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THAT 

R A D Y C A L  R E A C T I O N S  O F  N - H Y D R O X Y T R I A Z E N E S  

C O N T A I N  B U L K Y  S U B S T I T U E N T S  

/ 

G. A. A b a k u m o v ,  E .  P .  S a n a e v a ,  UDC 542.91:541.515:547.556.7 
a n d  G. A. R a z u v a e v  

P rev ious ly  we had shown [1-3] that  1 - a r y l - 3 - t e r t - a l k y l - 3 - h y d r o x y t r i a z e n e s  undergo f ree  radical  
decomposi t ion  under the influence of oxidizing agents in solution. The s imultaneous format ion  of aryl  
rad ica l s  and ni t roso compounds during the decomposi t ion makes  it poss ib le  to use the N-hydroxy t r i azenes  
when studying the var ious  reac t ions  of Ar" in solution by the EPR spec t roscopy  method. Here  the s e l e c -  
tion of R is dictated both by the re la t ive  s impl ic i ty  of in terpre t ing the EFR spec t r a  and the s tabi l i ty  of the 
fo rmed  nitrogen oxides,  as well as the s tabi l i ty  of the n i t roso  compounds,  t e r t -Buty l  der iva t ives  ( t e r t -  
n i t rosobutane,  phenyl - te r t -bu ty ln i t rone)  a re  used most  f requent ly  when fixing the radica ls .  The Ar" that 
a r e  l ibe ra ted  in the decomposi t ion of the 1 - a r y l - 3 - t e r t - b u t y l - 3 - h y d r o x y t r i a z e n e s  a re  fixed by t e r t - n i t r o s o -  
butane with the fo rmat ion  of quite s table  a ry l - t e r t - bu ty ln i t r ogen  oxides (Scheme 1). However ,  the s ta r t ing  
product  for the synthes is  of the t e r t -bu ty l  hydroxy t r i azenes ,  namely  t e r t -bu ty lamine ,  is r e l a t ive ly  in- 
access ib le ,  while its synthes is  f rom te r t -bu ty l  alcohol and ur a [4] p roceeds  in low yield. It s eemed  in t e r -  
est ing to synthes ize  some N-hyd roxy t r i a zenes ,  containing R in the 3 posi t ion,  that would be more  read i ly  
avai lable  than the t e r t -bu ty l  analog. Fo r  this purpose  we synthes ize  and studied the oxidative decompos i -  
tion of hydroxy t r i azenes  with the following s t ruc tu re .  

Ph--N=N--N--C(CH~0CR)a 
I 11 
OH 0 

R=CHa (I); C6H~ (II); CH~CGHs (III) 

The inser t ion of bulky t e r t i a r y  groups  into the t r i azene  made it poss ib le  to obse rve  the s t e r i c  ef-  
fects  that a r e  assoc ia ted  with a change in the geome t ry  of the radica l  center  and with the ease  of i n t r a -  
molecu la r  rotat ion around the C - N O  bond in the ni troxide rad ica l s .  T r ime thy lo ln i t romethane  se rved  as 
the s ta r t ing  compound for the synthes is ,  which is eas i ly  obtained f rom CH3NO 2 and (CH20) n [5]. 

KOH 
C HsNO~ + 3CH~O ~ (HOCH2)aC--NO,2 

O 
(HOCH2)3C--N02-t- 3(HC0)20---, (R- -C~ ' ~ C--NO,@SRCOOH 

\ \OCH~/3 
O ' tc-No Al'  (R-c( ~ lc .o  

\ \OCH~/3 \ \0CH~/8 
x 

(R- -C< ~ ) CNHOH + PhN~Ct --* Ph--N=N--N--C(CH2OCB)3 
\ ,OCH~ 3 L li 

OH 0 

Hydroxy t r i azenes  (I)-(III) a re  co lo r l e s s  c rys ta l l ine  compounds that a re  s table  under o rd inary  con-  
ditions and a r e  modera t e ly  soluble in organic  solvents .  The oxidation of (I)-(III) with PbO 2 in C6H 6 :leads 
to decomposi t ion according  to Scheme 1. The EFR signal of the ni t roxides  P h - N - R  is obse rved  in the 

