
STABILITY AND EQUILIBRIA OF FREE RADICALS-III* 

PREPARATION OF STABLE, STERICALLY SHIELDED, 
DIARYLNITROGEN RADICALS WITH DONOR AND ACCEPTOR 

ARYL GROUPS IN THE SAME MOLECULE 

A. T. BAIARAN, P. T. FRANGOPOI., M. FRANC~POL and N. NK;oII~; 
lnstltutc of Atomic Phystcs. P.O. Box 35. Bucharest. Roumanla 

(Rrcrivcd 29 March IW7. acctpred for puhlicarion 4 AprrlI967) 

AbQtrrwt Dlarylamma ArNHAr’ (Ar - 2.4.6-In-. 2.6-d1- or 2.4-dmlrrophmyl. and Ar’ - phenyl or a 

phcnyl wlrh clcctronJonatmg substirucnrsl were prcparaf. their IR and UV spectra. clcctrooxidation 

and clcctroroducrlon potentlab were studled Oxidalton of plcryl- and 2,6Jmitrophcnyl-substltutcd 

compounds wlrh Ag,O aflords paramagncnc solutions giving ESR signaL when Ar’ has Me0 or NR, 

suhsulucnrs Radicals IVI and VI arc srahle even In crystalline state 

INTRODUCTION 

Ih’-nIF: preceding parts of this series’ ’ we tried to bring experimental evidence to 
the problem of the uncommon stability of diphenylpicrylhydrazyl (1). In contrast 
to triarylmethyl free radicals where both electron-donating and electron-accepting 
para-substitutnts increase the stability, )” in diarylnitrogen free radicals electron- 
donating substituents increase and electron accepting substituents decrease, their 
stability as evidenced by the dissociation of tetrarylhydrazines.3b’ This difference 
between triarylmethyl, tetra-arylhydrazinium or triarylaminium free radicals (class S 
with no unshared electron pair on the C or N atom, non-Hammett behaviour)* and 
between diarylnitrogen, triarylhydrazyl or diarylnitroxide free radicals (class 0 with 
a lone pair on the N atom. Hammett behaviour).* has been rationalizcd theoreti- 
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ca11ys lo and is in agreement with studies on tetrazancs.” However, diphenyl- 
picrylhydrazyl I which possesses three nitro groups does not dimerize even at very 
low temperatures. I2 

The ESR spectra of I,l-diphenyl-2-picrylhydrazyl and related free radicals were 
analyzed by many investigators,‘ti “O but until now only coupling constants with 
the two hydrazylic nitrogen atoms were unambiguously assigned; coupling constants 
with the nitro group nitrogen atoms or with the protons have not yet been assigned. 
although degassed solutions present hyperfine structure due IO interactions with 
the latter atoms.“P 

We advanced the hypothesis that the nitro groups exert a steric effect. along with 
their electronic effect, and proved this hypothesis by synthesizing two hydrazyl free 
radicals II and III, with dinitrophenyl groups,’ in positions 26 and 2.4 respectively. 

I II III 
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Phenyl groups are manifest in the v8a and v19a bands at 1600 and 1500 cm-‘. 
Specific substitution patterns appear in compounds e-g (symmetrical CH, stretching 
band at 284&2845 cm - ’ of anisyl groups) and h (the same band at 28 1>2830 cm - ’ 
in dimethylaniline groups); in compounds a and i (out-of-plane CH deformation 
vibrations in monosubstituted phenyl groups at 69s700 and 74&765 cm- ‘) and 
in p-substituted compounds d, g. h. i at 84&850 cm- ‘. 

Electrochemical reduction ond oxidation potentials of diary&mines. on the dropping 
mercury electrode in ethanol, and on the rotating platinum electrode in acetonitrile, 
respectively. are presented in Table 4. A fairly good correlation between the oxidation 

TABIE 4. Kmuc-~ws ivmwuu (ON na DROPPISG Y?R(‘IJRY EI.FJZ-TR~W IN tmwu. wm 0.1N LtCl. 
VOLTS VS. S.C.E.) AhD OXIDATION POTi?~-lIAIS (ON TiE ROTATING PIATINLW F~.FzC-IROOE Iti AC?Yl’ONITRILt 

WITI! 0.2N NaCIO., VOLTS vs. THE AgX)aIN Ag’ Fl.EmODE) OF OLARYIAYINFJ 

IVH (2.4.bTrinmol 
Comp (RI .-- 

1: - E i 01 , ,d 
.-. .- _-_- 

a (III I .28 057. 0 75.095 
g @-Me01 097 0 52. e68. 0.88 
h @NMc,) O-40 0.45. o-66. 0 x2 
1 @NPh,) 066 062.0-84. I.10 

J [3.4 (Md&] 095 
I H III H O.H2 0 70. 09r 

VH (?.&Dmirro) 
.- .-. 

Ii + 0s - t:, r.4 
-. _. _. 

1 1x 06Y. 044 
090 0 62.0.80 
0-2x 0.62.082 
060 060.0-80 
084 
069 0.84 

VIH (ZA-Dmirro) 
- -. 

E t 01 -’ t:, ,** 
-..- 

I 24 067.090 
@90 062.0.87 
040 0.63.~R7 

066 062.0 X2 
090 
OX1 O&l, 0 X6 

’ The wave a! - 0 70 V is IWIIX h&r than rhc wave a1 - 092 V. 

potentials and the electronic absorption spectra is apparent: with the same substi- 
tuents R, the E, value is lowest for VH, higher for VIH and highest for IVH (in 
spectra the last order is reversed); with a given polynitrophenyl group, the oxidation 
potentials decrease in the sequence a > g > j > i > h. which is tk same as that 
observed in electronic spectra. This similarity can be accounted for, because the 
highest occupied molecular orbital is involved in both these processes. The electro- 
oxidation is probably the following monoelectronic process: 

Ar,NH - e- -. Ar,fi + H* 

On the other hand, the electroreduction potentials depend little on the nature of 
the substituent R; the dependence on the number of nitro groups is determinant 
(their position also influences but little the E,,, values, as shown by comparing the 
data for VH and VIH). In the picryl compounds IVH there appear three polaro- 
graphic waves, while in the dinitrophenyl compounds VH and VIH only two am 
present. It appears, therefore. that the reduction involves the nitro groups. 

