Clustey Mierlec .

um rof 2-Cenlre-2-c]ccl_r0n_B-B bonds, and x is the number of BH,-ynirs
‘I;'hc formula of the borane is given by B, Hy., ‘

s+tl=p !+y=p_‘7/2

s+x=q Eqn 4.2

An exercise in sfyx rules exemplified by BsH,:
. Consider a particular borane and define p and ¢

ForBsHy: P=5 q = 4.
5 Choose integral values of s between the limits 0 < ¢ < p:

ForBsHg: 0<5s<5. -
3.Solve Eqn 4.2 for each value of s: S

Fors=0. x= 4 t=5 y=-2

Fors=1, x= 3 t=4 y =]

Fors=2.  x=2 =3  y=0

Fors =3, x= 1 t=2 y=1

Fors=4, x=0 t=1 = 2

Fors=3, x=-1 =0 y=3
4. Discard solutions from (3.) which include negative values of X, t,0ry as
these are not real; (see the definitions of styx which require positive values):

For BsHg, only three solutions remain:

styx=(2302) or (3211) or (4120)

5. Interpret the real solutions of styx in terms of structural diagrams:

The possible structures deduced for BsHg are shown in Fig. 4.22. For
example, the result styx = (2302) means that there are two 3-centre-2-electron
B-H-B interactions, three 3-centre-2-electron B-B-B interactions, no 2-
centre-2-electron B-B bonds, and two BH,-units. Although it is difficult to
choose between the predicted forms, in hindsight, the experimentally
determined structure implies that (4120) is preferred.
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Fig.4.22  Structures for BsHg deduced by use of styx rules. Note that sfyx=
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(4120) leads to two valence structures.
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The isolobal principle

It is possible to convert 5
{BH"} by a {CH}-unjt b

same symmetry
and contain the same

(BH}={BR"} = (CH) = {CR}=(NR")
{BR} ={AIR} ={GaR} = {GeR*} =

{BH}= {Tr} = {Sn} = {Pb}

The isolobal principle is not restricted to p-block elements. Certain
transition metal fragments are isolobal with a {BH}-fragment and one of
these is the conical (Cj, symmetry) {M(CO);}-unit where M is a group 8
metal (Fe, Ru, or Os). The frontier MOs of the {M(CO);} unit are drawn in
Fig. 4.24. The same diagram is appropriate for Cj, {M'(CO)5*}-units (M' =
Co, Rh, or Ir), or C3, {M"(CO);"}-units (M" = Mn or Re) units.

The similarities in orbital properties between a {BH}- and C;, {M(CO);}-
fragment (M = group 8 metal) allows a {BH}-unit in.a borane cluster to be
replaced by an {M(CO);}-unit. This leads to a series of metaHr{b?mne
clusters. When applying PSEPT to a metallabor.ane compound containing an
{M(CO); }-unit (M = group 8 metal), the unit is lrealed. as a source .of two
valence electrons. Moving to the left or right of group 8 in the periodic table

1,6-isomer

where R is a one electron donor e.g. alkyl, aryl, halogen atom
{SR*} where Ris a one electron donor e.g. alkyl, aryl, halogen atom

= {N*}= {S?*} where each bare atom carries an exo-lone pair of electrons

The orientation of the ligands
attached to the metal atom affects
the number and symmetries of the
frontier MOs. An {M(CO)a}-unit is
isolobal with a {BH)-fragment if the
three carbonyl ligands define a
cone so that the fragment has C3,
symmetry.
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Emo *

Fig. 4.24

decreases or increases, respectively, the number of electrons
transition metal tricarbonyl unit, Since different exo-ligands d
numbers of electrons to the metal atom, the number of valence ¢legy

provided by a transition metal fragment for cluster bonding can a]c fong
adjusted by altering the nature of the ligands attached to the m o
indicated in Eqn 4.3, ctal ay

§ o

Tangential 2p AOs

Provided h 2
Onate diﬁ'cn:ht

sp hybrid pd hybrids
oc
H— B ocv M

oC M =Fe, Ru, Os

Comparison of the three frontier MOs of {BH}- and Cj3,, {M(CO)3}-fragments (M = group 8 metal). The fragmenz

are isolobal because the number, symmetries, and approximate energies of the orbitals are equal, and each set contains the
same number of electrons. The order of the MOs does not influence the bonding capability of the fragment.

