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bonded.?® 'H NMR and !3C NMR resonances for the
methylene group of 7 are located at 1.98 and -2.3 ppm,
respectively. These values compare favorably with those
for the (benzofulvene)- and (fulvene)diiron hexacarbonyl
complexes, 2527

Our current work includes efforts to improve the yields
of 6, a crystal structure, and chemical studies. We will
report on these in due course.
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Summary: The synthesis and structural characterization
of the first example of a boracyclopropene ring coordi-
nated to a trimetal fragment, Fe,(CO),[C*-B(H)IC(H)C(Me)],
I, are described. The compound constitutes an example
of a cluster containing three transition metals that can
only be reasonably considered as a six-atom cluster
containing three iron, two carbon, and one boron atoms.
This particular derivative of the cluster core also consti-
tutes an example of a chiral cluster.

0(3}

Figure 1. Structure and labeling scheme of Fe,(CO)o[#*-B(H)-
C(H)C(Me)], . Atoms are shown as 30% thermal ellipsoids except
hydrogen atoms, which are drawn at a fixed radius. One of two
cryshtallographically independent but chemically similar molecules
is shown.

The relationship between main-group and transition-
metal clusters is expressed in the electron-counting for-
malism that has been developed over the past 10 or 15
years.! Although the reality of these rules lies in their
usefulness, the study of compounds containing both
transition-metal and main-group atoms in a contiguous
network serves to emphasize similarities and differences
in bonding of homonuclear clusters of atoms with and
without d valence orbitals. However, in these mixed main
group—metal systems an ambiguity often arises in the sense
that a molecule containing n metal atoms and m main-
group atoms can be equally well considered asann + m
atom cluster or an n atom cluster with a »™ ligand. Herein
we report the characterization of a molecule that can only
be reasonably considered a six-atom cluster containing
equal numbers of main-group and transition-metal atoms.

The new compound was prepared via a developing me-
thod? for the synthesis of metallaboranes and metalla-
carboranes via the reaction of organometallic compounds,
particularly those containing negatively charged ligands,
with boranes. Specifically, the new cluster was synthesized
from the reaction of [Fe(Py)g][Fe,(CO),;5)® with BH,Br-
SMe, in toluene at 75 °C for 2 h. After removal of toluene
under reduced pressure, protonation of the residues with
CF4;COOH and hexane was followed by low-temperature
chromatography. Fractional crystalization of the second
band (brown) containing mainly [HFe,(CO),,C]BH,* gave
bright red crystals of a new compound in about 5% yield.
The spectroscopic data® indicate that the compound can
be formulated as Fez(CO)o[n*-B(H)C(H)C(Me)], I. Our
approach usually produces compounds with either reduced
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Table I. Selected Bond Distances and Angles for I
(a) Bond Distances, A

Fe(1)-Fe(2) 2.605 (2) Fe(1)-B 2.010 (11)
Fe(2)-Fe(3) 2.552 (2) Fe(2)-B 2.046 (11)
Fe(1)-Fe(3) 2.586 (2) Fe(1)-C(10) 1.995 (11)
Fe(2)-C(11) 2.008 (9) Fe(3)-C(10) 2.008 (8)
Fe(3)-C(11) 2.020 (7) C(11)-C(10) 1.502 (14)
C(10)-B 1.596 (15) C(11)-B 1.597 (15)
(b) Bond Angles, deg

Fe(2)-Fe(1)-Fe(3) 589 (1) Fe(2)-Fe(1)-C(10)  74.0 (3)
Fe(3)-Fe(1)-B 77.4 (3) Fe(3)-Fe(1)-C(10)  50.0 (3)
Fe(2)-Fe(1)-B 50.6 (3) C(10)-Fe(1)-B 47.0 (4)
Fe(1)-Fe(2)-Fe(3) 60.2 (1) Fe(1)-Fe(2)-C(11) 74.0 (3)
Fe(3)-Fe(2)-C(11) 50.9 (2) C(11)-Fe(2)-B 46.4 (4)
Fe(1)-Fe(2)-B 49.4 (3) Fe(1)-Fe(3)-Fe(2) 609 (1)
Fe(3)-Fe(2)-B 77.6 (3) Fe(2)-Fe(3)-C(10) 75.0 (3)
Fe(1)-Fe(3)-C(10) 49.5 (3) Fe(1)-Fe(3)-C(11) 74.2 (3)
Fe(2)-Fe(3)-C(11) 50.3 (3) C(10)-Fe(3)-C(11) 43.8 (4)
Fe(1)-C(10)-C(11) 106.3 (7) Fe(3)-C(10)-C(11) 68.5 (4)
Fe(1)-C(10)-B 67.0 (6) Fe(3)-C(10)-B 107.0 (6)
C(11)-C(10)-B 62,0 (7) Fe(2)-C(11)-Fe(3) 78.7 (3)
Fe(2)-C(11)-C(10) 105.7 (6) Fe(3)-C(11)-C(10) 67.7 (4)
Fe(2)-C(11)-B 68.2 (5) Fe(3)-C(11)-B 106.4 (6)
Fe(1)-B-Fe(2) 79.9 (3) Fe(1)-B-C(10) 66.0 (5)
Fe(2)-B-C(10) 100.3 (6) Fe(1)-B-C(11) 101.9 (5)
Fe(2)-B-C(11) 65.4 (5) C(10)-B-C(11) 56.1 (6)