Table 4 also includes data for I.Idiphenylpolynitrophenylhydrazines IH. IIH and 
IIIH. The first polarogrdphic wave for 1H (E, red = -0.70 V vs SCE) is twice as 
high as the second (- 092 V), therefore WC consider that the first wave results from 
the superposition of two waves. 

By comparing the electroxidation potentials of hydrazines IH-IIIH with those 





1 
A

B
LE

 
1.

 
tL

E
.U

E
S

T
A

R
Y

 
A

N
A

I.V
= 

A
M

, 
Y

 
P

s 
O

F
 

D
LA

R
Y

lA
M

lZ
tJ

 
(I

;P
P

D
l 

R
O

W
. 

(‘A
1.

C
 

V
A

LI
W

S
: 

II
W

’f3
, 

R
O

W
. 

F
”U

W
,)

 

IV
H

 
(2

.4
.6

-T
ri

ni
tr

o)
 

V
H

 
(2

.6
-D

m
lr

ro
) 

C
am

p
 

(R
I 

-7
 

. 
M

p
 

1 
L

llm
p

 
R

C
f 

a 
(1

1)
 

b 
(o

-M
e)

 

c 
(m

-M
e)

 

d 
(P

-M
C

) 

c 
(O

-O
M

C
) 

I 
(m

-O
hl

c)
 

6 
@

O
M

C
) 

17
9 

16
3 

12
9 16
8 

14
3 

12
6’

 
I 

17
2 

’ 

h 
(p

-N
M

e,
) 

a 
18

5 
: 

I 
@

-N
Ph

,)
 

17
y 

’ 

j 
[3

.4
_(

O
M

c)
,]

 
15

6’
 

. 
18

0 
19

 

16
3 

22
 

12
9 

22
.2

3 

16
5 

’ 
23

.2
4 

! 

M
P 

1 
Fo

rm
ul

a 
C

 

10
6’

 
1 

11
9 

’ 
C

,,H
,,S

,O
. 

10
7 

C
:,,

H
,,h

,O
. 

i 
13

5 
C

,,H
,,N

,O
. 

14
3 

1 
23

 
’ 

16
3 

C
,,H

,,N
,O

, 

_.
 

14
0 

C
,,H

,,N
,O

, 

17
2 

i 
23

.2
4 

16
9 

C
,,H

,,h
’,O

, 
’ 

18
3 

i 
24

.2
9 

15
5 

- 
22

2 

- 
: 

17
1 

57
.1

4 
40

5 

57
.2

2 
4.

38
 

57
-1

4 
40

s 

57
 3

4 
44

0 
57

-1
4 

: 
4i

)S
 

57
40

 
4.

33
 

53
98

 
3.

83
 

54
0 

3-
6 

S3
9R

 
j 

3.
83

 

54
.2

5 
4.

2 
I 

53
98

 
3 

x3
 

54
00

 
4 

19
 

56
.6

2 
4.

66
 

56
30

 
so

 

67
60

 
4 

25
 

67
 7

5 
4.

17
 

52
.6

7 
4.

10
 

53
00

 
39

8 II 

! 
V

IH
 

(2
.4

-D
im

;)
 

,_
_ 

I
 

t
 

N
 

M
 P

 
L

II
 

m
 p

 
1 

R
ef

. 
. 

--
 

- 
. 

. 
- 

1%
 

1%
 

21
 

- 
IS

.3
8 

IS
.2

3 

! 
15

.3
8 

IS
 1

3 

15
.3

8 
14

94
 

14
.5

3 
14

.6
 

14
.5

3 

14
-2

0 

14
.5

3 

14
 7

9 

18
.5

4 

l&
I 7

8 

13
 1

4 

13
.5

7 

13
 1

6 

13
06

 

I 

I 
13

7 
j 

13
1 

25
 

16
4 

16
4 

26
 

13
7 

13
8 

27
 

14
0 

14
0 

28
 

16
9 

17
0 

30
 

16
3’

 

I 

’ 
L

II
 

m
p 

z”
 1

07
 

10
x 

b 
Fo

un
d.

C
.4

70
2;

H
. 

32
9;

N
. 

17
-2

7 
C

,,H
,,N

,O
, 

rc
qu

~r
n:

 
C

.4
6.

71
; 

Il
. 

30
2;

 
h’

. 
16

76
”,

 

’ 
Fo

un
d:

 
C

.6
14

0;
 

H
. 

3.
75

. 
N

. 
14

 7
0 

C
1,

lI
,,S

,O
1 

rq
u~

rc
s:

 
C

.6
1.

14
. 

H
. 

36
4.

 
N

. 
14

X
S”

,,,
 

’ 
Fo

un
d.

 
C

.6
7.

81
; 

11
.4

.5
8;

 
N

. 
13

07
 

C
z.

H
,,N

,O
, 

rc
qu

~r
a:

 
C

. 
67

60
; 

H
.4

-2
5;

 
N

. 
13

 1
4”

, 
’ 

Fo
un

d,
 

C
.4

60
6;

 
H

. 
32

0;
 

N
. 

IS
 3

5 
C

,,H
,$

,O
, 

rc
qu

~r
cs

 
C

. 
46

.1
6:

 
H

. 
3.

