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A room-temperature reaction between the [7-BuNH-nido-7,8,9-CsBgHyo]~ anion (1a) and [Cp*RuCl], leads to the
ruthenatricarbollide [1-Cp*-12-BuNH-1,2,4,12-RuC;sBgH1q] (2) (yield 85%). Analogously, the room-temperature
photochemical reaction of la with [CpFe(CsHg)]PFs gives the previously reported iron complex [1-Cp-12-BuNH-
1,2,4,12-FeC3BgH10] (3) (yield 82%). Both reactions are associated with extensive polyhedral rearrangement, which
occurs under very mild conditions and brings the carbon atoms to positions of maximum separation within the
framework. Compounds 2 and 3 were also surprisingly obtained via complexation of the isomeric [8-BuNH-nido-
7,8,9-CsBgHy0]~ (1b) anion. Complex 2 rearranges further to [1-Cp*-10-BuNH-1,2,4,10-RuC3BgH;] (4) upon refluxing
in xylene (145 °C). Density functional theory calculations at the B3LYP/SDD level were used to estimate relative
stabilities of these metallacarborane isomers. Compounds 2 and 4, along with the 11-vertex closo compounds
[1-Cp*-1,2,3,10-RuCsB7Hsq] (5) and [1-Cp*-10-BuNH-1,2,3,10-RuC3B;Ho] (6), were also isolated from the reaction
between [Cp*RuCl,], and 1a in boiling xylene. The structure of 2 was established by an X-ray diffraction study, and
the constitution of all compounds was determined unambiguously by multinuclear NMR spectroscopy, mass
spectrometry, and elemental analyses.

Introduction Scheme 1. Formation of Isomeric Ferratricarbollides via
RearrangementComplexation and Thermal Isomerization
It was reportetithat the reaction between [CpFe(GID) < <
and [7,8,9-GBgH;1]~ in refluxing toluene results in the
formation of [1-Cp-1,2,4,10-FeBgH11] (7) as the main +BUHN I 5 e B
reaction product. In contrast, a similar reaction of the - -
aminosubstituted analogue, BuNH-7,8,9-GBgH1q] ~ (1a), iy
gives the cage-isomeric ferratricarbollide [1-Cp!B2NH- B NH-tBU
1,2,4,12-Fe@BgH;q] (3) (see path a of Scheme A)The fa  ®CorCH 3 8

formation of3 is associated with an extensive rearrangement  2Key: (a) [CpFe(GHe)]PFs, CH:Cl, visible light irradiation, room

that moves the cluster carbons into positions of maximum temperature (this work) or CpFe(CAD) xylene reflux, see ref 2. (b)
. . Mesitylene, reflux, see ref 3.

space separation within the 12-vertelosoFeGBg cage.

Complex3, containing the substituted cage carbon atom in -gnverted into the thermodynamically more stable meta
the para position with respect to the Fe center, can beigomer, [1-Cp-10BuNH-1,2,4,10-FegBsH1q (8) (derivative
* Authors to whom correspondence should be addressed. E-mail: of the unsubstituted compou} via thermal rearrangement
arkudinov@ineos.ac.ru (A.R.K.); stibr@iic.cas.cz (B.S.). at high temperatures (path b of ScheméA)general feature
I_Acad_emy of Sciences of the Czech Republic. of the rearrangementomplexation reactions outlined above
Russian Academy of Sciences. is that they must be thermally induced, which applies to most
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Scheme 2. Schematic Representation of Ru—complexation Reactions Scheme 3. Schematic Representation of the Reactions ofltie
Aniona

=]
t-BuHN., g 1° o | eeunn @” @ tBUHN, ; @

NH -tBu NH-tBu
1a 9

aKey: (a) [Cp*RuCl}, THF, room temperature. (b) [CpFeujﬁ‘e)]PFG,
CH_Cl,, visible light rrradiation, room temperature.

