FULL PAPER

DOI: 10.1002/chem.200800233

Reductive Degradation of nido-1-CBgH,, into Smaller-Cage Carborane
Systems via New Monocarbaboranes [arachno-5-CBgH,;]™ and closo-2-

CB.H,
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Abstract: Treatment of the nido-1-
CBgH;, (1) carborane with NaBH, in
THF at ambient temperature led to the
isolation of the stable [arachno-5-
CBgH3]™ (27), which was isolated as
Na*+[5-CBgH,;] ~1.5THF and PPh,*[5-
CBgH,;]™ in almost quantitative yield.
Compound 2~ underwent a boron-deg-
radation reaction with concentrated hy-
drochloric acid to afford the arachno-4-
CB,H;; (3) carborane in 70% yield,
whereas reaction between 2~ and

THF gave the [closo-2-CB¢H,]~ (47) in
66 % yield. Protonation of the Cs*4~
salt with concentrated H,SO, or
CF;COOH in CH,Cl, afforded a new,
highly volatile 2-CB¢Hg (4) carborane
in 95% yield, the deprotonation of
which with Et;N in CH,Cl, leads quan-
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titatively to Et;NH*[2-CBH,|
(Et;NH*4"). Both compounds 4~ and 4
can be deboronated through treatment
with concentrated hydrochloric acid in
CH,(I, to yield the carbahexaborane
nido-2-CBsH, (5) in 60% yield. New
compounds 27, 3, and 4 were structur-
ally characterised by the ab initio/
GIAO/MP2/NMR method. The
method gave superior results to those
carried out using GIAO-HF when re-
lating the calculated "B NMR chemical

i ) anes
excess phenyl acetylene in refluxing

Introduction

Recent developments in the chemistry of monocarbabor-
anes, namely the degradative carbon insertion into decabor-
ane(14), have led to improved synthetic routes to the nine-
vertex monocarbaboranes [closo-4-CBgH,|™, nido-1-CBgH,,,
arachno-4-CBgH,,, and their C-phenyl analogues.”! Encour-
aged by these developments, we have just recently set for
systematic studies in the chemistry of nido-1-CBgH,,. Al-
though this carborane has been known for thirty years,”! not
too much work on this interesting species has so far been re-
ported. This compound has been used as a starting material
for the synthesis of the closo anions [1-CB¢H,|”, [1-
CB,H;]™, and [4-CBgHy]™ and ligand (L) derivatives 6-L-
arachno-5-CBgH,,.**! In this work we report an extension
of the 1-CB3H,, chemistry that resulted in a high-yield prep-
aration of new carboranes [arachno-5-CBgH;]™ and closo-2-
CB¢H; together with new syntheses of carboranes [closo-2-

[a] Dr. M. Bakardjiev, Dr. J. Holub, Dr. D. Hnyk, Prof. Dr. B. Stibr
Institute of Inorganic Chemistry
Academy of Sciences of the Czech Republic
CZ-250 68, Rez, (The Czech Republic)
Fax: (4420)220-941-502
E-mail: stibr@iic.cas.cz

Chem. Eur. J. 2008, 14, 6529 -6533

© 2008 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

shifts to experimental data.

CBH;]™, nido-2-CBsH,, and arachno-4-CB,;H,;. The synthe-
ses are based on reductive degradation of the 1-CBgH;, cage
and significantly extend the area of monocarbaborane
chemistry.

Results and Discussion

Syntheses: Treatment of the nido-1-CBgH,, (1) carborane!™!
with NaBH, in THF at ambient temperature for 2 h, fol-
lowed by evaporation of the volatile materials led to the iso-
lation of a new, stable borane [arachno-5-CBgH;;]~ (27,
Scheme 1 path a), which was isolated as its sodium salt
(THF solvate), Na*[5-CBgH,;]-1.5THF, (Na*2 -1.5THF),
in practically quantitative yield. Precipitation of the sodium
salt with aqueous PPh,Cl afforded PPh,*[5-CBgH;]” in
95 % yield as a white solid. The formation of 2™ is in agree-
ment with the stoichiometry of Equation (1):

1-CB¢H,, + BH,” + THF — [5-CB¢H,;]” + THF - BH,
1 2

The most probable mechanism of this simple reaction con-
sists in the H™ attack at the B2 vertex in 1, which results in
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Scheme 1. Reductive degradation of the nido-1-CBgH;, (1) cage.
a) NaBH,/THF, RT; b) conc. H,SO,/CH,Cl,, 0°C; c) Na* salt, aq. HCl/

