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The Staudinger react ion with t e r t i a ry  phosphines usually leads to the formation of the corresponding 
imides [1]. The conversions of p r imary  and secondary phosphines have not been studied as extensively.  
Phenylphosphine reac ts  with azides to give complex mixtures which do not yield pure products [2]. Diethyl- 
phosphine reacts  with phenyl azide through intermediate  diethylphosphonous acid anilide to give the imidophos- 

phonate [3]~ 

We studied the react ion of 2 , 4 , 6 - t r i i sop ropy l -  1,3,5-dioxaphosphorinane with phenyl azide and isolated a 
product with 531p = - 8  and - 2 4  ppm. The intensities of these signals varied depending on the reagent ratio 
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The formation of products (I), (II) and (III) might have been expected. The IE speetrum of the compound ob- 
~ained did not have a band at 230O cm -1 charac te r i s t i c  for P - H  bond stretching but has bands at 3180 and 3315 
cm -1 in the N - H  bond stretching region,  indicating isomerizat ion of (I) and migrat ion of a proton from phos-  
phorus to nitrogen.  Analogous behavior was proposed for diethylphenylphosphine [3]. Compounds (/I) and (III) 
may have s t e r eo i somers  with different orientation of the substituents at the phosphorus atom as found for 2 , 4 , 6 -  
t r i i sopropy l - l ,3 ,5 -d ioxaphosphor inane  [4, 5]. The produet with a s t rong signal at - 2 4  ppm and weak signal at 
- 8 ppm eorresponds  in elemental analysis  to (II). Its derivat ives and model compounds were obtained to con- 
firm this hypothesis. 

Compound (II) reacts with 1-1202 in methanol to form a crystalline product with 531P 22 ppm and IR spec- 

trum with strong stretching bands at 1090 cm -t (P---O) and 3080 cm -I (NH). The structure assigned on the ba- 
sis of elemental analysis was 5-oxo-5-phenylamino-2,4,6-triisopropyl-l,3,5-dioxaphosphorinane (IV). The 
reaction mixture obtained by heating (/1) with sulfur at 130~ showed (IV) with 531P 22 ppm and the products of 
sulfur addition with 531p 45 and 52 ppm. Chromatography of this mixture on silica gel gave a crystalline pro- 
duct with 531P 45 ppm and fir bands at 760 cm -I (P---S) and 3260 cm -I (NH). The elemental analysis permitted 

assignment of the structure of 5-thio- 5-phenylamino-2,4,6-triisopropyl-i, 3,5-dioxaphosphorinane (V). 

Model compounds for (If) and its derivatives are 5-amino-l,3,5-dioxaphosphorinanes and their derivatives. 
5-Diethylamino-, 5-piperidino- and 5-morpholino-2,4,6-triisopropyl- I, 3,5-dioxaphosphorinanes (VI)-(VIII) 
were obtained by the reaction of 5-chloro-2,4,6-triisopropyl-l,3,5-dioxaphosphorinane with diethylamine, 
piperidine, and morpholine. Products (IV)- (VIII) ave yellow, readily oxidized compounds with 631p =-24, 
-24, and 26 ppm, respectively, which are similar to the value for (II). The starting 5-chloro-2,4,6-tviiso- 
pvopyl-l,3,5-dioxaphosphorinane is a mixture of two steveoisomevs [5], whose separation is complicated by 
the presence of hydvochloride salts of amines. Thus, these stereoisomers were identified as their derivatives. 
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TABLE I. Dipole Moments of (IX), (X), and (XI) 

Compound 

( I X )  
(x) 

(xI) 

IX* 

9,0478 
6,5360 
3,0695 

0,25t4 
0,3094 
0,003t 

Vexp. ,  D 

3,90 
3,34 
3,t4 

. ,Ucalc, D 

P = S  a P = S  e 

6A5 3.44 
6,t8 3,45 
5,34 3,57 

* Coefficients of the calculation equations. 

