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The reagent Liy[7-NMes-nido-7-CB1gHjo] reacts with [Mo(CO)3(NCMe);] in THF-NCMe (THF = tetrahydrofuran) to
give a molybdenacarborane intermediate which, upon oxidation by CH;=CHCH,Br or I, and then addition of [N(PPhs),]-
Cl, gives the salts [N(PPhs),][2,2,2-(CO)s-2-X-3-NMes-closo-2,1-MoCBigH10] (X = Br (1) or | (2)). During the reaction,
the cage-bound NMe; substituent is transferred from the cage-carbon atom to an adjacent cage-boron atom, a
feature established spectroscopically in 1 and 2, and by X-ray diffraction studies on several of their derivatives.
When [Rh(NCMe)s(17>-CsMes)][BF 4], is used as the oxidizing agent, the trimetallic compound [2,2,2-(CO)3-7-1-H-
2,7,11-{ Rhy(u-CO)(15-CsMes),} -closo-2,1-MoCByoHg] (10) is formed, the NMe; group being lost. Reaction of 1 in
CH,Cl, with TI[PFg] in the presence of donor ligands L affords neutral zwitterionic compounds [2,2,2-(CO)s-2-L-3-
NMes-closo-2,1-MoCBoH;] for L = PPh; (4) or CNBU! (5), and [2-Bu'C=CH-2,2-(CO),-3-NMes-closo-2,1-MoCByoH1q]
(6) when L = BU'C=CH. When 1 is treated with CNBu' and X,, the metal center is oxidized, and in the products
obtained, [2,2,2,2-(CNBu')4-2-Br-3-X-closo-2,1-MoCB1oHq] (X = Br (7), | (8)), the B-NMes bond is replaced by
B—X. In contrast, treatment of 2 with I, and cyclo-1,4-S,(CHy), in CH,Cl, results in oxidative substitution of the
cluster and retention of the NMe; group, giving [2,2,2-(CO)s-2-I-3-NMes-6-{ cyclo-1,4-Sy(CHy)4} -closo-2,1-MoCB1Hg]
(9). The unique structural features of the new compounds were confirmed by single-crystal X-ray diffraction studies
upon 6, 7, 9 and 10.

Introduction respectively?®3 The potential of these amintido-carboranes

for synthesis has, however, been but little exploited. More-
over, recent work has revealed some subtle differences in
the nature of the products obtained in their reactions with
low-valent transition-metal compounds. Thus, whereas, for
example, the carboranes 7-MRido-7-CByoHi» (NRz =

Transition-metal complexes of the trianionic mono-
carbollide ligand fiido-7-CB;oH14]®~ had until recently
received relatively little attention compared with the wealth
of information available on the corresponding complexes of
the dlicarbollide Iigandr{ido?,B—CngHll]Z* and its derivzzal- NMes, NH,Bu, NMeBu) all react with [Ru(CO)J] in
tives: The carboranes 7-NRhido-7-CBioHi» (R = H, alkyl) toluene at reflux temperatures to yield the cluster compounds
are a!so precursors to _monocarboll!de metal qomplexes’[1-NR3-2,2-(CO)-7,11-(u-H)2-2,7,11{Ruz(CO)G}-cIosoz,l-
affording species contaz|[1|ng the C-amine and -am|no3llgands RUCB;oHg],* the nido-carboranes show some variation in
[7-NRg-nido-7-CByoHio]* and [7-NR-nido-7-CBjoH1o]™, their reactivity with [RhCI(PP¥)3] for different groups F.

* Author to whom correspondence should be addressed. E-mail: In methanalic KOH solution, 7-Nkinido-7-CBioHy, reacts
gordon_stone@baylor.edu. - - with [RhCI(PPh)s] to give salts of [1-NH-2,2-(PPR)2-2-

T The new compounds described in this paper are based on icosahedral
closo1-carba-2-molybdenadodecaborane frameworks, and although all are (2) (a) Hyatt, D. E.; Owen, D. A.; Todd, L. Jnorg. Chem.1966 5,
chiral, they here occur as racemates. The substituted boron vertices that 1749. (b) Knoth, W. HJ. Am. Chem. S0d.967, 89, 1274. (c) Hyatt,
herein are numbered 3, 6, 7, and 11 could equally be labeled 6, 3, 11 and D. E.; Scholer, F. R.; Todd, L. J.; Warner, J.lhorg. Chem.1967,
7, respectively. In each case, the former is used, in accordance with [IUPAC 6, 2229. (d) Knoth, W. HInorg. Chem1971 10, 598. (e) Jeffery, J.

convention. C.; Jelliss, P. A; Karban, J.; Lebedev, V.; Stone, F. GJAChem.
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H-closo2,1-RhCBoH1¢] -, of which the [Bu,N]* salt is con-
verted in refluxing methanol to the dimeric species'Bl-
[2,2-u-H-{1,2-u-NH;-2-PPh-closa2,1-RhCBgHiq} 2] -2 In
contrast, the carborane 7-NMeido-7-CB;oH1, with the
same rhodium reagent in refluxing methanol yields pri-
marily 18-electron [1-NMe2,7-(PPh),-2-H-2-Clclosae2,1-
RhCBoHg], along with 16-electron [1-NMg2-PPh-2-
Cl-closo2,1-RhCBgH1(].>* Moreover, 7-NHBu-nido-7-
CByoH12 reacts with [RhX(PP§)s] (X = CI or Br) in
refluxing toluene to give 16-electron [1-NBu'-2-PPh-2-
X-closo2,1-RhCBgH(] as the only products:

These differences in reactivity of the carboranes 7=NR
nido-7-CB,oH1, toward [RhX(PPH)s] have led us to explore
their behavior in reactions with other transition-metal
systems. We have recently repoftéde synthesis of the
monoanionic molybdenacarborane salt [N(BEL,2-u-
NHBuU-2,2,2-(CO}-close2,1-MoCBygHq], which contains
a novel intramolecular NHBUbridge between molybdenum

with that work, we attempted to prepare another analogue
of the latter anion, namely the dianionic molybdenacarborane
[2,2,2-(CO}-1-NMes-close2,1-MoCBygH1¢)? -, with a view

to examining comparable reactivity. However, as we report
herein, this last species is very readily oxidized undergoing
an unprecedented cage-carbon to cage-boron transfer of the
NMe; group. The nature and reactivity of the product is
discussed, as are some related reactions.

Results and Discussion

The molybdenum dicarbollide dianion [3,3,3-(G&@Josc
3,1,2-MoGBgH11]>~ has previously been used to prepare
[3-(17%-C3Hs)-3,3-(COY-close3,1,2-MoGBgH11] ~ by reaction
with CH,=CHCH,Br.82 Employing an ostensibly parallel
monocarbollide system, we planned to treat a THF solu-
tion of [7-NMes-nido-7-CB;H10)2~ with [Mo(CO)s(NCMe))]
in NCMe, in the expectation of generating in situ the
monocarbollide species [2,2,2-(C&)-NMes-closo2,1-

and the cage-carbon atom. This species is obtained uporMoCBioH10?". However, the latter in reaction with G

oxidation of trianionic [1-NHB&2,2,2-(CO)-closc2,1-

CHCH.Br did not afford the anticipated anion [1-NM&-

MoCB,¢H1g)3". The latter was targeted for synthesis because (173-CsHs)-2,2-(CO)-closo2,1-MoCBH1q ~. Instead, the

of its isolobal relationship with the ubiquitous dicarbollide
dianion [3,3,3-(COjclose-3,1,2-MoGBgH11]%".7 In concert

(5) (a) Walker, J. A.; O'Con, C. A,; Zheng, L.; Knobler, C. B.; Hawthorne,
M. F. J. Chem. Soc., Chem. Commad®83 803. (b) Chizhevsky, I.
T.; Pisareva, |. V.; Petrovskii, P. V.; Bregadze, V. I.; Dolgushin, F.
M.; Yanovsky, A. I.; Struchkov, Yu. T.; Hawthorne, M. Forg.
Chem.1996 35, 1386. (c) Jeffery, J. C.; Lebedev, V. N.; Stone, F. G.
A. Inorg. Chem.1996 35, 2967.

