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Formation of Nona(ethyl isocyanide)di-iron from Penta(ethyl isocyanide)iron and
Reaction of Penta(t-butyl isocyanide)iron with Diphenylacetylene; X-Ray Crystal
Structures of Nona(ethyl isocyanide)di-iron and Tris(t-butyl isocyanide){1,4-
bis-(t-butylimino)-2,3-diphenylbuta-1,3-diene}iron

By JeEaN-MARIE BasseTt, MicHAEL GREEN, JUDITH A. K. HowaARrp, and F. GORDON A. STONE
(Department of Inovganic Chemistry, University of Bristol, Bristol BS8 1TS)

Summary U.v. irradiation of [Fe(CNELt);] in diethyl ether
affords [Fe,(CNEt),], and reaction of diphenylacetylene
with [Fe(CNBut);] gives [Fe(CNBut),{1-4-n-ButN=C=C-
(Ph)C(Ph)=C=NBut}]; the molecular structures of these
complexes are established by single crystal X-ray
crystallography.

‘WE report studies with the recently synthesised! zerovalent
iron complexes [Fe(CNR);] (R = But, Et), which have led
to a preparation of the potentially important dinuclear
complex [Fe,(CNELt),], and the observation of an interesting
cyclisation reaction with diphenylacetylene.

U.v. irradiation (room temperature, 36 h) of a diethyl
ether solution of [Fe(CNEt);] affords (609 yield) orange,
air-sensitive crystals of nona(ethyl isocyanide)di-iron
[vwc {tetrahydrofuran (THF)} 2 060vs, 1 920sh, 1 701m(sh),
and 1 652vs cm™1]. In contrast with the related [Fe,(CO),]
system,?:® no difficulty was experienced in obtaining a
suitable crystal for single crystal X-ray diffraction studies.

Crystal data: CyH,;Fe,Ny, M = 607-4, monoclinic, space
group P2,/n, a = 22:193(14), b = 12-762(6), ¢ = 12-332(8),
B = 104:60(5), U = 3380-2A3, Z =4, Dy = 123, D, =
1-19 g cm=3, F(000) = 1288, u(Mo-K,) = 9-1 cm~t. Allow-
ing anisotropic thermal parameters for the iron atoms only,
and isotropic thermal parameters for the remaining light
non-hydrogen atoms, refinement of the structure has
reached R = 0-11 for 3054 intensities [223 K, 20 <50°,
I1=2-50(I), Syntex P2, diffractometer, Mo-K, radiation,
A= 0-71069 A].t

The molecular structure (Figure 1) is related to that
established for nonacarbonyldi-iron, each iron atom having
an approximately octahedral first co-ordination sphere
of carbon atoms, the face defined by atoms C(4), C(5),
and C(6) of the three bridging ethyl isocyanide ligands
being shared. The Fe-C distances for the terminal iso-
cyanides average to ca. 1-84 A, whereas the bridging ligand
Fe-C lengths at ca. 1496 A are on average ca. 0-05 A
shorter than those found in [Fe,(CO)s].2 A concomitant
shortening by 0-06 A relative to [Fe,(CO),] is observed in
the Fe-Fe distance of 2-462(3) A. The molecule [Fe,
(CNEt),] lacks the high symmetry of its carbonyl analogue.
‘While the six terminal isocyanide ligands deviate slightly
from linearity (mean / CNC, 171°), the bridging ligands
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Ficure 1. Molecular structure of [Fe,(CNEt),] viewed normal
to the Fe-Fe vector, with methyl groups omitted for clarity.
Fe(1)-Fe(2), 2-462(3), and C-N (bridging) 1:26(2) A; mean
/.CNC (bridging) 123(1)°.

are considerably bent towards I'e(2) at atoms N(4) and
N(5), and towards Fe(l) at atom N(6). The angles at
N(4), N(5), and N(6) of 123(1)°, 124(1)°, and 123(1)°,
respectively, are significantly smaller than those observed
in other structures?* having bridging isocyanides, and are
accompanied by a longer C-N separation [mean 1-26(2) A
compared with the terminal ligands [mean C-N, 1-17(2) A].

Whereas low solubility has precluded low temperature
n.m.r. studies with the [Fe,(CO)y] system, thus limiting our
knowledge of the nonacarbonyl compound to the solid
state, variable temperature 'H and 1*C n.m.r. studies} with
[Fe,(CNEt),] established an intramolecular exchange
process§ in solution involving exchange of bridging and
terminal isocyanide ligands with an activation energy
of 63-5 4+ 1 k] mol~t. The low temperature data indicate
that inversion at the nitrogen atom of the bridging iso-
cyanides is still rapid at — 50 °C.

T The atomic co-ordinates for this work are available on request from the Director of the Cambridge Crystallographic Data Centre,
University Chemical Laboratory, Lensfield Road, Cambridge CB2 15W. Any request should be accompanied by the full literature

citation for this communication.

