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Benzyl isocyanide-substituteds&triosmium complexes, QECO)-n(CNCHPh)L(uz-17%1%7?Ceo) (N
=2 (3), 3 (4), and 4 §)), have been prepared by reactions of eithef(O®)y(uz-17%7%1-Cs0) (1) Or its
lesser isocyanide-substituted complexes with appropriate amounts of (triphenylphosphino)benzylimine
(PhCHN=PPh). Compound$—5 have been characterized by spectroscopic (IR, M3Bnd'3C NMR)
methods, cyclic voltammetry, and X-ray diffraction studies. Single-crystal X-ray diffraction studies reveal
that isomer3a has two inequivalent equatorial isocyanide ligands ass#&ans1,2-isomer and isomer
4a has three equivalent equatorial isocyanide ligands as a 1,2,3-isomeCy@immetry. In compound
5, one benzyl isocyanide is axially coordinated to an osmium atom, whereas the other three benzyl
isocyanide ligands are equatorially coordinated to each osmium &tband*3C NMR data, however,
indicate that compoun@ exists as a mixture of 1,23§) and 1,1-isomers3p) in a ratio of 7:1, compound
4 as a mixture of 1,2,34@) and 1,1,2-isomersip) in a ratio of 1:1, and compourtdl interestingly, as
a single species of a 1,1,2,3-isomer in solution. The cyclic voltammetric studies reveal that all the CVs
of 3—5 and related O$CO)(CNCH,Ph)(us-1n%1n%1?Cso) (2) show four reversible redox waves that
correspond to a one-electron process each with the third and fourth waves overlapped within the
chlorobenzene solvent potential window. As more isocyanide ligands are coordina2ed,irall the
corresponding half-wave potentials are gradually shifted to more negative potentials, reflecting the electron-
donor property of the isocyanide ligand. Furthermorgyr@ediated electron delocalization from,@o
the triosmium center takes place in the trianionic species-&. The two isomers 08 and4 apparently
undergo an equivalent electrochemical process, respectively.

Introduction bonding mode can be modified by altering the coordination
) ) sphere of the metal centers to which@ coordinated?d.6:9
The interaction between metal clusters and a carbon clusterthis has led to continued and vigorous studies gf-@netal
such as [60]fullerene (&) is one of the most interesting topics  ¢|yster chemistry, in which ligand substitution controls the
in the area of exohedral metallofullerene chemitiy. par- fullerene tuning in terms of electrochemical properties and
ticular, we have been interested igl€metal cluster complexes  reqctivities. This substitution chemistry is important in stabilizing
in order to investigate and understand the effects of metal cluster.
coordination on the chemical and physical propertiesggfa@d (3) Song, H.; Lee, Y.; Choi, Z.-H; Lee, K.; Park, J. T.; Kwak, J.; Choi,
the reaqtivities and electrochemical properti.es of these co_mﬁexes M(f) g)r%ag‘n"grf‘ﬁ‘_"j"ﬂgfﬁ’?_;lpzaor‘k?f%?é;lﬁé; M.-Grganometallic1998
and ultimately to develop new electronic nanomaterials and 17, 4477-4483. (b) Song, H.; Lee, K.; Park, J. T.; Chang, H. Y.; Choi,
nanodeviced® The Go—metal cluster complexes have been m.-g._lpgrrsago?g %Z%rr%ggﬁligo%%—gggs%ﬂ% Ig.;(latieégﬁ; CZOi,
domzl_negeg by az-typ_e Go—metal C.lusm.‘r mterac“.on with the Choi, 3. l; Lee, K.; %:hoi, M.-G.; Park, J."DrganometallicsZOOZgVZL ’
uz-n“n%n*-Ceo bonding mode. This unique-bonding nature 5221-5228.
in Cgo—metal cluster complexes, surprisingly, results in both  (5) (a) Lee, K.; Hsu, H.-F.; Shapley, J. Rrganometallics1997, 16,
remarkable thermal stability and strong electronic communica- 3876-3877. (b) Lee, K.; Shapley, J. RrganometallicsL998 17, 3020~
tion between G and metal cluster centetdFurthermore, this 3832'2(? E&t’&(’;&?' Ji L, 3 Lee, K.; Shapley, J.Grganometallics
electronic communication can be fine-tuned with various ligands ~ (6) (a) Lee, K.; Lee, C. H.; Song, H.; Park, J. T.; Chang, H. Y.; Choi,
of different electronic properties coordinated on the metal cluster M.-G. Angew. Chem., Int. E®200Q 39, 1801-1804. (b) Lee, K.; Choi,

centerk2 We have also demonstrated that Wtﬁ’?ziﬂlez'CGO Z.-H.; Cho Y.-J.; Song, H.; Park, J. @rganometallic2001, 20, 5564~

