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Amidyl radicals  RC(O)NR' are objects of intense r e s e a r c h  [1-3]. Methods have been developed for  pro-  
ducing these radicals ,  usually based on the homolysis of N-haloamides of carboxylic  acids [1, 4, 5], and the i r  
genera l  react ions have been studied, in par t icular ,  the in t ra-  and in te rmolecu la r  addition to the C =C bond [1, 3], 
in t ramolecular  cyclizat ion into laetams during addition to a romat ic  ring, [2], r ea r r angemen t  with 1 ,5-migrat ion 
of H atom, and cyclizat ion into 2- iminote t rahydrofurans  ]4, 6]. The s t ruc ture  of amidyl radicals in the ground 
state was establ ished by theore t ica l  calculations and E PR spec t roscopy methods [7]. 

The react ion of amidyl  radicals  in oxidation sys tems containing compounds of e lements  of var iable  
valence have been studied less [8]. 

We studied the s ing le-e lec t ron  oxidation of carboxylic  acid amides (Is-e) into amidyl radicals  (IIa-e), and 
the react ions of the la t ter  in the following sodium peroxydisulfate  (SPDS)-meta l  chloride oxidation sys tems:  
SPDS-CuC12, SPDS-NaC1, and also in the S P D S - N a C I - N a O H  sys tem 

S ~ 0 2 - - - C I  - 
R(CH2)~CONHR' s ,, R(CH~)4C(0)NR' 

(Is--e,) (IIa -e) 
R, R '=H,  H (a); CHs, H (b); C2H5, H(c); H, CHs(d); H, C2H5 (e). 

We also studied the oxidative t ransformat ions  of N,N-diethyl va leramide  (If) and cyclohexanecarboxamide 
in the SPDS-CuC12 system. 

During oxidation of amides (Ia-c) by an equimolar  amount of SPDS in the p resence  of i equivalent ofCuC12 
or 2 equivalents of NaC1 in aqueous solutions at 85-90~ $- lac tones  (IIIa-c) and 5-1actones (IVb, c) a re  formed* 

(Is--c) 82~ ~ -~ /\~/~/% 

RCH~/~0 0 R 0 0 
(Ilia--c) (IVo,c) 

A di rec t  one-stage t ransformat ion  of carboxylic  acid amides into lactones has not previously  been known, al-  
though T-  and 5-1actones can be obtained f rom  amides by a se r i e s  of success ive  t ransformat ions ,  including the 
halogenation of the amides into N-haloamides,  thei r  r ea r r angemen t  during photolysis into amides of 4- and 5- 
halocarboxylic acids, and cyclizat ion of the la t ter  by t rea tment  with alkali [4, 61. 

Under oxidation conditions, amides (Ia-c) also become hydrolyzed into the corresponding alkanoic acids 
R(CI~)r CVa-c) (Table 1). 

Thus, in the two sys tems  studied, amide (Is) converts  regiospecif ical ly  into y -va l e ro l ac tone  (IIIa), while 
f r o m  amides (Ib, c) a mixture of 7-1actones (IIIb, c) and 6-1actones (IVb, c) is formed with a marked predomi-  
nance of y - l ac tones .  The total  yield of the lactonization products  in the SPDS-CuC12 sys t em is ~40%, and it  is 
independent of the length of the alkyl f ragment  in amides (Ia-c). Under s imi la r  conditions, monoalkyl amides 
(Id, e) convert  mainly ( > 80%) into va le r i c  acid, while the yield of the 7 -va le ro lac tone  is 2-6%. 

The mechanism of format ion of the lactones includes a s ing le-e lec t ron  oxidation of the amides (Is-e) by 
the action of the SPDS-C1-  sy s t em into amidyl  radicals  (Ha-e): 

*Pre l iminary  communication, see [9]. 
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O 
$202---CI- ~ --H+ 

(Ia-e) s ~ t l ~ / ~ , / C  ---> (IIa-e.) �9 
\ + .  

