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Structural Observation of Bis(diphenylphosphino)methane Reactivity at a Di-iron
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[Fe,(CO)g{u-C(CH,)P(Ph,)CH,PPh,}], and [Fe,(CO)g{u-C(CH,Ph)P(Ph,)CH,PPh}]
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X-Ray diffraction studies have elucidated the molecular rearrangements involved in the fluxionality of the complex
[Fex(CO)s(u-CHCHCO){u-P(Ph3)CH,PPh,}] and in its isomerisation, via migration of one phosphorus of the
bis{diphenylphosphino)methane ligand from iron to carbon, to give [Fe;(CO)g{u-C(CH,}P(Ph,)CH,PPh,}], which in
turn isomerises through pheny! migration from phosphorus to carbon, yielding
[Fe,(CO)g{u-C(CH,Ph)}P(Ph,)CH,PPh}].

Bis(diphenylphosphino)methane (dppm) has played a major chemistry.! In the preceding communication we described
role in the development of dinuclear transition metal  how its bridging of a di-iron centre allows the nature of the

d

Figure 1. Molecular structures of complexes (1) (two crystallographically independent molecules), (2), and (3), with phenyl group
hydrogens omitted for clarity. The bridging CO in (2) is partially obscured by Fe(1). Selected bond lengths (A): (1a) [(1b)], Fe(1)-Fe(2)
2.725(1) [2.709(1)], Fe(1)-P(1) 2.267(1) [2.277(1)], Fe(2)-P(2) 2.275(1) [2.270(1)], Fe(1)-C(1) 2.084(3) [2.084(3)]. Fe(2)-C(1) 1.980(3)
[1.977(3)], Fe(1)-C(2) 2.111(3) [2.109(3)], Fe(1)-C(3) 1.929(3) [1.921(3)], C(1)-C(2) 1.396(5) [1.392(5)]. C(2)-C(3) 1.448(5) [1.443(5)]. (2),
Fe(1)-Fe(2) 2.594(2), Fe(2)-P(2) 2.296(2), Fe(1)-C(1) 2.034(8), Fe(2)-C(1) 1.989(8), Fe(1)-C(2) 2.113(9), P(1)-C(1) 1.755(8), C(1)-C(2)
1.403(10). (3), Fe(1)-Fe(2) 2.544(1), Fe(1)-P(2) 2.202(1), Fe(2)-P(2) 2.206(1), Fe(1)-C(1) 2.092(2), Fe(2)~-C(1) 2.093(2), P(1)-C(1) 1.790(2),
C(1)-C(2) 1.562(3).



J. CHEM. SOC., CHEM. COMMUN., 1988

step-wise synthesis of tropone from ethyne and CO to be
established.2 Under these photochemical, ambient tempera-
ture conditions the dppm is an innocent spectator; however, at
elevated temperature this important ligand takes part in an
unprecedented sequence of rearrangements, involving both
carbon-phosphorus bond-formation and bond-cleavage.
Through a series of X-ray diffraction studies the intricacies of
the molecular manoeuvres have been brought to light,
revealing new reaction pathways and modes of co-ordination
involving dppm.

The complex {Fey(CO)s(u-CHCHCO){u-P(Ph,)CH,-
PPh,}] (1),2 obtained by treatment of [Fe,(CO);(u-dppm)]
with ethyne under u.v. irradiation, is fluxional in solution.
Variable temperature 3P and 'H n.m.r. spectroscopy indi-
cates that the molecule is static at room temperature, but on
warming to 90 °C pair-wise averaging of the phosphorus and
‘ethyne’ proton environments is observed, consistent with the
(1a) = (1b) process depicted in Scheme 1. Such rapid
breaking and re-forming of the carbon—carbon bond linking
‘ethyne’ and CO, exchanging ketonic and terminal CO
between the two ends of the alkyne, has been suggested to
occur for other complexes of this type.? However, an X-ray
diffraction study on (1) has now provided an unusual insight
into this process, in that the crystal was composed of a racemic
mixture of the enantiomers (1a) and (1b) which are intercon-
verting in solution.

