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We have developed a regiospecific method for synthesis of N'-phosphinatodiazene N-oxides, a previously 
unknown type of azoxy compounds in which the diazene oxide fragment is directly connected with the 
phosphinate group. The method involves reaction of amidoesters of alkyl- and arylphosphonic acids with nitroso 
compounds in the presence of  dibromoisocyanurate. 
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Earlier we reported obtaining N'-phosphonatodiazene N-oxides (1) of azoxy compounds, in which the diazene oxide 

group is directly connected with the phosphorus atom [1, 2]. In this paper, we suggest an approach to synthesis of previously 

unknown structural analogs of l:N'-phosphinatodiazene N-oxides (2), compounds in which the diazene oxide fragment is 

connected with the phosphinate group. 

0 0 OR~ 

R1--N=N--p 
\ 

R 3 

R 1 = Alk, Ar, Het; R e-- Alk, Ar; Ra=--OAlk, ~OAr, 

R a== Alk, Ar (2). 

N / ~ - \ O  it); 

For the first time we have shown that amidoesters of phosphonic acids react with nitroso compounds in the presence 

of dibromoisocyanurate (DBI) with formation of the desired N'-phosphinatodiazene N-oxides (2). For the use of DBI for 

synthesis of asymmetrically substituted azoxy compounds, see [I-7]. 

O OR ~ O O OR ~ 
II / DBI T I1 / 

R1--NO -4- H~.N--P .... ~, R1--N:N--P 
\ ~o ° c, cn~cl~ \ 

R 3 R 3 
(3a--i) (2a--v) 

This reaction involves nitroso compounds of the aliphatic, alicyclic, and aromatic series. Of the anaidophosphinates, the 

amido derivatives of methyl- and phenylphosph0nic acids 3a-i (R 3 = CH3, Ph)* were involved in the process. The reactions 

proceed easily in a medium of chlorine-containing organic solvents at -20°C.  The yields of azoxy products (2a-v) are 10-65% 

(Table 1). 

*We synthesized the amidophosphinates 3a-e, not described previously, according to the standard scheme in [8]: treatment of 
the corresponding P-chloro derivatives with ammonia in ether. 
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N'-Phosphinatodiazene N-oxides 2a-v are oily or crystalline materials, stable when stored at ~ 20°C. Chromatography 

of 2a-v on Silpearl leads to partial decomposition of the products, which in our opinion explains the moderate yields of the target 

products isolated from the reaction mass by the indicated method. The physicochemical and spectral characteristics of 2a-v are 
presented in Tables 1-3. 

The synthesized compounds are pure regioisomers. The location of the oxygen atom in the azoxy group of the products 
was established on the basis of IsC and 1aN NMR spectra of 2d, n. The signal for the carbon bonded to the diazene oxide 

fragment in 2d, n is appreciably broadened, which may be due only to spin-spin coupling through one 13C-14N bond with 
the oxide nitrogen atom of the diazene oxide group. In fact, the observed broadening disappears upon suppression of the rather 

narrow (Avl/2 = 80-250 Hz) signal of the latter at the 14N frequency [9], which allows us to unambiguously assign the structure 

of N'-phosphinatodiazene N-oxides to the studied compounds 2a-v. 

The reaction mechanism is probably analogous to the mechanism for the process of formation of the diazene oxide group 

from amidophosphonates and nitroso compounds in the presence of DBI [2], and probably includes introduction of two bromine 
atoms into the molecules of the starting amido derivatives and reaction of the N,N-dibromoamides formed with the nltroso 
compounds present in the system, according to the scheme suggested in [10]. This hypothesis is confirmed by isolation of the 
low-stability P-(N,N-dibromoamido)-O-octyl-P-methylphosphinate (4) upon treatment of the corresponding amidophosphinate 
with DBI in an inert organic solvent (or with bromine in an alkaline aqueous solution) and synthesis of 2j from 4 and 
nitrosobenzene under the conditions of the reaction under study. 