\Q’ in which the substituted carbon vertex is moved into the para
position with respect to the Ru vertex. Analogous to the
U B previously reported iron comple3, heating of ruthenatri-
carbollidecarboran@ in refluxing xylene (145°C) for 6 h
NH-tBu leads to further rearrangement to give [1-Cp*!BOHNH-
NHtBu closo1,2,4,10-RuGBgH1q] (4) (yield 72%, path b).
This reaction sequence thus exactly copies that established
for the analogous iron complex&sand8,? except that the

of the metal-complexation reactions in the 11-vertex carbo- first rearrangementcomplexation step proceeds spontane-

rane serie$® Nevertheless, there are a few examples of low- Ously at room temperature The main reason for this
temperature isomerizations, facilitated by bulky substituents difference is that, in the case of iron complexation, the

4
aKey: (a) [Cp*RuClk, THF, room temperature. (bh-Xylene, reflux.

on the cage carbon atorfisHerein, we reportroom- reaction must be thermally induced to eliminate CO from
temperatureFe and Ru rearrangemerntomplexation reac-  the starting [CpFe(CQJ in the reactions wittla.? By use
tions that involve the isomeric aniofiaand [8:BuNH-7,8,9-  Of photochemical generation of the [CpFdtagment from

CsBgH1g~ (1b). The work is also complemented by the the benzene complex [CpFefds)]PFs, we were able to
characterization of two 11-vertex ruthenatricarbaboranes of 0btain3in 82% yield at room temperature (see Scheme 1,
anew 1,2,3,10-MgB cluster configuration. The numbering Path a). As compoun8 is now becoming one of essential
system for the 11-vertex nido and closo and 12-vertex closo Synthons of metallatricarbollide chemistrythis method
tricarbaborane cages discussed in this work is in generaltherefore represents a significant improvement in this area.

structured, I, andlll , respectively. To get further insights into the mechanisms of the
rearrangementcomplexation processes, we have also ex-
y 1 AN amined the reactions of [Cp*RuGland [CpFe(GHe)]PFs
(/ \ 34 yz \\ with the isomeric 8-aminosubstituted anibn® (see Scheme
‘/ \ //\ |/\'6"\— 7/\\ 3). Surprisingly, in both cases, the corresponding compounds
2\ /8 (557 A8 10\W4L ; ; ;
/ N \ 77 2 and 3 were obtained, the same as in the reactiongaf
1 10 The rearrangement is again very clean, and no other
I " m metallacarborane isomers were detected in the reaction
_ _ mixture. Although these results do not allow us to elucidate
Results and Discussion the mechanism of the rearrangement process, they unam-

SynthesesAs shown in Scheme 2, a room-temperature Piguously confirm a greater preference for the formation of
reaction between [Cp*RuGland Tllain THF, reasonably ~ the 1,2,4,12-M@Bg cluster isomer. This is also rather

supposed to proceed via a nonisolable [1-CPB@NH- surprising as this isomer is not the most thermodynamically
closo1,2,3,4-Ru@BgH; g intermediate @) (path a), leads in  Stable?
high yield (85%) to a single isomer of constitution [1-Cp*- To estimate the relative stabilities of the isomers with dif-

12'BuNH-closo1,2,4,12-RuGBgH1d] (2). It should be noted  ferent positions of carbon atoms, we carried out density func-
that the reaction is extremely clean and no other metallac-tional theory calculations at the B3LYP/SDD level on the
arborane products were detected in the reaction mixture. Itparent ruthenatricarbollides of general formula CpE&i€,..

is readily seen that the formation 2fis associated with an ~ The 1,2,4,10-isomer (analogue 4ffwas shown to be 6.27

extensive polyhedral rearrangement of high regioselectivity, kcal-mol™ more stable than the 1,2,4,12-isomer (analogue
of 2) and 31.16 kcamol™* more stable than the carbon-

(4) (a) Grimes, R. S. I€omprehensi Organometallic Chemistry, Abel, adjacent 1,2,3,4-isomer (analoguedpfThe results correlate
E. W., Stone, F. G. A., Wilkinson, G., Eds.; Pergamon: New York,

1984; p 459, Vol. 1. (b) Grimes, R. S. l@omprehensie Organo-

metallic Chemistry 2Wilkinson, G., Stone, F. G. A., Abel, E. W., (7) (a) Griner, B.; Sibr, B.; Kivekas, R.; Sillanpa, R.; Stopka, P.;
Eds.; Pergamon: New York, 1995; p 373, Vol. 1. Teixidor, F.; Vlras C. Chem Eur. J. 2003 9, 6115. (b) Gruer, B.;
(5) Kaloustian, M. K.; Wiersema, R. J.; Hawthorne, M.JFAm. Chem. Mikuldsek, L : Csdiova, 1.; Stibr, B. J. Organomet. Chen2004 in
Soc.1971 93, 4912. press.
(6) Garrioch, R. M.; Kuballa, P.; Low, K. S.; Rosair, G. M.; Welch A. J. (8) Griner, B.; Sibr B.; Holub J.; Csaiova |. Eur. J. Inorg. Chem2003
J. Organomet. Chenl999 575 57 and references therein. 1533.
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Scheme 4. Schematic Representation of Complexation via ci2n 7,

