Rhenacar bor ane complexes with nitrosyl and alkylidene ligands. Structures of
the complexes [Re{=C(OMe)Ce¢H M e-4}(NO)(CO)(n>-7,8-C,BgH 11)] and
[Re(NO)(CNBut){n>,6-7-C=N(H)But-7,8-C,BgH 10}]
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The first examples of rhenacarborane complexes with
nitrosyl ligands have been prepared and used to synthesise
alkylidene(nitrosyl)rhenacarboranes and a novel complex in
which a conjoined carboranyl-iminium group is bound to
rhenium both through the n5-C,B; face of the cage and the
iminium carbon atom.

Because of their high compatibility with other groups when
ligating metal centres the cyclopentadienide anion and its
derivatives rank among the most important ligands in organo-
transition metal chemistry. Formally isolobal with [CsHs] — the
dicarbollide dianion [nido-7,8-C,BgH11]2~ and its C-substi-
tuted derivatives have been known to form metal complexesfor
over 30 years.2 However, the chemistry of these speciesis much
less extensive than that of their cyclopentadienide analogs.3
Herein we report the first rhenacarborane carbonyl nitrosyl
compound, a useful synthon for preparing other species
including the first isolable complexes with akylidene groups
ligating ametal centrein an M(15-7,8-R»-7,8-C,BgHo) (R = H,
alkyl, aryl) group (Scheme 1).

Treatment of CgRe(CO)3(n3-7,8-CoBgH11)] 14 in tetra-
hydrofuran (THF) with [NO][BF,] gave the stable complex
[Re(NO)(CO)2(1>-7,8-C-BgH14)] 2ain high yield.t A range of
complexes 2b—2h have been synthesized from 2a by substitu-
tion of one or both CO ligands. In atypical reaction 2a reacts
with excess CNBut in THF to give yellow crystals of
[Re(NO)(CNBU)x(n>-7,8-CoBgH11)] 29.1

Compound 2a wastreated initially with LiPh or Li[CsHsMe-
4] and then with [MesO][BF,]. Column chromatography on
silicagel of theresulting mixture gave the alkylidene complexes
[Re{=C(OMe)R} (NO)(CO)(n>-7,8-C-BoH11)] (R = Ph 3a,
CeHsMe-4 3b), respectively. The 13C{1H} NMR spectrumt of
3b displays a diagnostic resonance for the alkylidene carbon
nucleus at ¢ 295.1 to be compared with the NMR signal for this

(i J 3a Fh

L L
26 CO  PPh,
2 CO  PMey
2d PMe; PMe,
2e CO ChBy!
2f CO CNxyl
2g CNBu' CNBY'
2h  CNxyl CHNxyl

Scheme 1 Reagetns and conditions: i, [NO][BF,], THF, —80 °C; ii, L/L’,
THF, reflux; iii, LIR, Et,O, —80 °C; iv, [Mes0][BF,], —50 °C; v, L = L’
= CNBuUt; LiPh, Et,0, —50 °C; vi, HBF,-OFEt,, —80 °C. Key: O = BH, @
= CH, ® = C, xyl = CeHsMex-2,6.

nucleusat 6289.2 intheisolobal cation [Re{=C(OMe)CgH Me-
4} (NO)(CO)(n-CsHs)]*.5> The appearance in the 1H and
13C{1H} NMR spectra of 3b of only one signa for the OMe
group indicated that only one enantiomeric pair of molecules
was formed. An X-ray crystal structure analysist established
the structure (Fig. 1) and showed that the OMe and NO groups
are transoid to one another [¢(NReC(9)O(4)) 163.5°]. The Re—
C(9) bond distance [2.052(9) A] is similar to that found
[19496) A] for the akylidene ligand in [Re
(=CHPh)(NO)(PPhz)(n-CsHs)][PF] .6 We have previously ob-
served that when akylidene ligands are exopolyhedral sub-
stituents on a tungsten centre in a closo-3,1,2-WC.Bg
tungstacarborane complex they undergo rapid and irreversible

hydroboration by an adjacent B-H bond in the cage CCBBB
coordinating face.” Thus the formation and isolation of the
complexes 3 was perhaps unexpected in icosahedral metal-
lacarborane chemistry. Grimes and coworkers® have recently
isolated the first transition metal akylidene complex incorpo-
rating a sub-icosahedral metallacarborane, viz. [RuCo{=C(O-
M e) Ph} (CO)Z(Y]-CSM %)(T]S-Z,S'Etz-S-CI '2,3-C283H2)] . This
mol ecule comprisesaruthenium dicarbonyl phenylmethoxyal k-
ylidene fragment pentacoordinated by the C,B3 face of a nido-
cobaltacarborane ligand.

