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Abstract: Thermolysis of [Cp*P{W-
(CO)s},] (1a) induces a Cp* migration  this  sterically
from a o-bound state at the phosphorus  mediate leads
atom to 7° coordination at the transition
metal. Thereby the unsaturated P atom  the
undergoes an unusual C—H activation to
yield the novel complex [(CO);W(#’-
CsMe,CH,)P(H) —W(CO)s] (2). Addi-
tionally, a highly reactive intermediate
of the type [Cp*(CO),W=P —-W(CO);],
containing a tungsten-—phosphorus tri-

Introduction

Complexes with terminal ligands of the heavier Group 15
elements are a new class of compounds. For more than a
decade speculations about the existence of such possible
reaction intermediates containing M=E moieties have been
proposed, both with and without spectroscopic evidence.l!
Recently, Cummins®?! and Schrock?® succeeded in the syn-
thesis of the first isolated and structurally characterised
complexes A and B with a terminal phosphido ligand. In both
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ple bond, is formed. The dimerisation of
unprotected

(ut, Wz‘Pz{W(CO)S}]
tetranuclear
[{W(CO);Cp*Wy(u5-P),{us-PW(CO)s},]

(3). Furthermore,
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(4) was isolated. The existence of a
phosphido-ligand intermediate finds fur-
ther support by a trapping reaction in
the presence of rBuC=P. Here, the
thermolysis of 1a leads to the formation
of the novel complex [Cp*(CO),W{#*-
(PPC(O)CrBu)W(CO)s}] (5), containing
a diphosphacyclobutenone ligand. Com-
prehensive structural and spectroscopic
data are given for the products.

inter-
[Cp*,(CO),W,-

cluster

cyclo-

molecular structures the metal—phosphorus triple bond is
protected by bulky amide ligands. Our investigations revealed
that as a result of the sterically encumbered triple bond, B
reacts predominantly to give end-on coordination by use of
the lone pair on the phosphido phosphorus.! Our interest,
however, is mainly focused on the high side-on reactivity of
phosphido complexes of the type C, first synthesised in our
group.l’) These complexes are stable in solution and as solids.
However, due to their sensitivity it has not been possible to
obtain sufficient amounts of pure compounds so far. Instead
of using stable complexes with a metal-phos-
phorus triple bond as starting materials, we can
conceive different strategies to generate phosphi-
do complexes as highly reactive intermediates.
From these intermediates, in the presence of
reactive molecules, it should be possible to obtain
a large number of novel heterocyclic compounds.
Recently, we reported a synthetic approach from
the reaction of [CIP{M(CO)s},] with different
metallates.[]

Another much more effective synthetic concept
is shown in Scheme 1. The o-bound Cp* (Cp* =
7°-CsMes) phosphinidene complex 17 reacts under Cp*
migration from the phosphorus atom to give #° coordination
at the transition metal centre. A phosphido-complex inter-
mediate D is created. Since the triple bond in D is not
kinetically stabilised by steric protection, the complex dimer-
ises in the absence of an additional reactive species to yield a
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Scheme 1. Concept for the generation of highly reactive intermediates
containing a metal — phosphorus triple bond.

P,M,-tetrahedral complex. Migration of a o-bound Cp*
moiety from a main group element to give #° coordination
at a transition metal centre was first reported by Nieckel® and
Jutzi.”) The reactions given in Equations (1)-(3) illustrate

(RsPyNiy_ R AR )
cp¥’ P=E 40— +20°C R3PN1/ P=E M

E=N,P Cp*

R =Ph, n-Bu

R =Bu, Ar

Ar = CllptBu;2,4.6
Cp*E=PAr' + M(COR(CHCNY Sopen Cp*(COxM-E=PAr' (2)
E=P, As
M=Cr, Mo, W

Cp* /_co
M

(Cp*P) + M(COR(CHCN) ~oo Taman

M=Cr, Mo, W

this, starting either from iminophosphenes, diphosphenes,
arsaphosphenes or cyclo-triphosphines. In all cases an #?
bonding mode of the Cp* ligand at the transition metal
occurs.

Herein we report our results concerning the thermal
reaction of [Cp*P{W(CO);s},], establishing a simple synthetic
approach to generate highly reactive intermediates with a
metal — phosphorus triple bond.