[Cp*RuUCly] 2
(5]
—| a) U
2+ 4 +

t-BuHN
; ; B(3)

V7N
S

R
1a 5 R=H )%W
6: R = NHtBu BN (K 3(5’ BiIO)
aKey: (a) [Cp*RUCH]2, xylene, reflux. X

nicely with the observed isomerization sequence of Scheme
2. The instability of9 is easily explained by Coulomb O HIN
repulsion among negatively charged carbon atoms, which is
apparently the main driving force of the polyhedral rear-
rangement.

The reaction of Tlawith [Cp*RuCl] in refluxing xylene Figure 1. The molecular structure d. Selected interatomic distances
also gives both compoundsand4 in 3 and 10% yields, (A): Rul-C2, 2.177(5); RutC4, 2.147(5); RuB3, 2.168(6); Rut
respectively (Scheme 4). However, this reaction in addition BS: 2.1535; Ru¥B6, 2.160(6); C12N1, 1.439(5); C13N1, 1.455(6).
generates the two 11-vertex closo complexes [1-Cp*-1,2,3,- 56 011
10-RUGBH1q (5) (yield 3%) and [1-Cp*-10BUNH— T AT
1,2,3,10-RuGB;Hs] (6) (vield 4%). The formation of com- \
plexes5 and6 seems to be a consequence of B3 removal in 56 [ 3 I/ 9,11I ) 718|
structure 4, followed by oxidative closure of the open
pentagonal face thus generated by excess of [Cp*RuCI ’ |
It should be noted that 1,2,3,4-cage isomers of the Ru 7 N
compounds and6 have also been preparéd. 56 ¢ 3/ '

Structural Studies. The structures of compour@l was | | I I 4
determined by single-crystal X-ray diffraction analysis, and
all compounds isolated were characterized'tlyand B
NMR spectroscopy, mass spectrometry, and elemental
analysis. The structure &, shown in Figure 1, confirms 3("'B), ppm

cluster constitution that is entirely analogous to that reported Figure 2. Simplified stick representation of t&8 NMR shifts and NMR

earliet for the Fe analo gus io;ﬁfalrzls&néé)ezween Fe %r;j Rudréﬁ)etallc?t{uzzazrlb(l)gld'\jzé)f E:Ioso conﬂé;;ratlons
; : o ) ,2,4,12- ¢ (compound< and3) and 1,2,4,10-MgBg (compoun

The substituted carbon atom C12 is situated in the paraands).

position with respect to the metal center while the cage
carbon atoms, C2 and C4, lie in the metal-bondeB;Gace. graphical intercomparison between tHB NMR shifts for
The Cp* and GBs; ligand planes are essentially parallel the previously reported ferratricarbollid@sand8 and those
(dihedral angle 3., adopting a semi-staggered conformation for the structurally related ruthenatricarbollid@sand 4
(torsion angle 2%). The Ru--C,Bs(centroid) distance (1.58  prepared in this work. It is clearly seen that tHB NMR
A) is slightly shorter than that in the related dicarbollide spectra of the compoun@sand3 (cluster constitutiortloso
complex [3-Cp*-3,1,2-RugBqH11] ~ (1.60 A)°while the Ru 1,2,4,12-MGBg) exhibit very similar 2:1:2:1:2 patterns, in
--Cp*(centroid) distance (1.82 A) is the same. comparison to the spectra of the cage isomeric compounds
The NMR spectra of all compounds isolated in this study 4 and 8 (cluster constitutioncloso1,2,4,10-MGBg) that
were completely assigned usingg—!'B] correlation spec-  display 2:1:1:2:2 behavior.
troscopy (COSY})" and *H—{*!B(selective)'* NMR tech- Figure 3 shows a graphical correlation of tH8 NMR

