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Carbon cluster (C.) substituents have been shown to be of essential importance in C.:--C. distance, rotational
energy barriers, and “'B{*H} NMR chemical shift values in mixed pyrrolyl/dicarbollide cobalt complexes. In the
present work, the influence of electronic properties of exo-cluster substituents upon redox potential values associated
to the metallic central atom in mixed pyrrolyl/dicarbollide and dimethylpyrrolyl/dicarbollide cobalt complexes is
discussed. With that purpose, two new neutral sandwich species, closo-[3-Co(#7°-NCy(CHs),H2)-1,2-(CeHs)o-1,2-
C2BgHy] (2) and closo-[3-Co(#75-NCy(CHa),Ha)-1-CH3-2-SCHa-1,2-C,BgHg] (3), have been synthesized and characterized
by 'H, B, *B{'H}, and **C{'H} NMR and IR spectroscopies, elemental analysis, and X-ray diffraction analysis.
The redox potential (Ey) of these complexes has been measured in nonpolar media and compared to values
obtained for previously reported mixed complexes, incorporating alkyl, phenyl, thiophenyl, and thiomethyl exo-
cluster substituents. The potential shift arising from the effect of these substituents has been discussed in terms
of individual and average contribution. This last point is in the case of two identical substituting groups placed on
both C. atoms, in which the contribution of the second introduced substituent has shown to be lower than that for
the first one. The potential shift arising from the presence of methyl units on the pyrrolyl anion has also been
determined.

Introduction Ni(1V), 25 Cu(ll),t Cu(lll),® and Cr(lllY have been reported.

Ferrocene-like sandwich complexes containing exclusively OnlY the @ cations obey the 18 electron rule, the Fe(ll),
dicarbollide moiety [GBoH:1]?" ligands or their derivatives ~ CO(II), and Ni(IV) should be the more stable, and of these,
have been known since the discovery by Hawthorne and co-the Co(lll) is reported to be the more robéieutral mixed
workers of [Fe(GBeHi1);]~.! Examples with first row sandwich complexes incorporating the well-knowrr(amd
transition metals such as Fe(F)Co(lll),2® Ni(ll),24  [C2BsHul*" were reported also a long time ago, and
examples with Fe(Il1},Co(lll),%2 and Ni(lll)° are described.
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produce high vyields. In 1996, the first mixed complex
incorporating one pyrrolyl and one dicarbollide units, [3-Co-
(7>-NC4H4)-1,2-GBgH11] (1), was reported by our research

group!® Since then, several derivatives with substituting
groups either on the positions of the pyrrolyl unit and/or

on the cluster carbon atoms & have been reported along

with more efficient methods of syntheses. It has been proven

that the G-+-C. distance'l® the rotation energy barriet3?
and the''B NMR chemical shifts'¢ are dependent on the
nature of the substituting groups.

With the aim of discovering the influence of substituents

on the half wave potentialE,) associated with the redox

Co(lll)/Co(ll) processes, we carried out an exhaustive study

on several substituted cobaltabisdicarbollide complékks.

was found there that the presence of aromatic groups an
sulfur atoms directly bonded to the carborane cages produce

a displacement dE;;; to more positive values. Therefore, a
way to modulate thek;;, was possible in highly stable
compounds. Th&;, value for the couple Co(ll1)/Co(ll) was,

however, found at very reducing potentials; for example, [Co-

(C:BgH11)2] /[Co(CBgH11),]?~ was found at—1.028 V
versus Ag/AgCI/[N(GHo)4CI (acetonitrile) 0.1 M. The

reason for this highly negative potential was the negative

nature of the Co(lll) species and the capacity offeH 1]~
to stabilize high oxidation states.

