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Cycloantimony(II1) and bismuth(II1) phosphazenes have been synthesized by the reactions of acyclic 
mono-(1). bis-(2) and tris-(3) silylated phosphazene ligands with Sb(OOCMe), (4) and Bi(0)OOCMe 
(5). The reactions of (2) with (4) and (3) with (4) yielded cyclic compound HN[P(NMe,),N],-SbOOCMe 
(6) and N[P(Ph),NSiMe,],Sb(OOCMe), (7), respectively. The compound HN[P(NMe2)2N],BiOOCMe (8) 
and Me,SiN[P(NMe,),N],BiOOCMe (9) have been obtained by reacting (1) with (5) and (2) with (5). 
These solid and fairly soluble compounds were characterized by elemental analysis, IR, mass and N M R  
spectroscopic studies. 

Key words: Cyclometallaphosphazene, mono-, bis- and tris-silylated, X-ray. 

INTRODUCTION 

We previously reported on the synthesis of mono-silylated phosphazene ligand (1) 
and an isomeric cycloantimony(II1) phosphazene complex.’ However, the success 
was limited only to an antimony(II1) cyclophosphazene complex. The phosphazene- 
metal complexes exhibits some interesting facets concerning their structural and 
physical properties.’.’ We have also investigated such species extensively in recent 
 year^.^-^ It is evident from the literature that the development of cyclometallaphos- 
phazene chemistry has created a versatile field of r e ~ e a r c h . ~ ” ~  A careful literature 
survey shows the paucity of informations on such derivatives particularly with an- 
timony(II1) and bismuth(III).’0-’2 

In contrast, the derivatives having Sb-0 and Sb-S have been synthesized in 
recent years.“-” The synthesis and characterization of cycloantimony(II1) and bis- 
muth(II1) phosphazene is reported in this paper by using Sb(OOCMe)3 (4) and 
Bi(0)OOCMe (5) as starting materials. 

RESULTS AND DISCUSSION 

The following mono-(1), bis-(2) and tris-(3) silylated ligands have been used during 
the present course of investigations: 
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13 1 (1 1 ( 2  1 
The compound (6) was obtained when the bis-silylated ligand (2) reacted with (4) 

in a 1:l molar ratio in toluene. The cyclization takes place with the elimination of 
two moles of MeCOOSiMe, which can be easily removed in vacuo. 

(2) SMOOCMe) 
3 

The compound (6) is a white 
(6 t 

solid and soluble in polar organic solvent. The IR 
spectrum shows the presence of Uc-0 frequency at 1690 cm". The 'H NMR show 
the absence of the -SiMe, group which indicates the elimination of two moles of 
MeCOOSiMe,. The acetate protons found at 61.90 ppm. In the ,'P NMR, two singlets 
have been found at 620.8 ppm and 827.35 ppm for the phosphorus nuclei in the 
molecule. 

When the tris-silylated ligand (3) reacted with (4) in a 1:l molar stoichiometry in 
toluene, the elimination of only one mole of MeCOOSiMe, group has taken place 
and the cyclic compound (7) is thus formed. 

( 7 )  

The compound (7) is a cream color solid, melts at 110°C and fairly soluble in 
organic solvents. In the IR spectra the Uc-0 bond is found at 1700 cm-'. The 
electron impact mass spectra indicate the monomeric nature of species in gaseous 
phase. The 'H NMR spectrum has shown the presence of two acetyl and two silyl 
groups in the compound. One singlet was found in the 31P NMR spectrum of this 
compound which indicates the equivalent nature of phosphorus nuclei in the mole- 
cule. 