(6) Du, S.; Kautz, J. A.; McGrath, T. D.; Stone, F. G. lhorg. Chem.
2001, 40, 6563.

(7) Hawthorne, M. F.; Young, D. C.; Andrews, T. D.; Howe, D. V.; Pilling,
R. L.; Pitts, A. D.; Reintjes, M.; Warren, L. F., Jr.; Wegner, P.JA.
Am. Chem. Sod 968 90, 879.

product isolated following addition of [N(PRBR]CI was
[N(PPH);][2-Br-2,2,2-(CO}-3-NMes-close2,1-MoCBo-

Hidl (1; Scheme 1). In addition to oxidizing the molybdenum
center, the allyl bromide also serves as a bromide source.
Most significant, however, is that during the course of
reaction the NMggroup that had been bonded to the cage-
carbon atom has transferred to an adjacent boron atgjn (B

. - :
in the CBBBB belt that ligates the molybdenum vertex.

(8) Dossett, S. J.; Li, S.; Stone, F. G. A. Chem. Soc., Dalton Trans.
1993 1585.
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Table 1. Analytical and Physical Data

anal./o®
cmpd color yield/% Ymax{COP/cm~1 C H N

[N(PPh)2][2-Br-2,2,2-(CO}- red 27 2013 s, 1933 s, 52.4 (52.3) 5.1(5.0) 3.0(2.8)
3-NMes-close2,1-MoCB;gH1q] (1) 1896 s

[N(PPh)2][2,2,2-(CO¥-2-1-3-NMes- red 13 2006 s, 1932 s, 51.3(51.0) 5.0(5.2) 3.0(2.5)
close2,1-MoCBigH1] (2) 1894 s

[2,2,2-(CO}-2-PPh-3-NMes- yellow 63 2017 s, 1956 s, 45.5 (45.4) 5.5(5.2) 2.3(249)
close2,1-MoCBygH1(] (4) 1906 s

[2-CNBU-2,2,2-(CO}-3-NMes- yellow 71 2170 nf, 2038 s, 31.9(31.9) 6.3 (6.2) 6.2 (6.2)
closa2,1-MoCBygH1q] (5) 1985s, 1930 s

[2-Bu'C=CH-2,2-(CO}-3-NMes- purple 89 2039, 1979 s 33.3(34.0) 6.9 (6.9) 3.3(3.3)
closa2,1-MoCBygH1q] (6)

[2,2,2,2-(CNBY4-2,3-Br- orange 43 2213 %2184 & 35.5(35.1) 6.5 (6.4) 7.4(7.8)
C|OSOZ,1-MOCB¢0H10] (7)

[2,2,2,2-(CNBWY)s-2-Br-3-1- orange 43 2208 %2181 & 32.2(32.0) 5.9(5.9) 6.7 (6.9)
close2,1-MoCBygH1q] (8)

[2,2,2-(CO}-2-1-3-NMes-6 cyclo-1,4- red 47 2019 s, 1958 m, 21.1(21.5) 4.4(4.3) 24(2.3)
Sy(CHy)4} -close2,1-MoCB;oHg] (9) 1922s

[2,2,2-(CO¥-7-u-H-2,7,11{ Rhy(u-CO)(#7>-CsMes),} - brown 20 1998's, 1939 m, 36.8 (36.9) 5.0 (5.0)

close2,1-MoCBygHg] (10)

1826 m

a Measured in ChClp; the broad medium-intensity band observed-@600-2550 cnt! in the spectra of all compounds is due te-B absorptions?
Calculated values are given in parenthe§e€ocrystallizes with 1 mol equiv of thf Cocrystallizes with 0.5 mol equiv of Gi€l2. © vma(N=C).

Table 2. 1H, 13C, and''B NMR Data?

cmpd 1H/6P

BCloe

1lB/6d

1 7.69-7.25(m, 30H, Ph), 3.06 (s, 9H, Me),

ca. 3.03 (sh, br s, 1H, cage CH)

2 7.68-7.25 (m, 30H, Ph),
3.24 (br s, 1H, cage CH),
3.06 (s, 9H, Me)

4 7.52-7.31 (m, 15H, Ph),
2.95 (s, 9H, Me),
1.63 (br s, 1H, cage CH)

5 3.00 (s, 9H, NMeg),
2.70 (br s, 1H, cage CH),
1.53 (s, 9H, BY)

6 10.06 (br s, 1H, &CH),
4.38 (br s, 1H, cage CH),
2.45 (s, 9H, NMeg), 1.69 (s, 9H, BY)

7 2.42 (br s, 1H, cage CH),
1.52 (s, 36H, BY

8 2.28 (br s, 1H, cage CH),
1.52 (s, 36H, BY

9 3.89 (br m, 1H, CHj),
3.55-3.42 (m, 2H, CH),
3.28-3.21 (m, 3H, CH),
3.09 (s, 9H, NMe),
ca. 3.08 (sh, brs, 1H, cage CH),
2.99-2.82 (m, 2H, CH)

10 1.79,1.76 (sx 2, 15H x 2, GMes x 2),

1.71 (br s, 1H, cage CH),
ca.—14.0 (vbr m, 1H, B-H—Rh)

246.5, 236.7, 229.9 (CQ 3),
134.1-126.8 (Ph),
67.4 (br, cage C), 57.7 (NMp

244.3,234.6,229.2 (CQ 3),
134.1-126.8 (Ph),
60.7 (br, cage C), 57.9 (NMp

235.7 (d, COJ(PC)=8),
232.7 (d, COJ(PC)= 31),
230.3 (d, COJ(PC)= 33),
134.0-129.0 (Ph),
57.4 (NMs), 56.2 (br, cage C)
233.6, 229.8, 226.3 (CQ 3),
153.9 (t, CN,J(NC) = 18),
60.8 CMe3), 57.1 (NMe),
54.7 (br, cage C), 30.3 (@es)
230.3, 225.0 (CCx 2),
223.3 (G=CH), 175.0 (G=CBuU),
57.6 (br, cage C), 56.9 (NMg
41.6 CMes3), 31.3 (QVe3)
152.0 (br, CN), 62.2 (br, cage C),
58.2 CMe3), 29.8 (QMe3)

149.1 (br, CN), 62.7 (br, cage C),
58.5 (CMe3), 29.5 (QVe3)

235.2,224.3,223.3 (CQ 3),
58.1 (NMs), 57.8 (br, cage C),
42.3,40.2, 27.3, 26.6 (Ctk 4)

251.1¢225.1, 221.5 (CO« 3),
108.4 (d,CsMes, J(RhC)= 4),

106.0 (d,CsMes, J(RhC)= 6), 44.0 (br, cage C),

9.8,9.3 (sx 2, Me x 2)

8.3 (1B),*—2.0 (1B),
—3.8(2B),—-7.5 (1B),
-8.4 (1B),—10.8 (1B),
—13.4 (1B),~16.8 (2B)

8.1 (1B),*—1.7 (1B),
—3.4(2B),—7.1 (1B),
—9.3(1B),—11.6 (1B),
—13.4 (1B),—16.6 (1B),—17.3 (1B)

11.4 (1B),* 2.8 (1B),
—3.1(1B),—4.9 (2B),
—10.4 (1B),~11.7 (1B),
—14.1 (2B),—16.5 (1B)

9.2 (1B)*, 1.3 (1B),
—3.8(2B),—5.5 (1B),
~10.4 (1B),~12.4 (2B),
—15.3 (1B),~16.0 (1B)
12.6 (1B),* 2.5 (1B),
1.9 (1B),—2.2 (1B),
—3.5(1B),—5.0 (1B),
~10.4 (1B),~12.4 (1B),~14.1 (2B)
10.1 (1B+ 1B¥), 4.4 (1B),
—3.3(1B),—3.7 (1B),
—6.5(3B),—15.7 (1B),~17.8 (1B)
11.1 (1B), 4.7 (1B),
—2.6 (2B),—5.7 (1B+ 1B¥),
ca.—6.1 (sh, 2B)~15.8 (2B)
7.7 (1B),*—2.4 (1B),
—4.3(2B),—5.8 (2B),
—6.6 (1B),*—7.9 (1B),
—17.3 (1B),—18.2 (1B)

56.7 (1B, B-Rh),
29.3 (1B, B-H—Rh, J(HB) = 70),
—3.7 (1B),~5.6 (1B),
—6.8 (1B),—8.4 (1B),—10.9 (1B),
—11.8 (1B),—14.3 (1B),—18.3 (1B)

a Chemical shifts §) in ppm, coupling constantsin hertz, measurements at ambient temperatures i¥CGDP Resonances for terminal BH protons
occur as broad unresolved signals in the radge. —1 to +3. ¢ 'H-decoupled chemical shifts are positive to high frequency of SiMéH-decoupled
chemical shifts are positive to high frequency of:HE,0O (external). Signals ascribed to more than one boron nucleus result from overlapping peaks and
do not indicate symmetry equivalence. Peaks marked with an asterisk are assigned to cage-boron nuclei bearing non-H stitiRes@raace due to
Rh—Rh-bridging CO not observed.