Mixed sandwich complexes with one dicarbollide and one

mononegativer ligand would, expectedly, shift thE,,, to

more positive potential values. In the aim to disclose if
additive contributions by substituting groups are applicable

S
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Scheme 1. Synthesis of [3-Cof>-NCy(CHz)2H2)-1-11-2-Rp-1,2-GBgHg]

CH;
N

CH3

Rz

electrochemically in noncoordinating solvents. With the aim
of performing an exhaustive study and obtaining trustworthy
data of the individual contribution of each substituting group,
different already known compounds have also been stud-
ied: [3-Co>-NC4H,)-1-CeHs-1,2-GBgH 1] (4), [3-Cof;°-
NC4H,)-1-CHs-1,2-GBgH10]*? (5), [3-Co(>-NCyH4)-1,2-

g
AL

Nz

1) K[NC4(CH;):H,]

2) CoCly
THF

d(CH3)2-1,2-CngH9]lZd (6), [3-Co@>-NC4H4)-1,2-(CH)s-1,2-

CoBgHg)*24(7), [3-C0o(7>-NCysH4)-1,2-(SCH),-1,2-GBgHg] *1?

(8), and [3-C0ﬁ5-NC4H4)-1,2-(SQH5)2-1,2-CZBQH9]11b (9)
For the purpose of studying the influence of alkyl groups
on the a positions of the pyrrolyl unit, the following
compounds have also been synthesized following reported
methods: [3-Cof>-NCy(CHs);H,)-1,2-GBgH11]*%¢ (10), [3-Co-
(7°-NC4(CHz),H2)-1-CHs-1,2-GBgH1] 24 (11), [3-Co(7°>-N-
C4(CHs)2H2)-1,2-(CH)2-1,2-GBgHo] 19 (12), [3-Co(@>-NC;-
(CHg)2Hp)-1-CeHs-1,2-GBgH10] *2¢ (13), [3-Co(7>-NCy(CHs),-
H,)-1,2-(CH)s-1,2-GBgHg] ¢ (14), [3-Co(7>-NC4(CHs),H>)-
1,2-(SQH5)2-1,2-C289H9]llc (15), and [3-C0t]5-NC4(CH3)2H2)-
1,2-(SCH),-1,2-GBgHg]*1¢ (16).

Results and Discussion

in neutral mixed sandwich complexes, we have undertaken Synthesis of Complexes 2 and 3he synthesis o2 and
this work on the readily available, one pot synthesis, pyrrolyl/ 3 (Scheme 1) was carried out following the general one-pot

dicarbollide cobalt complexes.

method described befot@The pyrrolyl derivative potassium

For purposes of comparison, and considering the peculiarsalt is used both as a nucleophile and as a base; thus,K[NC

cage influence of phenyl derivativés,two new mixed

(CHj3)H;] was added to THF solutions of 1,2+ds).-1,2-

sandwich complexes incorporating one dimethylpyrrolyl unit C2BioHio and 1-CH-2-SCH;-1,2-GBioHio, respectively.

and one dicarbollide unit, [3-C9f-NC4(CHs).H,)-1,2-
(CeHs)z-l,Z-CngHg] (2) and [3-CO{75-NC4(CH3)2H2)-1-C|‘|3-

After 4 h atreflux, anhydrous CoGlwas added, and the
reactions were refluxed for 48 h more. After purification

2-SCHs-1,2-GBgHy] (3), have been synthesized. These two Using chromatographic methods, compougdznd 3 were
compounds, whose molecular structures have been deterobtained.
mined by X-ray diffraction analysis, have been characterized The B, H, BC{'H} NMR spectra of2 showed the
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absence of symmetry in the molecule. This is the first
example of generated asymmetry in solution found in this
class of mixed sandwich complexes where, expectedy,
symmetry should have been found.

X-ray Diffraction Studies. Description of the Struc-
tures. From saturated solutions d and 3 in dichlo-
romethane/hexane (1:1) mixtures, good crystals were grown
for X-ray diffraction analysis. Molecular structuresand
3 are presented in Figures 1 and 2, and crystallographic data
are summarized in Table 1. Selected bond distances are
presented in Table 2. The N atom of the pyrrolyl ligand in
3is bisecting the C1 and C2 atoms of the dicarbollide. This
kind of N orientation is preferred for pyrrolyl/cobalt(ll1)/
dicarbollide complexes. Supporting the NMR solution data,
these data indicate that the nitrogeriis oriented between
C1 and B4 atoms. Crystallographically, this is not the first
example, as in some compounds with bulky substituents at
the cluster carbons, [3-C@{NCsH4)-1,2-(SGHs),-1,2-
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Figure 1. ORTEP drawing otloso{3-Co(#>-NC4(CHs)2H2)-1,2-(GHs)2-
1,2-GBgHg] (2).