I 

O" 
solution during react ion.  
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TABLE i. Hyper f ine  Coupl ing (HFC) Cons tan t s  of S - N - R  R a d i c a l s  

I 
O" 

C o m -  
pound  S R a N a~i a p 

(Ia) 
(IIa)  

( I l i a )  

(IVa) 

(V) 
(vi) 

(VH) 

(vnI) 
(ix) 

(x) 

(Xl) 
(xii) 

(XIII) 

Ph 
Ph 

Ph 

Ph 

CH3 
CH3 

CH3 

PhCHCH3 
PhCHCHa 

PhCHCHa 

PhCH~ 
PhCHz 

PhCH~ 

C(CHah 

C(CH~OCCHa)~ 
li 

O 

C(CH20CPh)~ 

O 

C(CH~OCCH2Ph)3 
[J 
O 

C(CH~h 

C(CH~OCCHah 

O 

C(CH2OCCH~Ph)a 

o 
C(CH~h 
C(CH2OCCP~h 

0 
C (CH2OCCH2Ph)/~ II 

O 

C(CH~)3 

C(CH2OCCHah I 
O 

C(CH:OCCH2Ph)3 
I! o 

2,30 
2,70 

2,70 

[2,70 

[5,80 
14,70 

[4,80 

14,80 
13,70 

i3,70 

t5,00 
t3,70 

13,70 

1 ,80  

i ,65 

t ,59 

1,24 

1,80 
1,33 

1,25  

1,24 

a~ a~ 

0,80 
t ,33 

i ,25 

1 ,24  

- -  ii  ,70 
-- t2,20 

- -  12,i0 

-- 3,50 
-- 3,20 

-- 3,60 

-- 7,50 
-- 7,80 

-- 8,00 

* Solvents: CsI ~ (Ia) -(IVa), CH3I (V) -(VII), and a 3 : 1 toluene--ethylbenzene 
mixture (VIII) -(XIII). 

where 

PbO~ 
Ar--N=N'N--R - - 4  Ar" + N~ + RN=O 

I 
OH 

RN~O 

At" --1 SH 

--ArH 

[--H'I 

R = C(CHa) a, C(CHa)20N=C(CHz4, 

Ar--N--R 
I 

O. 
R N ~ O  

*S" -* S--N--R 
I 

O" 

SH--  solvent 

S c h e m e  1 

The  s p e c t r a  of r a d i c a l s  (IIa)-(IVa) a r e  c h a r a c t e r i z e d  by a d i f f e r en t  ra t io  of the sp l i t t ing  cons tan t s  on 
the p ro tons  of the r i n g  when c o m p a r e d  with n i t rox ide  (Ia) (Table  17, which  is a p p a r e n t l y  a s s o c i a t e d  wi th  the 
p r e s e n c e  of bulky s u b s t i t u e n t s  on the n i t rogen  a tom of n i t r o x i d e s  (IIa)-(IVa).  In the g iven case  a change in 
the c h a r a c t e r  of the d i s t r i b u t i o n  of the spin  d e n s i t y  in the r ing  can be a t t r i bu t ed  to a d i s t u r b a n c e  of the 
coupl ing of the u n p a i r e d  e l e c t r o n  wi th  the v - e l e c t r o n  s y s t e m  of the r ing ,  caused  by a t u r n i n g  of the p lane  

of the r i n g  wi th  r e s p e c t  to the r ad i ca l  c e n t e r  N - O "  due to s t e r i e  h i n d r a n c e .  

