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R E A C T I O N  OF P R I M A R Y  A L I P H A T ! C  A M I N E S  IN 

O X I D A T I O N  S Y S T E M S  C O N T A I N I N G  S O D I U M  

P E R O X  YDIS U L F A  TE  

E .  I .  T r o y a n s k i i ,  V .  A .  I o f f e ,  
I .  V.  S v i t a n ' k o ,  a n d  G. I .  N i k i s h i n  

UDC 542.97:547. 233.1 

Among the large class of nitrogen-centered free radicals, aminyl radicals occupy an important place, 

in particular, because of their wide use during recent years in organic synthesis [1, 2]. Great progress has 

been made in the development of methods for the production of these radicals, based on the reactions of amines 
and some of their derivatives with free radicals [3], in redox systems [4], and under electrochemical condi- 

tions [51. Among the reactions in oxidation systems, the transformations of secondary and tertiary amines 

has been studied most. The oxidation of primary amines has been studied much less [6-8]. 

hl continuation of our studies on the reactions of nitrogen-centered amidyl and aminyl radicals in the 

Na2S2Os-CuCI 2 and K3Fe{CN)6-NaOH systems [9, i0], we studied the oxidation reactions of primary amines 
and aminyl radicals produced from them in systems containing sodium peroxydisulfate. * 

It is known that during oxidation by peroxydisulfates in an alkaline medium catalyzed by Ag + ions, pri- 

mary aliphatic amines t r ans fo rm into Schiff bases [12]. We found that ni t r i les  (IIa-e),  2 ,3-dichloroalkanals  
(IIIa-e), alkanoic acids (IVa-e) and chloroalkanes (Va-e) are formed from amines ~CH2CH2NH 2 (Ia-e) by the 
action of the Na2S208- CuCI 2 system,  using equimolar  amounts of the substrate  and the oxidation sys tem com- 
ponents in water  at 70-80~ (Table 1) 

Na2S~Os--CuC12 
RCH2CH2NH2 , RCH~CN -~ RCCI~CH0 ~- RCH~COOH ~- RCH2CH~CI 

(Ia - e) (IIa-- e) (IHa-e) ( I ra-  e) (Va--e) 
R = C3HT (a), C~Ho (b), C5H11 (c), C6H13 (d~, C7HI~ (e) 

The transformations of amines (I) into 2,2-dichloroalkanals (III) and chloroalkanes (V) are new reactions 

of oxidative substitution of the amino group in primary aliphatic amines. The contribution of different oxida- 
tion paths of amines (Ia-d) is practically independent of the length of the alkyl fragment in the amine. The 

main products are the corresponding nitriles (IIa-d) (see Table 1). During the oxidation of (Ie), the selectivity 
of the oxidation reactions decreases, and products (IIe)-(Ve) are formed in almost the same amounts. It is 
probable that this is due to a change in the reaction conditions as the result of the decreased solubility of (Ie) 

in water (compared with other amines studied), as manifested in the nonhomogeneous character of the reaction 
medium. 

* Preliminary article, see [11]. 

N. D. Zelinskii Institute of Organic Chemistry, Academy of Sciences of the USSR, Moscow. Translated 

from Izvestiya Akademii Nauk SSSR, Seriya Khimicheskaya, No. 11, pp. 2254-2560, November, 1983. Origi- 

nal article submitted February 4, 1983. 
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TABLE 1. Oxidation of Primary n-2Mkylamines  (Ia-e) in 

the Na2S208- CuCI 2 System* 

Amine 

A mylamine 
Hexy lamine (Ib) 
Heptylamine (Ic) 
Octylamine (Id) 
Nonylamine (Ie) 

Conver- 

sion, % 

4t 
36 
40 

Reaction products, yield per converted amine, % 

nitrile 
(IIa-e) 

39 
43 
44 
38 
22 

2,2-dichlo- 
roalkanal 
(IIa-e) 

t7 
t4 
22 
t2 
21 

acid 
(IVa-e) 

t2 

19 
t3 

chloroalkane 
(Va-e) 

7 
8 
7 

12 
15 

* 70-80~ 4 . 5 h ,  1 0 0 m m o l e s  of (I), 1 0 0 m m o l e s  of Na2S208, 
100 m m o l e s  of CuC12.2H20 , 75 ml  of w a t e r .  

