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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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TABLE 1. Oxidation of P r i m a r y  n-Alkylamines  in K3Fe (CN)~- 
NaO tt Syste m* 

Amine 

Hexylamine (Ia) 
Hepiylamine (I6) 
Octylamine (Ic) 

Conversion, % 

Reaction products, yield, % based on 
converted amine (on oxidant) 

nitrile other products 

30 
35 
30 

(IIa), 44 (53) 
(IIb), 55 (77) 
(IIe), 45 (54) 

(III);  ~ (8,5) 

* 70-80~ 7 h, 100 mmoles  of amine,  100 mmoles  ofK3Fe(CN) C 
3I~O, 100 mmoles  of NaOI~ 120 ml  of water .  

TABLE 2. 
K~Fe (CN)6-NaOH System* 

Conversion, Amine % 

Isopropylamine (VIIa) ] 40 ~ (VIIIa), 60 (96) 
I 

sec-Butylamine (VIIb) I 28 (VIIIS), 76 (85) 
Cyclohexylamine (VIIr 25 (VIIIc), 80 (80) 

* 70-80~ 7-8 h, 100 mmoles  of amine,  100 mmoles  of 
K3Fe(CN) C 3H20 , 100 mmoIes  of NaOH, 120 ml of water .  
~-35-40oc. 

Oxidation of P r i m a r y  sec -Alky lamines  in 

Reaction products, yield, % 
based on reacted amine (on 
)x id a n t )  

In the oxidation of heptylamine fib), a sma l l  amount of n-hepty lurea  (III) was a lso  identified. Other  t r a n s f o r m a -  
t-ion products  of amines  (I) were  not detected. 

Thus, oxidation of p r i m a r y  n-a lky lamines  by the action of K3Fe(CN) 6" 3H20 is a s imple  method for synthe-  
sis of a lkyl  cyanides .  

In analogy with the oxidation of amines  into n i t r i les  by the act ion of Pb(OAc)~ [7], it can be a s sumed  that  
the reac t ion  mechan i sm includes a s ing le -e l ec t ron  oxidation of amines  if) into aminyl  rad ica l s  (IV), t he i r  oxida- 
t ion into aldimines (V), and a s ing le -e l ec t ron  oxidation of the la t te r  into n i t r i les  (II): 

/ ~  X,Fe(CN). / ~ + "  Y--~ R / ~ H  x,re(c.~ R / ~ N ~  X,Fe(C~), / %  K,Fe(CN), R NH.~ ~ R NH2 ._ R N ~ R - - C ~ N  
(I) (IV) (V) (II) 

It is possible  that under  the reac t ion  conditions, the in te rmedia te  a ld imines  (V) a r e  oxidized fa i r ly  rapidly,  so 
that  it was imposs ible  to detect  the cor responding  aldehydes RCHO, products  of the hydrolys is  of a ld imines  (V), 
in an alkaline medium. 

Heptylurea (III) is most  p robab ly  formed as the r e su l t  of the oxidation of heptylamidyl  rad ica l  (Wb) by the 
action of K3Fe(CN) 6 by the mechan i sm of oxidative subst i tut ion with a t r a n s f e r  of the CN group to hepty lcyana-  
mide (VI), which under  the react ion  conditions hydrolyzes  into (HI): 

(Ib) !K,Fc(ON), CTH:~NH [1KaFe(CN)~5 CTH~sNHCHa NaON C~H:sNHCONHa 
H20 

(IVb) (VI) (III) 

Po ta s s ium fer r icyanide  is not v e r y  effect ive as a eyanation agent  of organic  compounds. Only the reac t ion  of 
C-cyanat ion  of he t e roa romat i c  N-oxides is known [8]. The fo rmat ion  of heptylurea (HI) is the f i r s t  example  of 
N-oyanat ion by the act ion of K3Fe (CN) 6. The yield of (HI) s t rongly  depends on the reac t ion  conditions, because  
of fu r the r  hydrolysis  into the initial  heptylamine fib): 

(III) NaO~[c~H15NHCOOH] ~ C:HI~NH2 -}- C02 
1~o 

(Ib) 

