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[Cr(CO)4;PCl;] reacts with different metallates
K[Cp*Mo(CO);] [Cp* = 1°-CsH,iBu (Cp'), n°-CsH;tBu,-1,3
(Cp")], K[Cp"Fe{CO),], K[Cp'Cr(CO)3], K[Cp*Ni(CO)] and
Na,[Cr,(CO)y6] at —78 °C in THF to vield various P,, cyclo-
P; and cyclo-Ps ligand complexes of the formulae [Cp'-
Mo(CO),(n’-P3)] (1a), [Cp"Mo(CO)a(n*-P3)] (1b), [{Cp'Mo-
(COYba(wn*P2)]  (2a),  [{Cp"Mo(CO)la(um*-P2)l  (2b),
[Cp"Fe(n®Ps)] (3), [(Cp'Cr)a(wn’Ps)] 4), [(Cp'Cr(CO)z)e-
(1 M3-P3)] (8). [(Cp*Ni)a(n*-P){Cr(CO)s}a] (6).

[{(CO)sCriCLPPCL{CI(CO)s}] (7) and [{Cr{CQ)s},PCl] (8).
Comprehensive studies of the reaction pathway leading to
formation of the cyclo-P; product 1a give strong indications
that a sequence involving metal-halogen exchange and step-
wise P—P bond formation takes place, proceeding via
[{{CO)sCr}CLPPCLL{Cr(CO)s}] (7) and the cyclo-P3 precursor
compound  [(Cp'Mo(CO)3}H{Cp'Mo(CO)o}o{Cr(CO)sh(,n*"'-
P3)] (9). The latter two complexes have been isolated and
structurally characterized.

P, ligand complexes are usually synthesized using P,
phosphorus as the starting material.[!l There have been only
two literature reports of P—P bond-forming reactions start-
ing from PX; (X = Cl, Br), leading to the P, ligand com-
plexes  [Coy(CO)s(un*P)IP  and  [Cox(CO)s(p.n*
P,)(ML,),] [ML, = M(CO);, CpMn(CQO),; M = Cr, W]. I3,

In contrast, we found that [Cr(CO)sPCls] acts as a P,
building block in the formation of complexes with cyclo-P,
ligands. Thus, in the reactions with Cp*-containing car-
bonyl metallates of molybdenum and iron, the ¢yclo-P; and
cvelo-Ps ligand complexes 1 and 3 are formed as the main
products [eq. 1 and 2]. ¥ This represents a novel approach
for P-rich ligand complexes.

We report herein on an extension of this synthetic con-
cept, involving the reaction of [Cr(CO)sPCl;] with various
metallates, as well as on the results of a mechanistic study
of the reaclion.

Results and Discussion

The reaction of [Cr(CO)sPCl;] with K[Cp'Cr(CO);] at
—78°C in THF affords three distinct phosphorus-contain-
ing products, us indicated by a 3'P-NMR spectrum of the
crude reaction mixture [eq. 3]. Only the major product
[(Cp'Cr)a(,m>-Ps)] (4) could be isolated by column chro-
matography; both of the other products decomposed on the
column. By comparison with known complexes formed
during the cothermolysis of P, with [CpCr(CO);],, ¥ the
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weakest signal at & = 102.6 can be assigned to

[{Cp'Cr(CO)1}2(u,n>-Py)] (5). The singlet at § = —102.3
(about 35 mol % P) does not correspond to any previously
reported analogous compound.

Complex 4 was obtained as a brownish-black powder,
and was found to be sparingly soluble in pentane, but read-
ily soluble in CH,Cl, and THF. The *'P-NMR resonanee
of 4 appears as a broad signal (w;, = 70 Hz) at § = —290
owing to the paramagnetism of this 27 VE complex. In the
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mass spectrum, the molecular peak was observed. All data
obtained for 4 (Table 1) correspond to those of the structur-
ally and spectroscopically characterized compounds
[(Cp*Cr)y(n.n*Ps)] (Cp* = n*-CsHyR, R = H, Me, 7Bu). 1.

