o x i d e s ( 2 2 ) , Z n - A I 2 0 o r Z n - C r o x i d e s (23)
a n d Cu-Cr-alkali a n d tertiary a m i n e s . In c o n t i n u o u s pro-
c e s s e s for m a k i n g p r i m a r y a m i n e s , b o t h R a n e y c o b a l t a n d
n i c k e l catalysts are u s e f u l . Ammonia, l o w e r alkylamines, o r
s u b s t a n c e s y i e l d i n g h y d r o x y l ions are u s e d a s suppressants
o f s e c o n d a r y a m i n e formation. O t h e r p r o c e d u r e s inc lude
r e c y c l i n g partially converted p r i m a r y a m i n e s , nitrile,
a m m o n i a , a n d h y d r o g e n over a c o b a l t c a t a l y s t b e d (25) a n d
i n t r o d u c i n g h y d r o g e n in s m a l l f r a c t i o n s a t r e g u l a r intervals
a l o n g t h e r e a c t i o n zone u f i n g R a n e y n i c k e l catalyst ( 2 6 ) .
The u n s a t u r a t i o n c a n be p r e s e r v e d d u r i n g c o b a l t - o r nickel-
c a t a l y z e d h y d r o g e n a t i o n s o f u n s a t u r a t e d nitriles u n d e r
c e r t a i n c o n d i t i o n s (27-29).

F a t t y a c i d s can be c o n v e r t e d d i r e c t l y t o p r i m a r y a m i n e s
by catalytic h y d r o a m m o n o l y s i s a t h i g h t e m p e r a t u r e s ( 3 0 0
C ) a n d p r e s s u r e s ( 3 0 . 4 M P a o r 4 4 0 psi) in the p r e s e n c e o f
n i c k e l a n d / o r c o b a l t ( 3 0 , 3 1 ) o r zinc a n d / o r c h r o m i u m
(32) can be d i r e c t l y c o n v e r t e d to a m i n e s . In a c o n t i n u o u s
m a n u f a c t u r i n g p r o c e s s for d i a m i n e s , d i c a r b o x y l i c a c i d s
r e a c t w i t h e x c e s s a m m o n i a in t h e p r e s e n c e o f h y d r o g e n a n d
p o w d e r e d c o b a l t o x i d e at high t e m p e r a t u r e a n d p r e s s u r e
( 3 3 ) .

The p h y s i c a l properties o f the p r i m a r y a m i n e s w e r e
extensively s t u d i e d by R a l s t o n , e t al. (34) in t h e 1938-1950
era. T h e b o i l i n g p o i n t d a t a will be f o u n d in F i g u r e 1 .

S i n c e the i n i t i a l u ses f o r p r i m a r y a m i n e s w e r e b e c a u s e o f
t h e i r solubilities, cationic n a t u r e a n d characteristics o f t h e i r
s a l t s , m u c h p h y s i c a l d a t a o n t h e s e m a t t e r s was collected.
T h e m e l t i n g p o i n t s are s h o w n in T a b l e II.

P r i m a r y a m i n e s o f t h e s a t u r a t e d h i g h e r m e m b e r s axe
u s e d a s h a r d r u b b e r m o l d r e l e a s e a g e n t s , a n d d o d e c y l a m i n e
i s u s e d in r e c l a i m i n g b o t h n a t u r a l a n d s y n t h e t i c r u b b e r , T h e
a m i n e s a n d t h e i r s a l t s are effective flotation a g e n t s f o r
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TABLE Ill

Surface Tension and Wett ing T ime of Solutions of ETHOMEENS in H20

Surface tension Official
of solution (25 C) Canvas-disc (Draves)

Dynes/cm method (63) method (64)

Derivative O.1% 1.0% 0.1% 1.0% 0.5%

ETHOMEEN C/15
ETHOMEEN C/20 39
ETHOMEEN C/25 41
ETHOMEEN T/15 34
ETHOMEEN T/25 41
ETHOMEEN S/15 33
ETHOMEEN S/20 40
ETHOMEEN S/25 43
ETHOMEEN 18/25 34