By the act ion of KsFe(CN)6, p r i m a r y  s ec - a lky l amines  RR'CHNH 2 (VII) undergo oxidative d imer iza t ion  with 
the fo rmat ion  of hydrazones (VIII) (Table 2): 
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JR R' R 
\ \ / 

2 CHNH2 + 4Fe(CN)~- @ 4OH- ~ CHNHN=C + 4Fe(CN)~- + 4H20 
/ / \ 

R' R R' 
(VIIa--C) (VIIIa--C) 

R ~ R'=CH3, CHs (a); CHs, C2H5 (b); R + R'=(CH2)6 (c) 

The mechanism of format ion of hydrazones (VIII) most probably includes a s ingle-e lect ron oxidation of 
amines (VII) into aminyl  radicals  (IX), which in the presence  of Fe(III)/Fe(II) compounds promoting dimerizat ion 
of free radicaIs  [9] convert  into N,N'-disubst i tuted hydrazines (X). Under the react ion conditions, the lat ter  
oxidize into hydrazones (VIII): 

R R R R 

(VII) K,Fe(CN)~ \CH--~it~ --H___~ \CH--NHFegtIPFe(II~ \CH__NH__NH_CH / K,~e(gN), (VIII} 
/ / / \ N~OE 

R" R' R' R' 
( ix )  (x) 

The proposed mechanism is confirmed by the transformation of N,N'-dicyclohexylhydrazine by the action of 
K3Fe(CN) G under normal reaction conditions into cyclohexylhydrazone of cyclohexanone (VIIIe) in an 80% yield. 

We believe that the difference in the chemical behavior of n-alkylaminyl (IV) and see-alkylaminyl radicals 
(IX) is due to steric hindrances to oxidative deprotonation of (IX) into the corresponding ketimines HR'C ----NH, 
and indicates a complex oxidation mechanism of radicals (IV} and (V), possibly with the participation of organo- 
iron compounds. 

Aniline, an aromatic amine with no hydrogen atoms in the a-position to the amino group, by the action of 
KaFe(CN)G-NaOH system, and as the result of oxidative dimerization, converts into azobenzene (XI) in an 80% 
yield, based on the oxidizing agent and on the converted aniline, with aniline conversion of 25%. The reaction 
mechanism is similar to the one discussed for sec-alkylamines: 

C6H~NH 2 K,Fe(C_.____N)j C6H~liIH Fe(III)rFe(II) C6N~NH_INHC6H5 IK,Fe(CN~ C~HsN=NCeH a 
(XI). 

The aliphatic analog of aniline, ter t -butylamine,  is inert  under react ion conditions of oxidation by the K3Fe(CN) G- 
NaOH system. 

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

The GLC analysis  was car r ied  out on an LKhM-8MD chromatograph with a f lame-ionization detector  in a 
N 2 current ,  using the following columns (stainless steel): 300x 0.4 cm with 10% Carbowax 20 M, treated with 
Na3PO4, on Ce lite-545 (52-60 mesh); 300 >( 0.4 em with 2~0 DS-550 on a Chromosorb t reated with dimethyldiehloro- 
silane; 300x 0.4 c m w i t h  10% PEGS on Celite-545 (52-60 mesh). The PMR spec t r ao f  the solutions in CDC13, 
CC14, and (CD3)2CO were measured on Varian DA-60-IL (60 MItz), Tesla BS-497 (100 MHz), and Bruker  WM-250 
spec t romete r s  (250 MHz), using HMDS as the internal  standard. The mass spectra  were runon a Varian MAT 
CH-6 spec t rome te r  with d i rec t  introduction of the sample into the ion source,  with an energy of the ionizing 
e lect rons  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  analysis  was car r ied  out on a Varian MAT CH-111 
(Gnom) apparatus with chromatographic  introduction of the sample into the ion source,  with energy of the ioniz-  
ing e lect rons  of 80 eV. The IR spect ra  were obtained on P e r k i n - E l m e r  and Specord 75-IR apparatus in thin 
layer  and in CC14 solution. The UV spect ra  were run on a Specord UV-VIS apparatus,  in heptane. 