NHR' 

The fo rmat ion  of amidyl  rad ica l s  during oxidation of the amides  by SPDS was shown in [8]. 

The p r i m a r y  rad ica l s  (Ha-c) (R' =H) then r e a r r a n g e  with 1,5- and 1 ,6 -migra t ion  of the H a t o m  into 3- and 
4 -ca rboxamidoa lky l  rad icaIs  (A) and (B): 

o 
1,5-n 

\ 
(A) NH2 

(ila--c)- O 

,,c-~ R / ~ , / ~ / c  r 
\ 

NH2 
(B) 

As the r e su l t  of the hemolyt ic  eycl iza t ion of (A) and (B) at  the C = O  group and the subsequent  oxidation (ef. [10]), 
2 - a m i n o - 5 - a I k y l - 2 - t e t r a h y d r o f u r y l  cations (C) and 2 - a m i n o - 6 - a l k y l - 2 - t e t r a h y d r o p y r a n y l  cations (D) a r e  formed.  
Under  the reac t ion  conditions, t he i r  hydrolys is  leads d i rec t ly  to 7-1actones  fiE) and 6-1actones (IV), which 
ensu re s  a one-s tage  c h a r a c t e r  of the lactonizat ion p roces s  of the amides :  

- ~  hydrolysis ~A) SCOWL el- RCH2 NH2 ~ (III) 

(c) 

(B) s~o~'-cL- R ~H: : �9 (ly) 

(D) 

Lactones  (!II) and (IV) can a lso  be formed during oxidation of rad ica l s  (A) and (B) into the cor responding  c a r -  
bon ium ions or  amides  of chloroalkanoie acids and h e t e r o l ~ i e  eycl izat ion of the la t ter .  In accordance  with the 
genera l  pr inc ip les  of r e a r r a n g e m e n t s  with H a t o m  t r a n s f e r  in f ree  radica ls ,  the 1 ,5 - I t -mig ra t i on  p r e d o m i n a t e s  
ove r  the 1 , 6 - H - m i g r a t i o n  [11], which a l so  de te rmines  the regiospeci f ic  o r  reg iose lec t ive  fo rmat ion  of y - l a c t o n e s  
(m). 

In the case of s econda ry  N-a lky lamidyl  rad ica l s  (IId, e) (R' =alkyD, which a r e  more  s table  than the c o r -  
responding p r i m a r y  rad ica l s  (R' =H), the r e a r r a n g e m e n t  into earboxamidoalkyl  rad ica l s  is t he rmodynamica l ly  
Iess  favorable ;  s econda ry  rad ica l s  (II) (R' =alkyd a r e  probably  also more  read i ly  oxidized, and in the long run 
this a l so  de t e rmines  the low yield of the T- lac tone  (IIia) f r o m  N-a lky lamides  (Id, e). 

The ine r tness  of (Id, e) to oxidative lactonizat ion under  the given conditions does not ag ree  with the l i t e r a -  
tu re  data on the high tendency of N - c h l o r o - N - m e t h y l  v a l e r a m i d e  to conver t  into a y - v a l e r o l a c t o n e  in nonaqueous 
media [6]. 

The r a t io  between y -  and 5-1actones,  der ived f r o m  the amides  substant ia l ly  di f fers  f r o m  the i r  ra t io  ob- 
se rved  in the case  of analogous alkanoic  acids [12], and, as shown in the case of oxidation of amide  fib), is 
p r ac t i ca l l y  independent of the degree  of convers ion  of the amide (see Table 1). In the reac t ion  studied, CO2, a 
product  of the oxidative decarboxyla t ion  o f  alkanoic acids in the p re sence  of SPDS [12-14], has a lso  not been 
identified. We can thus exclude the poss ib i l i ty  of fo rmat ion  of lactones (III) and (IV) as the r e su l t  of the hydroly-  
s is  of amides  (I) into the cor responding  acids (V), and the lactonizat ion of the la t te r  under  the reac t ion  conditions. 
A control  expe r imen t  showed that  amide  (Ia) is s table  in the NaI-NO4-CuC12 s y s t e m  (see expe r imen ta l  part) ,  and 
thus acids (V) a r e  products  of oxidative hydrolys is  of amides  (I). 