niques and are entirely in agreement with the structures gpiis for the structurally characteriz&d11-vertex iron
proposed. Simplified stick diagrams in Figure 2 show complex [1-Cpeloso,2,3,10-Fe€BsHug (10) (2:2 + 2:1
(9) Ramachandran, B. M.: Trupia, S. M.: Geiger, W. E.. Carroll, P. J. patterns) with those for the unsubstituted compo&rahd
Sneddon, L. GOrganometallic2002 21, 5078. the aminoderivativé that exhibit a very similar 2:2:2:1 or
(10) Kudinov, A. R.; Perekalin, D. S.; Rynin, S. S.; Lyssenko, K. A;; . . i i i BN
Grintselev-Knyazev, G. V.; Petrovskii, P. Y\ngew. Chem., Int. Ed. £l +.2'.2'1 pehawor. It is readily .Seen th.at the & H
2002 41, 4112. substitution in6 causes a downfield shift of th&'B11
(11 fe%dforpﬁxamplg (@) Kﬁnnegy Jk- %Mgl;'tinuzciaf(gMHR t':/las?/r\]/ .. resonance by ca. 10 ppm. The spectra of compounds of type
i ., FPlenum PFress: ew YOork, ) . utton, .Gl . .
Venable, T. L.: Grimes, R. NJ. Am. Chem.pSO(i984 106, 29. (c) 5 are consistent with a neWs symmetrycloso1,2,3,10-

Schraml, J.; Bellama, J. MIwo-Dimensional NMR Spectroscopy ~ MC3B7H;0 cage, which is isomeric to that found for the

78 |

Wiley: New York, 1982 and references therein. : :
(12) Font){aine, X. L. R.; Kennedy, J. D. Chem. Soc., Dalton Trank987, pargnt .1—Cpelosol,2,3,4—Fe@37H10]1 and its 2-substituted
1573. derivatives!®
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48 2: Method A. A mixture of [Cp*RuCl], (82 mg, 0.075 mmol)
1’ 11 | 5 and Tlha (122 mg, 0.3 mmol) in THF (5 mL) was stirred overnight
at room temperature. The resulting light-yellow solution was filtered
8,9 | 11 and evaporated to dryness in vacuo at room temperature. The
1 6 residue was dissolved in a GEl,/petroleum ether (1:2) mixture
and filtered through a thin layer (3 cm) of silica gel. The filtrate
was evaporated to dryness to give small, light-yellow crysta of
(112 mg, 85%). Alternatively, [Cp*RuCf]Jwas generated in situ
| ! ! | I | by reduction of [Cp*RuC]], (92 mg, 0.15 mmol) with Zn dust
10 0 -10 -20 -30 -40 (100 mg, excess) in THF fd. h followed by addition of Tla. For
5("'B), ppm 2. R 0.34 (hexane CH.Cl, 3:1); 'H NMR (400 MHz, CDC}, 25
Figure 3. Simplified stick representation of tHéB NMR shifts and NMR °C)02.71 (s, 1 H, H3), 2.38 (s, 2 H, H9,11), 2.20 (s, 2 H, H7,8),
comparisons betweehand its Ru analoguesand6. Data for compound 1.86 (s, 1 H, H10), 1.83 (s, 15 H, Cp* methyls), 1.81 (br.s, 2 H,
10 from ref 7b. H2,4, cage CH), 1.25 (s, 9 FBu), 2.27 (s, 1 H, NH)!B NMR
(128 MHz, CDC}, 25°C) 6 —9.3 (d, 1J(B,H) = 149 Hz, 2 B,

compounds isolated show a single-intensity resonance as-BG’ll)‘_lZ'9 (d,J(8,H) = 164 Hz, 1 B, B3)~18.6 (d,"J(B,H)
P 9 y = 171 Hz, 2 B, B9,11)21.8 (d,"J(B,H) = 156 Hz, 1 B, B10),