The r e a c t i o n  of  (VI)-(VIII) wi th  su l fu r  a t  140~ y i e l d s  5 - t h i o - 5 - d i e t h y l a m i n o - ,  5 - t h i o - 5 - p i p e r i d i n o - ,  and 
5 - t h i o - 5 - m o r p h o l i n o - 2 , 4 , 6 - t r i i s o p r o p y l - 1 , 3 , 5 - d i o x a p h o s p h o r i n a n e s  (IX)-(XI) which  w e r e  s e p a r a t e d  by co lumn  
c h r o m a t o g r a p h y  on s i l i c a  ge l  (631P = 48,  50, and 44 p p m ,  r e s p e c t i v e l y ) .  As  in the  c a s e  of  P( I I I ) ,  a change  in 
the  subs t i t uen t  a t  P(IV) does  not p r o d u c e  any s i g n i f i c a n t  sh i f t  in 631t ) and the c h e m i c a l  sh i f t s  of  t h e s e  compounds  
a r e  s i m i l a r  to that  o b s e r v e d  fo r  (V). 

The r e a c t i o n  of 5 - o x o -  5 - c h l o r o - 2 , 4 , 6 - t r i i s o p r o p y l -  1 , 3 , 5 - d i o x a p h o s p h o r i n a n e  with  p i p e r i d i n e  and m o r -  
pho l ine  y i e l d s  5 - o x o - 5 - p i p e r i d i n o -  and 5 - o x o - 5 - m o r p h o l i n o - 2 , 4 , 6 - t r i i s o p r o p y l - 1 , 3 , 5 - d i o x a p h o s p h o r i n a n e s  
(XII) and  (XIII) wi th  531P 18 and 16 p p m ,  r e s p e c t i v e l y ,  which  a r e  c l o s e  to tha t  o b s e r v e d  for  (IV). Th is  i s  f u r -  
t h e r  ev idence  in suppo r t  of  the  a s s i g n m e n t  of s t r u c t u r e  (II). 

T r e a t m e n t  of  (VI) wi th  e x c e s s  phenyl  a z i d e  y i e l d s  5 - d i e t h y t a m i n o - 5 - p h e n y l i m i n o - 2 , 4 , 6 - t r i i s o p r o p y l - 1 ,  
3 , 5 - d i o x a p h o s p h o r i n a n e  (XIV). A p u r e  s a m p l e  i s o l a t e d  by co lumn c h r o m a t o g r a p h y  on s i l i c a  gel  has  531p = - 5  
ppm mid an  IR band a t  1390 c m  -1 c h a r a c t e r i s t i c  fo r  the  P = N bond [6]. 

A c o r r e l a t i o n  of t i le  da t a  fo r  the  m o d e l  compounds  and (IV) and (V) p e r m i t s  a s s i g n m e n t  of the  s i g n a l s  in 
the  31t) NMR s p e c t r u m  of  the  p r o d u c t s  of the  r e a c t i o n  of 2 , 4 , 6 - t r i i s o p r o p y l - 1 , 3 , 5 - d i o x a p h o s p h o r i n a n e  wi th  

phenyl  a z i d e .  In the  c a s e  of equ iva l en t  a m o u n t s  of  the  r e a c t a n t s  o r  a s l igh t  e x c e s s  of  phenyl  a z i d e ,  we l a r g e l y  
ob ta in  the  p roduc t  of  t he  a d d i t i o n  of  one phenyl  a z i d e  m o l e c u l e  (H) wi th  531p = - 2 4  p p m .  In the  c a s e  of e x c e s s  
phenyl  a z i d e ,  {III) i s  f o r m e d  with 5UP = - 8  p p m .  This  p roduc t  could  not be i s o l a t e d  as  a p u r e  compound .  