H.C 0 H~C 0 HsC 0 0 
tt DBI/CH~CI, ~ ti PhNO ~, tl 
P--NH2 >- P--NBr2 ~ PN=NPh 

/ (BrdOn-/H,O) / / 
n'tllrCsO n-H17CsO n-Hl~CsO 

(3c) (4) (zi) 

EXPERIMENTAL 

The IR spectra of the liquid compounds were taken in a thin layer and the IR spectra of the solid compounds were taken 
in a KBr disk on the Specord IR-75 spectrometer. The NMR spectra for the IH, 13C, laN, and 31p nuclei were obtained in 

acetone-d 6 on ttie Bruker AM-300 spectrometer at frequencies 300.13 (IH), 75.5 (13C), 21.7 (14N), and 121.5 MtLz (31p). The 

chemical shifts of the tH and 13C signals were measured relative to acetone-d~ (6 30.0 ppm); for 14N, relative to nitromethane 

(external standard, 6 0.0 ppm); for ~ip, relative to the external standard H3PO 4 (6 0.0 ppm). 
Dibromoisocyanurate [11], 2-nitro-2-nitrosopropane [12], 1-nitro-l-nitrosocyclopentane [13], 1-nitro-l-nitrosocyclohex- 

ane [13], amidophosphinates 3f-i [8] were obtained according to literature techniques. 

O-Alkyl-P-methyl and O-Cycioalkyi-P-phenyI-P-amidophosphinates (3a-e). Dry NH 3 was passed through a solution 
of 10 mmotes of the corresponding P-chlorophosphi~te in 10 ml absolute ether at -50°C until precipitation stopped ( -  40 min). 

The precipitated NH4CI was filtered and washed with ether, and the solvent was removed. The products were crystallized from 
hexane. The yield and properties of 3a-e are presented in Table 4. 

N'-Phosphinatodiazene N-Oxides (2a-v). A mixture of 10 rnrnoles of the nitroso compound, 10 mmoles 
amidophosphinate, and 20 mmoles dibromoisocyanurate in 10 ml CHzC12 was stirred for 12-24 h at 20°C. The excess DBI and 
cyanuric acid were filtered off, washed with CH2Ct 2 (2 x 5 ml). The fiAtrate was evaporated under vacuum. The products 2a-v 

were isolated using TLC (Silpearl, ether as eluting agent). Compounds 2k, p, r, u were crystallized additionally from hexane. 
The yields and properties of 2a-v are presented in Table 1. 

P-(N,N-Dibromoamido)-O-octyl-P-methyiphosphinate (4). A. A mixture of 1.0 g (5 rnmoles) O-octyl-P- 
methylamidophosphinate and 2.87 g (10 rmmoles) dibromisocyanurate in 5 ml CH2C12 was stirred for 12 h at 20°C. The excess 
DBI and cyanuric acid were filtered off and washed with CH2Ct 2 (2 x 3 ml). The filtrate was evaporated under vacuum. 
Obtained: 1.65 g (94%) 4 in the form of a transparent yellow oil. IR spectrum (v, cm-t): 1050 ( P - O - C ) ,  1260 (P=O). PMR 

spectrum (6, ppm): 1.0 m (15H, CsHt7); 1.79 d (3H, PCH3); 4.05 m (2H, C8H17 ). Found, %: P 8.49; Br 43.80. 
CgH20PO2NBr 2. Calculated, %: P 8.55; Br 39.02. 

B. 1.5 g (10 mmoles) bromine was added dropwise to a solution of 1.0 g (5 mmoles) O-octyl-P-methylamidophosphinate 
and 0.7 g (5.3 mmoles) K2CO 3 in 5 ml water at 0°C with stirring. The mixture was stirred for 30 rain at 0°C and then for I 
h at 20°C. CH2CI 2 (15 ml) was added, the organic layer was separated, and the aqueous layer was extracted with CHzCI 2 (3 x 

2097 



g 

FA
B

L
E

 1
. 

