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Synthesis and Characterization of New Silicon and
Titanium Derivatives of Bis(anilino)phosphine Oxide

Abbas Tarassoli and Lida Ezzedinloo
Department of Chemistry, College of Science, Shahid Chamran
University, Ahvaz, Iran

The reactions of bis(anilino)phosphine oxide (CsH; NH), P(O) H with
(C5Hj5)oTiCly or MeoSiClg in a 1:1 molar ratio in THF results in the isolation
of new phosph(V)azane complexes (C5Hgz)oTi[(N CeH5)oP(O)H] (1) or Cl 2Si[(N
CsHj5)oP(O)H] (2), respectively. In these reactions, HCI or CHy4 elimination occurs
and N-Ti or N-Si bonds form directly between a bis(anilino)phosphine oxide ligand
and organotitanium or organosilicon compounds. The products(1) and (2) have
been fully characterized by elemental analysis as well as ' H, 5! P, ?9Si NMR, and
IR spectroscopy.

Keywords Bis(anilino)phosphine oxide; multidentate ligand; phosphazene; silicon; ti-
tanium

INTRODUCTION

Phosphorus and nitrogen form compounds of greater structural di-
versity than any other two elements in the periodic table. Of these
compounds, the phosphazanes are known as an established system
of P-N bonds.! Although the synthetic, mechanistic studies and ap-
plications of phosphazanes have attracted much attention, still a lit-
tle chemistry has been done in the field of coordination abilities.?2%
In the course of our studies on phosphazanes derivatives of main
group elements, we found that only a few transition metal compounds
are existed.”® Phosphazanes containing a P-NH group exhibit im-
mense structural diversity and are the most suitable system for these
purposes.?3 The reaction of these phosphazanes with main group ele-
ment and transition metal compound leads to the formation of new in-
organic rings and complexes.?%1° In this respect, bis(anilino)phosphine
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oxide which has both “hard” and “soft” coordination sites is an excel-
lent precursor for synthetic purposes.!! We had previously reported
the preparation of bis(anilino)phosphine oxide and described the syn-
thesis of CIAI[(NCgH5)2P(O)H] and ClySi[(NCgHs5)2:P(O)H] (2) from
bis(anilino)phosphine oxide and AlClz and SiCly, respectively.”? To fur-
ther explore the chemistry of this bis(anilino)phosphine oxide and its
complexation and expand our investigations to titanium, now we re-
port the synthesis of (C5H5)oTi[(NCgH5)2P(O)H] (1), which is a novel
analogues to CIAI[(NCgH5)2 P(O)H] and ClsSi[(NCgHj5)2:P(O)H]. We also
report here the synthesis of ClsSi[(N CgHjz)2P(O)H] (2) from the reac-
tion of Me2SiCl, with bis(anilino)phosphine oxide (Scheme 1).

RESULTS AND DISCUSSION

Because the structure of derivatives of metals and non-metals is closely
related to the structure of their ligands, we begin the discussion section
with a short description of the synthesis and properties of the ligand,
bis(anilino)phosphine oxide (C¢HsNH)2P(O)H. This ligand can be pre-
pared by the controlled hydrolysis of (C¢HsNH)3P and [(C¢Hs;NH)oPloN
CeHs which is published earlier,!"'2 or by the procedure we recently
reported.’ Bis(anilino)phosphine oxide with two P-NH bonds, P-, N-,
and O- donor sites makes a compound of this kind a versatile lig-
and in the reactions towards both transition metals and main group
elements. The addition of (C5H5)2TiCly or MesSiCls in 1:1 molar ra-
tio in THF to bis(anilino)phosphine oxide resulted in the formation of
(C5H5)2T1[(NC§H5)2P(O)H] (1) and Clel[(N CGH5)2P(O)H](2) BOth re-
actions proceeded with the elimination of two equivalent of HC1 or CHy
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respectively, and M-N (M=Ti or Si) bonds were formed. The evolution
of the gases was noticed and the solid products were obtained. The
products (1) and (2) have been extensively characterized by multinu-
clear ('H, 31P, and 2°Si) NMR and IR spectroscopy, as well as elemental
analysis.

The 3'PNMR spectrum for (1) clearly exhibited one doublet at § 1.9
(1Jpy=641 Hz) indicating that the phosphorus atom is directly coupled
to the bonded hydrogen. Whereas, this signal is observed as a dou-
blet at § 1.6(1Jpg=632 Hz) for (2). Also, *'P{'H}NMR spectra showed
only one singlet which confirmed the existence of one type of phospho-
rus atom and therefore one type of product. The 'THNMR spectra of
(1) and (2) showed P-H and phenyl signals with the appropriate rela-
tive intensities at § 6.72 as a doublet; at § 7.25-6.91 as a multiplet in
(1); 8§ 6.70 as a doublet; and at § 6.53-7.04 as a multiplet in (2). The
cyclopentadienyl-ring resonances were also observed at § 6.69 in (1).
The 2?SiNMR spectrum of (2) contained only one singlet at 10.3 ppm,
indicating the existence of only one single product, with the silicon-29
resonances appearing at a low field, which is consistent with a four
coordinate silicon atom.!?14