To study the mechanism of the oxidative transformations of the amines by the action of Na2S208, and the 
dependence of the separate reaction stages on the oxidation system components, we studied the oxidation of 

hexylamine (Ib) in other oxidation systems containing sodium peroxydisulfate (Table 2). 

Hexylamine (Ib) is practically inert to the action of CuCI 2 or NaHSO 4 (a product of the decomposition of 

Na2S208; see Experimental). 

The results show that sodium peroxydisulfate by itself, and also in combination with NaCI, has a small 

effect in the directed oxidation of primary aliphatic amines, causing mainly the resinification of the substrate. 

The introduction of catalytic amounts of AgNO3 to Na2S2Os-CuCI 2 practically does not influence the course of 

the oxidation, while in the presence of an equimolar amount of NaOH, the formation ofnitrile (IIb) is completely 
inhibited. The last result agrees with the data on the oxidation of amines in the Na2S2Os-NaOH-AgNO 3 system 

[121. 

We be l i eve  that  the m e c h a n i s m  of r e a c t i o n  of (Ia-e) with the Na2S2Os-CuC12 oxidat ion s y s t e m  inc ludes  

t he i r  o n e - e l e c t r o n  oxidat ion into a m i n y l  r a d i c a l s  RCH2CH2I~H, which fo rm a l d i m i n e s  (VIIa-e) oxidat ive  d e p r o -  

tona t ion  

S20~--CuCI~ + �9 -It+ RCH C[{ l~tt S20~---CuCh (Ia- e) ~ RCH~CH.zNH~ --~ ~ , RCH2CH=NH 

(vIIa- r 

The l a s t  compounds  oxidize f u r t h e r  into n i t r i l e s  (IIa-e) 

(Vlla_e) s'O'2--CuCI~RCHzCH=I~ s2~ 
(IIa-- e) 

and a l so  hydro lyze  into a ldehydes  (v i a - e )  

(vii a--e) ~ RCH,~CHO 
(Via--e) 

The oxidation of (ViIa-e) into nitriles (IIa-e) and hydrolysis into aldehydes (via-e) are competing reactions. 

Aldimines (ViIa-e) apparently readily oxidize in the Na2S20 s- CuCl 2 system, which hinders their polymeriza- 

tion to form resinification products. In the presence of sufficiently large amount of alkali in the Na2S20 s- 
CuCI2-NaOH system, the hydrolysis of (ViIa-e) clearly becomes accelerated, and the oxidation of these aldi- 

mines into (If) is suppressed at the same time, (see Table 2). 

Acids (IVa-e) are formed as the result of the oxidation of aldehydes (Via-e) under the reaction conditions, 

as confirmed by a control experiment with pentanal (Via) 

RCHzCH 0 Na'S20*--CuCh, RCH2CO0 H 
(Via-- e) (IVa--e) 

The oxidative chlorination of (Via) with the formation of (IIIa) thus does not take place. To convert al- 
dehydes (Via-e) into 2,2-dichloroalkanals (IIIa-e) by the action of the Na2S2Os-CuCI 2 system, an amine must 
be present in the reaction mixture, as confirmed by the formation of 2,2-dichloropentanal (Ilia) during cooxida- 

tion of a mixture of (Ib) and (Via). A Schiff base C4HgCH=NC6H13 (VIII) is also formed. 
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T A B L E  2. Ox ida t ion  of  H e x y t a m i n e  (Ib) by  Na2S20 s and S y s t e m s  B a s e d  on It* 

Components of exida- IC~ ] 
tion system, mole % sion of 
with respect to Na2S208 (Ib),% 

CuC~, t00 
CuCl~, t00 + AgNO~, 3 
CuC12, I00 + NaOH, ~00 
Nat1, t00 
NaC1, t00 + CuC12, t0 

60 
36 
28 
42 
70 
66 

Reaction products and their yield, 
% of converted (Ib) 

(Ilb) 

42 

<IIIb) 

-j 
t8 
13 

[0 

(Iv b ) 

t t  
if 

-1 

(Vb) 

Resinification 
products, g 

2,8 

5,3 
5,4 

* 70-80~ 4 . 5  h ,  100 m m o l e s  (9 .9  g) of  (I) ,  100 m m o l e s  of NazS2Os, 
a m o u n t s  of o t h e r  c o m p o n e n t s  a s  i n d i c a t e d  in Tab le  2, 75 ml  of w a t e r .  
t Hexana l  (VIb) i s  f o r m e d  in a y i e l d  of 2%. 