33 90 3 3.5
38 115 11 14
41 173 49
33 226 12 23
40 157 27 53
33 269 23 28
39 179 25 29
43 198 67
Gel 360 Gel

concentrating l o w e r g r a d e s o f p h o s p h a t e rock ( 3 5 ) , a n d
effective collectors for m i c a , f e l d s p a r , a n d silica. A m i n e s are
t h e bas i s f o r f o r m u l a t i o n s u s e d in p r o t e c t i n g h y g r o s c o p i c
m a t e r i a l s against a t m o s p h e r i c m o i s t u r e . They c a n be u s e d in
a n t i c a k i n g g r a n u l a r a n d b l e n d e d fertilizers a n d t h e s i n g l e
s a l t s o f a m m o n i u m nitrate, sylvite, s o d i u m n i t r a t e , a m -
m o n i u m s u l f a t e , a n d u r e a . The f a t t y a m i n e s are o f con-
s i d e r a b l e v a l u e in t h e p e t r o l e u m i n d u s t r y a t all s t a g e s f r o m
t h e well h e a d t h r o u g h t h e f i n i s h e d p r o d u c t . The i n h e r e n t
o i l solubility, affinity for m e t a l s u r f a c e s , oiliness properties,
a n d a c i d n e u t r a l i z i n g a n d b a c t e r i c i d a l activity a r e o f v a l u e
f o r l u b r i c a t i n g a d d i t i v e s , corrosion inhibitors, a n d f u e l a n d
g a s o l i n e a d d i t i v e s . T h e a m i n e s are extensively u s e d a s
i n t e r m e d i a t e s in t h e m a n u f a c t u r e o f s a l t s , q u a t e r n a r i e s ,
e t h o x y l a t e d derivatives, a n d isocyanates.

POLYOXYETHYLENE ALKYLAMINES

Preparation o f e t h o x y l a t e d a m i n e s was f i r s t p u b l i s h e d in
1934 ( 3 6 ) . S i n c e that t i m e , literally h u n d r e d s o f variations
have b e e n d e s c r i b e d s t a r t i n g w i t h a l a rge variety o f a m i n e
c o m p o u n d s o r derivatives w i t h reactive h y d r o g e n s . ( 3 7 ) .
I n c l u d e d in t h e g r e a t v a r i e t y o f c o m m e r c i a l l y a v a i l a b l e
ethoxylation p r o d u c t s are also poly-functioned a m i n e s .
While t h e polyoxyethylene a l k y l a m i n e s u r f a c t a n t s are
c a t i o n i c in n a t u r e , the c a t i o n i c activity d e c r e a s e s a s t h e
e t h y l e n e o x i d e c h a i n increases.

T h e r e a c t i o n o f e t h y l e n e o x i d e w i t h p r i m a r y a m i n e s f i r s t
o c c u r s a t 100 C by, a d d i t i o n o f 2 m o l e s o f e t h y l e n e o x i d e to
the t w o a c t i v e h y d r o g e n s w i t h o u t a n y a d d e d catalyst ( 3 8 ) :

/CH2CH2OH
R-NH2 + 2 CH2CH2

\ O / R-NcH2CH2OH\

A d d i t i o n a l e t h o x y l a t i o n r e q u i r e s a b a s i c catalyst a n d
t e m p e r a t u r e s a b o v e 150 C.

T h e use o f s e c o n d a r y a m i n e s to p r o d u c e e t h o x y l a t e d
derivatives is also possible. I n this c a s e , o n l y a s i n g l e
e t h y l e n e o x i d e c h a i n i s p r o d u c e d .

T h e m o s t significant ethoxylated d i a m i n e s p r o d u c e d a r e
m a n u f a c t u r e d f r o m n-alkyl-1,3 p r o p a n e d i a m i n e s :

C2H4OH C2H4OH
I I

RNH(CH2)3NH 2 + 3(CH2CH2) --*R-N(CH2) 3 N
\ o / I

C2H4OH

A g a i n , w i t h t h e use o f b a s i c c a t a l y s t s a d d i t i o n a l m o l e s o f
e t h y l e n e o x i d e c a n be a d d e d .