signed to the cage CH units. A(_:cordin_gly, the _NMR —25.7 (d,3(B,H) = 171 Hz, 2 B, B7,8):33C{*H}NMR (100.6
spectra of the 12-vertex ruthenatricarbolli®end4 display MHz, CDCh, 25°C) 92.0 (s, 5 C, Cp* ring), 62.3 (br.s, 1 C, C12),
2:1 patterns, with a remarkable downfield shift of resonances 54 6 (s, 1 C'Bu), 40.8 (br.s, 2 C, C2,4), 30.7 (s, 3'8y), 10.4 (s,
due to substituted carbon vertexes. Mass spectra of alls C, Cp* methyls); MS (70 eV, El)nz (%) 442 (44) [M}', 441
compounds display the expected molecular cutoffs in their (50) [M — H]*; C;7HssBgNRu caled. C 46.30, H 8.00, B 19.61;
parent envelops except f@& which shows fragmentation found C 46.69, H 7.80, B 19.82.
consistent with splitting off théBu group. 2: Method B. Similar reaction of [Cp*RuCl (54 mg, 0.05
In summary, we have shown that the complexation of the mmol) with NBu[8-BuNH-7,8,9-GBgHa4| (89 mg, 0.2 mmol) in
[Cp*Ru]* fragment with the substituted tricarbollide anions THF at room temperat_u_re folloyved by the isolation as described
1a and 1b proceeds easily even at room temperature and @P0ve gives2, as identified by its'H and '8 NMR spectra (86
shows close parallels to that of the [CpFajation? The M9 98%). ,
complexation is evidently directed by the steric and electronic C3|': Me:_r:odPA. AsgwuxtureoolfsNBth? (67 éng,Lo.lfSCmmlol) and
effects of the'BUNH substituent on the tricarbollide core CPre(@HeIPFs (52 mg, 0.15 mmol) in 8 mL of ChCl; was

d Its | . ivhedral . _irradiated with stirring at room temperature for 4 h, resulting in
and results in an extensive polyhedral rearrangement to giveq)q, change from yellow to orange-red. The mixture was evapo-

only a single para isome2. As in the corresponding rated to dryness, and the residue was dissolved isOGHpetroleum
ferratricarbollide serie%this isomer can be smoothly rear-  ether (1:2) mixture and filtered through a thin layer (3 cm) of silica
ranged to the more thermodynamically stable meta isomergel. The orange band was collected and evaporated to give 40 mg
4. In both isomers2 and4, the cage carbon atoms reside in  (82%) of3 as orange-red crystai4{'B} NMR (400 MHz, CDC},

1 10

Because of th€; symmetry, thetH NMR spectra of all

mutual meta positions. 25°C) 1.15 (9H,Bu), 1.24 (1H, NH) 2.03 (2H, CH-carb.), 4.52
. . (5H, Cp);1B{H}NMR (400 MHz, CDC}, 25°C) —23.30,—18.45,
Experimental Section —16.26,—14.67,—10.72 (2:1:2:1:2) (cf. ref 2).

Material and Methods. All the reactions were carried out under 3. Method B. A similar reaction between NEib (89 mg, 0.2
argon atmosphere, although the isolation of products was conducted™Mo!) and [CpFe(6He)]PFs (69 mg, 0.2 mmol) carried out as in
in air. The starting materials [Cp*RuGl“ [Cp*RuCly],5 Tl1a? the preceding experiment gave 61 mg (90%pBof
NBu,1a2 and NBulb? were prepared by literature procedures or 4 A solution of compouna (66 mg, 0.15 mmol) inm-xylene
slight modifications thereof. ProtodH), boron ¢!B), and carbon (5 mL) was heated at reflux f& h and then evaporated to dryness
(13C) NMR spectroscopy was performed on Bruker AMX-400, in vacuo. The residue was dissolved in a/CH/petroleum ether
Varian XL-500, and Varian MERCURY 400 instruments. The (1:2) mixture and eluted through a thin layer (3 cm) of silica gel.
[1B—11B] COSY! and H—{1B(selective) 12 NMR experiments The filtrate was evaporated to give a light-yellow powder of pure
were essentially as described in other related papers from our4 (48 mg, 72%). The analytically pure sample was obtained by
laboratorie$ Chemical shifts are given in ppm to high frequency ~Ccrystallization from pentane at78 °C. For4: R 0.25 (hexane
(low field) of Z = 32.083 971 MHz (nominally {B-OEt in CDCly) CH.Cl 3:1); 'H{**B} NMR (400 MHz, CDC}, 25°C) 6 3.41 (s,
for 11B (quoted+0.5 ppm) andE = 100 MHz (SiMa) for H 1 H, H9), 2.62, (s, 1 H, H3), 243 s, 2 H, H9,11), 2.45 (s, 2 H,
(quoted=0.05 ppm),E defined as in ref 17. It should be noted H6,11), 1.92 (s, 15 H, &Mes), 1.82 (s, 2 H, cage CH), 1.42 (s, 2