The oxidizing agent K3Fe(CN) ~ �9 3H20 (AR grade) and NaOH (pure grade) were used without additional 
purification. Distilled water  was used. Amines (Ia-c) and (VIIIa-c), ter t -butylamine,  and aniline were purified 
by distil lation at a tmospher ic  p r e s su re  in an argon current .  

Oxidation of P r i m a r y  Amines by K~Fe(CN)~-NaOI-I System. A solution of 100 mmoles of K3Fe(CN)6-3H2O 
in 100 ml of water  was added in the course of 2 h at 70-80~ with vigorous st irr ing,  to a mixture of 100 mmoles 
of the amine and a solution of 100 mmoles of NaOH in 20 ml of water.  The mixture was s t i r red  for  another 5-6 
h at this tempera ture ,  then cooled and extracted with e ther  (3 x 100 ml). The ether  extract  was dried over  
MgSO4, and evaporated. The residue was analyzed by GLC. The oxidation products,  nitri les (IIa-e) and hydra-  
zones (VIIIa-e), were isolated by distillation. In the case of n-alkylamines (Ia-c), a higher o r  lower analog of 
the nitrile formed in the oxidation react ion was used as the standard during the chromatographic analysis of the 
react ion products.  After evaporat ion of the e ther  ex t rac t  f rom the oxidation reaction of hept~ylamine fib), a solid 
precipitate separated out. This was filtered, washed on the filter,  and dried. Yield, 4.2 mmoles of heptylurea 
(III), mp 112~ (cf. [10]). The proper t ies  and spec t ra l  charac te r i s t i cs  of the reaet ionproduets  are  listed in Table 3. 
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Behavior  of t e r t -Bu ty lamine  in K~Fe(CN)~-NaOH System. A solution of 100 mmoles  of K3Fe(CN)6.3H20 
in 100 ml of wa te r  was added at 45~ with v igorous  s t i r r ing ,  to a mixture of 100 mmoles  of t e r t -bu ty lamine  
and a solution of 100 mmoles  of NaOH in 20 ml of water .  The mixture was s t i r r ed  for another  6 h at this t e m -  
pe ra tu re ,  cooled, and ex t rac ted  with e the r  (3 x 100 ml). The e ther  ex t r ac t  was dr ied over  Mg804, and evaporated. 
In the res idue ,  85% of unreac ted  t e r t -bu ty l amine  was detected by GLC. 

Oxidation of Aniline in K3Fe(CN) G-_NaOH System: A solution of 60 mmoles  of K3Fe (CN) c . 3 H~O in 60 ml of 
wa te r  was added in the course  of 2 h at 50~ with v igorous  s t i r r ing ,  to a mixture  of 60 mmoles  of aniline and 
a solution of 60 mmoles  of NaOH in 10 ml of water .  The mixture  was s t i r r ed  at this t e m p e r a t u r e  for  ano ther  
5 h, cooled and ex t rac ted  with benzene (4 • 150 ml). The ex t r ac t  was dr ied over  MgSO 4 and evaporated.  In the 
res idue  35 mmoles  of aniline and 12 mmoles  o f  azobenzene (XI) were  found by GLC. Dist i l lat ion gave 10 mmoles  
(75% based on reac ted  aniline) of azobenzene;  bp 118-120~ (1 mm), mp 66-68~ (el. [12]). UV s p e c t r u m  (k, 
rim): 450 (s 342), 317 (~ 21,670),230 (e 18,670), identical with the spec t rum of pure  grade azobenzene.  

Tr__ansformation of Heptylurea (Ill) by Action of NaOH (control exper iment) :  An 8 mmole por t ion of 
heptylurea was added at  70-80~ to a solution of 20 mmoles  of NaOH in 15 ml of water ,  and the mixture was 
s t i r r e d  at this t e m p e r a t u r e  for  3 h. The reac t ion  mixture  was cooled and ext racted with e the r  (3 • 50 ml). The 
ex t r ac t  was dr ied over  MgSO4, and evaporated.  By disti l iation, 7 mmoles  (90%) of heptyIamine (Ib) were  isolated. 