Figure 2. ORTEP drawing ofcloso{3-Co(#>-NC4(CHs),Hy)-1-CHs-2-
SCHs-1,2-GBgHg] (3).

Table 1. Crystallographic Data and Structural Refinement Details for
€los0{3-Co(7°-NC4(CHs)2H2)-1,2-(GsHs)2-1,2-G:BgHg] (2) and
closo{3-Co(73-NC4(CHz)zH2)-1-CHs-2-SCH-1,2-GBgHg] (3)

empirical formula GoH27BsCoN CoH23B9CoONS
fw 437.65 345.57

cryst syst monoclinic orthorhombic
space group Cc P22:2;

a(h) 12.7326(11) 13.376(3)

b (A) 11.891(2) 14.877(6)
c(A) 15.0701(9) 8.5667(17)

p (deg) 103.170(5) 90

V (A3) 2221.6(5) 1704.7(9)

z 4 4

T(°C) 21 21

2 (A) 0.71069 0.71069

o (g cn3) 1.309 1.346
u(cmy) 7.81 11.15

GOF 1.081 1.088

RI3[I > 20(1)] 0.0357 0.0476
WR2[I > 20(1)] 0.0794 0.0991

Flack parametex -0.01(2) 0.48(3)

AR1=Y[|Fo| — IFcl/3IFol. PWR2= F[W(Fo? — FA2 1/ 3 [W(Fo?)? V2

CngHg]llb and [3-CO(]5-NC4(CH3)2H2)-1,2-(SQH5)2-1,2-
C,BgHg], ¢ the nitrogen atom is oriented as f2r Had the
N in 2 presented a similar orientation as3na significant

Table 2. Selected Interatomic Distances (A) and Angles (deg)2for
and3

Co3-C1 2.051(5) 2.034(4)
Co03-C2 2.036(5) 2.032(4)
C03-N13 2.097(5) 2.109(3)
ci-c2 2.022(7) 1.773(5)
C1-B4 1.694(8) 1.692(6)
C2-B7 1.689(8) 1.712(6)
C2-C1-B4 105.3(4) 110.1(3)
C1-C2-B7 105.4(4) 109.8(3)
C1-B4-BS8 110.2(4) 106.6(3)
C2-B7-B8 110.0(4) 106.7(3)
C14-N13-C17 107.5(5) 105.0(3)

Table 3. Influence of Substituents oy, Values of [3-Cof>-NC4Hy)-
1,2-GBgH14] Derivatives with Identical Substituents on Both Stoms?

cmpd R E/V EV EwdV  |AEIN
1 H— -159.5 —356.5 —258.0  197.0
6 CHs— —2400 —330.0 —285.0 90.0
7 —(CH)s—  —2580 —328.0 —293.0 70.0
8 —SCHs -83.0 -1580 —120.5 75.0
9 —SGCHs -530 —1320 —925 79.0

3E; andE; are forward and return potential valuds,,, the half wave
potential (E1 + E)/2), andAE, the potential shift between forward and
return potentialsE, — Ej).

got a value of 70.7(N13 is turned 2.8from the midpoint
of C1—-B4 bond toward C1, and the rotamer is a staggered
one).

The C1-C2 distance of 2.022(7) A iis markedly longer
than the distance of 1.919(6) A in [3-GB{NC,H,)-1,2-
(SCHy)2-1,2-GBgHg]% and the 1.864(5) A distance found
in [3-Co(75-NCyH,)-1,2-(SGHs)-1,2-GBgHg).%¢ The exist-
ence of methyl units on the pyrrolyl perturb the disposition
of the two phenyl rings, and these cannot relax to a vertical-
parallel dispositior® Steric repulsion forces the carbon atoms
to move apart. Substituents at pyrrolyl ring do not directly
influence the C+C2 distance. This is shown by the €1
C2 distances 1.864(5) and 1.864(7) A found in [3-45e(
NC4H4)-1,2-(SQH5)2-1,2-0289H9]llb and [3'C0(]5'NC4'
(CH3)2H,)-1,2-(SGHs)-1,2-GBgHg], ¢ respectively.