32
. 

N
. 

15
.3

8”
, 

j 
Fo

un
d:

 
C

. 
52

-3
3;

 
H

.4
 

12
. 

N
. 

13
.2

0 
<‘

,,H
,,N

,O
. 

rc
qu

~r
cs

: 
C

. 
52

67
; 

H
. 

4.
10

: 
N

. 
13

.1
6”

,. 

” 
F.

 U
llm

an
n 

an
d 

G
. 

N
ad

as
 

B
er

. 
D

fs
ch

 
C

he
m

 
tic

s.
 4

1.
18

76
 

(l
w

8)
; 

M
 

C
;iu

a 
an

d 

F.
 C

hu
rc

h 
G

az
r. 

C
hr

m
 

Iro
l. 

49
, 

15
7 

(1
91

9)
; 

T
. 

L
 

D
av

is
 

an
d 

A
 A

 A
sh

do
w

n.
 

J.
 

A
m

 
C

he
m

 
So

t. 
4&

 1
05

2 
(1

92
4)

; 
R

. 
J.

 W
. 

lx
 

Ft
vr

e.
 

I 
C

hr
m

 
Se

r.
 

81
3 

(1
93

1)
. 

I0
 

W
. 

B
oo

rs
&

c 
an

d 
D

. 
Pa

nt
sc

hc
ff

 
L

ie
bi

gs
 

A
nn

 
37

9.
 

16
7 

(1
91

 I
).

 

*’
 

B
. B

. I
ky

 
an

d 
Y

. C
I.

 D
or

ai
sw

an
L

J.
 

In
d~

cr
n 

C
he

m
 

So
t. 

10
.3

@
(1

93
3)

; 
J.

 M
ar

sh
al

l. 

J 
In

d.
 

E
ry

l. 
C

he
m

 
12

. 
33

6 
(1

92
0)

. 

*’
 

l
 
F.

 K
eh

rm
an

n,
 

M
. 

R
am

m
 

an
d 

C
. 

Sc
hm

aj
cw

sk
i. 

H
rl

c.
 

C
hi

m
 

A
cf

o 
4.

54
0 

(1
92

0)
: 

b 
A

. 
H

an
tz

sc
h 

B
er

. 
D

rx
h.

 
C

hc
m

. 
G

C
J.

 4
3.

 
16

62
 (

19
10

).
 

I’
 

T
. 

C
 

Ja
m

a 
J.

 1
. M

. 
Jo

na
an

d 
R

. 
I.

 L
cw

is
J.

 
C

/t
er

n S
ot

 1
17

. 1
27

6(
19

15
),

 

” 
’ 

E
 

H
en

cl
 

an
d 

M
. 

Sc
hi

nn
cl

 
Z

. 
El

ek
tr

oc
he

m
 

45
.4

01
 

(1
93

9)
; 

’ 
S 

S 
U

ra
zo

vs
kl

L
 

M
ol

e&
ul

yu
rn

yi
 

po
lim

or
jiz

m
 

p.
 

24
9.

 
It

d 
A

ka
d,

 
N

au
k 

U
kr

. 

S.
S.

R
.. 

K
ie

v 
(1

95
6)

. 

” 
K

. 
B

ra
nd

 
an

d 
E

 
W

I]
&

. 
fl

er
. 

D
fr

ch
 

C
he

m
 

G
cs

 
56

 
1 

IO
 (

19
23

). 

” 
E

 
K

oi
kc

 
an

d 
H

. 
lid

a 
J.

 
C

he
m

 
So

t. 
Jo

pa
rs

 
In

d.
 

C
he

m
 

Se
ct

 
57

. 
54

6 
(1

95
4)

; 

H
. 

M
us

so
. 

C
he

m
. 

&
r. 

95
. 

17
11

 (
19

62
).

 

I‘
 

F.
 R

ev
er

dm
 

an
d 

A
 

D
eL

uc
 

C
km

 
B

er
. 

47
. 

15
39

 (
19

14
).

 

” 
A

. 
V

. 
B

lo
m

, 
H

e/
c.

 
C

hu
m

. 
A

cr
u 

4.
 

10
37

 
(1

92
0)

. 
” 

A
. 

M
. 

Si
m

on
ov

. 
Zh

. 
O

bs
ch

 
K

hr
m

 
13

. 
51

 (
19

43
).

 

” 
E

. 
L

cl
lm

an
n 

an
d 

F.
 M

ac
h,

 
B

er
. 

D
ts

ch
 

C
hm

. 
C

;e
s.

 2
3.

27
39

 
(I

W
O

).
 



T
A

B
U

 
2.

 
E

IJ
C

T
R

O
S

IC
 

A
B

W
R

P
T

IO
S

 
SP

E
C

T
R

A
 o

t 
IX

A
R

Y
IA

Y
IH

C
S 

IV
H

 
V

IH
 

~t
i 

I.
&

D
It

nU
m

cx
m

~h
r 

S
O

LU
IX

~ 
(U

P
P

E
R

 
R

O
W

. 
1,

 
IN

 
M

&
l: 

m
w

m
 

R
O

W
. 

Y
O

lA
R

 

A
~n

w
nv

rn
ts

~ 

I 
I 

A
m

m
c 

(R
I 

IV
H

 
(2

.4
.6

-T
ri

m
rr

o)
 

V
H

 
(2

.6
-D

m
It

ro
) 

I 
--

_-
 

. 
--

 
I 

1 
1 

-.
. 

_.
 -_

- 
- 

_ 
._

- 
4.