The f o r m a t i o n  of d i e h l o r o a l k a n a l  (IIIa) o n l y ,  and  the a b s e n c e  of i t s  h o m o l o g  d u r i n g  the  eoox ida t i on  of  (Ib) 
and  (Via) can  exp l a in  the  r o l e  of  a m i n e s  in  the  r e a c t i o n  as  f o l l o w s ,  F r o m  a m i n e s  ( Ia-e)  and  p r i m a r y -  p r o d u c t s  
of t h e i r  o x i d a t i o n ,  a l d e h y d e s  ( V i a - e ) ,  Schif f  b a s e s  ( IXa-e)  a r e  i n t e r m e d i a t e l y  f o r m e d  

RCH_~CH=,NH 2 -]- RCH2CH0 -*~ RCH2CH=NCH:CH:R 
(Ia--e) (Via--e) (IXa--e) 

The  ox ida t ion  of  ( IXa-e)  i s  e a s i e r  than  tha t  of a l d e h y d e s  ( V i a - e ) ,  b e c a u s e  the  CH = N  group  i s  a w e a k e r  e l e c -  

t r o n - a e e e p t o r  than  the  a l d e h y d e  g r o u p .  As  the  r e s u l t  of  the  two s u c c e s s i v e  r e a c t i o n s  of c~ - c h l o r i n a t i o n  of ( iXa-  
e) and  h y d r o l y s i s  u n d e r  the  r e a c t i o n  c o n d i t i o n s ,  2 , 2 - d i e h l o r o a l k a n a l s  ( I I Ia-e)  a r e  f o r m e d  

(IXa-e) _s~os,--cac~ RCHCH~NCH2CIt2 R -~ 
l. S20d---CuCI2 

RCHC[CH=NCH~CH~R ~ (II! a-e) 
Hydrolysis 

In a c c o r d a n c e  wi th  the  p r o p o s e d  m e c h a n i s m ,  in  the  ox ida t ion  of  N - p e n t y l i d e n e h e x y l a m i n e  (VIII) in the  Na2SzO 8 -  
CuC12 s y s t e m ,  2 , 2 - d i c h l o r o p e n t a n a l  (IIIa), and a l so  pen tana l  (Via) and h e x y l a m i n e  (Ib) a r e  f o r m e d .  

We b e l i e v e  tha t  e h l o r o a I k a n e s  ( V a - e ) ,  which  a r e  unusua l  p r o d u c t s  of  the  d i r e c t  r e p l a c e m e n t  of  the  NH 2 
g roup  by C1, a r e  f o r m e d  as  the  r e s u l t  of o x i d a t i o n  of Schiff  b a s e s  ( X a - e ) ,  con t a in ing  two c h l o r i n e  a t o m s  at  the  
c~ - p o s i t i o n  to  the  C = N g r o u p ,  i n t e r m e d i a t e l y  f o r m e d  f r o m  2 , 2 - d i c h l o r o a l k a n a l s  ( I I Ia-e)  and  a m i n e s  ( I a - e ) ,  
and  the "weak"  bond in the  ox ida t ion  i s  the  a l d i m i n e  C - H  bond.  As  the  r e s u l t  of  ~ - f r a g m e n t a t i o n  of  the  i n t e r -  
m e d i a t e  r a d i c a l s  RCC12C =NCHzCH2R with  s p l i t t i n g  of the  N-CH 2 bond ,  a l k y l  r a d i c a l s  RCH2CH 2 a r e  p r o p o s e d ,  
which  a r e  f u r t h e r  o x i d i z e d  by  CuC12 by a m e c h a n i s m  with  l i g a n d  t r a n s f e r  [13] in to  (Va-e)  

(Ia--e) -}- (IIIa-e) ~ RCCI2C=NCH2Ctt~R 
I 

H 
(Xa--e) 

(Xa--e) s~o~--CuC], RCCI2C=NCH~CH2 R ~ RCCI~CN + RCH2CH 2 

(XI) ~ cuc), 
RGH2CH2CI 

(va--e) 

Th is  m e c h a n i s m  i s  c o n f i r m e d  by  a c o n t r o l  e x p e r i m e n t  on the e o o x i d a t i o n  of  h e x y l a m i n e  (Ib) and  2 , 2 - d i e h l o r o -  
hexana l  (IIIb) ,  a s  a r e s u l t  of which  l - c h l o r o h e x a n e  (Vb), h e x a n o n i t r i l e  (IIb),  and  hexano ic  a c i d  (IVb) a r e  f o r m e d .  

