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Abstract

Metalloboranes have been categorized by using 4n series method. More than one hundred metalloboranes have been
analyzed and characterized by the method. The clusters have been found to be centered within the series range S = 4n+6
to 4n-8. According to the classification, the clusters of series S= 4n+0 are mono-capped, S = 4n-2, bi-capped, S = 4n-4,
tri-capped, S = 4n-6, tetra-capped and S= 4n-8, penta-capped. Whereas the known stable boranes have almost
non-existent capped boranes, such clusters are prevalent within metalloborane complexes. This implies that metal
fragments have the potency of stabilizing the fragile capped boranes.
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1. Introduction

The Wade-Mingos rules (Wade, 1971; Mingos, 1972, 1984, 1991; Cox, et al, 1981) have widely been utilized to
categorize clusters. The 4n series method of categorizing clusters that has recently been developed (Kiremire, 2015a;
2015b) complements the PSEPT method. The method is a systematic numerical approach of electron-counting of
valence electrons in atoms, fragments, molecules and clusters. The categorization of metalloboranes using the 4n series
method is hereby presented in this paper.

2. Results and Discussion
2.1 Background to the Application of the 4n Series Method

The evolution of the 4n series method for analyzing and categorizing clusters has been discussed extensively (Kiremire,
2015a, 2015b). In this paper, the 4n series method is being extended to classification of metallaborane clusters.
Adequate examples have been provided to demonstrate the flexibility and the power of the method so as to enable the
readers to be more familiar with it. The cluster complexes used have been taken from a wide spectrum of sources but
mostly from the work by Fehlner and Grimes (Fehlner, 2002; Callahan, et al, 1974; Grimes, 1974). In addition, the vital
isolobal relationship between transition metals and main group elements will be utilized (Hoffmann, 1982; Kiremire,
2015a). The relationship is summarized below.

-10n
- 4n+q

14n+q ~
+10n

This means that the valence electrons from the transition metal fragments have to be lowered to the level of the main
group fragments by subtracting 10 unit sets of electrons. If it is one fragment, a numerical value of 10 is subtracted, for
two, 2x10, three, 3x10 and so on. It has been found much easier to work with 4n series rather than 14n series. The
cluster number k is defined as k = 2n-%2 q. In terms of categorization of clusters, S =4n+2 represents the closo cluster,
4n+4(nido), 4n+6 (arachno), 4n+8 (hypho) and 4n+10 (klapo). The capping series start from S =4n+0(mono-capped),
4n-2(bi-capped), 4n-4(tri-capped), 4n-6(tetra-capped) and so on. The proposed capping symbol which was discussed in
earlier work is Cp = C'C (mono-capped), Cp = C*C (bi-capped), Cp = C*C (tri-capped) and Cp = CC (tetra-capped)
(Kiremire, 2015b). The S = 4n+0 represents a mono-capped cluster and the symbol C* is used. For any additional +1(-2),
that is, the series S = 4n-2, we get another capping and hence an additional symbol C* is added. Thus, the series S =
4n+1(-2), the net capping symbol becomes, Cp = C'+C' = C?, and for S = 4n+3(-2) = 4n-6, Cp = C*+C3®=C*. Thus, S =
4n-6 series represents, a tetra-capped cluster. Let us consider the following examples (most of which are known from
the application of Mingo-Wades rules) as illustrations of the application of the 4n series method of categorizing clusters.

2.2 BsHy
The molecular formula is decomposed into mono-fragments with electron valence content of four. Hence, BsHy is split
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into five [BH] fragments. These fragments consist of 5 boron atoms and 5 hydrogen atoms. Since, BsHghas 5 boron
atoms and 9 hydrogen atoms, the remaining 4 hydrogen atoms will be added separately. This is summarized by the work
out below.

5[BH]—5[3+1] = 5[4+0] —»4n+0(n=5)
Balancing the hydrogen atoms: [9-5](H) = 4(H)—0+4(n=0)
S = 4n+4(n=5); Nido cluster,
k =2n-2 = 2(5)-2 =8

The skeletal shape of BsHg is shown in F-1 as a projection and F-2 as square pyramid. A diagram showing the
transformation of series into an equivalent hydrocarbon is given in Scheme 1. The skeletal shape of the hydrocarbon
analogue CsH, as an isomer corresponding to BsHg is shown in F-3. Most of the examples have been taken from an
outstanding review by Fehlner (Felner, 2002).