P r epa ra t i on  of N,N' -Dieye!ohexylhydraz ine  (Xe). A 0.3 mole por t ion of hydrazine hydrate was added drop-  
wise, with s t i r r ing ,  to a mixture  of 0.9 mole of cyclohexanone and 1 mole of CaO. As the reac t ion  mixture  
thickened, absolute ethanol was added. The mixture  was boiled for  2 h and then cooled. The prec ip i ta te  was 
f i l tered and washed with alcohol. By dis t i l la t ion of the f i l t ra te  in vacuo, 0.24 mole (80%) of cyclohexanone 
azine (XtI) was obtained, bp 165-175~ (15 ram) (el. [131). A solution of 0.1 mole of (XII) in 30 ml of absolute 
e the r  was added dropwise  tO a suspension of 0.15 mole of LiA1H 4 in 150 ml of absolute e the r  with v igorous  s t i r -  
r ing and cooling (~0~ The mixture  was s t i r r ed  for  1 h at 25~ The excess  of LiA1H 4 was decomposed with 
alcohol, and 200 ml of wa te r  were  added to the reac t ion  mixture.  The mixture  was centrifuged, and the organic  

�9 ?'Y d '  l ayer  was separa ted .  By dist i l iat ion in vacuo. 0.05 mole (50%) of N,N - tcyclohexylhydrazine (Xc), bp 140-142~ 
(10 mm), were  obtained (of. [14]). 

Oxidation of N,N-DieyclohexyIhydrazine  (Xe) in K3Fe(CN)~-NaOH System. A solution of 100 mmoles  of 
K3Fe(CN) G �9 3H20 in 100 ml of water  was added at 70-80~ in the course  of 2 h, with v igorous  s t i r r ing ,  to a mix-  
ture  of 50 mmoles  of (Xe) and a solution of 100 mmoles  of NaOH in 20 ml of water .  The mixture was s t i r r ed  
for  ano ther  5 h at this t e m p e r a t u r e ,  then cooled, and ex t rac ted  with e the r  (3 • 100 ml). The e the r  ex t rac t  was 
dr ied over  MgSO 4 and evaporated.  The res idue  was dist i l led in vacuo to yield 40 mmoles  (80%) of (VIIIc), bp 
115-116~ (10 mm) (el. [151). 

C ONC LUSIONS 

1. By the act ion of the K3Fe(CN)~-NaOH sys tem,  p r i m a r y  a lky lamines  RCItaNH 2 are  oxidized into alkanoic 
acid ni t r i les  RCN. The act ion of the K3Fe(CN)6-NaOH s y s t e m  on heptylamine a l s o  leads to its N-cyanat ion with 
the fo rmat ion  of N-heptylurea ,  which is readi ly  hydrolyzed under  the reac t ion  conditions. 

2. By the action of the K3Fe(CN)6-NaOH sys tem,  p r i m a r y  s ec - a lky l amines  R,R'CI-INH 2 conver t  into a lky l -  
hydrazones  of alkanones RRTC = N - N H C H R R '  as the resu l t  of oxidative d imer iza t ion .  

LITEIIA TURF CITED 

1. S . G .  Cohen, A. Paro le ,  and G. H. Porsans ,  J r . ,  Chem. Rev., 73, 141 (1973). 
2. E l e c t r o e h e m i s t r y  of Organi6 Compounds [Russian t ranslat ion] ,  Mir, Moscow (1976), pp. 361, 544. 
3. V . D .  Pokhodenko, A . A .  Beloded, and V. G. Koshechko, Redox React ions of F r e e  Radicals  [in Russian], 

Naukova Dumka, Kiev (1977). 
4. L P. Gragerov ,  L. K. Skrunts,  and B. A. Gel ler ,  Usp. Khim.,  51, 119 (1982). 
5. C .A .  Audeh and J. R. L. Smith, J. Chem. Soc. B, 1280 (1970). 
6. K . S .  Shukla and O. P. BansaI,  Monatsh. Chem., 105, 1266 (1974). 
7. A. Stojilikovic, V. A. Andrejevic ,  and M. L. Mihailovic, Tet rahedron,  23, 721 (1967). 
8. Y. Kobayashi,  I. Kumadaki,  and H. Sato, J. Org., Chem., 37, 3588 (1972). 
9. J . K .  Kochi and F. F. Rust, J. Am. Chem. Soc., 84 , 3496 (1962). 

