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The potentially quadridentate ligand, tris(o-diphenyl- 
phosphinophenyl)phosphine (QP), reacts with molyb- 
denum and tungsten hexacarbonyls to give the com- 
plexes CM(CO)J(QP)I (M=Mo, W) in which QP 
acts as a terdentate ligand . These can be converted 
into the complexes [M(C0)2(QP)J in which QP acts 
as a quadridentate ligand. Oxidation of [ W( CO)r 
(QP)] yields the seven-coordinate divalent species 
[WX(CO)z(QP)]+ (X= Cl, Br, I), which can be con- 
verted into the complexes [ WX,(CO)(QP)] (X = Cl, 
Br, I). Oxidation of [Mo(CO)z(QP)] proceeds simi- 
larly but yields less stable products. The ligand bis- 
(o-diphenylphosphinophenyl)phenylphosphine (TP) 
reacts with molybdenum and tungsten hexacarbonyls 
to yield the complexes [ M(CO)3(TP)] (M = MO, W). 
Mild oxidation of [ W(CO)s(TP)] yields the species 
[ WX(CO)J(TP)]+ (X=Br, I) or [WZ2(CO)2(TP)] de- 
pending on conditions used. [ MoZz( CO)2( TP) ] was 
obtained from oxidation of [ Mo(C0)3( TP)] . 

Introduction 

The substitution products of Group VI metal car- 
bonyls (i.e. [M(CO),(L)6_,], M=Cr, MO, W) have 
been widely studied.3 Many complexes containing 
multidentate phosphorus and arsenic ligands have 
been isolated, and have been shown to give rise to a 
variety of products on mild oxidation. The following 
generalisations can be made: (1) Most of the oxida- 
tion products are seven-coordinate M” species; (2) 
all the M’ species produced maintain the coordination 
number of the parent carbonyl compound; (3) com- 
plexes cis-[M(C0)2(diphos)z] (M =Cr, MO, W; di- 
phos= PhIPCIH+PPh$ give trans-I: M(C0)2(diphos)z]4 
(4) chromium forms seven-coordinate complexes less 
readily than molybdenum and tungsten; (5) molyb- 
denum complexes are more stable than their tungsten 
analogues. 

The investigation of the oxidation reactions of com- 
plexes of chromium(O) with the multidentate ligands 
tris(o-diphenylphosphinophenyl)phosphine (QP), 1, 
and bis(o-diphenylphosphinophenyl)phenylphosphine, 

(1) Present address: The British Petroleum Company Limited, B. P. 
Research Centre, Sunbury-on-Thames. Middlesex, England. 

(2) Present address: The State University of New York at Albany, 
Albany, New York, 12203. 

(3) G. R. Dobson. I. W. Stolz, and R. W. Sheline, Advan. lnorg. 
Chem. Radixhem., 8, 1 (1%6), and references contained therein. 

(4) 1. Lewis and R. Whyman, I. Chem. Sac, 5486 (1965); R. 
Whyman, Ph. D. Thesis, Manchester University, England, 1965. 
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(TP), 2, showed 
CCr(CO)2(QP)I 
rivatives of the 

that the mild oxidation of the complex 
gave six-coordinate chromium(I) de- 
type [Cr(CO)I(QP)]+? It has also 

been reported that complexes cis-[ M(C0)2(diphos)z] 
(M=Cr, MO, W) gave products of the type trans- 
C M(CO)z(diphos)J I This contrasts the reaction of 
the analogous complexes with the chelating diarsine 
o-(MezAs)&H4 which on oxidation gives seven-coor- 
dinate M(H) derivatives of the type [ MX(CO)z- 
(diars)J+,6 

As the complexes [ M(CO),(QP)] (M=Mo, W) 
cannot give, on oxidation, products of trans-configu- 
ration, it was of interest to study the products obtai- 
ned from their oxidation. 

Results and Discussion 

The ligands QP and TP react with molybdenum and 
tungsten hexacarbonyls to give complexes of the type 
[ M(CO)j(ligand)] (M =Mo, W; ligand = QP, TP). 
Complexes [M(CO),(QP)] are obtained from the 
tricarbonyl derivatives by heating at c~. 24O”C/O.l 
mm. Some of the physical properties of the above 
complexes are given in Table I. 