CH,Cl,; d) excess PhC,H/THF, reflux; e) Cs* salt, F;CCOOH or conc.
H,SO,/CH,Cl,; f) Et;N/CH,Cl,; g) and h) aq. HCI/CH,ClL,.

opening of the p-H2,3 bridge and formation of two BH,
units in positions 2 and 4 (for numbering see Figure 1) of

Figure 1. The structure of the [arachno-5-CBgH 5]~ (27) as optimized at
the RMP2(fc)/6-31G* level. Selected bond lengths [A] and bond angles
[°]: B4—C5 1.658, B4-B9 2.023, B8—B9 1.789, B4—C5—B6 114.3, C5—B4—
B9 99.6, B7-B8—B9 105.2.

the cluster. The reaction in Equation (1) represents an ex-
ample of nido—arachno conversion and is similar to that re-
ported for the formation of the ligand derivatives 4-L-arach-
no-5-CBgH,,.”!

The acidification of 2 (Na* or PPh, salts) with concen-
trated H,SO, in CH,Cl, at 0°C (Scheme 1 path b) resulted
in hydrogen evolution and formation of carborane 1 in
~90% yield [Eq. (2)]:

[5'CB8H13]7 + H+ — 1'CB8H12 + H2
2" 1 @

In contrast to the reaction in Equation (2), similar treat-
ment with concentrated aqueous HCIl (Scheme 1 path c) af-
forded the previously reported® carborane arachno-4-
CB;H,; (3) in 70% yield [Eq. (3)]:

[5-CBsH;]” + H;O0" +2H,0 — 4-CB,H;; + B(OH); + H,
2 3
(3)
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Scheme 1 suggests that the formation of the eight-vertex
carborane 3 is consistent with hydrolytic removal of one
BH, vertex (4 or 6) from structure 2. For further reactions,
it is more convenient to use the CH,Cl, solution of com-
pound 3 as it is obtained from the synthesis, owing to rela-
tively high volatility of this carborane. No doubt that this
synthesis is much more convenient than the previously re-
ported multistep procedure.[®

The synthesis shown in path d) of Scheme 1 is very inter-
esting and useful. The reaction between 2~ (generated in
situ in the reaction in Equation (1)) and excess phenyl acet-
ylene in refluxing THF for 6 h, followed by evaporation,
precipitation with aqueous PPh,Cl, and crystallization gave
the [closo-2-CB¢H,] (47) in 66 % yield [Eq. (4)]:

[5-CBgH,3]” + 2PhC,H — [2-CBgH,|~ + 2 {PhCH=CHBH, }

2 4 not isolated

)

Mechanistically, the reaction is in agreement with removal
of the B4 and B6 vertices from structure 2, followed by clo-
sure of the rest of the skeleton through the connecting atom
B5 with C7, B8, and B9. The two vertices are most probably
removed as BH; groups via hydroboration of the phenyl
acetylene,” but the {PhCH=CHBH,} hydroboration product
was not isolated and its fate was not further traced as it was
unimportant for the isolation of 4. Nevertheless, the reac-
tion in Equation (4) represents undoubtedly the best access
to the so far hardly available®! 4~ and a considerable im-
provement of the recently published method.”

Protonation of the Cs*4~ salt with concentrated H,SO, or
CF;COOH in CH,CI, afforded the isolatable conjugated
acid, a new carborane 2-CB4H;g (4, Scheme 1 path e), in a
yield of 95% as a highly volatile material. Here again, for
further reactions with 4, it is more convenient to use the
CH,(CI, solution of compound 4 obtained directly in the syn-
thesis. Deprotonation of carborane 4 with Et;N in CH,Cl,
(Scheme 1 path f) then leads quantitatively to Et;NH™' [2-
CB¢H,]” (Et;NH"4").