P h y s i c a l Proper t ies

T h e s e c a t i o n i c s u r f a c t a n t s a r e c h a r a c t e r i z e d by a h y d r o -
p h o b i c c a t i o n w h e n the s u r f a c t a n t i s d i s s o l v e d in w a t e r .

S / / / / / . . - z

H, >3"12. / /

/

Q 3 0 5 0 70 9 0 i i 0 1 3 0 1 5 0 1 7 0 1 9 0 2 1 0 2 3 0 2 5 0 2 7 0 Z 9 0 3 1 0 3 3 0

Temperature °C

FIG. 1 . Vapor pressure o f primary N-alkyl amines.

This m a k e s t h e s u r f a c t a n t p r o p e r t i e s s o m e w h a t d e p e n d e n t
o n pH. The l o w e r e t h y l e n e o x i d e a d d u c t s are pre-
d o m i n a n t l y c a t i o n i c in character, b e i n g i n s o l u b l e in w a t e r
a t n e u t r a l o r b a s i c c o n d i t i o n s , a n d wi l l b e c o m e b e t t e r
s u r f a c t a n t s at l o w e r p H s , o w i n g t o t h e f o r m a t i o n o f w a t e r
s o l u b l e a m m o n i u m i o n s . This i m p r o v e m e n t in s u r f a c t a n t
p r o p e r t i e s i s n o t t r u e f o r o x y e t h y l a t e d a m i n e s o f pre-
d o m i n a n t l y n o n i o n i c c h a r a c t e r that a r e a l r e a d y s o l u b l e a t
n e u t r a l o r b a s i c c o n d i t i o n s . A l s o , a s is g e n e r a l l y k n o w n f o r
n o n i o n i c surfactants, t h e s u r f a c e t e n s i o n l o w e r i n g is in-
v e r s e l y p r o p o r t i o n a l t o the l e n g t h o f t h e e t h y l e n e o x i d e
c h a i n .

T a b l e III g i v e s the s u r f a c e t e n s i o n o f 0.1 a n d 1.0 %
s o l u t i o n s o f E T H O M E E N S in d i s t i l l e d w a t e r a t 25 C. The
n a t u r e o f t h e f a t t y a c i d s from w h i c h c o m p o u n d s in T a b l e V
are d e r i v e d h a s a d i r e c t b e a r i n g o n s u r f a c e t e n s i o n a n d
w e t t i n g . S t a r t i n g w i t h coco-derived c o m p o u n d s , we s e e that
a n i n c r e a s e in E O c h a i n l e n g t h r e s u l t s in i n c r e a s e d s u r f a c e
t e n s i o n a n d w e t t i n g t i m e : u n s a t u r a t e d c o m p o u n d s have
l o w e r s u r f a c e t e n s i o n a n d f a s t e r w e t t i n g t i m e s t h a n sim-
i l a r l y s a t u r a t e d derivatives.

Appl icat ions

P o l y o x y e t h y l e n e a l k y l a m i n e s have a g r e a t v a r i e t y o f e n d
uses a s e m u l s i f i e r s in n e u t r a l a n d a c i d s o l u t i o n , a s f o a m i n g
o r f r o t h i n g a g e n t s , a s c o r r o s i o n i n h i b i t o r s , e m u l s i o n
b r e a k e r s , w e t t i n g a g e n t s , m u d - d r i l l i n g a d d i t i v e s , leveling
a g e n t s f o r d y e s , a n d a s textile-finishing a g e n t s ( 3 7 ) . They
can also be n e u t r a l i z e d w i t h o r g a n i c o r i n o r g a n i c a c i d s to
form a n e w s e r i e s o f s u r f a c t a n t s w i t h d i f f e r e n t g e n e r a l
properties. N e u t r a l i z a t i o n w i t h i n o r g a n i c a c i d s wi l l r e s u l t in
g r e a t e r w a t e r s o l u b i l i t y , w h e r e a s neutralization w i t h o r g a n i c
a c i d s i n c r e a s e s oil s o l u b i l i t y .
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TABLE IV

Emollient Dishwashing Detergent

Wt. %

Alkyl ether sulfate
Alkyl sulfate
CoWl alcohol
Dimeth yicocoamine o x i d e
Acetic acid
Sodium acetate
Ethanol
W a t e r and miscellaneous

25
15

3
2.5
3.2
8
8

35.3

TABLE V

Shampoo Formulation

W t . %

Dimethyldodecylamine oxide' 7
Sodium salt of sulfated condensation product of I 7
mole of coconut (dodecyl) alcohol with 3 moles of
EO
Dodecanoyldiethanolamide 5
Perfume, color, citric acid to pH 7.9, water Balance

Other formulations using amine oxides in shampoos, detergent*.
bubble baths, and shaving creams have been published (46).