By the act ion of equ imola r  amount  of SPDS and CuC12, N,N-diethyl  va l e r amide  (If) is subjected to oxidative 
deethylat ion with the fo rmat ion  of N-e thy l  v a l e r a m i d e  fie) in a 94% yield, with 32% convers ion  of (If). y - V a l e r o -  
!actone (RrIa) was not detected in the oxidation products  of (If): 

0 0 

c~H0C I s:~ C,HgC / /  
\ \ 

N(C21-Ia)~ NHC2H 5 
(If) (Ie) 
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TABLE 1. Oxidation of Alkanoie Acid Amides (Ia-e) inNa2S20 8- 
CuC12 and Na282Os-NaC1 Systems* 

~onver- Reaction products an yiet , o ase 
on converted amide) " 

Amide Ision, % . . . . .  
y-lactone 6 -lactone acid 

Valeramide (Ia) 
Caproamide (Ib) 
Enanthoamide (Ic) 

N-Methyl valeramide (Ib) 

N-Ethyl valeramide (Ie? 

Valeramide (Ia) 
Caproamide (Ib) 

98 
90 
48f 
92 

60 
48 

80 
68 

SPDS-CuCI 2 system (1 : 1) 

(IIIa), 45 (Va), 55 
(Inb), 30 (IVY, t5 (VS), 50 
(IIIb), 38 (IVb), t8 (Vb), 42 
(IIIr 22 (IVc), t5 (Vc),, 50 

(IIIa), 2 - (Va), 90 
(IIIa), 6 - (Va) 83 

~PDS-NaC1 system (1 : 2) 

(IIIa)'42 I / (Va),45 
(IIIb), 40 (IVb~, t9 (Vb), 41 

* 85-90cC, I0 h, 50 moles of amide (I), 50 mmoles of Na2S2Os, 50 
mmoles of CuCI2.2H20 or I00 mmoles of NaCl, 150 ml of water. 

Time of reaction5 h. 

TABLE 2. Oxidation of Alkanoic Acid Amides (Ia-c) in 
Na2S 20s -  NaC1- NaOH Syste m* 

Conv'rsion,e Reaction products and yield, %" (.based o___.._~n converted am.__~ide) 
Amide [070 [ amine acid 

Valeramide (Ia) 

Caproamide (Ib) 

Enent hoamide (Ic) 

!00 

i00 

i00 

(IXa), 30 

(IXS), 36 

(IXe), 35 

(Va), 55 

(vb), 52 

(ve), 49 

* 85-90~ 7 h, 50 mmoles of (I), 50 mmoles of Na2S208, 
100 mmoles of NaC1, 100 mmoles of NaOH, 200 ml of 
water.  

By the action of equimolar  amounts of SPDS and CuC12, cyclohexanecarboxamide (VI) converts  into 3- and 
2-chlorocyclohexanecarboxyl ic  acids (VIIa, b), the lactone 6-oxabicyclo[3.2.1] octan-7-one (VHI), and cyclo-  
hexanecarboxyl ic  acid, in a yield of 14.2, 10, and 40%, respect ively,  based on the converted amide WI), at 80% 
conversion.  4-Chlorocyclohexanecarboxyl ic  acid (VIIc) has a lso been identified in t r ace  amounts (Nl%): 

( )  CNH~a~s~o,_c.ch()/COOH ( ) / C O O H  (x~/COOit o o COOH 
/ ~  + + + / 

, Cl Cl / ) + ( )  
C1 

(VlIa) (VII6) (VIIi) (vnI) 

The mechanism of format ion of b icycl ic  lactone (VIII) is c lea r ly  s imi l a r  to that proposed for  lactones (IIIa-c). 
The conformational  r igidity of (VIII) and s t e r i c  unfavorableness of the t ransi t ion states  of the cyelizat ion r eac -  
tion favor  d i rec t  chlorination of (VD in the ring with the format ion of (VIIb), and possibly par t ia l ly  a lso (VIIa, c). 