Y
ie

ld
s 

an
d 

So
m

e 
Ph

ys
ic

oc
he

m
ic

al
 a

nd
 S

pe
ct

ra
l 

C
ha

ra
ct

er
is

ti
cs

 o
f 

N
'-P

ho
sp

hi
na

to
di

az
en

e 
N

-O
xi

de
s*

 

po
un

d 
I 

R'
 

2a
 

-P
h

 

2b
 

-C
 (

C
H

s)
 2

N
O

z 

2e
 

N
O

~ 

ID
< 

2d
 

-P
h

 

2e
 

-C
 (C

H
s)

 ~
N

02
 

2f
 

1.
__

~ 
N

O
z 

J<
 

2g
 

-P
h

 

2h
 

-C
(C

H
3)

 z
N

O
~ 

2i
 

N
O

2 

I_D
< 

~2
 

M
e 

E
t 

E
t 

E
t 

?6
H

it
-c

 

28
H,
,-
c 

2~
H

lt
-l

c 

C
SH

lT
-n

 

E
sH

l~
-n

 

R
 s ~e

 

Je
 

M
~ 

M
c 

M
( 

O
 

0 
O

R
a 

T
 

U
/ 

Rt
--
N-
--
--
N-
-P
 

IR
 
s
P
e
c
t
r
u
m
 
(v

, 
c
m
-
I
)
 

[P
MR

 
s
p
e
c
t
r
u
m
 
(~

, 
pp

m;
 
J,

 
Hz

)%
 
...
 

lo
~e

~ 
I 

Yi
el

d,
 

] c
h
a
r
a
c
-
|
 

o 
. 

.. 
P
-
O
-
C
 
]t

er
is

ti
~ 

% 
~ 

N 
r
=
=
u
 

P-
-O

-N
 

{
ab

so
rp

-|
 

R'
 

R~
. 
B'
 

= 
|.
ti
on
 

| 
t b

an
ds

 
| 

13
 

L0
 

18
 

2~
 

2(
 

32
 

25
 

14
90

 

L
5t

5 

15
10

 

14
90

 

15
20

 

15
20

 

14
90

 

t5
15

 

15
20

 

t2
20

 

[2
30

 

[2
20

 

L2
30

 

12
40

 

[2
50

 

t2
40

 

t2
30

 

t0
40

 

lO
ttO

 

10
40

 

L0
40

 

10
20

 

10
10

 

10
20

 

10
30

 

t5
75

 
(N

O
~)

 

15
70

 
(N

O
~)

 

15
75

 
:N

O
~)

 

15
70

 
',N

O
2)

 

15
75

 
:N

O
~)

 

t5
75

 
:N

O
~)

 
~7

 
[2

60
 

10
3C

 

7.
36

 m
 

(3
H

, 
P

h)
 ; 

8.
t5

m
 

(2
H

, P
h)

 

2.
07

 s
 

[6
H

. C
It

3)
 

1.
9!

 
m

 
(4

H.
 C

H
2)

 ; 
2.

77
 

m
 

(4
H

, C
H

2)
 

7.
57

 m
 

(3
H

, 
P

h)
 ; 

8.
i7

 m
 

(2
H

, 
P

h)
 

2.
08

 s
 

(6
H

, C
H

s)
 

1.
92

 m
 

(4
H

, C
H

2)
 ; 

2.
76

 r
a 

(4
H

, C
H

~)
 

7.
43

 m
 

(3
H

, 
P

h)
; 

8.
i5

 m
 

(2
H

, P
h)

 
2.

t3
 
S 

(6
H

, C
H

3)
 

t.
92

 
m

 
(4

H
, C

Hz
) 

; 
2,

8t
 

m
 

(4
H

, C
H

2)
 

t.7
3 

d 
(3

H
, C

H
s,

 1
=

8)
 ;

 
L

90
d 

(3
H

, O
C

H
s,

 1
--

--
t0

) 

t.2
7 

t 
(3

11
, C

H
3,

 ./
=

7)
; 

1.
67

 d
 (

3H
, C

H
a,

 1
=

8
);

 
1.

20
 m

 (2
H

, C
H

,)
 

t.
30

 t
 

(3
H

, 
C

H
s,

 1
=

7)
 ;

 
t.

73
 d

 
(3

H
, 

C
H

~,
 1

=
8)

; 
4.

23
 m

 (
2H

, 
C

H
~O

) 

t.
33

 t
 

(3
H

, 
C

H
s,

 1
=

7)
 ;

 
1.