The reaction of [W(CO>,(QP)] with two equiva- 
lents of a suitable oxidizing agent gives seven-coordi- 
nate complexes [WX(C0)2(QP)]+ (X=Br from N- 
bromosuccinimide, X= I from iodine), which were 
isolated as their tetraphenylborates. Four equivalents 
of iodine yielded the complex [ WI( CO)*( QP)] IL Oxi- 
dation of [ W(CO),(QP>] with antimony pentachloride 
gave [WCl(CO)AQP)] + which, however, could not 
be obtained analytically pure. The physical proper- 
ties of these compounds, supporting the above formu- 
lation, are given in Table I. 

Treatment of [WI(COMQP)]+ with sod&m boro- 
hydride gives back [ W(COh(QP) 1. 

(5) 1. V. Howell and L. M. Venanzl, J. Chem. Sot., A, 1007 (1967). 
(6) 1. Lewis, R. S. Nyholm, C. S. Pande, and M. H. B. Sttddard. 

J. Chem. Sot., 3600 (1963). 
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Table I. Some Physical Properties of Molybdenum and Tungsten Complexes Containing QP and TP 

Compound Colour AhiD XMccm, 
b CO stretches c 

[WCOMW] 

CW(Co)4QP)1 

E 
W(COMQP)l 
WBr(CO)I(TP)] [BPh] 

yellow 

yellow 

orange-red 
yellow 

0.3 

0.2 

0.25 d 
15.8 

[ WI(CO),(TP)] [ BPlL] 

:WL(COh(TP)] 
_WBr(C0)2(QP)] [BPh] 
:WI(CO),(QP)] [BPho] 
:WI(CO)AQP)]I, f 
:WCl,(CO)(QP)] 
_WBt$CO)(QP)] 
-WL(CO)(QP)] 
:Mo(CO),(TP)] 

orange 

brown 
orange 
orange 
yellow-brown 
orange 
orange 
orange-brown 
yellow 

13.8 

6.5 
16.0 
15.4 
25.9 

1.5 s 
5.0 h 

2E i 

[Mc(CO),(QP)l yellow 0.6 

E Mo(COMQP)] 
MoIdCOMTP)] 

[ MoI(COb(QP)] [ BPhr] 

orange 
yellow 
orange 

0.9 d 
6.8 

14.8 

13 

1 

-11 
73 

30 

122 
22 
38 
80 

1:: 
154 
13 

8 

12 
332 
47 

1940,1855, 
1845 
1945.1855 (sh) 
1850 
1860,1805 
2050,1975, 
1950 
2045,1995, 
1950 
1935,186O 
2015,196O = 
2000.1950 
2000,1945 
1880e 
1880 e 
1880 e 
1960,1870, 
1860 (sh) 
1935,187O (sh) 
1860 
1875.1820 
1940,187O 
2010,1965 

a For lo-’ M nitrobenzene solutions at 20°C (mho. cm’). b lo” xu (c.g.s. units) at room temperature. c In dichloromethane solution; 
sh = shoulder; in cm-’ units. d Slowly oxidised by the solvent with consequent increase of hhl with time. e In Nujol mulls. 
f Presence of tri-iodide ion confirmed by absorption maxima at 27,000 and 34,000 cm-‘. g For 0.36 x 10-l A4 solution at 20°C; 
reading extrapolated to zero time. h For 0.66 x lo-’ M solution at 20°C; reading extrapolated to zero time. i Gives blue-green 
solution immediately, which turns yellow in cu. 20 min without significant change in conductivity. 