Results and Discussion

Synthesis of the starting material: The starting phosphinidene
complexes [Cp*P{M(CO)s},] (1a, M=W; 1b M =Cr) were
synthesised by a method described by Jutzi and Kroos!” from
the reaction of Cp*PCl, with [M,(CO),]*~. We found that
these reactions do not exclusively yield the complexes 1a and
1 b; [Cp*PCILM(CO);s] (M = Cr, W) was formed as the main
product.' In contrast to compound 1b, the tungsten complex
1a could be isolated in 23 % yield and was thus preferred as
the starting material for further investigations. An X-ray
structure analysis was performed for 1a (Figure 1) to confirm
the chances of the desired Cp* migration.

Crystal structure of 1a: In 1a the phosphorus atom is in a
trigonal planar environment surrounded by two almost
equivalent [W(CO);] moieties and one o-bound Cp* group
(Figure 1). It is important to notice that the Cp* ring is already
oriented towards one of the [W(CO)s] groups. Therefore we
can interpret this situation as a preformed conformation for a
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Figure 1. Molecular structure of [Cp*P{W(CO)s},] (1a) (showing 50 %
probability ellipsoids; hydrogen atoms are omitted for clarity). Selected
bond distances [A] and angles []: W(1)—P 2.445(2), W(2)-P 2.428(2),
P—C(11) 1.902(7), W(2)-P-W(1) 124.60(7), C(11)-P-W(1) 117.8(2), C(11)-P-
W(2) 117.6(2).

possible Cp* migration. The distances P-W(1) and P—-W(2)
are 2.445(2) A and 2.428(2) A, respectively, and are compa-
rable to those found in other phosphinidene complexes.!'!]
Although there is no significant difference in the P-W bond
lengths, this deviation could serve as an explanation for the
existence of two different 1/, coupling constants in the P
NMR spectrum (Ywp=187.6 and 165.7 Hz). We found
identical behaviour of the Jyp coupling constants for the
chlorophosphinidene complex [CIP{W(CO)s},] (121.1 and
2479 Hz).'"”l The singlet for the methyl groups in the 'H
NMR spectra at ambient temperature indicates a fast
fluxional process by a series of 1,2-shifts.

Thermolysis of 1a: Refluxing a solution of 1a in toluene for
two hours results in the formation of 2 and 3 as the main
products, as well as a small quantity of complex 4 [Eq. (4)].[]
Complexes 2 -4 were isolated after column chromatographic

workup.
CH,
\2
A WP wico)s o

NI H
ocC co Co
N
(CO)sW,
P—P
W(CO)s
P/< toluene ({) /%\ Cp* @)
NS 110°C, 2h W—— W 3
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Cp* = 1n5C;sMe;s
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Table 1. NMR, IR and mass spectral data of the complexes 1-4; J in Hz, ¥ in cm~.

la

2 3

1Hl) 175 (s)

31plal 1076.5 (\yp=187.6 and 165.7)

22100 (PH: ddd, Ve =295, Ve = 82,
SJH(P),H(B) = 8-9)

220 (CH,, s), 2.22 (CH,, s)

2.28 (CH,, s), 2.30 (CH,, s)

3.29 (CH,Hg, ddd: Yy ue) = 142,
Z‘IT’.H(A) =24, 3JH(P)H(A) = 8-2)

4.16 (CHAH 5, ddd: 2gya s = 142,
2o =82, Tuwyn = 8.9)

—325.2 (Jwp=202.8 and 74.3,
2o =2.4 and 8.2, Upy =295)

1.84 (s)

T=333 K: - 185l

1.82(s)

450.4 (d)

1b: 1331.8

7 (CO) 2088(s) 2069 (m)
2041(s) 2011 (s)
1938(br) 1977 (m)
1910(vs) 1953 (s)
1929 (s)
1908 (vs)
1888 (s)

EI-MS:1 727 (8) [M* —3CO]

m/z (%) 677 (35) [M* — Cp*|
648 (32) [M* — Cp*(CO)]
620 (22) [M* — Cp*(CO),]
135 (90) [Cp*]

758 (92) [M*]

729.8 (49)[M* — CO]
701,9 (8) [M* —2CO]
589,9 (100) [M* — 6CO]

