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Summary: The cothermolysis of white phosphorus, P,,
and [Cp*Co(u-CO)}, (1) affords as oxidative addition
products the cobaltatetraphosphatricyclopentane, [Cp*-
(CO)CoP,] (2), and the dicobaltate-
traphosphatricyclohexane, [Cp*,(C0),Co.P,] (3) (Cp* =
7°-CsMe;). The X-ray crystal structures of 2 and 3 show
rather short PP distances for the PCoP bridges.

The concepts of diagonal relationship, isoelectronic
families and isolobal fragments point to interesting
analogies between carbon and phosphorus compounds,! on
the one hand, and transition-metal complexes,? on the
other hand. For example, the dimetallate-
traphosphatricyclohexane B may formally be derived from
the tricyclo[2.2.0.0*5}hexane A?® by replacing its CH groups
through isoelectronic P atoms and its CH, groups through
the isolobal? 16-electron fragment Cp*(CO)Co (M in B).

g P
- E/ N /97 \
H2C \ﬁ\\ﬁ/cuz m; \\P /M
A B

The interaction of P, with [Cp*Co(u-CO)], (1) according
to Scheme I gives the cobaltatetraphosphatricycloalkanes
2 and 3. 3 also may be obtained in moderate yield from
a combination of 1 and 2. Complex 2 forms air-stable, dark
red crystals, and 3 produces air-sensitive black crystals.
Both are moderately soluble in pentane and readily soluble
in toluene and dichloromethane (partial decomposition
with 3).4

tX-ray structure analysis.

(1) For reviews, see: Scherer, O. J. Comments Inorg. Chem. 1987, 6,
1. Scherer, O. J. Nachr. Chem. Techn. Lab. 1987, 35, 1140. Di Vaira,
M.; Stoppioni, P.; Peruzzini, M. Polyhedron 1987, 6, 351.

(2) For reviews, see: Hoffmann, R. Angew. Chem. 1982, 94, 725; An-
gew. Chem., Int. Ed. Engl. 1982, 21, 711. Stone, F. G. A. Angew. Chem.
1984, 96, 85; Angew. Chem., Int. Ed. Engl. 1984, 23, 89.

(3) For MINDO|3 calculations, see: Minyaev, R. M.; Minkin, V. L. J.
Org. Chem. USSR (Engl. Transl.) 1985, 21, 2055.