Spectroscopic data for compouficire given in Tables 1 cation (confirmed by?'P{*H} NMR), the only significant
and 2. Initially, however, the exact constitution of this species features of théH and**C{*H} NMR spectra were resonances

was not clear. In addition to peaks due to an [N(®#h attributable to the NMgsubstituent and three inequivalent
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Mo-bound carbonyl ligands. Integration of thel NMR
spectrum indicated one cation per NMgoup, implying the
molybdenacarborane to be monoanionic. Reasonably deduc-
ing the presence of a metal-bound bromide for overall
neutrality, compound was initially incorrectly formulated

as [N(PPB);][2-Br-2,2,2-(C0O}-1-NMex-close2,1-MoCB,oH (],

with the NMe moiety assumed still to be attached to the
cage-carbon atom. A preliminary X-ray diffraction experi-
ment (see later) appeared to support this, as the anion
crystallizes with the NMggroup lying across a crystallo-
graphic mirror plane and with the carborane ligand therefore
having apparent crystallographic mirror symmetry. However,
in the 'B{*H} NMR spectrum ofl, 10 separate resonances
are seen (some are coincident), of which one signal remained
a singlet in a fully coupled'B spectrum. Both of these
features are consistent with a reduction in cluster symmetry Figure 1. Structure of the anion of [N(PRJ][2-Br-2,2,2-(CO}-3-NMes-

due to substitution at a boron vertex, and it was realized ¢'0502,1-MoCBitHid] (1) showing the crystallographic labeling scheme.

. . . In this and in Figures 25, thermal ellipsoids are drawn at the 40%
that the available NMR data could better be explained if the probability level, and hydrogen atoms are omitted for clarity except where
NMe; substituent was bound to a cage-boron atom. Indeed,cgsr?jcag/_ér?zolrtggg( lsze)zle’&t:cé (izr;tirggil(g?rMdgtca(r;;ezsog/(&))(s)ana&angles
B e s ol iebony G323, o o) 2475 o ol 226). o 861 40
ato ~3.03 in thelH NMR spectrum ofl, which is almost 1.142(8), C(4y0(4) 1.19(2); C(1)}Mo—Br 72.1(5), B(4y-Mo—Br
obscured by the signal for the methyl groups, may be 130-jjglgg;lf(ﬁg"gg;fﬁﬁ?“{‘%fég)“°N_(?;é?gjgféﬁésBﬁ?@?s_)
tentatively assigned as the cage CH resonance. This proposal(1)-B(2)-C(1) 125.3(8), N(1}B(2)~Mo 114.7(4). Symmetry code
would also be consistent with the X-ray result with disorder (@): —x+1,y, z
precluding the distinguishing of cage-boron versus cage-

carbon vertices. For the same reason, a distinction also couldEvidently, side reactions occur, but formation of other
not yet be made between the amine being attacheddo identifiable molybdenacarborane products was not observed.

— Unresolved at present is the manner by which the BiMe
/3 boron atoms in the CBBBB belt bonded to molybdenum. group is transferred from carbon to boron in the formation
Thus, it was not at this stage unambiguously established if of 1 and 2. However, a plausible pathway is indicated in
1 was the 3-NMeg or the 7-NMg isomer. Scheme 2, of which several steps have precedéidation
The structure ultimately assigned for the anionlois of the Md dianion with allyl bromide or iodine would afford
shown in Figure 1. The site for the cage-carbon is based onthe electronically unsaturated neutral Wepecies [1-NMg
the results for closely related structures discussed later. A2 2 2-(CO}-closc2,1-MoCBigH:q] (A) together with halide.
molybdenum atom is ligated on one side by three carbonyls The latter would ligate the metal center to form the satu-
and a bromide [Me-Br 2.771(3) A], and on the other side rated anionic complex [1-NMe2,2,2-(CO}-2-X-closa2,1-
by an 8-NMe-nido-7-CByoH1o carborane in a conventional  MoCB;H;]~ (B). In the next step affording, iodine or
pentahapto fashion. The B{2N(1) distance, at 1.613(8) A,  allyl bromide abstracts Hfrom a cage BKI- vertex, thereby
is normal. creating a vacant site on a boron atom adjacent to the GNMe
In seeking analogues df which might afford a more  unit, causing the NMggroup to migrate D). The electron
satisfactory crystallographic result, we found that the cor- deficient carbon center must then scavengefiém other
responding iodo compound [N(P§$j[2,2,2-(CO}-2-I-3- species present in solution to yield the anidhscage BH
NMes-closo2,1-MoCBioHig] (2) could be obtained by using  groups being a likely source of hydride. This would perhaps
I2 instead of CH=CHCH,Br as oxidant in the reaction by  account for the formation ol and 2 in poor yield. The
which compoundl was formed. Data characterizirf®jare removal of H from B by iodine also occurs in the reaction
given in Tables 1 and 2, showing this species to have very of the monoanion [2,2,2,2-(C®¥lose2,1-MoCB;gH11]~
similar spectroscopic properties to those of compolirak with iodine in THF which gives [2,2,2-(C@R-I-7-
would be expected. In particular, the broad proton resonance{ O(CH,),} -close-2,1-MoCB;gH1q] . In this process, the
diagnostic for the cage CH group is seenda®.24 and is  formed by reduction of iodine again ligates the metal center,
now clearly distinguishable from the NMproton resonance  but a THF molecule coordinates to a vacant site created on
at 6 3.06. TheB{H} NMR spectrum again reveals a the boron ator° It is noteworthy that in the synthesis bf
resonance ad 8.1, assigned to the BNMe;s group as it and 2 the solvent is THF. Hence, it would in principle be

remains a singlet in a fully couplelB NMR spectrum. possible for a THF molecule to attach itself to the naked
Unfortunately,2 also failed to yield crystals suitable for an  boron in C obviating any need for NMemigration. That
accurate X-ray analysis. Isolated yieldslaind2 were low. this does not occur might suggest an intramolecular three-

(9) Franken, A.; Du, S.; Jelliss, P. A.; Kautz, J. A,; Stone, F. G. A. (10) Du, S.; Kautz, J. A.; McGrath, T. D.; Stone, F. G. A.Chem. Soc.,
Organometallics2001, 20, 1597. Dalton Trans.2001, 2791.
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Scheme 2
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center C-N—B mechanism for transfer of the N eoiety
rather than the amine’s ability to displace a THF molecule,
otherwise a species having both CNMand BO(CH),

groups in the molybdenum-ligating CBBBB ring would form.

To explore their chemistry more fully, derivatives bf
and 2 were sought. When the reaction that galvevas
repeated using [Mo(CQWNCMek(PPh)] instead of
[Mo(CO)s(NCMe)], it was anticipated that [N(PRBJ][2-
Br-2,2-(CO}-2-PPh-3-NMes-close2,1-MoCBH1q], a prod-
uct analogous td, might be obtained. However, the only
product isolated after chromatographic workup was the
known molybdenum complex [N(PBH|[2,2,2-(CO}-2-
PPh-close2,1-MoCBgH11] (3),!! identified spectroscopi-
cally. It is not possible to say whether a-BIMe; species
analogous td. is formed and subsequently decomposes, or
if this reaction follows a different route whereby the NMe
unit is simply lost.

