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New azoxy compounds, containing an azoxy group directly bonded to a phosphorus atom, have been prepared by the 
reaction of nitroso derivatives with amidophosphonates in the presence of dibromoisocyanurate. 

Many compounds containing the azoxy group have valuable 
pharmacological (antiinflammatory,' immuno~uppressive,~ 
antiba~terial,~ cytotoxic4 and other) activities. Only azoxy com- 
pounds with C,5, N,6 0 , 7  S,8 F,9 Cl1° and Br" atoms at the azoxy 
group have been described previously. Information on phos- 
phorus-containing azoxy compounds is lacking as far as we know. 

Herein we report the regiospecific synthesis of the 
I-phosphonatodiazen-2-oxides 1, compounds with directly 
bonded azoxy and phosphonate fragments. The suggested 
synthesis of 1 is based on the reaction of nitroso derivatives 
with amidophosphonates in the presence of dibromoisocyanu- 
rate (DBI) which has been widely used recently for the regio- 
specific formation of diazene- and triazene-oxide groups.''-'5 

A mixture of the nitroso derivative (10 mmol), amidophos- 
phate (10 mmol) and DBI (20 mmol) in methylene chloride 
(10 ml) was stirred for 12 h at 20 OC. The excess of DBI and 
cyanuric acid was filtered and washed off with CH,CI, 

groups, can be involved in the process. Yields of la-g or 
47-92% were obtained (Table 1). 

The reaction is regiospecific. Products la-g are individual 
regioisomers with a phosphonate group at the non-oxidized 
N-atom. The structures of la-g were confirmed by elemental 
analysis, IR and 'H, I3C, I4N, 31P NMR spectroscopy, including 
I3C-I4N decoupling experiments (Table l).? 

The probable reaction scheme involves the formation of the 
N,N-dibromoaminophosphonates'6 with subsequent trapping 
of the latter by nitroso compounds, similar to that of N,N- 
dihalouretane and N,N-dihalo~ulphamides.'~ This assumption 
was confirmed by the isolation of 0,O-diethyl (N,N-dibromoa- 
mido)phosphonate 2 from the reaction of 0,O-diethylamino- 
phosphonate and DBI in the absence of the nitroso compound 
and by the formation of l a  from 2 prepared by the method in 
ref. 16 and 2-nitro-2-nitrosopropane under the reaction con- 
ditions (Scheme 2). 

( i  x 5 ml). Evaporation of the solvent and subsequent TLC o; 0 0 0 0 
the residue (Silica gel, eluent ether) yielded pure azoxy corn- II n 11 iii 

(EtO)2PNHp 
II t 

pounds l a d  (Scheme 1). (Et0)2PNBr2 - (E~O)~P-N=N-CM~,NO~ 

( i  x 5 ml). Evaporation of the solvent and subsequent TLC o; 0 0 0 0 
the residue (Silica gel, eluent ether) yielded pure azoxy corn- II n 11 iii 11 t - (E10)2P-N=N-CMe2N02 

- The reaction has a very wide range. Alkyl and aryl esters of w 
amidophosphorus acid a> well as bisamidophosphates can be 

2 l a  used as starting materials. Alkyl-, aryl- and heteroaryl-nitroso 
Scheme 2 Reagents andconditions: i, DBI, CH,CI,; ii, (a) K2C03, (b) Br, derivatives, including compounds with other functional (ref. 16); iii, ONC CH2C12, 20 oC 

K 0 
t Data for lb: I4N NMR 6 (in CD3COCD3 relative to MeNO,) - 34.5 

flR2 Br-N N-Br CH&I~ t bR2 [_N(O)=l; I3C NMR 6 (relative to solvent, 6 30.00) 148.8 (d, iso-C, 
R1-NO + H2N-P \R3 + OJ,NAO X Z ~ ~ - ~ = ~ - ~  'JC+ 15 Hz), 134.9 (pC), 130.4 (m-C), 123.6 (d), 65.0(d, CH,, 2Jc, 

'R3 6 Hz), 16.7 (d, CH3, 3JC_p 6 HZ). The contraction of the signal of the 
A oxidized N-atom [-14N(0)=] in l b  by i ~ o - l ~ C - ' ~ C  N decoupling shows 

1 ag the presence of the ~so-'~C-'~N(O) bond and, consequently, the struc- 
Scheme 1 ture of 1-(O,O-diethylphosphonato)-2-phenyl-diazene-2-oxide for lb.  
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Table 1 Yields and selected properties of 1-phosphonatodiazene-2-oxides 1 

Elm. Anal./% 
(foundlcalc.) 