[C]’\

FCH = 4n+4 <_[H] e FCH = C5H4

[5]

Scheme 1. Converting a series Formula into a corresponding
Hydrocarbon molecular formula

This means that BsHs is equivalent to CsHa.

The BsHg cluster has 5 skeletal atoms M-5 and is a nido

type of cluster. Therefore, it is derived from M-6 closo cluster

which has an octahedral shape. Hence, the BsHs cluster has a square
pyramid pyramid shape with k value = 8.

F-1 F-2 F-3

2.3 C,B3H;
2[C] = 2[4+0]—4n+0(n=2)
3[BH]= 3[4+0]— 4n+0(n=3)
[7-3]1(H) = 4(H)—0+4(n=0)
S = 4n+4(n=5); Nido series, k =8

The shape will be similar to that of BsHg discussed above. Again, in this example the molecular formula has been
decomposed into mono-fragments each with valence electron content of four in line with 4n series method.
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2.4 CsHzMe,"
5[C] —»4n+0(n=5)
3H—0+3(n=0)
2Me—0+2(n=0)
Charge, g—0-1(n=0), q = charge
S = 4n+4(n=5); Nido cluster, k = 8. Therefore, CsH;Me," cluster is also expected to have a shape similar to that of BsH.
2.5 (C4H,)Fe(CO)s
1[Fe(CO);] =1[8+6]=1[14+0]—1[14+0-10]=1[4+0]—4n+0(n=1)
4[C]—4n+0(n=4)
4H—0+4(n=0)
S = 4n+4(n=5); Nido series, k =2n-2 = 2(5)-2 =8
Hence, the skeletal shape is similar to that of BsHs.
2.6 BsH;Fe,(CO)s
2[Fe(CO);]—4n+0(n=2)
3[BH]—4n+0(n=3)
[7-3](H) =4H—0+4(n=0)
S = 4n+4(n=5);
Nido cluster, k =8. Shape is similar to that of BsH,.
2.7 Fes(C)(CO)1s
5[Fe(CO);]—4n+0(n=5)
C —0+4(n=0)

S = 4n+4(n=5). The Fes(C)(CO)s cluster is member of Nido clan of clusters and its skeletal is similar to that of
BsHy cluster.

2.8 (Cp*Ir),B4Hs
2[Cp*Ir] —2[5+9]=2[14+0]—4n+0(n=2)
4[BH]—4[4+0] —4n+0(n=4)
4H —0+4(n=0)
S = 4n+4(n=6); NIDO

Fg = 4n+4(n=6)—[BH](6)+4(H) =BgH¢+4H = BgHyo. Since this is a nido cluster, its shape is related that of the nearest
closo system B;H,*~.This is in agreement to the Rudolph series (Rudolph, 1976). The cluster BgHy, has a pentagonal
pyramid shape (k = 10). The hydrocarbon equivalent is given by Fcy =[C](6)+4(H) = C¢H,4. The k value = 2n-2=2(6)-2
= 10. A sketch of the ideal skeletal shape of BgH1q is given in F-4. This is the expected ideal shape for (Cp*Ir),B,4Hs.
This is in agreement with the observed shape (Fehlner, 2002).
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Predicted shape  Observed shape

k=10 k=10

® = |ICp’

F-4  Ideal skeletal shape of (Cp*Ir)2BsHg
Two of the skeletal points (enlarged size) refer to the two IrCp* fragments.
29 (Cp*RU)zB4H8
2[Cp*RuH]—4n+0(n=2). This step involves the lowering of [14] valence electron equivalent to [4] valence electron
equivalent so as to use 4n series method of categorization.

4[BH]—4n+0(n=4)
(H)=2H—0+2

S = 4n+2(n=6); Closo series; k = 2n-1 = 2(6)-1 = 11.
Fg = 4n+2 = [BH](6)+2 = BgHs> . The closo boranes are known to be negatively charged (McGlinchey, et al, 2011).The
ideal skeletal shape of BgHg"~ is expected to be octahedral for (Cp*Ru),B,sHs. The expected skeletal shape is shown in
F-5A. However, the observed shape is a capped square pyramid (Fehlner, 2002) shown below F-5B. This is due to k
isomerism, that is, net k = k(square pyramid)+ k (capping) = 8+3 =11. This is the same as k=11 for octahedral shape.
This is in agreement with the series, thus, M-5 square pyramid has corresponding series S = 4n+4(n=5), k =2n-2
=2(5)-2 =8; and the capping fragment [BH]** has series S =4n-2(n=1), and k =2n+1 = 2(1)+1 = 3. The net cluster, Fg =
BsHo+[BH]** =BgHs = BgHg” , has a net k =8+3 = 11.

