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REACTIVITY OF COORDINATED Ph,P(C;Hs). PREPARATION
OF M(CO),[Ph,P(C:H,T])], COMPLEXES (M =Cr, Mo; n=1,2)
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Abstract—The interaction of C;HzCr(CO), with two equivalents of Ph,P(CsH;) in hexane
at 0°C gives trans-Cr(CO),[Ph,P(CsHs)], (I) in high yield (80%). In CDCl; at 30°C, I
isomerizes to cis-Cr(CO)4(Ph,PC,oH,(PPh,) (II) quantitatively. Compound II can also
be prepared in high yield (85%) by the interaction of trans-Cr(CO),(Ph,PCl), with two
equivalents of TI(CsH ) in refluxing toluene. Treatment of M(CO)s (M = Cr, Mo) with one
equivalent of trimethylamine N-oxide in THF followed by the addition of one equivalent
of Ph,P(CsH,T1) affords M(CO),[Ph,P(C;H,T)] (I, M = Cr; IV, M = Mo) and M(CO),
[Ph,P(CsH,TD)], (V, M = Cr; VI, M = Mo). M(CO),[Ph,P(C;H,T1)], adopts a trans-
and a cis-configuration for chromium and molybdenum, respectively. The M(CO),
[Ph,P(CsH,TI)], complex can also be prepared conveniently either by the interaction of
C,HM(CO), with two equivalents of Ph,P(CsH,TI) or by the interaction of M(CO),
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[Ph,P(CH;)], with two equivalents of TI(OEt) in THF.

The (diphenylphosphino)cyclopentadienyl anion
Ph,P(CsH,)™ has been shown to be a very versatile
reagent in organometallic synthesis. Its use as a
difunctional reagent to bring two heterometal cen-
tres in close proximity has received considerable
attention.' The preferred synthetic method has been
to coordinate the CsH, unit first to give an #°-
CsH,PPh, complex, and then to coordinate a
second metal through the phosphine group. An
alternative approach would be to coordinate the
parent phosphine ligand Ph,P(CH ;) first, followed
by deprotonation and coordination to a second
metal via the cyclopentadienyl group. The first
approach has been investigated extensively. How-
ever, relatively few studies have been carried
out for the latter approach.

We recently reported the synthesis of cis-Mo(CO),
[Ph,P(CsH;)], and showed that the coordinated
Ph,P(C;H;) ligands when in a mutually cis-position
underwent rapid Diels—Alder dimerization at room
temperature producing the 1,3-bis(diphenylphos-
phine)dicyclopentadiene ligand.? In this paper, we
report theisolation of the chromium analogy, trans-

* Author to whom correspondence should be addressed.

Cr(CO)4[Ph,P(CsHj)],, and the reactivities of the
coordinated Ph,P(C;H) ligands.