Complexes of the type [WX,(CO)(QP)] can be pre- 
pared either by heating the compounds [WX)CO)z- 
(QP)]X (X = Br, I) in vacua at 130°C for 15 hr or by 
refluxing the compounds [ WX(CO),( QP) ] [ BPh4] 
(X=Cl, Br) with an excess of the appropriate lithium 
halide in diglyme. These complexes are less stable 
in solution than the corresponding dicarbonyl deriva- 
tives and, when dissolved in solvents such as dichloro- 
methane and chloroform, undergo marked chemical 
changes as indicated by their infrared spectra in the 
carbonyl region. Thus, the complex [ WC12(CO)(QP)] 
dissolves in chloroform to give a yellow-orange solu- 
tion with a band at 1895 cm-’ but this band is re- 
placed over cu. 4 hr by two bands at 2015 and 
1965 cm-‘. The bromo-complex dissolves in chlo- 
roform to give a yellow-brown solution with three 
bands at 2015, 1955, and 1905 cm-‘. The 1905 
band vanishes over 10 to 15 min. The iodocom- 
plex dissolves to give a deep blue solution with 
a single sharp peak at 1930 cm-‘. Over about 1 hr , 
the blue colour fades to leave a yellow solution with 
bands at 2005 and 1950 cm-‘. The positions of the 
new bands in chloroform solutions suggest that species 
of the type [WX(CO)Z(QP)]X (X=Cl, Br, I) are form- 
ed together with materials containing no carbonyl 
groups (see experimental section). It has not proved 
possible as yet to elucidate fully the nature of these 
reactions. Other physical properties of the complexes 
[ WXZ(CO)(QP>] are given in Table I. 

It is thus seen that the oxidation of the compounds 
yields seven-coordinate compounds and not six-coordi- 
nate species as isolated from the oxidation of [ W(CO)z- 
(diphosh]. As in this compound, as well as in the 
corresponding QP derivative, the four phosphorus 
atoms occupy &-positions, it appears likely that the 
different behaviour between the complexes of diphos 
and QP is due to the ability of the former to give rise 
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to trans-[ W(CO)z(diphos)z]. The rigid structure of the 
QP ligand prevents such a rearrangement in its com- 
plexes. However, the reason for the oxidative stability 
of trans-[W(CO)z(diphos)J is, as yet, not clear. 

Molybdenum hexacarbonyl reacts with QP giving 
[Mo(CO)s(QP)], from which [ Mo(C0)2(QP)] has 
been isolated. Oxidation of the latter product, as de- 
scribed for the tungsten analogues, gives seven-coor- 
dinate complexes [ MoX(C0)2(QP)] + from which pro- 
ducts of the type [MoX2(CO)(QP)] have been ob- 
tained. The products characterised are given in Ta- 
ble I. The molybdenum complexes are very much 
less stable than their tungsten analogues and, it did 
not prove possible to isolate and characterise fully an 
extensive series of compounds. 

The results obtained, however, confirm the expected 
full analogy in behaviour between molybdenum and 
tungsten. 

The molybdenum and tungsten hexacarbonyls react 
with the terdentate ligand bis(o-diphenylphosphino- 
phenyl)phenylphosphine, TP, to give [Mo(COb(TP)] 
(M=Mo, W). Some of their physical properties are 
listed in Table I. Their geometry, as well as that of 
the [M(CO)j(QP)] species, could not be established 
using infrared measurements for the reasons given 
elsewhere.’ Electronic and steric considerations, ho- 
wever, suggest that they might have cis-configurations. 

The oxidation of [W(CO),(TP)] by iodine is cri- 
tically dependent on the solvent used and the tempe- 
rature conditions. In solution in dichloromethane- 
ethanol or in suspension in ethanol at 2O”C, the com- 
plex is oxidised to the cation [ WI(CO)j(TP)]+, which 
was isolated and characterised as the tetraphenylbo- 
rate (see Table I). If, however, the reaction is 
carried out in benzene at 2O”C, the reaction is slow, 
and [WIZ(CO)Z(TP)] is obtained (see Table I). A 
Nujol mull of this species has two carbonyl bands 



in the infrared at 1935 and 1860 cm-‘, but, in chlo- 
roform or other polar solvents, two additional new 
peaks appear at 1975 and 1895 cm-‘, which do not 
alter in intensity over several hours. If the oxidation 
is carried out in ethanol at 5O”C, these four peaks are 
again obtained. This evidence would seem to best 
be explained in terms of the formation of an equili- 
brium mixture of two isomers of the complex [WI*- 
(COh(TP)] in polar solvents. 