C(10)-C(11)-C(12) 124.6 (9)
Fe(3)-C(11)-C(12) 127.9 (6)
C(10)-C(11)-B 61.9 (7)

Fe(2)-C(11)-C(12) 1284 (7)
C(12)-C(11)-B 124.2 (6)

carbon® or inserted boron.” Occasionally it has yielded
compounds containing both boron and reduced carbon,
e.g., [HFe,(CO),,CIBH,* and HFe4(CO)o(H;BCH,),” but
in these cases either the boron or the carbon atom are
found in a cage substituent.

The result of X-ray crystallographic analysis has shown
that the new compound contains a typical triangular
Fey(CO), fragment apparently 7°-coordinated to a three-
membered heterocyclic ligand containing one boron atom
such that the borirene ring is almost (1.2° deviation) co-
planar with the triiron plane, thereby forming a “Star of
David” as shown in Figure 1.2 Selected bond distances
and angles for I are given in Table I.

As free trimesitylborirene has been fully characterized,?
the obvious initial way of viewing I is as a borirene ligand
bound 7® to a Feg(CO), fragment. In this regard the metal
fragment in I is not unlike that in Osg(CO)y(n®-CeHg) .10
The ring of free trimesitylborirene is an equilateral triangle
with an edge length of 1.42 A. In I the boron—carbon (1.596
(15) and 1.597 (15) A) and carbon-carbon (1.502 (14) A)
bond distances are unequal but normal for single B-C and
C-C bonds.!! Coordination of = ligands usually results

(6) Wong, K. S,; Haller, K. J.; Dutta, T. K.; Chipman, D.; Fehlner, T.
P. Inorg. Chem. 1982, 21, 3197.
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13.717 (3) A, ¢ = 15.620 (2) A, o = 104.45 (1)°, 8 = 101.61 (1)°, v = 96.63
(1)°, V = 1624.9 (5)A3, Z = 4; D(caled) = 1.927 g em™®; u(Mo Ka) = 26.86
cm™; T(max)/T(min) = 1.60; temp = 23 °C; Nicolet R3m/u, Mo Ka. Of
5955 empirically absorption-corrected data (4° < 20 < 50°) (Lamina
corrections, 3° glancing angle, face index = 010) 5326 were independent
(Ry: = 3.23%) and 3344 were observed (5¢(F,)). The structure was solved
by direct methods which located the iron atoms. Subsequent least-
squares refinement located the remaining atoms. The asymmetric unit
consists of two independent molecules, one fully ordered, the other
showing possible disorder in the B’ and C(10) sites; the thermal param-
eters and bond metrics for these atoms do not show the distinct differ-
ences seen in the molecule with unprimed atoms. All non-hydrogen atoms
were refined anisotropically, all hydrogens idealized (d(CH) = 0.96 A; Uy
= 1.2U¢). R(F) = 5.2%, R(WF) = 5.45%, GOF = 1.282, uo/u, = 7.23,
A/o(final) = 0.168, A(p) = 1.271 e A3, SHELXTL, software used for all
computation (Nicolet XRD, Madison, WI).
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109, 2536.
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in an increase in bond distances, thus, in terms of geo-
metric changes, consideration of I as a polyhapto ligand
bound to a trimetal fragment is acceptable. However, this
view of I creates a problem in counting electrons. The
Fey(CO), fragment requires six electrons to become satu-
rated, while the borirene ligand has only two electrons to
donate. Hence, I would constitute a presently unknown
example of a 44-electron trimetal cluster. While not im-
possible, one would expect to observe short Fe-Fe dis-
tances reflecting an unsaturated metal framework. On the
contrary, the observed Fe-Fe distances [2.605 (2), 2.586
(2), and 2.552 (2) A] must be considered long, if anything.