RESULTS AND DISCUSSION

Preparation and reactivity of trans-Cr(CO),[Ph,P
(CsH3) (D

When C;H;Cr(CO), was treated with two equi-
valents of Ph,P(C;H;) at 0°C in hexane, yellow
crystals of the stoichiometry Cr(CO),[Ph,P
(CsH )], (I) were obtained in high yield (80%). The
IR spectrum (KBr) of I exhibits an absorption at
1880s cm~'. The absorption pattern is indicative of
a trans-configuration for the four terminal carbonyl
groups. The *'P{'H} NMR spectrum exhibits a
singlet at 620.0 ppm. In addition to the phenyl
resonances, the '"H NMR spectrum of I exhibits two
multiplets of relative intensity 1:2 centred at 66.84
and 6.49 ppm, respectively, in the olefinic proton
region, and a broad singlet of relative intensity 2
centred at 63.20 ppm in the aliphatic proton region
for the cyclopentadienyl ring protons. The 'H
NMR chemical shifts are similar to those of the
diphenyl(cyclopentadienyl)phosphine ligand of
Fe(CO)[Ph,P(C;sHs)].> Based on the above
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spectroscopic data, two structures are possible for
I. These are Ia and Ib as shown below.
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In contrast to ¢is-Mo(CO),[Ph,P(CH )], (VIII)
I adopts a trans-configuration. This can be
explained in terms of electronic and steric effects.
For the Ph,P(CsH;) ligand, which is a weaker n-
acid than CO, the electronic effect favours the cis-
isomer, whereas the steric effect favours the zrans-
isomer. The geometry adopted by M(CO)[Ph,P
{CsHj)l, M = Cr, Mo) complexes depends on the
relative importance of these two factors. In the
absence of significant steric interaction, the elec-
tronic effect is the dominant factor and favours the
formation of cis-M(CQO),[Ph,P(CsH 5)}, complexes.
Therefore, in the case of VIII where the central
metal, molybdenum, is relatively large, the steric
interaction between two mutually cis-Ph,P(C;H5)
ligandsis relative weak and as a result, VII adopts a
mutually cis-configuration for the two Ph,P(CsHj)
ligands. The degree of congestion between two
mutually cis-Ph,P(C;H;) ligands increases as the
size of the central metal decreases. In the case of I
where the central atom, chromium, is relatively
small, should the two Ph,P(CsH;) ligands adopt a
mutually cis-configuration, the two ligands would
experience a strong steric interaction. For I, the
steric interaction is so strong that it forces the two
ligands to adopt a mutually frans-configuration. A
similar observation is also reported for the M(CO),
{Ph,PCI),* complex, which adopts a frans- and a
cis-configuration for chromium and molybdenum,
respectively.

In hexane, I underwent isomerization at ambient
temperature to give light green crystals of stoi-
chiometry [Ph,PC, H ,PPh,]Cr(CO), (I} in 90%
isolated yield. The IR spectrum (KBr) of II exhibits
three absorptions at 2002 s, 1912 s and 1872 vs(br)
cm™ . The absorption pattern is indicative of a cis-
configuration for the four terminal carbonyl
groups. The *'P{'H} NMR spectrum of II exhibits
two doublets of relative intensity 1:1 centred at
641.0 (J = 34.2 Hz) and 56.1 ppm (J = 34.2 Hz),
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respectively. Compound I exhibits a very com-
plicated '"H NMR spectrum. In addition to the
phenyl proton resonances, II exhibits three multi-
plets of relative intensity 1:1:1 centred at 66.74, 6.12
and 5.13 ppm, respectively, in the olefinic proton
region, and two multiplets, one ranged from 01.62
to 2.87 ppm and the other centred at 40.63 ppm of
relative intensity 6: 1, respectively, in the aliphatic
proton region. The spectroscopic data of Il are very
similar to those of cis-[1,3-bis(diphenylphosphino)
dicyclopentadiene]{tetracarbonyl)molybdenum (VII),
whose structure has recently been established by
an X-ray diffraction study.® Thus, II can then be
formulated as cis-{1,3-bis(diphenylphosphino)di-
cyclopentadiene{tetracarbonyl)chromium and has
the following structure :

Ph,
p2

cis- (CO), Cl(

P
Ph,

i}

The result shows that rather than undergoing
intermolecular Diels—Alder dimerization, the two
Ph,P(C;Hj) ligands of I prefer to undergo intra-
molecular Diels—Alder dimerization to produce
the 1,3-bis(diphenylphosphino)dicyclo-pentadiene
ligand. This is further supported by the fact that
Fe(CO)[Ph,P(C;HJ)]® is stable to Diels—Alder
addition and does not undergo intermolecular
dimerization.

The formation of I is probably via the iso-
merization of I to the cis-configuration followed by
intramolecular Diels—Alder dimerization as shown
in Scheme 1. The course of the reaction was fol-
lowed by *'P{'H} NMR spectroscopy. In CDCl,
at 30°C, I isomerized to H guantitatively within 12
h. Other than the resonances due to I and H, no
other resonances were observed. The inability to
detect any other resonances suggests that as soon
as I isomerized to the cis-configuration, the two
Ph,P(CsH5) ligands in the mutually cis-position
underwent a facile intramolecular Diels—Alder
dimerization to produce II. The intramolecular
Diels—-Alder dimerization process is so rapid that
the intermediate cannot even be detected on the
NMR time-scale at 30°C. This suggests that the rate
determination step for the conversion of I to Il is
the trans- to cis-isomerization process of L

Compound 1 reacted with two equivalents of
TI(OEt) to give a greenish yellow precipitate of
stoichiometry Cr(CO)Ph,P(C;H, TD}, in high
yield. The IR spectrum of the precipitate is identical
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to that of trans-Cr(CO)[Ph,P(CsH TD], (V) (vide
infra).