5570.
(7) (a) Lee, G.; Cho, Y.-J.; Park, B. K.; Lee, K.; Park, JJTAmM. Chem.
* Corresponding author. E-mail: joontpark@Kkaist.ac.kr. F&x82-42- S0c.2003 125 13920-13921. (b) Park, B. K.; Miah, M. A.; Lee, G.; Cho,
869-5826. Y.-J.; Lee, K.; Park, S.; Choi, M,-G.; Park, J. Angew. Chem., Int. Ed.
TKAIST. 2004 43, 1712-1724. (c) Park, B. K.; Miah, M. A.; Kang, H.; Lee, K,;
#Korea University. Cho, Y.-J.; Churchill, D. G.; Park, S.; Choi, M.-G.; Park, J.Grgano-
(1) (a) Stephens, A.; Green, M. L. lAdv. Inorg. Chem1997, 44, 1-43. metallics2005 24, 675-679.
(b) Balch, A. L.; Olmstead, M. MChem. Re. 1998 98, 2123-2165. (c) (8) (a) Lee, K.; Song, H.; Kim, B.; Park, J. T.; Park, S.; Choi, M.3G.
Nakamura, E.; Isobe, HAcc. Chem. Re2003 36, 807—815. Am. Chem. So2002 124, 2872-2873. (b) Lee, K.; Choi, Y. J.; Cho,
(2) (a) Lee, K.; Song, H.; Park, J. Acc. Chem. Re2003 36, 78—86. Y.-J.; Lee, C.Y.; Song, H.; Lee, C. H.; Lee, Y. S.; Park, JJTAm. Chem.
(b) Cho, Y.-J.; Ahn, T. K; Song, H.; Kim. K. S.; Lee, C. Y.; Seo, W. S.;  So0c.2004 126, 9837-9844.
Lee, K.; Kim, S. K.; Kim, D.; Park, J. TJ. Am. Chem. SoQ005 127, (9) Song, H.; Lee, C. H.; Lee, K.; Park, J. ®rganometallic2002 21,
2380-2381. 2514-2520.
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Scheme 1 Table 1. Selected Interatomic Distances (A) and esd’s for
o 3a, 4a, and 5
RNC,, | / (f\ Loy 3a 4a 5
ON s ~ Os(1)-0s(2) 2.8871(7) 2.907(1) 2.8880(6)
0s(2)-0s(3) 2.9016(7) 2.903(1) 2.9189(6)
0s(1)-0s(3) 2.9270(8) 2.889(1) 2.8951(7)
Os(1)-C(100) 1.98(2) 1.97(2) 1.93(1)
l ® Os(1)-C(110) 1.98(1)
e ol 0s(2)-C(200) 2.00(2) 1.97(2) 2.00(1)
0 20 0s(3)-C(300) 1.93(2) 1.98(1)
RI\C’.“O|/+\IS_‘“\ R]\C:,.‘d/+\|s‘.m Os(1)-C(1) 2.22(1) 2.23(1) 2.23(1)
@ 4 ‘CNR 7 A Os(1)-C(2) 2.27(1) 2.30(1) 2.29(1)
0s(2)-C(3) 2.25(1) 2.28(1) 2.22(1)
0s(2)-C(4) 2.23(1) 2.27(1) 2.29(1)
3a 3b 0s(3)-C(5) 2.22(1) 2.24(1) 2.21(1)
] ©) 0s(3)-C(6) 2.28(1) 2.29(1) 2.27(1)
o | CNR I C(1)-C@) 1.44(2) 1.47(2) 1.43(1)
08 SRy C(2-C(3) 1.47(2) 1.48(2) 1.49(2)
o RN AINLe RNCL L ZAN c(3)-C(4) 1.42(2) 1.41(2) 1.47(2)
— 7 *CNR 4 'CNR C(4)-C(5) 1.49(2) 1.51(2) 1.48(1)
1 C(5)-C(6) 1.43(2) 1.42(2) 1.46(2)
c(6)-C(1) 1.47(2) 1.50(2) 1.47(2)
4a ) 4b C(100)-N(1) 1.13(2) 1.14(2)
C(200)-N(2) 1.11(2) 1.14(2)
" C(300)-N(3) 1.12(2)
5""'.(;§\CNR C(100)-N(100) 1.19(2)
“ RNC.. 1 A\ | .CNR C(110-N(110) 1.14(2)

/@ 5 C(200)-N(200) 1.15(2)
C(300)-N(300) 1.18(2)

2Legend: (1) 1.2 equiv of R&PPh, room temperature, 12 h, 76%; 2 have already been reported in our earlier acc8@impound
(2) 3 equiv of RN=PPh, room temperature, 12 h, 70%; (3) 5 equiv of 3 \yas prepared in 70% yield from the reaction ofs(@O)s-

RNdPPR, 120°C, 3 h, 70%; (4) 10 equiv of RPPh, 132°C, 3 h, 20 2. 2 . . — ; )
40%; (5) 1.5 equiv of RK-PPh, room temperature, 12 h, 70%; (6) 371~ 11°11>-Ceo) (1) with 3 equiv of PhCHN=PPH in chlo
1.2 equiv of RN=PPh, 120°C, 3 h, 70%; (7) 5 equiv of RPPh, robenzene (CB) at room temperature for 12 h. Composind
132°C, 3 h, 28%. R= CH,Ph. can be alternatively prepared from the reactiorRafith 1.5

equiv of PhCHN=PPHh in CB at room temperature for 12 h in

a great variety of gg—metal cluster complexes, which should a similar yield. Thermolysis of. with 5 equiv of PhCHN=