The d ipo le  m o m e n t  me thod  was  u s e d  to d e t e r m i n e  the s t r u c t u r e s  of  ( IX)-(XI) .  The d ipo le  m o m e n t  c a l -  
cu l a t ion  was  c a r r i e d  out fo r  the  two c h a i r  f o r m s  by ana logy  with  the  me thod  of Gololobov et  a l .  [6]. The 
c y c l i c  bond p a r a m e t e r s  and  m o l e c u l a r  g e o m e t r y  of 1 , 3 , 5 - d i o x a p h o s p h o r i n a n e  w e r e  t aken  as  in  the  w o r k  of 
Gololobov et a l .  [6] .  An i n t e r m e d i a t e  va lue  of 3 .65  D was  t aken  fo r  the  d ipo le  m o m e n t  of the  h igh ly  p o l a r  and  
e l e c t r o n - l a b i l c  t h i o p h o s p h o r y l  g roup  which  i s  be tween  the  d ipo le  m o m e n t s  fo r  the  e n v i r o n m e n t  a t  P(IV) : C3p =S 
and N3P = S [7, 8]. The m o m e n t  of  the  N - -  P bond (0.25 I3) was c a l c u l a t e d  p r e v i o u s l y  f r o m  the d ipo le  m o m e n t  of  a b i c y c l i c  
d e r i v a t i v e .  In a c c o r d  wi th  ou r  p r e v i o u s  w o r k  [9], the  d ipo l e  m o m e n t  of the  m o r p h o l i n e  r i n g  i s  0.81 D and i t  is  
a l i g n e d  a long  the b i s e c t o r  of the  CNC ang le  t o w a r d  the oxygen a t o m ,  The r e s u l t s  ob ta ined  a r e  g iven  in Tab le  1 
and i n d i c a t e  p r e d o m i n a n c e  of the  i s o m e r  wi th  e q u a t o r i a l  o r i e n t a t i o n  of  the  t h i o p h o s p h o r y l  g r o u p .  

Compounds  (VI), (VIII) ,  and  (IX) w e r e  ob ta ined  f r o m  the  m i x t u r e  of s t e r e o i s o m e r s  of  5 - c h l o r o - 2 , 4 , 6 -  

t r i i s o p r o p y l - l , 3 , 5 - d i o x a p h o s p h o r i n a n e  u n d e r  t h e r m o d y n a m i c  c o n t r o l  ( t r a c e s  of  ac id ) .  Compounds  (X)-(XII) 
a r e  a l s o  the  p r o d u c t s  of  t h e r m o d y n a m i c  c o n t r o l .  Thus a p  NMR s p e c t r o s c o p y  and the  d ipo le  m o m e n t  m e a s u r e -  
m e n t s  i n d i c a t e  tha t  the  e q u i l i b r i u m  of  t h e s e  compounds  as  wel l  a s  of  (II) and (IV) a r e  a l m o s t  e n t i r e l y  sh i f t ed  
t o w a r d  the  s t e r e o i s o m e r  with a x i a l  o r i e n t a t i o n  of the  a m i n o  g r o u p .  

A s tudy of the  e q u i l i b r i u m  of the  s t e r e o i s o m e r s  of  5 - p h e n y l - 2 , 4 , 6 - t r i i s o p r o p y l - 1 , 3 , 5 - d i o x a p h o s p h o r i n a n e  
and  i t s  su l f ide  [11] i n d i c a t e d  tha t  the  f o r m  with ax ia l  o r i e n t a t i o n  of t h e  phenyl  g roup  accoun t s  for  22% of  the  m i x -  
t u r e  in the  c a s e  of P(III) but  i s  a b s e n t  in the  c a s e  of P(IV) (which has  50% t w i s t  f o r m  and 48% of the  s t e r e o i s o -  
m e t  in the  c h a i r  f o r m  wi th  e q u a t o r i a l  o r i e n t a t i o n  of the  phenyl  g roup) .  The r e p l a c e m e n t  of  the  phenyl  g roup  
by a m e t h y l  g roup  at  P(III) does  not  a f f ec t  the  e q u i l i b r i u m  [4]. F o r  c o m p a r i s o n ,  we d e t e r m i n e d  the  p o s i t i o n  of 
the  e q u i l i b r i u m  of  5 - m e t h y l - 2 , 4 , 6 - t r i i s o p r o p y l - 1 , 3 , 5 - d i o x a p h o s p h o r i n a n e  s u l f i d e ,  whose  s y n t h e s i s  was  d e -  
s c r i b e d i n  o u r  p r e v i o u s  work  [4]. The e q u i l i b r i u m  was  a c h i e v e d  in 12 h upon he a t i ng  in b e n z e n e  a t  80~ in the  
p r e s e n c e  of  p - t o l u e n e s u l f o n i c  a c i d  (F ig .  1). The tw i s t  f o r m  and the s t e r e o i s o m e r  in the  c h a i r  c o n f o r m a t i o n  
wi th  e q u a t o r i a l  o r i e n t a t i o n  of  the  m e t h y l  g roup  a r e  found in 1 : 1 r a t i o .  A s  in  the  c a s e  of  P( I I I ) ,  the  r e p l a c e -  
men t  of the  phenyl  g roup  by me thy l  fo r  P(IV) does  not a f f ec t  the  e q u i l i b r i u m .  