The bromination reaction is also critically depen- 
dent on the conditions used. If the complex in solu- 
tion in dichloromethane or in suspension in ethanol is 
treated with two equivalents of N-bromosuccinimide 
in acetone at 0°C and sodium tetraphenylborate in 
ethanol is added to the solution obtained, a yellow 
precipitate of [ WBr(C0)3(TP)] [ BPh4] is obtained. 
(No precipitate is formed if the reaction is carried out 
at room temperature or at -20°C). If the oxidation is 
effected using bromine in toluene at O”C, a yellow pre- 
cipitate is formed. The infrared spectrum indicates 
that this species could be [WBr(CO)j(TP)]Br, but all 
attempts to convert this to the complex [WBr?(CO)r 
(TP)] resulted in decomposition. 

As noted with the QP complexes, the molybdenum 
compounds are considerably less stable than their 
tungsten analogues. The only derivative which could 
be isolated was [MOIST], which has veWyh;k 
milar properties to its tungsten counterpart. 
isolated from benzene solution, this complex has one 
molecule of benzene of recrystallization associated 
with it, but this can be removed by heating the sample 
at 130 “C in vacua. The heating is, however, accom- 
panied by some decomposition to yield small amounts 
of a green paramagnetic species, as indicated by ma- 
gnetic data. 

Experimental Section 

The phosphorus ligands were prepared as described 
elsewhere.’ 

Tricarbonylbis (o-diphenylphosphinophenyl) phenyl- 
phosphinetungsten(0). TP (0.95 g) and resublimed 
tungsten hexacarbonyl (0.56 g) were irradiated in 
refluxing di-n-butyl ether (50 ml) under nitrogen for 
12 hr. The solvent was removed by rotary evapora- 
tion, and the product recrystallized from benzene-hep- 
tane as yellow crystals (1.23 g), which were dried in 
vacua at 175°C. (Calcd. for C~~HJ~O~PJW: C, 60.15; 
H, 3.7%. Mol. Wt. 899. Found: C, 60.35; H, 
3.8%. Mol. Wt. in benzene 920). 

Tricarbonyltris(o-diphenylphosphinophenyl)phosphi- 
netungsten(0). QP (1.63 g) and resublimed tungsten 
hexacarbonyl (0.96 g) were irradiated in refluxing di- 
n-butyl ether (50 ml) under nitrogen for 15 hr. The 
solvent was removed by rotary evaporation, and the. 
product dissolved in benzene (100 ml) and filtered. 
The solution was reduced to 20 ml, and added to a 
chromatographic column of silica gel (55 cm x 2.5 cm 
diameter). The required product was eluted with 
benzene, and recrystallized from benzene-heptane 
as yellow crystals, (1.78 g), which were dried in 

(7) B. Chiswell and L. M. Venanzi, /. Chem. Sot., A, 417 (1966). 
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vacua at 175°C. (Calcd. for C57H4203P4W: C, 63.2; 
H, 4.0%. Mol. Wt. 1083. Found: C, 63.15; H, 
3.9%. Mol. Wt. in benzene 1118). 

Dicarbonyltris(o-diphenyIphosphinophenyl)phosphi- 
netungsten(0). The complex [ W(C0)3(QP)] (1.6 g) 
was heated at 245”C/O.O5 mm for 72 hr. The pro- 
duct was recrystallized from benzene- heptane as 
orange-red crystals (1.0 g), and dried in vacua at 
200°C. (Calcd. for C&HUO~P~W: C, 63.8; H, 4.0%. 
Mol. Wt. 1055. Found: C, 63.9; H, 4.2%. Mol. 
Wt. in benzene 1097). 

Bromotricarbonylbis(o-diphenylphosphinophenyl)- 
phenylphosphinetungsten(lI) Tetraphenylborate. The 
complex [W(CO)j(TP)] (0.30 g) suspended in etha- 
nol (30 ml) was treated with N-bromosuccinimide 
(0.12 g) in acetone (10 ml) and ethanol (20 ml) under 
nitrogen with vigorous stirring for 1 hr at 0°C. The 
resulting yellow solution was filtered, and a filtered 
solution of sodium tetraphenylborate (0.50 g) in etha- 
nol (20 ml) was added with vigorous stirring. The 
yellow precipitate (0.30 g) was filtered off, washed 
well with ethanol, and dried in vacua. (Calcd. for 
C69Hs;BBrOJP,W: C, 63.9; H, 4.1; Br, 6.15%. 
Found: C, 63.7; H, 4.1; Br, 6.3%). 