facilitate the future nanotechnological applications employing PPh in CB at 120°C for 3 h afforded compound in 70%
these complexes. In our previous work, various phosphine ligand _ . ; ;
substitution chemistry has been intensively investigated in ylgld, which can also be prepar_ed alternatively from thaB of
3 4 5 6 7 a with 1.2 equiv of PhCEN=PPh in CB at 120°C for 3hin a
[Res(u-H)3],* [Osg].* [RusC],” [Os5C],* [Ir4], “and [RR]" cluster similar yield. Compounds was prepared in 40% yield along
systems to _establlsh the general trend of the reactivity and with formation of4 (25%) from the reaction df with an excess
electrochemical properties of these complexes. amount (10 equiv) of PhCiN=PPH in refluxing CB for 3 h,
We have previously TePO”?d that the reaction 05'(0@)9.' whereas thermal reaction dfwith 5 equiv of PhnCHN=PPh
(usn?ny>Ceo) (1) with (triphenylphosphino)benzylimine —"~p" i 1500¢ for 3 h produces compourflin low yield
(ngul—chtN 6:(@2)8([)(;?\%:&%){2; beznzzy | 2|_sc§)c)y ?2)' %%Sl\jvbhsigamed (28%). All the yields for the formation d3—5 were optimized
b ’ S -60) 12)s in this study. The substitution with the benzyl isocyanide ligand

171209724002 _ i i _ i
the ug-n”n”11*Ceo ligand transforms into a new—x mixed is also possible by initial decarbonylation of the corresponding

type us-nt:n%nt-Ceo ligand by insertion of a benzyl isocya- . : . )
nide ligand into an OsOs bond. An isolobal rhenium analogue, starting m_atenals with MQ.\IO/MeCN reagent for the prepara
tion of 2—5, but the solid (triphenylphosphino)benzylimine

- 1720972072 3
Rey(u-H)s(COB(CNCHPh){us-1*171*Ceg) ° has the benzyl reagent is convenient to handle and usually gives better yields

isocyanide Ilgand occupying an aX|a_I site, and .there IS aunique, iinout the unpleasant smell of the isocyanide reagent.
electrochemical effect of the isocyanide ligand in the trirhenium
X-ray Crystal Structures of 3a, 4a, and 5.The overall

system. Furthermore, the benzyl isocyanide ligand has beenmolecular geometry and the atomic labeling schem a
successfully employed to significantly increase solubility of a . g .éia,ol .
y Wty employ 1 y! — and>5 are illustrated in Figures 6, 7, and 8, respectively. Their

bisfullerene hexarhodium cluster complex,sf0O)(dppm)- . ; .
plex,ofBO)(dppmy structures are presented in Scheme 1. Selected interatomic

(CNCHPh)(us-n%12%n%-Ce0)2,8 which otherwise could not be ; i )
characterized. As an extension of our ongoing efforts, we herein distances and an_gles of the three compounds are listed in Tables
and 2, respectively.

report the synthesis, structures, and electrochemistry of a variety:L o

of benzyl isocyanide-substituteds@riosmium complexes, _ The overaI_I structural features 8& are similar to those of
O%(CO) (CNCHPh)(uzn%127>Co) (1=2 (3), 3 (@), and  [SOmOrPhousis rans OS(CORPMe)a(us 127%™ Ced) 0 Two
4 (5)), from reactions of either QECOY(uz723%n?-Ceo) (1) inequivalent benzyl isocyanide ligands adopt the less steric-
or its lesser isocyanide-substituted complexes with appropriate!ly hindered equatorial positions at the two adjacent osmium

amounts of PhChN=PPh and varying reaction time and atoms in acis and trans configuration with respect to the
temperature, as shown in Scheme 1. Os1-0s2 edge. The two Os(C&ENCH,Ph) and one Os(C®Q)

unit are twisted slightly, all in the same direction, so that the
three axial carbonyls are disposed in a propeller-like configu-
ration. Compoundda has three equatorial benzyl isocyanide
Syntheses of 35. Synthetic procedures f&—5 are sum- ligands, which are arranged as far from the other two as possible
marized in Scheme 1. The synthesis and structure of compoundwith a pseudd=; symmetry, as reported in gf€0)(PMe;)s-

Results and Discussion
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Table 2. Selected Interatomic Angles (deg) and esd'’s for 3a,

4a, and 5
3a
3a 4a 5 @)

0s(2)-0s(1)-0s(3) 59.869(19) 60.13(2) 60.627(16)

Os(1)-0s(2)-0s(3) 60.748(18) 59.63(2) 59.806(16)

0Os(2)-0s(1)-C(100) 149.6(5) 144.8(5) 145.9(5)

Os(3)-0s(1)-C(100) 90.9(5) 84.9(5) 85.9(5)

Os(1)-0s(2)-C(200) 91.7(5) 80.7(5) 165.3(3)

0Os(3)-0s(2)-C(200) 152.4(5) 139.9(5) 130.5(3)

0s(2)-0s(3)-C(300) 94.2(6) 84.6(4)

Os(1)-0s(3)-C(300) 154.2(6) 143.1(4) (b)