Paths g) and h) of Scheme 1 show that neither the seven-
vertex 4 nor the neutral 4 are stable towards acid hydroly-
sis. Reactions of both Cs*4~ and 4 with concentrated hydro-
chloric acid in CH,Cl, (RT, 4 h) resulted in the “decapita-
tion” of the B1 vertex under the formation of the previously
reported® carbahexaborane nido-2-CBsH, (5) in 60% yield
as a sole product:

[2-CB¢H,;]” + H;O" +2H,0 — 2-CBs;H, + B(OH); + H,
4 5
)
The best preparation of carborane 5 thus far reported
(19% yield) is based on treatment of an anion obtained

from the reaction between Me,NBH, and closo-2,5-C,B¢Hg
with HCL. The reaction also yields methylated derivatives of
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5 and pure products must be isolated by gas chromatogra-
phy.®l In contrast, the procedure according to Equation (5)
is clean and, therefore, improves substantially the access and
availability to this carborane. Other procedures are much
less convenient, e.g., just 2.4% of 5 originates from the py-
rolysis of 1,2-dimethylpentaborane(9).”)

NMR spectroscopy: The known compounds 3, 4, and §
were identified by "B NMR spectroscopy'*** and the miss-
ing '"H NMR data for carboranes 3 and 5 were completed
and updated. All 'B and 'H NMR resonances were interre-
lated by [M'B-"B]-COSY!" and 'H-{''B(selective)}'!! NMR
spectroscopy, which led to the complete assignments of all
signals to individual BH cluster vertices. In accord with the
C, symmetry structure (see Scheme 1 and Figure 1), the
B NMR spectrum of 2~ consists of 2:1:2:1 patterns of dou-
blets and one intensity 2 triplet as a result of the two equiva-
lent BH, vertices at the B4,6 sites. The 'B NMR spectrum
of the C,-symmetry compound 4 shows 2:2:2 patterns of
doublets, of which the second, assigned to positions B4,5 as-
sociated with the bridging hydrogen atom, is markedly
broadened owing to the coupling to this bridge. The spec-
trum shows notable similarity to that of 47, the most re-
markable difference is the upfield shift (=9 ppm) of the
B4,5 resonance.

The 'H-{"'"B} NMR spectrum of 2~ shows four 2:1:2:1 sin-
glets assigned to BH units in positions H7,9, H8, H1,2, and
H3, one singlet of the cage CHS unit, two singlets of intensi-
ty 2 attributed to exo and endo components of the two iden-
tical cage BH, groups in 4,6 positions together with one
high-field singlet of intensity 2 owed to the two identical B—
H—B bridges. The spectrum of the neutral carborane 4 ex-
hibits one singlet of the cage CH unit, three singlets of in-
tensity 2 assigned to BH units at the H3,6, H4,5, and H1,7
sites together with a broader singlet in an exceptionally low-
field (4.10 ppm) owed to the bridging p-H4,5 hydrogen.

Geometry optimization and magnetic property calculations:
The optimized geometries of compounds 27, 3, and 4 at the
at the RMP2(fc)/6-31G* level are shown in Figure 1,
Figure 2, Figure 3. The RMP2(fc)/6-31G" geometry of 5 has

Figure 2. The structure of arachno-4-CB;H,; (3) as optimized at the
RMP2(fc)/6-31G" level. Selected bond lengths [A] and bond angles [°]:
B5-B6 1.980, B1-B3 1.808, C4—B5 1.782, C4-B1 1.687, B1-C4-B5
117.0, B8—B7—B6 108.7.
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Figure 3. The structure of closo-2-CBsHg (4) as optimized at the
RMP2(fc)/6-31G” level. Selected bond lengths [A] and bond angles [°]:
B4—-B5 1.701, B3—B4 1.664, C2—B3 1.528, C2-B1 1.696, B4—B5-B6
105.5, B6—C2—B3 115.7.

been already reported.’?! The structure of 2~ is consistent
with a Ci-symmetry nine-vertex arachno cluster containing
two BH, vertices and two bridging hydrogen atoms symmet-
rically arranged along the symmetry plane intersecting the
C5, B3, and B8 atoms and bisecting the B1-B2 bonding
vector. The structure of compound 4 optimized as a Ci-sym-
metry cluster is similar to that of 4~ but with boron atoms
B4 and BS5 spanned by a conventional hydrogen bridge.
Comparison between the "B shifts calculated at the GIAO-
MP2/II//RMP2(fc)/6-31G* level and the corresponding ex-
perimental data for all compounds™™ revealed a very good
agreement (see the Experimental Section), which can be
taken as a proof of correct structure design. The same com-
parison between experimental and calculated “C shifts is
less satisfactory, but falls within usual limits.