(4) Preparation of 2 and 3. All manipulations were carried out under
dry Ar by using standard Schlenk techniques. A solution of [Cp*Co(u-
CO)], (1)16 (1.20 g, 2.69 mmol) and P, (1.00 g, 8.07 mmol) in 50 mL of
toluene was stirred at 60 °C for 30 min until the CO band of 1 completely
disappeared (IR monitored). The reaction solution was evaporated to ca.
10 mL under oil-pump vacuum, then treated with 5 g of Al;O, (basic,
activity II), and dried under oil-pump vacuum until freely flowing. In
the chromatographic workup (column 25 X 2.5 cm), excess P,, Cp*Co-
(CO),, and some of 2 were eluted with pentane as brown yellow fraction.
Pentane/toluene (10:1) elutes further 2 as a yellow fraction. After re-
moval of the solvents the residue from the first fraction was heated to
60-70 °C for 6 h under oil-pump vacuum. This eliminates excess P, and
Cp*Co(CO),. The remaining residue and the residue from the second
fraction were recrystallized from hexane (~18 °C) with formation of 2 (120
mg, 6%) as dark red crystals. Pentane/toluene (1:1) elutes a green
fraction, which after recrystallization from toluene/hexane (5:1; -18 °C)
afforded black crystals of 3 (464 mg, 30%). Anal. Caled for C,;H;5CoOP:
C, 38.18; H, 4.37. Found: C, 38.00; H, 4.35. Calcd for C3:HgzyCo,05Py:
C, 46.49; H, 5.32. Found: C, 46.50; H, 5.25.
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Figure 1. ORTEP drawing of complex 2 (50% probability ellipsoids
are shown). Selected bond distances (A) and bond angles (deg):
Col-P1 = 2.261 (1), Col-P2 = 2.255 (1), P1.-P2 = 2.606 (1), P1-P3
= 2.217 (2), P1-P4 = 2.214 (1), P2-P3 = 2.206 (2), P2-P4 = 2.204
(1), P3-P4 = 2.158 (2), Col-Cp*(centr) = 1.735; P1-Col-P2 =
70.5 (1), Col-P1-P3 = 100.5 (1), Col-P1-P4 = 100.3 (1), Col-
P2-P3 = 101.0 (1), Col-P2-P4 = 100.8 (1), P1-P3-P2 = 72.2 (1),
P1-P4-P2 =723 (1), P3-P1-P4 = 58.3 (1), P3-P2-P4 = 58.6 (1),
P1-P3-P4 = 60.8 (1), P2-P3-P4 = 60.7 (1), P1-P4-P3 = 60.9 (1),
P2-P4-P3 = 60.7 (1), P1P3P4|P2P3P4 = 95°.
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The X-ray crystal structure determinations® confirm the
P, framework of white phosphorus, in which one (complex
2, Figure 1) or two (complex 3, Figure 2) edges are opened
and bridged by a Cp*Co(CO) moiety. Formally the P,
ligand in 2 and 3 can be regarded as P> (cf. Cp’,MP,, M
= Zr, Hf? single oxidative addition of P,) and P,* (double
oxidative addition of P, d® cobalt in each case), respec-
tively. The structural alternatives of the n? metal-bonded
P, edge, verified in [(PhyP),CIRh(*-P,)] (4)" or the hith-
erto unknown di-n%coordinated P, edges are less probable
because of the following facts: (i) In 2 and 3 the long PP
distances for 2, d(P--P) = 2.606 (1), and for 3, 2.560
(2)]2.597 (2) A, are distinctly longer than that of 4 (2.462
(2) A).” Similar short P-P contacts of 2.57 A (mean value)
have been found with four of the six pairs of phosphorus
atoms in the distorted Co,P, core of the cubane-like
[CpCo(ug-P)]4 (5).2 The corresponding P-Co—P angles in

(5) Crystal data of 2 [3]: triclinic, P1 [monoeclinic, P2,/c], o = 8.6460
(5), b = 10.7005 (10), ¢ = 8.1614 (6) A; a = 101.249 (15), 8 = 99.592 (9),
v = 88.080 (10)° [a = 17.325 (2), b = 8.803 (2), ¢ = 17.232 (3) &; 8 = 106.97
(2)°], V = 730.2 [2513.5 A%], Z = 2 [4], dueq = 1.574 [1.502 g-cm™3], Mo
Ka (A = 0.71073 A), 21 °C, 3° < 20 < 50°; Enraf-Nonius CAD4; total
number of reflections 2676 {4821], 2360 [3614] unique reflections of which
2043 [2655] were observed (I > 2 ¢(I)); R = 0.034 [0.044], R, = 0.041
[0.048]. Structure solution: SHELX-76, SHELXS-86. All of the non-
hydrogen atoms were refined anisotropically. Further details of the
crystal structure investigations may be obtained from the Fachinforma-
tionszentrum Energie, Physik, Mathematik GmbH, D-7514 Eggenstein-
Leopoldshafen 2, FRG, on quoting the depository number CSD 53307,
the names of the authors, and the journal citation.

(6) Scherer, O. J.; Swarowsky, M.; Swarowsky, H.; Wolmershauser, G.
Angew. Chem. 1988, 100, 738; Angew. Chem., Int. Ed. Engl. 1988, 27, 694.