AMINE OXIDES

F a t t y d e r i v e d a l i p h a t i c o x i d e s are a c l a s s o f n i t r o g e n
derivatives that can be classified a s w e a k cationic sur-
factants. A l m o s t all p r o d u c t i o n is d o n e from t e r t i a r y
a m i n e s that have a l o n g c h a i n aliphatic g r o u p a n d t w o
m e t h y l g r o u p s or t w o h y d r o x y e t h y l g r o u p s . A m i n e o x i d e s
are hygroscopic c o m p o u n d s that have la rge d i p o l e m o m e n t s
a n d are s o l u b l e in p o l a r solvent, but relatively i n s o l u b l e in
n o n p o l a r solvents.

Manufacture
The largest v o l u m e i n d u s t r i a l a m i n e o x i d e s are d e r i v e d

f r o m a l k y l d i m e t h y l a m i n e s , alkylbis(2-hydro xyethyl-)
a m i n e s , a n d a m i d o a m i n e s . All c a s e s c o n t a i n the a l k y l
g r o u p w h i c h m a y have 8-20 c a r b o n a t o m s a n d m a y o r m a y
not be u n s a t u r a t e d . T h e g e n e r a l r e a c t i o n is:

CH 3 CH 3
I I

R-N + H202 -* R-N ~ O + H20

CH3 CH 3

I n a d d i t i o n , t h e r e h a s b e e n s o m e interest in n-alkyl-
m o r p h o l i n e o x i d e s w h i c h are p r e p a r e d a s f o l l o w s :

CH2CH2 CIt2CH 2
/ "~ , / \

R-N O ~- H20 2 --* R-N O + [t20
\ / 4 \ /
CH2CH2 O CH2CH 2

Most f r e q u e n t l y the commercially available a m i n e s are
h o m o l o g o u s m i x t u r e s . The p r o c e d u r e e m p l o y e d for
o x i d a t i o n consists essentially in a d d i n g a q u e o u s h y d r o g e n
p e r o x i d e to a we l l s i t r r e d s o l u t i o n o r d i s p e r s i o n o f t h e
a m i n e a t 60-80 C. S i n c e t h e r e a c t i o n i s exothermic, c o o l i n g
may be necessary d u r i n g a d d i t i o n of t h e h y d r o g e n per-
o x i d e . H o w e v e r , w h e n a d d i t i o n is complete, it is usua l ly
n e c e s s a r y to s u p p l y heat in o r d e r to m a i n t a i n the d e s i r e d
t e m p e r a t u r e d u r i n g a d i g e s t i o n p e r i o d .

The a m i n e o x i d e r e a c t o r a n d its a u x i l i a r y e q u i p m e n t
( a m i n e a n d solvent feed l i n e s , p r o d u c t lines, agitator, h e a t
e x c h a n g e coils, a n d p r o d u c t s t o r a g e t a n k s ) are c o n s t r u c t e d
o f 316 stainless s t e e l or m a y be glass-lined. F o r safe o p e r a -
t i o n , the r e a c t o r s h o u l d be o p e n to t h e a t m o s p h e r e . When a

l o w e r a l c o h o l o r a c e t o n e i s u s e d a s t h e solvent, a n efficient
c o n d e n s e r i s r e q u i r e d . A v a c u u m capability for the r e a c t o r
i s d e s i r a b l e , a l t h o u g h not n e c e s ~ r y , s i n c e t h e same r e a c t o r
m a y then be u s e d for stripping t h e solvent t o concentrate
the p r o d u c t , a s long a s e x c e s s H 2 0 2 i s first d e s t r o y e d .
B e c a u s e o f the f o a m i n g t e n d e n c i e s o f a m i n e o x i d e s , t h e r e
s h o u l d be at l e a s t 20% h e a d s p a c e in t h e r e a c t o r .