The reaction of [Cr(CO)sPCls] with K[Cp*Ni(CO)} leads
to the tetrahedral complex [(Cp*Ni)x{(1,n?-P2){Cr(CO)s}2)]
(6) [eq. 4]. All chemical and spectroscopic properties of this
brown, crystalline product (Table 1) correspond to those of
the structurally characterized complex 6, which we recently
obtained by reacting [{Cr(CO)s},PCl] with K[Cp*Ni(CO)}
in THF at —78°C. 7],

Na,[Cry(CO)y] reacts with [Cr(CO)sPCl;] at —78°C in
THF to form [{{CO)sCr}CLPPCL{Cr(CO)s}] (7) and
[{Cr(CO)s$-PCl] (8) [eq. 5] as the only compounds detect-
able by 3'P-NMR spectroscopy (7: & = 207.9; 8: 5 = 186.4).
The main product 7 was isolated in about 30% yield, while 8
decomposed upon attempted column chromatography. The
latter was first obtained and characterized by Huttner et
al.l®l,

7 is a yellow, crystalline complex that is sparingly soluble
in n-pentane, but readily soluble in toluene, CH,Cl, and
THEF. The solid is stable in air for a short time, but is sensi-
tive to light, so it is recommended that it is stored in the
dark under an inert gas atmosphere. The IR and mass spec-
troscopic data (Table 1) are in a good agreement with those
described by Fritz et al., who obtained 7 by electrochemical
reduction of [Cr(CO)sPCls]. P! An X-ray structure analysis
of 7 has not previously been reported.

7 crystallizes in the monoclinic space group P2(/c with
two molecules in the unit cell (Figure 1). Tt represents a
tetrachlorodiphosphane, in which the lone pairs of each of

Table 1. NMR and IR data of the complexes 4—7 and 9; & in ppm, J in Hz, v in cm™!

a 5 6 7 9
152 CH3  0.73(s,9H) fe] 1.6 (s) 0.99 (s, 9 H)
CH(A) 20.1(s, br, 2 H) 5.66 (t, 2 H)
CH{(B) 17.1(s,br,2H) 574 (1,2 H)
JHy =24
CHz 1.09 (s, 18 H)
CH(A) 5.85(t,4 H)
CH (B) 6.08 (m, 4 H)
JHH =23
31pl8l ~290.0 (s) 1026 (s) 2404 (s) 207.9 (s) A:-188(d)
M: —57.4 (dd)
X: -170.0 (d)
17am =370
lJMX = 385[C]
scof! i*] 2042 (5) 2077 (m) 2067 (m) !
2030 (s) 2013 (m, sh) 1993 (sh)
1983 (s) 1967 (vs, br) 1979 (s)
1962 (sh) 1968 (sh)
1947 (vs) 1940 (vs, br)
. 1937 (sh) 1900 (sh)
Erms: 501 (11) [M™], (0] 833 (1.6) M), 588 (28) [MT], 524 (28) [{Cp'Mo(CO)P} 2],
m/z (%) 439 (9) [M* - P5], 641(1.7) [M*], 560 (5) [MT —CO], 496 (87) [{Cp'MoP} 2],
173 (15) [M* - P5] 501 (10) [M* = Cr(COY o], 553 (8) [M* ~CI], 368 (19) [CpMo(CO)P3™],
220 (26) [CH(CO)g™T, 448 (15) [M* —CI] 310 (71) [CpMoP31],
136 (43) [Cr(CO)3 7], 108 (49) [(CO)Cr ],
52 (56) [Crt], 52 (100) [Crt],
28 (100) [CO™) 28 (45) [COT)

[l In C¢Dg. — [® Product decomposes on the column matcrial (for structural analoguc of 5 cf. ref.®l). — [ 27,5 not observed, wy;, = 70

Hz. — 19 In hexanc. — ¥ In Nujol. — 7 70 ¢V, 270°C.
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the P atoms are coordinated to Cr(CO)s units. The chro-
mium pentacarbonyls are trans-oriented. The P—P bond
length is 2.268(3) A, and is therefore somewhat longer than
the single bond distance of 2.21 A9, It is comparable with
that found in the complexed diphosphane [(CO);Ni-
(PPh,),Ni(CO),] [2.277(4) A]. Y However, the diphos-
phane complexes [{(CO)sCr}(CYPhPPPh(C1){Cr(CO)5} ]2
and [{Cp(CO),Mn}(MePrBu), {Mn(CO),Cp}]"*™ exhibit
much longer P—P bonds (2.290, 2.327 and 2.350 A), clearly
due to the steric inflluence of the organic groups.