0Os(2)-0s(1)-C(110) 85.7(4)

C(2)-C(1)—C(6) 119.4(11) 116.6(10)  120.5(10)

C(1)-C(2)-C(3) 120.4(11) 120.0(11)  120.7(9)

C(2)-C(3)-C(4) 119.3(10) 122.3(12)  118.8(9)

C(3)-C(4)—C(5) 121.4(11) 118.8(11)  119.8(9)

C(4)—-C(5)-C(6) 118.7(11) 119.4(11)  120.3(10)

C(5)-C(6)-C(1) 120.6(11) 122.6(11)  119.9(9) ©

Os(1)-C(100)-N(1) 174.2(18) 176.3(18)

0s(2)-C(200)-N(2) 175.3(15) 177.0(15) ppm 52 51 50 49
0s(3)-C(300)-N(3) 176.2(18) . L ) ’ ) T
0s(1)-C(100%-N(100) 176.2(13) Flggre 1. 1H NMR spectra (400 MHz, CDGJ 298 K, benzylic
Os(1)-C(110)-N(110) 177.1(12) region) of (a)3, (b) 4, and (c)5.
0s(2)-C(200)-N(200) 175.5(11)

Os(3)-C(300)-N(300) 176.7(11) m 3a
(131%n%n2-Ce).*P In compoundb, a benzyl isocyanide ligand

is coordinated on the Os1 atom in the axial position, whereas (@
the other three benzyl isocyanide ligands are equatorially bonded . =
to the Os1, Os2, and Os3 centers, respectively. The equatorially

bonded benzyl isocyanide on the Os1 atormissandtransto 3 n
that on the Os3 atom with respect to the ©€1s3 edge and o

trans and trans to that on the Os2 atom with respect to the
0Os1-0s2 edge. The two equatorial benzyl isocyanide ligands
on the Os2 and Os3 centers are, however, unuscialndcis
with respect to the Os20s3 edge, which seems to be possible
because of the relatively long and slim shape of the benzyl
isocyanide ligand. The bonding nature between the triosmium
framework and @ in the starting material, Q& O)(us-1*
n%n2-Cqo) (1), is retained during the formation @&, 4a, and
5. All other geometric features are within the expected ranges.
The average 0OsOs bond lengths o8a—5 (2.9052(7) A for
3a, 2.900(1) A for4a, and 2.9001(6) A for5) are slightly
elongated compared to that for £f8O)» (2.877(3) A), presum-
ably due to bulky ligands iBa—5. The G ring of the Go moiety
is parallel with the Osplane in3a—5 (dihedral angles: 04
for 3a, 0.5’ for 4a, and 0.6 for 5). The Os-CO distances range
from 1.88(2) to 1.96(2) A foBa, from 1.86(2) to 1.91(2) A for
4a, and from 1.87(1) to 1.91(1) A f&. The G-O bond lengths
lie between 1.09(2) and 1.16(2) A f@a (av 1.13(2) A),
1.13(2) and 1.18(2) A foda (av 1.16(2) A), and 1.12(2) and
1.17(2) A for5 (av 1.15(2) A). The average ©E€NCH,Ph
bond distances irBa, 4a, and 5 are 1.99(2), 1.96(2), and
1.97(1) A, respectively. The average-® bond lengths ir8a,
4a, and5 are 1.12(2), 1.13(2), and 1.16(2) A, respectively.
Characterization of 3—5. The new compound8—5 are
soluble in various solvents such as £ 8lichloromethane,

(®)

ppm 146 1&4 lili2 1!130 1‘I78
Figure 2. (a)3CO-enriched3C NMR spectrum (100 MHz, CDg|
298 K, carbonyl region) 08. (b) 13C NMR spectrum (100 MHz,
CDCl, 298 K, carbonyl region) of. (c) 3C NMR spectrum (100
MHz, CDCl, 298 K, carbonyl region) ob.

reflecting the stronger electron-donor effect of the isocyanide
ligand relative to the carbonyl ligand.

The H and 13C NMR spectra of complexe3—5 at room
temperature are shown in Figures 1 and 2, respectively. Both
NMR data of3 appear as two sets of resonances in an intensity
ratio of 7:1, implying that3 exists as two isomers in solution.
The 'H NMR spectrum of3 (Figure 1a) at room temperature
reveals an overlapped AB pattern @5.08 Juy = 16.4 Hz,
denoted a#) for 3aand a small singlet at 5.21 (denoted as

toluene, and chlorinated benzenes: the benzyl isocyanide ligandd) for 3b, for the benzylic protons of the two benzyl isocyanide
generally increases solubility of these complexes compared toligands, respectively. The overlapped AB pattern is ascribed to

their carbonyl and phosphine derivatives. All the compounds
were formulated on the basis of the molecular ion isotope
patterns ifvz (highest peak): 17223]; 1811 @); 1900 6)) in

the positive ion FAB mass spectra and the microanalytical data.