Interaction of trans-Cr(CO)(Ph,PCl), with (C;H;)T1

When trans-Cr(CO),(Ph,PCl), was treated with
two equivalents of (C;Hs)TI in toluene at room
temperature, no reaction was observed after 3 days.
However, when the reaction was carried out in
refluxed toluene for 16 h, I was isolated in 85%
yield. Compound II is probably formed via the
mechanism shown in Scheme 1. Trans-Cr(CO),
(Ph,PCl), reacts with two equivalents of (CsH;)TI
to produce the intermediate I. Compound I then
isomerizes to the cis-configuration which undergoes
hydrogen migration and finally intramolecular
Diels—Alder dimerization to produce the final pro-

duct II. A similar mechanism has been suggested

for the formation of the analogous molybdenum
complex.?

Preparation of Cr(CO)e,[Ph,P(CsH T, com-
plexes (n = 1,2)

(1) When Cr(CO), was treated with one equi-
valent of trimethylamine N-oxide in THF followed
by the addition of one equivalent of Ph,P(C;H,TI),
compounds of stoichiometry Cr(CO)s[Ph,P
(CH,T] () and Cr(CO)[Ph,P(C;H,TD], (V)
were isolated in 60 and 10% yields, respectively.
Compound III is insoluble in hexane, but soluble
in benzene, toluene, diethyl ether, THF, CHCl; and
CH,Cl,. However, it slowly decomposes in
CHCl,; and CH,Cl,. The IR spectrum (KBr) of
I exhibits CO absorptions at 2060 m, 1996 m,
1932 vs and 1876 s(sh) cm ™' indicating that all the
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CO groups are terminal carbonyl groups. The
*'P{'H} NMR spectrum of I exhibits a singlet at
635.8 ppm. In addition to the phenyl proton
resonances, the 'H NMR spectrum of III also exhi-
bits two multiplets of relative mfpnutv 1:

at 6.31 and 5.96 ppm, respectively, for the protons
of the cyclopentadienyl ring. This indicates that
there are two sets of equivalent protons for the
(Cs;H,TI) ring. Based on the above spectroscopic
data, the following structure is assigned to Hil.

-1 centred

0, M=Cr
th [
oc—" IV, M=Mo

CO

Unlike III, V is insoluble in most organic
solvents. Thus, it is not possible to characterize V
by NMR spectroscopy. The IR spectrum (KBr)
of V exhibits only one absorption at 1876s cm ™!,
indicating that the four carbonyl groups are ter-
minal carbonyls having a trans-configuration.
Thus, based on elemental analysis and IR data, the

following structure is assigned to V.

b{\"ﬂ
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The proposed structure is further supported by
the fact that when V was treated with CF;CO,H,
II was isolated. Presumably upon protonation, V
produces I which then isomerizes and undergoes

Diels—Alder dimerization to sive II. ag shown in
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Scheme 2.

(2) When C,;HCr(CO), was treated with two
equivalents of Ph,P(CsH,Tl) in THF, a greenish-
yellow precipitate of stoichiometry Cr(CO),
[Ph,P(CH,TD)], was isolated in 90% yield. The
IR spectrum of the precipitate is identical to that
of V. Thus, the interaction of C,HCr(CO), with

Ph,P(C;H,T]) is a more convenient route for the
preparation of V.