(7) Ginsberg, A. P.; Lindsell, W. E.; McCullough, K. J.; Sprinkle, C.
R.; Welch, A. J. J. Am. Chem. Soc. 1986, 108, 403. For geometry-optim-
ized EHMO calculations on the model complex [RhCL(P,)(PHs3),], see:
Kang, S.-K.; Albright, T. A.; Silvestre, J. Croat. Chem. Acta 1984, 57,
1355.
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Figure 2. ORTEP drawing of complex 3 (50% probability ellipsoids
are shown). Selected bond distances (A) and bond angles (deg):
Col-P1 = 2.256 (2), Col-P2 = 2.262 (2), Co2-P3 = 2.254 (2),
Co2-P4 = 2.254 (2), P1.-P2 = 2.560 (2), P3--P4 = 2,597 (2), P1-P3
= 2.221 (2), P2-P3 = 2.234 (2), P1-P4 = 2.227 (2), P2-P4 = 2.236
(2), Col-Cp*(centr) = 1.738, Co2—-Cp*(centr) = 1.737; P1-Col1-P2
= 69.0 (1), P3-Co2-P4 = 70.4 (1), P3-P1-P4 = 71.4 (1), P3-P2-P4
=71.0 (1), P1-P3-P2 = 70.1 (1), P1-P4-P2 = 70.0 (1), Co1-P1-P3
= 97.9 (1), Col-P1-P4 = 99.7 (1), Col1-P2-P3 = 97.3 (1), Col~-
P2-P4 = 99.3 (1), Co2-P3-P1 = 96.9 (1), Co2-P3-P2 = 98.7 (1),
Co2-P4-P1 = 96.7 (1), Co2-P4-P2 = 98.7 (1), P1P3P4|P2P3P4
= 89.8, P1P3P2|P1P4P2 = 90.6°.

5 (71.1° (average)) are nearly the same as in 2 (70.5°) and
3 (69.0/70.4°). The same holds for the Co~P distances
(d(Co-P) = 2.22|2.26 A in 5% and 2.26 A in 2 and 3). (ii)
The 3P{H}NMR data® of 2 show a much stronger chemical
shift difference (A = ca. 120 ppm) for the A, XY system
with respect to n%-coordinated P, in 4 (A;B, part, 6 =
-279.4]-284.0 ppm, A = ca. 5 ppm7). As with 47 (2.188 (2)
A) the shortest P-P distance in 2 (P3-P4 = 2.158 (2) A,
Figure 1) is opposite to the longest one (P1-+P2). The
distance in 2 is comparable with that of the phosphabi-
cyclobutane derivatives Po(PR), (6) (6a,'%2 R = N(SiMey)s,
2.129 A; 6b,10b R = (tBu)3CGH2, 2.166 (2) A; ﬁc,IOC Pz'
(PR)(CR/y), R = (tBu)4CgH,, R’ = SiMe,, 2.136 (1) A) and
P,(CR),ZrCp, (1! (R = tBu, 2.147 (1) A). The folding
angle between the two P, “wings” of the “butterfly” is 95°
in 2, 95.2° in 6a,!% 95.5° in 6b,'% 105° in 6¢'% (P,|P,C
“wings”) and 110° in 7!! (two P,C “wings” with a Cp,Zr
bridge). In both complexes the planes P,Co|Cp*(centr.)-
CoC(0) are approximately orthogonally oriented to each
other {2, 88.7°; 3, 88.8 (Col), 87.4° (Co2)].

The P atoms of the formal P,* ligand in 3 form a bent
four-membered ring with d(P-P) = 2.23 A while the cor-
responding d(P-P) is 2.21 A for the formal P,% ligand in
2. In the solid-state chemistry of polyphosphides!? a
rectangular formal P,* was found in CoP;! with d(Co—P)
= 2.22 A and d(P-P) = 2.24/2.34 A.

The P, unit of 3 completes the series of P,*" ligands (n
= 2, this work and Cp’;MP, (M = Zr, Hf, Cp’ = 55-1,3-

(8) Simon, G. L,; Dahl, L. F. J. Am. Chem. Soc. 1973, 95, 2175.