The IR spectra 08—5 exhibit terminal NC stretching bands
in the range 21832165 cn1! with intensities increasing &
> 4 > 3 (see Figure S2 in the Supporting Information). The
terminal CO stretching bands appear in the typical range of
2047-1950 cnt?! and shift to the low-energy region by ca. 20

cmYligand as more benzyl isocyanide ligands are coordinated,

the diastereotopic benzylic protons 8a The 13C NMR
spectrum (carbonyl region, Figure 2a)'€0O-enriched shows
three major resonances at182.2, 181.6, and 179.1 in an
intensity ratio of 2:2:3 (denoted @) for 3a and two minor
resonances ab 181.3 and 179.3 in an intensity ratio of 1:6
(denoted agd) for 3b. The major isomer is identified as an
eq,eq-1,2-isomei3g), which is observed in the solid state. The
two low-field singlet resonances at182.2 and 181.6 with an
equal intensity are due to the equilibration of an axial carbonyl
on one osmium center with an equatorial carbonyl on the other
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Scheme 2 Scheme 3
a b b d
RNC d ay] "\:CNR
5} 'CNR RNC' 3
a-—d
be—c¢

on the two Os(CQJCNCH.,Ph) moieties due to the well-
established coupled restricted 3-fold rotations of the ligands on
the two osmium moietie®, 10 as presented in Scheme 2. The
high-field singlet resonance at179.1 with an intensity 3 is
attributed to the three equivalent carbonyls by a fast 3-fold
rotation on the Os(CQ)center. Consequently, the two benzyl
isocyanide ligands ir8a become equivalent: one AB pattern
(6 5.08) and one benzyl isocyanide carbon signdl32.2 (2C,

NC) and 48.9 (2CCH,)) appear in théH and’3C NMR spectra,
respectively. Isomorphous structures with similar fluxional 2 carbons : a, a',a" (3)

processes have been previously reportedspransRus(CO)- 2 carbons : b, b', b", ¢, ¢!, ', £, ', ", g, &', ", §, §'s §'"s
(PPR)(us-17%17%17?-Ce0)™° and cis,trans-Os;(CO)(PMes)2(us-
n%3n%n3-Ceo) (7).%> The minor signals are attributed to the
ax,eg-1,1-isomer3p), as shown in Scheme 1. The sm#H
NMR resonance ab 5.21 is due to the proton signals of the
two equivalent isocyanide ligands based on the 3-fold rotation
of the Os(CO)(CNCHPh), center. The twd3C NMR signals
atd 181.3 and 179.3 in an intensity ratio of 1:6 are assigned to
one carbonyl on the Os(CO)(CNGPh), center and the other
six carbonyls due to fast 3-fold rotations on the two Os(£0)
centers, respectively. The variable-temperature (WC)NMR
spectra of3 (CS, + CD,Cl, as an internal reference, see Figure C .
S2 in the Supporting Information) reveal that the resonance at"€Ported for OS(COW(PMey)s(usn 171> Coo),* which, yet,

0 179.3 due tdBb with an intensity of 6 becomes broad and is exists as a smg!e eq,eq.,eq-1,2,3-|somer. The other resonances
finally resolved into two signals)(180.3 and 178.3) at 183 K. _for 4b are conS|stent_Wlth the structure of an ax,eq.eq-1,1,2-
This observation is consistent with the proposed ax,(—:Aq-structure'somer @b), as shown in Scheme 1. Three resonancésigs 4,

. : 183.5, and 183.1 each with an intensity of 1 are due to a
for 3b, where the two Os(CQ)centers become equivalent in ’ h . .
the high-temperature limiting spectrum. The other possible carbonyl on the Os(CO)(CNGRN), moiety and two inequiva-

structure of3b with eq,eqg-configuration is eliminated, because I(;anft g‘iarbonyl_s on tr;e OS(C?ENCHéPh%_hceniﬁr’ although ¢
the signal atb 179.3 would remain sharp at low temperatures elinitive assignments cannot be made. 1he other resonance a

due to aCs symmetric nature o8b that undergoes fast 3-fold 0 180.9 with an intgnsity of 3 is due to three carbo.nyls on the
rotations of the two Os(C@genters. ThaC NMR (Ceo region) Os(CO) center, Whlch undergoes a fa_lst 3-fold rotation at room
spectrum of3a at room temperature shows 32 resonances (Seetemperature. Accordingly, three distinct .resonanaiaa$3.0
Scheme 3), as shown in Figure 3, which is consistent with the (1C, NC), 133.0 (1C, IT), 132.5 (1C, IC); 48.9 (1C,CHy),
idealizedCs symmetric nature o8ain solution. The spectrum .48'7 (.1C’CH2)’ and 4.8'6 (1C?:H2).) are observed flo r the three
contains 29 sp resonancesd( 158.2-142.4 in Figure 3a) inequivalent ben_zyl isocyanide ligands 4. The 13C NMR
comprising 25 and 4§ 152.3, 143.7, 143.0 (1G- 2C, spectrum (G region) ofdareveals 12 resonances @tl59.1
overlapped), and 142.8, denoted®dines in an intensity ratio (6C), 153.2 (3C), 148.2 (6C), 146.1 (6C), 145.4 (6C), 144.5
of 2:1 and three spcarbon resonances of-a' (6 64.1, 62.3, (6C), 144.0 (3C), 143.9 (6C), .143'1 (6C), 143.0 (3C), and 142.6
and 54.9 in Figure 3b) with an intensity of 2. ThegoCarbon (3C) for sp cart:_’on atoms (Figure 4a) and 61.0 (6C) fof sp
resonances d8b are too weak to be clearly observed. carbon atoms (Figure 4b). Th? f°‘4f resonanceis:lzﬁ?,.z_, 144.0,
The NMR data ot also appear as two sets of resonances of 143.0, and 142.6 (denoted @sn Figure 4a) appear with about