Iodotricarbonylbis(o-diphenylphosphinophenyl)phe- 
nylphosphinetungsten(l1) Tetraphenylborate. The com- 
plex [W(CO)j(TP)] (0.225 g) in dichloromethane 
( 15 ml) was treated with iodine (0.063 g) in ethanol 
(25 ml) with vigorous stirring under nitrogen for 30 
min. Sodium tetraphenylborate (0.50 g) in ethanol 
(25 ml) was added with rapid stirring, and a further 
15 ml of ethanol added. The precipitate was filtered 
off, recrystallized from dichloromethane-ethanol as 
a fine orange powder, and dried in vacua. Yield 
0.15 g. (Calcd. for GH~JBIO~P~W: C, 61.6; H, 4.0; 
I, 9.45%. Found: C, 61.45; H, 4.0; I, 9.6%). 

Di-iododicarbonylbis(o-diphenylphosphinophenyl)- 
phenylphosphinetungsten(l1) Tetraphenylborate. To a 
vigorously stirred solution of [ W(CO)X(TP)] (0.225 g) 
in benzene (50 ml), a solution of iodine (0.063 g) in 
benzene (40 ml) was added under nitrogen over 1 hr 
at room temperature. The red-orange solution was 
stirred for 24 hr, and the yellow-orange precipitate 
filtered off, washed with heptane, and dried in vacua 
at 130°C. Yield 0.21 g. During drying, the complex 
lost benzene of recrystallization and turned brown. 
(Calcd. for CMH&O~PJW: C, 47.0; H, 2.95; I, 
22.6%. Found: C, 47.0; H, 3.2; I, 22.4%). 

Bromodicarbonyltris(o-diphenylphosphinophenyl)- 
phosphinetungsten(l1) Tetraphenylborate. The com- 
plex [W(CO),(QP)] (0.20 g) suspended in ethanol 
(20 ml) was treated with a solution of N-bromosucci- 
nimide (0.070 g) in acetone (10 ml) with vigorous 
stirring at room temperature over 10 min. The solu- 
tion was filtered, and a solution of sodium tetraphenyl- 
borate (0.50 g) in ethanol (15 ml) added with vigo- 
rous stirring. The orange precipitate was recrystalli- 
zed from dichloromethane-ethanol as orange crystals, 
and dried in vacua. Yield 0.19 g. (Calcd. for 
CgHeBBrOzP4W: c, 66.1; H, 4.3; Br, 5.5%. 
Found: C, 66.3; H, 4.3; Br, 5.8%). 
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Zododicarbonyltris(o-diphenylphosphinophenyl)pho- 
sphinetungsten(IZ) Tetraphenylborate. The complex 
[W(CO)Z(QP)I (0.20 g) in dichloromethane (10 ml) 
was treated with a solution of iodine (0.048 g) in 
ethanol (30 ml) over 10 min with good stirring. So- 
dium tetraphenylborate (0.50 g) in ethanol (10 ml) was 
added with vigorous stirring, and the orange precipi- 
tate filtered off, recrystallized from dichloromethane- 
ethanol as orange crystals (0.19 g), and dried in vacua. 
(Calcd. for GJH~zBIOZPJW: C, 64.0; H, 4.2; I, 
8.45%. Found: C. 63.9; H, 4.15; I, 8.6%). 

Iododicarbonyltris(o-diphenylphosphinophenyl)pho- 
sphinetungsten(ZI) Tri-iodide. (A suspension of 
CW(CO)Z(QP)I (0.21 g) in ethanol (10 ml) was trea- 
ted with iodine (0.11 g) in ethanol (20 ml) with vigo- 
rous stirring under nitrogen for 15 min at room tem- 
perature. A clear solution was formed from which 
a yellow-brown solid precipitated. This was filtered 
off, washed with a little ethanol, and dried in vacua 
at 110°C. Yield 0.22 g. During drying, the com- 
pound turned green and lost a little iodine. The 
yellow-brown colour returned over 24 hr. (Calcd. 
for CV,H&OZP~W: C, 43.05; H, 2.7; I, 32.6. 
Found: C, 43.0; H, 2.9; I, 32.4%). 