The  use  of h y d r o c a r b o n s  and halo d e r i v a t i v e s  as  so lven t s  in the oxidat ion of (I)-(III) makes  it p o s s i b l e  
to r e c o r d ' t h e  EPR s p e e t r a  of the n i t r o x i d e s  S - N - R  (see Scheme l ) .  The p a r a m e t e r s  of the s p e c t r a  for S 

l 
O" 

= CH3, PhCH2, and PhCHCH3, con ta in ing  v a r i o u s  R, a r e  g iven  in TaMe 1. In the ease  of n i t r ox ides  (VI)- 
(VII), (IX)-(X), and (XII)-(XIID a d e c r e a s e  is  o b s e r v e d  in the n i t r ogen  cons tan t  when e o m p a r e d ,  r e s p e e -  
t i ve ly ,  wi th  (V), (VIII), and (XI), which  is a p p a r e n t l y  a s s o c i a t e d  wi th  the p e c u l i a r i t i e s  in the g e o m e t r i c  
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TABLE 2. HFC Constants of Nitroxides 
R - N - R '  and (R)2N-O" 

i 
O" 

Compound i%' R a N 

(xlv) 
(xv) 

(xvi) 

(xvn) 

(xwH) 

(xlx) 

(xx) 

(xx~) 

(xxII) 

H~C2C(CHs), 

HsCeC(CH~) 

H~C~C(CH~)~ 

C(CH~0CCHs)s 
li o 

.C(CH,0CPh)s 
il 
0 

C(CH~0CCI-I,Ph)~ 

0 

ttsC~C(CHs), 

C(CHsh 

C(CH~h 

C(CH=0CCH~P h)~ 
II 
o 

C(CH20CCH~)3 
II 
O 

C(CH~O CCHs)s 
D 
0 

C(CH=0CPh)s 

C(CH2OCCH2Phh 
IT 
o 

C(CH~0CPh)3 
11 
O 

C(CH20CPh)s 
11 
O 

i5,40 
15,20 
i4,20 

14,20 

t3,60 

t3,50 

13,30 

i3,00 

i3,10 

Z 

plane 

R - ~ O  R 0 

,;~h Ph " 

Fig. 1 

s t ruc ture  of the radical  center.  A number of authors [6-8] 

speak in support of the pyramidal  s t ruc tu re  of the ) N - O  

fragment  for aliphatic nitroxides.  This viewpoint is co r -  
roborated by the data of the x - r a y  s t ruc ture  analysis of 
some nitroxides [9] and the resul ts  of the quantum me-  
chanical calculations [6, 7]. When going from the planar 

s t ruc tu re  of the nitroxide group to the pyramidal  s t ruc ture  the proport ion of the / N - O "  increases  when 

compared with the ionic s t ruc ture  / N - O - .  Here the density of the unpaired electron increases  by 2pz 

- A O  O and dec reases  by 2 p z - A O  N, which should be accompanied by a dec rease  in the nitrogen constant. 
At the same t ime,  the transit ion f rom sp 2 to sp 3 hybridization of the nitrogen atom when the geomet ry  of 
the paramagnet ic  center  changes is responsible  for the appearance of the contribution of the s-component  
to the unpaired electron orbital ,  which leads to a noticeable increase  in the constant of the isotropi:c HFC 
on the nitrogen atom. Calculations show [6, 7] that an increase  in the angle of deviation ~ of the a-bonds 
of the N atom from the ~-plane of CNC in nitroxides is accompanied by an increase  in a N. 

Taking the above said into considerat ion and assigning the s t ruc ture  with a nonplanar s t ruc ture  of 
the radical  center  to nitroxides (V)-(XIII), it may be assumed that in all cases an increase  in the bulk of 
the substituents will be accompanied by repulsion effects,  which lead to a dec rease  in the angle of devia-  
tion of the bonds of the N atom from the a-plane (Fig. 1). Here the s / p  rat io in the unpaired electron orb i -  
tal dec reases ,  which is the reason for the decrease  in the nitrogen constant in nitroxides of s t ruc ture  S 
-N-C(CH2OCR)  3 when compared with the ter t -butyl  analogs. 