Figure 1. Molecular structuge of [{(CO)sCr}ClL,PPCl,{Cr(CO)s}]
(7); selected bond distances [A] and angles [°]: Cr(1)—P(1) 2.268(3),
P(1)~Cl(1) 2.039(2), P(1)—CI(2) 2.048(3), P(1)-P(1A) 2.268(3),
Cl(D)—-P(1)—Cr(1) 117.46(9), CI(1)-P(1)—Cl(2) 100.63(11),
Cl2)—P(1)—Cr(1) 115.36(9). CUI1)—P(1)—P(1A) 95.14(11),
CI(2)—P(1)—P(1A) 95.20(10), Cr(1)—P(1)—P(1A) 127.73(10)

Study of the Reaction Pathway: The pathway of reaction
(1) starting from K[Cp'Mo(CO);] was extensively studied
by varying the reaction conditions (temperature and stoi-
chiometry). In principle, there are two possibilities: (i) a
stepwise P—P bond formation, and (ii) the formation of
reactive intermediates of the type [Cp'(CO),Mo=P] (for
evidence of the existence of such species see ref.l!*)), Re-
cently, we found that chlorophosphinidenes of the type
[{M'(CO)s}-PCl (M’ = Cr, W) react with different tran-
sition metallates to yield P,M, tetrahedral complexes.!”
Studies of the reaction pathway in such cases provided
strong evidence [or phosphido (P*) ligand complexes being
intermediates in these reactions. In contrast, starting with
[Cr(CO)sPCl5] there are no indications for such intermedi-
ates. Thus, [or example, if reaction (1) is carried out at dil-
ferent temperatures (—78°C, —40°C, 25°C) in the presence
of 2,4-dimethylbutadiene or phosphaalkyne, the same prod-
uct distribution is [ound as in reactions conducted in the
absence ol these compounds. As shown in the following,
there is strong evidence for a stepwise P—P bond forma-
tion reaction.

Stoichiometric amounts of K[Cp'Mo(CO);] were reacted
with [Cr(CO)sPCl;] in THF at ambient temperature [eq. 6].
The reactions were terminated immediately after addition
of the metallate by completely removing the solvent in va-
cuo. Besides 1b and 2b, [{Cp'Mo(CO);} {Cp'Mo(CO),},-
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{Cr(CO)s}(u,n*"1-Py)] (9) was isolated as a brown, crystal-
line compound after column chromatographic work-up and
was characterized by NMR, IR and mass spectroscopy
(Table 1). In the *'P-NMR spectrum, an AMX spin system
is observed with large 'J(*'P,>'P) couplings of 370 and 385
Hz. A 2J(*'P, *'P) coupling could not be determined due to
the broad signals (about 70 Hz). In the ‘H-NMR spectra
at 301 K and 203 K, only two distinct Cp’ groups in the
ratio 1:2 could be detccted, indicating a fast exchange of
the P, unit between the Mo(1) and Mo(2) atoms (Table 1).

e .o
.!MO'-.
ot | Co
6) P.
3K[CPMo(COi] S 7N\ P
s o P MI=P Mo Cp' (6)
T -3KCl )
[(CO)CAPCl] AN
| .9
oC—Cr—CO
,
ot tI:
O
9

Cp'=n>-CsH,Bu

Complex 9 crystallizes in the triclinic space group P1
with two molecules in the unit cell; its molecular structure
1s shown in Figure 2. The allylic-like Py structural entity is
attached to each of the three Mo atoms in a different man-
ner: it is capped by the first and bridged by the second
[Cp'Mo(CO),] moicty, while the [Cp’Mo(CO);] unit is
bonded in a terminal position at P1. A {Cr(CO)s] moiety is
additionally coordinated at P3. The two /Bu groups at-
tached to the Cp’ ligands of Mo(1) and Mo(2), respectively,
show disorder in the sense that they can occupy two
alternative positions, each with a site occupation of about
0.5. The allylic-like description of the P; unit is supported
by the bond lengths P(1)-P(2) = 2.160(1) A and
P(2)—P(3) = 2.149(1) A, which are almost equal, while the
P(1)--P(3) distance of 2.700(1) A indicates a non-bonding
situation between the terminal atoms. The two P—P bond-
ing distances are distinctly shorter than the best approxi-
mation [or the P—P single bond distance of 2.228 A, but
are quite similar to those found in the allylic Ps-subunit
of [{(CH;CN)y(CO),WCI(n*-P3 {W(CO)s} P {(OH)W-
(CO)s1)][2.172(5) and 2.158(4) A].I**! The two P—P distances
observed in the allylic P;Et ligand complex [LiCo(n*-P;Et)-
CoL;][BF.), [L+ = triphos = CH;C(CH,PPh,)5][2.211(]) and
2.110(1) A] "' differ markedly but, on average, are almost the
same as those observed in 9. In the cyclo-Ps;-complex
[CpMo(CO)x1>-P3)], a slightly shorter P—P distance (average
2.131 A) was found.!') The preference for the open geometry
of a bifacial coordinated P; ligand like that in 9 to 4 cyclo-P,
structure has been discussed in the literature. 1161,