Fig. 1 Molecular structure of 3b (thermal ellipsoids with 40% probability).
Selected distances (A) and angles (°): Re-N 1.768(8), Re-C(3) 1.963(10),
Re-C(9) 2.052(9), N-O 1.188(9), C(3)-O(3) 1.130(11), C(9)-O(4)
1.321(11); N-Re-C(3) 92.7(3), N-Re—-C(9) 93.4(4), C(3)-Re-C(9) 88.7(4),
O-N-Re 172.0(7), O(3)-C(3)—Re 175.4(9), O(4)-C(9)-Re 117.2(6), C(9)-
0O(4)-C(4) 124.3(8), C(10)—C(9)—Re 124.4(7).

Reaction of LiPh with the bis(isonitrile)nitrosyl compound
2g followed by addition of HBF4,Et,O affords the novel
complex [Re(NO)(CNBut){n?,0-7-C=N(H)But-7,8-C,BgH10}]
4. Evidently the lithium reagent deprotonates one of the CH
groups of the carborane cage to give an intermediate which on
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Scheme 2 Reagents and conditions: i, LiPh, Et,O, —50 °C; ii, HBF,-OFEt,,
—80°C.Key: O =BH,® = CH, @ = C.

Fig. 2 Molecular structure of one of the independent moleculesfound in the
asymmetric unit of 4 (thermal ellipsoids with 40% probability). Selected
distances (A) and angles (°): Re(1)-N(1) 1.769(11), Re(1)-C(4) 2.000(13),
Re(1)-C(3) 2.02(2), C(1)-C(4) 1.49(2), N(1)-O(1) 1.206(12), C(3)-N(3)
1.14(2), C(4)-N(4) 1.29(2); N(1)-Re(1)-C(4) 111.9(5), N(1)-Re(1)-C(3)
93.0(5), C(4)—-Re(1)-C(3) 101.3(5), O(1)-N(1)-Re(1) 174.1(11), N(3)—
C(3)-Re(1) 173.3(14), C(3)-N(3-C(30) 175(2), N(4)-C(4)—-C(1)
127.6(12), N(4)-C(4)-Re(1) 154.7(11), C(1)-C(4)-Re(1) 76.2(7), C(4)-
N(4)—-C(40) 124.3(11).

protonation yields 4 (Scheme 2), formulated as a charge-
compensated species. The structure was established by X-ray
diffraction} (Fig. 2). Atom C(4) bridges the Re-C(1) con-
nectivity [C(1)-C(4) 1.49(2), Re(1)-C(4) 2.000(13) A]. Al-
though the C(4)-N(4) distance [1.29(2) A] islonger than C(3)—
N(3) [1.14(2) A] in the ligated isonitrile molecule it is
somewhat shorter than that expected (1.34 A) for aC=N double
bond.°® The NH proton is recognisable in the *H NMR
spectrumt as a broad signal at 6 8.93, while in the 13C{1H}
NMR spectrum the iminium carbon atom, which is both bound
to the cage carbon vertex and to the rhenium centre (6 218.8),
can be readily distinguished from the ligating carbon atom of
the classical isonitrile ligand (6 137.7). The formation of 4
appears to be regioselective, since only one of several possible
diastereomeric pairs of enantiomers was isolated. This may in
part be due to the directive influence of the NO ligand and
further studies with these complexes are in progressto examine
this effect.
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Notes and references

T 2a Bright yellow microcrystals, yield 89%. And. Calc. for
C4H11BoNOsRe: C, 11.9; H, 2.7; N, 3.5. Found: C, 12.4; H, 3.0; N, 3.3%;
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IR (CHCly): Vimax(CO) 2093, 2034 cm~1, Vine(NO) 1776 cm—1; 1H NMR
(360.13 MHz, CD,Cl5) 6 3.64 (shr, 2H, CH); 13C{1H} NMR (90.56 MHz,
CD,Cl,) 6 187.4 (s, CO), 43.8 (s br, CH); 12B{2H} NMR (115.55 MHz,
CD,Cl,) §1.7 (s, 1B), —3.9 (s, 3B), —11.4 (s, 2 B), —16.6 (s, 3 B).

2g: Yellow microcrystals; yield 67%. Anal. Calc. for C1,H29BgN3;ORe:
C, 28.0; H, 5.7; N, 8.2. Found: C, 28.2; H, 5.8; N, 8.1%; IR (CH.Cl,):
Vimax(NC) 2174, 2137 M2, Vi (NO) 1721 cm—1; 1H NMR (360.13 MHz,
CD,Cl,) §3.11 (shr, 2H, CH), 1.58 (s, 18H, CMe3); 13C{ 1H} NMR (90.56
MHz, CD,Cl,) 6 135.8 (shr, CN), 59.9 (s, CMes), 39.9 (sbr, CH), 31.1 (s,
CMes). 11B{1H} NMR (115.55 MHz, CD,Cl,) § —4.2 (s, 1 B), —4.8 (s, 1
B), —7.3 (s, 2 B), —11.4 (s, 2 B), —19.6 (s, 3 B).