Do the Substituents Significantly Influence the Redox
Properties of These Mixed Cobalt Complexesdn the
present work, a large number of structurally similar mixed
complexes was studied with the aim to provide not only a
qualitative but also a quantitative value of the influence of
distinct substituting groups o, half wave potential,
calculated as the average value between oxidation and
reduction wave potentials. The study was carried out by
means of cyclic voltammetry in a standard double compart-
ment-three electrode cell, using a 0.1 M solution of tetrabu-
tylammonium hexafluorophosphate in chloroform as sup-
porting electrolyte. A Ag/AgCI/[N(GHy)4Cl 0.1 M (acetoni-
trile) electrode a 4 mm diameter platinum plate, and a
platinum wire were used as reference, working, and counter
electrodes, respectively.

Influence of C, Substituents onEy, in Pyrrolyl/Dicar-

repulsion between the S atoms and the methyl groups wouldbomde Cobalt Complexes.Table 3 summarizes electro-

have taken place. The angke (deviation from strictly

staggered conformation with the nitrogen atom bisecting the

C1-C2 distance) foB is 2.3 while for 2 the anglea has

chemical data for compounds incorporating one pyrrolyl unit

(15) Rosair, G. M.; Welch, A. J.; Weller, A. $cta Crystallogr., Sect. C
1996 C52(9), 2221.
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Table 4. Influence of Substituents oy, Values of [3-Cof>-NCy- Table 5. Influence of Substituents oy, Values of [3-Coff>-NC4H4)-
(CHgs)2H2)-1,2-GBgH14] Derivatives with Identical Substituents on. C 1,2-GBgH11] and [3-Co®-NC4(CHz),H2)-1,2-GBgH11] Derivatives; R
Atoms and R Are Substituents on CAtoms
cmpd R EuV EalV EvaV |AE|IV cmpd R R EuV EJV EuV  |AEV
2 CeHs— —-318.0 —426.0 —372.0 108.0 1* H— H— —-159.5 —-356.5 —-258.0 197.0
10 H— —351.0 —459.0 —405.0 108.0 4* CeHs— H— —105.0 —2440 -—1745 139.0
12 CHs— —398.0 —506.0 —452.0 108.0 5* CHs— H— —204.0 -—-353.0 —-278.5 149.0
14 —(CHy)s— —387.0 —486.0 —436.5 99.0 10  H-— H— —351.0 —459.0 —405.0 108.0
15 —SGsHs —117.0 —226.0 —171.5 109.0 11% CHz— H— —401.0 —486.0 —4435 85.0
16 —SCHs —199.0 —281.0 —240.0 82.0 Ciid CHs— —SCH —301.0 —385.0 —343.0 84.0
13** CeHs— H-— —300.0 —-372.0 -—-336.0 72.0

and one substituted dicarbollide unit, where R is the . . . . o

o . . * indicates complexes incorporating one pyrrolyl unit. ** indicates
substituting group on both Gatoms. Oxidation K;) and complexes incorporating one dimethylpyrrolyl unit.
reduction E) potentials Ey, andAE (defined as; — E;)
are reported. Taking compouddqwhich has no substituents Table 5 summarizes the valueskf E,, Ey,, andAE for
on G atoms) as a reference, it can be seen that thenonsymmetric mixed cobalt complexes incorporating one
introduction of alkyl substituents on the. &oms produces  pyrrolyl or one dymethylpyrrolyl and one nonsymmetric

a displacement dt;, to more negative value& @y, — E 442 dicarbollide units. Complexesand10 are also included as

= —27mV,E", — EYp= —35 mV, beingE 1, the value reference compounds.

