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In the course of the reaction between trans, cis, as-(PPh3)2 

(CO)2Br2Mo(II), A, and the primary amines in tetrahydrofu­

ran (THF) under argon at room temperature, the continuous 

color change of A was observed. Compound A changed 辻s 

color much more rapidly in air in various solvents even in 

the absence of the amines. This kind of air-sensitivity ap­

peared to be both solvent- and temperature-dependent. We 

decided to investigate how the product was formed and to 

determine its molecular structure. Herein we report the pre­

paration and structure of cist cis, trans-fPhsP—O)2(O)2Br2Mo 

(VI), B, which was formed by oxidation of A.

Experimental

Unless otherwise stated, all the reactions have been per­

formed with standard Schlenk line and cannula techniques 

under an argon atmosphere. Air-sensitive solids were mani­

pulated in a glove box filled with an argon gas. Glassware 

was either flame-dried or oven-dried. Benzene, diethyl ether, 

tetrahydrofuran (THF), and hydrocarbon solvents were stir­

red over sodium metal and distilled under vacuum. NMR 

solvents (CeD6 and CDC13) were freeze-pump-thaw degassed 

before use and stored over zeolite 4A under argon. Triphen- 

ylphosphine (PPh3; Ph—C6H5) was purchased from Aldrich 

Co. and used as received. (PPh3)2(CO)2Br2Mo(II)t At was pre­

pared by the literature method?

lH and 31P NMR spectra were recorded with a Hitach 

1100 60-MHz spectrometer and a Varian 200-MHz spectro­

meter with reference to tetramethylsilane and 85% H3PO4( 

respectively. IR spectra were recorded with a Nic이et 205 

FTIR spectrophotometer. Melting points were measured with 

a Thomas Hoover capillary melting point apparatus without 

calibration.

Preparation of cis, 허等, *ans ・(Ph3P=O)2(O)2Br2헤。 

(VI), B. A blue slurry of A (0.3 g, 0.36 mm이) in 30 mL 

of THF was stirred for 4 h at room temperature or refluxed

Table 1. Crystallographic Data and Summary of Data Collection 

and Structure Refinement

formula C36H30O4P2Br2Mo F(000) 1680

fw 844.30 no. of 2907

crystal system monoclinic unique data

space group P2Jc no. of reflns 2708

a, A 19.097(3) used, />2g(Z)
b, A 9.973(3) no. of params 340

c, A 19.201(6) Z 4

P，deg 111.32(2) scan range 3<29<50°

v, A3 3407(2) scan type <d-26
dcaic, g cm-3 1.646 GOF 1.124

卩，mm™1 2.863 R 0.0536

Max. in Ap (e A3-X).61 wR2fl 0.1226

“ 扬R2= 伐3(玲_ Fc2)2]/£[M&2)2가催

for 2 h in air to form a dark brown solution. The s이ution 

was filtered, concentrated, and layered by hexanes to give 

orange crystalline cis, cis, ^Ms-(Ph3P=O)2(O)2Br2Mo(VI)t B, 
(0.19 g, 63%). NMR (CDC13): 8 8.0-6.7 (m). 勿리H} NMR 

(CDC13)： 8 58.35. Mp (decomp): 271-273 t. IR (Nujol): 1155 

(P=O), 1115, 1065, 1052, 972 (Mo=0, sym.), 894 (Mo=O, 

asym., sh), 853, 725 cm1.

X-ray Structure Determination. All X-ray data were 

collected with use of an Enraf-Nonius CAD4 automated diff­

ractometer equipped with a Mo X-ray tube and a graphite 

crystal monochromator. Details on crystal and intensity data 

are given in Table 1. The orientation matrix and unit cell 

parameters were determined from 25 machine-centered re­

flections with 16<20<24°. Axial photographs were used to 

verify the unit cell choice. Intensities of three check reflec­

tions were monitored after every 1 h during data collection. 

Data were corrected for Lorenti and polarization effects. The 

intensity ^data were empirically corrected with vscan data. 

All calculations were carried out on the personal computer 

with use of 나】e SHELXS-86,2 SHELXL-933 programs.

An orange crystal, shaped as a block, of approximate di­

mensions 0.2 X 0.2 X 0.3 mm, was used for crystal and inten­

sity data collection. The unit cell parameters and systematic 

absences, OfeO 伙=2刀 +1), 00/ (Z = 2m +1), and hOl (/ = 2m +1), 

unambiguously indicated P2i/c as the space group. The struc­

ture was solved by direct methods. All non-hydrogen atoms 

were refined anisotropically and the phenyl rings were trea­

ted as rigid groups. All hydrogen atoms were positioned geo­

metrically and refined using a riding model. The selected 

bond distances and bond angles are shown in Table 2; final 

atomic positional parameters for non-hydrogen atoms, aniso­

tropic thermal parameters for non-hydrogen atoms, hydrogen 

atom coordinates, full bond distances and bond angles, and 

tables of observed and calculated structure factors are avail­

able as supplementary materials.