T=203K: — 142.6 (d)
—249.9 (d) (Jpp=433,
Jywp =196, Jyp=106)
2061(m) (el
1996(sh)

1993(m)

1924(vs)

1896(s)

1841 (brm)

846.7 (d) (Jpp =15, Uyp=173)

1136 (4) [M]

814 (52) [M* — W(CO);]
726 (89) [M* — W(CO),]
28 (70) [CO]

1135.8 (58) [M* — Cp*W,(CO) ]
1107.9 (9) [M* — Cp*W,(CO),,]
1079.9 (8) [M* — Cp*W,(CO),5]

[a] In C¢Dy; [b] In [Dg]THEF; [c] In [Dg]toluene; [d] In KBr; [e] Sample contained traces of 3; the obtained spectrum is similar to that of 3 and therefore no

exact 7(CO) can be given; [f] 70 eV, 140°C.

Spectroscopic properties: Compounds 2 -4 are crystalline and
are yellow, orange and green, respectively. They are sparingly
soluble in n-hexane and toluene, but readily soluble in CH,Cl,
and THF. The IR spectra of all compounds reveal coupled
vibration modes for terminally bound carbonyls in the region
of the CO-stretching frequencies (Table 1). In the mass
spectra the parent molecular ion peak was observed in all
cases, with exception of 4 in which the highest fragment
detected corresponds to a loss of a Cp* moiety, two W atoms
and 12 CO units.

The 3P{'H} NMR spectrum of 2 (Table 1) reveals a singlet
at 0 =—325.2 bearing two pairs of tungsten satellites with
coupling constants Jyp =203 Hz and 74 Hz. The first cou-
pling constant is consistent with the bonding of a phosphorus
atom to a [W(CO)s] moiety; the latter indicates o-bonding to
the [Cp*W(CO),] fragment. Additionally, in the ¥P NMR
spectrum of 2 (Figure 2) a 'Jpy of 295 Hz is observed. The
expected doublet is further split into a doublet of doublets
with 2/p;; =8 and 2.4 Hz; this is due to the coupling with the
diastereotopic methylene protons of the o-bound CH, group
at the P atom. In the '"H NMR spectrum of 2 the CH, protons
appear at different chemical shifts as a result of their
diastereotopic character. Each signal is split into a doublet
of doublets of doublets as required for their coupling with
each other, the coupling to the phosphorus and the H atom at
the phosphorus. Furthermore, the spectrum reveals four
different singlets for the four methyl groups on the Cp ring.
Owing to the coupling of the inequivalent CH, protons, the
doublet of the PH proton undergoes further splitting.

At ambient temperature 3 reveals only one broad signal in
the 3P{!H} NMR spectrum. At low temperatures the signal
splits into two signals indicating a dynamic behaviour

Chem. Eur. J. 1998, 4, No. 10
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Figure 2. 3P NMR spectrum of 2 at 300K in [Dg]THF (SF=
101.256 MHz).

(Figure 3). At 203 K 3 has an AX spin system at 0 = —142.6
and 0 =—249.9 (Jpp =433 Hz) with two different Jy,p of 196
and 106 Hz. At the coalescence temperature of 283 K a AG7,
of about 50 kJmol~! was determined indicating a transfer
process of the W(CO)s group between two phosphorus
atoms.

For 4 an A,X, spin system at low field is observed in the
SP{'H} NMR spectrum (0 =450.4 and 846.7). The coupling
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H atom and a twofold-bound
[(7°-C:Me,CH,)W(CO);]
group (Figure 4). The H atom
at the phosphorus could be
freely refined. Compound 2 is
one of the very rare examples
for C—H activation by a main
group element of one methyl
group of a n>-bound Cp*
k \‘ ligand at a transition metal.
%3 b 203K Such C—H activations caused
223K by a phosphorus atom, lead-
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et 243K

ing to a pseudo-five-mem-

& bered ring, were first de-

s scribed by Weber et al.¥l By

283K =Te
s
- * contrast, in 2 a pseudo-four-

oA At AP . .
” y 333K membered ring is formed. As
a result of this strained bond-
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Figure 3. 3'P{'"H} NMR spectra of 3 at different temperatures in [Dg]toluene (SF=101.256 MHz) indicating the

intramolecular transfer process of the [W(CO)s] group.

constant Jpp is 15 Hz, which is consistent with a coupling over
two bonds.