I IL 
O" O 

The dependence of the H-proton constant on the size of the substituents attached to the nitrogen atom 
of nitroxides is expressed to a l e s se r  degree.  Some decrease  in a,~{ in radical (V) when compared with (VI) 

and (VII) is found to be in agreement  with the data given in [6] for the case of the free rotation of the CH 3 
group. The most  favorable conformation for nitroxides (XD-(XII) will apparently be conformation A, with 
an angle of 0 ~ 60 ~ [10]. Starting with the s imple MacConnel equation aHfl = B cos20, the value of the H-proton 

splitting can be est imated approximately,  which for the case 0 = 60 ~ is found to be in the range 7-8 Oe, 
which is in agreement  with our experimental  data. The difference in the a~ constants for (XI)-(XIH) is 

slight, which indicates the close values of the b a r r i e r  for different R. The value o f a ~  for (VIID-(X) is close 

C H3"~. " - 
t o  the value 3.20e,  which was obtained in [10] for the fi-proton constant in the radical-anion C2H jCH-NO2.  

The preferred conformation in this case will be conformation B with ~ = 90 ~ 

The dependence of the value of the nitrogen constant on the size of the tert-alkyl groups was also 
observed in the EPR spectra of a number of nitroxide radicals of structure R - N - R '  and (~)2N-O" (Table 

l 
O 
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2). The bis-alkyl  nitroxides were  obtained by the irradiation of the corresponding t e r t -n i t roso  compounds 
in benzene solution. 

h~ 
RN=O --~ (R)~N--O" 

N itroxide radicals  (XV)-(XVII) and (XXD-(XXII) are  observed during the oxidative cleavage of 1- 
pheny l -3 -R-3-hydroxy t r i azenes  in benzene in the presence  of neopentyl bromide C6H 6 and ter t -butyl  b ro -  
mide (XXII). A decrease  in a N when going from (XIV) to (XXII) 

Pb02 
P h - - N = N - - N - - R  ' - '  Ph" -{- N~ ~- R N = O  

I 
OH 

CH3 
(CHs)afiCH2Br I 

CHsCH~--C--N--R I RN=O I I 
Ph ' - -  CH3 O" 

(CI-IshCBr , (UH3)aC--N--R 
~ = o  t 

O" 

gives reason to assume that the same order  holds for the increase  in the repulsion of R and the decrease  
in the angle ~. 

E X P E R I M E N T A L  M E T H O D  

The EPR spec t ra  were  recorded  on a RE-1301 rad iosepe t rometer .  

The 2 -n i t ro -2 -methy lo l - l ,3 -p ropaned io l  and t r imethylolni t romethane acetate were  synthesized as 
descr ibed  in [5]. 

1 -Phenyl -3- t r i s (ace toxymethylene)methy l -3-hydroxyt r iazene  (D. 1) To a solution of 5 g (0.02 mole) 
of t r imethylolni t romethane acetate in 150 ml of ether was added 8 g of aluminum amalgam. Then 5 ml of 
wa te r  was added in drops at such a ra te  that the ether boiled vigorously all the time. After 20 rain the 
ether solution, containing the t r imethylo l -N-methylhydroxylamine  acetate,  was decanted from the AI(OH) 3 
precipi ta te  and the ether was removed under vacuum. The hydroxylamine was obtained as color less  c r y s -  
tals ,  mp 70-71 ~ 

2) To a s t i r red  solution of 5.2 g (0.02 mole) of t r imethylo l -N-methylhydroxylamine  acetate in 
aqueous alcohol (1 : 1), cooled to 5-7 ~ was added a solution of phenyldiazonium chloride, which had been 
prepared  from 1.9 g (0.02 mole) of aniline, 1.35 g of sodium nitri te,  5.3 ml of HC1 and 5.3 ml of H20 , and 
neutral ized with sodium acetate to pH 7. After 1 h the obtained crysta l l ine  precipi tate  was fi l tered and r e -  
c rys ta l l ized  from aqueous alcohol; yield 35%, mp 109 ~ Found: C 52.32; H 6.00; N 11.60%. C16H21N307. 
Calculated: C 52.31; H 5.77; N 11.43%. 