The  p r o p o s e d  m e c h a n i s m  i s  a l s o  c o n f i r m e d  by the  i d e n t i f i c a t i o n  of  2,2-dichlorohexanonitrite (XIb) in  an  
amoun t  of 1-2% in the  ox ida t ion  p r o d u c t s  of  h e x y l a m i n e  (Ib) in t h e  Na2S2Os-CuC12 s y s t e m .  I ts  s t r u c t u r e  was  
c o n f i r m e d  by c o m p a r i s o n  wi th  a n  au then t i c  s a m p l e .  Cont ro l  e x p e r i m e n t s  showed  tha t  (XIb) i s  s t a b l e  in  the  p r e -  
s e n c e  of  NaHSO4, but  r e a d i l y  d e c o m p o s e s  in  the  Na2S208- CuC12 ox ida t ion  s y s t e m .  

The p r o p o s e d  s c h e m e  fo r  the  f o r m a t i o n  of e h l o r o a l k a n e s  (V) i s  to a c e r t a i n  ex ten t  a n a l o g o u s  to  the  yon 
B r a u n  r e a c t i o n  of s p l i t t i n g  b e n z a m i d e s  by the  a c t i o n  of  PC13 [14]. 

The s t r u c t u r e  of  a l l  the  r e a c t i o n  p r o d u c t s  was  c o n f i r m e d  by  GLC u s i n g  au then t i c  s a m p l e s  fo r  c o m p a r i -  

son ,  I l l  d a t a ,  and e h v o m a t o m a s s  s p e c t r a .  The au then t i c  s a m p l e s  of ( I I Ia-e)  w e r e  ob t a ined  by  an  a l t e r n a t i v e  
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TABLE 3. P h y s i c o c h e m i c a l  Characteristics of Reaction Products 

Compound 
Mass spectrum, m/z (relative inten- 

sity, %) 
Mp 2,4- 

Pentanonitrile (IIa) 
2,2-Dichloropentanal (IIIa) 
Pentanoic acid (IVa) 
1-ChIoropentane (Va) 
Hexanonitrile (IIb) 
2,2-Dichlorohexanal (IIIb)* 

Hexanoic acid (IVb) 
1-Chlorohexane (Vb) 
Heptanonitrile (IIc) 
2,2-Dichloroheptanal (IIIc) 

Heptanoic acid (IVc) 
2-Chloroheptane (Vc) 
Octanononitrile (IId) 

2,2-Dichlorooctanal (IIId) 

Octanoic acid (IVd) 
1-Chlorooctane (Vd) 
Nonanonitrile (IIe) 
2,2-Dichlorononanat (IIIe) 

Nonanoic acid (IVe) 
1-Chlorononane (Ve) 

N- Pentylidenehexyl amine (VIII)' 

2,2-Dichlorohexanonitrile (XIb) 

2225 
t745 
17t5 

2225 
1747 

17t5 

2225 
t747 

1715 

2225 

1745 

t7t5 

2225 
1750 

1710 

t625 

2230 

see [16] 

see [16] 
see [17] 
see [16] 

55(100), 56(69), 57(65), 67(6t), 69(56), 
85(56), I03(35), 105(281, I12(22), 
75(22), 91(20), 114(13), 77(12), 
139(9), t4t(7), 93(6), 168(M +, t), 
t7O(M+), t72(M +) 

see [16] 
see [17] 
see [t6] 

56 (t00), 55 (62), 8t (46), 70 (27), 69 (22), 
86(t9), 1t7(t6), 112(14), 9t(14), 
89(t4), 75(t4), 67(t4), 1t9(4), 
t82(M+), 184(M+), 186(M+) 

see' [16] 
see [161 
4t (tO0), 82 (80), 43 (52), 55 (50), 54 (48), 

83(38), 96(36), 69(36), 97(18), 
110(9), 60(8) 