F-5 A. The expected ideal skeletal shape of (Cp*Ru)2BsHs

k=8

k=3 Netk=8+3 =11

F-5B. Sketch of Ideal observed shape of (Cp*Ru)2BaHs
2.10 Cp*Co0)B4Hs
1[Cp*Co]—1[5+9] =1[14+0]—1[14+0-10] = 1[4+0]—4n+0(n=1)
4[BH]—4n+0(n=4)
4H—0+4(n=0)
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S = 4n+4(n=5); this is a nido cluster.
Fg = 4n+4 = [BH](5)+4(H) = BsHs+4H = BsHq
Fcn =4n+4(n=5)= [C](5)+4(H) = CsH,
This cluster is expected to have a shape similar to that of BsHs.
2.11 (Cp*)WH;3B4Hg
1[Cp*WH3] =1[5+6+3]=1[14+0]—1[14+0-10] = 1[4+0]—4n+0(n=1)
4[BH]—4n+0(n=4)
4H —0+4(n=0)
S = 4n+4(n=5); this is a nido cluster. Fg = BsHy, Fcy = CsHy4, k = 8. Shape is a square pyramid
2.12 (Cp*Re),B4Hs
2[Cp*ReH;]—>2[5+7+2]=2[14+0]—4n+0(n=2)
4[BH]—4n+0(n=4)
[8- 4-4](H)—0+0
S = 4n+0(n=6)
The cluster belongs to mono-capped series.
Fg = 4n+0 = [BH](6)+0(H) = BgHs; Fcr = [C](6)+0(H) = Cs.

This is a mono-capped cluster with symbol Cp = C'C[M-5]. It is a mono-capped trigonal bipyramid (F-8A). This is in
agreement with the observed cluster 2.10 in F-8B.

Expected Observed

® — ReCp*

F-8A F-8B

F-8A. Expected ideal skeletal shape of (Cp*Re)2BsHs

F-8B. Observed ideal skeletal shape of (Cp*Re)2BsHs

2.13 (Cp*Cr),B4Hs
2[Cp*CrH3]—2[5+6+3]=2[14+0]—2[14+0-10]=2[4+0]—4n+0(n=2)
4[BH]—4[4+0]—4n+0(n=4)
[8-6-4](H)=-2(H) —0-2(n=0)
S =4n-2(n=6)

This is a bi-capped tetrahedral, Cp = C*C[M-4]. The skeletal sketch of (Cp*Cr),B,Hs is shown in F-9A. The observed
similar shape (Fehlner, 2002) is shown in F-9B.
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Cp = C2C[M-4] Cp = C2C[M-4]

‘\ i ‘I'
\l/

F-9A

Dotted lines denote capping
F-9A. Expected ideal skeletal shape of (Cp*Cr)2B4Hs

F-9B. Observed ideal skeletal shape of (Cp*Cr)2BsHs
2.14 (Cp*W)3(H)BsHs
3[Cp*WH;3]—3[5+6+3]=3[14+0] —3[14+0-10]=3[4+0]—4n+0(n=3)
8[BH]—8[3+1] =8[4+0]—4n+0(n=38)
[9-9-8](H) = -8(H)—0-8(n=0)
S =4n-8(n=11)
Cp = C'+C* = C°C[M-6]

This means the cluster is a penta-capped octahedral. The predicted skeletal sketch is shown in F-10. This is almost
similar to the observed shape (Fehlner, 2002).

Dotted lines denote capping

F-10. Sketch of ideal skeletal shape of penta-capped (Cp*W)3(H)BsHs

2.15 Cp*,Re,H,B,Hs
2(Cp*ReH,] = 2[5+7+2] = 2[14+0]—2[14+0-10]=2[4+0]—4n+0(n=2)
4[BH] = 4[3+1] = 4[4+0]—4n+0(n=4)
[10-4-4](H) = 2(H)—0+2(n=0)
S= 4n+2(n=6), Closo system.