Preparation of Mo(CO)¢.,[Ph,P(CsH,TI)], com-
plexes (n = 1,2)

(1) When Mo(CO), was treated with one equi-
valent of trimethylamine N-oxide in THF followed
by the addition of one equivalent of Ph,P(CH,TI),
compounds of stoichiometry Mo(CO)4Ph,P(C;H,
Th)) @AV) and Mo(CO),Ph,P(C;H,TY), (VI) were

isolated in 65 and 12% vields, respectively. Com-
........... yieids, respecuvery. Lom

pound IV is insoluble in hexane, but soluble in
benzene, toluene, diethyl ether, THF, CHCI; and
CH,Cl,. However, it slowly decomposes in CHCI,
and CH,Cl,. The IR spectrum (K Br) of IV exhibits
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Php” X2 CO absorptions at 2065s, 1979s, and 1939 vs cm
oc co indicating that all the CO groups are terminal car-
oc,)m\/ bonyl groups. The *'P{'H} NMR spectrum of IV
I co exhibits a singlet at 16.7 ppm. In addition to the
thp\r& phenyl proton resonances, the '"H NMR spectrum
v \V( of IV also exhibits two multiplets of relative inten-
Tl sity 1: 1 centred at 6.27 and 5.97 ppm, respectively,
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for the protons of the cyclopentadienyl ring. The
spectroscopic data suggest that IV has the same
structure as HI.

Caomnound VI ic insoluhle in most organic sol-
Compound V1 1s 1ns0iubic In most organic sol

vents and thus, cannot be characterized by NMR
spectroscopy. The IR spectrum (K Br) of VI exhibits
CO absorptions at 2008 s, 1896 vs and 1896 s(sh)
cm ™!, indicating that the four carbonyl groups are
terminal carbonyis having the cis-configuration.
Based on the above data, the following structure is
assigned to VL

Tl
£S5
Mp?h
e | “Ph,
N
oo—Hc, ‘Q]{
co
VI

The proposed structure is further supported by
the fact that when VI was treated with CF,CO,H,

YVIT waag ianlatad Deaciimal AN mentanatiae VT
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produces cis- Mo(CO),[Ph,P(CsH )], (VIII), which
then undergoes Diels—Alder dimerization to give
VII as shown in Scheme 3.

In contrast to the chromium analogy which

adopts a trans—connguratlon Vi aclopts a cis-con-

figuration. This observation can again be explained
in terms of the difference in size between the two

central atoms as was discussed previously.

(2) When C;HsMo(CO), was treated with two
equivalents of Ph,P(C;H,T1) in THF, an off-
white precipitate of stoichiometry Mo(CO)4[Ph2
P(C;sH,Ti)],was isolated in 90% yield. The IR spec-
trum of the precipitate is identical to that of VL.
This shows that the interaction of C,HMo(CO),
with Ph,P(CsH,TI) is @ more convenient route for
the preparation of VI. Compound VI can also
be produced by the interaction of cis-(CO),Mo
[Ph,P(CsHs)], (VII) with two equivalents of
TUHQEL), When VIII wag treated with two pq!n-

A IS AU . VY AEWAED YV BRRE VWEAO WGl Wil LWy

valents of TI(OEt), an off-white precipitate was iso-

lated and its IR spectrum was identical to that of

VL

We have synthesized trans-Cr(CO)[Ph,P(CsH5)],
and demonstrated that coordinated Ph,P(C;Hj)
ligands are reluctant to undergo intermolecular

Txreneron

However, two thP(C SH 5)
ligands are in a mutually cis-position, the coor-
dinated ligands will undergo a facile intramolecular
Diels—Alder dimerization to produce the 1,3-
bis(diphenylphosphino)dicyclopentadiene ligand.
We have also prepared M(CO)s[Ph,P(CsH,Ti)] and
M(CO),[Ph,P(CsH,T])], complexes (M = Cr, Mo)

which are nnfpnhal c\rnfhnhr‘ reagents fnr ﬂ'\p nren-
| e et bt =t et hdl ahd

VY iiitax

Airmarionts v whan
AiiNCii2qtion. wilhl

aration of heterometallic complexes containing the
M(CO),(M = Cr, Mo ; n = 4,5) unit. We are in the
process of evaluating the potential of these com-
plexes as heterometallic synthetic reagents. The

11 1

resuits wiii be reportea ina separate paper.

