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ABSTRACT

The relative stabilities of the closo-carboranes i soelectronic with the bo-
rane B H, > were evaluated at the RHF/6-31G* and D95V** level and
B3LYP/6-31G* and D95V** |evel by comparing their relative energies.
Starting with the mono-closoborane, CB. H. -the sequential replacement
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of BH groupsby aC unit led to the di- the tri- and the tetra-closocarborane.
All the possible positional isomers were investigated and further the fre-
quency calculation was run to filter the unstable isomers.
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INTRODUCTION
Theeleven-vertex polyhedral boraneB, ,H,,* has
been of interest dueto itsremarkabl efluxional behav-
iorinsolution™4. Studieshavedso been carried out on
the closo-carboranes related to the borane B H, *
these carboraneshave polyhedral structureswith trian-
gular faced®8. Among 11-vertex closo-carboranes, the
carboraneswith oneandtwo carbonsi.e, CB, H,,-and
C,B,H,, have been studied theoretically'"#. Five posi-
tional isomersarepossiblefor CB, H. -, but only one
isomer i.e., 2- CB, H,,~ has been synthesized” and
characterized by *B NM R, Accordingto empirica
valencerules of Williamgd™ carbon preferssitewith
lower connectivity, so the order of stability should be
2-CB,H,/>10-CB,H,,>8-CB H, >5CB H,
>1-CB, H,,” asthe second and third positions have
thelowest coordination number amongal thepostions.
Thispositioniscoordinated to five other atoms, posi-
tion one hasthe highest coordination number of seven
and al other sites have acoordination number of Six.

Schleyer et al [ performed optimization on al thefive
isomers mentioned above but could obtain only four of
them astheoptimization of oneof theisomer 5-CB, H,
ledtothemost stableformi.e., 2-CB, H,,". Frequency
ca culation performed by them showed that only three
out of thefour wereloca minima, and one of theiso-
mer 1-CB_ H, - possessed animaginary frequency.
Dicarborane 2,3-C B,H,, has also been synthe-
sized® but has not been characterized by X-ray crys-
tallography asthe compound formsanisotropic plastic
mesophase at room temperature!®. However two X-
ray structuresareavailablefor thesubstituted C B .H, :
onefor 2,3-Me,-2,3-C B H " and the other for 10-
Br-4,7-(OH),-2,3-Me,-2,3-C B _H ¥ the molecules
possessthesame symmetry as2,3-C B H,,. Thestruc-
ture of molecule 2,3-C,B H, , hasbeen optimized by
Schleyer and Najafianl at RMP2/6-31G* level, by
Mackieet al.[* using M P2/6-311+G* method and by
Kononovaet d® at DFT B3LY P/6-311++G** |evel.
According to Kononova and co-workerst®

monocarborane species 2-CB, H, .- though possess-
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ing 2n+2 electronsfor skeletal bonding lacksfour two-
center B-B bonds and according to them cannot be
regarded asagenuineddtahedrd closo-carborane. This
speciesishowever fluxional in nature™ asshown by
its*B NMR spectrain solutionwhichisaveraged. The
reason for fluxionality being the absence of two-center
B-B bonds. But the molecule 2,3-C,B.H,, isfound
not to befluxiona®. In literature work on only two
carboranes i.e., the monocarboranes and the
dicarboranes of B,,H,,> have been reported. In the
present work wetried to investigate the carboranesiso-
electronicwith B, H,,* and having threeand four car-
bonsi.e, C.B,H, andC,B_H..
COMPUTATIONAL METHODS

Geometry optimization of al the polyhedral struc-

tureswith molecular formul aBllHllz' andthair corre-
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sponding carboraneswere carried out using 6-31G*
and D95V ** basissetsat RHF and B3LY Plevelsus-
ing Gaussian 98W software package®. Thenature of
each stationary point was probed by analytical fre-
guency calculations. (Single point calcul ations of the
geometriesoptimized at B3LY P/6-31G** level were
asodoneat MP4D, MP4SDQ and MP2 levelsto see
any sgnificant changeintheenergetic.)Singlepoint (SP)
cd culationswered so doneat thegeometriesoptimized
at theB3LY P/6-31G** level at theMP4D, MPASDQ
and MP2 levelsto seeif any significant changeinthe
energeticsisobserved.