 -~
 

a 
IH

) 

b 
(o

-M
e)

 

c 
(m

-M
e)

 

d 
@

-M
e)

 

c 
(o

_O
M

e)
 

I 
(m

_O
M

c)
 

u 
@

-C
JM

e)
 

h 
@

-N
M

e,
) 

i 
(p

-N
Ph

,)
 

25
0 

sh
 

! 
36

3’
 

10
,5

00
 

i 
91

00
 

24
1 

sh
 

I3
,u

aI
 

24
5 

sh
 

; 
17

,O
al

 
! 

25
2 

sh
 

16
,5

50
 

; 
25

3 
sh

 

IO
.5

00
 

25
1’

sh
 

14
.1

50
 

24
2 

sh
 

’ 

35
8 

12
.c

xl
O

 

36
7 

12
,0

00
 

38
2 

: 
13

.8
00

 

38
3 

5 

; 
11

,8
00

 
36

7 

12
.3

00
 

’ 
38

1 

17
.8

00
 

26
2 

j 
31

6 
38

0 
sh

 

, 
2l

.a
-m

 
ll.

oo
o 

i 
w

oo
 

30
3 

34
0 

sh
 

J 
[3

.4
~0

M
e)

1]
 

I 
2s

.w
)o

 
1 

24
7 

sh
 

26
6 

sh
 

37
0 

sh
 

13
.8

w
l 

46
00

 
83

00
 

IH
-I

II
H

 
26

0s
h 

32
2 

I 
11

,8
00

 
I 

I 
“m

a 

26
65

 

21
.5

00
 

26
1 

13
.6

00
 

25
8 

2s
.0

00
 

26
0 

: 
25

.3
00

 

25
8 

/ 
28

.7
00

 

25
7 

m
.
5
0
0
 

25
7 

I I 

42
7 

I 
Y

i 
46

80
 

43
0 

60
50

 

43
4 

72
00

 

43
4 

89
00

 

, 
42

8 

61
00

 

43
6 

I 
m

o 
28

2 
sh

 
’ 

IO
,K

w
) 

i 
16

.3
C

N
J 

15
.1

00
 

44
4 

1 
24

9 
sh

 
I i 

30
6 

IO
.5

00
 

18
.1

00
 

25
.O

al
 

40
9 

26
3 

! 

88
00

 
14

.7
00

 

26
0 

sh
 

I 
lS

.a
IO

 
I I 

47
0 

26
3 

SC
X

IO
 

j 
19

.8
00

 
45

4 
26

7 
sh

 

7o
oo

 
l3

.O
w

 

44
0 

26
4 

sh
 

55
00

 
12

.2
00

 

39
4 

I 
26

7 

37
00

 
I 

14
.0

00
 

26
2 

sh
 

7u
O

O
 

26
4 

79
00

 

26
7 

75
00

 

26
0 

IO
.5

00
 

V
IH

 
(2

.4
.D

m
Ir

ro
) 

--
 

- 
--

 3%
’ 

14
,a

IO
 

_ 

I 
- 

I 
35

8 

! 
17

20
0 

-. 3%
 

ll.
84

m
 

35
8 

15
.1

00
 

36
7 

12
.0

00
 

1 
30

3 
I 

34
2 

sh
 

25
.5

00
 

i 
16

.9
00

 

36
0 

16
.4

00
 

I I 

I 

33
8 

12
.8

00
 

’ 
C

ir
. 

“’
 

23
3 

5 
m

v 
Ic

 1
9.

X
X

l)
. 

36
7 

m
)r

 (
L

 1
3.

20
0)

 
tn

 e
th

an
ol

 

’ 
L

II
 

‘I
’ 

23
1.

5 
m

)r
 (

c 
12

.8
00

).
 

35
@

5 
m

v 
(c

 1
7.

oo
O

) 
In

 e
th

an
ol

 

” 
l
 

W
 

A
 

Sc
hr

oe
de

r. 
F.

 
E

 
W

ilw
or

 
K

 
N

. 
T

ru
eb

lo
od

 
an

d 
A

 
0 

D
ck

ke
r. 

A
&

r 
C

hm
c 

23
. 

17
40

 (
19

51
).

 

’ 
M

 
B

us
ch

 
an

d 
W

 
K

iS
ge

l, 
B

cr
 

D
&

I 
C

he
m

. 
G

e.
r.

 4
3.

 
15

49
. 

15
61

 (
19

10
).

 



4666 A. T. BAMMH. P. T. FRA~PUL. M. FRAMXIPM and N. N~(ioi~ji 

Preparations and properties of diarylamines 
The diarylamines IVH. VH and VIH+ whose oxidation should lead to diaryl- 

nitrogen free radicals IV-.VI were prepared by nucleophilic substitution of activated 
halogen atoms in halo-polynitrobenzenes (2,4-lluoro- or chlorodinitrobenzene. 
2,6-chlorodinitrobenzene and picryl chloride, respectively) with substituted aniline 
derivatives (aniline, o-. m- and p-toluidine, o-. m- and p-anisidine. N.Ndimethyl- and 
diphenyl-pphenylencdiamine, 4-aminoveratrole). The reactions were carried out in 
absolute ethanol under rellux with 2-2.5 moles amine for one mole halopolynitro- 

benzene in the case of aniline. toluidines and anisidine; with equimolar ratios in the 
case of 3.4-dimethoxyaniline; and with an excess of halonitrobenzenc in the presence 
of solid sodium hydrogen carbonate for the pdimcthyl- or diphenylaminoanilines. 
The yields were over 70%. and the products were recrystallized from benrenc 
ethanol (R = p-NPh,) or ethanol (for the other amines). In some cases (R = p-NMe,) 
chromatography on alumina from chloroform was necessary. The properties and 
clcmentary analyses of the diarylamines IVH VIH are presented in Table 1. Some 
compounds of this class had been obtained in several crystalline forms and their 
chromoisomerism has been studied.“. 24 