The reaction of (1) with Bi(0)OOCMe (5) in a 1:l molar ratio in toluene at 80°C 
yielded a yellow solid compound (8) with the elimination of Me,SiOH. The reaction 
can be depict as below: 

(8) 

This compound melts at 85°C and has the same solubility as the antimony deriv- 
atives. The peak for molecular ion in the mass spectrum was found at m/z 549 (30%). 
The band for Uc=O was present in the IR spectrum. The 'H NMR spectrum does 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
0
4
 
2
8
 
J
a
n
u
a
r
y
 
2
0
1
1



CY CLOMETALLAPHOSPHAZENES 257 

not have the signal for -SiMe, protons while the signal for acetyl protons was 
present at 81.82 ppm. In the 3'P NMR spectrum two singlets were found at 621.3 
ppm and 632.35 ppm for the phosphorus nuclei, showing the presence of two types 
of nuclei in the molecule. 

Similar to the compound (8), the phosphazene ligand (2) reacted with (5) in a 
1 : 1 molar stoichiometry in toluene. The elimination of Me3SiOH was again found. 

9 ' 2  
N+P---N Toluene, Heat ' BiOOCMe ( 2 )  (5) 

--Me3SiOH \-P -N/ 
~ 3 1 2  'siMe3 

(9 I 

The compound (9) was a cream color solid and the solubility was similar to the 
compounds (6), (7) and (8). A peak for the molecular ion was found at m/z 597 
(35%) in the electron impact mass spectrum. The other studies such as elemental 
analysis, IR, 'H and 3'P NMR were found in accordance to the compound. The 
relevant data are given in the experimental section. 

In general, the above compounds were sufficiently pure for spectroscopic and other 
studies but these can be further purified by washing with n-hexane. These compounds 
were non-volatile even under reduced pressure and sensitive to moisture but can be 
kept unchanged for long period in an anhydrous medium. In view of the failure to 
obtain suitable single crystals for X-ray analysis it is difficult to predict the structural 
geometry of these compounds at this juncture. However, the efforts in this direction 
are still continued. 

Conclusively, the versatility in the bonding mode as bi-, tri or penta-dentate is 
unique feature of these l i g a n d ~ . ~ . ~  A number of methods have been developed for the 
preparation of 6 and 8 membered metallacyclophosphazenes starting from open chain 
phosphazene derivatives and metal halides.' The metallacyclophosphazenes may 
have possibilities of their applications in the development of "high-tech" materi- 
a l ~ ~ . ~ " ~  similar to the siloxanes derivatives, so it worthy to go ahead in this field of 
research. 

EXPEMMENTAL 

All the synthesis and the subsequent manipulations were conducted under nitrogen by using Schlenk 
vacuum line and glove box techniques. Mono-(l), bis-(2) and tris-(3) silylated l igand~' . '~  and 
Sb(OOCMe)3'6 were prepared as described in the literature. Bi(0)OOCMe was used as supplied. IR 
(nujol mulls) and NMR spectra were recorded on Bio-Rad FIX7 spectrophotometer and Bruker Ah4250 
spectrometer, respectively. ' h e  mass spectrometric analysis were performed with a Finnigan MAT8230 
instrument. Elemental analyses were obtained from the Analytical Laboratory, Gottingen University, 
Germany. 