Crystal structure analysis: Details of the crystallographic data
are given in Table 2. The central framework of 2 is a fourfold-
coordinated P atom in a slightly distorted tetrahedral arrange-
ment. The phosphorus is surrounded by a W(CO);s moiety, an

Table 2. Crystallographic data for compounds 1a—4.

-280 -300 ing mode the P—C(9) bond in
2 (1.873(7) A) is slightly elon-
gated in comparison with a
single-bond distance. This sit-
uation is further reflected in
the P—-W(2) bond length,
which at 2.599(2) A is also unusually longer than that of the
corresponding distance to the W(1) atom of the W(CO);
group (2.543(13) A). The relatively small bond angle W(2)-
P-C(9) of 871(2)° further reflects the strained bonding
situation.

The cell constants of [Cp*,(CO),W,(u,7*P,){W(CO)s}] (3)
(Table 2) are identical to those obtained for the complex

2.CH,

3

4

1a
formula CyH50,0PW,
M, 813.99
crystal size [mm] 0.42 x 0.22 x 0.19
T [K] 203(2)

space group P2,/n (No. 14)

crystal system monoclinic

a[A] 9.015(3)

b[A] 25.423(11)

c[A] 10.537(4)

a[°] 90

BT 97.82(3)

7] %

V [A?] 2392(2)

V4 4

Pealed [g Cm73] 2.260

u [mm™] 9.726

radiation [A, A] Moy, (0.71073)

diffractometer STOE STADI IV

20 range [°]. 32<20<62

index range —11<h<11
0<k<31
0<1<13

data/restrains/parameters 5370/0/314

independent reflections with 7> 2a(1) 4674 (R;, =0.0288)
goodness-of-fit on F? 1.107

R, wRP[T > 20(D)] 0.0340, 0.0829

R, R, [all data] 0.0448, 0.0937
largest diff. peak and hole [e A-7] 1.559, —1.323

C18H1508PW2 : C7Hx

C29H3(J09P2W3

CS(\H3l)016P4Wl\

850.10 1136.02 1945.58

0.42 x 0.15 x 0.08 0.08 x 0.08 x 0.04 0.08 x 0.08 x 0.01
203(2) 200(2) 200(2)

P2,/n (No. 14) P2,/n (No. 14) P1 (No. 2)
monoclinic monoclinic triclinic
7.1560(14) 8.990(2) 9.302(2)
20.641(4) 18.501(4) 11.524(2)
18.506(4) 20.297(4) 24.342(5)

90 90 77.93(3)
97.09(3) 102.48(3) 79.85(3)

90 90 72.36(3)
2712.6(9) 3296.1(11) 2413.8(8)

4 4 2

2.082 2.289 2.677

8.578 10.590 14.433
STOE IPDS STOE IPDS STOE IPDS
486<20<52 486<20<52 44<20<52
—8<h<8 —11<h<7 —10<h<11
—7<k<23 —18<k <22 —14<k<14
—-22<1<22 —24<1<24 —29<1<28
3691/0/334 5969/0/398 7263/0/309

3042 (R, = 0.0241)
1.063

0.0225, 0.0537
0.0330, 0.0571
0.548, —0.470

4908 (R, = 0.0706)
0.990

0.0417, 0.1087
0.0530, 0.1153
1.629, —2.017

3617 (Ryy = 0.0921)
1251

0.0906, 0.1432
0.2091, 0.1775
2.129, —2.177

[a]l R=Z|Fy || F|IZ| Fy|. [b] wR, =[Zo(F; — F)*V[Z (F)]'"?