Treatment of compound with TI[PFg] and ligands L
results in TIBr elimination and formation of the neutral,
zwitterionic complexes [2,2,2-(C@R-L-3-NMe;-close2,1-
MoCB;H1q for L = PPh (4) or CNBU (5) and the species
[2-BU'C=CH-2,2-(C0O}-3-NMes-closc2,1-MoCBgH1(] (6)
when L= BU'C=CH. Data characterizing compoundis 6
are given in Tables 1 and 2. For all three products, the

1B{1H} NMR spectra show 10 resonances (some coincide),

(11) Ellis, D. D.; Franken, A.; Jelliss, P. A.; Stone, F. G. A.; Yu, P.-Y.
Organometallic200Q 19, 1993.
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Figure 2. Structure of [2-B{C=CH-2,2-(CO})-3-NMes-closa2,1-
MoCBsoH1q] (6) showing the crystallographic labeling scheme. Selected
internuclear distances (A) and angles (deg): M{3) 1.995(3), Me-C(2)
2.002(3), Me-C(4) 2.044(3), Me-C(5) 2.104(2), Me-B(5) 2.357(3), Me-
C(1) 2.385(2), Mo-B(4) 2.396(3), Me-B(2) 2.416(3), Mo-B(3) 2.431(3),
B(2)—N 1.613(3), C(2-0(2) 1.138(3), C(3}0O(3) 1.139(3), C(4¥C(5)
1.291(4); C(3¥Mo—C(4) 116.35(10), C(2yMo—C(4) 98.78(10), C(3y
Mo—C(5) 81.19(10), C(2yMo—C(5) 87.17(10), C(4yMo—C(5) 36.22(10),
C(4)-Mo—C(1) 87.96(9), C(5r-Mo—C(1) 123.81(9), C(4}Mo—B(2)
104.10(10), C(5yMo—B(2) 126.06(9), N-B(2)—C(1) 122.4(2), N-B(2)—
B(7) 117.8(2), N-B(2)—B(6) 114.1(2), N-B(2)—B(3) 125.3(2), N-B(2)—
Mo 109.64(14), C(5) C(4)—Mo 74.4(2), C(4)-C(5)—C(6) 140.9(2), C(4y
C(5)-Mo 69.3(2), C(6}-C(5)—Mo 149.8(2).
in keeping with the anticipated asymmetry of the cluster.
Here again, one signal in each spectrum remains a singlet
upon retention of proton coupling and is relatively deshield-
ed, resonating in the ran@e9.4—12.6. These are attributed
to the boron vertices carrying an Niigroup. In the'H and
B3C{H} NMR spectra for4—6, peaks due the NMeunit
are also observed, confirming that this group is retained in
the products. Moreover, broad resonances diagnostic for the
cage CH groups are seen &tH) 1.63 @), 2.70 6), and
4.38 @), and ato (*°C) 56.2 @), 54.7 6), and 57.6 §).12
The significant deshielding of the cage CH proton resonance
in the alkyne comple®, compared witht and5, is consistent
with the corresponding parameters for analogous anionic
species based on theiflo-7-CB;oH11]®~ carborane liganét
Single crystals of compoun@ were analyzed by X-ray
diffraction methods, revealing the structure shown in Figure
2. The data were of sufficient quality unambiguously to
establish that the NMegroup is attached to a cage-boron

atom in ano. position in the BBBB face of the carborane
ligand. Thus, the site of NMesubstitution in all of the
foregoing specied, 2, and4—6 is reasonably assigned as
being the 3-position. The carborane moietgiis structurally
very similar to that inl, the B(2)-N distance (1.613(3) A)
being essentially identical with the corresponding parameter
in 1. Two carbonyl ligands are also terminally bonded to
molybdenum in a normal fashion. The final element of
the molybdenum coordination sphere is the alkyne group
Bu'C=CH, whose contact-carbon atoms are bonded to the
metal center at distances M&(4) 2.044(3) and Me C(5)

(12) Brew, S. A.; Stone, F. G. AAdv. Organomet. Chenl993 35, 135.
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Figure 3. Structure of [2,2,2,2-(CNBJ-2,3-Br-closo2,1-MoCBigH1q]

(7) showing the crystallographic labeling scheme. Selected internuclear
distances (A) and angles (deg): MB(3) 2.368(5), Ma-B(4) 2.392(5),
Mo—B(2) 2.408(5), Me-B(5) 2.462(5), Me-C(1) 2.469(5), Me-Br(1)
2.6873(7), B(2Y-Br(2) 2.003(5); B(2)-Mo—Br(1) 142.34(13), C(tyMo—

Br(1) 143.81(12), C(}yB(2)—Br(2) 121.3(3), B(7)-B(2)—Br(2) 113.7(3),
B(6)—B(2)—Br(2) 107.4(3), B(3)-B(2)—Br(2) 130.4(3).

2.104(2) A and which has an internal C43(5) distance

of 1.291(4) A. In accord with the alkyne ligand acting
formally as a four-electron donor, in th8C{*H} NMR
spectrum, the ligated carbon atoms resonate Bt5.0 and
223.3% In the related molybdenum complex [N(PJ2-
BU'C=CH-2,2-(CO)-close2,1-MoCB¢H14], the contact car-
bons of the alkyne resonate @t164.4 and 196.4' also in

the range for a four-electron donor alkyne. To our knowledge,
compoundé6 is the first structurally characterized metal
alkyne complex in metaimonocarbollide chemistry.

We have previously shown that the Maomplexes
[2,2,2,2-(CO)-closa2,1-MoCByH14]~ and [1,2u-NHBuU'-
2,2,2-(CO}-close2,1-MoCByoH;q] ~, upon treatment with
I, and CNBU, are oxidized to MY species [2,2,2,2-
(CNBW)s-2-1-close2,1-MoCBygH11]1° and [1,2x#-NHBU'-
2,2,2-(CNBU);-2-I-close2,1-MoCBoH; (], respectively. Given
the relationship ofl to the two described Mbanions, it
was of interest to examine the reactivity blinder similar
conditions. Accordingly, CkCl, solutions of compound
were treated with both Band b in the presence of CNBu
Simplistically, it was expected that the product obtained
might be of general formulation [2,2,2-(CNB#2-X-2-Y-
3-NMe;s-closa2,1-MoCBygH; ] (X, Y = Bror I). In practice,
however, the boron-bound NMenit is lost in the reaction,
and the products isolated are [2,2,2,2-(CNB@-Br-3-X-
close2,1-MoCBH1q] (X = Br (7), 1 (8)).

The two product§ and8 were fully characterized by the
data presented in Tables 1 and 2. Compouhdvas
additionally studied by X-ray diffraction methods, which

ably be assumed that it is this boron atom which formerly
carried the NMe substituent. Thus, the molybdenum atom
is n5-coordinated on one side by an 8-Bido-7-CB;oH1o
carborane group and on the other by a bromide and four
CNBU ligands. The Me-Br(1) distance, 2.6873(7) A, is
rather shorter than il and is consistent with the higher
molybdenum oxidation state ih This bromide is sited trans

to the centroid of the CBBBB carborane face, with Br{1)
Mo-centroid 178.8. The Mo-centroid distance, 1.902 A, is
somewhat longer than that (1.877 A) in [2,2,2,2-(CNBu
2-1-close2,1-MoCBH1];*° likewise, the average Me
(CNBU) separation irY is ~2.126 A, perceptibly longer than

in this analogue, where the corresponding parameter is
~2.111 A. These two species otherwise have very similar
architectures.