Alternatively, one notes that the core of I forms a se-
verely distorted octahedron. As the Fe(CO); fragment is
isolobal with the BH fragment, I is electronically analogous
to 1,2-C;B,Hg. 1! Further I is analogous to (CsHj;)3CosBs-
H;!? as well as Ru,(C0);,C;R..!* Hence, I can be easily
recognized as a closo cluster containing seven skeletal
electron pairs.! For this reason, it should be considered
unsaturated or “electron deficient” in the same sense that
[BgH;]? or [Rug(CO).)% is unsaturated. Consistent with
this view is the fact that the B-C and C-C distances are
very similar to those reported for 1,2-C,BHg!! and the
Fe-Fe distances are similar to those for [Feg(CO),4,C]?#.14
In fact, consideration of I as a three-member ring bound
7° to a trimetal fragment makes as much or little sense as
considering [BgHg]?~ (or [Rug(CO)y5]?%") as two [BsH;)™ (or
[Rus(CO)g]") rings bound face-to-face.’® Clearly, in the
homonuclear clusters the irreducible element of bonding
is the six-member octahedral framework. Although it is
hidden by the distorted nature of the octahedral core, the
minimal bonding element of 1, too, is a six-member closed
cage.

Further, compound I constitutes an example of a chiral
metallacarborane cluster. The first chiral clusters con-
taining a triangular array of three different metal atoms
with a capping main-group element were reported in 1980
and have considerable potential significance as mechanistic
probes and catlaysts.!” The use of chiral organometallic
complexes as enantioselective or optical induction catalysts
for asymmetric synthetic reactions has been developed in
the past two decades.!® Although the formation of the
chiral compound I was serendipitous rather than planned,
the compound now provides an example of chirality sup-
plied by the main-group portion of the cluster rather than
by ligands on the metal'® or by different metals.'® Since
each of the six vertices of I can be considered as a chiral
atom, such a cluster may be even more effective than the
monocapped trimetal cluster.’® However, before any ap-
plications of asymmetric reactivity can be envisioned, the

(11) Onak, T. In Boron Hydride Chemistry; Muetterties, E. L., Ed,;
Academic: New York, 1975; p 349.
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V. R.; Grimes, R. N. J. Am. Chem. Soc. 1976, 98, 1600.

{13) Johnson, B. F. G.; Lewis, J.; Reichert, B. E.; Schorpp, K. T.;
Sheldrick, G. M. J. Chem. Soc., Dalton Trans. 1977, 1417.

(14) Churchill, M. R.; Wormald, J. J. Chem. Soc., Dalton Trans. 1974,
2410.

(15) We have previously commented upon the usefulness of consid-
ering main-group and transition-metal atoms as constituting the cluster
cage. Fehlner, T. P.; Housecroft, C. E.; Wade, K. Organometallics 1983,
2, 1426.

(16) Richter, F.; Vahrenkamp, H. Angew. Chem., Int. Ed. Engl. 1980,
19, 65.
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18) Knowles, W. S.; Sabacky, M. J. Chem. Commun. 1968, 1445.
Special Volume on Organometallic Compounds and Optical Activity: J.
Organomet. Chem. 1989, 370. Bosnich, B. Chem. Br. 1984, 20, 808.
Aratani, T.; Yonuyoshi, Y.; Nagase, T. Tetrahedron Lett. 1977, 2599.
Otsuka, S.; Noyori, R.; et al. In Asymmetric Reactions and Processes in
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erican Chemical Society: Washington, DC, 1985; No. 185, p 186.
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optical resolution of the enatiomers of I must be achieved.
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Summary: Reaction between [Rh(n°-CsMes)Cl(u-pz)], (5),
which exhibits a “chair” conformation for the core pyra-
zolyl-bridged bimetallic unit in the crystal with Rh, sepa-
ration 4.059 (2) A, and AgBF, affords [Rh,(1°-CsMes),(u-
pz),(1-Cl)]BF, (8), in which the cation core exists in a
“boat” conformation with Rh centers 3.588 (2) A apart;
reduction (Zn/Cu) of 5 yields a purple product (7) tenta-
tively identified as [Rh(n°-CsMesXu-pz)],, the bright purple,
reactive n5-05H5 analogue 9 of which has been synthes-
ized from [Rh(n*-C;Hs)Clu-pz)], (8) and shown by using
single-crystal X-ray diffraction to possess a deeply folded
(“boat”) geometry in which Rh-Rh = 2.657 (3) A.