If x=number of valence electrons provided by a transition metal fragment for cluster bonding, then:

X=v+n-12 Eqn43

where v=number of ve of the metal atom and n = number of electrons donated by the ligands.

CO is a two electron donor ligand.
PR3 is a two electron donor ligand.

An n-CH, ring is an n n-electron
donor ligand.

NO may be a one or three electron
donor ligand.

Application of Eqn 4.3 shows that the cluster unit {Os(CO);} provides 2
ve since x = (8 + 6 — 12). Similarly, {Co(PPh,),) provides | ve since x=(9 +
4 - 12), {Ni(n%-CsHs)} provides 3 ve since x = (10 + 5 — 12), and
{Rh(PPh3)(CO);} provides 3 ve since x = 9+6-12).

The isolobal principle combined with PSEPT suggests that it should be
possible o systematically replace {BH}-units in a borane cluster by, for
example, {Ru(CO)3)-units. Thus, starting from BsHo, a series of metalla-
boranes including 134H3Ru(C())3, B;3H;Ru,(CO),, and B,H¢Ru;(CO), can be
postulated. References detailing metallaboranes are listed in the further
reading list (Section 1.4).
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oron atoms, two metal atoms, or gpe bor,

> brideine hvdride interacti - it involves two b _ .
The bridging hydride interaction, whether it 1n ter, two-electron bond (see Chapter 1

and one metal atom. is best described in terms of a three-cen

Parallels with Nonmetal Chemistry: Isclobal Fragments

Many of the reactions of metal carbonyl complexes parallel closely those of Ct-‘i'litll" nonfmclal elementg
Com[;ounds. For example, the Mn(CO). fragment has 17 valence electrons, one .SI:IOI'T 9 the total n'tCtgsa _
to fulfill the 18-electron rule. It is analogous to the chlorine atom and the methyl fftf_? fddlCi‘l], each with Sey
valence electrons, one short of a noble gas configuration. The compounds and reactions of the Pentacarb, i
fragment may thus be related to similar ones for chlorine or the methyl group. All three are f'nrmally free
radicals and much of their chemistry derives from pairing the odd electron: The manganese Carbopy
normally exists as a dimer. Mn,(CO),, (cf. Cly, CyH). but it may be reduced to the anion, [Mn(CO),) (¢
CI, CHy in CH;MgX), which is the conjugate base of an acid, HMn(CO); (cf. HCI, CH,); funhermm—eq i;
will combine with other species having a single unpaired electron, for example, R* and I, to form neutr;|
molecules, RMn(CO); (cf. RCI, RCHJ) and Mn(CO),l (cf. ICI, CH;l). The three fragments may be Considereg
as electronically equivalent grmqm‘b or as isolobal fragmems.% The concept is an outgrowth of €quatin,
the Lewis octet rule of organic and main-group chemistry with the 18-electron rule of transition mety)
organometallic chemistry.’’” Of course one should not push these ideas too far. For example,
pentacarbonylhydridomanganese is a much weaker acid than is HCl, and methane is normally not consjg.
ered to be an acid at all. The isolobal formalism is more concerned with structural predictions based g
electronic similarities than with topics like polarity.

Isolobal fragments have relationships that go beyond simple electron counting. The calculated electrop
density of the MnH fragment (isolobal with Mn(CO)s, but simpler for calcuiations) may be compared with
that of the methyl radical, CH; (Fig. 18.11).