55 (t00), 70 (60), 82 (20), 89 (20), 9t (17), 
1t2(16), 95(12), t00(t2), tt4(9), 
t31(8), 133(3), t67(2), t69(t), 
t96(M+), 198(M+), 200(M+) 

see [16] 
see [ t6] 
see [16] 
55 (10O), 56 (74), 57 (69), 67 (66), 69 (55), 

t09 (37), 81 (30), 83 (28), 112 (25), 
96(23), tt4(20), 9t(20), t03(18), 
98(t8)/89(t2), t45(5), 131 (3), 
167(3), t47(2), 169(2), 210(M+), 
2t2(M+), 214(M +) 

see [16] 
9t (tOO), 43 (95), 55 (68), 41 (66), 57 (47), 

69(42), 56(34), 93(30), 70(2t), 
83(t6), 71(15), t04(t3), 106(4) 

57 (100), 54 (77), 88 (46), 68 (36), 67 (26), 
83(20), 94(17), 90(i5), 85(14), 
t09(13,) 87(6), ttt(6), 114(3), 
i13(2) 

DNPH, ~C 

95-97 

t04-t06 

101-102 

123-125 

150-152 

* PMR spectrum (CDCIa-HMDS, 5, ppm): 0.95 t (3H), 1.50 m (4H), 
2.25m (2H), 9.17 s (1H). 13C NMR spectrum (CDCI3-TMS,5,ppm); 
13.58, 22.13, 26.50, 40.34, 88.72, 184.37. 

PMR spectrum (CDC13-HMDS, 5, ppm): 0.85 t (6H), 1.25 m (14H), 
3.55t (2H), 8.20t (1H). 

s y n t h e s i s  [15]. C o m p o u n d s  ( I I Ia -e ) ,  f o r m e d  in o x ida t i on  of  ( Ia-e)  w e r e  i s o l a t e d  f r o m  the  m i x t u r e  of the  r e a c t i o n  

p r o d u c t s  a n d  i d e n t i f i e d  in  the  f o r m  of 2 , 4 - d i n i t r o p h e n y l h y d r a z o n e s  ( 2 , 4 - D N P H ) .  

E X P E R I M E N T A L  

The  GLC a n a l y s i s  was  c a r r i e d  ou t  on the  L K h M - 8 M D  c h r o m a t o g r a p h  wi th  a f l a m e - i o n i z a t i o n  d e t e c t o r ,  in  

a N 2 c u r r e n t ,  u s i n g  s t a i n l e s s  s t e e l  c o l u m n s :  300 • 0 . 4  c m  wi th  10% C a r b o w a x  20M,  t r e a t e d  w i th  Na3PO 3 a n d  
NaOH,  on  c e l i t e - 5 4 5  (52-60  m e s h ) ;  300 x 0 . 4  c m  wi th  2% D S - 5 5 0  on  C h r o m o s o r b  G {60-80 m e s h ) ,  t r e a t e d  wi th  
d i m e t h y l d i c h l o r o s i l a n e ;  300 •  c m  wi th  5% P E G S  on  C h r o m o s o r b  P - A W  {120-140  m e s h ) ,  t r e a t e d  wi th  d i -  

m e t h y l d i c h l o r o s i l a n e .  The  NPR s p e c t r a  of the  s o l u t i o n s  in  CDCI~ CC14, and ( C D 3 ) 2 C O w e r e m e a s u r e d o n t h e  " T e s l a  
B S - 4 9 7 "  (100 MHz) a n d  " B r u k e r  W M - 2 5 0 "  (250 MHz) s p e c t r o m e t e r s ,  u s i n g  HMDS o r  TMS as  i n t e r n a l  s t a n d a r d s .  
The  m a s s  s p e c t r a  w e r e  r u n  on  the  " V a r i a n  M A T  C H - 6 "  s p e c t r o m e t e r  wi th  d i r e c t  i n t r o d u c t i o n  of the  s a m p l e  in to  
t he  i o n  s o u r c e ,  a n d  a n  e n e r g y  of  the  i o n i z i n g  e l e c t r o n s  of 70 eV.  The  c h r o m a t o m a s s - s p e c t r o m e t r i c  a n a l y s i s  
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was carried out on the "Varian MAT CH-III" ("Gnom") apparatus with chromatographic introduction of the 

sample into ion source and an energy of the ionizing electrons of 80 eV. The IR spectra were run on the 

"Specord-75IR" and UIR-20" spectrometers in a thin layer and in CCI 4 solution. The Na2S208 (c.p.), CuC12. 