Conclusion

This paper is a targeted continuation the previously report-
ed boron-degradation sequence nido-B,H,,— [arachno-6-
CBoH,,] " —arachno-4-CBgH,,—nido-1-CBgH,,, We have
now demonstrated that this system demolition game can be
extended in the nido-1-CBgH;,—[arachno-5-CBgH;;]"—
arachno-4-CB,H,;—[closo-2-CB¢H,]| —closo-2-CB;Hg—

nido-2-CBsHy manner, with the overall loss of five boron
atoms from the original decaborane cage. A key step in
these syntheses is based on the reduction of 1-CBgH;, to the
new, stable [5-CBgH;3]~, which is isomeric with the previous-
ly reported,™"! [4-CBgH,5]”. An important aspect of the
work is a relatively facile access to the so far hardly avail-
able**¥ eight, seven and six-vertex carboranes 4-CB,H,s,
[2-CB4H,]~, and 2-CBsH,. Moreover, two of the compounds
of the series, [5-CBgH;;]” and 2-CB¢Hjg, are new carboranes,
which demonstrates that there are still reasonable chances
for the isolation of new-type skeletons in the area of cluster-
boron chemistry. There is no doubt that the compounds iso-
lated in this study will be employed soon by a vast commun-
ity of chemists as substrates for substitution reactions and
various metallacarborane syntheses. Of special importance
might be the use of the now readily available closo [2-
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CB¢H;]™ as a new ligand in the closely watched area of
weakly coordinating anions.?”!

Experimental Section

General procedures: All reactions were carried out with the use of stan-
dard vacuum or inert-atmosphere techniques as described by Shriver,'¥
although some operations, such as column LC, were carried out in air.
The starting carborane 1 was prepared according to the literature.!?!
THF was distilled over sodium diphenylketyl; dichloromethane and
hexane were dried over CaH, and freshly distilled before use. Other
chemicals were of reagent or analytical grade and were used as pur-
chased. Analytical TLC was carried out on Silufol (silica gel on alumi-
num foil; detection by I, vapour, followed by 2% aqueous AgNO;
spray). Low-resolution mass spectra were obtained by using a Finnigan
MAT Magnum ion-trap quadrupole mass spectrometer equipped with a
heated inlet option, as developed by Spectronex AG, Basel, Switzerland
(70 eV, EI ionisation). '"H and "B NMR spectroscopy was performed at
9.4T by means of a Varian Mercury 400 instrument. The ["B-"B]-
COSY!"! and 'H-{""B(selective)}''! NMR experiments were made essen-
tially as described earlier.”’ Chemical shifts are given in ppm to high-fre-
quency (low field) of £=32.083971 MHz (nominally F;B-OEt, in CDCl,)
for "B (quoted £0.5ppm), £=25.144 MHz (SiMe,) for *C (quoted
+0.5 ppm), and £=100 MHz (SiMe,) for 'H (quoted +0.05 ppm), Z is
defined as in ref. [15] and the solvent resonances were used as internal
secondary standards.

Synthesis of [arachno-5-CBgH,;]~ (27): A solution of compound 1
(250 mg, 2.26 mmol) in THF (20 mL) was treated with NaBH, (100 mg,
2.64 mmol) under stirring at room temperature for 2 h. The mixture was
filtered and the volatile materials were removed from the filtrate by
evaporation. The residue was vacuum dried at ambient temperature for
12 h to obtain Na*27-1.5THF (538 mg, 98 %), which was analyzed by in-
tegrated NMR spectroscopy. The sodium salt can be converted into Cs*
or PPh,* salts (yields 90 and 95 %, respectively) by dissolution in water
and precipitation with aqueous CsCl or PPh,;Cl. The white precipitates
thus obtained were isolated by filtration, washed by water, and dried in
vacuo.