Microanalyses were performed by the Shanghai
Institute of Organic Chemistry, Chinese Academy
of Sciences, China. IR spectra (KBr pellets) were
recorded on a Hitachi 270-30 IR spectrometer or
on a Digilab FTS45 Fourier-transform IR spec-
trometer; data are given in cm~!. NMR spectra
were recorded on a JEOL FX90Q spectrometer.
Chemical shifts of "H NMR spectra were referenced
to internal deuterated solvents and then re-

calculated to TMS = 0.0 ppm. *'P NMR spectra

were referenced to external 85% H.PO

VIV IVICIVIAWAAL WU VAW Al OO0 /0 J13i 4.

All operations were carried out under nitrogen
or in vacuo. All chemicals used were of reagent
grade. Solvents were dried by standard procedures,
distilled and deaerated prior to use. Melting points
were taken in sealed capillaries and are uncorrected.

C,H,Cr(CO),,* C,;HzMo(CO),,* (CsHTL’
Ph,P(C;H.).,® Ph,P(CH,T)’ and cis-Mo(CO),
[Ph,P(CsH;)],> were prepared according to litera-
ture methods. Trans-Cr(CO)(Ph,PCl), was pre-
pared by the interaction of C;HCr(CO), with two
equivalents of Ph,PCl in refluxed hexane in 90%

visld ac a vallaw orvgtallina calid 1H and BIDIIUI
]l\/lu ad a JUIAUW \u]ot—auuu, OVJLINE ., 11 a1l iy 1

NMR data are given in Table 1.
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Table 1. 'H and *'P{'H} NMR data
Compound ‘He Assignment i Assignment
1 7.40 m(20) Ph,P 20.0s Ph,P(CH,)
6.84 m(2) Olefinic protons of the C;H rings
6.49 br, s(4)
3.20 br, s(4) Aliphatic protons of the C;H rings
n 7.00-7.55 m(20) Ph,P 56.1d(1)y P,; J(P—P)=342Hz
6.74 m(1) ) Olefinic protons of the dicyclopenta- 41.0d(l) P,; JP—P)=342Hz
6.12 m(1) diene liquid
513 m(1)
1.62-2.87 m(6) Aliphatic protons of the
0.63 m(1) dicyclopentadiene liquid
i1 7.53 m(4) Ph,PCH,TI 358s Ph,PCH,TI
7.16 m(6)
6.31 m(2) Ph,C,H, Tl
5.96 m(2)
1ve 7.50 m(4) Ph,PCH,TI 16.7s Ph,PC,H,TI
6.96 m(6)
6.27 m(2) Ph,PC;H,TI
5.97 m(2)

“In CDCl, at 30°C, referenced to Me,Si {50.00).

#In CDCl, at 30°C, referenced to external 85% H PO, (50.00), negative for upfield shift.

“In C¢Dg at 30°C.

Abbreviations: s, singlet ; d, doublet ; m, multiplet; br, broad.

Preparation of trans-Cr(CO)[Ph,P(C;H,)], (I)

A solution of C,H;;Cr(CO), (0.35 g, 1.36 mmol)
in hexane (25 cm®) was added dropwise to a freshly
prepared solution of Ph,P(CsHj) (0.75 g, 3 mmol)
in hexane (25 cm®) at 0°C. After stirring at 0°C
for 2 h, the solution was filtered. The filtrate was
concentrated to ca 20 cm? and cooled to —20°C to
give a yellow crystalline solid, which was filtered
and dried in vacuo. Yield: 0.72 g, 80% ; m.p. 141-
145°C (decomposed). Found (required): C, 68.2
(68.7); H, 4.5 (4.6)%. IR (KBr), w(CO): 1880 s
cm™ 1

Preparation of cis-Cr(CO),(Ph,PC,,H,,PPh,) (I)