I *H N.m.r. ([?Hg]Jtoluene, —50 °C), = 5-96 [q, 6H, CH,, *J(H-H) 7-1 Hz], 7-14 [q, 12H, CH,, J 7-1 Hz], 8-32 [t, 9H, Me, | 7-1 Hz],
and 9-19 [t, 18H, Me, J 7'1 Hz]; ([®H,]toluene, -+-100 °C), = 6-61 [q, 18H, CH,, J 7-1 Hz] and 8-76 [t, 27H, Me, J 7-1 Hz]. 3C
N.m.r. ([?Hg]Jtoluene, — 80 °C) 174-5 (CNEt, terminal) and 258-1 (CNEt, bridging) p.p.m.

§ A detailed discussion of this process will be presented in a full paper.
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Formation of [Fe,(CNEt),] on u.v. irradiation of [Fe-
(CNEt);] can perhaps be understood in terms of the photo-
chemical generation of [Fe(CNEt),] followed by capture
with [Fe(CNEt),]. The easy thermal reactions observed
with [Fe(CNR);] complexes! suggest that access can also
be gained to such intermediates via a thermal dissociative
process.
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Fi1Gure2. Molecularstructure of [Fe(CNBut), {1-4-9-ButN:C:C-
(Ph)C(Ph) : C: NBut}] shown in projection down crystallographic
b-axis, with the toluene solvent molecule omitted (ORTEP
diagram, 309, probability ellipsoids). Important molecular
parameters are C(3)-C(102) and C(4)-C(101), 1-44(1); C(101)-
C(102), 1-42(1); Fe-C(3), 1-964(11); Fe-C(4), 1-956(7); Fe-C(101),
2122(8); and Fe-C(102), 2-114(9) A; , N(3)C(3)C(102), 129(1)
and / N(4)C(4)C(101), 127(1)°.

9 vxc(Nujol) 2 115s, 2 080s, and 2 040s; vx-c and ve_c¢ 1 666m, 1 641m, 1 617sh, and 1 603sh cm—21
8-46 (s, 18H), 8-6 (s, 9H), and 8-93 (s, 18H); (PhCl, 120 °C), ~ 8-54 (s, 18H) and 8-73 (s, 27H).
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Reaction of [Fe(CNBut);] with diphenylacetylene (THF,
room temperature, 36 h) affords (729, yield) yellow, air-
stable crystals of a complex analysing for [Fe(PhC,Ph)
(CNBut);]. The i.r. and n.m.r. data¥y did not conclusively
establish the structure, and therefore an X-ray single
crystal structure determination was carried out.

Crystal data: CsgHgNy;Fe, M = 649-7, monoclinic, space
group P2,/c, a = 9-724(4), b = 42-11(3), ¢ = 11-330(4),
B = 113-57(5), U = 4252:3 A%, Z =4, Dy = 1:07, D¢ =
1-01 gcm=3, F(000) = 1600, p(Mo-K,) = 4-0cm™. Re-
finement of the structure and one disordered toluene
molecule (not shown) per asymmetric unit has reached
R = 0-09 for 4327 reflections [193 K, 20 <50°, I=>2-5¢(I)].t

The structure (Figure 2) has a pseudo-octahedral first
co-ordination sphere, five sites occupied by carbons C(1)
to C(5), the sixth occupied by a point midway between
atoms C(101) and C(102). The overall geometry is similar
to that of tricarbonyl(buta-1,3-diene)iron;® atoms C(3),
C(102), C(101), and C(4) are ligated co-planar carbon
atoms of a cis-{bis(t-butylimino)diphenylbuta-1,3-diene}
fragment inclined by 16° to the plane containing atoms
C(1), C(2), and C(5), and ca. 1-5 A above the iron atom.
Thus the bonding mode is different from the related cobalt
system® described as a substituted cobaltacyclopent-3-ene.
The two equivalent isocyanide ligands are linear [mean
/. CNC, 176(1)°], the Fe-C and C-N distances [mean Fe-C,
1-863(10); mean C-N, 1-164(11) A suggest only minimat
backbonding [Fe (3d)—(C=N) 7+*]. In contrast, the unique
isocyanide is non-linear [/ C(5)N(5)C(51), 165(1)°], and has
a shorter Fe-C distance [Fe-C(5), 1-813(8) A]. The
n.m.r. data show that in solution the molecule is dynamic,
the activation energy for isocyanide scrambling being
68-3 + 1 kJ mol-L
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'H N.m.r. (PhClL, 0°C), =
13C N.m.r. (CDCly) 720 [ButN=C=C-

(Ph)C(Ph)=C=NBu'], 167-9, 175-2 (FeCN), and 203-3 [ButN=C=C(Ph)C(Ph)=C=NBut] p.p.m.
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