77
 d

 
(3

H
, 

C
H

s,
 .

/=
8)

 ;
 

t.
30

 m
 (

2H
, 

C
H

2)
 

t.7
5 

d 
(3

H
, 

C
H

3,
 ./

=
8)

; 
~.

60
m

 
(t

H
, 

C
H

);
 

t.
80

 m
 (

10
H

, 
(C

H
~)

~)
 

1.
70

 d
 (

3H
, 

C
H

3,
 1

=
8

):
 

4.
65

m
 

(I
H

, 
C

H
);

 
1,

65
 m

 (
10

H
, 

(C
H

~)
.~

) 

t.
73

 d
 (

3H
, 

C
H

a,
 .

/=
8)

; 
4.

63
 m

 (
IH

, 
C

H
);

 
1.

65
 m

 (
t0

H
, 

(C
H

2)
~)

 

t.
03

 m
 (

i5
H

, 
C

8H
,7

);
 

t.
66

 d
 (

3H
, 

C
H

3,
 ./

=
,8

);
 

4.
15

 m
 (

2H
, 

C
H

2)
 

t:
03

 m
 (

15
It

, 
C

sH
,~

);
 

t.
68

 d
 (

3H
, 

E
ll

a,
 1

=
8)

; 
4,

t5
 m

 (
2H

, 
C

H
z)

 

~5
.3

2 

i3
.7

5 

',7
.8

8 Fo
un

d 

I 

H
 

N
 

[ 
P 

t 

6.
74

 
9.

93
 

t0
.9

9 

8.
2f

 
t2

.4
3 

9.
03

 
8~

-4
- 

]2
.9

9 
9.

59
 

8.
27

 
1t

.9
8 

8.
i6

 
s-

b-
if-

 1
2.o

----
-5 

8.
8s

 



.~
k !i
 

2m
 

Ph
 

2n
 

2o
 

2p
 

2q
 

2r
 

~s
 

~t
 

-P
h

 

-C
(C

H
D

 ~
N

O
z 

N
O

z 

N
O

2 

-P
h

 

-C
6H

~
-o

-N
O

~
 

-
C
 
(C

H
~)

 zN
02

 

-P
h

 

-C
 (C

H
~)

 2N
O

z 

-C
 (C

H
3)

 ~N
O

,, 

N
()

~ 
0

<
 

-P
h

 

3s
H

,7
-n

 

Ph
 

P
h 

22
0 

P
h 

P
h M
e 

M
e 

E
t 

B
u-

n 

B
u-

n 

B
u-

n 

M
e 

33
 

M
e 

36
 

M
e 

62
 

M
e 

65
 

~l
e 

52
 

~I
e 

4t
 

?h
 

24
 

Ph
 

47
 

t4
90

 

[5
00

 

15
10

 

[5
20

 

12
50

 

t2
40

 

i2
30

 

25
0 

25
0 

25
5 

24
0 

27
0 

25
5 

25
5 

2
5

0
 

[0
20

 

10
20

 

95
0 

30
30

 

10
20

 

~5
0 

95
0 

10
40

 

I0
40

 

t0
40

 

L0
40

 

10
45

 

15
70

 
(N

O
D

 
t5

70
 

(N
O

~)
 

t5
80

 
(N

O
z)

 

7.
42

 m
 

(3
H

, P
h)

; 
8.

t0
 m

 
(2

H
, e

h)
 

2.
08

 
s 

(6
H

, C
H

.~
) 

t.8
7 

m
 

(4
H

, C
H

2)
 ; 

2.
83

 m
 

(4
H

, C
H

2)
 

1.
50

 m
 

(6
H

, C
H

2)
 ; 

2.
46

 m
 

(4
H

, C
H

D
 

7.
42

 m
 

(3
H

, P
h)

 ; 
8.

t2
 m

 
(2

1t
, P

h)
 

7.
65

 s
 

(4
H

, C
ar

te
) 

2.
05

 d
 

(6
H

, C
iI

~,
 

1=
6)

 
7.

38
 m

 
(5

It
, V

h)
 

2.
02

 d
 

(6
H

, C
H

.~
, 

I=
6

) 
2.