Elecrronic absorption maxima of diarylamines in ethylene dichloride are presented 
in Table 2. It can be seen that from the diarylamines with the same substituents R. 
the longest-wave length band appcan in VH at the lowest frequencies; then come 
compounds IVH. while in VIH the frequencies are the highest. This situation was 
encountered in the l.ldiphenyl-2polynitrophenylhydrazincs 3L and in the poly- 
nitrophcnylhydrazones of fury1 alkyl ketones. 32b Although the bathochromic and 
hyperchromic effects of this band in the sequence VIHa e g, and j are quite small 
indicating littlc interaction between the ZAdinitrophenyl and polymethoxyphenyl 
groups in diarylamines. thcsc e!Iects are larger in compounds VHa. e g. j and in 
IVHa. e g j. Moreover, appreciable bathochromic effects are observed in all cases 
with compounds h and i. with the strongly donor groups NMe, and NPh,. proving 
that there exists an interaction between the two aryl groups in diarylamines across 
the amino nitrogen atom.33 

Methyl and methoxy substituents cause about the same shifts of the longest- 
wavelength bands. These shifts are more pronounced in the picrylderivatives IVH 
than in the dinitroderivatives VH or VIH. Interestingly. m-methoxy derivatives f 
absorb at lower wavelengths than o or pmcthoxy (c or g), owing to conjugative 
effects, but a steric effect probably operates in IVHb (u-methyl) which absorbs at 
lower wavelength than m- or p-methyl derivatives. 

In ethanol, all maxima are hipsochromically shifted relatively to the dichloro- 
ethane solution. In the case of the longest-wavelength band, the shift is 24 mp for 
IVHi, 17 mp for VHi and only 3 mp for VIHi. This negative solvatochromy is normal 
for such polar compounds. 

l The nolatlon of radicals and ammos consists m a roman numeral corrapndtng IO a formula. 
bllowal (In the case of amina only) by the ICIICI H or D which dcslgnata the hydrogen or dcutcrlum 

atom hnkcd IO the mtrogcn. and lasrly hy a letta a j mdicafmg rhc aryl substltuent bonded lo the 

polymtrophcnylammo group 

,U ’ J A Wcil and G A Janusoms. J Org Chum 27. 124X (1962); 
b A T &)aban. P. T Frangopol and E. Kcphngcr. Spcrrrochim Acla 19. 367 (1963) 

s) R. S T’rkhasky, Zh Org. Khim 1. 1909 (IWS) and lit cited therein. 
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Phenyl groups are manifest in the v8a and v19a bands at 1600 and 1500 cm-‘. 
Specific substitution patterns appear in compounds e-g (symmetrical CH, stretching 
band at 284&2845 cm - ’ of anisyl groups) and h (the same band at 28 1>2830 cm - ’ 
in dimethylaniline groups); in compounds a and i (out-of-plane CH deformation 
vibrations in monosubstituted phenyl groups at 69s700 and 74&765 cm- ‘) and 
in p-substituted compounds d, g. h. i at 84&850 cm- ‘. 

Electrochemical reduction ond oxidation potentials of diary&mines. on the dropping 
mercury electrode in ethanol, and on the rotating platinum electrode in acetonitrile, 
respectively. are presented in Table 4. A fairly good correlation between the oxidation 

TABIE 4. Kmuc-~ws ivmwuu (ON na DROPPISG Y?R(‘IJRY EI.FJZ-TR~W IN tmwu. wm 0.1N LtCl. 
VOLTS VS. S.C.E.) AhD OXIDATION POTi?~-lIAIS (ON TiE ROTATING PIATINLW F~.FzC-IROOE Iti AC?Yl’ONITRILt 

WITI! 0.2N NaCIO., VOLTS vs. THE AgX)aIN Ag’ Fl.EmODE) OF OLARYIAYINFJ 

IVH (2.4.bTrinmol 
Comp (RI .-- 

1: - E i 01 , ,d 
.-. .- _-_- 

a (III I .28 057. 0 75.095 
g @-Me01 097 0 52. e68. 0.88 
h @NMc,) O-40 0.45. o-66. 0 x2 
1 @NPh,) 066 062.0-84. I.10 

J [3.4 (Md&] 095 
I H III H O.H2 0 70. 09r 

VH (?.&Dmirro) 
.- .-. 

Ii + 0s - t:, r.4 
-. _. _. 

1 1x 06Y. 044 
090 0 62.0.80 
0-2x 0.62.082 
060 060.0-80 
084 
069 0.84 

VIH (ZA-Dmirro) 
- -. 

E t 01 -’ t:, ,** 
-..- 

I 24 067.090 
@90 062.0.87 
040 0.63.~R7 

066 062.0 X2 
090 
OX1 O&l, 0 X6 

’ The wave a! - 0 70 V is IWIIX h&r than rhc wave a1 - 092 V. 

potentials and the electronic absorption spectra is apparent: with the same substi- 
tuents R, the E, value is lowest for VH, higher for VIH and highest for IVH (in 
spectra the last order is reversed); with a given polynitrophenyl group, the oxidation 
potentials decrease in the sequence a > g > j > i > h. which is tk same as that 
observed in electronic spectra. This similarity can be accounted for, because the 
highest occupied molecular orbital is involved in both these processes. The electro- 
oxidation is probably the following monoelectronic process: 

Ar,NH - e- -. Ar,fi + H* 

On the other hand, the electroreduction potentials depend little on the nature of 
the substituent R; the dependence on the number of nitro groups is determinant 
(their position also influences but little the E,,, values, as shown by comparing the 
data for VH and VIH). In the picryl compounds IVH there appear three polaro- 
graphic waves, while in the dinitrophenyl compounds VH and VIH only two am 
present. It appears, therefore. that the reduction involves the nitro groups. 