We should  note  the  p r o n o u n c e d  d i f f e r e n c e  in the  e o n f o r m a t i o n a [  b e h a v i o r  of  the  phenyl  and  m e t h y l  g r o u p s  
r e l a t i v e  to a m i n o  g r o u p s ,  which  a r e  s i m i l a r  to the  c h l o r i n e  a t o m .  The e q u i l i b r i u m  of  the  s t e r e o i s o m e r s  of 
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Fig. 1. 311~ NMR spect ra  of 
5-methyl-  5-thio- 2 , 4 , 6 - t r i -  
i sopropy l -1 ,3 ,5 -d ioxaphos -  
phorinane in benzene: a) p r io r  
to i someriza t ion and b) after 
i somer iza t ion .  

5 -ch lo ro -2 ,4 ,6 - t r i i sop ropy l -1 ,3 ,5 -d ioxaphosphor inane  and its sulfide [5] is also shifted toward the form with 
axial orientation of the substituent.  The axial preference  of the chlorine atom is attributed to a weakening of 
the seeric interact ions with the isopropyl groups relative to the phenyl group [5]. 

As proposed by Hoth and Vetter [12], the oxidative imination of compounds with P(III) is independent of 
substituent s ter ic  effects .  Indeed, the react ion of phenyl azide with 5 -pheny l -2 ,4 ,6 - t r i i sop ropy l -1 ,3 ,5 -d [oxa -  
phosphorinane,  which is a mixture of three s t e r eo i somer s ,  yields a mixture of three s t e reo i somers  of 5-phe- 
nyI-  5-phenylamino- 2 ,4 ,6 - t r i i sop ropy l -  1 ,3 ,5-dioxaphosphorinane with 631p + 8, - 16, and - 22 ppm. 

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

The 3ip NMR spectra  were taken on a YaMR-KGU-4 spec t romete r  at 10.2 MHz. The dipole moments 
were determined in benzene at 25~ 

5 -Pheny lamino-2 ,4 ,6 - t r i i sopropy l -1 ,3 ,5 -d ioxaphosphor inane  (II). A sample of 1.5 g (0.12 mole) f reshly 
distilled phenyl azide was added with cooling in an argon a tmosphere  to 3 g (0.12 mole) 2 ,4 ,6 - t r i i sop ropy l -  
1 ,3 ,5-dioxaphosphorinane.  After cessat ion of nitrogen l iberation, the excess phenyl azide was removed in 
vacuum, The product was a thick yellow oil with 63ip = - 8  and - 2 4  ppm. IR spect rum (~, cm-1): 3180, 3315 
(NH). Found: C, 66 .59 ;H ,  9.60; P,  9.57; N, 4.39%. Calculated for C18H30PNO2: C, 66 .87 ;H ,  9.28; P, 9.59; 
N 4.33%. 

5 -Oxo-5-phenylamino-2 ,4 ,6 - t r i i sopropy l -1 ,3 ,5 -d ioxaphosphor inane  (IV). Hydrogen peroxide was added 
dropwise with cooling to a solution of 2 g (II) in i Oml abs. methanol until the completion of the exothermic re- 
action. The crystalline precipitate was filtered and recrystallized from methanol-DMSO to give a quantitative 
yield of (IV), mp 228~ 53tP 22ppm (DMSO). Found: C, 63.61;H, 9.03; P, 8.80; N, 4.15%. Calculated for 

C18H30PO3N: C, 63.71; H, 8.84; P ,  9.14; N, 4.12%. 