This corresponds to BgHs> cluster which has an octahedral shape. The expected shape is sketched in F-11A and the
observed one is given in F-11B.

67



http://ijc.ccsenet.org International Journal of Chemistry \ol. 8, No. 3; 2016

® = ReCp*
e =B

F-11A F-11B
F-11A. Sketch of expected ideal skeletal shape of (Cp*Re)2(H)2B4Hs

F-11B. Sketch of the observed skeletal shape of (Cp*Re)2(H)2BaHs

2.16 Cp*,Re,BeHg
2[Cp*ReH,]=2[5+7+2]=2[14+0]=2[14+0-10] =2[4+0] —4n+0(n=2)
6[BH]= 6[3+1] =6[4-+0] —4n+0(n=6)
[6-4-6](H) = -4H—0-4(n=0)
S = 4n-4(n=8)
Cp = C3C[M-5]

This means that the cluster is expected to have an inner shape of trigonal bipyramid with three atoms in capping
positions.

The expected ideal shape tri-capped trigonal bipyramid skeletal shape is shown in F-12A. This in agreement with the
observed shape (Fehlner, 2002) of Cp*,Re,BsHs sketched in F-12B.

Cp = C3C[M-5] Cp = C3C[M-5]
® = ReCp*
e =B

F-12A F-12B

F-12A. Sketch of expected ideal skeletal shape of (Cp*Re)2BsHs

F-12B. Sketch of observed skeletal shape of (Cp*Re)2BsHs
2.17 Cp*,Re,B/H;
2[Cp*ReH,]=2[5+7+2]=2[14+0]=2[14+0-10] =2[4+0] —4n+0(n=2)
7[BH]= 7[3+1] =7[4+0] —4n+0(n=7)

[7-4-7](H) = -4H—0-4(n=0)
S = 4n-4(n=9)

Cp = C3C[M-6]

Thus, Cp*,Re,B;H; expected to be a tri-capped octahedral complex. The proposed skeletal sketch is given in F-13A.
The shape is similar to the one reported in literature (Fehlner, 2002) and its sketch is shown in F-13B.
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e = ReCp*

F-13A F-13B

F-13A. Sketch of expected ideal skeletal shape of (Cp*Re).B7H7

F-13B. Sketch of the observed skeletal shape of (Cp*Re).B7H7

2.18 Categorization of Metalloboranes

More than than one hundred metalloborane clusters were categorized using the 4n series method. The results are shown
in Tables 1 and 2. Table 2 lists mainly the capped clusters for ease of reference. The clusters form a wide range of series
starting with S =4n+6 (arachno) and ending with 4n-8 (penta-capped). The range covers eight families of clusters. This
is in contrast to the known stable boranes which comprise only of three main family groups namely, 4n+6 (arachno),
4n+4 (nido) and 4n+2 (closo) with almost no known stable capped boranes (Kiremire, 2015b). According to the 4n
series method, the capping series start at 4n+0 and progress to higher capped series. Since capping is prevalent in
metalloborane and rare in known borane clusters, it implies that metalloborane clusters indirectly stabilize and promote
the existence of fragile capped boranes which are unable to exist on their own.