(9) *'P{'H} NMR (80.82 MHz, toluene-ds, 85% H3PO, external stand-
ard): 2, AiXY system, 6(P,) = -258.2 (t), 8(Px) = —335.9 (q), 6(Py) =
-376.9 (q), 'J(P-P) = 156 Hz; 3, AA’XX' system, 5(Py) = -125.1, 6(Pxx)
= -165.4, J(P,-Px) = WJ(P,~Px) = £97 Hz, }J(P,~P,) = 56 Hz,
1J(Px-Px/) = +28 Hz, 2J(P,~Pyx/) = £44 Hz. 'H NMR (200 MHz, C¢Ds,
TMS internal standard): 2, 6§ = 1.31 (s, CHy); 3, § = 1.55 (s, CHj). IR
(pentane, »co): 2, 2000 (vs) cm™; 3, 1990 (vs) cm™.

(10) (a) Niecke, E.; Riger, R.; Krebs, B. Angew. Chem. 1982, 94, 553;
Angew. Chem., Int. Ed. Engl. 1982, 21, 544. (b) Riedel, R.; Hausen, H.-D.;
Fluck, E. Angew. Chem. 1985, 97, 1050; Angew. Chem., Int. Ed. Engl.
1985, 24, 1056. (c) Appel, R.; Niemann, B.; Nieger, M. Angew. Chem.
1988, 100, 957; Angew. Chem., Int. Ed. Engl. 1988, 27, 957.

(11) Binger, P.; Biedenbach, B.; Kriiger, C.; Regitz, M. Angew. Chem.
1987, 99, 798; Angew. Chem., Int. Ed. Engl. 1987, 26, 764. The folding
angle between the two P,C planes is 110° (180-70°) and not 70°; Binger,
P.; personal communication.

(12) Von Schnering, H.-G.; Honle, W. Chem. Rev. 1988, 88, 243.

(13) Rundqvist, S.; Ersson, N. O. Ark. Kemi 1968, 30, 103. See also
LaFeP,,; Jeitschko, W.; Braun, D. Acta Crystallogr. 1977, B33, 3401.

CsH,(tBu),);® n = 4, this work and n = 6, Cp*3NigPs!4) in
organometallic chemistry.
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Summary: The reaction of Ph,PC=CCM, with [PPh,]-
[HFe4(CO)4,4] in boiling ethyl acetate leads to the forma-
tion of [PPh,] [Fes(CO)e(u-CO)x{u-PPh,Xu-C=—CH(CMe,))]
as the main product in which phosphorus-alkynyl bond
cleavage has occurred and migration of hydrogen onto
the S-carbon has led to a vinylidene ligand. The second
product, [PPh,][Fe,(CO)s(u-Ph,PCH==C(CMe,;)C(0))],
contains a bridging ligand that resuits from hydrogen
migration on the a-carbon of the alkynyl group and CO
insertion between the B-carbon and one iron atom.

The reactivity of (diphenylphosphino)alkynes,
Ph,PC=CR, toward polynuclear complexes has been ex-
tensively investigated by Carty et al.! during the last
decade and has led to interesting rearrangement reactions
implying generally the breaking of the phosphorus-alkynyl
bond.'?  Considering the great reactivity of [PPh,]-
[HFe5(CO)44] (1), toward alkynes which we have recently
pointed out,® we thought it of interest to check the be-
havior of these ligands toward this cluster anion. Indeed,
in this case, the presence of an hydrido ligand could extend
the type of reactivity observed by the possible insertion
of the carbon—carbon triple bond into the iron-hydrogen

tUnité No. 8241 liée par conventions & I'Université Paul Sabatier
et 4 I'Institut National Polytechnique.

(1) Nucciarone, D.; McLaughlin, S. A.; Taylor, N. J.; Carty, A. J.
Organometallics 1988, 7, 106-177 and references therein.

(2) See for instance: Van Gastel, F.; McLaughlin, S. A.; Lynch, M.;
Carty, A. J.; Sappa, E.; Tiripicchio, A.; Tiripicchio-Camellini, M. J. Or-
ganomet. Chem. 1987, 328, C65-C70.

(3) (a) Lourdichi, M.; Mathieu, R. Nouv. J. Chim, 1982, 6, 231-233.
(b) Suades, J.; Mathieu, R. J. Organomet. Chem. 1986, 312, 335-341. (c)
Lourdichi, M.; Mathieu, R. Organometallics 1986, 5, 2067-2071.
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