In the SPDS-NaC1 oxidation sys t em in the p resence  of NaOH, the charac te r  of the oxidative t r a n s f o r m a -  
tions of amides (I) sharply  changes, and they convert  into p r i m a r y  amines (IX) with one less carbon a tom than 
in the initial  amides (I). 

(Ia-c) Na2&O"--NaCl--Na0H.~ R(CH2)4NH 2 
(IXa--c) 

I~=H (a), CHs (b), C2H~ (c). 

Under the react ion conditions, amides (Ia-c) in boththe SPDS-CuCI 2 and SPDS-NaC1 sys tems are hydroiyzed 
into acids (Va-c) (Table 2). 
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TABLE 3. Spec t r a l  C h a r a c t e r i s t i c s  of A m i d e s  C~I~CONRR' (Id-f), 
Methyl  E s t e r s  of 2- ,  3- ,  and 4 - C h l o r o c y c l o h e x a n e c a r b o x y l i c  Ac ids  
(VIia-c) ,  and 6 - O x a b i c y c l o [ 3 . 2 . 1 ] o c t a n - 7 - o n e  (VIII) 

IRspectrum Mass spectrum, m/z (relative 
Compound (v, cm-1) PMR spectrum (5, ppm) intensity, %) 

(Id) 
(R=H, 
R'=CH3) 

(Ie) 
(R=H, 

t _ _  R ,--C,H~) 

(if) 
(R=R'= 
=C2H5) 

(VIIa), 
Methyl ester 

(VlIb), 
Methyl ester 

(VIIc), 
Methylester 

(VIII) 

t640, 
3070, 
3350 

t640, 
3070, 
3340 

t640 

i770 

0,90 t (3H, CHiCHi), 
t,50m (4H, CHzCH2, 
2,20t (2H, CH2CO), 
2,60s (3H, CH3), 
7,25,s (tH, H) 
0,92r (3H, CHaCH2CH2), 
1,24m (3H, C--H3CH2N), 
1,60m (4H, CHsCH2), 
2,23t (2H, CH2CO), 
3,3tq (2H, CH2N), 
5,8,s (IH, NH) 
0,9,t (3H, CHaCH~CH~), 
1,24m (6H, CHzCH2N), 
t,62m (4H, 'CHsCHzCI-I~), 
2,20t (2H, CHACO), 
3,24q (4H, CH:N) 
3,73m (IH, CHC1), 
t,52m (SH, CH2), 
2,92m (IH, CHCO), 
3,59 s (3H, CH30) 

73 (100), 55 (90), 4t (80), 
43 (80), 60 (60), 54 (50), 
56 (50), t00(40), 83(20) 

87(t00), 72(80), 44(40), 
57(25), 41(2t), t00(20), 
85(t5), ti4(t0), 
t29(M +, 7), 128(6) 

58(too), 44(9o), 4t(7o), 
57(6o), 72(5o), 56(4o), 
46(400), too(4o), tt5(3o), 
128(30), t57(M +, t0) 

slooo), 80(60), 1os(4o), 
41 (t5),79(t5), to9 (io), 
t41(1o), t4o(7), 145(7) 

8t (t00), t2t(20), t4t (i5), 
1i7(15), 79(15), 80(t0), 
140(7), t23(7), 53(6), 
1o5 (5) 
8t(100), t08(90), 80(90), 
79(20), t09(t5), t40(9), 
t41 (8), i45 (7), t47(3) 
67(100), 54(80), 55(50), 
84(50), 82(50), 83(40), 
70(25), t26(M +, 2)* 

* Similar as in [24]. 