The NMR parameters for compoundsand8 are mutually
very similar and, moreover, closely resemble the correspond-
ing data for the related M6 species [2,2,2,2-(CNBy-2-
X-close2,1-MoCBgH11] (X = Br, 1).1° In both the'H and
BC{H} NMR spectra of7 and8, signals for an NMggroup
are clearly absent. ThéH NMR spectra show a broad
resonance for the cage CH unit@aR.42 (7) and 2.28 8) of
relative intensity 1, and a sharp signaldal.52 of relative
intensity 36 that corresponds to the fourBuoups. In the
3C{1H} NMR spectra, the cage-carbons resonaté 62.2
(7) and 62.7 8), respectively. The expected patterns of
resonances for the isocyanide ligands’ three types of C atom
environments are also seen in typical positions, with the
contact carbon atoms of these groups seen as broad,
unresolved triplets ai 152.0 {7) and 149.18). Compounds
7 and8, likewise, both have similar'B{*H} NMR spectra,
with the only significant difference between the two sets of
data being the chemical shift of that boron atom bearing the
halogen. For7, the substituted boron atom resonates at
10.1 and for8 at 6 —5.7. This difference in shielding of
~15 ppm for bromide versus iodide substituents is very
typical! Indeed, this fact in conjunction with the micro-
analytical data serves to confirm the identity of the halogens
present in compoun8.

Whereas the anion [2,2,2,2-(C&)lose2,1-MoCByoH11] ~
with I, and CNBlundergoes metal oxidation, as mentioned
previously, the same anion reacts withand thioethers L
to give cage-substituted products [2,2,2-(6&@)3-u-I-n-L-
close2,1-MoCB,H¢] (n=7, 11) and [2,2,2-(CQ)2-1-3,11-
L,-closo2,1-MoCBgHo).1° As the former of these two
product types contains a novel iodide bridge between
molybdenum and a cage-boron atom, and given that the anion
of 2 already contains a molybdenum-bound iodide, it was
clearly of interest to investigate whether similar reactivity
occurs with compound. Because compouridis converted
to 2 by treatment with4, to avoid unnecessary complications,

established the structure shown (Figure 3). This determinationcompound?2 alone was chosen as substrate here. Thus,

reveals that a bromine atom is attached taxdomoron atom

in the five-membered BBBB ring that is bonded to
molybdenum, with B(2)-Br(2) 2.003(5) A. It may reason-

(13) Templeton, J. LAdv. Organomet. Chenil989 29, 1.

treatment of a CkCl, solution of2 with I, and 1,4-dithiane
gave a product which initial NMR analysis showed to contain
both the NMg feature and a dithiane group. A single-crystal

(14) Sprecher, R. F.; Aufderheide, B. E.; Luther, G. W. llI; Carter, 11.C.
Am. Chem. Soc974 96, 4404.
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Spectroscopic data characterizing compo@rate given
in Tables 1 and 2. Th#H and*3C{*H} NMR spectra confirm
the presence of both NMe&ndcyclo-1,4-S(CH,)4 groups.
A singlet ato 3.09 (of relative intensity 9) in théH NMR
spectrum and a peak a58.1 in the'3C{*H} NMR spectrum
are assigned to the amine methyl groups. Several multiplets
in the ranged ~3.9-2.8 in the'H NMR spectrum are
attributed to the dithiane methylene protons, with four
corresponding resonances betweer?2.3 and 26.6 in the
BC{H} NMR spectrum. In thé"'B{'H} NMR spectrum,
10 resonances are seen (some are coincident), in keeping
with the cluster asymmetry. Of these, two remain singlets
in a fully coupledB NMR spectrum, at) 7.7 and—6.6,
and are assigned to the boron atoms bearing the JN\ivié
thioether substituents, respectively.

Figure 4. Structure of [2,2,2-(CQ)2-1-3-NMesz-6{ cyclo-1,4-S(CHy)4} -
closo2,1-MoCBygHg] (9) showing the crystallographic labeling scheme.

Selected internuclear distances (A) and angles (deg)=-B(5) 2.353(11), Although compound4 and2 were themselves character-
Mo—Ez(4))2.354(10), M&(B(;») 2(.357(10), ME}C)(l) (2-;1_04t(9;), M&B((Z)) ized, and had their identity well supported by the preparation
2.452(11), Me-1 2.8703(11), B(2}N 1.629(13), B(5%-S(1) 1.924(10); iati ivati i
B(5)-Mo_1 94.0(3), C(1y-Mo—| 81.6(2), B2)-Mo1 107 3(3). N-B(2)— and characterization of several derivatives, the precise nature
C(1) 123.2(8), N-B(2)—B(3) 127.3(8), N-B(2)-Mo 116.8(6), C(1} of their presumed precursor [1-NM&,2,2-(CO}-close2,1-
B(5)—S(1) 123.8(7), B(4YB(5)—S(1) 124.8(7), S(H)B(5)—Mo 108.6(5). MoCB;gH10?~ remains unclear. Nevertheless, the existence

of the dianionic molybdenum complex is reasonable on the
basis of other known metallacarboranes synthesized from
[7-NMes-nido-7-CBygH1]2, for example, [1-NMeg-2,2-
(CNBU)z-closo2,1-PdCBgH1(], characterized by X-ray dif-
fraction® Indeed, although the carborane dianion [7-NMe
nido-7-CBycH10)?>~ has not itself been isolated, that it retains

. ; the C-NMe; linkage during its formation is adequately
4. The complex is seen to consist of{do(CO)} fragment demonstrated by the observation that oxidative closure of

that isy*-coordinated to an 8-NMel1{cyclo1,4-S(CHy)q} - this carborane gives 2-NM&loso2-CB;gH1o, in which the

T B e AT an 1 amine moy remains bonded 1 he cage-aron
I~ ith t to the cage-carbon atom in the Several unsuccessful attempts were made to identify

& Positions with respect to 9 N the 11.NMes-2,2,2-(CO)-closo2,1-MoCBigH: - indirectly by
CBBBB face that ligates molybdenum. The B{) and making derivatives. An endeavor was made to prepare the
B(5)—S(1) distances, 1.629(13) and 1.924(10) A, respec- neutral complex [2,2,2,2-(C@)-NMes-close2,1-MoCBHa]
tively, are unremarkable. Likewise, the Mb separation, by oxidizing CO-saturated solutions of the dianion [2,2,2-
2.8703(11) A, is quite typical. (CO)-1-NMes-close2,1-MoCBygH10)2~ with [Fe(°-CsHs),]-

Compound9 may be considered formally to be doubly [BF4], but this was unsuccessful. Earlier we have shBwn
zwitterionic and as such may be compared with the that addition of HBE to CO-saturated solutions containing
closely related compounds [2,2,2-(GE)I-3,11-L,-closo the species [2,2,2-(C@}losa2,1-MoCB,gH,11]% affords the
2,1-MoCBygHg] (L = thioether or ethety alluded to earlier. ~ monoanion [2,2,2,2-(C@xloso2,1-MoCBoH11]~. How-
In these latter species, however, the substituents ace at ever, similar treatment of [1-NMe2,2,2-(CO}-closc2,1-
MoCB;gH10]?~ led only to decomposition.

It was also hoped that addition of suitable cationic metal

X-ray diffraction study established that the product was
[2,2,2-(CO}-2-1-3-NMes-6-{ cyclo-1,4-S(CH,)4} -close 2,1-
MoCBsgHg] (9). Retention of the cage NMegroup in this
reaction presents an interesting contrast with the formation
of 7 and8.

A perspective view of a molecule 8fis shown in Figure

andp sites of the carboraneBBBB belt. Their sequential

formation® via a 5-monosubstituted cluster complex, con- ligand fragments to solutions of [1-NM€,2,2-(CO}-closo
trasts with the formation o from a-monosubstituted. We 2.1-MoCBgH1g> would yield bimetallic complexes in

have_ observed that when metals are pe_ntahapt_o coordinateq| i-h the cationic metal group would be bound to the cage
by nido-7-CBuoH1. cages, those BH vertices which are at by exopolyhedral B-H—M bonds!® If successful, this would

f sites in the metal ligated GHBB ring are activated toward ~ Produce a species with a uninegative charge and perhaps
substitution via hydride abstraction (by MeH*, etc.p11:15 increase stability. However, no isolable products were
or via oxidation (by 4).1° It may be that in metal-coordinated ~ Obtained from several experiments of this type. Nevertheless,

n-L-nido-7-CBygH1, carboranes (I= two-electron donom when the salt [Rh(NCMefi;>-CsMes)][BF 4], was added to
the described molybdenacarborane dianion in 1:1 molar ratio,

= 8 or 9), thea B—H vertices in the ®BBB ring are 4 product was isolated whiéhi NMR spectroscopy revealed
activated to a second substitution regardless of whether L

is attached at an. (n = 8, as here) or & (n = 9)10 boron (16) Carroll, W. E.; Green, M.; Stone, F. G. A.; Welch, A.1J.Chem.
Soc., Dalton Trans1975 2263.

site. (17) Morris, J. H.; Henderson, K. W.; Ol'shevskaya, V.JA.Chem. Soc.,

Dalton Trans.1998 1951.