4aand4b in an intensity ratio of 1:1. ThéH NMR spectrum half of the intensity of the other eight resonances. This
of 4 (Figure 1b) exhibits a large singlet &t5.01 (denoted as observation is consistent with an idealiz8g, symmetry of4a

@) for 4aand two singlets ab 5.21 and 5.13 and an AB pattern in solution at room temperature, which contains 12 types of
atd 5.00 (uy = 16.4 Hz) in a ratio of 1:1:1 (denoted @ for carbon atoms of the dg moiety, i.e., three carbon atoms each
4b, because of the benzylic protons of the three benzyl for d, e, h, and i types (bold lines) and six carbon atoms each

isocyanide ligands, respectively. These data indicatedthhas fc_)r a,b.cfgkjandl types, as analyzed in _Scheme 4. The
three equivalent isocyanide ligands adb contains three six carbon atoms (a, bold line, sparbon) coordinated to the

: . . A osmium atoms appear ét61.0 as a singlet (Figure 4b). The
inequivalent isocyanide ligands. TR& NMR spectrum (car- g

bonyl region, Figure 2b) oft reveals a large resonance dt small peaks obseryed in Figure 4a are_du_e to &.ASG carbon
183.7 (denoted a®) for 4a and four small resonances at atoms of4b, but six resonances for six inequivalentoGp’
185.4, 183.5, 183.1, and 180.9 in an intensity ratio of 1:1:1:3 Carbon atoms are clearly observeda$9.7, 66.3, 60.6, 59.6,

(denoted a%®) for 4b. On the basis of these NMR data, the 55.8, and 51.5 (denoted &) in Figure 4b.

. : TheH NMR spectrum of5 (Figure 1c) shows two singlets
f d t -1,2,3-istan . . :
ormer resonances are assigned to an ed,ed,eq-1,2,3-istaner ( ato 4.94 and 5.12 for the benzylic protons of the four isocyanide

(10) Hsu, H.-F.; Shapley, J. R. Organomet. Chen200Q 599, 97— ligands in an intensity ratio of 1:1, indicating that the four
105. isocyanide ligands are equivalent pairwise. THE NMR

d'ye', h, i,k k', Kk'",LI' 1" (25)
1 carbon: d, e, i, h (4)

with C3 symmetry observed in the solid state, in which all three
isocyanide ligands are equivalent and three axial and three
equatorial carbonyl ligands become equivalent by a 3-fold
rotation on each osmium center. The large resonané€.88.7,
therefore, is assigned to the six carbonyl ligands on the three
Os(CO}(CNCH,Ph) centers ofda. A similar structure that
undergoes fluxional processes identicaldmwas previously
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Figure 3. 13C NMR spectrum (100 MHz, CDG| 298 K, G region) of 3.
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Figure 4. 13C NMR spectrum (100 MHz, CDG| 298 K, G region) of4.

Scheme 4 exists as a single isomer of ax,eq,eq,eq-1,1,2,3-configuration
in solution, as shown in Scheme 1, adopting the structure found
in the solid state. The low-field resonancedal86.2 with an
intensity of 1 is obviously assigned to a carbonyl ligand on the
Os(CO)(CNCHPh), center and the other two high-field reso-
nances av 185.4 and 184.5 each with an intensity of 2 to
two axial and two equatorial carbonyls on the two Os(£0)
(CNCH;Ph) centers. These NMR data indicate that only the
unigue Os(CO)(CNCHPh) center undergoes a fast 3-fold
rotation, leading to &< symmetry of this molecule at room
temperature. As a result, two types of resonances each with an
intensity of 2 due to benzyl isocyanide ligands are also observed
in the 13C NMR spectrum 133.5 (2C, NC), 133.0 (2C, NT);

48.7 (2C,CHy), 48.5 (2C,CHy)). The*C NMR spectrum (&
region) is consistent with &s symmetric nature of5, as
illustrated for compoun®a in Scheme 2, which comprises 29
sp? carbon resonances in the region ®f162.5-142.6 (sp

3 carbons : d, e, h, i (4) carbon resonances (d, e, h, and i) are denote@ asFigure
6 carbons : a, b, ¢, £, g, k, j, 1 (8) 5a_) and three spcarbon resonances at67.4, 60.2, and 57.9
(Figure 5b).
spectrum (carbonyl region, Figure 2c) &f reveals three The carbonyl resonances, apparently, shift to lower fields as

resonances at 186.2, 185.4, and 184.5 in an intensity ratio of the number of benzyl isocyanide ligands on the metal atoms
1:2:2. Both NMR data imply that compourf] interestingly, increases, as clearly seen 3a (6 182.2 and 181.6)3b (0
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Figure 5. 13C NMR spectrum (100 MHz, CDGg|J 298 K, G region) of5.