10. J . C .  Buck, A. M. Hjort, W. S. Ide, and E. J. De Beer,  J. Am. Chem. Sot. ,  60, 461 (1938). 
11. N .D.  Lebedeva,  L. F. Nazarova ,  and Yu. A. Kashin, Zh. Pr ikl .  Khim.,  53, 1394 (1980). 
12. R . J .  Corrucc in i  and E. C. Gilbert ,  J. Am. Chem. Sot . ,  61 2925 (1939). 
13. P. 0. Ugryumov,  Zh. Obshch. Khim.,  1-0, 1995 (1940). 

2441 



14. H. tL Havkins and H. L. Lochte, J. Am. Chem. Soc., 4.~6, 452 (1924). 
15. W. Suerow, G.Mentzel ,  and M. Slopianka, Chem. Ber . ,  10_~7, 1318 (1974). 

N I T R O X Y L  D E R I V A T I V E S  OF P Y R A Z O L O [ 3 , 4 - d ] P Y R I M I D I N E  

V. A.  G o l u b e v ,  Y u .  E .  R a s h b a ,  
a n d  A .  N. R o z e n b e r g  

UDC 5.42.91 : 547.855.7 

Pyrazolo[3 ,4-d]pyr imidines  are  " i r r e v e r s i b l e "  xanthine oxidase inhi t ibors  and a re  widely used in r e s e a r c h  
into this enzyn~  [1-3]. Pa ramagne t i c  pyrazo lopyr imid ine  de r iva t ives  which a r e  capable of binding s t rongly  with 
xanthine oxidase may be a useful  tool for  elucidating the topography of the act ive center  of the enzyme.  

We have p repa red  pyrazo lopyr imid ine  der iva t ives  of formula  (IIIa-c),  which are  the f i r s t  of the i r  kind, by 
react ing  4-ch loropyrazolopyr imid ine  (I) with amino radica ls  (IIa-c): 

CI NH--(CHa)n--R 
( I 

N N -t- R--(CH2)n--NHz + (C~H~)zN N N q- (C2H~)3N GI- 

N N N N 
I I 

H H 
0) (Ha-c) (ma-c)  

R ~ - - ( ~ N - - O ;  n = 0 ( a ) ,  i (b) ,  2 (c) 

The reac t ion  was pe r fo rmed  in boiling ethanol (1-1.5 h), the HC1 formed in the reac t ion  being bound with t r i e thy l -  
amine.  The consumption of the bases  was monitored by TLC and by po ten t iomet r ic  t i t ra t ion  with 0.1 N HC1. 
The yield of fflIa-e) under  these conditions is 95-97% (Table 1). 

Amino rad ica l  (IIc) was p r epa red  by reducing the amide (IV) in THF and then oxidizing the resu l t ing  
hydroxypiperidine (VI). The reduction of (IV) was monitored on the bas is  of Pe evolution and LiA1H 4 consumption, 
indicating that  the reac t ion  is p rac t i ca l ly  complete  by the t ime (IV) is ex t rac ted  into the solution, and that  5 moles 
of LiA1H 4 a re  consumed and 5 moles of H 2 a re  r e leased  for  eve ry  2 moles  of ffV). The resul t ing  co lor less ,  
THF-insoluble  complex (V) r e l e a s e s  H 2 and is conver ted to (VI) when decomposed  with water :  

CIIzCONH21 ~ 1-- ~H2CH~N--r- 

2 N 
I" 

O -- 0 --~ 
(iv) (v) 

+i6H20 
CH~CH~NH2 
I 

N 
I 
OH 

(vi) 

The oxidation of WI) to (II) is effected inan  alkaline aqueous methanol  medium in the p r e sence  of Cu 2+. This 
method of p repar ing  (IIc), which gives a yield of ~60%, is cons iderably  s i m p l e r  than the methods of [4, 5] since 
it avoids protec t ion  of the amino group during oxidation. 

Pyrazolopyr imid ines  (IIIa-c) are  high-melt ing subs tances  colored in different  shades of red.  They are  
readi ly  soluble in alcohols, spar ingly  soluble in alkanes and water ,  and modera te ly  soluble in med ium-po la r i t y  
solvents .  
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