Complex 9 acts as the source for the final ¢yclo-P; product
formed, [Cp'Mo(CO)»(m*-P3)] (1a), which can be experimen-
tally verified. Stirring a solution of 9 for 1 h at room tempera-
ture results in the formation of [Cr(CO)¢], [Cp' Mo(CO),]> and
1a. Thus, the bond formation between P(1) and P(3) occurs by
climination of [Cr(CO)¢] and [Cp' Mo(CO),]..
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Figure 2. Molecular structure of [{Cp'Mo(CO);}{Cp'Mo-
(CO) Y {CHCO)s {un® LPy)] (9); H atoms omitted; selected
bond distances [A] and angles [°]: Mo(1)—P(1) 2.572(1),
Mo(1)—P(2) 2.577(1), Mo(1)—P(3) 2.594(1), Mo(2)—P(1) 2.545(1),
Mo(2)—P(3) 2.540(1), Mo(3)—P(1) 2.635(1), Cr(1)—P(3) 2.463(1),
P()—P(2) 2.160(1), P(2)—P3) 2.149(1); P(1)—Mo(1)—P(2)
49.60(3). P(1)~Mo(1)—P(3) 63.02(3), P(2)—Mo(1)~P(3) 49.10(3).

P(1)-Mo(2)-P(3) 64.15(3), Mo(1)~P(1)~Mo(2) 106.10(3).
Mo(1)~P(1)~Mo(3) 126.653), Mo()~P(1)~P2) 65.31(4),
Mo(2)-P(1)~Mo(3) 126.07(3), Mo(2)—P(1)~P(2) 98.99(4),
Mo(3)-P()~P(2)  111.47(4). Mo(1)~PQ2)=P(1)  65.09(4),
Mo(1)—-P(2)-P(3)  65.87(4). P(D-P(2)-P3)  77.62(5),
Mo(1)—P(3)~Mo(2) 105.62(3), Mo(1)—P(3)-Cr(1) 127.01(3),
Mo(D—P(3)—P(2)  65.03(4),  Mo(2)—P(3)~Cr(1) 123.95(3),

Mo(2)-P(3)—P(2) 99.46(4), Cr(1)—P(3)—P(2) 117.87(4)

In the course of our mechanistic studies, the stoichiometry
of the reaction was verified in order to check all possible side
reactions that might accompany formation of the cyclo-P,
complex 1a. If [Cr(CO)sPCl;] is reacted with only one equiva-
lent of K[Cp'Mo(CO);], the final product [Cp'Mo(CO)x(n>-
P;)] (1b) is formed, but the tetrachlorodiphosphane
[{(CO)sCr} CLLPPCL{Cr(CO)s}] (7) and the substitution
product [{Cp'Mo(CO);}PCl,] can also be detected by *'P
NMR (& = 349.4) '8 The latter compound is a possible
source of the P, complex 2a. Clearly, the formation of 7 re-
quires a good reducing agent such as, e.g., Na[Cr,(CO),o] in
reaction (5). Consistent with this observation is the fact that
the use of Nay[W,(CO)q] instead of Na,[Cry(CO),¢] in reac-
tion (5) leads to an almost analogous product distribution. 7 is
shown to be an important intermediate of the reaction (1).