05
 d

 
(6

tt,
 C

H
3,

 
1=

6)
 

t.6
3 

m
 

',6
H

~ C
H

2-
c)

 
2.

50
 m

 
'A

H
, C

H
2-

.c
) 

7.
31

m
 

(S
H

, ~
h)

 

2v
 

-C
(C

H
D

zN
O

z 
C

~
H

,,
-(

 
t2

60
 

99
0 

2.
03

 d
 

L
8 

(6
H

, C
H

3,
 

4.
65

 
t=

6
) 

7.
70

 

*T
he

 s
y

n
th

es
iz

ed
 c

o
m

p
o

u
n

d
s 

h
av

e 
th

e 
fo

ll
o

w
in

g
 T

m
e,

 °
C

: 
2

k
, 

84
-8

6 
(h

ex
an

e)
; 

2
p

, 
7

3
-7

5
 

(h
ex

an
e)

. 
T

h
e 

p
ro

d
u

ct
s 

2
a-

j,
 o

-k
, 

g,
 s

-t
, 

v 
w

er
e 

is
ol

at
ed

 i
n

 t
he

 f
o

rm
 o

f 
an

 o
il

. 

tR
el

af
iv

e 
to

 H
M

D
S

. 

1.
02

 m
 (

15
H

, C
sI

tl
T

);
 

t.7
3 

d 
(3

H
, C

H
3.

 1
=

8
);

 
~.

20
 ra

 (
2H

. C
sH

t,)
 

1.
85

 d
 (

3H
, C

H
~.

 1
=

8)
 

1.
20

 b
r.

s 
(5

H
, O

Ph
) 

3.
83

 d
 (

3H
, C

H
3,

 I
=

8
);

 
L

t0
 b

r.
s 

(S
H

, O
Ph

) 

1.
87

 d
 (

3H
, C

H
~,

 1
=

8
);

 
7.

13
 b

r.
s 

(5
H

, O
Ph

) 

1.
92

 d
 (

3H
, C

H
~,

 1
=

8
);

 
1.

22
 b

r.
s 

(5
H

, O
Ph

) 

58
.O

3 = 4
2

.t
9

 
qi

.8
1 

4
5

.6
2

 

47
.5

3 
"4

7.
70

 

8.
i4

 
t 

8
.6

9
 

9.
71

 
8-

.0
i 

[8
.9

7 
9.

93
 

5.
0,

 
1,

4.
35

 
,o.

5_
_A

 
4.

88
 

I 
v~

.6
3 

to
.8

o 
5A

l 
i 

i3
.1

5 
9.

97
 

g.
30

- 
t3

.4
2 

9.
90

 

5.
40

 l
it

.7
t 

9.
03

 

30
.0

9 
il

.2
3 

1.
92

 d
 (

3H
, C

I1
3,

 1
=

8
);

 
9.

92
 

7.
t5

 b
r.

s 
(5

H
, O

Ph
) 

9.
66

 
3.

88
d 

(3
H

, C
H

, 1
=

8
);

 
ll

A
 

7.
56

m
 (

5}
1,

 P
h)

 
10

.8
0 

3.
96

 d
 (

3H
, C

H
a,

 1
=

8
);

 
1t

.5
4 

L
08

m
 

(5
ti

, 
P

h)
 

1t
.2

3 
t.3

5 
t 

(3
H

, C
H

~,
 1

=
7)

 ; 
t0

.3
0 

~.
25

 m
 (

2H
, C

H
z)

 ; 
10

.7
---

~ 
7.

65
 m

 (
5H

, P
h)

 
i.2

6 
m

 (
7H

, C
3H

7)
 ; 

9.
08

 
1.

25
 m

 (
2I

i, 
C

H
z)

; 
9.

42
 

7.
63

m
 

(5
H

, P
h)

 
1.

05
 m

 (
7H

, C
3H

7)
; 

8.
t2

 
t~

.2
3 m

 (
2H

, C
H

z)
 ; 

8.
40

 
7.

60
m

 
(5

H
, P

h)
 

t.3
5 

m
 (

7H
, C

aH
T

); 
9.