Dichlorocarbonyltris(o-diphenylphosphinophenyl)- 
phosphinetungsten(ZZ). The complex [ W(CO)z(QP)] 
(0.50 g) in chloroform (10 ml) was treated with a 
solution of antimony pentachloride in chloroform 
(10 ml of 0.047 M) with vigorous stirring at room 
temperature over 10 min. The solution was stirred 
for a further 20 min, and then ethanol (50 ml) was 
added, and stirring continued for a further 30 min. 
The solution was filtered, and sodium tetraphenylbo- 
rate (1 .O g) in ethanol (10 ml) added. The orange- 
yellow precipitate was filtered off and recrystallized 
from dichloromethane-ethanol. The product (0.27 
g) was refluxed in dry diglyme (30 ml) with anhydrous 
lithium chloride (2.7 g) with vigorous stirring under 
nitrogen for 4 hr. The red solution was evaporated 
to dryness by rotary evaporation, and the residue 
extracted with benzene. The product (0.095 g) was 
obtained as an orange powder after addition of hep- 
tane, and was dried in vacua at 130°C. (Calcd. for 
G,H&hOP4W: C, 60.2; H, 3.9; Cl, 6.45%. 
Found: C, 60.0; H, 3.9; Cl, 6.25%). 

Dibromocarbonyltris(o-diphenylphosphinophenyl)- 
phosphinetungsten(ZZ). The complex [ W(CO),(QP)] 
(0.21 g) in dichloromethane (10 ml) was treated with 
N-bromosuccinimide (0.071 g) in acetone (10 ml) with 
vigorous stirring at room temperature over 30 min. 
The solvents were removed by rotary evaporation. and 
the residue extracted with warm ethanol, from which 
it was precipitated after addition of heptane as an 
orange powder (0.15 g). The product was heated in 
vacua at 130°C for 16 hr, which resulted in the loss 
of one mole of carbon monoxide. (Calcd. for 
CsH42BrzOP4W: C, 55.7; H, 3.6; Br, 13.5%. 
Found: C, 55.4; H, 3.8: Br, 13.8%). 

The complex [WBrz(CO)(QP)] (0.05 g) was dis- 
solved in bromoform ( 10 ml) and the solution allowed 
to stand for 1 hr. The carbonyl peak at 1895 cm-’ 
was replaced by two new bands at 2010 and 1955 
cm-‘. The solvent was evaporated to dryness, and 

the solid (which, in a Nujol mull, had carbonyl peaks 
at 2005 and 1945 cm-’ together with some P=O 
and W =0 bands) was extracted with acetone and 
precipitated with heptane. The yellow precipitate 
was heated in vacua at 130°C for 6 hr. The infrared 
spectrum of the product now had a single carbonyl 
peak at 1890 cm-‘. A chloroform solution of this 
material rapidly developed tv.& bands at 2010 and 
1955 cm-’ to replace that at -‘1895 cm-‘. It seems 
likely that the species [ WBrz(CO)(QP)] disproportio- 
nates in solution to give [WBr(C0)2(QP)]Br, which on 
heating is reconverted to [ WBr2(CO)(O.P)], together 
with some material containing no carbonyl groups. 

Di-iodocarbonyltris(o-diphenylphosphinophenyl)pho- 
phosphinetungsten(ZZ). A suspension of the complex 
CW(CO)Z(QP)I (0.21 g) in ethanol (30 ml) was treated 
with iodine (0.050 g) in ethanol (30 ml) with vigorous 
stirring over 30 min at room temperature. The mix- 
ture was warmed to 5O”C, filtered, and the product 
obtained as a pale orange powder (0.14 g) after the 
addition of heptane, and was dried in vacua at 130°C 
for 16 hr. The product darkened during heating and 
lost one mole of carbon monoxide. (Calcd. for 
CssH&OP4W: C, 51.6; H, 3.3; I, 19.8%. Found: 
C, 51.45; H, 3.4; I, 19.65%). 

Tricarbonylbis(o..diphenylphosphinophenyl)phenyl- 
phosphinemolybdenum(0). TP (0.95 g) and resubli- 
med molybdenum hexacarbonyl (0.41 g) were refluxed 
in dry di-n-butyl ether (50 ml) under nitrogen for 3l/2 
hr. The solvent was removed by rotary evaporation, 
and the product recrystallized from benzene-heptane 
as golden-yellow crystals (0.9? g), and dried in vacua 
at 175°C. (Calcd. for C45H33M00~P3: C, 66.7; H, 4.1; 
P, 11.5%. Found: C, 67.0; H, 4.3; P, 11.4%). 