Reaction of 7 with four equivalents of K[Cp’Mo(CO);] at
—78°C in THF leads in 85 mol % P '] to the unknown com-
plex 10, indicated in the *'P-NMR spectrum by a sharp singlet
at & = —148.0. Isolation of 10 failed due to decomposition on
the column material. Since the P, complex 7 was used, it may
be possible that 10 is a P, compound in which two or all four
Cl atoms are substituted by Mo-containing moieties. This as-
sumption is supportcd by the 'H-NMR spectrum of 10, which
features only very broad singlets {or the #Bu groups and for the
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ring H atoms ['H NMR: & = 1.76 (s, br, 9 I), 5.28 (s, br, 4 H)].
Furthermore, the >'P-NMR chemical shift in 10 falls in the
range of the values found in cis-[{Cp*(COYMo} »(u.n>-P),] 29
[AA'BB’ spin system: & = —101.9 (dd), —131.4 (dd);
LICIP3!P) = 499.6 Hz, 2J(*'P3'P) = 15.7 and 24.1 Hz).

Addition of five equivalents of K[Cp'Mo(CO);] to a
mixture of [{(CO)sCr}CLPPCL{Cr(CO)s}] (7) and
[{Cr(CO)s}-PCl] at —78°C in THF gives only the cyclo-P;
complex 1a and 10 is no longer observed. Clearly, for the syn-
thesis of the cpelo-P; complex la starting from the diphos-
phane derivative 7, an additional P,-building unit is needed.

Finally, *'P-NMR spectroscopy was used to monitor the re-
action. The reagents of reaction (1) were combined at —100°C
in an NMR tube. At this temperature, the formation of the
tetrachlorodiphosphane 7 is observed. At the same time, in ad-
dition to signals of the starting material [Cr(CO)sPCl3], two
doublets at § = 273 and 260 with a large *'P,*'P coupling con-
stant of 462 Hz are observed, indicating the formation of an
unsymmetrically substituted P, ligand complex with P—P
double bond character. Complex 7 and [Cr(CO)sPCl;] are de-
Lectable up to —40°C, whereas the above mentioned doublets
disappear at —60°C. In this temperature range, a new pair of
doublets appears at § = 226 and — 58, with a *'P,*!P coupling
constant of 375 Hz. At a temperature of about —30°C, the for-
mation of the Pj-precursor [{Cp'Mo(CO),}{Cp'Mo-
(CO), 1 1Cr(CO)sH (> 1-P3)] (9), as well as that of the final
product [Cp’Mo(CO),(n3-P3)] (1a), is observed. The P, prod-
uct [{Cp'Mo(CO),}»(,n>-P,)] (2a) is also detected in trace
amounts. The spectrum at room temperature shows only la
and 2a in a ratio of 4:1, accounting for about 90% of all the
phosphorus-containing products.

In summary, our investigations show that the reaction path-
way proceeds via stepwise P—P bond formation, induced by a
relatively fast metal-halogen exchange reaction at low tem-
perature (Scheme 1). The tetrachlorodiphosphane 7 is formed
below —40°C, representing an important intermediate along
the reaction pathway. Thus, both 7 and the Pj-unit
[Cr(CO)sPCl;], are components of the crude reaction mixture
and, by further metal-halogen exchange reactions, P—P bond
formation, and substitution reactions, the Pi;-complexes are
formed. The metal-halogen exchange reactions explain the ap-
pearance of the oxidation product [Cp"Mo(CO);).. Also pos-
sible are substitution reactions of [Cr(CO)sPCls] or 7 by
[Cp'Mo(CO);]~, which is observed at —60°C, giving rise to
unsymmetrically substituted P, complexes. The formation of
the cyclo-Ps-precursor compound [{Cp’Mo(CO);} {Cp'Mo-
(CO),12{Cr(CO)sHu,n* I 1-P3)] (9) is observed at —30°C,
which gives after elimination of [Cp'Mo(CO),], and
[Cr(CO)g], the final product 1a.

The influcnce of [Cr(CO)s] complex [ragments on the reac-
tions (1)—(3) is of critical importance. If these reactions are
carricd out with simple PCl;, the percentage of formed P, de-
rivatives increases considerably. In the case of the reaction of
PCl; with K[Cp"Mo(CQ)), complex 2b is formed as the main
product. In a corresponding reaction (2) without
[Cr(CO)sTHEF], the cyclo-P; complex 3 is no longer formed.
Therefore, the pentacarbonylchromium(0) complex fragments
promote the loss of CO via the formation of [Cr(CO)g], which