20
 

~.
30

 m
 (

2H
, C

H
z)

; 
9.

74
 

~.
0t

 m
 (

5H
, P

h)
 

m
 (

(C
H

~)
~)

 ; 
8.

88
 

m
 (

tH
, 

C
H

);
 

8.
73

 
m

 (
5H

, P
h)

 

(h
ex

an
e)

; 
2

h
, 

6
5

-6
7

 
(h

ex
an

e)
, 

2
u

, 
42

-4
5 



T
A

B
L

E
 2

. 
C

h
em

ic
al

 S
hi

ft
s 

o
f 

13
C

 N
M

R
 S

ig
n

al
s 

((
~,

 p
p

m
) 

an
d

 1
3

C
-3

1
p

 S
p

in
-S

p
in

 C
o

u
p

li
n

g
 C

o
n

st
an

ts
 f

o
r 

N
'-

P
h

o
sp

h
in

at
o

d
ia

ze
n

e 
N

- 

O
x

id
es

 2
b

, 
d

, 
k

-n
 

la
C

 N
M

R
, 6

, 
pp

m
 

"C
--

~'
P 

(v
. 

H
Z

) .
.

.
.

 

Co
rn
- 

St
ru
ct
ur
al
 f
or
mu
la
 

l 
I 

°t
he

r 
la
C 

] 
I O

th
er

 c
on
st
an
t 

po
un
d 

cL
 

c~
 

c~
 

c ~
 

c ~
 

c 6
 
si

gn
al

s 
'J
c,
--
p ~J
c'
--
P a
Jc

=-
P 

J,
,c
-~
,p
 

2b
 

2d
 

2k
 

1 
O

 
O

 
C

H
s 

5 
4 

T
 

II
/ 

O
:N

{C
H

s)
zC

- 
N

=
N

--
P

 \ 
2 

3 
0-

-C
H

a-
-C

H
a 

1 
0 

O
 

C
H

a 

7 
6

~
*

~
 

~ 
4 

~ 
2 

3 
O

~C
H

zC
H

a 

1 
O

 
O

 
C

H
s 

7 
6 

T
 

II
/ 

O
~N

(C
H

ah
C

--
 N

~
N

--
P

 "~
 

2 
3 

4 

0
--

0
5

 

12
.3

 

t3
.0

 

12
.2

 

t6
.8

 
tt

5.
8 

16
.8

 
14

8.
9 

i2
i.

6
 

i3
0.

7 

25
.0

 
- 

12
3.

7 
t3

0,
4 

t2
6.

3 
tt

6
.t

 

t3
4.

8 
(C

 7)
 

25
.0

 (
C

 7)
 

t2
2.

2 

12
1.

9 

it
8.

6 

7.
19

 
5.

47
 

6,
7 

5.
9 

9.
2 

4.
4 

4J
c~

_p
 -

- 
t|

. 
9 

aJ
c~

_p
 ~

 
10

. l
 

aY
c,

_p
 =

 8
.6

 
a,

/c
,_

p 
~ 

14
.4

 



21
 

2m
 

2n
 

1 
N

O
z 

O
 

0 
C

H
9 

./
rr

\8
--

N
~

N
--

- 
~ 

2 
a 

+ 

O
--

O
a 

1 
N

O
- 

0 
0 

C
H

s 

1 
O

 
O

 
C

H
s 

t 
li

/ 
~

)~
- 

N
 =

:N
--

-P
 

a 
4 

t2
.2

 

i2
.2

 

13
.0

 

t5
1.

3 

15
t.

4 

15
t.

7 

t2
1.

7 

12
t.

7 

12
t .

8 

13
0.

7 

t3
0.

5 

i3
0.

6 

t2
6.

3 

12
6.

2 

t2
5.

9 

t 
t8

.5
 

14
8.

4 

38
.2

 (
C

 7)
 

25
.0

 (
C

 8)
 

33
.8

 (
C

 7)
 

23
.2

 (
C

 8)
 

24
.t

 (
C

 9)
 

12
3.

6 
(C

 ~)
 

13
0.

2 
(C

 a)
 

1t
8.

