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Naphthalenide reduction of [Mn(CNCgHzMe;-2,6)sCl]
forms solutions of trigonal-bipyramidal [Mn(CNCgHsMe,-
2,6)s]—, as established by an X-ray diffraction study of a
[K(18-C-6)(dme)]* salt and derivatization with SnCIPh; to
give [Mn(CNCgH3Me;-2,6)s(SnPh3)].

Our recent syntheses of the first isonitrilates (homoleptic
isonitrile complexes of metals in negative oxidation states)
generated complexes of Co—! {[Co(CNCgH:Me-2,6)4]—}1 and
of Ru="" {[RU(CNCgHsMex-2,6)4]2— and [Ru(CNBuY)4]2-}.2
The existence of these complexes established that isonitrilates
could be prepared with several different metals, with metalsin
oxidation states as low as —ii, and with both alkyl and aryl
substituents on the ligands. It remained unclear, however,
whether isonitrilates could be prepared in geometries other than
tetrahedral; the cobalt(—i) and ruthenium(—ii) complexes are
all four coordinate, and a tetrahedra geometry has been
established crystallographically* for [Co(CNCgHzMex-2,6)4] —
and is consistent with IR data in the ruthenium(—ii) case2 as
would be anticipated on the basis of the d10 configurations of the
metals and by anal ogy with the isoel ectronic carbonylmetalates
[Co(CO)4—3 and [Fe(CO)4)2—.4 Structurally characterized
homoleptic carbonylmetalates are known in five56 and six
coordinate’-8 geometries, but the established propensity of
isonitrile ligands to couple in higher coordinate environments®
left open whether isonitrilates would be accessible in similar
geometries despite the close analogies between isonitriles and
C0.10 We have now examined the synthesis of five coordinate
manganese(—i) isonitrilates, and we wish to report the synthesis
of the trigona-bipyramidal isonitrilate [Mn(CNCgHzMe,-
2,6)s]— 1~ and its structural characterization as a[K(18-crown-
6)(dme)]* sat (dme = dimethoxyethane), together with
evidence that 1— can react as a metal centred nucleophile with
simple electrophiles (Scheme 1).
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Scheme 1 Reagents and conditions: i, CNCgHsMex-2,6; ii, 2 K(Naph); iii,
18-C-6, dme; iv, SnCIPhs

We recently reported that cobalt(—i) isonitrilates can be
prepared by naphthalenide reduction of any of a range of
cobalt(0), cobalt(i) and cobalt(ii) precursors which contain an
adequate number of isonitrile ligands,® and this led us to
approach the synthesis of [Mn(CNCgHzMe»-2,6)s] — by reduc-
tion of [Mn(CNCgHsMe-2,6)sCl] 2.11 Dropwise addition of 2
equiv. of a0.4 m potassium naphthalenide [K (Naph)] solution12
to an orange thf solution of 2 at —78 °C gave a blood-red
solution. The sharp vy bands of 2 at 2062s and 2008(sh) cm—1
were replaced by two broad vcy absorptions at 1920s and
1710m cm—1 indicating complete consumption of 2 and
formation of amore reduced i sonitrile complex. These solutions
are extremely air sensitive, changing from blood red to cherry
red in seconds, and are also thermally unstable, undergoing a
similar colour change in a few days at room temperature.

Initial attempts to isolate the reduction product were
unsuccessful, but it was readily established that this solution is
an effective source of [MN(CNCgHzMe»-2,6)s] — by addition of
SnCIPh; (1 equiv. in thf) at —78 °C. The solution became clear
and yellow in colour, and IR spectra indicated complete
consumption of the anion and formation of a new species with
higher energy ven bands at 2135m, 2064(sh) and 1998s cm—1.
The solvent was removed under reduced pressure and the
product was purified by sow diffusive mixing of a pentane
layer into a concentrated toluene solution to give crystals of
[MNn(CNCgH3Me,-2,6)5(SnPhg)] 31 in 88% yield.

Isolation of a crystalline salt of [Mn(CNCgHsMe,-2,6)s]—
from the reduction of [Mn(CNCgHsMe»-2,6)sCl] required that
samples be maintained at or below —30 °C, and began with
filtration of afreshly prepared solution through a bed of Celite
545 into a flask containing 1 equiv. of neat 18-crown-6
(18-C-6). After 1 h the solvent was removed under reduced
pressure and the mixture was washed with pentane to give a
red—brown solid from which red-black crystals of [K(18-C-
6] 1t could be obtained in 53% yield by crystallization from a
saturated dme sol ution following addition of alayer of pentane.
Thismaterial doesnot entirely redissolvein dme; thisbehaviour
is reminiscent of that of alkali-metal sdts of [M(CO)s]2—
(M = Cr, Mo, W) in the solid state at room temperature.®

Crystals suitable for X-ray diffraction studies were grown
from afreshly prepared sample of [K(18-C-6)]1 by dissolving it
inaminimal volume of dme and cooling the unfiltered solution
to —30 °C overnight. A low-temperature diffraction studyt
established that these crystals contain [K(18-C-6)(dme)]1, a
dme solvate of [K(18-C-6)]1, but this material is not stable in
the solid state at room temperature and crystals do not diffract
well if stored for more than few days.