The results of the structural study are presented in Figure 1
and in its caption.t On this basis, the transformation of (1a) to
(1b) can be viewed as follows: cleavage of the C(2)-C(3) bond
of (1a) generates the C(3)-O(3) terminal carbonyl of (1b)
while, simultaneously, C(1) of (1a) links with the C(4) carbon
to give the C(4)-O(4) ketonic carbonyl of (1b). As a result the
CH groups exchange their environments, as required by the
'H n.m.r. spectrum; an alternative process in which C(1) of
(1a) remains fixed and C(2) oscillates between C(3) and C(4)
would not do this.

At about 90°C in solution the cleavage of the ‘ethyne’-CO
link in (1) becomes irreversible, and the complex rapidly and
quantitatively isomerises to a second species (2), which in turn
slowly converts to a third isomer (3). At 100°C the latter is
formed rapidly, but careful control of temperature permitted
the isolation of the intermediate isomer. The new isomers
were shown to be the zwitterions [Fe,(CO)q{u-C(CH,)P-

t Crystal data for (1) (1,2-dichloroethane solvate), C;3HyFe,Og-
P,-0.5C,H,Cl,, M = 739.7, triclinic, space group P1 (No. 2),
a = 10.697(3), b = 16.606(3), ¢ = 18.625(4) A, a = 85.97(2), =
86.71(2), vy = 84.99(2)°, U = 3283.3(12) A3, T=295K,Z=4,D. =
1.49, D, = 1.46 g cm~3, F(000) = 1592, w(Mo-K,) = 11.9 cm~!; for
(2) (toluene solvate), C33HyFe,06P,-C;Hg, M = 782.2, monoclinic,
?face group P2,/c (No. 14),a = 8.600(2), b = 19.755(5), ¢ = 22.825(8)

LB =97.47(3)°, U = 3845(2) A3, T=295K, Z =4, D, = 1.35
g cm~3, F(000) = 1608, w(Mo-K,) = 8.78 cm~!; for (3) (toluene
solvate), C33H,.Fe;O4P,-C;Hy, M = 782.2, monoclinic, space group
P2,/n (No. 14). a = 12.202(2), b = 26.362(10), ¢ = 12.024(2) A, p =
108.92(1)°, U = 3659(2) A3, T=295K, Z=4,D, = 142 gem-3,
F(000) = 1608, w(Mo-K,) = 9.22 cm~!. Intensity data were collected
on Nicolet P3m diffractometers using graphite-monochromated Mo-
K, X-radiation, for unique volumes of reciprocal space in the range 4
<28 < 50° all data being corrected for absorption effects. Structures
were solved by heavy atom (Patterson and Fourier) methods and
refined by least squares to residuals R 0.041, 0.056, and 0.033 for
(1)-0.5C,H,4Cl,, (2)-C,Hy, and (3)-C;Hy, respectively, for 8912, 2819,
and 5776 unique, observed data, respectively. The solvate molecule of
(1)-0.5C,H,Cl, is disordered. Crystals of (2)-C;Hg showed ca. 20%
decay in check reflection intensities during data collection. Atomic
co-ordinates. bond lengths and angles, and thermal parameters have
been deposited at the Cambridge Crystallographic Data Centre. See
Notice to Authors, Issue No. 1.
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Scheme 1. Conditions: i, <90°C; ii, 90 °C, fast; iii, 90 °C, slow.