The m o s t  p robab le  m e c h a n i s m  fo r  the f o r m a t i o n  of amines  (IXa-c) is tha t  including the oxidation of amides  
(Ia-c) o r  the amidyl  r a d i c a l s  (IIa-e) into N - c h l o r o a m i d e s  (Xa-c),  t he i r  dehydroeh lo r ina t ion  into n i t r enes  (XIa-c),  
and a Hoffmann type r e a r r a n g e m e n t  [15] of  the l a t t e r  into (IXa-e) : 

(Ia-- c) 

O 0 (Xa~:) (XIa--e) 
Na2S~O.--NaCI--NaOH R (CHo)4C// NaOII / /  . ..... R(CH~),C --* R(CH2)4N=C=O H,O , (IXa--c) 

\ \ -co~ 
NHC1 N: 

Thus, introduction of NaOH to the SPDS-NaCI oxidation system made it possible to entirely change the direction 
of the reaction of amides (I). 

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

The GLC ana lys i s  was c a r r i e d  out on an  LKhM-SMD c h r o m a t o g r a p h  with a f l ame- ion i za t i on  d e t e c t o r  in a 
N z c u r r e n t ,  us ing  the fol lowing co lumns  (s ta in less  s tee l ) :  3000 x 3 m m  with 10% Carbowax 20 M, t r e a t e d  by 
H3PO 4 [16], on Ce l i t e -545  (52-60 mesh) ;  1700 • 3 m m  with PEGS on C h r o m o s o r b  G, t r ea t ed  with d imethyld ich loro-  
s i lane;  2000 • 4 m m  with 10% Carbowax  20 M, t r e a t e d  with Na3PO4, on Ce l i t e -545  (52-60 mesh).  The  PMR s p e c -  
t r a  of the so lu t ions  in CD3CN in CC14 w e r e  m e a s u r e d  on a Tes la  BS-497 s p e c t r o m e t e r  (100 MHz) with r e f e r e n c e  
to HMDS, The m a s s  s p e c t r a  w e r e  run  on a V a r i a n  MAT CH-6 appa ra tus  with d i r e c t  in t roduc t ion  of the sample  
into the ion sou rce ,  and wi th  e n e r g y  of  ioniz ing  e l e c t r o n s  of  70 eV. The IR s p e c t r a  were  obLained on a P e r k i n -  
E l m e r  appa ra tus  in a thin l a y e r  and in so lu t ion  in CCl  4. 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  ana lys i s  was  c a r -  
r ied  out on a Var i an  MAT CH-111 (Gnom) a p p a r a t u s  with c h r o m a t o g r a p h i c  in t roduc t ion  of the s amp le  into the 
ion sou rce ,  with e n e r g y  of the ioniz ing  e l e c t r o n s  of 80 eV. 

The oxidizing agent,  AR g rade  s o d i u m  pe roxyd i su l f a t e  (SPDS), and cp g rade  CuCl2, NaCl, and NaOHbrand  
were  used  without  f u r t h e r  pur i f i ca t ion .  The w a t e r  was  d is t i l led  once. The amides  of va l e r i c ,  eaproic ,  and 
enanthoic  ac ids  (Ia-c) and e y c l o h e x a n e c a r b o x a m i d e  (VI) w e r e  obtained by  the r eac t ion  of the  acid ch lor ides  of 
the c o r r e s p o n d i n g  a lkanoie  ac ids  with NH4OH [17] and pur i f ied  by r e c r y s t a l l i z a t i o n  f r o m  ethanol.  N-Methyl ,  
N-e thy l  and N - d i e t h y l  v a l e r a m i d e s  (Id-f) w e r e  obtained by the r e a c t i o n  of v a l e r y l  ch lor ide  with CH~NH2, C2HsNH 2, 
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and (C2Hs)2NH , respect ively  [17], and purified by distil lation in vacuo. The melting and boiling points of the 
amides obtained correspond to those in the l i terature [18-22]. The spec t ra l  charac ter i s t ics  of amides (Id-f) are 
listed in Table 3. 