RESULTSAND DISCUSSION
In literature two carboranes have been reported

oneinwhichone B—H unitisreplaced by carbonand
the second in which two B—H units are replaced by

d)
Figurel: Sructuresof stableformsof CB, H, " (a) 2-CB, H " (b) 10-CB, H (c) 8-CB, H (d) 1-CB, H
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carbons corresponding to the formulaCB, H,,- and
C,B,H,,, but in thiswork we studied two more iso-
electronic speciesof B | H,,#, containing threeand four
carbons, with the formulaC_B,H, and C,B.H, and
previously studied CB, H,," and CB,H,, were also
reinvestigated.

CB,H,

100 11

All of fivepositiona isomerspossiblefor theabove
monocarboranei.e., isomersin which the carbon oc-
cupiestheposition 1, position 2, position 4, position 8
and position 10 (referenceframestructure (a) Figure
1) wereoptimized.

According to theempirical valenceruleof Will-
iamg*¥ the carbon prefersthe sitewith lower connec-
tivity, according to which the order of stability should
follow the trend 2-CB, H - >10-CB, H,~ > 8-
CB,H,;>5-CB H, ~>1-CB, H, . Ourcaculations
onthedifferent possibleisomersof CB gavethe
following order of stability

TABLE 1: Energiesof different formsof CB, H, "inkcal/
mol using different basissetsat Hartree-Fock level

10|_| 11

Relative energies Relative energies

ISOmer cal/mol) at 6-31G* (kcal/mol) at DI5V**
2-CBroHr 0.00 0.00
10-CBugHhy 2212 22,64
8-CBgHy 24.05 4105
1-CByoHyy 46.02 45.87

TABLE 2: Energiesof different formsof CB, H, "inkcal/
mol using different basissetsat B3LY Plevel

Relative energies Relative energies

Isomery cal/mol) at 6-31G* (kcal/mol) at 6-31G*
2-CBugHar 0.00 0.00
10-CBygHhy 19.10 19.31
8-CBugHiy 20.77 24.07
1-CByoH1r 38.47 38.15

2-CBH, >10-CB,H, ~>8CBH ~>1-CBH,

Thisorder issame as predicted by empirical va-
lenceruleof Williams. Inthiswork we obtai ned four

TABLE4.1: Energiesof different formsof CBH

positional isomersof the monocarboraneCB, H,,-out

of which the carborane 1-CB, H. - correspcl)ondléd to
C,, symmetry and possesses oneimaginary frequency
at Hartree-Fock level and isdsoleast stable; however
on6-31G*/B3LY Plevd itisseento beatrueminimum
on the PES. All other isomers of CB, H, - are true
minimaon al thebasissetsand level sstudied and cor-

respondsto C_symmetry. Figure 1 showsall thestable
TABLE 2.1 : Single point energies of different forms of

CB,H,, in kcal/mol using different basis setsat geometry
optimized at B3LYPlevel
2-CByHi 10-CByHiy 8-CByHy 1-CBiygHyr'
MP4D/6-31G* 0.00 0.00 0.00 0.00
MP4SDQ/6-31G*  12.90 12.93 12.80 12.90
MP2/6-31G* 40.06 39.24 39.78 40.06

TABLE 3: Energiesof different formsof C.BH, inkcal/mol
using different basissetsat RHF level

Relative energies Relative energies

lsomery calimol) at 6-31G*  (kcal/mol) at DI5V**
2.3-CBaHn 0.00 0.00
2.9-C,BgH, 20.09 20.72
2,10-CBeHn 21.98 23.00
2.4-C,BgHy, 38.42 39,52
8,9-C,BgHu, 4526 46.85
5,6-C,BgHi; 4575 4612
2,6-CoBaHy 56.78 50.31
10,11-C,BoHy; 57.55 59.49

TABLE 4: Energiesof different formsof C .BH,, inkcal/mol
usingdifferent basissetsat B3LYPlevel