(15) Du, S.; Franken, A.; Jelliss, P. A.; Kautz, J. A.; Stone, F. G. A.; Yu, (18) Ellis, D. D.; Franken, A.; Jelliss, P. A.; Kautz, J. A.; Stone, F. G. A;;
P.-Y.J. Chem. Soc., Dalton Tran2001, 1846. Yu, P.-Y.J. Chem. Soc., Dalton Tran800Q 2509.
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B Rh(1)-Mo(1) 2.8294(6), and Rh(2DMo(1) 2.7809(5) A; the
corresponding RRRh distance in the tungsten species is
rather longer, at 2.859(1) A. However, in the latter case, the
connectivity is hydride bridged, whereas 10, a carbonyl
ligand bridges the two rhodium atoms. This carbonyl bridge
is somewhat asymmetric, with Rh2L(5) (1.965(4) A)
being shorter than Rh(£)C(5) (2.113(4) A). Three further
carbonyl ligands are bonded to the molybdenum vertex, of
which two are approximately linear (Mo(®(2)—0(2) is
179.2(43; Mo(1)—C(3)—0(3) is 177.8(4)), while the third
is slightly bent (Mo(1}-C(4)—0(4) is 162.4(3)). This last
carbonyl has partial bridging character, with a long interac-
tion to Rh(2) (Rh(2)-+C(4) 2.477(4) A). A similar situation
was observed in the related tungsten species mentioned
é previously.

o CompoundL0 may be viewed as being formed via a redox
Figure 5. Structure of one of the crystallographically independent process. The molybdenum(0) center in the precursor is
molecules of [2,2,2-(CQ)7-u-H-2,7,11{ Rhy(u-CO)(175-CsMes),} -closo oxidized to molybdenumiIl), with two corresponding one-

2,1-MoCBlng] (10) showing the crystallographic labeling scheme. Selected g|actron reductions of each of the rhodium centers frelth
internuclear distances (A) and angles (deg): Me(@}2) 2.016(4), Mo(1¥ to +1I. This i mparable with th r whereb
C(3) 2.027(5), Mo(1¥C(4) 2.029(4), Mo(1}B(3) 2.253(4), Mo(1}-B(4) 0 Tll. S Is comparable w € process wnereby
2.286(4), Mo(1}-B(2) 2.329(4), Mo(1}C(1) 2.378(4), Mo(1}B(5) compoundsl and2 are synthesized. However, in the case
2.379(4), Mo(1}Rh(2) 2.7809(5), Mo(1yRh(1) 2.8294(6), Rh(HC(5) of 10, the NMe group is lost during the reaction. Notably,
2.113(4), Rh(1)B(4) 2.317(4), B(4)-H(4) 1.25(4), H(4}-Rh(1) 1.60(4),

&

2

Rh(1-Rh(2) 2.7975(6), Rh(2)C(5) 1.965(4), Rh(2)B(3) 2.124(4). one boron vertex loses a hydride in forming the direem]

Rh(2)-C(4) 2.477(4); B(4yH(4)—Rh(1) 108(3), Rh(2yMo(1)—Rh(1) o linkage, while the cage-carbon atom formally gains a

39-?11)(22?' hFE*Z‘)(EE E(hl()lgs_o'\g%gl()li?%ghz(%é)(é ?(ﬁF*(qu?)g'\é'g((ﬂ)“ihg’%f;% hydride after the NMggroup is lost. Whether it is the same
o(1)— . , —Mo . , Mo . .. .

B(4)—Rh(1) 75.84(13), O(4)C(4)-Mo(1) 162.4(3), O(4)C(4)~Rh(2) hydnde. that is involved in bqth steps can only be spepulated.

120.6(3), O(5)%-C(5)—Rh(2) 142.1(4), O(5}C(5)—Rh(1) 131.2(3), Rh(2} Physical and spectroscopic data for compoliddre given

C(5)-Rh(1) 86.6(2). in Tables 1 and 2. In it8B{H} NMR spectrum, 10 separate

) ) _ . resonances are seen, in keeping with the molecular asym-
contained two different pentamethylcyclopentadienyl moi- ety The boron atom thatisbonded to rhodium resonates
eties. Accordingly, adjustment of the reactant stoichiometry at & 56.7, while the adjacent boron vertex involved in the
to 2:1 (Rh/Mo) afforded in reasonable yield a brown trimetal g__-rp linkage gives rise to a signal at29.3. Upon
species identified as [2,2,2-(CEJ-u-H-2,7,11{Rip(u-CO)- retention of proton coupling, the latter peak is split into a

(17°-CsMes),} -closo2,1-MoCBioHg] (10). _ doublet withJ(HB) = 70 Hz. All of these parameters are
The detailed architecture of compoub@was established quite typical for these features in such systéfm the

by an X?ray _diffraction study. The molecu_le has_ the structure q|5ted rhodiummolybdenum and-tungsten dicarbollide
shown in Figure 5. Two crystallographically independent gyeies alluded to previously, thebonded boron resonates
molecules ofl0 are found in each asymmetric fraction of at §(11B) ~35-45, and that of the agostic-type linkage, at

the unit cell. The two are almost identical, and therefore, 8(MB) ~20—25, with corresponding coupling constaitiB)
only one is discussed here. Compoubd has consider-  5,55~70 Hz19 In the !H NMR spectrum ofL0, the agostic

able similarity to the dicarbollide derivatives [1,2-8,3,3- proton is observed as a very broad resonance at rather high
(CO)s-8-u-H-3,4,8{ Rhu(u-H)(17>-CsMes)2} -closo-3,1,2-  fiaiq 5 ca.—14, for which no additional coupling informa-
MC2BoH7] (M = Mo, W; R = H, Me), which are formed  {jo could be resolved. The cage CH proton gives rise to a
from [1,2-R-3,3,3-(CO}-closo3,1,2-MGBgHo|*” viaa par- 044 singlet ab 1.71, while the two GMes units are seen
allel synthetic approach, and for which the compound with g ginglets ad 1.76 and 1.79. These two units also show
M =W and R= Me was the subject of X-ray diffraction  characteristic resonances in #€{H} NMR spectrum, with
analysis'® In the present compound, the dirhodium fragment heir contact carbon atoms giving rise to a pair of doublets
{RMe(u-CO)(y>CsMes)} is bonded to two cluster boron 415 106.0 (RhC) 4 Hz) and 108.4J(RhC) 6 Hz). The
atoms and to the molybdenum center. One rhodium—to—boronCage_carbon atom resonates &t44.0, while the three
interaction is a direct sigma bond, with Ri{35(3) 2.124(4)  olybdenum-bound carbonyl ligands are seen at typical
A, while the other is a BH—~Rh agostic-type linkage, with positions ofd 221.5, 225.1, and 251.1. Of these, the one at
Rh(1)-B(4) 2.317(4), Rh(l‘}H(_“) 1.60(4), and_ B_(4'}H(4) highest frequency is assigned as the carbonyl with partial
1.25(4) A. These two RRB distances are similar to the bridging character to rhodium.

corresponding values (2.11(2) and 2.39(2) A, respectively)
in the previous tungsten dicarbollide species. Within the Conclusion

triangle of metal atoms, distances are RRE&)(2) 2.7975(6), The formation of the molybdenacarborane anionk amd

(19) Mullica, D. F.; Sappenfield, E. L.; Stone, F. G. A.; Woollam, SJF. 2 from their precursor [2,2,2-(CQ)1-N|\/|83—C|OSO.2,1-
Chem. Soc., Dalton Tran4993 3559. MoCB;oH10]?~ appears to occur via a process that involves

Inorganic Chemistry, Vol. 41, No. 12, 2002 3209



both a metal oxidation and an oxidative substitution of a
cluster B-H bond, the latter resulting in a transfer of the
trimethylamine moiety from the cage-carbon atom to an
adjacent boron vertex. Compountisnd2 undergo typical

reactions of molybdenacarboranes. The metal-bound halide®

may be replaced by donor ligands to give neutral, zwitterionic
species. With CNBand bromine or iodine, the Maenter

is oxidized to M¢’, with concomitant replacement of
B—NMe; by B—halide; whereas, by contrast, with iodine
and a thioether, a clusterB1 bond is oxidized and replaced
by B—thioether.