Oxidation of Alkanoic Acid Amides (Ia-c) in SPDS-CuCI~. and SPDS-NaC1 Systems. A solution of 50 
mmoles of SPDS in 50 ml of water  was added dropwise (2.5-3 h) with vigorous s t i r r ing,  at 85-90~ to a mixture 
of 50 mmoles of amide (I) and 50 mmoles of CuC12 or 100 mmoles of NaC1 in 100 ml of water.  The mixture was 
s t i r red  at 85-90~ for  another 7 h, and then cooled. The precipitate was filtered, and washed with cold water  
and a smal l  amount of ether. The precipitate was the unreaeted amide (I). The fi l trate was extracted with 
ether  (3 • 100 ml), and ch loroform (2 • 100 ml), and the extract  was dried over  MgSO 4 and evaporated. The 
residue was analyzed by GLC using a standard for the determination of lactones and acids, an acid with one 
less carbon atom. During the determination of unreacted amide (I) in the residue, the lower homologous amide 
was used as standard. To isolate lactones (]II) and (IV), the residue was neutralized by a saturated solution of 
Na2C 03, extracted with e ther  (3 • 100 ml), dried over MgSO4, and evaporated, and the residue was distilled in 
vacuo. The proper t ies  and the spec t ra l  charac ter i s t ics  of lactones (IIIa-c) and (IVb, c) are  identical  to those 
given in our previous paper  [12]. 

Oxidation of Substituted Va le ramides  (Id-f) in SPDS-CuCI  2 System. The oxidation was car r ied  out by the 
above procedure.  The react ion mixture was fur ther  extracted by ether, the extract  was dried over MgSQ, and 
evaporated, and the residue was analyzed by GLC and then fractionated in vacuo. 

Attempt to Hydrolyze Valeramide (I a) in NaHSQ-CuC12 System. A mixture of 100 mmoles of (Ia), 200 
mmoles of NaHSO4, and 100 mmoles of CuC12 in 250 ml of water  was heated for  10 h at 85-90~ with vigorous 
s t i r r ing.  It was then cooled, and extracted with e ther  (3 • 100 ml), The extract  was dried over  MgSO4, and 
evaporated. In the residue 98 mmoles of unreacted (Ia) were found. 

Oxidation of Cyclohexanecarboxamide (VI). A solution of 50 mmoles of lqa2S208 in 50 ml of water  was 
added dropwise (2.5-3 h), at 85-90~ with vigorous s t i r r ing,  to a mixture of 50 mmoles of (VI) and 50 mmoles 
of CuC12 �9 2H20 in 100 ml of water. Stirr ing was continued for another 7 h at 85-90~ and then the mixture was 
cooled, extracted with an e t h e r - a c e t o n i t r i l e  mixture (4:1) (4• 100 ml), then with ether  (2 • 100 ml) and chloro-  
fo rm (2 • 100 ml). The extracts  were combined, dried over MgSO4, and evaporated, and in the residue the 
amount of unreacted (VI) (20%) was determined by GLC (standard - caproamide).  Par t  of the res idue  was 
methylated by an excess  of CH2N 2 [23] and analyzed by GLC (internal standard - methyl valerate)  and chromato-  
mass - spec t romet r i ca l ly .  In the methylation product, the methyl es te r s  of cyclohexanecarboxylic and 2-, 3-, 
and 4-chlorocyclohexanecarboxyl ic  acids (VIIa-c) were detected in a ratio of 40 : 2 : 14 : 10. Par t  of the un- 
l~ thy la ted  residue was neutralized by a saturated solution of NaHCO3, and extracted with ether  (4 • 20 ml). The 
ext rac t  was dried over  MgSQ, and evaporated in vacuo. F romthe  residue, lactone (VIII) was obtained. The 
s t ructure  of es te r s  (VIIa-c) and lactene (VIII) was confirmed by spec t ra l  data. The spect ra l  charac te r i s t i cs  of 
57Ha-c) and (VIII) are  listed in Table 3. 