(1) A solution of 1(0.66 g, 1 mmol) in toluene (25
cm?®) was stirred at room temperature. The reaction
was monitored by IR and was stopped when the CO
absorption peak due to I disappeared. The solution
was then filtered and the solvent of the filtrate was
removed in vacuo. A pale green residue was
obtained which was dissolved in a minimum
amount of CH,Cl,. Hexane was then added to the
CH,Cl, solution until it turned cloudy. The
CH ,Cl,/hexane solution was then cooled to —20°C
to give light green crystals, which were filtered and

dried in vacuo. Yield: 0.60 g, 90% ; m.p. 200°C
(decomposed). Found (required): C, 68.6(68.7); H,
4.8(4.6)%. IR (KBr), w(CO); 2002 s, 1912 s, 1872
vs(br) cm™ ",

(2) A solution of trans-Cr{CO)«Ph,PCl), (1.0 g,
1.65 mmol) in toluene (30 cm?) was added dropwise
to a suspension of (CsHs)TI (1.0 g, 3.72 mmol) in
toluene (70 cm?®). The reaction mixture was refluxed
for 16 h and filtered. The filtrate was evaporated to
dryness in vacuo to give a green residue. The residue
was redissolved in a minimum amount of CH,Cl,
and chromatographed on silica gel using CH,Cl, as
eluent. The green band obtained was concentrated
to ca 15 cm?® and then hexane was added until the
solution turned cloudy. The CH,Cl,/hexane mix-
ture was then cooled to — 20°C to give green crystals
of IL. Yield: 0.93 g, 85%.

Preparation of Cr(CO)s[Ph,P(CH,TH] (III)

A solution of trimethylamine N-oxide (0.15 g, 2
mmol) in THF (10 cm®) was added dropwise to a
solution of Cr(CO)¢ (0.44 g, 2 mmol) in THF (20
cm?). After stirring overnight at ambient tem-
perature, a yellow solution was obtained which was
filtered into a suspension of Ph,P(C;H,T1) (0.9 g, 2
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mmol) in THF (20 cm?®). The reaction mixture was
allowed to stir at ambient temperature for 5 h before
the solvent was removed in vacuo to give a greenish-
vellow residue. The residue was extracted with
diethyl ether (3 x 20 cm?) to give a greenish-yellow
solution and a greenish residue. The ether solution
was then concentrated to ca 20 cm® and cooled to
—20°C to give greenish yellow crystals which were
filtered and dried in vacuo. Yield: 0.78 g, 60%;
m.p. 178-180°C (decomposed). Found (required):
C, 41.3 (40.9); H, 2.2(2.2)%. IR (KBr), W(CO):
2060 m, 1996 m, 1932 vs, 1876 s(sh) cm ™.

The greenish residue was insoluble in most
organic solvents. The IR spectrum of the residue
exhibited a strong CO absorption at 1856 cm™'
and was identical to that of trans-Cr(CO),
[Ph(CsH,TD], (V). Yield: 0.21 g, 10%.

Preparation of Mo(CO) S[thP(C sH,ID] (IV)

A solution of trimethylamine N-oxide (0.30 g, 4
mmol) in THF (10 cm®) was added dropwise to a
solution of Mo(CO), (1.08 g, 4.1 mmol) in THF (30
cm?). After stirring overnight at ambient tem-
perature, a yellow solution was obtained which was
then filtered into a suspension of Ph,P(CH,TI)
(1.81 g, 4 mmol) in THF (20 cm®). The reaction
mixture was allowed to stir at ambient temperature
for an additional 5 h to give a light yellow solution.
The solvent of the reaction mixture was then
removed in vacuo to give an off-white residue. The
residue was extracted with diethyl ether (3 x 20 cm”®)
to give a light yellow solution and an off-white solid.
The ether solution was filtered, concentrated to ca
20 cm? and cooled to —20°C to give a white crys-
talline solid, which was filtered and dried in vacuo.
Yield: 1.79 g, 65%; m.p. 130°C (decomposed).
Found (required): C, 38.1(38.3); H, 2.02.2)%. IR
(KBr), W(CO): 2065 s, 1979 s, 1939 vs cm ™. Com-
pound IV is insoluble in saturated hydrocarbons,
but soluble in benzene, toluene, diethyl ether, THF,
CHCIl; and CH,Cl, and slowly decomposes in
CHCIl; and CH,Cl,. The off-white residue was
insoluble in most organic solvents. The IR spectrum
in KBr exhibited CO absorption at 2008 s, 1896 vs;
1860 s(sh) cm~', and is identical to that of VI
Yield: 0.53 g, 12%.