Relative energies Relative energies

| somer (kcal/mol) at 6-1G*  (kcal/mol) DI5V**
2.3-CBoHn 0.00 0.00
2.9-C,BoHiy 17.32 17.79
2,10-CBeHy 18.89 19.58
2.4-C,BgH1 31.70 33.87
8,9-C,BoHi; 30.83 4115
5,6-C,BoH1; 40.96 4234
2,6-CoBoHiy 23,57 12.92
10,11-C,BoHy; 50.96 52.50

in kcal/mol using different basissetsat RHF level

2,3-CoBgH1i; 2,9-CBeHiy 2,10-CoBgHir 24-CoBgHin 8,9-CBgHuy  5,6-CoBgHin 2,6-CoBoHi; 10,11-CoBgHyy
MP4D/6-31G* 6.14 12.93 0.00 0.00 0.00 0.00 0.00 0.00
MPASDQ/6-31G* 0.00 0.00 13.15 1352 1251 12.57 12.77 12.97
MP2/6-31G* 26.82 2743 39.68 39.51 40.16 40.38 40.45 38.42
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Figure2: Structuresof stableformsof C,BH , (a) 2,3-C,BH,, (b) 29-CBH,, (c)2,10-CBH,, (d) 24-CBH, (e) 8,9-

C,BH,(f)56-CBH, (0)1011-CBH (h)26CBH,

279 'n 279 1 279 1

isomers of CB, H,,". The isomer 4-CB, H,,” when
optimized converged to the most stableformi.e., 2-
CB, H,,. Theenergiesof al theisomersobtained are

reported inthe TABLES 1 and 2 respectively at RHF

TABLES: Energiesof different formsof C_.B,H, inkcal/mal
using different basissetsat RHF level

Relativeenergies Reélative energies
| somer

(kcal/mal) (kcal/mal)
1,2,6- C3BgH10 0.00 0.00
2,3,10-C3BgH1 0.01 184
1,2,9-CsBgHy0 30.54 30.88
6,5,10-C3BgH1o 30.32 31.80

and B3LY Pleves, number of imaginary frequencies
shownin parenthesis. It is observed that the choi ce of
basi s set or thelevel doesnot ater the stability of the

different formsof themolecul eCBlOH "

TABLE 6: Energiesof different formsof C B H, inkcal/mol

378 10

usingdifferent basissetsat B3LYPlevel

Relativeenergies Relative energies

| somer (kcal/mol) (kcal/mol)
1.2,6-CoBgHo 0.00 0.00
2.3,10-CsBgHao 272 163
1,2,9-CoBgHio 30.74 30.63
6,5,10-CsBsH1o 31.44 3154
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Figure3: Sructuresof stableformsof C3B8H10 (a) 1,2,6-
C3B8H10(c) 1,2,9-C3B8H10(d) 6,5,10-C3B8H 10

CBH

279 11

Therearetwenty possibleisomerspossiblefor the
dicarborane C,B,H,,, but only 2,3-C B H,, hasbeen
isolated and synthesized. According to therule of to-
pologicd chargestabilization*” thefour most stableiso-
mers of CBH, , arethe 2,3-CBH,, 2,10-CBH,
2,6-CB,H,, and2,9-C B H,, andtheseisomershave
thefollowing order of stability
2,3-CBH, >210-CBH, >26-CBH >29-CBH

279 11 279 11 279 1 279 1

Gimarc and Ott*® reported the energies of the
abovefour isomersof C,B.H,, using STO-3G basis
set. Wereinvestigated these four isomersalongwith
the other possibleisomersof C,B.H,, andfound eight
stableforms, other forms having either converged to
oneof these stableformsor werefound to beunstable
onthe PES and are not reported here.

The energies of stable forms are reported in the
TABLE 3and 4 respectively at the RHF and B3LY P
level. In our calculations we found the isomer 2,3-
C,B,H,, to be most stablein accord to that found by
Gimarc and Ott. Regarding theisomer 2,6-CBH,
boththelevel sgivesdifferent results, accordingto RHF
itisof quite high energy and comes second last inthe
stability ordering, but at B3LY Plevelsboth thebasis
sets shows thisisomer to be on different positionin

stability order. At DO5V* * thisisomer ismost stable
Phtisical CHEMISTRY  commm—

after 2,3-C BH, ,, but at 6-31G* it comes at fourth
postion after 2,10-C B,H,, instability. Figure 2 shows
thestableisomersof C B.H. .. Thestahility order at two