Analysis of PPh,t27: R; 022 (3% MeCN/CH,CL); m.p. 290°C;
"B NMR (128.3 MHz, CDCl,, 25°C): 6=2.1 (d, 'J(B,H)=140 Hz, 2B;
B7,9), —0.9 (d, J(B,H)=128 Hz, 'J(B,B)=18 Hz, 1B; BS8), —6.1 (d, 'J-
(BH)=143Hz, 2B; B1;2), -27.0 (t, J(BH)=119Hz, 2B; B46),
—57.2 ppm (d, 'J(B,H)=147 Hz, 1B; B3), all theoretical [''B-""B]-COSY
cross-peaks observed, except for B7-B8 and B8—B9; 6(''B).uq (GIAO-
MP2/1I//RMP2(fc)/6-31G") =14 (B7,9), —2.5 (B8), —5.3 (B1,2), —26.8
(B4,6), —58.9 ppm (B3); 'H-{"B} NMR (400 MHz, CDCl;, 25°C): 6=
3.17 (s, 1H; H8), 2.91 (s, 2H; H7.,9), 2.31 (s, 2H; H1,2), 1.05 (s, 2H; exo-
H4,6), 0.65 (s, 1H; H5), 0.51 (s, 2H; endo-H4,6), —0.89 (s, 1H; H3),
—2.01 ppm (s, 2H; pH7,8/8,9); “C{'H} NMR (100.6 MHz, CDCl,, 25°C):
0=10.7 ppm; O(*C)eaed (GIAO-MP2/II//RMP2(fc)/6-31G")=13.6 ppm
(CS5); elemental analysis calcd (%) for C,sHsyBgP (451.04): C 66.57, H
7.37; found: C 65.38 H 7.02.

Synthesis of arachno-4-CB;H,; (3): A mixture Na*27.1.5 THF (243 mg,
1 mmol) and CH,Cl, (20 mL) was treated with conc. hydrochloric acid
(2 mL) under stirring and cooling at 0°C for 2 h. The CH,Cl, layer was
separated, dried with MgSO,, and filtered through a short layer of silica.
Evaporation of the filtrate under high vacuum at —15°C gave 71 mg,
(70%) of compound 3, which was isolated as a semisolid white material.
Owing to the relatively high volatility and air sensitivity of 3, it is better
to use the filtered CH,Cl, solution of compound 3 for further use.

Analysis of 3: "B NMR (128.3 MHz, CDCl,, 25°C): 6=8.5 (d, 'J(B,H)=
161 Hz, 1B; B7), 3.5 (d, J(BH)=155Hz, 1B; B6), —0.4 (d, J(BH)=
151 Hz, 1B; B3), —5.8 (d, J(BH)=~155Hz 1B; B1), —6.6 (d, 'J-
(BH)=~155Hz, 1B; B8), —150 (t, J(BH)=131Hz, 1B; BS),
—55.3 ppm (d, 'J(B,H)=156 Hz, 1B; B2), all theoretical [''B-""B]-COSY
cross-peaks observed, except for B3-B8; O("'B)qe (GIAO-MP2/11/
RMP2(fc)/6-31G") =9.2 (B7), 3.8 (B6), —1.2 (B3), —3.5 (B1), —7.0 (BS),
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—12.2 (BS5), —55.4 ppm (B2); 'H-{""B} NMR (400 MHz, CDCl,, 25°C):
0=3.80 (s, 1H; H7), 3.53 (s, 1H; H5), 3.39 (s, 1H; H3), 2.99 (s, 1H; H1),
2.52 (s, 1H; H8), 2.18 (s, 2H; exo and endo-HS5), 0.64 (s, 2H; exo and
endo-H4), —0.35 (s, 1H; H2), —1.03 (s, 1H; p-H3,8), —1.81 (s, 1H; p-
H6,7), —2.19 ppm (s, 1H; p-H7,8); “C{'H} NMR (100.6 MHz, CDCl,,
25°C): 6=-168ppm (C4); 0("C)uea (GIAO-MP2/II//RMP2(fc)/6-
31G")=-12.2 ppm (C4).

Synthesis of [closo-2-CB¢H;]~ (47): Phenyl acetylene (1615 mg,
15.8 mmol) was added to the filtered THF solution of Na*2~ salt ob-
tained in the first experiment and the mixture was heated at reflux for
72 h. The solvents were then evaporated and the residue digested with
CH,Cl, (20 mL) and water (20 mL) under cooling. The aqueous layer
was then precipitated with CsCl (863 mg, 2.3 mmol) under cooling at 0°C
to isolate (323 mg, 66 % based on 1 used) of Cs*¥4~, which was dried in
vacuo and identified by NMR spectroscopy as reported earlier.

Closo-2-CB¢Hg (4) and its re-conversion to 4 : A suspension of Cs*4~
(300 mg, 1.38 mmol) in CH,Cl, (20 mL) was treated with F;CCOOH
(160 mg, 1.40 mmol) at 0°C for 2 h under stirring. The mixture was fil-
tered through a short layer of silica and then fractionated between
—78°C and —196°C traps. The —78°C trap contained 111 mg (95%) of
compound 4, which was isolated as a white semisolid material. Owing to
the very high volatility and air sensitivity of 4, it is better to use the fil-
tered CH,Cl, solution of compound 4 for further use. Treatment of this
solution with a slight excess of triethylamine, followed by evaporation
and drying in vacuo led to the isolation of EG;NH*4™ (252 mg, 98 %).