Table 18.5 lists a number of examples of transition metal fragments that are isolobal with main-group
fragments. Metal fragments with 16 electrons will behave as Group VIA (16) elements. Thus Fe(CO), may
form H,Fe(CO), (cf. H,S) and [Fe(CO)JJZ‘ (cf. S* ). Fifteen-electron fragments such as Ir(CO); are isolobdl

Table 18.5 Some isobal transition metal and main group fragments

CH, CH, CH, CH C
Ni(CO), Mn(CO); Fe(CO), Co(CO), Fe(CO);
Fe(CO); Co(CO), Cr(CO), Mn(CO), Cr(CO),
Cr((EO]ﬁ Fe(CO),Cp Ni(CO), Cr(CO},Cp Ni(CO),
CH; H Co(CO)Cp NiCp CoCp
CH; S P CH™
CH- CHy
L O CH] 3

33 Foust, A. S.; Foster M. S; Dahl, L. F .19
53 2-6 P LR S dAm Chem. Soc. 1969, 97, 5631-5633. Ellis, J. E. J. Chem. Edic

:b Hoffmann, K. Angew. Chem. Iny, Fy Engl. 1982, 27, 711-724 .

i = . " I . 2 Y =1, ' L ‘.'

;[nh;:-“::‘iif! {}:]nl:;ql;l\ I]Ihl: T?UHIIHI ,Shcrlo{:k Holmes’s explanations, seems obvious in hindsight, but it was first pn‘P‘f:

sp " Oy Halpern. It has since been elaborated by Dahl, Mine W SalgAlls sotvicly develo™

by Hoffmann, (See p 42 of Mingos, D. M. P: Johnston + viingos, Wade, and Ellis, and extensivel) o W

, . . G 1. - v : & i .-17.} »
Hlnffmann 's theoretical work in this aeL. ek of uhic: isf;ﬂl;“jf::r;.r.. Bonding ('Bert'm) 1987, .6:5, .:]qﬂ?c basis o
his Nobel laureate address (see Footnote 36). B ¢ scope of this book, that forme
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Fig. 18.11 Calculated contour diagrams for the isolobal a; orbitals of [MnH]™ (left) and (CH;) (right). The
contours are plotted in a plane passing through manganese and three hydrogen atoms and through carbon and one
hydrogen. [From Hoffmann, R. Angew. Chem. Int. Ed. Engl. 1982, 21, 711-724. Reproduced with permission.]

with CH and with Group VA (15) elements, such as phosphorus. Each of these is three electrons short of
a closed shell and each has three directed orbitals which form a triangular face. Hence the complex Ir,(CO),
is isostructural with the P, molecule (Fig. 18.12) as well as with tetrahedrane, (CH),.

Earlier in this chapter, the polynuclear carbonyl complex Os,(CO),, was referred to as an analogue of
cyclobutane. It should now be clear that the connection between the two compounds goes beyond the
fact that both possess a four-membered ring. The building blocks of the two structures, CH, and Os(CO),,
are isolobal fragments. In fact the isostructural series has been extended to include Os,(CO)4(CH,)s, which
has two Os(CO)4 and two CH, fragments in the ring, and Os(CO),(CH,),, with a ring consisting of one
05'(C0)4 and three CH, units.”® Our earlier comparison of the bridging hydrides of boron and transition
metals also could have been couched in terms of isolobality. The Lewis acids, BH, and Cr(CO)s, are isolobal
fragments, as are BH, and [HCr(CO)4]".

Less obvious than the above examples are isolobal relationships that exist between fragments which
appear to have different numbers of frontier orbitals. The addition or subtraction of H' to an organic
fragment does not change the number of electrons in its frontier orbitals. As a consequence, CH,, CHy,
and CH" are isolobal fragments. This result is less surprising if you consider that there are variety of ways
In which the carbon atom may be hybridized. It is worth noting that if two fragmenis are both isolobal
With a third, they are isolobal with each other as well.
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