Preparation of trans-Cr(CO),[Ph,P(C:H,ThH] (V)

(1) A solution of TI(OEt) (0.25 g, 1 mmol) in
toluene (5 cm?) was added dropwise to a solution
of trans-Cr(CO)[Ph,P(CHj)], D) (0.33 g, 0.5
mmol) in THF (20 cm®) at ambient temperature.
A greenish-yellow precipitate was obtained. The
reaction mixture was allowed to stir for 2 h and
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then filtered. The greenish-yellow precipitate was
then washed with THF (2 x 20 cm?) and dried in
vacuo. Yield of V: 0.48 g, 90% ; m.p. 180°C (de-
composed). Found (required): C, 42.4 (42.6); H,
2.4 (2.6)%. IR (KBr), v(CO): 1876 s cm~'. The
complex was too insoluble for characterization by
NMR, but addition of CF;CO,H to a suspension
of the complex in THF at ambient temperature gave
11 in quantitative yield.

(2) A solution of C,;HCr(CO), (0.51 g, 2 mmol)
in THF (20 cm?®) was added dropwise to a sus-
pension of Ph,P(C;H,T1) (1.81 g, 4 mmol) in THF
(20 cm?®) at ambient temperature. The reaction
mixture was allowed to stir overnight at ambient
temperature. A greenish yellow precipitate
was obtained and the solution was filtered. The
greenish-yellow precipitate was then washed with
THF (2% 20 cm®) and dried in vacuo. The IR spec-
trum of the precipitate was identical to that of V.
Yield: 1.92 g, 90%.

Preparation of cis-Mo(CO)[Ph,P(CH, T}, (VI)

(1) A solution of TI(OEt) (0.50 g, 2 mmol) in
toluene (10 cm?) was added dropwise to a solution
of cis-Mo(CO),[Ph,P(CsH3)], (0.71 g, 1 mmol) in
THF (20 cm®) at ambient temperature. An off-white
precipitate was obtained. The reaction mixture was
allowed to stir for 2 h and then filtered. The off-
white precipitate was then washed with THF (2 x 20
cm?) and dried in vacuo. Yield of VI: 1.00 g, 90% ;
m.p. 130°C (decomposed). Found (required): C,
40.4(40.9); H, 2.4(2.5)%. IR (KBr), W(CO): 2008 s,
1896 vs, 1860 s(sh) ¢cm~'. The complex was too
insoluble for characterization by NMR, but
addition of CF;CO,H to a suspension of the com-
plex in THF at ambient temperature gave cis-
Mo(CQ),(Ph,PC,,H,,PPh,) in quantitative yield.

(2) A solution of C;H;Mo{CO), (0.60 g, 2 mmol)
in THF (20 ¢m®) was added dropwise to a sus-
pension of Ph,P(C H,T1) (1.81 g, 4 mmol) in THF
(20 cm?) at ambient temperature. The reaction mix-
ture was allowed to stir overnight at ambient tem-
perature. An off-white precipitate was obtained and
the solution was filtered. The precipitate was
washed with THF (2 x 20 cm®) and dried in vacuo.
Yield: 1.89 g, 85%. The IR spectrum of the pre-
cipitate was identical to that of VI. Addition of
excess CF3CO,H to a suspension of the precipitate
in THF gave cis-Mo{CQO)4(Ph,PC,,H,,PPh,) in
quantitative yield.

*'P{'H} NMR study on the isomerization of 1 to 11

Compound I (20 mg) was dissolved in CDCl,
(0.5 cm?®) at 30°C. The isomerization process was
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monitored by *'P{'"H} NMR spectroscopy at 4 h
intervals for 12 h. Within the period, I isomerized
to H quantitatively. Throughout the course of the
reaction, other than those of I and II, no other
resonance signals were observed.
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