M.p. Yield IR spectra 
Compound R' R2 R1 P C  1% v / m - '  'H NMR spectraa C H N P 

8 

l a  -CMe2N02 OEt OEt Oil 72 

OEt OEt 

Ic 2-N02C6H4 OEt OEt 

Oil 92 

Id ~ ( M ~ ) N o N '  OEt OEt Oil 66 

le -CMe2N02 OEt -N(CH2)20CHf H2 94-96' 60 

OEt OPh Oil 71 

980 (P-+) 
1020 ( P a )  
1250 ( W )  

0 
t 

1510 (N*) 
1570 (NO3 

1240 ( W )  

? 
1490 (N=N) 
I ao (NO>) 

1030 ( P - 0 - C )  
1270 ( W )  

0 
T 

I500 (N=N) 
1590 (cycle) 

1030 (P-0-X) 
1250 ( W )  

0 
t 

1510 (N=N) 
1575 (NO2) 
2870,2920, 
2990 (CH) 

1030 (P-0-X) 
I280 ( W )  

0 
t 

1490 (N=N) 

1.31 (t, 6H, CHI, 
J 7.0) 31.45/31.22 6.015.94 14.45/15.61 11.9/11.52 
2.20 (s, 6H, CHI) 

4.24 (m, 4H, CHa 
J 7.0) 

4.32 (m, 4H, CH3 
7.64 (t, 2H, m-H, C6H,) 
7.78 (t, IH, p H ,  C6H5) 
8.27 (d, 2H, o-H, C6H5) 

1.34 (t, 6H, CHI. 

J 7.0) 39.4139.60 5.00J4.62 13.05/13.86 10.0/10.23 
4.28 (m, 4H, CH3 
7.97 (m, ZH, a) 
8.14 (m, 2H, C6H4) 

1.37 (t, 6H, CHI, 
J 7.0) 32.25/31.82 5.014.92 27.45/21.21 10.95/11.74 

2.68 (s, 3H, CH,) 
4.34 (m, 4H, CH2) 

1.33 (t, 3H, CHI, 
J 7.0) 34.9134.84 6.1/6.13 17.35J18.06 9.71/10.00 

2.21 (s, 3H, CHI) 
2.23 (s, 3H, CHI) 
3.17 (m, 4H, CH2H) 
3.55 (m, 4H, CH20) 
4.17 (m, 2H, CH20) 

4.47 (m, 2H, CH2) 
7.24 (t, IH, C6H5) 
7.39 (m, 4H, C6H5) 
7.63 (t, 2H, C6HJ 
7.78 (1, I H, C6H5) 
8.27 (d, 2H, C6H5) 

h! 2-NOF6Ho OPh -N~CHZ)ZOCHZ~H~ Oil 47 1250 ( W )  3.08-3.62 (m, 8H, 
0 CHzCHz) 
T 

1490 (N=N) 48.95148.97 4.614.33 13.65/14.28 7.917.91 
1530 (NO3 7.28 (m, 5H, C6H5) 
2860,2910, 7.97 (m, 2H, C6H3 
2980 (CH) 8.14 (m, 2H, C&) 

a Solvent used CD3COCD3. Recrystallised from hexane. 

The significance to the reaction of the halogenation stage was 
confirmed by a noticeable decrease in the yield of la  when the 
reaction was carried out in the presence of halogenation agents 
weaker than DBI [Br, 0%, N-bromosuccinimide (NBS) 7%, 
Bu1OC18%]. 
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