5 -Th io -5 -pheny lamino-2 ,4 ,6 - t r i i sopropy l -1 ,3 ,5 -d ioxaphosphor inane  (V). Excess sulfur was added to a 
solution of 2.5 g (II) in 10 ml abs.  benzene and the react ion mixture was heated at 130~ until the completion 
of the react ion,  w,hieh was monitored by a p  NMR spect roscopy.  A pure sample was isolated by ch romatogra -  
phy on silica gel with 40 :1  petroleum e t h e r - e t h e r  eluent, mp 134~ 531p 45 ppm (benzene). Found: 60.87; 
H, 8 . 4 3 ; P ,  9 . 1 5 ; N ,  4.10%. Calculated for C18Ha0PO2NS: C, 6 0 . 8 4 ; H ,  8.45; P,  8.73; N, 3.94%. 

5-Diethylamino- 2 ,4 ,6 - t r i i sop ropy l -  1 ,3 ,5-dioxaphosphorinane (VI). A solution of 10.2 g (0.04 mole) 
5 -ch lo ro -2 ,4 ,6 - t r i i sop ropy l -1 ,3 ,5 -d ioxaphosphor inane  in 25 ml abs.  ether was added dropwise to 5.47 g 
(0.08 mole) diethylamine in 1O0 ml abs. ether. At tlle completion of the addition, the reaction mixture was 

stirred for I. 5 h at reflux. The precipitate was filtered, twice washed with ether and dried in vacuum. All 
the operations were carried out in an argon atmosphere. The yield was 5 g (43%), bp I07~ (0.5 ram), n~ 
1.4665, 53tP 24ppm. Found: P, 10.14; N3.95%, Calculated for ClGH34PO2N: P, 10.23; N, 4.62%. 

5-Thio-5-diethylamino-2,4,6-triisopropyl-1,3,5-dioxaphosphorinane (IX). A sample of 2.5 g (VI) -was 

heated for i h with excess sulfur in an argon atmosphere at 120-140~ bath temperature. The reaction was 
monitored by 31p NMR spectroscopy. A pure sample was isolated lay chromatography on silica gel using 40 : 1 
petroleum ether-ether eluent. The yield was 0.4 g (15%), n~ 1.4996, 531P 48 ppm. Found: C, 56.79; H, 9.92; 
P, 9.02; N, 4~ Calculated for CI6H34PO2NS: C, 57.31; H, 10.15; P, 9.25; N, 4.17%. 
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5- Thio-5-piperidino-2,4,6-triisopropyl- 1,3,5-dioxaphosphorinane (X). A sample 5.5 g (0. 025 mole) 

5-chloro-2,4,6-triisopropyl-I, 3,5-dioxaphosphorinane was added dropwise with cooling and stirring in an 

argon atmosphere to 4.5 g (0.05 mole) piperidine in i00 ml abs. ether. The reaction mixture was stirred 
ior 3 h at reflux. The precipitate was separated and the ether was removed in vacuum. The yellow oil ob- 
tained (VII) (531P 24 ppm) was heated for 1 h with excess sulfur in an argon atmosphere at 140~ bath temper- 

ature. The reaction was monitored by 31p NMR spectroscopy. A pure sample was separated by chromato- 

graphy on silica gel with 40:1 petroleum ether-ether eluent. The yield was 1.6 g (25%), rnp 83.5~ 53JP 

50 ppm (benzene). Found: C, 58.50; H, 9.72; P, 8.80; N, 3.98%. Calculated for CITH34PO2NS: C, 58.78; 
H, 9.79; P, 8.93; N, 4.03%. 

5- Thio- 5-morpholino- 2,4,6-triisopropyl- i, 3,5-dioxaphosphorinane (XI). (VIII) and (XI) were obtained 
analogously to (VII) and (X) by the reaction of morpholine with 5-chloro-2,4,6-triisopropyl-1,3, 5-dioxaphos- 

phorinane and subsequent heating of the product with sulfur to yield 1.5 g (45%) (XI), mp 28~ 53tp 44 ppm. 