Chem. Ber./Recueil 1997, 130, 1299—1304



Phosphorus-Rich P, Ligand Complexes

FULL PAPER

Scheme 1. Proposed reaction pathway for the formation of
[Cp'Mo(CO)»(n3-P3)] (la) via the reaction of
[Cr(CO)sPCl5] with K[Cp'Mo(CO);]

o ©®
CO);CrPCl Cl=<
[(CO)sCrPCly] 78°C  40°C ND /”
+ > P—P 7
- [CpMo(COX], / """" |
K[Cp'Mo(COY;] @ N
-30°C
Cp' = n5-CsH,/Bu
@: crcon, +K[CpMo(CO%] - [CpPMo(CO)sl,
0°C
CP'\ -co
R MO"-.
o¢ | Co
Ie) P OC P.
SN / 0°C-rt. A // AN “CO
Cp' Mo~ P <« Cp'""Mo—P Mo = Cp'
\\ - [CH{CO)) C/ \ /
(:F/ P -[CpMo(COyl; O p “
| .. €9
OC— Cr— CO
1a 9 g s
(@] C
O

can be obtained almost quantitatively, and generate
[Cp*Mo(CO),], [Cp''Fe] as well as [Cp’Cr] units.

We are grateful to the Deutsche Forschungsgemeinschaft and the
Fonds der Chemischen Industrie for comprehensive financial support
of our work.

Experimental Section

All experiments were performed under argon in anhydrous solvents.
— NMR: Bruker AC 250 ("H: 250.13 MHz; *'P: 101.256 MHz) with
standards Me,Si (‘H), 85% H3PO, (*'P). — MS: Finnigan MAT 311
ADF at 70 eV. — IR: Perkin-Elmer PE 883.

Crystal Structure Analyses of 7 and 9: General notes: Stoe STADI
IV; »/8-scan mode; Mo-K,, radiation (A = 0.71073 z&): empirical ab-
sorption corrections (Psi scans); structure solution by direct methods
using SHELXS-86,21 full-matrix least-squares refinement on F? (for
7) and F (for 9) in SHELXL-932! (7) and SHELX-762" (9), respec-
tively, with anisotropic displacement for non-H atoms; hydrogen
atoms located in idealized positions and refined isotropically accord-
ing to a riding model. Crystal data and some details of the refinement
are shown in Table 2. Further details of the crystal structure investi-
gations may be obtained from the Fachinformationszentrum
Karlsruhe, D-76344 Eggenstein-Leopoldshafen on quoting the de-
pository numbers CSD-406803 (7) and CSD-406652 (9), respectively.

Complex 4: A solution of 1.12 g (3.4 mmol) [Cr(CO)sPCl5] 1 in 15
ml THF was treated at —78°C with 3.03 g (10.2 mmol) of solid
K[Cp'Cr(CO);] and the mixture was stirred for 1 h at this temperature.
The mixture was then slowly allowed to warm to room temperature.
After complete removal of the solvent, the residue was redissolved in
20 ml tolucne and the KCl was filtered off. The filtrate was concen-
trated to dryness in vacuo and the residue was applied to the top of a
column (30 X 2.5 cm) of silica gel (Merck 230-400 mesh). Elution
with n-hexane afforded a green fraction containing 4 (330 mg, 12%);
subsequent elution with n-hexanc/CH,Cl, (1:3) vielded a dark-brown
fraction containing [Cp’Cr(CO)3), (52 mg, 20%). — 4: C13H,6Cr,Ps
(501.27): caled. C43.13, H 5.23; found C 42.60, H 4.80.

Complex 6: To a solution of 0.21 g (0.63 mmol) [Cr(CO)sPCl3]in 15
ml THF at —78°C, a slurry of 0.57 g (1.88 mmol) K[Cp*Ni(CO)]*3,
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Table 2. Crystal structure data of 7 and 9