69



http://ijc.ccsenet.org

International Journal of Chemistry

\ol. 8, No. 3; 2016

Table 1. Categorization of Metalloboranes

- Equivalent Equivalent
Complex Series kvalue n Value Classification  Borane Hydrocarbon
S=4n+q k=2n-(q/2) cluster cluster
Mn(co)4(BgHg) 4n+6 5 4 Arachno BsH1g C4Hg
(Cp*Ir)H,B3H- 4n+6 5 4 Arachno B4H1 C4Heg
Cp*ReH3B3Hg 4n+6 5 4 Arachno BsH1g C4Hs
Mn(CO)g(BgHg) an+4 6 4 Nido BsHg C4H,
BsHqL, 4n+8 6 5 Hypho BsHi3 CsHs
Cp*FeB4Hy; 4n+6 7 5 Arachno BsH1; CsHs
Ir(CO)Ly(B4Hg) 4n+6 7 5 Arachno BsH11 CsHg
R,C,B3Hs>~ 4n+6 7 5 Arachno BsHq1 CsHg
C,B3H; 4n+4 8 5 Nido BsHqg CsH,
(Cp*RuH),B3H-; 4n+4 8 5 Nido BsHg CsHy
Fe(CO)3B4Hg an+4 8 5 Nido BsHg CsH,4
(CpCO) B4H5 4n+4 8 5 Nido B5Hg C5H4
Fe(CO);C4H, 4n+4 8 5 Nido BsHg CsHy
(Cp*RuH),B3H; an+4 8 5 Nido BsHg CsH,4
(Cp*Co)B4Hs 4n+4 8 5 Nido BsHqg CsH,
(Cp*Co),B3H; 4n+4 8 5 Nido BsHq CsH,
[Fe(CO);],B3H; an+4 8 5 Nido BsHg CsH,4
(Cp*Rh),B3H; 4n+4 8 5 Nido BsHqg CsH,
CsHs" 4n+4 8 5 Nido BsHg CsHy
B4HgFe(CO); 4n+4 8 5 Nido BsHg CsH,4
BisMo,(CO)¢*~ 4n-4 12 5 C*C[M-2] BsH; Cs-4H
Table 1. Continued
. k Equivalent Equivalent
Complex Series value " Value Classification Borane Hydrocarbon
(CpFe)BsHyg 4n+4 10 6 Nido BeH10 CeHa
(Cp*Ir) 10 6 BeH1o CeH,
B3;H;C0,(CO)s 4n+4 Nido
(Cp*RuH),Me,C,B, 10 6 BeH10 CeHa
Hy 4n+4 Nido
(Cp*Ru), HB4H, 4n+4 10 6 Nido BsH1o CeH,
(Cp*Ir),B4Hs 4n+4 10 6 Nido BeH10 CeHa
(Cp*RuH), 10 6 BsH1o CeH,
C,B,H,Me, 4n+4 Nido
(Cp*Ir),B4Hs 4n+4 10 6 Nido BeH10 CeHa
R,C,B4H, ™ 4n+4 10 6 Nido BsHio CeH,
IrL,(CO)(BsHg) 4n+4 10 6 Nido BsH1o CeH,
CuL,BsHg 4n+4 10 6 Nido BeH10 CeHa
(Cp*RU)zB3H6CO(C 10 6 BgH1g CsH,
0O), an+4 Nido
(Cp*Co),B,H,S; 4n+4 10 6 Nido BeH10 CeHa
C,B,Hs an+4 10 6 Nido BeH1o CeH,4
(Cp*Ru),B4H1o 4n+4 10 6 Nido BsH1o CeH,
CBsHyg 4n+4 10 6 Nido BeH10 CeHa
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Table 1. Continued