2 

t 
t8

.4
 

1t
8.

t 

4.
3 

4.
5 

4.
5 

+J
c+

__
 p 

==
 1

6.
6 

sJ
c~

_p
 :

=
 8

.4
 

4J
c7

.. 
p 

~:
- t

0
.3

 

ad
'C

~+
p 

=~
 t 

O
. 7

 

t,
J 



TABLE 3. Chemical Shifts (6, ppm) and Width of 14N signals (/~Pu2, Hz) and 

Chemical Shifts of 3~p Signals (6, ppm) for N'-Phosphinatodiazene N-Oxides 2b, d, 
k-n 

--'4N(O) = 14N0 ~,p 

Compound 
6 Av½ 6 Av½ 6 

2b 
2(1 
2k 
21 
2m 
2n 

.-30.6 
-36.0 
-28.5 
-29.6 
-30.3 
-33.8 

84 
135 
t00 
t44 
t68 

0.t 

-0.2 
- t . 0  
- t . 2  

66 

70 
t17 
126 

248 

30.9 
31.5 
28.3 
28.7 
28.7 
29.8 

TABLE 4. Yields, Physicochemical and Spectral Characteristics of Amides of 
Methylphosphonic and Phenylphosphonic Acids 3a-e 

RzO 0 

\ ipt NH2 
/ 

R a 

Coln- 
pound 

3a 

3b 

3e 

3e 

Me 

Et 

CsH,7 

C6H. 

C~H, 

Ro LYi l¢ 

Me 3t 

Me 30 

Me 99 

Me 31 

Ph 45 

53-55 

35-37 

20 

72-74 

! 

Io8-tl 
1 
I 

*In acetone-d 6 relative to HMDS [sic]. 

IR spectrum (~), cm -i ) 

P - - O - - C  

t050 

t040 

1030 

t050 

t020 

P = O  NH~ 

1210 3100-3450 

12t0 3100-3400 

i200 3t00-3400 

1205 3t50-3350 

i2t0 3t50-3350 

PMR spectrum 
(~, ppm, J, 
Hz) 

1.43 ~ (3H, CH3P, 
I=17) ;  3.56d (3H,. 
CH.~O, 1=1t ) ;  
3.70br. s (2H, 
NHz) 

1.28 t (3H, CCH3, 
1=7);  1.55 d (3tt, 
CIt.~P. 1=17) ; 
3.95 m (4H, CHz. 
Nilz) 

1.38 d (3H, CH.aP, 
J=17);  0.68- 
1.67 m (t5H, 
C7Hl5), 3.78m (4H. 
CH2, NH~) 

1.45 d (3H. CHzP, 
; = t 7 ) ;  1.15-2.00 m 
(6H, (CHz)5); 3.t5 
b r . s  (2H, NHz); 
4.32 m (IH, CH) 

0 9 0 - 2 0 0  m 
[(C~H~o): 4.30 m 
i(ltt, CH); 7.33m 
5H. C6tI~) 

H.C 0 H3C 0 H3C 0 0 

" \  Ipl NIl 2 DBI/CH2Cl, ~', Iil NBr ~ PhNO ~ il T >,, > P N = N P h  
/ (BrdOH-IH~O) / / 

n-H17CsO n-H17CsO n-H~rCsO 
(3c) (4) (Zj) 

5 ml). The combined organic layer was washed with cold water (2 x 5 ml) and dried. The solvent was removed under vacuum. 
Obtained: 1.2 g (68%) 4 in the form of a transparent oil, according to IR and PMR spectra identical to the product obtained 

according to method A. 
N-Phenyl-N'(O-oetyl-P-methylphosphinato)diazene N-oxide (2j). A mixture of 1.0 g (3 mmoles) 4 and 0.35 g (3.3 

mmoles) nitrosobenzene in 10 ml CH2CI 2 was stirred for 12 h at 20°C. The solvent was removed under vacuum and the residue 
was chromatographed on silica gel (eluting agent, ether). Obtained: 0.15 g (17%) 2j, according to IR and PMR spectra identical 
to the product synthesized from nitrosobenzene and O-octyl-P-methylamidophosphinate in the presence of DBI. 
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