7 9
Empirical formula C10C14C1'2010P2 C39H39CX‘MO3O[2P3
Molecular mass [g mol—] 587.84 1132.47
Crystal dimensions [mm] 05x05x03 035x033x0.16
Crystal system monoclinic triclinic
Space group P2y/e (No. 14) PT (No.2)
Lattice constants & [A] 11.216(14) 12.255(3)
b[A] 7.269(9) 13.543(3)
c[A] 13.367(14) 15.084(3)
al) 115.073(9)
BI° 104.42(8) 97.95(1)
¥[°] 96.02(1)
VA3 1056(2) 2208.2(9)
VA 2 2
F(000) 5372 1128
g, [g em™) 1.850 1.703
#(Mo-Kp) [em1] 173 12.1
Diffractometer Stoe STADI 4 Stoe STADI 4
Temperature [K] 200 293
26range [°] 3-50 3-51
Scan mode ©l6 @b
Measured reflections 2882 8240
Independent reflections 1691 7694
Observed reflections 1436 6285
[1Fol > 4.00 (|Fy)]
Refined parameters 127 520
Min./max. Ap [e A-3] ~0.65/0.64 ~0.40/0.54
RFD) “[vlzjz](Fo)["] 0.052/— 0.029/0.030
WR(F,") 0.155 -

[ g > 400 (F,). — B All data.

obtained from CgK and [Cp*Ni(CO)),!*¥ in THF at —78°C, was ad-
ded by means of a cannula. An immediate color change to dark-red
was observed. The mixture was stirred for a further 1 h at this tempera-
ture and was then allowed to warm to room temperature. The graphite
was [iltered off and the filtrate was concentrated to dryness. As de-
scribed above, the residue was separated by column chromatography
onsilica gel. Elution with n-hexane gave a red fraction containing [Cp*
Ni(CO)]; (150 mg, 36%0); further elution with n-hexane/toluene (10:1)
yielded a brown fraction. From the latter 60 mg (21%) of [(Cp*
N, 1*-P2){Cr(CO)s}2)] (6) was isolated. — 6: C33H33CraNi, QP2
(833.88): caled. C43.21, H 3.63; found C 42.91, H 3.47.

Complexes T and 8: A solution of 1.98 g (6 mmol) [Cr(CO)sPCl;] in
15 ml THF was treated at —78°C with 1.70 g (4 mmol) of solid
Na,[Cry(CO)4].P3 The yellow color of the mixture darkened. Upon
slowly warming to room temperature, the color changed to red-brown.
The NaCl produced was removed as described above. Extraction of
the dry residue with n-pentane followed by crystallization at —20°C
gave 175 mg (30%) of [{(CO)sCr}CLPPCL{Cr(CO)s}]
(7), whereas separation by column chromatography resulted in a
yield of just 11%, obtained from a yellow fraction eluted with »-
hexane. Complex 8 was found to be stable only in solution. — 7:
C10CLP:Cry044 (587.84): caled. C 20.43; found C 20.18.

Complex 9: A stirred solution of 0.41 g (1.25 mmol) [Cr(CO)sPCl,]
in 15 ml THF was treated at ambient temperature with 1.48 g (3.75
mmol) of solid K[Cp'Mo(CO),). The solvent was immediately re-
moved in vacuo. Chromatography of the residue on silica gel with
hexane/toluene (50:1) as the eluent gave 43 mg (22%)
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[Cp'Mo(CO)x(n>-P1)] (1a), and subsequent elution with hexane/tolu-
ene (2:1) gave 530 mg of a mixture of [{Cp'Mo(CO)z}a(.1n>-P2)]
(2a), {Cp'Mo(CO)s3), and [Cp'Mo(CO),],¢. Elution with hexane/
CH,Cl, (2:1) resulted in a red-brown fraction containing
[{Cp'Mo(CO)3HCp' Mo(CO)}{ CH{CO)s} (™ '-P3)] (9) (80 mg,
17%). — 9: C3yH39CrMo:0,,P5 (1132.47): caled. C 41.36, H 3.47;
found C 40.94, H 3.62.

* Dedicated to Prof. Dr. Joachim Strihle on the occasion of his
60th birthday.

U1 Reviews: M. Scheer, E. Herrmann, Z. Chem. 1990, 30, 41—55;
O. I Scherer, Angew. Chem. 1990, 102, 1137—1155; Angew.
Chem. Int. Ed. Engl 1990, 29, 1104—1122.

2l A, Vizi-Orosz, G. Palyi, L. Marko, J Organomer. Chem. 1973,
60, C25—-C26.

Bl H, Lang, L. Zsolnai, G. Huttner, Angew. Chem. 1983, 95, 1017,
Angew. Chem. Int. Ed. Engl 1983, 22, 976—977; Angew. Chem.
Suppf. 1983, 1463—1476.