3b: Yellow microcrystals; yield 20% (unoptimised). Anal. Calc. for
Ci2H21BgNOgRe: C, 28.2; H, 4.1; N, 2.7. Found: C, 28.4; H, 4.0; N, 2.7%;
IR (CH2Cl2): Vinax(CO) 2029 cm—1, vpa(NO) 1750 cm—1; 1H NMR
(360.13 MHz, CD,Cl,) & 7.34, 7.39 [AB, 4H, CsHa, J(AB) 8 Hz], 4.53 (s,
3H, OMe), 3.05, 3.32 (s x 2, 2H, CH), 2.43 (s, 3H, Me-4); 13C{*H} NMR
(90.56 MHz, CD,Cl,) 6 295.1 (s, =C), 195.9 (s, CO), 147.6, 145.4, 130.0,
127.0 (s X 4, CgHy), 69.7 (s, OMe), 45.3, 44.4 (shr x 2, CH), 21.8 (s, Me-
4); 1B{1H} NMR (115.55 MHz, CD,Cl,) 6 —2.4 (s, 1 B), —3.2 (s, 1 B),
—5.4 (s, 2B), —11.8 (svbr, 2 B), —17.1 (s vbr, 2 B), —18.4 (s, 1 B).

4: Yellow microcrystals; yield 50%. Anal. Calc. for C1oH29BgN3ORe: C,
28.0; H, 5.7; N, 82. Found: C, 28.0; H, 5.7; N, 8.2%; IR (CH.Cl,):
Vimax(NC) 2147, 1587 M1, Vina(NO) 1667 cm—1; 1H NMR (360.13 MHz,
CD,Cl,) 8 8.93 (s br, 1H, NH), 1.59 (s br, 1H, CH), 1.50, 1.51 (s X 2, 18
H, CMes); 13C{1H} NMR (90.56 MHz, CD,Cl,) § 218.8 (s, CC=N), 137.7
(sbr, CNBu), 59.7, 58.2 (s X 2, CMes), 57.7 (sbr, CC=N), 35.7 (s br, CH),
311, 28.8 (s X 2, CMes); 11B{1H} NMR (115.55 MHz, CD,Cl,) § 0.5 (s,
1B), —1.4 (s 1B), —9.2(s, 1 B), —12.4 (s, 2 B), —14.8 (s, 1 B), —17.2 (s,
1B), —21.8(s, 1B), —29.4 (s, 1 B).
¥ Crystal data: Enraf-Nonius CAD4 diffractometer, Mo-K« radiation (A =
0.71073 A), graphite-monochromated, Lorenz polarization and empirical
absorption corrections. The structures were solved by direct methods and
refined with the full-matrix, least-squares method on F2 (SHELXL). 3b:
Crystals from CH,Cltoluene a —20 °C, Ci:H21BgNOsRe, 510.79,
triclinic, space group P1 (no. 2), a = 6.977(3), b = 10.9320(11), ¢ =
12.6768(8) A, @ = 96.151(7), B = 99.368(14), y = 95.04(2)°, Z = 2,U =
943.1(4) A3, u(Mo-Ka) = 65 mm-1, T = 293(2) K, e scan mode, 3583
reflections measured, 3288 were unique (Riy = 0.0321) and 2769 observed
[I' > 20(1)], Ry = 0.0429, wR, = 0.0919 [for 2769 reflections with | >
20(1)], Ry = 0.0573, wR, = 0.0981 (for all 3288 data). 4: crystals from
CH,Cl-ight petroleum, Ci,H>9BgN3zORe, 514.87, monoclinic, space
group P2,/n (no. 14), a = 18.636(3), b = 11.757(2), ¢ = 21.299(6) A, B =
109.11(2)°, Z = 8, U = 4410(2) A3, p(Mo-Ka) = 55mm-1, T = 293(2)
K, w—26 scan mode, 5667 reflections measured, 5302 were unique (Riny =
0.0516) and 3797 observed [I > 20(1)], Ry = 0.0512, wR, = 0.0889 [for
3797 reflectionswith | > 20(1)], R, = 0.0863, R, = 0.0991 (for all 5302
data). CCDC 182/1453. See http://www.rsc.org/suppdata/cc/1999/2385/ for
crystallographic files in .cif format.
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