1920 — © WILEY-VCH Verlag GmbH, D-69451 Weinheim, 1998
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Figure 4. Molecular structure of 2 (showing 50% probability ellipsoids;
hydrogen atoms and the toluene molecule is omitted for clarity). Selected
bond distances [A] and angles [°]: P-W(2) 2.599(2), P-W(1) 2.5431(13),
P—C(9) 1.873(7), C(9)—C(10) 1.497(10), W(1)-P-W(2) 131.02(6), C(9)-P-
W(1) 117.6(2), C(9)-P-W(2) 87.1(2), C(10)-C(9)-P 101.0(4), C(9)-C(10)-
W(2) 108.0(4).

prepared by Schwalb, who carried out the reaction of
[{Cp*W(CO),},(1,17%-P,)] with an excess of [W(CO)s(thf)].113
However, the X-ray data of 3 are of better quality. The 3'P
NMR and the other spectroscopic data are in good agreement
with those determined by Schwalb. The molecular structure of
3 (Figure 5) is best described as a slightly distorted W,P,
tetrahedron. The W—W bond is 3.0920(7) A and is longer than

Figure 5. Molecular structure 3 (showing 50% probability ellipsoids;
hydrogen atoms are omitted for clarity). Selected bond distances [A] and
angles [°]: W(1)~W(2) 3.0920(7), W(1)—P(1) 2.470(2), W(1)-P(2) 2.541(2),
W(2)—P(1) 2.499(2), W(2)—P(2) 2.476(2), P(1)-P(2) 2.092(4), W(3)—P(1)
2.559(2), W(2)—C(3) 1.936(10), W(1)---C(3) 2.857(9), W(1)-P(1)-W(2)
76.96(7), W(1)-P(2)-W(2) 76.08(6), P(1)-W(1)-W(2) 51.94(5), P(2)-W(1)-
W(2) 51.01(6), P(1)-W(2)-W(1) 51.09(5), P(2)-W(2)-W(1) 52.91(5), P(2)-
P(1)-W(3) 124.75(12).

that found in [{CpW(CO),},(u.7>-P,)] (3.00263(11) A)!18. The
P—P bond in 3 (2.092(4) A) is short in comparison with the
average single-bond distance in -P, at —185°C (2.190 to
2.212 A).l7) In M,P, tetrahedral complexes the P—P bond is
usually significantly shorter.l!! Remarkably, the semibridging
C(3) atom of one of the CO groups reveals a tendency to
coordinate to the W(1) atom. In solution a bridging mode of
this carbonyl group is clearly recorded by the IR stretching

Chem. Eur. J. 1998, 4, No. 10
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frequency at 1841 cm™! (Table 1). Although in the solid-state
structure the W(CO)s group coordinates exclusively to one P
atom, 'P NMR studies in solution at ambient temperatures
revealed that a fast exchange process of this moiety between
both P atoms occurs.

{Cp*W(CO)3}a(us-P){us-PW(CO)s}] (4; Figure 6) crystal-
lises as very thin, small, green plates. However, the collected
data on an imaging plate detector system (IPDS) are of good
quality. The cluster compound 4 can be described as a

Figure 6. Molecular structure of 4 (showing 50% probability ellipsoids;
hydrogen atoms are omitted for clarity). Selected bond distances [A] and
angles [*]:W(1)—W(2) 2.965(2), W(1)—W(3) 2.894(2), W(1)—W(4) 2.984(2),
W(2)-W(3) 2.843(2), W(2)-W(4) 3.094(3), W(3)-W(4) 2.824(2),
P(1)-W(1) 2507(11), P(1)-W(2) 2.406(8), P(1)-W(3) 2.513(11),
P(2)-W(1) 2525(12), P(2)-W(3) 2.520(12), P(2)-W(4) 2.379(9),
P(3)-W(2) 2.387(11), P(3)-W(3) 2.525(9), P(3)-W(4) 2.396(12),
P(4)-W(1) 2.522(9), PM4)-W(2) 2.394(12), P(4)-W(4) 2.383(12),
P(1)-W(5) 2.590(9), P(2)—W(6) 2.612(10), W(3)-W(1)-W(2) 58.04(6),
W(3)-W(1)-W(4) 57.39(6), W(2)-W(1)-W(4) 62.67(6), W(3)-W(2)-W(1)
59.72(6), W(3)-W(2)-W(4) 56.60(6), W(1)-W(2)-W(4) 58.96(6), W(4)-
W3)-W(2) 66.19(6), W(4)-W(3)-W(1) 62.91(6), W(2)-W(3)-W(1)
62.24(6), W(3)-W(4)-W(2) 5721(6), W(1)-W(4)-W(2) 58.36(6), W(2)-
P(1)-W(1) 74.2(3), W(2)-P(1)-W(3) 70.6(3), W(1)-P(1)-W(3) 70.4(3),
W(2)-P(3)-W(3) 70.7(3), W(4)-P(4)-W(2) 80.7(4).