2H2 O (pure for analysis), NaHSO4.H20 (pure for analysis), AgNO 3 (pure for analysis), NaCI (c.p.), and NaOH 

(e.p.) preparations were used without additional purification. Monodistilled water was used. Amines (Ia-e) 

were purified by distillation under atmospheric pressure in an argon current. 

Oxidation of Amines (In-e) by the Na2S2Os-CuCI 2 System (general procedure)~ A solution of I00 mmoles 

of Na2S208 in 50 rnl of water was added in the course of i. 5 h, with vigorous stirring, at 75-80~ to a mixture 

of 100 rnrnoles of amine (In-e) and I00 mmoles of CuCI 2, 2H20 in 25 rnl of water. The mixture was stirred for 

another 3 h at the same temperature, and then cooled and extracted by ether (3 • I00 m!). The ethereal ex- 

tract was dried over M~SO 4 and evaporated, and the residue was analyzed by the GLC method. Distillation of 

the residue gave the oxidation products : nitriles (IIa-e), 2,2-dichloroalkanals (IIIa-e), acids (IVa-e), and chlore- 

alkanes (Va-e). After the extraction, the aqueous layer was acidified by NH4OH (20 ml of a 25% solution), and 

then by a solution of 5 g of KOH in 20 ml of water, and extracted by ether (3 • 100 ml). The ethereal extract 

was dried over MgSO 4 and evaporated. The nonreacted amine (Ia-e) in the residue was determined by the GLC 

method. A higher or lower homolog of the nitrile formed in the oxidation reaction was used as the standard in 

the chromatographic determinations. The conversion of amines (1) and the yield of the oxidation products (II)- 

(V) are listed in Table i. The spectral characteristics of the oxidation products are reported in Table 3. 

Oxidation of hexylamine (Ib) by the action of Na2S208 and systems based on it was carried out in the same 

way as described above, by adding a solution of 100 mmoles of Na2S208 to a solution of 100 m~loles of (Ib) and 

other components of the oxidation system in amounts indicated in Table 2, in 25 ml of water. The products 

were isolated as in the general procedure of oxidation. After distillation of the products formed in the oxida- 

tion of (Ib) by the action of Na2S208 and the Na2S2Os-CuCI2-NaOH, Na2S2Os-NaCI, and Na2S208- NaCI-CaCI 2 

systems, resinification products are obtained in the residue in amounts listed in Table 2. 

Reaction of Hexylamine (Ib) with NaHSO 4 or CuCI 2. A mixture of I00 mmoles of amine (Ib) and I00 

mmoles of NaHSO4"H20 or i00 mmoles of CuCI2.2H20 in 50 ml of water was vigorously stirred for 6 h at 80~ 

After the reaction mixture has been treated as in the general procedure, 90 mmoles (90%) and 93 rnmoles (93%) 

respectively, of unreacted amine (Ib) were isolated. 

Oxidation of Pentanal (Via) in the Na2S2Os-CuCI 2 System. A solution of I00 rnmoles of Na2S208 in 50 m[ 

of water was added in the course of 1.5 h at 75-80~ to a mixture of I00 mmoles of (Via) and 100 mrnoles of 

CuCI 2" 2H20 in 25 ml of water. After reaction mixture had been treated according to the general procedure, 

20 mmoles of unreacted pentanal (800/o conversion) and 79 mmoles (yield 99%) of pentanoic acid (IVa) were ob- 

tained. 

Cooxidation of Hexylamine (Ib) and Pentanal (Via) by the Na2S2Os-CuCI 2 System. A solution of 100 

mrnoles of Na2S208 in 50 mrnoles of water was added in the course of 1.5 h, at 75-80~ to a mixture of 50 

mmoles of (Ib), 50 mmoles of (Via), and I00 rnmoles of CuCI 2" 2H20 in 30 ml of water. After the reaction 

mixture had been treated by the general oxidation procedure, 33 mrnoles (66%) of unreacted (Ib), 6.5 rnnrnoles 

(13%) of 2,2-dichloropentanal (Ilia), and 5 rnmoles (10%) of N-pentylidenehexylamine (VIII) were isolated. 

Synthesis of N-Pentylidenehexylamine (VIII). Pentanal, 0o 2 mmole, was added in the course of 2 h, with 

vigorous stirring and ice-cooling, to 0.2 mole of amine (Ib), and the mixture was stirred at ~ 20~ for an- 

other 15 rain. Freshly ground KOH was added, and the mixture was left to stand to separation into two layers. 