With i s o p r o p y l a l c o h o l o r a q u e o u s i s o p r o p y l a l c o h o l as
t h e solvent, concentrations o f a m i n e o x i d e up t o 65-70%
can be a t t a i n e d . When a strictly a q u e o u s s y s t e m is em-
p l o y e d , f i n a l concentrations o f a m i n e o x i d e s h o u l d be
l i m i t e d to 35% s i n c e h i g h e r concentrations t e n d to g e l a n d
prevent g o o d m i x i n g . B e c a u s e h y d r o g e n p e r o x i d e i s sensi-
tive to h e a v y m e t a l s a n d a m i n e o x i d e s are r e a d i l y d e c o m -
p o s e d by i r o n salts, s e q u e s t e r i n g a g e n t s a r e generally a d d e d
t o the r e a c t i o n m i x t u r e , particularly w h e n w a t e r is the
solvent.

Uses

A r o m a t i c a m i n e o x i d e s have b e e n f o u n d u s e f u l in the
p h a r m a c e u t i c a l f i e l d a s analgesics, antihistaminicsj anti-
tussives, d i u r e t i c s , tranquilizers, a n d drug potentiators. I n
many c a s e s , t h e N - o x i d e s o f pharmacologically a c t i v e
t e r t i a r y a m i n e s have p r o v e n to p o s s e s s a d d e d b e n e f i t s
r a n g i n g from l o w e r t o x i c i t y a n d b e t t e r s o l u b i l i t y to en-
h a n c e d t h e r a p e u t i c behavior. The biological activity o f
t h e s e materials has l e d to p a t e n t e d uses a s bactericides,
f u n g i c i d e s , insecticides, n e m a t o c i d e s , filaricides,
a m o e b i c i d e s , anthelmintics, antiparasitics, a n d disin-
fectants. T h e p h a r m a c o l o g y a n d b i o c h e m i s t r y o f a m i n e
o x i d e s h a s b e e n r e v i e w e d ( 4 0 ) . Earlier references covering
t h e s e a n d o t h e r applications w e r e r e p o r t e d in a s u r v e y o n
a m i n e o x i d e s by the D u P o n t C o m p a n y ( 4 1 ) .

Applications o f f a t t y a m i n e o x i d e s in d e t e r g e n t s a n d
cosmetics d e p e n d primarily u p o n t h e i r s u r f a c t a n t
properties. S u c h properties w e r e first d i s c l o s e d in 1939
w h e n t h e s e materials w e r e d e s c r i b e d a s w e t t i n g , cleaning,
a n d d i s p e r s i n g a g e n t s ( 4 2 ) . H o w e v e r , it was not u n t i l the
1 9 6 0 s that t h e s e m a t e r i a l s w e r e e m p l o y e d in d e t e r g e n t
f o r m u l a t i o n s (43) a n d s h a m p o o s ( 4 4 ) . The first p r o d u c t
that u s e d significant q u a n t i t i e s o f a m i n e o x i d e s was a l iqu id
h o u s e h o l d d e t e r g e n t f o r m u l a t i o n for d i s h w a s h i n g . In this
application, t h e a m i n e o x i d e s r e p l a c e d f a t t y alkanolamldes
a s foam b o o s t e r s .

A r e c e n t p a t e n t (45) g i v e s t h e f o l l o w i n g g e n e r a l f o r m u l a -
tion for a n emollient d i s h w a s h i n g d e t e r g e n t s h o w n in T a b l e
IV.

The d e t e r g e n t , f o a m i n g , antistatic, a n d antiseptic prop-
e r t i e s o f a m i n e o x i d e s a r e o f interest for s h a m p o o f o r m u l a -
tions. O w i n g to t h e s e properties, s h a m p o o s containing
a m i n e o x i d e s n o t only c l e a n the hair but give it b o d y a n d
luster, a s we l l a s make it m o r e manageable. S h o w n in T a b l e
V is a s h a m p o o f o r m u l a t i o n incorporating a m i n e o x i d e
( 4 4 ) .
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