Tricarbonyltris(o-diphenylphosphinophenyl)phosphi- 
nemolybdenum(0). QP (0.41 g) and resublimed mo- 
lybdenum hexacarbonyl (0.14 g) were refluxed in 
dry di-n-butyl ether (50 ml) under nitrogen for 3 hr. 
The solvent was removed by rotary evaporation, and 
the product recrystallized from benzene-heptane as a 
yellow powder (0.40 g), which was dried in vacua at 
130°C. (Calcd. for GH~zMoO~P.+: C, 68.8; H, 4.25; 
P, 12.45%. Found: C, 68.4; H, 4.45; P, 12.35%). 

Dicarbonyltris(o-diphenylphosphinophenyl)phosphi- 
nemolybdenum(0). The complex [Mo(CO)s(QP)] 
(1.8 g) was heated at 235”C/O.O5 mm for 15 hr, and 
the product recrystallized from benzene-heptane as 
orange-red crystals (1 .l g), which were dried in vacua 
at 200°C. Calcd. for C~H.+ZMOOZP~: C, 69.4; H, 4.4; 
P, 12.8. Found: C, 69.15; H, 4.4; P, 12.7%). 

Di-iododicarbonylbis(o-diphenylphosphinophenyl)- 
phenylphosphinemolybdenum(ZZ). To a vigorously 
stirred solution of [Mo(CO)j(TP)] (0.27 g) in ben- 
zene (50 ml), a solution of iodine (0.085 g) in ben- 
zene (40 ml) was added over 14 min under nitrogen 
at room temperature. A deep red solution was for- 
med, and this soon darkened to an intense brown. 
Stirring was continued for a further 15 hr, and the 
yellow-orange precipitate was filtered off, washed 
with benzene (10 ml), and dried in vacua at room 
temperature. Yield 0.20 g Calcd. for C~H&MOOZP~ 
([MoIz(CO)Z(TP)] . GH6): C, 53.8; H, 3.5; I, 22.8; 
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P, 8.35%. Found: C, 53.5; H, 3.5; I, 21.5; P. 
8.35%). When this material was heated in wzcuo 
at 13O”C, it lost weight and turned green, but the 
original yellow colour returned over a few hr in air. 
(Calcd. for C~HJZMOOZP~: C, 51.0; H, 3.2; I, 
24.5;‘ P, 9.0%. Found: C, 51.1; H, 3.35; I, 23.7; 
P, 8.85%). 

Iododicarbonylfris(o-diphenylphosphinophenyl)pho- 
sphinemolybdenum(l1) Tefraphenylborate. Since ana- 
lytical data on the product obtained by the same 
method as that used for the analogous tungsten com- 
plex suggested that the final product coprecipitated 
with sodium iodide, the following modified procedure 
was adopted. The complex [Mo(CO)Z(QP)] (0.30 g) 
in suspension in ethanol (30 ml) was treated with 
a solution of iodine (0.076 g) in ethanol (20 ml) over 
10 min, with good stirring, under nitrogen at room 
temperature. Acetone (IO ml) was added to aid so- 
lution of the product, and then silver nitrate (0.060 g) 
in water (1 ml) and ethanol (20 ml) were added with 
good stirring over 10 min. The silver iodide precipi- 
tate was filtered off, and a solution of sodium tetra- 

phenplborate (0.50 g) in ethanol (20 ml) added to the 
filtrate with vigorous stirring. The precipitate was 
filtered off, extracted with acetone, filtered through 
a fine filter paper, and obtained as an orange-yellow 
powder by concentrating the solution by rotary eva- 
poration after the addition of ethanol. The complex 
(0.16 g) was filtered off, washed with ethanol, and 
dried in uacuo at room temperature. (Calcd. for 
C~~H~~BIMOOZP~: C, 68.0; H, 4.4; I, 9.0; P, 8.8%. 
Found: C, 67.8; H, 4.5; I, 8.8; P, 8.65%). Du- 
ring drying, the complex turned green, but returned 
to its original orange-yellow colour over 24 hr. 

Analyses and Physical Measurements. These were 
performed as described elsewhere? 
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