Results and Discussion

Formation of B. A blue complex, trans, cis, as-(PPh3)2 

(CO)2Br2Mo(II), A, was gradually air-oxidized to form a 

known orange complex cis, cis, /nzns-(PhsP—O)2(O)2Br2Mo 

(VI), B, in THF for 4 h at room temperature (Eq. 1). This
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Table 2. Selected Bond Distances (X) and Bond Angles (deg)

Mo-Brl 2.541(2) Mo-Br2 2.554(2)

Mo-Ol 2.173(6) Mo-O2 2.158(6)

Mo-03 1.682(6) Mo-O4 1.725(6)

Pl-Ol 1.493(6) Pl-Cll 1.805(7)

P1-C21 1.814(6) P1-C31 1.817(6)

P2-O2 L505⑹ P2-C41 1.812(6)

P2-C51 1.798(7) P2-C61 1.803(6)

Bond Angles

Br2-Mo-Brl 167.2(1) Pl-Ol-Mo 166.6(4)

P2-O2-Mo 160.8(4) Ol-Mo-Brl 83.8(2)

Ol-Mo-Br2 86.5(2) O2-Mo-Brl 85.9(2)

O2-Mo-Br2 83.8(2) 02-Mo-Ol 77.4(2)

O3-Mo-Brl 93.0(2) O3-Mo-Br2 94.6(2)

03-Mo-Ol 167.5(3) O3-Mo-O2 90.3(3)

O4-Mo-Brl 96.4 ⑵ O4-Mo-Br2 92.2(3)

O4-Mo-Ol 91.1(3) O4-Mo-O2 168.0(3)

O4-Mo-O3 101.3(3) Cll-Pl-Ol 108.7(4)

C21-P1-O1 115.2(4) C21-P1-C11 107.5(3)

C31-P1-O1 110.6(3) C31-P1-C11 108.5(3)

C31-P1-C21 106.1(3) C41-P2-O2 112.6(3)

C51-P2-O2 110.9(3) C51-P2-C41 107.8(3)

C61-P2-O2 111.4(3) C61-P2-C41 107.1(3)

C61-P2-C51 106.7(3)

C14

C64 C63
Rgure 1. ORTEP drawing of B showing the atom-labeling 

scheme and 50% probability therm지 ellipsoids

reaction was accelerated in the refluxing THF and completed 

for less than 2 h. The compound B was originally prepared 

from the reaction between molybdic acid and triphenylphos­

phine oxide in HBr.4 The crystal structure of B {vide infra) 

indicates the ligand rearragement of the two Br atoms, oxi­

dation of triphenyl phosphine to triphenyl phosphine oxide, 

and replacement of the CO ligands by the oxide ligands. 

The oxidation state of the Mo metal also changed from +2 

to +6. In the presence of excess phosphine (10-fold excess), 

we obtained the product whose melting point is quite differ­

ent from that of B (259 vs 272 t).

PPh3
I或)

Br — Mo- CO 
Br^l

PPhj

O
THF 11하

--------- - 마二 O (1)
°2 Br i

OPPhj

An IR absorption band at 1156 cm-1 is assigned to a P=O 

stretching, which usually range between 1200 and 1130 cm-1 

for the coordinated OPPh3 for a variety of metals.5 B exhibits 

two Mo=0 stretching bands at 972 (symmetric), 894 (asym­

metric, sh), which were originally reported as 944 and 903 

cm-1.4 The phosphine oxides are prepared by oxidation of 

the corresponding phosphines. For the most part, H2O26 has 

been used as the oxidizing agent and some milder reagents 

such as SO3 and SO2FC1 have also been reported.7 The phos­

phine oxide complexes are usually prepared from the direct 

reaction between a metal salt and the ligand in a nonaqueous 

solvent such as alcohol, acetone or halogenated hydrocarbon, 

selected according to the solubility of the metal salt.5 In all 

the structurally characterized complexes the phosphine oxide 

ligands are coordinated to a central metal through the oxy­

gen atom.

The air-oxidation reactivity appeared to be solvent-depen­

dent. The oxidation reaction was solwed down in benzene 

(for 4 h in the refluxing benzene). In order to check the 

role of solvent in the coordination sphere of the metal, the 

reaction was carried out in a series of methyl-substituted 

tetrahydrofurans (1-4) that have similar dielectric constants 

but vary widely in donor ability.8 The reaction, followed by 

UV and TLC, had been completed for 4 h in 1 and 12 h 

in 2. But the reaction had produced the several untraceable 

species for 36 h in 3 and never reacted for even 10 days 

in 4. The above observed variations seem to be consistent 

with the relative nucleophilicities of these solvents and the­

refore the solvent may play a certain role in stabilizing the 

intermediate in the oxidation reaction. It seems to be likely 

that the phosphine ligand in A dissociates first, oxidizes to 

phosphine oxide by oxygen in air, and binds back to the 

central metal.

Molecular structure of B. Because an X-ray crystallo­

graphy is the only way to give an evidence for the formation 

of B, and because the structure of B was more accurately 

determined in this experiment, some important data of an 

X-ray crystal structure such as an ORTEP drawing and the 

selected bond distances and bond angles are presented. The 

m이ecular structure with the atomic numbering scheme is 

shown in Figure 1. The corrdination sphere of B can be 
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described as a distorted octahedron, with the four oxygen 

atoms sitting on the equatorial plane and the two bromine 

atoms occupying the axial sites. The four oxygen atoms and 

a Mo metal are essentially coplanar with the mean deviation 
of 0.04 A. The two phosphine oxide ligands are mutually 

cis to each other, two bromide ligands are trans, and two 

oxide ligands are cis.

The bond distances and bond angles in B are essentially 

the same as those4 previously determined, within the experi­

mental errors. For instance, the average Mo-0 (terminal oxo) 

bond distance is 2.168(6) A in this experiment and 2.18(1) 
A in Butcher's experiment. It is known that the bond dis­

tance (1.483(2) X) of P-0 in the free O=PPh39 is usually 

lengthened by about 0.02 A when coordinated to the metal.

Several conclusions can be drawn from the above observa­

tions. Complex A is highly air-sensitive in solution. In tetra­

hydrofuran the complex A is air-oxidized to form B. The 

rate of oxidation for A seems to be both solvent- and tempe­

rature-dependent. The existence of OPPha in the complex 

B maybe results from the fact that PPha in the complex 

A dissociates from the coordination sphere of Mo, transforms 

to a corresponding phosphine oxide (OPPhQ through air-oxi­

dation, and binds back to Mo.
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