>

Equivalent Equivalent

Complex Series kvalue Value Classification Borane Hydrocarbon
(Cp*Re),H,B,Hs 4n+2 11 6 Closo BeHs> CsH,
HzOSG(Co)lg 4n+2 11 6 Closo BGHGj_ CsH>
(CpCo)3B3Hs an+2 11 6 Closo BeHs CsH>
(Cp*Co),B4H,Br, 4n+2 11 6 Closo BeHs’ ™ CeH>
(Cp*Ru),B4Hs 4n+2 1 6 Closo BeHg> ™ CeH,
(Cp*Ru)3B3Hg an+2 11 6 Closo BeHs" ™ CsH>
(Cp*Ir) B3HsC0ox(CO)s 4n+2 1 6 Closo BeHs> ™ CsH,
(Cp*Ru),B,4Hs 4n+2 1 6 Closo BeHg> ™ CeH,
(CpCo)3B3H4(CO) an+2 11 6 Closo BeHg> ™ CgH,
(Cp*Co),B4Hs 4n+2 11 6 Closo BsHs’ ™ CeH>
(Cp*ReH,) (CO)B,Hg 4n+0 12 6 c'c[m-5] BsHs Cs
(CpCo),B,HsM0,(CO)g(1) 4n+0 12 6 C'C[M-5] BgHs Cs
(Cp*ReH,),B4H, 4n+0 12 6 clc[M-5] BsHs Ce
(Cp*Ru),B3H4Co(CO); 4n+0 12 6 c'c[m-5] BgsHs Cs
(Cp*Re),B4Hg 4n+0 12 6 c'c[Mm-5] BgHs Cs
(Cp*Cr),B4Hs 4n-2 13 6 C’C[M-4] BeH. Ce-2H
(Cp*Cr),B4Hg 4n-2 13 6 C*C[M-4] BesH4 Ce-2H
(Cp*Cr),(CO),B4H, 4n-4 14 6 C%C[M-3] BeH, Ce-4H
(Cp*Re),B4H, 4n-4 14 6 Cc’C[M-3] BgH, Ce-4H
. Series k n o Equivalent  Equivalent
omplex value Value Classification Borane Hydrocarbon
Co5(CO).4B,H 4n+2 13 7 Closo B/H— C;H,
(BisNi4(C)ZO)62_ 4n+2 13 7 1CIE)so , B/H~ CsH,
Cp*Co0)3B4H, 4n+0 14 7 C-C[M-6 B;H; C,
(Cp*Mo),BsHs 4n-2 15 7 C2C[M-5] B,Hs Cs-2H
(Cp*Cr),B4H;Co(CO), 4n-2 15 7 C’C[M-5] B;Hs C;-2H
(Cp*Re),BgH,Cls 4n-2 15 7 C’C[M-5] B,Hs C;-2H
(Cp*Ru)3Co(CO)s(BH)s 4n-2 15 7 C2C[M-5] B,Hs C;-2H
Me,C,B4H, 4n+4 14 8 Nido BgH1» CgH,
(Cp*Ni)4B4H, 4n+4 14 8 Nido BsH1, CgHq4
Bi,Ni,(CO)s*~ 4n+2 15 8 Closo BgHg" ™ CgH,
(CpCo0)4B4H, 4n+0 16 8 cic[m-7] BgHg Cs
(CpCo)4B4H, 4n+0 16 8 C'C[M-7] BgHs Cq
(Cp*Re),B,4H, Co,(CO)s 4n-4 18 8 C3C[M-5] BgH. Cg-4H
(Cp*Re),BgHs 4n-4 18 8 C3C[M-5] BgH. Cg-4H
(Cp*Re),BgH.Cl, 4n-4 18 8 c*C[M-5] B.H, Cg-4H
(Cp*Rh), (Co)3(CO)sBsH(CI) 4n+0 16 8 Clc[M-7] BgHs Cs
Cp*Ni);BsHs 4n+4 16 9 Nido BgHs3 CgH,
(CpNi)sCBsHs 4n+4 16 9 Nido BoHi3 CoH,
Bi3Nig(CO)s*~ 4n+0 18 9 c'c[m-8] BgHs Co
(Cp*Re),B7Hy 4n+0 18 9 c'c[m-8] BgH, Co
(Cp*Re),B7H; 4n-4 20 9 C*C[M-6] BoHs Cq-4H
. k n Equivalent Equivalent
Complex Series value Value Classification %orane Hy?]lrocarbon
(CsHg)RUBgH* ™ 4n+2 19 10 Closo BioHio™ CioH,
(CsHg)RUBgH, 4n+0 20 10 c'c[m-9] BioH1o Cuo
(CpCo)3BH;Co(CO), 4n+0 20 10 c'c[M-9] BioH1o Cuo
(Cp*Co)4BeHs 4n+0 20 10 C1C[M-9] BigH19 Co
(Cp*RU)Z(CeHG)RUB7H7 4n-2 21 10 CZC[M'8] B1gHg Cqo-2H
(Cp*RU)z(CGHG)RUB7H7 4n-2 21 10 CZC[M-B] BlOHS C10-2H
(Cp*Re),BgHs 4n-4 22 10 C¥C[M-7] BioHs Cio-4H
BuHi 4n+4 20 11 Nido B11His CuH,4
|r(Co)(L2)(S)BgH10 an+4 20 11 Nido ByiHss CuHa
BioH1 TIMe?™ 4n+4 20 1 Nido ByHis CuHa
(Cp*Re),BsH, 4n-4 24 1 c3c[M-8] ByH; Cu-4H
(Cp*W)3HBgH;g 4n-8 26 1 C°C[M-6] ByHs Cy-8H
(CpNi),ByoH 1o 4n+2 23 12 Closo BoHy ™ CyH,
(Cp*Re),B1oH10 4n-4 26 12 c3c[M-9] BiHs Cp-4H
(Cp*Re)zBloHlo 4n-4 26 12 CSC[M'Q] BioHg Cq-4H
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Table 1. Continued