(Phy)CH,PPh,}]  (2)f and  [Fey(CO)g{u-C(CH,Ph)P-
(Ph,)CH,PPh}] (3)1 by X-ray diffraction. The results of the
structural studies are summarised in Figure 1 andinitscaption.t

The views of the isomers (1), (2), and (3) given in Figure 1
are from a similar perspective and allow the structural changes
to be readily appreciated. Thus, by comparing the structures
of (1a) and (2), it can be seen that this transformation involves
a pivoting of the dppm ligand about phosphorus P(2),
permitting an internal nucleophilic attack of P(1) on carbon
C(1), i.e. a1,2-shift of P(1) from Fe(1) to C(1) occurs. This is
associated with a 1,2-hydrogen shift from C(1) to C(2) and the
cleavage of the C(2)-C(3) bond, creating a vinylidene unit and
a terminal carbonyl. The resultant ligand can be considered to
bind as a o,n2-u-vinyl with an unusual «-carbon substituent.
More significantly, the complex may be viewed as having
dppm bridging a metal-carbon bond rather than, as normally
observed,! a metal-metal bond.

The slightly higher energy transformation of (2) to (3) is
similarly laid bare by reference to Figure 1. This reveals that a
phenyl group of (2) migrates from terminal phosphorus P(2) to
the vinylidene carbon C(2) at the other end of the chain,

1 The new complexes were characterised by elemental analyses and
mass, i.r., and n.m.r. (‘H, 3C, and 3!P, coupling constants in Hz,
CD,Cl, solution unless otherwise stated) spectra. Selected data: (2),
brown crystals, v(CO)(CH,Cl, solution) at 2018m, 1973s, 1943m,
1927m, and 1771w cm~!; 'H n.m.r. 8 2.49 (dt,J 21 and 2, 1H, CCH,),
2.64 (dd,J31and 2, 1H, CCH,), 3.55 (ddd, J 14, 8, and 5, 1H, PCH,),
4.17 (ddd, J 17, 14 and 8, 1H, PCH,), and 7.08—7.74 (m, 20H, 4Ph);
BC{'H} n.m.r. ([2Hg]toluene) & 25.5 [d, J(CP) 7, CCH,] and 116.3
[dd, J(CP) 26 and 13, CCH,]; 3'P n.m.r. 8 36.7 and 42.1 [ABq, J(PP)
ca. 81]. (3), yellow crystals, v(CO) (hexane solution) at 2043s, 2000s,
1975s, 1944m, and 1937m cm~!; ‘Hn.m.r. 8 3.45 (dd, J 13 and 10, 2H,
PCH,), 4.24 (d, J2 and 1, 1H, CH,Ph), and 4.53 (d, J 2 and 1, 1H,
CH,Ph); 3C{'H} n.m.r. & 54.1 [dd, J(CP) 15 and 6, PCH;], 135.1
[dd, J\CP) 29 and 7, u-CCH,Ph], and 141.4 [d, J(CP) 4, CH,Ph]; 3'P
n.m.r. 4 32.0 [d, J(PP) 90, PPh;] and 135.1 [d, J(PP) 90, u-PPh]. Data
for complex (1) are given in the preceding communication.?
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affording a benzyl group and releasing C(2) from co-ordina-
tion while P(2) enters a bridging site. The unusual ligand so
created binds to the di-iron centre via both p-phosphido and
p-alkylidene functionalities. A plausible pathway for this
surprisingly efficient phenyl migration [(3) is isolated in 50%
yield] would involve an oxidative addition of the P-Ph bond to
Fe(1), followed by the formation of the C-Ph bond through
reductive-elimination. The co-ordinative unsaturation on
Fe(1) required for oxidative-addition could be readily
achieved via the transfer of the p-CO of (2) to a terminal site
on Fe(2), with concomitant cleavage of the Fe-Fe bond. It is
interesting to note that the conformational flexibility of the
five-membered FeCPCFe ring in (2) will allow one phenyl
group on P(2) into close proximity with Fe(1).

Studies with other organic derivatives of [Fe,(CO),(u-
dppm)] reveal a similar situation; namely, that while at room
temperature dppm is uninvolved in the organic chemistry
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occurring at the di-iron centre, at higher temperatures this
ligand participates in an array of unique transformations. We
shall report on these in due course.
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