In this salt of 1— the bis-chelate dme and the 18-C-6 ligand
are both coordinated to the K+ counter ion, effectively blocking
K+—Mn~— contact ion pairing in the solid state, and allowing the
[MNn(CNCgH3Mex-2,6)s]— anion (Fig. 1) to adopt a geometry
close to the trigonal bipyramid anticipated by analogy with the
established structures of five coordinate carbonylmetal atess:6
and of the isoelectronic d® homoleptic isonitrile complex
[Fe(CNBu)s].13 The C(1) and C(5) isonitriles are in the axial
positions, but there are some irregularities in the coordination
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Fig. 1 Molecular structure of [K(18-C-6)(dme)][Mn(CNCgHzMe,-2,6)s)
([K(18-C-6)(dme)]1; 35% probability ellipsoids; hydrogen atoms omitted
for clarity). Selected bond lengths (A) and angles (°): Mn-C(1) 1.847(6),
Mn-C(2) 1.724(6), Mn-C(3) 1.837(6), Mn-C(4) 1.806(6), Mn-C(5)
1.869(6), C(1)-N(1) 1.195(7), C(2)-N(2) 1.185(7), C(3)-N(3) 1.225(7),
C(4)-N(4) 1.219(7), C(5)-N(5) 1.184(6) A; C(1)-Mn-C(5) 174.4(3),
C(2-Mn-C(4) 123.7(3), C(2-Mn-C(3) 111.9(3), C(3)-Mn-C(4)
124.3(2), C(1)-Mn—-C(2) 82.9(3), C(1)-Mn—C(3) 98.1(3), C(1)-Mn-C(4)
85.3(2), C(2-Mn-C(5) 94.2(2), C(3)-Mn-C(5) 87.4(2), C(4)-Mn-C(5)
92.4(2), C(1)-N(1)-C(16) 163.2(7), C(2-N(2)-C(26) 143.3(6),
C(3)-N(3)—C(36) 149.2(6), C(4)-N(4)—-C(46) 149.2(5), C(5)-N(5)—C(56)
163.4(6)°.

sphere. The C(2) isonitrile in particular has Mn—C and C=N
bonds which are 0.097 A (>150) and 0.04 A (>50) shorter,
respectively, than the average C=N bonds in the other two
equatorial isonitriles; we ascribe this shortening to distortions
induced by van der Waals interactions between neighbouring
[MNn(CNCgH3Mex-2,6)s]— ions, consistent with the 2.95 and
2.72 A distances between the hydrogen atoms on the para
carbon and one meta carbon of the C(2) isonitrile and the aryl
plane of the C(3) isonitrileligand. It is interesting that the axial
isonitriles are less bent at nitrogen (both 163°) than the
equatorial isonitriles (av. 147°, range 143-149°); a similar
pattern in metric parameters for [Fe(CNBut)s] was ascribed to
more effective back bonding from the low-valent Fe(0) metal
centre to the equatorial isonitrile ligands.13

Our results establish that isonitrilates can be prepared in five
coordinate environments, and that a d8 example adopts a
trigonal bipyramidal geometry. The successful synthesis of
[Mn(CNCgH3Mex-2,6)s] — represents a significant addition to
the small number of complexes accepted to contain manganese
in the —i oxidation state,14 and its derivatization with SnCIPhg
also suggests that 1— may prove a valuable intermediate which
will allow accessto an isonitrile chemistry of Mn comparableto
the carbonyl chemistry of Mn accessible from the isoelectronic
carbonylmetalate [Mn(CO)g] .15
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Footnotes
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T 3: IR ven; 2135m, 2064(sh). 1998scm—1. 1H NMR (CD,Cl,, 300 MHz):
d 7.60-7.57 (m, 5 H, p-H of CgHs), 6.99-6.87 (m, 25 H, mH of
CNCgH3Me, and SnPhg), 2.42 (s, 6 H, CH3 of CNCgH3Me;, transto SnPhg),
2.16 (s, 24 H, CH3 of CNCgH3zMe; cis to SnPhg).

[K(18-C-6)]1: IR ven: 1920s, 1710m cm—1. 1H NMR (CDsCN, 300
MHz): 6 6.92 (d, 7.2 Hz, 10 H, m-H of CNCgH3Mey), 6.73 (t, 7.2 Hz, 1 H,
p-H of CNCgHzMey), 3.53 (s, 24 H, C1oH240g), 2.37 (s, 30 H, CH3 of
CNCgH3sMe,). The instability of the compound has precluded satisfactory
combustion analysis, but the 18-C-6:isonitrile ratio is confirmed by 1H
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NMR spectra. These spectra also establish that there is negligible dme in
crystals prepared in this manner.

t Crystal data: [K(18-C-6)(dme)]1: triclinic, space group P1, Z = 2,
a = 11.825(5), b = 12.623(6), ¢ = 22.663(2) A, « = 99.12(4),
B = 101.17(4), y = 112.47(4)°, U = 2964(2) A3, T = 213(2) K. Of the
9842 reflections measured in the range 3.62 < 26 < 50.56° range, 9376
unique reflections were used in the structure solution by direct methods.
Refinement on F2 converged at R = 0.0705 R, = 0.1958 (al data), with
GOF = 1.037.

Atomic coordinates, bond lengths and angles, and thermal parameters
have been deposited at the Cambridge Crystalographic Data Centre
(CCDC). See Information for Authors, Issue No. 1. Any request to the
CCDC for this material should quote the full literature citation and the
reference number 182/392.
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