distorted heterocubane, the vertices of which are alternately
occupied by P or W atoms. However, a description as a W,
tetrahedron of W(CO); and Cp*W units capped by P atoms
appears to be more realistic. The two (u3-P) ligands connected
to the W,(CO) edge coordinate to W(CO)s moieties. The
tetrahedral W, cluster description corresponds with the
Wade —Mingos Rules to give n+1 skeletal electron pairs
(n=4). The W—W bond distances are between 2.824(2) A and
3.094(3) A and thus lie in the range of W—W single bonds. 6 181
Due to the bulky Cp* ligands, the longest distance is found
between W(2) and W(4).

Discussion of the reaction pathway: The proposed pathway of
the reaction depicted in Equation (4) is shown in Scheme 2
and is based on the isolated products. Starting from
[Cp*P{W(CO)s},] (1a), the first step is a Cp* migration from
the o-bound state at the P atom to a m coordination at the W
atom to give an intermediate [{Cp*W(CO);}P{W(CO)s}] (E).
Hereafter, the unsaturated P atom causes a C—H activation to
form the organophosphorus derivative 2. Alternatively, fur-

1921

0947-6539/98/0410-1921 § 17.50+.25/0



FULL PAPER

M. Scheer et al.

/W(CO)S W P
P W —
AN -2C0 S CO
W(CO)s oc
1a

Cp* = n5-CsMes

(W)= wico),

I

go . @ CO CO
@\ Oc\l/‘/r/l}l’/ x| -"W(CO)s"
C W\\
Wg\gai cy
‘@/ %\ Cp
\ \ ‘o co

» P =~w(cos
N H
oC co

/@/\VV\EP»@ D

3

Scheme 2. Proposed reaction pathway of the thermal decomposition of 1a.

ther CO elimination of E occurs to yield the desired
intermediate [Cp*(CO),W=P —W(CO);] (D) with a tung-
sten —phosphorous triple bond. Owing to the kinetic insta-
bility of this compound, the dimerisation of D produces the
W,P, tetrahedral complex 3. Although one W(CO)s group is
missing, it is known from the work by Schwalbll that
[Cp*,(CO) W, (u,p>-P,)] reacts with a large excess of
[W(CO)s(thf)] to give 3 only. Evidently, under the specific
steric conditions of the bulky Cp* ligands, only one W(CO);
moiety is able to coordinate at the W,P, tetrahedron. It is
shared in solution by both of the P atoms.

Although compound 4 was obtained in low yield, the
formation of this tetrahedral cluster could be caused by a
reaction of the intermediate E with D by the loss of
[Cp*W(CO);], and W(CO)¢,. To confirm the proposed
reaction pathway, the thermolysis of 1a was carried out in
the presence of fBuC=P. Now, besides some small amounts of
2 and 3, the major product of this reaction [Eq.(5)] is

@ Cp’;)‘;;co
K @) e
\® co co PP
1a \ C§O
(W) = w(coy, s W

the diphosphacyclobutenon complex 5. These results indicate
the existence of either intermediate D or E. Intermediate D
can undergo an cycloaddition with the phosphaalkyne com-
bined with an insertion of one CO molecule resulting in the
unusual diphosphacyclobutenone ligand complex. Alterna-
tively, a nucleophilic attack of E towards the phosphaalkyne
to give 5 can be discussed.

The yellow crystalline compound 5 is readily soluble in
hexane, toluene and CH,Cl,. The 3'P NMR spectrum shows
two doublets at 6 =—163.1 and —64.6, with 'Jpp =237 Hz.

1922 ——

(%)
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The latter signal reveals two different Jyp
indicating the additional coordination to a
W(CO); group. In the IR spetrum of 5 the CO
group of the diphosphacyclobutenone ligand
is observed at 1641 cm™.

R

2

Conclusions

The results show that [Cp*P{W(CO)s},] (1a)
is an efficient source for the production of a
triple bond intermediate of the type
[Cp*(CO),W=P -W(CO)s] (D). This opens
a perspective for the use of this complex as a
synthon in the presence of reactive molecules
such as phosphaalkynes, acetylenes or 2.4-
dimethylbutadiaene to generate novel W/P
containing heterocycles. Furthermore it
might be possible to extend these investiga-
tions to the heavier congeners of phosphorus
to produce other pnicogenido triple-bond
compounds, which is still a challenge in this
field.