Experimental Section

General Considerations.All reactions were carried out under
an atmosphere of dry, oxygen-free nitrogen using Schlenk line

Du et al.

The residue was taken up in the minimum volume of,CH (~5
mL), filtered through a Celite pad, and applied to the top of a
chromatography column. Elution with GHI, gave a yellow
fraction that was identified by infrared and multinuclear NMR
pectroscopy as the previously reported species [N{R]2h2,2-
(CO)-2-PPh-close2,1-MoCBgH15]H (3) (0.35 g, 8%).

Synthesis of [2,2,2-(COy-2-L-3-NMes-closo2,1-MoCBgH1q]
(L = PPhs, CNBUW!) and [2,2-(CO)-2-ButC=CH-3-NMejs-closc
2,1-MoCByH1q). (i) A mixture of compoundl (0.20 g, 0.20 mmol),
PPh (0.08 g, 0.31 mmol), and TI[RF(0.076 g, 0.22 mmol) was
stirred in CHCI, (15 mL) for 12 h. After filtration through a Celite
pad, solvent was removed in vacuo and the residue taken up in
CH.Cl, (~2 mL) and transferred to a chromatography column.
Elution with CH,Cl,—petroleum ether (3:1) gave a yellow frac-
tion which, upon evaporation of solvent in vacuo, yielded
yellow microcrystals of [2,2,2-(C@)2-PPh-3-NMes-closc2,1-

techniques. Some subsequent manipulations were performed in théloCBioHiq] (4) (0.081 g).3*P{*H} NMR: 6 53.2.

air, where indicated. Solvents were distilled from appropriate drying

(i) By a similar procedure, using CNB@3 «L, 0.017 g, 0.20

agents under nitrogen prior to use. Petroleum ether refers to thatmmol) in place of PP yellow microcrystals of [2-CNB&2,2,2-

fraction of boiling point 46-60 °C. Chromatography columns
(typically ~15 cm in length and-2 cm in diameter) were packed
with silica gel (Acros, 66-200 mesh). NMR spectra were recorded
at the following frequencies!H 360.1,°C 90.6,3'P 145.8, and
11B 115.5 MHz. The compounds 7-NMaido-7-CB;oH1,%° and

[{ Rh(u-CI)Cl(75-CsMes)} ;]2 were obtained by literature methods;
[Mo(CO)3(NCMe)(PPh)]?? was prepared in situ and used without
isolation. All other reagents were used as received.

Synthesis of [N(PPhQ),][2,2,2-(CO)-2-X-3-NMes-closo2,1-
MoCBjgH1g] (X = Br, I). (i) The compound 7-NMgnido-7-
CBy0H12 (0.73 g, 3.82 mmol) was suspended in THF (20 mL), the
mixture was cooled to about40 °C, and BuLi (3.1 mL, 7.75
mmol, 2.5 M solution in hexanes) was added. The resulting
suspension was warmed 610 °C, and a solution of [Mo(CQ)
(NCMe)] (prepared in situ from [Mo(CQ) (1.00 g, 3.79 mmol)
refluxed in NCMe (20 mL)) was added by cannula. After warming

to room temperature and stirring for 1 h, a dark red solution was !

obtained which was treated with GHCHCH,Br (0.46 g, 3.80
mmol). The resultant mixture was stirred overnight, and [NgpRh

Cl (2.18 g, 3.80 mmol) was added. After stirring for a further 3 h,
the mixture was filtered and the filtrate slowly evaporated in air to
give ~1.1 g of dark red crystals. The crystals were washed with
ice-cold acetone (3« 20 mL) and dried in vacuo, to give pure
[N(PPh)J][2-Br-2,2,2-(CO}-3-NMes-close2,1-MoCBgHyq] (1) (1.02

9)-

(i) Compound2 was prepared similarly, using (0.97 g, 3.82
mmol) as oxidizing agent in place of GHCHCH,Br. Following
purification by column chromatography, with GEl, as eluant,
[N(PPh),][2,2,2-(CO}-2-1-3-NMes-close2,1-MoCByH; ] (2) (0.51
g) was isolated as a dark red powder.

Attempted Preparation of [N(PPhg),][2-Br-2,2-(CO),-2-PPhs-
3-NMe;z-close2,1-MoCB;ygH1g]. Following a procedure similar to
that by which compound was formed, a suspension of 7-NMe
nido-7-CB;oH;, (0.73 g, 3.82 mmol) in THF (20 mL) was treated
with BuLi (3.1 mL, 7.75 mmol), followed by an NCMe (20 mL)
solution of [Mo(CO}(NCMe)(PPh)] (3.80 mmol). After 1 h,
CH,=CHCH,Br (0.46 g, 3.80 mmol) was added and the mixture
stirred overnight. Thereafter, [N(PRHCI (2.18 g, 3.80 mmol) was
added. The mixture was stide8 h and then evaporated in vacuo.

(20) Plesek, J.; Jalek, T.; Drd&ova E.; Hermaek, S.; Stor, B. Collect.
Czech. Chem. Commuh984 49, 1559.

(21) White, C.; Yates, A.; Maitlis, P. Minorg. Synth.1992 29, 228.

(22) Fontaine, X. L. R.; Greenwood, N. N.; Kennedy, J. D.; MacKinnon,
P. I.; Macpherson, IJ. Chem. Soc., Dalton Tran$987, 2385.
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(CO)%-3-NMes-close2,1-MoCBygHig] (5) (0.064 g) were obtained.

(iii) Similarly, reaction of 1 with TI[PFg] in the presence of
Bu'C=CH (70 uL, 0.047 g, 0.57 mmol) afforded purple micro-
crystalline [2-BUC=CH-2,2-(C0O})-3-NMes-closa2,1-MoCBygH1(]

(6) (0.075 g).

Synthesis of [2,2,2,2-(CNB{);-2-Br-3-X-closa2,1-MoCB;oH 1]

(X =8Br, ). (i) To a CHCI, (40 mL) solution ofl (0.40 g, 0.40
mmol) was added CNB({0.19 mL, 0.14 g, 1.68 mmol) followed

by Br, (0.065 g, 0.41 mmol). The solution was stirred for 2 h, and
the solvent was allowed to evaporate in air. The residue was taken
up in CHCl; (~2 mL) and chromatographed. Elution with
CH,Cl,—petroleum ether (2:1), followed by evaporation of the
solvent in air, gave orange microcrystals of [2,2,2,2-(CNBR,3-
Bry-closo2,1-MoCByoH;q] (7) (0.123 g).

(i) Similarly, reaction of1 (0.10 g, 0.10 mmol) with CNBy45
ul, 0.033 g, 0.40 mmol) ang (0.026 g, 0.10 mmol) yielded orange
microcrystalline [2,2,2,2-(CNBy-2-Br-3-I-closc2,1-MoCBygH1q]

(8) (0.033 g).

Synthesis of [2,2,2-(C0O)2-1-3-NMez-6{ cyclo1,4-S(CHy)4} -
closa2,1-MoCB;Hg). lodine (0.074 g, 0.29 mmol) was added to
a mixture of compoun (0.30 g, 0.29 mmol) and 1,4-dithiane
(0.035 g, 0.29 mmol) in CKCl, (20 mL). The mixture was stirred
for 12 h, and then solvent was removed in vacuo. The residue was
redissolved in the minimum amount of GQEl, (~2 mL) and
chromatographed. Elution with GBl,—petroleum ether (3:1)
removed a red fraction which, upon evaporation of solvent in vacuo
and crystallization from CkCl,—petroleum ether, yielded red
crystals of [2,2,2-(CQ)2-1-3-NMe;s-6{ cyclo-1,4-S(CH,) 4} -closo
2,1-MoCBy¢H¢] (9) (0.084 Q).