The 'HNMR and IR spectra of (1) and (2) clearly showed the ab-
sence of the characteristic N-H signals of the ligand, and there were
no indication of the presence of CHs- groups of Me3SiCl,. On the other
hand, IR spectra exhibited characteristic bands of Si-N, Ti-N and Si-Cl
stretching vibrations at 1026, 1631, and 488—-464 cm™!, respectively.
The P=O stretching vibrations were observed at 1191 and 1197 cm~!
for (1) and (2), respectively, which are typical in these compounds?®.
Therefore, there was no evidence for the involvement of P=0O bond
during the course of reaction under the conditions of our experiments.
Further characterization was also made by the elemental analysis as
described in the experimental section.

EXPERIMENTAL
Apparatus and Material

All experiments requiring inert atmosphere were carried out in
No_ flushed glove bags or standard Schlenk apparatus. The sol-
vents were purified and dried as indicated: Tetrahydrofurane was
treated with KOH and freshly distilled twice from sodium before use.
Dichloromethane was distilled over phosphorus pentoxide. Aniline was
distilled from CaHsand stored over molecular sieves. Toluene was dis-
tilled over sodium and diethyl ether was treated with calcium chloride
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and distilled over sodium. MesSiCly and (CsHj5);TiCly were used as
purchased from Merck Co, Germany. Bis(anilino)phosphine oxide was
prepared as we reported earlier.? 1!

NMR Spectra were recorded on a Bruker Avance 500 MHz or Bruker
400MHz or 250 MHz at ambient temperature. The chemical shifts were
referenced to external TMS for 'H NMR (500.13 MHz or 400.13 MHz
or 250.13 MHz), 2°Si NMR (99.35 MHz) and H3PO,4 85% for 3'P NMR
(202.45 MHz or 161.967 MHz ). IR Spectra were measured on a Bomen
FT-IR Spectrophotometer. Elemental analyses were performed by the
microanalytical service of National Iranian Oil Company (N.I.O.C) Re-
search Institute of Petroleum Industry, Tehran, Iran.

Synthesis of Complexes

Sythesis of (C5H5)2 Ti[{NCGH5)2P(O)H] {1)

(C5H;5)2TiCly (0.125gr, 0.5 mmol) was dissolved in 40 mL of dry
THF, and added drop wise to the solution of (C¢gH;NH),P(O)H (0.116
g, 0.5 mmol) in 80 mL of dryTHF under Ny gas at 25°C. Then the
mixture was stirred for 48 h. At the end of this period, the temper-
ature was raised to 30°C and stirred for another 2 h. Upon cooling,
the solvent was removed and the orange precipitate was washed twice
with cold THF and dried under vacuum for 24 h to yield essentially
pure (C5H5)oTi[(NCgH5):P(O)HI(1). yield 78%, m.p. 145°C dec. Anal.
caled. for CooHg1 NoPOTI (M,,= 408.44) C:64.76; H: 5.18; N:6.85. found.
C: 64.82; H: 4.97;N:6.81%. IR(KBr): 923(P-N), 2389(P-H),1494 (C=C),
1191(P=0), 3418(Cp), 1631 (Ti-N) cm~!. 'HNMR (25°C, (CD3)2SO,
ppm) 7.25-6.91(m, 10H,Ph), 6.69 (10H,Cp), 6.72 (d, 'Jpy= 641 Hz, 1H,
P-H), 3'PNMR (25°C, (CD3)2SO, ppm): 1.9 (d, 'Jpyg 641Hz).

Synthesis of Ch Si[(N CsHs)>P(O)H] (2)

To a stirring solution of (CgH;NH);P(O)H (0. 232 g, 1 mmol) in
100 mL of CHyCly, in an ice bath, a mixture of Me;SiCly(0.12 mL,
1 mmol) in 20 mL of CH3Cly was added dropwise. After stirring
the reaction mixture for 24 h at room temperature, white insoluble
solid was formed. The solid was washed with CHyCl, and dried un-
der vacuum to yield essentially pure CloSi[(N CgHj)2P(O)H] (2), yield
84%, m.p. 170°C dec. Anal caled. for C13H;1NoCloPOSi (M,,= 329.2)
C:43.84;H:3.36;N:8.51. Found.C: 44.12; H:3.24, N: 8.43%. IR (KBr):
2407(P-H),1197(P=0),1026 (Si-N), 488—464(Si-Cl) cm 1.1 HNMR (25°C,
(CD3)2S0, ppm): 6.53—7.04(m,10H, Ph),6.70(d,'Jpy=637 Hz,1H,P-
H),3'PNMR (25°C, (CD3)2SO, ppm): 1.6 (d, 'Jpg= 632 Hz, 1H, P-H).
2SiINMR (25°C, (CD3)2SO, ppm): 10.3.
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