of Eyj, for compound). For pyrrolyl complexes, the effect of introducing the first
Otherwise, complexes incorporatingkoecluster sulfur methyl unit € %, — E';» = —20.5 mV) is clearly higher

atoms directly bonded to&toms produce a shift injz to than the effect due to the introduction of the second methyl

positive values; a shift of 137.5 mV is observed wherCH; unit (E 62 — E %= —6.5 mV). In mixed dimethylpyrrolyl
units are introduced on both.@toms E &,,—E 11, Table complexes, the first SCHunit produces a displacement in
3), while a more important displacement is obtained when Ey, (E 312 — E 4, = 100.5 mV) which is 1.5 times the one
S—CgHs units are introducedg®;, — E Yy, = 165.5 mV). produced by the second Sgidnit calculated a& 6, —
These results can easily be explained with the capacity toE 1%, — 100.5= 64.5 mV. A similar situation is found with
stabilize Co(ll) by the different groups. On one hand, alkyl the introduction of the first and the second methyl units
groups are known to be inductive electron donors, increasing (E %y, — E 1%, = —38.5 mV,E 3, — E ', = —8.5 mV).
the electronic density on the carborane cluster and, thus, alsarherefore, the introduction of the second substituent causes
on the cobalt atom; as a result, this last becomes easier taa smaller effect than the first but in the same sense. This
oxidize, and the value OE;;; is moved to more negative fact can be explained as follows: the introduction of the first
values. On the other hand, thiomethyl and thiophenyl methyl unit increases the electronic density on the cobalt
substituents produce the opposite effect, decreasing electroni@tom, movingE;,, to more negative values. This build-up
density on the cluster and, consequently, also on the cobaltof electronic density opposes a second input; therefore, when

atom; the cobalt atom becomes easier to reduce Eands the second methyl unit is introduced, tBg; shift is smaller.

moved to more positive values. An identical reasoning can be used to explain the case of
Influence of C, Substituents onEy, in Dimethylpyrrolyl/ SCH; substituents.

Dicarbollide Cobalt Complexes. Effects of substituting Anomalous Effect of Phenyl Groups Phenyl groups have

groups in mixed dimethylpyrrolyl cobalt complexes incor- been widely studied as carborane cluster substittfetftst
porating one dicarbollide unit are very similar to those produce anomalous effects. As can be seen in Table 5, the
obtained for pyrrolyl ones. Table 4 summarizes the values introduction of one phenyl unit in mixed pyrrolyl complexes
of Ey/» obtained for dimethylpyrrolyl complexes with identi- produces a displacement Bf, of 83.5 mV E %1, — E 110).

cal substituents on both.@toms. The introduction of alkyl In dimethylpyrrolyl complexes, the introduction of one
substituents moveR;; to negative valuesg*%, — E 1%, phenyl unit produces B, displacement of 69.0 m\i§(*3,,
= —47 mV,E%; — E1% = —31.5 mV) while substituents — E %), while the introduction of two phenyl units
with sulfur atoms directly bonded to.Gaitoms produce  produces a global displacement of 33.0 nB&8A{, — E 10,);
displacements dEy; to positive values. Thug 15, — E 10, this value is clearly lower than that obtained for the
= 233.5 mV whileE %%, — E%,, = 165.0 mV. introduction of the first substituent. The explanation must
Comparison o 1%, andE ?y; indicates that the presence be found in the inhibition of the effect caused by the first
of phenyl rings on gatoms also produces a shift iy, to phenyl when the second is introduced, because of steric
positive values, although the displacement is less importanthindering. When there is just one phenyl unit, as it was
than that found for SR substituents. shown in a previous work the ring remains almost in the

Individual and Averaged Effects. In all examples plane of the open face of the carborane cluster, thus allowing
described previously, two identical substituents were placed overlapping betweensporbitals of the phenyl ring and the
on both G atoms producing a global effect &a,,. Therefore, tangential orbitals in the dicarbollide unit. The possibility
only an average contribution could be assigned to individual of electronic delocalization in the aromatic ring contributes
substituents. However, the study of nonsymmetric complexesto increase the electronic withdrawing capacity of the phenyl
allows us to distinguish the contribution of each substituent group. When the second phenyl unit is introduced, steric
to the globalE,, shift. overcrowding hinders them from staying in the plane of the

3350 Inorganic Chemistry, Vol. 41, No. 13, 2002
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_’__///\

cjl

10 :}f
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Figure 3. Voltammograms obtained fd (two CsHs units), 10 (no substituents), anti3 (one GHs unit). Measurements performed in chloroform 0.1 M
in tetrabutylammonium hexafluorophosphate. Scan rate: 40 mV/s. Reference electrode: Ag/AgCI/TBACI 0.1 M in acetonitrile.