Synthesis of [2,2,2-(CQ) 7-u-H-2,7,11{ Rhy(u-CO)(1>-CsMes),} -
closo2,1-MoCB;Hg]. The carborane 7-NMenido-7-CB;oHi,
(0.24 g, 1.25 mmol) was suspended in THF (30 mL) at€40
°C, and BuLi (1.0 mL, 2.5 mmol) was added. The suspension was
stired and warmed to ca—10 °C before solid [Mo(CQOy)
(piperidine)] (0.47 g, 1.24 mmol) was added. After stirring for 2
h at room temperature, a filtered solution of [Rh(NCM#g)-
CsMes)][BF 4]z (prepared in situ from{[Rh(u-CI)Cl(575-CsMes)} 5]
(0.80 g, 1.3 mmol) and Ag[Bf (1.0 g, 5.14 mmol) in NCMe (10
mL)) was added to the reaction mixture by syringe. The resultant
mixture was stirred for a further 2 h. Solvent was removed in vacuo
and the residue chromatographed. Elution with,Cht—petroleum
ether (3:2) gave a brown fraction from which solvent was removed
in vacuo. Crystallization from CHCl,—petroleum ether yielded dark



Cage-Carbon to Cage-Boron NMeTransfer

Table 3. Crystallographic Data fot, 6, 7, CH,Cl, and 10

1 6 7 9CHCl, 10
formula C;3H4gBj|_oBrMON203P2 C12H29810MON02 C21H4eBloBI'2MON4 C12H28810C|2|MONO382 C25H4oB;|_oMOO4Rh2
fw 987.73 423.40 718.48 700.31 814.43
space group Cmca Ri/n P1 P2:/c P2i1/n
a, 26.998(2) 8.9100(9) 11.0575(9) 12.5499(7) 20.368(3)
b, A 17.926(2) 25.796(2) 12.304(1) 24.115(3) 15.829(3)
¢ A 18.963(2) 9.0850(5) 14.726(2) 9.4584(6) 21.202(4)
a, deg 93.883(9)

B, deg 98.749(6) 103.008(9) 111.609(5) 113.713(3)
v, deg 114.451(7)

v, A3 9177(1) 2063.8(3) 1747.5(3) 2661.3(4) 6259(2)

4 8 4 2 4 8

Pealo G CNT3 1.444 1.363 1.365 1.748 1.729

T, K 293 173 293 293 173

u(Mo Ka)), cmt 12.80 6.41 26.80 20.27 14.69

wR?2 (all data), R1 0.1098, 0.0533 0.0566, 0.0235 0.0893, 0.0419 0.1197, 0.0508 0.0864, 0.0350
a Refinement was block full-matrix least-squares onF&ldata: wWR2= [J{W(Fo2 — FAZ/3W(FA?|Y% R1 = S||Fo| — |F¢||/3 |Fol with Fo > 4o(Fo).

brown crystals of [2,2,2-(C@)7-u-H-2,7,11{ Rhy(u-CO)(#°-
CsMes),}-close2,1-MoCB;gHg] (10) (0.20 g).

Structure Determinations. Experimental data for compounds
1, 6, 7,9 and10 are recorded in Table 3. Diffracted intensities for
1, 6, 7 and 9 were collected on an Enraf-Nonius CAD4 diffrac- C(4)—0(4) distances determined in this experiment. Unfortunately,
tometer using Mo I& X-radiation ¢ = 0.71073 A). Final unit cell the crystallographically imposed mirror does not correspond to a
dimensions were determined from the setting angles of 25 accuratelytrue molecular mirror, making the assignment of the cage-carbon
centered reflections. Intensity data were corrected for Lorentz and atom from X-ray data ambiguous. In this regard, the location of
polarization effects after which numericdl, (7, and9) or semi- this atom was assigned on the basis of NMR spectroscopic
empirical @) absorption corrections based on the measurements ofinformation and by analogy with compour@ Thus, the cage-
the various crystal faces or azimuth scangyadata, respectively, carbon atom and its symmetry related boron atom [B(3)] were
were applied. included in disordered general positions €l6and each refined

Low-temperature X-ray intensity data f&@0 were collected on with one-half occupancy. The nitrogen atom of the [N(BRh
a Siemens SMART CCD area-detector three-circle diffractometer cation was located at Wyckoff positiore /4, —y + /2, 3,) with
using Mo Ko X-radiation. For four settings of, narrow data full occupancy.

“frames” were collected for 0%3increments ofw. Almost a full P . . .
sphere of data was obtained. The substantial redundancy in data The coordinating CBBBB face (including thesubstituted Br)

allowed empirical absorption corrections (SADABB) be applied ?;tgﬁ)ﬁa;ggwﬁccf %?Sglc\ivsafhcgsr?;difgfrﬂugzjg;’l :sgﬂﬁg zegi’;d
using multiple measurements of equivalent reflections. The data 9 9

frames were integrated using SAINT. B(5) bond. The atoms of the major and minor component ring
. . . systems were restrained to equivalent positions, and respective
The structures were solved with conventional direct methods and . ) .
) : - occupancies were refined in parts to 96.4% and 3.6%. The B#{2A)
refined by full-matrix least-squares on &f data using SHELXTL B(2A) distance was fixed at 2.00(2) A. Also, the methyl groups on
version 5.03 and SHELXL-9%.2% All non-hydrogen atoms were : : ' yigroup

assigned anisotropic displacg_ment param_eter_s. The locations qf th?hnee&fltf; &Tguggsggiig?ﬁedﬁgggﬁg %nffgtrit;?]::;%ere
cage carbon atoms were verified by examination of the appropriate refined in parts including. hydragen atoms, with occupancies of

internuclear distances and the magnitudes of their isotropic thermal .

: . 56.9% and 43.1%, respectively.
displacement parameters. The acetylene hydrogen [H(4&)ird ) ’ .
the agostic B-H—Rh hydrogens [H(4) and H(34)] in0 were Compound cocrystallized with a molecule of dichloromethane
located in difference Fourier syntheses; their positional parametersIn the qsymmgtnc unit. The §olvent molecule was fu!ly ordereq
were refined with fixed isotropic thermal parameteti(H) = and refined without restraint; hydrogen atoms were included in
1.2 x Ug(parent)]. The remaining hydrogen atoms were in- calculated positions. Small residual density peai®.Q e A3) near

) 0 ) the positions of the heavy metal atoms in the final difference map

cluded in calculated positions and allowed to ride on their parent . -
L ) . _ of compoundLOindicate an inability to completely correct for X-ray
atoms with fixed isotropic thermal parametet$gf(H) = 1.2 x . .
absorption effects on poorly formed, irregularly shaped crystals.

Uiso(parent), orUiso(H) = 1.5 x Uiso(C) for methyl hydrogens].
The anionic unit ofl is bisected by a crystallographic mirror Acknowledgment. We thank the Robert A. Welch
Foundation for support (Grant AA-1201) and Dr. John C.

remaining carbonyl ligand [C(4) and O(4)] along with the Br atom
are disordered across this mirror in general positiong)(léach
refined with one-half occupancy. This disorder is the likely cause
of the unusually short MeC(4) and unusually long MeBr and

plane (Wyckoff positions §§ which contains the Mo atom, two
carbonyl ligands [C(2), O(2), C(3), and O(3)], the nitrogen and Jeffery, Bristol University, United Kingdom, for assistance

one methyl group of the trimethylamine substituent [N(1) and C(6)], with the structure determination aD.

and several cage boron atoms [B(2), B(8), and B(11)]. The ) . ) )
Supporting Information Available: Full details of the crystal

structure analyses in CIF format. This material is available free of
charge via the Internet at http://pubs.acs.org.
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