1-Phenyl -3- t r i s (benzoxymethylene)methyl -3-hydroxyt r iazene  (II). 1) A mixture of 27.60 g (0.12 
mole) of benzoic anhydride [11] and 5 g (0.03 mole) of t r imethylolni t romethane was heated until solution 
was obtained, and then refluxed for 30 rain. A thick mass was obtained on cooling, which was washed with 
NaHCO 3 solution to remove  the benzoic acid. Recrys ta l l iza t ion f rom acetone gave color less  c rys ta l s  of 
t r imethylolni t romethane tr ibenzoate.  The compound was reduced to the hydroxylamine the same as indi- 
cated for  (D. Recrysta l l iza t ion f rom alcohol gave t r imethylo l -N-methylhydroxylamine  t r ibenzoate  as 
color less  c rys ta l s  with mp 95-96 ~ 

2) The hydroxylamine was coupled with phenyldiazonium chloride in the same manner as descr ibed 
for (D. The isolated dark  yellow oil gradual ly crystal l ized;  yield 30%; mp 129-130 ~ (from alcohol). Found: 
C 67.57; H 5.01; N 7.35%, C31H27N307. Calculated: C 67.25; H 4.93; N 7.59%. 

1-Phenyl -3- t r i s (phenylace toxymethylene)methyl -3-hydroxyt r iazene  (III). 1) A mixture of 6 g (0.04 
mole) of phenylacetic acid and 2.8 g (0.02 mole) of PC13 was heated on the s team bath for 1 h. The acid 
chloride was decanted f rom the H3PO4, 2.2 g (0.02 mole) of t r imethylolni t romethane was added, and the 
mixture was heated on the s team bath for 1 h. The t r is(phenylacetoxymethylene)ni tromethane,  which was 
obtained as a light yellow oil, was washed with water  and dissolved in 150 ml of ether.  Reduction to the 
hydroxylamine was run the same as in the case of (D and (ID. Tr is (phenylacetoxymethylene)-N-methyl-  
hydroxylamine was obtained as color less  c rys ta ls  with mp 80-82 ~ (from alcohol). 
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2) The coupling of 6.5 g (0.013 mole) of the hydroxylamine with an acetic acid solution of phenyl- 
diazonium chloride (1.23 g of aniline, 0.89 g of sodium nitrite, 3.5 ml of HCI and 3.5 ml of H20) was run 
the same as in the case of (1) and (ID. The obtained light yellow oil was separated, which gradually crys- 
tallized. Colorless crystals of (HI) were obtained in 45% yield after a double recrystallization from a 2 : 1 
alcohol-pentane mixture, mp 63-64 ~ Found: C 68.51; H 5.57; N 7.29%. C34H33N307. Calculated: C 68.52; 
H 5.58; N 7.05%. 

Trimethylolnitrosomethane acetate was obtained as described in [5]. The same method was u~ed 
to obtain trimethylolnitrosomethane benzoate (mp 142-143 ~ and tris(phenylacetoxymethylene)nitroso- 
methane (rap 56-57~ The nitroso compounds are colorless crystalline substances that are moderately 
soluble in alcohol and ether, and more readily soluble in benzene, with the formation of blue solutions. 

CONCLUSIONS 

i. A number of N-hydroxytriazenes, containing bulky tertiary aliphatic groups in the 3-position, 
was synthesized and their oxidative decomposition was studied. 

2. A study was made of the decomposition of the synthesized hydroxylriazenes in some organic 
solvents and the obtained EPR spectra were discussed. The structure of the tertiary alkyl groups affects 
the character of the HFC and the value of the splitting constant. 

3. A number of tertiary nitroso compounds was synthesized. The EPR spectra of nitroxides with 
the structure R-N-R' and (R)2N-O" were obtained. 
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