Experimental Section

General techniques: All reactions were performed under an atmosphere of
dry nitrogen with Schlenk techniques. Solvents were purified and degassed
by standard procedures. NMR spectra were recorded on a Bruker AC250
('H: 250.13 MHz; 3'P: 101.256 MHz; standard 'H: Me,Si; 3'P: 85 % H;PO,).
IR spectra were recorded in KBr on a Bruker IFS 28 FT-IR-spectrometer.
Mass spectra were recorded on a Finnigan MAT 711 spectrometer at 70 eV.
Correct elemental analysis was performed by the analytical laboratory of
the institute.

Reagents: Unless otherwise stated, commercial grade chemicals were used
without further purification. Cp*PCl, was obtained as published in ref. [19].
[Cp*P{M(CO);s},] 1a,b (M =W, Cr) was prepared according to a modified
procedure as described in ref. [7]. tBuC=P was synthesised in accordance to
ref. [20].

Thermolysis of [Cp*P{W(CO)s},1, synthesis of 2, 3 and 4: A solution of 1a
(0.5 g, 0.72 mmol) in toluene (50 mL) was refluxed for 2 hours. Subse-
quently, the solvent is completely removed. The dark brown residue was
transferred onto silicagel and separated by column chromatography (30 x
2.5, Merck 60). Elution with hexane/toluene (5:1) gave a yellow fraction
containing 2, which was recrystallised from toluene to give 191 mg (35%).
This was followed by a red fraction of 3 (hexane/toluene 3:1) to yield
288 mg (40 %) after recrystallisation. A greenish-red fraction was obtained
from toluene and 43 mg (3 %) of green platelets of 4 were isolated.
Thermolysis of [Cp*P{W(CO)s},] in the presence of tBuC=P, synthesis of
5: A solution of 1a (0.52 g, 0.64 mmol) and tBuC=P (0.064 g, 0.64 mmol) in
toluene (50 mL) was refluxed for 2 hours. The solvent was removed to
dryness. Subsequently, the residue was extracted with n-hexane at ambient
temperature to give a red-brown solution. After filtration and removing the
solvent in vacuo the residue was recrystallised from toluene to give 318 mg
(60%) of 5 as yellow platelets at —30°C. 3'P{'H} NMR (101.256 MHz,
[Dg]THF, H;PO,): d=—163.1 (d), —64.6 (d, Jpp=237 Hz, Jyp=195,
63 Hz); '"H NMR (250.13 MHz, C;,Dg, TMS): 6 =1.11 (s, 9H, CH;C), 1.60
(s, 15H, CH;(Cp*)); IR (KBr): #(CO) =2072 (m), 2015 (m), 1993 (m), 1968
(m), 1922 (br), 1900 (sh), 1641 cm~" (m); MS (70 eV, EI): m/z (% ): 858 (31)
[M+], 830 (20) [M+— CO], 802 (23) [M*—-2CO], 717 (87) [M*—-5CO].
Crystal Structure Analysis: Crystal structure analyses of la-4 were
performed on a STOE IPDS (2-4) and a STOE STADI IV (1a: w-scan
mode) diffractometer with Moy, radiation (A=0.71073 A) and with
empirical absorption corrections for 1a (6 Psi-scans). Machine parameters,
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crystal data and data collection parameters are summarized in Table 2. The
structures were solved by direct methods with the program SHELXS-86,2!2I
and full-matrix least-squares refinement on F? in SHELXL-93P%® was
performed with anisotropic displacements for non-H atoms. Hydrogen
atoms were located in idealized positions and refined isotropically
according to the riding model. Crystallographic data (excluding structure
factors) for the structures reported in this paper have been deposited with
the Cambridge Crystallographic Data Center as supplementary publication
no CCDC-101485. Copies of the data can be obtained free of charge on
application to CCDC, 12 Union Road, Cambridge CB2 1EZ, UK (Fax:
(+44)1223-336033; e-mail: deposit@ccdc.cam.ac.uk).
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