Concurrent activation of linked coordinatively unsatu-
rated transition-metal centers, which may mediate critical
steps in a range of natural and artificial catalytic cycles,
is an emergent area of bimetallic chemistry for which so
far only very sketchy mechanistic definition exists. We
have found that in the family of diiridium(I) complexes
(IrLiL2(u-pz)], (1, L'L? = COD, cycloocta-1,5-diene, pzH
= pyrazole; 2, L! = L2 = CQ; 3, L! = CO, L? = PPh,) the
pyrazolyl ligands are unusually flexible in bridging, ac-
commodating major alterations in intermetallic separation
along the Ir, axis.! Thus multisite redox reactions that
are accompanied by metal-metal bond formation or
fracture can proceed without disruption of the integrity
of the cyclic bimetallic core.2 Weak metal-metal inter-
actions characteristic® of binuclear structures like those
of 1-3 may act to constrain the geometry of the bridged
framework (accounting, e.g., for the conformational rigidity
of dimer 1, where COD CH, resonances remain distin-
guishable in 'H or *C NMR spectra even at elevated
temperature); but whether ring inversion facilitates for-
mation of axially substituted diiridium(II) products is not
known, although it is a logical mechanistic idea. In fact
to date the extensive redox chemistry! associated with

(1) Coleman, A. W.; Eadie, D. T.; Stobart, S. R.; Zaworotko, M. J.;
Atwood, J. L. J. Am. Chem. Soc. 1982, 104, 922.

(2) Atwood, J. L.; Beveridge, K. A.; Bushnell, G. W.; Dixon, K. R.;
Eadie, D. T.; Stobart, S. R.; Zaworotko, M. J. Inorg. Chem. 1984, 23, 4050.

Figure 1. ORTEP drawings of (top) [Rh(»5-CsMe;)Cl(u-pz)], (5)
showing the “chair” conformation about the six-membered me-
tallacycle, (middle) the cation in {{Rh(n®-CsMes)(u-pz)],(u-C)|BF,
(6) showing the “boat” conformation, and (bottom) [Rh{»%-
C:Hg)(u-pz)]s (9). Selected bond distances (A) and angles (deg;
¢ is cp ring centroid): compound 5, Rh--Rh’ 4.059 (2); CI(1)-Rh
2.399 (2); N(1)-Rh 2.105 (7); N(2)'~Rh 2.110 (7); ¢—Rh 1.782 (10);
N(1)-Rh-CI(1) 89.6 (2); N(2)’-Rh~N(1) 90.8 (2); N(2)’-Rh—Cl 88.5
(2); ¢~Rh-Rh’ 131.6 (3); compound 6, Rh--Rh’ 3,588 (2); CI-Rh
2.378 (2); N(1)-Rh 2.081 (7); N(2)’-Rh 2.101 (9); ¢-Rh 1.777 (2);
N(1)-Rh-C1 88.3 (2); Rh-Cl-Rh’ 97.9 (1); N(2)-Rh~N(1) 79.9 (2);
N(2)'-Rh-Cl 88.0(2); ¢-Rh~Rh’ 163.8 (2); compound 9, Rh(2)-
Rh(1) 2.657 (3); N(1)-Rh(1) 2.04 (3); N(3)-Rh(1) 2.06 (2); N-
(2)-Rh(2) 2.00 (2); N(4)-Rh(2) 2.02 (2); ¢(1)~Rh(1) 1.84 (3); ¢-
(2)-Rh(2) 1.83 (3); N(1)-Rh(1)-Rh(2) 70.7 (7); N(3)-Rh(1)-Rh(2)
70.7 (7); N(3)~-Rh(1)-N(1) 83.4 (9); N(2)-Rh(2)~-Rh(1) 72.4 (7);
N(4)-Rh(2)-Rh(1) 69.3 (6); N(4)-Rh(2)-N(2) 86.1 (10); ¢(1)-
Rh(1)-Rh(2) 131.7 (9); ¢(2)-Rh(2)-Rh(1) 135.2 (9). Estimated
standard deviations are given in parentheses.

compounds 1-3 has connected exclusively geometries that
exist in “boat” conformations (including those*s that afford
d5, products as cofacial bioctahedra). In examining further
the d7,:d®, redox manifold (i.e., that connecting the met-

(3) Brost, R. D.; Fjeldsted, D. O. K.; Stobart, S. R. J. Chem. Soc.,
Chem. Commun. 1989, 488.

(4) (a) Harrison, D. G.; Stobart, S. R. J. Chem. Soc., Chem. Commun.
1986, 285. (b) Brost, R. D.; Stobart, S. R. JJ. Chem. Soc., Chem. Commun.
1989, 498.

(5) Fjeldsted, D. O. K.; Stobart, S. R.; Zaworotko, M. J. J. Am. Chem.
Soc. 1985, 105, 8258.
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