Found: C, 55.08; H, 9,10; P, 9.03; N, 3.99%. Calculated for CI6Ha2POaNS: C, 55.01;H, 9.16; P, 8.88; N, 
4.01%. 

5-Oxo-5-piperidino-2,4,6-triisopropyl-I ,3,5-dioxaphosphorinane (XII). A sample of 0.59 g (0. 006 mole) 

piperidine was added to a solution of 1 g (0. 003 mole) 5-oxo-5-ch!oro-2,4,6-triisopropyl-l, 3,5-dioxaphosphor- 

inane in 10 ml abs. benzene. The reaction mix~ture was heated for 1 h at reflux. The precipitate was filtered 

and the benzene was removed in vacuum. The product was recrystallized from acetonitrile. The yield was 
quantitative, 53iP 18 ppm, nip 152~ Found: P, 9.58; N, 4.22%. Calculated for CI7H34PO3N: P, 9.58; N, 

4.47%. 

5-Oxo-5-morpholino-2,4,6-triisopropyl-1,3,5-dioxaphosphorinane (XIII). A sample of 0.67 g (0.008 

mole) morpholine was added to a solution of I. 1 g (0. 004 mole) 5-oxo- 5-chloro-2,4,6-triisopropyl- 1,3,5-dioxa- 
phosphorinane in 15 ml abs. benzene and the reaction mixture was heated for 1 h at reflux. The precipitate 

was filtered and the benzene was removed in vacumu. The product was recrystal[ized from acetonitrile. The 

yield was quantitative, nip 155~ ~3ip 16 ppm. Found: P, 9.19; N, 4.50%. Calculated [or CI~H32PO4N: P, 

9.31; N, 4.20%. 

5-Diethylamino-5-phenylimino-2,4,6-triisopropyl-1,3,5-dioxaphosphorinane (XIV). Excess freshly dis- 

tilled phenyl azide was added with cooling in an argon atmosphere to I. 5 g (VI). After cessation of nitrogen 

liberation, the excess phenyl azide was removed in vacuum. The residual oil was subjected to chromatography 
on silica gel with 4 : 1 petroleum ether-ether eluent. The yield was 0.6 g (2(~), mp 67~ 531p =- 5 ppm 

(ether). Found: C, 67.00; H, 9.90; P, 7.67; N, 7.19%. Calculated for C22H39PO2N2: C, 67.00; I-I, 9.89; P, 

7.86; H, 7.10%. 

5-Phenyl -5-phenyl imino-2 ,4 ,6 - t r i i sopropyl -1 ,3 ,5 -d ioxaphosphor inane  (X V). Excess freshly distilled 
phenyl azide was added to 3 g 5 -phenyl -2 ,4 ,6 - t r i i sopropyl -1 ,3 ,5 -d ioxaphosphor inane .  The react ion was c a r -  
r ied out with cooling and in an argon a tmosphere .  The yield w~s quantitative, mp 80-104~ 631P = 8, - 1 6 ,  
a n d - 2 2  ppm, which corresponds to three s t e r eo i somers .  Found: C, 71.66; H, 8.33; P,  7.72; N, 3.13%. Cal- 
culated for C24H34PO2N:C, 72 .18 ;H ,  8.52; P, 7.77; N, 3.51%. 

CONCLUSIONS 

I. The reaction of 2,4,6-triisopropyi-l, 3,5-dioxaphosphorinane with phenyl azide yields3 5-phenylamino- 

2,4,6-triisopropyl-1,3,5-dioxaphorinane and 5-phenylimino- 5-phenylamino-2,4,6-triisopropyl- 1,3,5-dioxaphos- 

phorinane in yields depending on the reagent ratio. 

2. The stereoisomer with axial orientation of the amino group predominates in the equilibrium of 5-phen- 
ylamine, 5-diethylamino-, 5-piperidino-, and 5-morpholino-2,4,6-triisopropyl-l,3,5-dioxaphosphorinane 
and their sulfides. 
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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]. 
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