Oxidation of Alkanoic Acid Amides (Ia-c) in the S P D - N a C 1 - N a O H  System. Solutions of 100 mmoles of 
NaOH in 50 ml of water  and 50 mmoles of SPDS in 50 ml of water  were added dropwise f rom two separa to ry  
funnels at 85-90~ in the course of 2 h, with s t i r r ing,  to a mixture of 50 mmoles of (Ia-c) and 100 mmoles of 
NaC1 in 100 ml of water ;  the solution of the alkali was added twice as rapidly as the Na2S208 solution. The mix- 
ture was heated for another 5 h at 85-90~ cooled, and extracted with e ther  (3 • 50 ml). The exiract was dried 
over  MgSO4, and evaporated. By distillation, amines ffXa-c) were isolated, which in their  physical  proper t ies  
and spec t ra l  data were identical to actual  samples.  The aqueous layer  was acidified by 1 N HC1, and extracted 
by ether  (3 • 100 ml). The extract  was dried over MgSO 4 and evaporated. Distillation in vacuo gave the alkanoic 
acids {Va-c) identical to actual samples.  

C ONC LUSIONS 

I. 'Unsubstituted alkanoic acid amides R(CH2)4CONI- ~ (R = H or alkyl) convert in Na2S20 ~- CuCl~ and 
INa2S2Os-NaCI oxidation systems via intermediate amidyl radicals R(CI~)~C(O)NH into 7- and 5-1actones with 
a considerable predominance of y-lactones. 

2. Monoalkyl amides of alkanoic acids are lactonized to an inappreciable extent by the action of the 
$20 2-- Cl- system; N,N-diethyl vale ramide undergoes oxidative dealkylation i nto N-alkyl valeramide. 

3. As the result of an oxidative, Hoffmann type rearrangement in a l~a2S2Os-l~aCI-NaOH system, unsub- 
stituted alkanoie acid amides convert into amines containing one carbon atom less than the initial amides. 
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O X I D A T I O N  OF  P R I M A R Y  A M I N E S  BY P O T A S S I U M  

FE R R I C Y A N I D E  

G. I. N i k i s h i n ,  E .  I.  T r o y a n s k i i ,  
a n d  V.  A. I o f f e  

UDC 542.943.7 ~ 547.233.1 

The use of organic amines and aminyl  radicals  has recent ly  st imulated the development  of r e s e a r c h  on 
the i r  oxidative t rans format ions  during photolysis [1], in e l ec t rochemica l  react ions [2], in react ions with free  
radica ls  [3], and in redo:< sys tems  containing e lements  with var iable  valence [4]. The react ions of seconda W 
and t e r t i a r y  amines were  studied in the g rea tes t  detail, while those of p r i m a r y  amines charac te r ized  by high 
reac t iv i ty  and labili ty in oxidation sys tems  have been studied less. 

We steadied the oxidative t ransformat ions  of p r i m a r y  n-a lkyl- ,  sec -a lky l - ,  and te r t -a lky lamines  by the 
action of a _mild oxidation agent, K3Fe(CN)~ , in an alkaline medium, a l ready  used for the oxidative dealkylation 
of p r i m a r y  and secondary  amines [5, 6]. 

By the act ion of the K3Fe(CN)~-NaOH sys t em in aqueous solutions at 70-80~ and with equimolar  amounts 
of the reagents ,  p r i m a r y  n-alkylamines  (Ia-c) are  oxidized into ni tr i les  (IIa-c) (Table 1): 

RCH~NH~+4Fe(CN)6 ~- + 4OH- -~ RC ----- N + 4Fe(CN)a ~- + 4H20 
(Ia--c) (IIa--c) 

R = Csttn (a), C6H1~ (b), C~Hls (c). 
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