Series k n Equivalent Equivalent
Complex value Value Classification Borane Hydrocarbon
(Cp*Co),B4H¢ an+2 11 6 Closo BsHs" CsH>
(Cp*ReH,) (CO)B,Hg 4n+0 12 6 cic[m-5] BsHs Cs
(CpCo),B,HsMo0,(CO)4(1) 4n+0 12 6 c!c[M-5] BeHs Cs
(Cp*ReH,),B4H, 4n+0 12 6 C'C[M-5] BeHs Cs
(Cp*Ru),B3H,Co(CO); 4n+0 12 6 cic[Mm-5] BeHs Ce
(Cp*Re),BsHs 4n+0 12 6 c!Cc[M-5] BeHs Cs
(Cp*Cr),B4Hg 4n-2 13 6 C*C[M-4] BeHa Ce-2H
(Cp*Cr),B,Hs 4n-2 13 6 C’C[M-4] BeH. Ce-2H
(Cp*Cr),(CO),B4H, 4n-4 14 6 cic[Mm-3] BeH> Ce-4H
(Cp*Re),B4H, 4n-4 14 6 C3C[M-3] BeH, Ce-4H
(Cp*Co)3B4H,4 4n+0 14 7 cic[m-6] B;H-, C,
(Cp*Mo0),BsHq 4n-2 15 7 C*C[M-5] B;Hs C,-2H
(Cp*Cr),B,4H;Co(CO); 4n-2 15 7 C*C[M-5] B;Hs C,-2H
(Cp*Re),BgH,Cls 4n-2 15 7 C’C[M-5] B;Hs C,-2H
(Cp*Ru)3Co(CO)3(BH)4 4n-2 15 7 C?C[M-5] B;Hs C,-2H
(CpCo)4B4H, 4n+0 16 8 cic[M-7] BgHs Cq
(CpCo)4B,4H, 4n+0 16 8 cicm-7 BgHs Cs
(Cp*Re),B4H, Co,(CO)s 4n-4 18 8 C3C[M-5] BgH, Cg-4H
(Cp*Re),BgHs 4n-4 18 8 C3C[M-5] BgHa Cg-4H
(Cp*Re),BgH.Cl, 4n-4 18 8 c’c[M-5] B4H, Cg-4H
(Cp*Rh), (C0)3(CO)sB3H(CI) 4n+0 16 8 C!C[M-7] BsHs Cs
Table 2. Display of mainly capped series
Series k n o Equivalent Equivalent

Complex value Value Classification Borane Hydrocarbon
(Cp*Re),B;Hy 4n+0 18 9 clc[M-8] BoHq Cy
(Cp*Re),B;H; 4n-4 20 9 cC[M-6] BgHs Ce-4H
(CeHg)RUBgHq 4n+0 20 10 cic[m-9] BioH1o Cuo
(CpC0)3BGH7CO(CO)2 4n+0 20 10 ClC[M-Q] B1gH1o Cuwo
(Cp*Co0)4BeHs 4n+0 20 10 C1C[M-9] BigH1o Cio
(Cp*Ru),(CgHg)RUB;H; 4n-2 21 10 C’C[M-8] BioHs Cyo-2H
(Cp*RU)Z(CeHG)RUB7H7 4n-2 21 10 CZC[M'B] BqoHg Cqo-2H
(Cp*Re),BgHs 4n-4 22 10 cic[M-7] BioHs Cyo-4H
(Cp*Re),BsH, 4n-4 24 1 cic[Mm-8] BuH; Cu-4H
(Cp*W)3HBgHg 4n-8 26 1 C°C[M-6] BuHs Cy-8H
(CpNi),ByoH 1o 4n+2 23 12 Closo BioHy ™ CyH,
(Cp*Re),B1oH10 4n-4 26 12 cic[M-9] Bi,Hs Cy-4H
(Cp*Re),ByoH10 4n-4 26 12 c%Cc[M-9] ByoHs Cy,-4H

3. Conclusion

Capped clusters are relatively common among transition metal carbonyl complexes. On the other hand, such capped
clusters are rare in stable borane clusters. In this work, by using the 4n series method, it has been found that capped
clusters are prevalent in metalloborane complexes. The capped clusters ranged from 4n+0 to 4n-8 series. This clearly
illustrates the fact that metal fragments have a tendency of stabilizing the fragile capped boranes. The 4n series method
is extremely useful in categorizing skeletal atoms, molecules, fragments and clusters.
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