The organic layer was separated, and left to stand overnight in a refrigerator over a new portion of ground 

KOH, and was then distilled over KOH at reduced pressure. Yield, 0.15 mole (75%) of (VIII), be 120~ (45 

Irlnl ). 

Oxidation of N-Pentylidenehexylamine (VIII) by the Na2S208-CuC[ 2 System. The reaction and the treat- 

ment of the reaction mixture were carried out according to the general procedure for the oxidation of amines~ 

A solution of i00 mmoles of Na2S208 in 50 ml of water was added to a mixture of 100 mmoles of (VIII) and 100 

mmoles of CuCl 2. 2H2 �9 in 30 ml of water. From the reaction mixture, 43 mmoles (43%) of hexylamine, ii 

mmoles (11%) of pentana[, i0 mmoles (10%) of (VIII), 14 mmoles (14%) of dichloropentanal (Ilia), and 9.2 g of 

resinification products were isolated. 

Cooxidation of Hexylamine (Ib) and 2,2-Dichlorohexanal (IIIb) by the Na2S2Os-CuCI 2 System. A solution 

of i00 mmoles of Na2S208 in 50 ml of water was added in the course of 1.5 h at 75-80~ to a mixture of 50 
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mmoles of (Ib), 50 mmoles of (IIIb) and 100 mmoles of CuCI2.2H20 in 30 ml of water. After the reaction mix- 
ture had been treated in accordance with the general oxidation procedure, 5 mmoles (10%) of (Ib), 3S. 5 mmoles 
(77%) of (IIIb), 4.5 mmoles (~0) of hexanonitrile (Ilb), 1 mmole (2%) of hexanoic acid (IVb), 3.5 mmoles (7%) 
of chlorohexane (Vb), and 5.6 g of resinification products were isolated. 

Synthesis of 2,2-Dichlorohexanonitrile (XIb). Oxidation of 2,2-dichlorohexanal (llIb) by KMnO 4 [15] gave 

2,2-dichlorohexanoic acid, bp 124-129~ (11 ram), which was converted by the action of SOCI2-DMFA [18] 
into an acid chloride, bp 83-85~ (20 ram). In the reaction of the last compound with NH4OH [19], 2,2-dichloro- 
hexanoic acid amide, mp 47~ was formed, which was converted by the action of P205 [20] into (XIb), bp 54- 
55~ (15ram). Found: C 43.67;H 5.48; N 8.73; Cl 42.40%. C6HoCI2N. Calculated: C 43.37;H 5.42; N8.43; 
C1 42.77%. 

React ion of 2 ,2 -Dich lo rohexanon i t r i l e  (XIb) with the Na2S2Os-CuC12 Sys tem.  A solution of 5 mmoles  of 
Na2S208 in 5 ml of wa te r  was added in the cour se  of 0.5 h at  75-80~ to a mix ture  of 5 mmoles  of (XIb) and a 
solution of 5 mmoles  of CuCI~. 2H20 in 8 ml of w a t e r .  After  t r e a tmen t  s i m i l a r  to that d e s c r i b e d  in the genera l  
p r o c e d u r e ,  1 .5  mmo!es  (3flY0) of un reac ted  (XIb) were  i so la ted .  No o ther  r eac t ion  products  were  de tec ted .  

R~action of 2,2-Dichlorohexanonitrile (Xlb) with NaHSO 4. A mixture of 3 mmoles of (X[b) and 3 mmoles 
of NaHSO4"H20 in 8 ml of water was vigorously stirred for 6 h at 80~ After the reaction mixture had been 
treated according to the general procedure, 0.27 mmole (90%) of unreacted (X[b) was isolated. 

CONCLUSIONS 

I. Primary aliphatic amines RCH2CH2NH 2 are converted by the action of the Na2S208-CuCI 2 system into 

nitriles RCH2CN, 2,2-dichloroalkanals RCCI2CHO, acids RCH2COOH, and chloroalkanes RCH2CH2CI. The for- 
mation of 2,2-dichloroalkanals and chloroalkanes are new reactions of oxidative substitution of the amino group 
in primary aliphatic amines. 

2. A mechanism for the reactions has been proposed, including the production of aminyl radicals RCH 2- 
CH21qH and their oxidation into aldimines RCH2CH = NH, predecessors of all the reaction products. 
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