Table 6. Influence of the Presence of Methyl Units Placed on the of methyl units produces an average shiftBp, of ~140
i . 5. - = . . — .
gggs‘g’t'ivzg” on By Values for [3-Cof>-NCaHa)-1,2-GBoHyy] mV to more negative values. This result is in agreement with

the former explanations; electronic donor character of methyl

complexes R R BV BpV™  AEMV units increases electronic density on the metallic center,
1-10 H- H- —258.0 —405.0  147.0 displacingEy/, to more negative values. The displacement
5-11  CHs H- —2785 —4435  165.0 db thvl unit on th W licand (estimated
6-12  CH, CHs- _2850 —4520 1670 caused by one methyl unit on the pyrrolyl ligand (estimate
4-13 CeHs- H- —1745 —-336.0 1615 to be about 70 mV) is more important than that obtained for
8-16 ~ -SCH  -SCHs ~ —1205 —2400  119.5 alkyl substituents on the cluster480 mV).
9-15  -SGHs -SGHs  —925 —1715  79.0
7-14  -(CHp)s -(CHp)s —2930 —4365 1435 -

140,44+ Conclusions

* Complexes incorporating one pyrrolyl and one dicarbollide units. SUbStiIUt.ing groups placed on the positions of the
** Complexes incorporating one dimethylpyrrolyl and one dicarbollide units. pyrrolyl unit and/or on ¢ atoms of the carborane cluster
** Average value. are very important to modulat&;,, in mixed pyrrolyl/

) ~dicarbollide cobalt complexes.

pentagonal open face of the cluster (Figure 1), preventing  gjectronic donor substituents on @toms produce a
delocalization through ther orbitals of the ring and thus  gisplacement o, to more negative values, while electronic
lowering the electronic withdrawing properties of both \ithgrawing substituents produce the opposite effect. The
substituents; the cobalt atom becomes easier to oxidize WlthEl/2 contribution due to SCk SGHs, and CH groups is

regard to the monosubstituted complex. Thus, the effect of 4t apsolutely additive, the second contribution being smaller
the first phenyl ring is inhibited because of the introduction han the first but in the same sense. FeHCsubstituents

of the second ring. In Figure 3, voltammograms obtained {he individual contribution of both phenyl units does not have

for compounds, 10, and13 are shown. The differert; the same sense, the second contribution tending to suppress
displacement after introduction of the first and the second e effect of the first.
phenyl units can be observed. . . The contribution of CH units placed on the. positions

A similar inhibition effect as a function of co®, with © of the pyrrolyl unit tends to be larger than the equivalent

being the dihedral angle, was observed wittho-substituted ones on the €
bipheny! derivatives using ultraviolet photoelectron spec-
troscopy (PES)® Experimental Section

Influence of Pyrrolyl Substituents on Ey, in Pyrrolyl/ Instrumentation. Elemental analyses were performed using a
Dicarbollide Cobalt Complexes.The introduction of methyl  carlo Erba EA 1108 microanalyzer. IR spectra were recorded with
(or alkyl) units on G atoms has shifteé;, between 8 and  KBr pellets on a FTIR-8300 Shimadzu spectrophotométeNMR
40 mV toward negative values being the effect additive. In (300.13 MHz),*3C{'H} NMR (75.47 MHz), and'B and*'B{ *H}
Table 6, differences i/, obtained for couples with identical ~ NMR (96.29 MHz) spectra were recorded in CR@iith a Bruker
substituents on Catoms and different substituents on the ~ ARX 300 instrument at room temperature. Chemical shift values

positions of the pyrrolyl unit are compared. The introduction for *H and*3C{*H} NMR spectra were referenced to Si(gi and
those for B and 1B{'H} NMR spectra were referenced to