Analysis of 4: R; (hexane) 0.1 ; "B NMR (128.3 MHz, CDCl,, 25°C): 6=
3.5 (d, J(B,H)=187 Hz, 2B; B3,6), 9.4 (d, 'J(B,H)=143 Hz, 2B; B4.5),
—22.8ppm (d, J(BH)=174 Hz, 2B; B1,7), all theoretical [''B-'B]-
COSY cross-peaks observed; O("B)oa (GIAO-MP2/II/RMP2(fc)/6-
31G")=32 (B3,6), —11.9 (B45), —232ppm (B1.7); 'H{"B}NMR
(400 MHz, CDCl;, 25°C): 0=5.39 (s, 1H; H2), 4.67 (s, 2H; H3,6), 4.45 (s,
2H; H4,5), 410 (s, 1H; p-H4,5), —0.32 ppm (s, 2H; H1,7). MS: m/z:
(%)=86 (68, [M]*), 85 (100, [M—H]*); “C{'H} NMR (100.6 MHz,
CDCl;, 25°C): 6=60.1 ppm (C2); 6(**C).yea (GIAO-MP2/II//RMP2(fc)/6-
31G")=65.3 ppm (C2).

Synthesis of nido-2-CBsH, (5): A suspension of Cs*4~ (300 mg,
1.38 mmol) in CH,Cl, (20 mL) was treated with with conc. hydrochloric
acid (2 mL) under stirring and cooling at 0°C for 4 h. The CH,Cl, layer
was separated, dried with MgSO, and filtered trough a short layer of
silica. Fractionation between —78°C and —196°C traps gave 62 mg
(60%) of compound 5 which was isolated as a white semisolid material
from the —78°C trap. Owing to the very high volatility and air sensitivity
of 5, it is better to use the filtered CH,Cl, solution of compound 5 for
further use.

Analysis of 5: R; (hexane) 0.15 ; "B NMR (128.3 MHz, CDCl,, 25°C):
0=15.7 (dd, 'J(B,H) =162 Hz, 'J(B,u-H) =31 Hz, 2B; B3,6), —4.9 (dd, 'J-
(B,H) =156 Hz, 'J(B,u-H) =22 Hz, 'J(B,B) =18 Hz, 2B; B4,5), —53.2 ppm
(d, 'J(B,H)=165 Hz, 2B; B1), all theoretical [''B-""B]-COSY cross-peaks
observed; O("B)ae (GIAO-MP2/II//RMP2(fc)/6-31G")=15.6 (B3.6),
—4.8 (B4,5), —54.5 (B1); '"H{"'B} NMR (400 MHz, CDCl,, 25°C): 6 =5.43
(s, 1H; H2), 450 (s, 2H; H3,6), 3.46 (s, 2H; H4,5), —0.26 (s, 1H; p-
H4,5), —1.09 (s, 1H; H1), —2.16 ppm (s, 2H; p-H34 and 5,);
BC{'H} NMR (100.6 MHz, CDCl,, 25°C): 6=101.3 ppm (C2); 6(**C)cyiea
(GIAO-MP2/1I//RMP2(fc)/6-31G") =110.6 ppm (C2).

Geometry optimization and magnetic property calculations: Both initial
geometry optimizations (under symmetry restrictions as mentioned
above) of 27, 3, and 4 and the corresponding frequency calculations were
performed at a Hartree-Fock level of theory using a basis set of 6-
31G".1" The latter calculations determined the nature of the stationary
points. The minima were characterised with zero imaginary frequencies.
The final geometry optimizations of these clusters were run at the
RMP2(fc)/6-31G* level and the results are shown in Figure 1, Figure 2,
Figure 3. The calculations used the Gaussian03 program package!'”! and
were performed on a Fujitsu-Siemens PC. The latter geometries were
used for calculations of chemical shieldings. They were calculated first at
a SCF level with the GIAO method and employed the II Huzinaga basis
set.'™ The final level of the computations of chemical shieldings was
GIAO-MP2 with the same basis set.
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