Table 4 also includes data for I.Idiphenylpolynitrophenylhydrazines IH. IIH and 
IIIH. The first polarogrdphic wave for 1H (E, red = -0.70 V vs SCE) is twice as 
high as the second (- 092 V), therefore WC consider that the first wave results from 
the superposition of two waves. 

By comparing the electroxidation potentials of hydrazines IH-IIIH with those 
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of diarylamines IVH VIH, one can see that the latter E,, values cover a wider range 
including the values for hydrazines. 

Preparation and properties office radicals 
Attempts to oxidize with lead dioxide the diarylamines IVHi, VHi and VIHi 

failed. therefore recourse was had to silver oxide as oxidizing agent. Busch and 
K6ge131b mentioned that N-picryl-z-naphthylamine and N-picrylaniline (IVHa) 
are oxidized by silver oxide to products which were not further investiagted. By 
stirring solutions of diarylarnines in benzene, chloroform. tetrahydrofuran or dicthyl 
ether with silver oxide. deeply-coloured solutions were obtained which yielded an 
ESR spectrum in the case of compounds IV g-j and V g-j. No electron paramagnetic 
resonance absorption was observed on similar oxidation of amines VIH a j. IVH 
a f and VH a-f. The deep violet solutions of IVi and Vi yielded on evaporation dark 
crystals which were paramagnctic; their solution yielded and ESR spectrum identical 
with that of the oxidizd solution. By reduction with hydroquinone’6 they co&I be 
converted back into the corresponding diarylamines (identified by mixed m.p. and 
by IR spectra). Their elementary analyses and absorption bands at ca. 530 mu 
(Table 5) are consistent with structures IVi and Vi (hydrazyls I-III absorb at 

TAME 5. FREE RADICALS IVI ASD VI 

.--F::T .. .: _ -$krr+&~ 
Elcmenuwy analyrls C 61.27 6146 67 76 6781 

(Calc. ; Found) H 
N 14.88 14.54 13.17 13437 

343 3 75 j400 4M 
- ~_ ---- 

M.p. C 85’ 131’ 
--. -- 

Absorption L mp 530; 3aI.5; 263 
bands m CaH,CII t 2MI 20.900 21.400 

practically the same wavelength’). In the IR spectra of IVi and Vi (KBr pellets or 
CCI, solution) there are no NH stretching bands; the other major bands in the 
spectra of the corresponding diarylamines are also present in the spectra of the 
free radicals. These compounds seem to be the first crystalline diarylnitrogen radicals 
so far reported. 

Attempts to oxidize dipicrylamine by the same method failed. However. by treating 
with silver oxide solutions of picryl-methoxyamine VII or the related 2.6 or 2,4- 
dinitrophenyl-methoxyamine, paramagnetic species were obtained. giving ESR 

” S Tazuke. K. Uno and S Oknmura BuII. Chm. Sot. Jopm 3l. 1218 (lW5) 
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signals with hyperline structure.“’ It seems therefore that the requirements for the 
stability of nitrogen free radicals are2 a steric shielding around the nitrogen atom 
(which can be ensured for instance by a picryl or a 26dinitrophenyl. but less by 
a 2.4-dinitrophenyl group) and a dipolar structure leading IO a strong electron 
displacement. These conditions are fulfilled by the general formula VIII. which 
includes the stable free radicals I. II. IV. V and VII. Data on free radicals with struc- 

tures similar IO IV VI. but with nitro groups partly replaced by sulphonic groups. 
will be reported at a later date.“’ The failure of Poirier and Benington’8 IO prepare 
a radical IX was conliimcd by our unsuccessful attempts to oxidize IXH tither with 
Pb02 or with Ag,O. 

.h’ 
OMe KR tiMC 

@.N .N’ * 

Electronic paramagnetic resonance spectra 

Solutions of the diarylamines in benzene were degassed by bubbling argon in 
special vials with IWO protruding tubes: one fitting into the cavity of the ESR 
spectrometer. the other containing powdcrti silver oxide. The vials were sealed off 
in argon atmosphere. Alternatively. the solutions were degassed by freezing and 
evacuating several times and sealing the evacuated vial with the solution frozen by 
liquid nitrogen. Immediately before taking the ESR spectra the vials were tilted and 
the solution was brought into contact with the silver oxide. The spectra were run 
several times at room temperature in order to ascertain the stability of the radicalic 
species. Results are presented in Table 6 and in Figs. I and 2. 

Even in carefully degas.. solutions. no supplementary splittings besides those 
indicated in Table 6 appear. The fairly broad lines and their superpositions preclude 
an unambiguous assignment of coupling constants However. one can make the 
assumption that the major splitting constant is due IO the diarylamino nitrogen 
atom. and this is indicated in Table 6. For the mono and dimethoxy compounds IVg 
and Vg. or IVj and Vlj. rcspcctivcly. the ESR spectra arc pairwise identical. and the 
assignment of the three major lines IO a triplet due IO 14N (nuclear spin 1) is 
straightforward. The ESR spectra of IVh. IVi. Vh and Vi arc more complicated and 
the a3 values are tentative. 

” ’ A T Balaban. P T. Frangopol. M. Frangopol and N Ncgo~\L paper IO he pubhshcd 

’ P T Frangopol. M Frangopol. N Negoi@ E Romas and M Paraschlv. IO bc pubhshcd 

” R H Power and F Eenington. J Org Chum 19. 1 I57 (1954) 
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10 chum 
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Rc, I. ESR spoztra of diarylmfrogen free radicals m henz~ne: 
1. picryl-pdimethylammophcnyl-nitrogen. 1Vh; 
2.2.6dinitrophenyl-pdImclylamiaophenyl-nttrogen. Vh; 
3. plcryl-pdiphmylaminopbeayl-mtrogen. IVi ; 
4. ptcryl-p-anisyl-tutrogen. IVg ; 
5. picryl-3,4d~mcthoxyphcnyl-nttrogcn. IVj ; 
6. 2.bdmiIrophenyLp-d~phcnylaminophmyl-mtrogcn, VI. 