181.3),4b (6 185.4, 183.5, and 183.1), arl(6 186.2). A
similar trend was also reported for analogous phosphine-
substituted complexé8. In phosphine-substituted g&trios-
mium complexes, only the eq,eqg-1,2-isomer and the eq,eq,eq-
1,2,3-isomer have been observed @O )—n(PMe3)n(uz-17%
7%1%-Ceg) (n = 2 and 3) compound¥, yet the tetrasubsti-
tuted compound is not known. In benzyl isocyanide-substituted
Cec-triosmium complexes of this work, however, the eq,eq-1,2- §
isomer @a), ax,eq-1,1-isomersb), eq,eq,eq-1,2,3-isometd),
ax,eq,eqg-1,1,2-isomerdlf), and tetrasubstituted ax,eq,eq,eq-
1,1,2,3-compoun8 have been characterized. Thed@O bond
strength is known to become stronger as more electron-donating
ligands are substituted on the metal center due to the increasec
M—CO back-donation. The carbonyl activation, therefore, is
more facile with the less-electron-donating isocyanide ligand
relative to the more-electron-donating phosphine ligand, which
seems to facilitate the formation of higher substitution products
in isocyanide-substituted complexes. Compo&nidterestingly,
exists as a single isomer with the structure found in the solid
state (vide _|nfra). For the 1.,18[)) and _1,1,2-|somer4(o), the Figure 6. Molecular structure with atomic labeling scheme
other possible structural isomers with eq,eq- and eq,eq,eq-;o; 34
configuration of the two isocyanide ligands on the Os(CO)-
(CNCH,Ph), centers were eliminated, because the ax,eq- Os(CO)(PMes)s(us-n%1%n?-Ceo) (8), are provided in Table 3.
configuration of3b was clearly proved by the VIC NMR All the CVs of 2—5 reveal four reversible redox waves that
studies of3 (Figure S2). The two possible structural isomers of correspond to a one-electron process each with the third and
4b cannot be differentiated by VIC NMR studies of4, since fourth waves overlapped (avE,1 = 100 mV,AE,2 =85 mV,
similar patterns of the VTC NMR are expected for the two  and AEp3 = 103 mV). The two isomers & and4 apparently
possible isomers. Moreover, the ax,eq-configuration was also undergo equivalent electrochemical process, respectively. The
observed in the structurally characterized ax,eq,eq,eq-1,1,2,3-general features of the CVs &5 are similar to those
isomer 6) and thus seems to be a favorable configuration for previously reported for QECO)(PMes)(us-17%17%12-Coo) (6),*2
the 1,1-substituted isomer. The two isomers3obr 4 are as listed in Table 3. Electron delocalization fromngo@o the
apparently formed during syntheses and are not interconvertible,triosmium cluster in6 has been previously proposed to occur
as indicated by NMR studies. We have not been successful asin the 6°~ state based on the overlap of the third and fourth
of yet in separating the two isomers ®br 4 and in obtaining waves?® As more isocyanide ligands are coordinated®in5,
crystal structures o8b and4b. all the corresponding half-wave potentials are gradually shifted
Electrochemical Studies of 2, 3, 4, and ZElectrochemical to more negative potentials (ca. 80 mV), which reflects the
properties of complexe®—5 have been examined by the cyclic electron-donor nature of the isocyanide ligand. The fact that
voltammetric method in CB solutions with tetrabutylammonium the third redox couples<1.93,—2.09, and—2.34 V) of 6, 7,
perchlorate as the supporting electrolyte. Cyclic voltammograms and 8 appear at more negative potentials compared to those

(CVs) of 2—5 are shown in Figure 9. Half-wave potentials £)
of 2—5, together with free &, Os(CO)(PMes)(us-1%
17%1%-Ce0) (6), Os(COY(PMes)2(uz-1%1%n*Ceo) (7), and

(—1.79,—1.84, and—1.91 V) of 2, 3, and4 proves that the
trimethylphosphine ligand is more electron-donating than the
benzyl isocyanide ligand. Moreover, in contrast3{athe bis-
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Figure 9. Cyclic voltammograms of2, 3, 4, and 5 in dry,
deoxygenated chlorobenzene (0.1 M [(n-B[CIO,4]). Scan rate
=5 mV/s.

380 mV for 5). This electron delocalization fromggto the
metal cluster is implied by the two close redox waves and well
precedented in §g—metal cluster complexesa11 Although
electron-donating isocyanide ligands are substitute@-i,
interestingly, the fourth electron addition tasgdn 23—, 3%,
43~ and5%~ is still easier compared to that in freg € due to

