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The diyndiyl complex {Fe,(CO)s(n-PPh,)}»(n-C=C-C=C)
reacts with P(OMe); or NHEt; to give products derived from
addition to C, and facile P-C, N-C and/or C-C bond
formation.

Transition metal diyndiyl (M—C=C-C=C-M) complexes are
members of a rapidly expanding class of organometallic
molecules bearing poly-unsaturated, all-carbon molecules as
ligands. While the synthesis of compounds featuring polyynyl
and polyyndiyl ligands has advanced rapidly,* the reactivity of
these carbon-rich materialsisrelatively unexplored.2 Herein we
describe some remarkable reactions of the diyndiyl complex
{ Fex(CO)6(u-PPhy)} o(1-Co=Cs—C,=Cs) (1) with the nucleo-
philes NHEt, and P(OMeé)s.

The tetra-iron diyndiyl complex {Fex(CO)g(u-PPhy)}o(ui-
C.=Cs—C,=C; (1), previously obtained in only very low yields
from atwo-step reaction,3 may be conveniently obtained (35%)
directly from the reaction of Fe3(CO);, with Ph,PC=CC=CPPh,
in THF via a facile P-C (alkynyl) bond cleavage reaction.
Treatment of 1 with an excess of P(OMe); in benzene resulted
in the formation of the dark red adduct 2 (Scheme 1, Fig. 1),45%
together with the simple phosphite-substituted complexes
{ Fex(u-PPh2)(CO)s[ P(OMe)s]} (1-C=CC=C){ Fex(1-PPhy)-
(CO)s5(L)} [L = CO, P(OMe)3]. Compound 2 is derived from
addition of the phosphite reagent to only one ynyl functionality
of the original butadiyndiyl ligand at C,, followed by migration
of the associated diphenylphosphido group to Cg and P-C bond
formation to give asimple 2e-phosphine. This contrastswith the
reactions of the analogous mono-acetylide complex Fex(u-
C=CPh)(CO)g(-PPhy) with P(OR)s (R = Me, Et, Bu") which
gave Fey(CO)e{ C[P(OR)3]CPh} (u-PPhy) quantitatively.6 An
examination of the molecular structure of the Et product
suggests that C is sterically protected by both P(OEt); and Ph
groups, which probably hinders the migration of the PPh,
moiety.6

While 1 failed to react with the bulky reagents dicyclohex-
ylamine and diphenylamine (benzene, 80 °C), treatment of 1
with an excess of NHEt; (r.t., 2 d) resulted in the formation of
purple 3 (Fig. 2) and red 4 (Fig. 3) in 19 and 33% yield
respectively (Scheme 1).45 Complex 3 contains two Fex(CO)g
moieties bridged by an unusual 1-diethylamino-3-diphenyl-
phosphinobuteneylidene ligand, obtained from 1,2-addition of
the amine N-H bond across one acetylide moiety in 1, with
migration of a PPh, phosphino group to C,. The major product
4 is also derived from 1,2-addition of the amine to the carbon
ligand, although in this case it is a carbonyl ligand rather than
the PPh, group that has migrated from iron to C,, yielding the
five-membered metallacyclic ligand. The addition of the
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Scheme 1 Reaction of 1 with P(OMe); and NHEt,.

Fig. 1 ORTEP drawing of 2. Selected bond lengths (A) and angles (°):
Fe(1)-Fe(2) 2.6033(4), Fe(3)-Fe(4) 2.5754(4), C(1)-C(2) 1.498(3), C(2)—
C(3) 1.443(2), C(3)-C(4) 1.229(3), Fe(1)-C(1) 2.025(2), Fe(2-C(1)
1.9457(2), Fe(2)-C(2) 2.072(2), Fe(1)-P(1) 2.2316(6), P(1)-C(2) 1.782(2),
Fe(3)—C(3) 2.469(2), Fe(3)—C(4) 2.105(2), Fe(4)—C(4) 1.906(2), P(3)—C(1)
1.708(2); C(1)-C(2)—C(3) 126.5(1), C(2)—C(3)—-C(4) 162.2(2), C(3)-C(4)—
Fe(4) 171.5(2), Fe(1)-P(1)-C(2) 86.10(7).
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Fig. 2 Molecular structure of one molecule of 3. Selected bond lengths (A)
and angles (°): Fe(1)-Fe(2) 2.665(2), Fe(3)—Fe(4) 2.540(2), Fe(1)-C(1)
2.020(9), Fe(1)-P(1) 2.233(3), N(1)-C(1) 1.33(1), P(1)-C(3) 1.813(9),
Fe(2)-C(1) 2.458(9), Fe(2)—-C(2) 2.033(9), Fe(2)-C(3) 2.212(9), Fe(3)—
C(4) 1.95(1), Fe(4)-C(4) 1.933(9), C(1)-C(2) 1.43(1), C(2)—C(3) 1.46(1),
C(3)—C(4) 1.40(1); Fe(1)—P(1)—C(3) 98.9(3), Fe(1)-C(1)-N(1) 127.4(7),
N(1)-C(1)-C(2) 118.2(8), C(2)-C(3)—C(4) 121.4(8).

Fig. 3 Molecular structure of 4. Selected bond lengths (A) and angles (°):
Fe(2)—Fe(3) 2.831(1), Fe(3)—Fe(4) 2.582(1), Fe(1)-P(1) 2.315(1), Fe(1)-
C(1) 2.008(3), Fe(1)-C(5) 2.032(3), N(1)-C(1) 1.324(4), C(1)-C(2
1.457(5), C(2)-C(3) 1.434(4), C(3)-C(4) 1.390(5), C(3)-C(5) 1.518(5),
Fe(2)-C(2) 2.110(3), Fe(2)—C(3) 2.015(3), Fe(2)—C(4) 2.034(3), Fe(3)—
C(4) 2.036(3), Fe(4)—C(4) 1.928(3); Fe(1)—P(1)—-+Fe(2) 106.14(4), Fe(1)-
C(1)-N(1) 130.3(3), N(1)-C(1)-C(2) 117.8(3), C(1)-C(2)-C(3) 114.6(3),
C(2-C(3)C(4) 119.9(3), C(2-C(3-C(5) 114.1(3), Fe(4)—-C(4)-C(3)
140.6(2).

nucleophileis accompanied by significant rearrangement of the
metal framework. The regiospecific 1,2-addition of NHEt, to
C./Cs in the diyndiyl complex 1 is unusud in that the
corresponding mono-ynyl iron complexes give [-addition
products exclusively,” while the related ruthenium diynyl
compounds give products derived from 1,4-addition of an N-H
bond.8

Further studies of these remarkable rearrangements, which
proceed with total atom conservation and demonstrate facile
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N-C, P-C and C-C bond formation involving the diyndiyl
ligand, are in progress.
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