. 279 1
levesisasfollows
At RHF levd

23-CBH, >29-CBH, >210-CBH,, >

24-CBH, >89-CBH, >56CBH, >26
C,BH, > 10,11-C,BH

279 1 279 1

At B3LYP/6-31G* level
2,3-CBH,, > 29-CBH, > 2,10-CBH,, >

279 1

2,6-CB,H, >2,4-CBH, > 89-CBH, > 56
C,BH,, > 10,11-C B H

279 11 279 1

At B3LYP/DI5V** |evel
2,3-CBH,, >26CBH, >29-CBH, >
2,10-CBH, > 24CBH, >89CBH, >56

279 1 9 11 229 11
CB,H,>1011-CBH,,
CBgHy,

In literature work only two carboranes i.e., the
monocarboranesand thedicarboranesof B H,,* have
been reported. Inthe present work wetried to investi-
gatethe carboranesisoelectronicwith B, H,, > and hav-
ing threeand four carbons. Among variouspossibleiso-
mersof C,B,H, only four werefoundto beminimaon
thepotentia energy surface. All other had oneor more
imaginary frequencies. Theisomer2,3,5-C.B.H, on
optimization convergedto morestableformi.e, 1,2,6-
C,BH,,.

Theenergiesof thestableisomersobtained at RHF
and B3LY Plevelsarereportedinthe TABLES5and 6
respectively.

The observed order of stability isasfollows:
1,2,6-CBH, >2310-CBH > 129-CBH, > 65,10-

378 10 378 10 378 10

CBH

378 10

Theisomer 1,2,6-CB,H, isthemost stableamong
al thefour stableisomersfound for thiscarborane. This
sequenceremainsunchanged by the choice of basisset
andthelevd. Figure 3 showsthefour stableisomers.

TABLE 7: Energiesof different formsof C,B_H,in kcal/mol
using different basissetsat RHF level

Relativeenergies Relative energies

| somer at 6-31G* at D95V**
(kcal/mol) (kcal/mol)
2,3,4,10-C,B/Hqy 0.00 0.00
1,3,7,10-C,B7Hg 38.60 38.87
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TABLE 8: Energiesof different formsof C,B_H,in kcal/mol
using different basissetsat B3LY Plevel

Relative energies Relative energies

| somer at 6-31G* (kcal/mal)
(kcal/mal) at D95V**
2,3,4,10-C,B;Hq 0.00 0.00
2,7,10,11-C,B;Hq 36.33 35.92

TABLE 8.1: Single point calculated energies of different

forms of C,B,H, in kcal/mol using different basis sets at

geometry optimized at B3LY Plevel

2,34,10-C,B;Hy 2,7,10,11-C,B/Hg

MP4D/6-31G* 0.88 0.00
MP4SDQ/6-31G* 11.65 11.91
MP2/6-31G* 37.88 35.83

(a) ()

(e) (d)
Figure4: Sructuresof stableformsof C B_H, (a) 2,3,4,10-
C,BH,(b)2,7,10,11-C B H,

CB.H

4-7 9

Thetetracarborane C,B_H, isalso being studied
for thefirst timeasno earlier calculations or experi-
mental work has been reported on this system. Only
two stableformsof thisisomer havebeen found, whose
energiesat theRHF and B3LY Plevelsarereportedin
the TABLES 7 and 8. Figure 4 represents the geom-
etriesof theseisomers. Isomer 2,3,4,10-C B_H, isthe
stableoneandtheotheri.g, 1,3,7,10-C,B_H, ishigher
in energy. Choiceof basis setsand thelevel does not
ater thestability of theisomers.

Singlepoint caculationsat MP4D, MPASDQ and

—= Pyl Peper

MP2levelshavea so been donefor al structures opti-
mized at theB3LY Plevel usingthe6-31G** basisset.
Therelativeenergies(inkca mol™) obtained are sum-
marized for al thestructures.

CONCLUSION

Four different closo- carboranesisoe ectronicwith
B,,H,,> wereinvestigated. Four stable positional iso-
mers were obtained for the monocarborane, the en-
ergy sequence remained the same at both RHF and
DFT level. Whilefor thedicarborane earlier studies
showsonly four stableisomersat STO-3G level, on
reinvestigation eight stableisomers of the samewere
obtained but the energy sequence differsat the RHF
and DFT levels. The carboranes having three and four
carbonswered soinvestigated and four and two stable

isomersrespectively wereobtained for them.
HIGHLIGHTS

Inthis piece of work, investigation has been per-
formed on four different carboranesof B, H,,* closo
borane and thefindings shows somenew isomersother
than those found in earlier studies. Out of the four
carboranesstudiedinthiswork two (i.e., C.B,H, and
C,B_H,) arestudied for thefirst time. New stableiso-
mers have been found for the carboranes studied ear-
lieri.e., themonocarborane CB, H, “and dicarborane
CBH

279 117
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