(16) Maier, J. P.; Turner, D. W. The Photoelectron Spectroscopy of (C2Hs)20 — BFs. Chemical shifts are reported in units of part per
Molecules.Faraday Discuss. Chem. Sat972 54, 149. million downfield from Si(CH)4, and coupling constants, in hertz.
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Materials. Experiments were carried out under dry, oxygen- Synthesis of [3-Cof>-N(CH3),C4H>)-1,2-(CeHs)>-1,2-CBgHo)]

free dinitrogen atmosphere, using standard Schlenk techniques, with(2). To a suspension of refluxing K[NECHz),H,] (1.0 g, 7.5 mmol)
some subsequent manipulation in the open laboratory. THF wasin 50 mL of THF, 1,2-(GHs)>-1,2-GB1¢H10 (0.186 g, 0.63 mmol)
freshly distilled from sodium benzophenone. The rest of the solvents was added. Afte4 h of refluxing, anhydrous Cogl0.41 g, 3.13
were of reagent grade quality and were used without further mmol) was added. The reaction mixture was refluxed for 48 h.
purification. 2,5-Dimethylpyrrole (Aldrich) was freshly distilled  After cooling, the solvent was vacuum-dried, and the resultant
prior to use. Hexahydrated cobalt(ll) chloride (Aldrich) was heated green-black solid was extracted with 50 mL of dichloromethane.
under vacuum overnight to obtain the anhydrous form. Potassium the syspension was filtered over molecular sieves, and the resulting

was refluxed in THF prior to use. 1,2-{8s),-1,2-GB1gH10,'"
1-SCH;-2-CHs-1,2-GB1gH10,18 [3-Co(7>-NCyH,)-1,2-GBgH11]10
(1), [3'C0(7]5-NC4H4)-1-C6H5'1,Z'QBQH]_()]11b (4), [3'C0(7]5'NC4H4)'
1-CH;-1,2-GBgH 1] *22(5), [3-C0@7>-NCyH,)-1,2-(CH),-1,2-GBg-
Ho]*24(6), [3-C0(7>-NC4H4)-1,2-(CHp)s-1,2-GBgHo] 4 (7), [3-Co-
(75-NCyH4)-1,2-(SCH),-1,2-GBgHg] 110 (8), [3-Co(75-NCyH,)-1,2-
(SGiHs)2-1,2-GBgHg] 110 (9), [3-C0(7>-NC4(CHa)2H2)-1,2-GBgH1 ] 12¢
(10), [3-Co(75-NC4(CHz)oH5)-1-CHs-1,2-GBgH1] 12 (11), [3-Co-
(7°-NC4(CHg)2H,)-1,2-(CHg),-1,2-GBgHg) 114 (12), [3-C0o(7>-NCy-
(CHg),H2)-1-CeHs-1,2-GBgH1 o] 12¢ (13), [3-Co@7>-NCy(CHg)oHo)-
1,2-(CH)s1,2-GBoHq] ¢ (14), [3-Co7>-NCa(CHs)2Ho)-1,2-(SGHs)2-
1,2-CngHg]11C (15), and [3-0065-NC4(CH3)2H2)-1,2-(SCHg)z-l,2-
C,BgHg] ¢ (16) were synthesized according to published literature.
Crystallographic Studies of 2 and 3. Single-crystal data

collections were performed at ambient temperature on a Rigaku

AFCS5S diffractometer using graphite monochromatized Mo K

dark liquid was evaporated to 1 mL and chromatographied over
silica gel using dichloromethane/hexane 7:3 as mobile pHase (
(prep)= 0.6). A pure orange air stable solid was obtained. Yield
0.15 g, 55%. IR (KBr)y [cm™1] = 3109 @ C4—H), 2924 ¢ C—H),
2605, 2574, 2555, 2534 B—H), 1450 ¢, C—H). 'H NMR, 6 =
8.20-7.70 (m, G—H, 10H), 6.33 (s, Gr—Cpy—H, 1H), 6.31 (s,
Coyr—Cpy—H, 1H), 3.62 (s,—CHs, 3H), 3.28 (s,—CHj, 3H).13C-
{*H} NMR, 0 = 142.01, 139.03, 127.85, 125.74 (5,)£125.05,
124.48 (s, N-C,y), 91.08, 89.96 (S, f5—Cpy1), 67.57 (s, @), 14.33
(s, —CHjy), 13.36 (s,—CHs). 1B NMR, 6 = 3.10 (1B), 1.61 (3B),
—4.47 (1B),—5.83 (1B),—12.16 (d,%J(B,H) = 144.8, 2B),—13.50
(1B). Anal. Calcd for GBgH,7CoN: C, 54.88; H, 6.22; N, 3.20.
Found: C, 54.90; H, 6.32; N, 3.16.