M M, Scheer, K. Schuster, G. Friedrich, dngew. Chem. 1993, 103,

~ 641—-642; Angew. Chem. Int. Ed. Engl. 1993, 32, 593—594,

BI'L. Y. Goh, C. K. Chu, R. C. S. Wong, T. W. Hambley, J Chemn.
Soc., Dalton Trans. 1989, 1951—1956.

181 J. Schwalb, Ph.D). Thesis, University of Kaiserslautern, 1988.

1 M. Scheer, K. Schuster, A. Krug, H. Hartung, Chem. Ber. 1996,
129, 973-979,

™ G. Hutiner, L. Zsolnai, H. Lang, Z. Naturforsch. 1985, 40b,
500—1506.

P1 H. P. Fritz, T. Schéttle, J Orgunomet. Chem. 1984, 265, 175—187.

91 .. R. Maxwell, S. B. Hendrichs, Y. M. Moseley, J Chem. Phys.
1935, 3, 699; A, Simon, H. Bormann, H. Craubner, Phosphorus
Sulfur 1987, 30, 507—519.

11 R, H. B, Mais, P. G. Owstcn, D. T. Thompson, A. M, Wood, J.
Chem. Soc. (A) 1967, 1744—1750.

02 28] G, Huttner, P Friedrich, H. Willenberg, H.-D. Miiller, An-
gew. Chem. 1977, 89, 268— 269; Angew. Chem. Int. Ed Engl.

1304

1977, 76, 260. — V2" H. Lang, G. Huttner, 1. Jibril, Z. Natur-
forsch. 1986, 41b, 473—485.

U31°C. E. Laplaza, W. M. Davis, C. C. Cummins, Angew. Chem. 1995,
107, 2181; Angew. Chem. Int. Ed Engl. 1995, 34, 2042; R. R.
Schrock, N. C. Zanetti, W. N. Davis, Angew. Chem. 1995, 107,
2184; Angew. Chem. Ini. Ed Engl. 1995, 34, 2044; for reviews
see: M. Scheer, Angew. Chem. 1995, 107, 2151-2153; Angew.
Chem. Int. Ed. Engl 1995, 34, 1997-1999; M. Scheer, Coord.
Chem. Rev. 1997, in press.

141 H. G. v. Schnering, W. Honle, Chem. Rey. 1988, 88, 243273,

[51 M. Scheer, M. Dargatz, P. G. Jones, ./ Organomet. Chem. 1993,

447, 259—164.

U6l A Barth, G. Huttner, M. Frite, L. Zsolnai, Angew. Chen. 1990,
102, 956—-957; Angew. Chem. Int. Ed. Engl. 1990, 29, 929.

17 Q. . Scherer, H. Sitzmann, G. Wolmershiuser, Acta Cryst. 1985,
C41, 1761—-1763.

['8] Malisch et al. reported the synthesis of the [CpMo(CO);PClL,)-
substituted derivative by the reaction of PCl; with
Na[CpMo(CO),] [5(*'P) = 394]: W. Malisch, R. Alsmann, 4»-
gew. Chem. 1976, 88, 809—810; Angew. Chem. Int. Ed. Engl.
1976, 15, 769.

19 Detcrmined from the >’P-NMR spectrum ol the crude reaction
mixture.

201 Q. J. Scherer, H. Sitzmann, G. Wolmershiuser, Angew. Chem.
1985, 97, 358—359; Angew. Chem. Ini. Ed. Engl 1985, 24, 351.

PN G, M. Sheldrick, SHELXS-86, Univcrsity of Gottingen, 1986.
— SHELXL-93, University of Géttingen, 1993. — SHELX-76,
University of Cambridge, 1976.

221 W. Strohmeier, Chem. Ber: 1969, 102, 3608—3612.

231 R. A. Fischer, J. Behm, E. Herdtweck, C. Kronseder, J Or-
ganomet. Chem. 1992, 437, C29— C34.

241N, M. Boag. A. I Goodby, R. Quyoum, Organometallics 1992,
11, 3135—-3136.

231 E_ L. Lindner, H. Behrens, S. Birkle, J Organomer. Chemn. 1968,
15, 165—175.

1261 M. Scheer, K. Schuster, K. Schenzel, E. Herrmann, P. G. Jones,
Z. Anorg. Allg. Chem. 1991, 600, 109—-119.

[97083]

Chem. Ber./Recueil 1997, 130, 1299—1304