that compoundg and4, though stable in the solid state, are slightly H: H7.8), 1.13 (s, 9 HiBu); *‘B NMR (160 MHz, CDC}, 25 °C)
air sensitive in solutions. 6 —6.5 (d,3J(B,H) = 162 Hz, 2 B, B6,11)-11.6 (d,%J(B,H) =
~170 Hz, 1 B, B9)~12.8 (d,3J(B,H) = ~160 Hz, 1 B, B3)~18.3
(13) See, for example: Weinmann, W.: Wolf, A.; Pritzkow, H.; Siebert, (d, *J(B,H) = 171 Hz, 2 B, B9,11);-27.7 (d,*)(B,H) = 156 Hz,
W.; Barnum, B. A,; Carroll, P. J.; Sneddon, L. Grganometallics 2 B, B7,8);13C{*H} NMR (100.6 MHz, CDC}, 25°C) 93.1 (s, 5

1995 14, 1912 C, Cp* ring), 67.1 (br.s, 1 C, C10), 54.3 (s, 1'®u), 37.0 (br.s
14) F P.J.; Ward, M. D.; Cal Am. Chem. ’ o > N >
(1) F0ak g 7 Ward: M. D Calabrese, JJCAm. Chem. S0a83 5 ¢ "2 4). 30.5 (s, 3 GBU), 10.5 (s, 5 C, Cp* methyls); MS (70
(15) Tilley, T. D.; Grubbs, R. H.; Bercaw J. Bxrganometallics1984 3, eV, El), mz (%) 442 (45) [M]", 441 (50) [M — H]"; Ci7H3sBs-

274. . . . NRu (441.09) calcd. C 46.28, H 8.00; found C 45.71, H 7.68.
(16) Plegk, J.; $ibr, B.; Fontaine, X. L. R.; Kennedy, J. D.; He&nek, . . .

S.; Jelnek, T.Collect. Czech. Chem. Commur91, 56, 1618. 6: To a suspension of Tk (300 mg, 0.73 mmol) in xylene (25
(17) McFarlane WProc. R. Soc. London, Ser. ¥968 306, 185. mL), [Cp*RuCl], (225 mg, 73 mmol) was added, and the mixture
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was heated at reflux for 10 h. After the mixture was cooled to room

parameter was equal to 0.433). Thus we can conclude2tisat

temperature, the solvent was evaporated and the solid residuetwin of monoclinic crystals emulating the orthorhombic one. The

extracted by three 20-mL portions of @El,. The combined extracts

refinement of3 converged to wR2= 0.0897 and GOF= 1.071 for

were filtered, and the solvent was evaporated. The residue wasall independent reflections (R% 0.0419 was calculated agairist

dissolved in CHCI, (3 mL) and placed onto a top of a silica gel
column (1.5x 15 cm), and the dark-yellow mixture of products

for 4190 observed reflections with> 20(1)). All calculations were
performed using SHELXTL PLUS 5.0 on IBM PC A® Atomic

was eluted under nitrogen using the same solvent. Preparative thin-coordinates, bond lengths, angles, and thermal parameters have been

later chromatography separation in hexa@#1,Cl, (3:1) gave four
yellow bands R 0.75, 0.67, 0.34, and 0.25), which were mechani-
cally separated, extracted with @El,, and evaporated to obtain
yellow solids. Two compounds of higha’twere characterized as
the 11-vertex compounds(8 mg, 3%) ands (12 mg, 4%). Fob:
R: (CsHe—hexane 1:2) 0.572H{*'B} NMR (500 MHz, CDC4, 25
°C) 6 3.82 (s, 2H, H2,4, cage CH), 3.22 (H8,9), 1.79 (s, 15H, Cp*
methyls), 1.64 (s, 1H, H10, cage CH), 1.09 and 1.06 (s, 2H, H4,5
and H6,7), 0.22 (s, H11}B NMR (160 MHz, CDC}, 25°C) ¢
1.16 (d,%(B,H) = 165 Hz, 2B, B8,9),-17.2 (d,*J(B,H) = 146
Hz, 2B, B4,5),—19.6 (d,J(B,H) = 158 Hz, 2B, B6,7)-35.1 (d,
1J(B,H) = 156 Hz, 1B, B11); MS (70 eV, El)nz (%) 361 (42)
[M]*, 359 (100) [M" — 2H]. For6: Rf (CeHe—hexane 1:2) 0.52;
1H{11B} NMR (500 MHz, CDC}, 25°C) ¢ 3.72 (s, 2H, H2,3, cage
CH), 3.48 (s, 2H, H8,9), 1.78 (s, 15H, Cp* methyls), 1.45 and 1.28
(s, 2H, H4,5 and H6,7), 1.34 (s, H11), 1.06 (s, 9By); 1B NMR
(160 MHz, CDC}, 25°C) 6 —0.5 (d,%J(B,H) = 164 Hz, 2B, B8,9),
—16.2 (d,3J(B,H) = 147 Hz, 4B, B4,5,6,7);-24.9 (d,2J(B,H) =
153 Hz, 1B, B11); MS (70 eV, Elyyz (%) 377 (45) [M" — Bu
+ H]*, 374 (100) [M" — Bu — 2H]*, 359 (35) [M" — 'BuNH].
Other two compounds were identified 2¢10 mg, 3%) and! (33
mg, 10%).