Synthesis of [3-C@;>-N(CH3),C4H;)-1-CH3-2-SCH;-1,2-C,-
BgHo)] (3). The process was the same as that use@ fmurt using

radiation. A total of 2056 and 1727 unique reflections were collected 1.CH;-2-SCH;-1,2-GB1gHyo (0.13 g, 0.63 mmol) as starting

by w/26 scan mode (@n.x = 50°) for 2 and 3, respectively.
The structures were solved by direct methods and refingéfon
by the SHELXL97 prograr? For both compounds, boron atoms

product. A pure orange product was obtained using the same mobile
phase as fo (R(prep)= 0.6). Yield 0.11 g, 50%. IR (KBr)y
[cm~1 = 2929 @ C—H), 2603, 2575, 2545, 2526 B—H), 1442,

were refined with isotropic displacement parameters. The rest of 1454 ¢ C—H). H NMR, 6 = 5.85 (S, Gy—Cpy—H, 1H), 5.74 (s

the non-hydrogen atoms were refined with anisotropic displacement
parameters. Hydrogen atoms were treated as riding atoms using(

the SHELX97 default parameters. Compou2dand 3 crystallize

in noncentrosymmetric space groups. Absolute configuratidh of
was determined by refinement of Flackarameter. FoB, absolute
configuration could not be reliably determineddarameter values

0.48(3) and 0.53(3)], and the structure was refined as racemic twin.
Crystallographic data and structural refinement details for com-

pounds2 and3 are listed in Table 1.
Electrochemical MeasurementsElectrochemical measurements

Coyr—Cpy—H, 1H), 2.42 (s,—CHjs, 6H), 2.40 (s,—CHs, 3H), 2.38
s, —CHg, 3H).13C{*H} NMR, 6 = 127.82 (s, N-Cyyy), 124.48 (s,
N—Cpyr), 90.73 (s, Gy—Cpyr), 88.87 (S, Gyi—Cpyr), 80.78 (s, G,
61.17 (s, @), 28.67 (s, S CHa), 20.75 (s,—CHj), 14.89 (s;,—CHy),
14.78 (s,—CHs). 1B NMR, 6 = 7.10 (d,%)(B,H) = 145.4, 1B),
3.29 (d,})(B,H) = 149.0, 1B), 0.32 (d}J(B,H) = 143.6, 1B),—1.01
(d,%J(B,H) = 138.8, 1B),—5.37 (d,"J(B,H) = 147.2, 2B),—11.63
(d, 1J(B,H) = 161.6, 1B),—14.33 (d,}J(B,H) = 146.6, 2B). Anal.
Calcd for GoBgH»3CoNS: C, 34.75; H, 6.71; N, 4.05. Found: C,

were performed in a standard double-compartment three-electrode34-60; H, 6.81; N, 3.94.

cell. A Ag/AgCI/[N(C4Hg)4]CI (0.1 M in CHCN) electrode was
used as reference electrode. A 4-Aptatinum plate and a platinum
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Cyclic voltammograms were recorded with a scan rate of 40 mV/

s. The initial potential value was applied to the working electrode
for 15 s before performing voltamperometric measurements.
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Supporting Information Available: X-ray crystallographic
files, in CIF format, for compoundsdoso{3-Co(75-NC4(CHs),H,)-
1,2-(C6H5)2-1,2-C289H9] (2) andClOSO[g-CO(ﬂS-NC4(CH3)2H2)-1-
CHs-2-SCH:-1,2-GBgH¢] (3). This material is available free of
charge via the Internet at http://pubs.acs.org.
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