FIG. 2 FSR spectra of diarylnitrogat fra ndicab m hcnzex~ at room tanp m argon 
atmosphere : 
I. picryl-pdiphmy~lnophcayl-nitrogen IVi (full lmc initially; dotted line. afta Iwo 

hours; dashal hoc. after 24 hrs); 
2. 2,6dmiIrophcnyl-pdiphenylaminophenylnitrogcn, Vi (full lint initially; dashed lk. 

after 24 hr) ; 
3. picryl-p-rnisyl-aitrogm IVg (full lint imttally; dottal line after 24 hrl. 
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The total width of the ESR spectrum is in cases g. i and J practically constant. 
ca. 28 gauss. as seen from Table 6 by multiplying the smallest spacing with the 
number of lines. This is in agreement with theoretical expectations assuming all spin 
densities to be positive. ” However. the ESR spectra IVh and Vh are broader 
(about 50 gauss). 

An important conclusion from the investigation of ESR spectra concerns the 
isotropic g-values of the free radicals in solution. which were estimated relatively to 
potassium pcroxylamindisulphonate*’ (Frimy salt). q = 20055.” As seen from 
Table 6. all g-values lie in the range 24M3 I-24036. Since the Q factors of diarylnitrogcn 
free radicals have the same values 20031-24XU4.‘8 whereas diarylnitroxides have 
higher g-values* (2XXI5~24MH). 42 ” it is apparent that the oxidizing agent (Ag,O) 
did not convert the diarylaminc into a diarylnitroxide. in agreement with the above 
chemical investigations. Oxygen or peroxides were reported” to convert diphcnyl- 
aralkyl-amines Ph,N CH,‘Ar, , (x = 0 or 2) into tetraphcnylhydrdzinium and 
diphenylnitroxidc freeradicals. 

The number of paramagnetic Lznters of solid IVi was determined by comparing 
its ESR spectrum with that of standard samples of carbon and diphenylpicryl- 
hydrazyl. It was found that. although IVi did not reveal an NH stretching band. the 
signal had an integrated intensity corresponding to a number of spins equal to only 
7“;, of the number of molecules of IVi present in the sample. Attempts to purify the 
radical by thin-layer chromatography on silica-gel in order to free it from dia- 
magnetic impurities gave the opposite result. 

EXPERIMENTAL 

Slnrring moprio& Halopolynitrobcnzcna were prcparcd as dcscribcd ’ lk subrritutai amhna 

rcquiral for ~hc preparation of diarylamina IVH VIH wcrc commercial compounds with the followmg 

rhrcc exceptIons. 

m-Aaiddmc wax prepared from m-ammophcnol by K-accrylation with Ac,O. methylarton wtth Me,SO. 

m alkaline so1n.l’ and acid hydrolysis of the AC group; the bass was SCI free by alkalimzauon and 

purified by dixtillrtion b.p.,, 251”. and recryxtallimtion, m.p. 126” from EtOH. 

l Spmarbit coupling with atoms hcavlcr than N incrcascs the value of he g-factor.‘* 

‘e H. S. Jarrcrr. I Chem. Phys. 25, ID9 (1956). 

” E. Frcmy. Ann Chun Phys 15. 459 (1845); <i. Harvey and R G W Hollmgxhcad. Chom & Ind 244 

(1953); J. P. Lloyd and G E Pakc. Phys Ret 94.579 (1954); G Braucr (Editor). Homfhuch der priipclm- 
rfrm~ rmorgMirchen Chemk (2nd Edition) Vol I. p. 452 Enkc Valag Stuttgart (1960): R. P. Sin& 

con& I C-hem u. I994 (1966) 

l ’ J Q Adams and J R Thorn-J Chem Phys 39, 1904 (1963) 

” F A Ncugcbaun and P H. H Ftschcr. % !Vor~r/orschung 2tb. 1036 (1966); P H H Fechcr and 

F. A. Neugcbaucr. Ibid t9a 1514 (1964) 

” E G. Rozanrxv. Usp Khim 35. 1549 (1966); R. M Dupcyre and A Rassat. J Am Chum Sor 88. 
3 1110 (1966) and prcvioux papers m the xcria 

” A J Stone. Mel Phys. 6, 509 (1963); K. SchefTcr and H B. S~cgmann. Ber Bunsmgrs phystk Chum 
67. 864 (IW3); B G. &gal. M. Kaplan and G K. Fracnkd 1. Chem Phyr. 43. 4191 (1965): 0 H 

Griflith D W Cornell and H M McCoanclL Ibid 43.2909 (1965); J R Thomas J Am Chem. Sot 
86.1446 (1964) 

” G. A Ab8kumov.A A. AbrunonandG. A Razuvuv.DoM A&&. NoJl S.S.S.R. Khim lea. 579(1966). 
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4-Ammoverarrok was prepared from carcchol by mcrhylauon wrrh Mc,SG, m aqueous alkahnc 

soln.‘b nnrarton and rcducuon wrrh SnCI, m IICI “ 

p-Aminornphenylammc (h’.h’diphcnyl-p-phcnylcncdiammc) was prepared from Ph,N by mono- 

nnrauon and rcducuon The rurrauon with HNO, m A&H” always g~vcs mrxturcs of mono- and 

polymtrodcnvativa (cf”~ rhcrcforc a drJTcrcnr proccdurc was adoprcd. namely ~bc rcacuon wirh NaNO, 

(3 moks Jar one mok Ph,N) m Ac<)H a~ 70 lor I hr. m condmons which dlfkr slighrly from rhosc 

dcscnbcdso p-Nrrrornphcnylammc. m p 142’:’ ” ” war rcduccd wrrh Z.n powder m AcGH” IO 

p-ammornphcnylammc. m.p. 145’ ” ‘* 

Ag,O was prepared from AgNO, and NaOH.” 