Synthesis of HN[P(NMe&N]$bOOCMe (6): A toluene solution (20 ml) of 0.69 g (2.3 mmol) of (3) 
was added slowly to the toluene solution (20 ml) of 1.0 g (2.3 mmol) of phosphazene ligand (2) with 
stirring at room temperature. No physical change was at this stage. The contents were heated about 70- 
80°C and stirred for overnight; a light yellow solution was obtained. The volatiles were evaporated under 
reduced pressure. A white colored solid compound was obtained in the yield of 0.9 g (90%). M.P. 90°C. 
Elemental analysis for Cl0HZsN,P2OZSb (461.75 ghol) Found (Calcd.): C 25.6 (25.9). H 5.8 (6.0). N 
20.9 (21.2). EI-MS: m/z (%): 462 (28) [MI. IR (nujol mulls, v, cm-I): 1690m. 1620s. 1560m. 1465~s.  
1290mb. 1260m. 1 193m. 1064m, 980vs. 804m. 7 4 5 ~ s .  672s. 620m, 490111 and 460m. 'H NMR (CDCI,): 
6 1.9 ppm (s, 3H,  --OOCMe) 6 2.5 pprn (t, 24H, -NMe,, J = 10.2 Hz). "P NMR (CDCI,): 6 20.8 
ppm and 6 27.35 ppm (s). 
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Synthesis of N(P(PhJNSiMe3]2Sb(OOCMe)z (7): Mixed a 1 .O g (1.6 mmol) of tris-silylated phospha- 
zene ligand (3) with 0.48 g (1.6 mmol) of Sb(OOCMe), (4) in a 100 ml flask containing 45 ml toluene. 
The contents of the flask were heated to 80°C with stirring for overnight. A light yellow solution was 
formed. All the volatiles were removed under reduced pressure. The cream color solid compound was 
obtained; yield 1.0 g (77%). M.P. 110°C. Elemental analysis for C,4&N304P,Si2Sb (797.5 g/mol) Found 
(Calcd.): C 50.96 (51.14). H 5.43 (5.51). N 5.38 (5.26). EI-MS: Mz (%): 797 (15) [MI. JR (nujol mulls, 
v, cm-’): 1700m. 1610s. 1565m. 1470~s. 1290b. 1262m, 1198m, 1170m, 1044m. 980vs, 804m, 756vs, 
675s, 622m, 490m. and 469m. ’H NMR (CDCI,): 6 7.3-8.0 ppm (m. 24H, -Ph), 6 2.0 ppm (s, 6H, 
-0OCMe). 6 0.1 -0.2 ppm (s, l8H, -SiMe,). ”P NMR (CDCI,): 6 25.3 ppm(s). 

Synthesis of H~[P(NMez) ,N],Bi0OCMe (8): 1.5 g (4.2 mmol) of mono-silylated phosphazene ligand 
(1) and 1.2 g (4.2 mmol) of Bi(0)OOCMe (5)  was used and the rest of experimental manipulations were 
same as used for the compound (7). A yellow solid compound (8) was obtained and the yield was 2.1 
g (91%). M.P. 85°C. Elemental analysis for C,,H,,N,P,O,Bi (548.98 g/mol) Found (Calcd.): C 21.5 

BiOAc] (60). IR (nujol mulls, v, cm-l): 1680m. 1630m. 1548s. 1462s. 1280mb, 1250m. 1198m. 1175m, 
1074m, 980vs, 802m. 7 5 0 ~ s .  665m, 498m and 450m. ’H NMR (CDCI,): 6 2.5 ppm (d, 24H, -NMe,), 
6 1.8 ppm (s, 3H, -0OCMe). ”P NMR (CDCI,): 6 21.3 ppm (s) and 6 32.3 ppm (s). 

Synthesis of Me,SiN~f(NMe,),N~,BiOOCMe (9): 1 .O g (2.3 mmol) of (2) and 0.6 g (2.3 mmol) of (5) 
were used and the rest of method was same as adopted in the case of compound (8). A cream color 
solid compound was obtained in the yield of 1.1 g (92%). M.P. 75°C. Elemental analysis for 
C,,H,&P,SiBi (596.98 g/mol) Found (Calcd.): C 22.2 (22.1). H 5.8 (6.0), N 16.2 (16.4). EI-MS: m/z 
(%): 597 (50) [MI. IR (nujol mulls, v, cm-I): 1680111, 1625m. 1560s. 1470s. 1272mb. 1248m. 1192111, 
1170m. 990vs, 805m. 7 6 0 ~ s .  662m. 490m and 454m. ‘H NMR (CDC13): 6 5.7 ppm (d, 9H, -SiMe,), 
6 1.8 ppm (s, 3H, -0OCMe). 6 2.5 ppm (d, 24H, -NMe2, J = 10.2 Hz). ”P NMR (CDCI,): 6 20.9 
ppm (s) and 6 32.4 ppm (s). 

(21.8). H 4.9 (5.1). N 17.7 (17.8). EI-MS: M/z (%): 549 (30) [MI, 490 [M-OAC] (40). 283 [M- 
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