X-ray Crystallographic Studies. Crystals of2 (C;7H3sBsNRu,
M = 441.01) are monoclinic, space groBg;/n, at 120 K: a =
11.886(3) A b = 11.096(3) A,c = 16.474(4) A8 = 90.044(5),
V=2172.6(10) R Z=4 (Z = 1), deaica= 1.348 g cm?, u(Mo
Ka) = 7.24 cn1?, F(000)= 912. Intensities of 13 850 reflections

deposited at the Cambridge Crystallographic Data Center (CCDC).
CCDC-245427 contains the supplementary crystallographic data
for this paper. These data can be obtained free of charge at
www.ccdc.cam.ac.uk/conts/retrieving.html or from the Cambridge
Crystallographic Data Centre, 12 Union Road, Cambridge CB2
1EZ, UK; fax+ 44-1223/336-033; e-mail deposit@ccdc.cam.ac.uk.

Calculation Details. All calculations were performed using
Gaussian 98W (Revision A7) packalfeThe geometries were
optimized at B3LYP/SDD level withCs symmetry restriction.
Frequency calculations were performed to confirm the global
minimum. Single-point energies were calculated at B3LYP/SDD
level including ZPE corrections.

Acknowledgment. This work was supported by the Grant
Agency of the Czech Republic (Grant No. 203/05/2646) and
by the program for fundamental research of the Division of
General Chemistry and Material Sciences of the RAS (Grant
No. 05-07). We thank Dr. M. G. S. Londesborough for
helpful discussion and interest in this work.

Supporting Information Available: X-ray crystallographic file
for the structure determination @fand Calculation details for three
[CpRuGBgH; 4] isomers. This material is available free of charge
via the Internet at http:/pubs.acs.org.

1C0483702

(18) SHELXTL Version 5.01; Bruker AXS, Inc.: Madison, WI, 1998.

were measured with a Smart charge-coupled device diffractometer(19) Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.; Robb,

[A(Mo Ka) = 0.71072 A o scans, 2 < 58] and 5625
independent reflectionsR;; = 0.0792] were used in further
refinement. The structure was solved by direct method and refined
by the full-matrix least-squares technique agaiét in the
anisotropie-isotropic approximation. Hydrogen atoms were located
from the Fourier synthesis and refined in the isotropic approxima-
tion. The analysis of systematic absences andRhesalue have
revealed that, despite the fact that fhangle is close to 90 the
crystal of2 is monoclinic. The account of twining law (TWIN 0 1
010000-1) lead to a significant decrease of Réactor (BASF
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Morokuma, K.; Malick, D. K.; Rabuck, A. D.; Raghavachari, K.;
Foresman, J. B.; Cioslowski, J.; Ortiz, J. V.; Stefanov, B. B.; Liu, G;
Liashenko, A.; Piskorz, P.; Komaromi, I.; Gomperts, R.; Martin, R.
L.; Fox, D. J.; Keith, T.; Al-Laham, M. A.; Peng, C. Y.; Nanayakkara,
A.; Gonzalez, C.; Challacombe, M.; Gill, P. M. W.; Johnson, B. G;
Chen, W.; Wong, M. W.; Andres, J. L.; Head-Gordon, M.; Replogle,
E. S.; Pople J. A.Gaussian 98 revision A.7; Gaussian, Inc.:
Pittsburgh, PA, 1998.
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