The rcacuon of halopolyrnrrobcnzcncs (I mole) wrrh 2 2 5 moln arnlmc (a). rolmdmcs (b d) or amsldrna 

(c g) was cfkcrcd by hearing under r&x for 2 R hr m PrOIt followed by cooling and hlrcnng OK the 

red. orange or yellow drarylammc. which was rccrysrallrral from EIOH (y~cld 90 9X”.I Longer hcarmg 

pcnods wcrc necessary for the rcacnon with I -chloro-2.6dnutrobcnzenc 

2.4.6Tnncrro-2’.mcrhoxydrphcnylammc IIVHc) had been prcparcd by a dnkrcnr mcrhud.” from 

mcrhyl-ptrryl-mrramlne and o-arusrdmc 
The rcacuon with l.ammovcrarrolc was carrmd OUI wrrh cqulmolar amounrs of reagents m EIOH. 

m rhc prcscncc of solid NaltCO, The rcacrron fallal wnh J-chloro-2.4dmurobnzcnc; wrrh I-fluoro- 

2.4dnnrrobcn~nc afrcr 10 hr hearing under rcflux tn EtOH. ir aNordcd a product which was chroma- 

lographed on a column packed w~lh alumma from CHCI, bcnztnc (I :I) The pure producr Vlllj IS 

yellow The reacrton proceeded mrmally with ~hc IWO orhcr halonirrobcnzcna affording rhc red VHJ 

and IVIIJ which were rccrysralhzcd from EtOH or ALOH Dcurcrarions were performal by rccrysralhrauon 

from CH,COOD obraincd from Ac,O and D,O 

The rcacuons wuh N.~dtmcrhyl- or drphcnyl-p-phcnylcncdrammc were cflecrcd wrrh cquimolar 

amounrs of amlnc. haJopolymrrobcnzcnc and h’aHC0, m t.rOH ar rcflux rcmp. The crude producrs 

IVh Vlh were chromarographcd on alumma from CHCI, The producrs IVi VII wcrc rccrysralhud from 

bcnzcnc EIGH or from Ac<)H N-Dcurcranons were cffr~~cd by rccrycralhralron from (Ii, <‘rIGI) 

Prqwraraon ojjree rudicals 

In ~hc spmal vial (Fig. 3). a wccghcd amounr of drarylammc was mrroducuJ ar H (ou~cr dramera 5 mm. 

Jirrrng mro the canny of rhc ESR spccfromctcrl A 20 rimes larger amour-n of freshly prepared Ag# was 

inrroduccd ar A. and a volume of abs bcnzcnc was mrroduccd from a upped mrcrobura mro B in order 

lo give a 10-l molar soln; 0,.hoc argon was buhbkd through ~hc soh~ through rhc 01 -pitrPry D for 

.3O mm. then this wprllary was rat.& through rhc s~oppcr t: above pomr C. and with argon sull flowmg. 

rhc vral was sealal oil al C. Alrcrnarrvcly. the vlal was arrachcd IO a high vacuum Imc. rhc bcnznc soln 

ar B was froren In lqurd N, and rhc vtal was cvacuarcd. rhcn rhc vacuum rap was rurncd off, ~hc Dcwar 

flask was removed and the soln was allowed 10 warm up IO room rcrnp; rhc frccang and pumping were 

rcpcarcd scvcral nmcs 

Bcforc recording the ESR spesrrum. rhc vial IS IIII~J so rhar fhc .soJn flows mro A, and alla a kw mm 

the supcrnaranr dark-colourcd soln IS dccantcd back mro B. rhcn the ESR spccrrum IS recorded 

t’or prcparmg rhc free radrcals IVI and VI. rhc amina 1Vlt1 and VHr (O-I a) wcrc surrcd w~lh 2 g of 

freshly prepared dry Ag,G and wlrh 0 I g anhyd h’alSO, m 10 ml dry bcnxcnc. Afrcr 2 hr surring the 

v~olcr soln was Jilrcrod off. fhc soln was chromarographcd (prcpararrvc TLC on silica-gel using a mlxrurc 
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Stablltty and cqu~l~hrta of free radtcalr III 4675 

of Ccl, and rolucne (I .?) as clucnr) Af~cr cvaporatmg rhc solvent m vacuum. the vlolct-black product 

was stored m the cold 
Regmrrarim of IVHI jrwn IVI ” ” A soln of the fra radxal IVi m CCI, was shaken with an cqulvalcnt 

amount of qumol tn water. After washmg wllh water. rhc C<‘l, soln was dncd over Call,. then fhc IR 

spectrum of rhe soln showed the product IO bt tdcnrxal wlrh IVHI 

C -I A 

b 
cc 

c 

b 

FOG 3 Seal vral for I:SR spectra In Inert atmosphere 

Appurutus UV absorption spaxra were recorded with an 0p11ca (Milan) CF4 npcctrophotomcrcr 

IR absorption spcc~ra were recordal with a Jcna UR-IO spetxrophoromerer Elcctrorcduction and elcctro- 

oxrdation po~cnrcztls were regrsteral wlrh a Ilcyrovsky LP 55 polarograph. the rotartng PI elccrrodc 

waadcscribai prcvlously ” The IiSR spectrometer opcrarcsm the X-band and hasa high-fickl modularron ‘b 
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