4a the electron delocalization from the@noiety to the triosmium
centerza11

Concluding Remarks

In the present benzyl isocyanide substitution chemistry of
Os3(CO)(uz-n%n%n?-Ceq) (1), we observed formation of
Os5(CO)-n(CNCHPh)(us1%n?%n>Ceo) (N = 2 (3), 3 (4), and
4 (5)) up to tetrasubstitution, in contrast to the phosphine sub-
stitution chemistry, due to the less-electron-donating effect of
the isocyanide ligand relative to the phosphine ligand. In bis-
and tris-substituted benzyl isocyanide complexes, two isomers
(3a/3b and4al4b) have been observed in solution, whereas only
a single isomer has been reported to exist in analogous phos-
phine-substituted complexes. All the substitution reactions
proceed under mild conditions with the solid (triphenylphos-
phino)benzylimine reagent, which is very convenient to handle
and generally results in high yields, especially without the
unpleasant smell of the isocyanide reagent. The slim-shaped
isocyanide ligand is known to adopt an axial position on the
triosmium framework? which accounts for the existence of two

) isomers of3 and4 and the diversity of the benzyl isocyanide
Figure 8. Molecular structure with atomic labeling scheme %or substitution chemistry. In particular, electrochemical prop-
. . . . erties of the isocyanide derivatives are quite different from those
trimethylphosphine-substituted compourté exhibits three ¢ yhe phosphine derivatives, which implies that investiga-
reversible one-electron redox waves without electron delocal- 1ion of the substitution chemistry is very important to prepare

ization to the meta! center due to.the strong electron-donating Ceo—metal cluster complexes with various electronic properties
effect of the two trimethylphosphine ligands. These are clear ¢ f,1re applications in electronic nanomaterials and device
examples that the electrochemical properties of thgse@etal tabrication.

cluster complexes can be fine-tuned by the kind and number of
the attached ligands on the metal centers. The third and fourth
reductions oR2-5 take place at the same potentials, which are

Experimental Section

even more positive{1.79 for2, —1.84 for3, —1.91 for4, and General Comments All the reactions were carried out under a
—1.99 V for 5) than the fourth reduction of freeggat —2.38 nitrogen atmosphere with the use of standard Schlenk techniques.
V. These overlaps of the third and fourth wavegin5 support

the conclusion that the electron density gf @ 23—, 33—, 43, (11) Park, J. T.; Cho, J.-J.; Song, H.; Jun, C.-S.; Son, Y.; Kwakaig.

3- is signifi i Chem.1997, 36, 2698-2699.
and5°" is significantly delocalized to the metal cluster center, (12) (a) Mays. M. J.- Gavens, P. D. Chem. Soc., Dalton Trans98Q
and thus large anodic shifts of the fourth reductions relative to g913-917. (b) Lu, K.-L. Chen, C.-C.; Lin, Y.-W.; Hong, F.-E.; Gau, H.-

Cso occur (590 mV for2, 540 mV for 3, 470 mV for4, and M.; Gan, L.-L.; Luoh, H.-D.J. Organomet. Chenl993 453 263-267.
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Table 3. Half-Wave Potentials E1/> VS E°rcrct) of Free Ceo, 2, 3,4, 5,6, 7, and 8

compound E1/20/71 E1/271/72 E1/272/73 E1/273/74 solvent ref

Cso —1.06 —1.43 —-1.91 —2.38 CB 3
Os5(CO)(CNCHaPh)uz-17%7252-Ceo) (2) —1.06 -1.42 —-1.79 CB this work
0s(CO)(CNCHPhY(uz-7212%52-Ceo) (3) -1.12 —1.46 —1.84 CcB this work
O0s5(CO)(CNCHPh)s(uz-172:521%-Ce0) (4) -1.19 —1.54 -1.91 CB this work
Os3(CO)(CNCHPh)(uz-1%3%n?-Ceo) (5) -1.30 —1.65 -1.99 CB this work
Cso —1.08 —1.46 -1.90 —2.38 DCB 4a
Os(CO)g(PMes) (us-n%n%n?*Ceo) (6) -1.06 —1.42 -1.93 —-1.95 DCB 4a
0s(COY(PMes) (1232 n?Ceo) (7) -1.13 —-1.48 —-2.09 DCB 4a
Os3(CO)(PMes)3(us-n%3%1%-Cso) (8) -1.28 —1.66 —2.34 CB this work

Solvents were dried over the appropriate drying agents and distilledthe solvent and purification by preparative TLC @G3H,Cl,,

immediately before use. & (99.5%, SES research) was used
without further purification. PhCHN=PPh,*® Os(CO)y(uz-1>
7217%-Cep),14 and Og(CO)(PMes)s(us-17%1%n2-Ceo)*® were prepared

10:1) afforded a mixture of two isomeric compounds,and4b
(41.1 mg, 0.0227 mmol, 709 = 0.6), as a brownish-green
solid: IR (CHCI,) v(CO) 2022 (vs), 1993 (s), 1960 (m), 1936 (w);

according to the literature methods. Carbon-13 CO enriched »(NC) 2175 (s) cm%; MS (FAB*) m/z 1811 (M"). Anal. Calcd

complexes were prepared by usings®€0);, (ca. 50% enrich-
ment)!® Preparative thin-layer chromatography (TLC) plates were
prepared with silica gel Gk (type 60, E. Merck).

Infrared spectra were obtained on a Bruker EQUINOX-55
FT-IR spectrophotometet (400 MHz) and'*C (100 MHz) NMR

spectra were recorded on a Bruker AVANCE-400 spectrometer.

Positive ion FAB mass spectra (FABwere obtained by the staff
of the Korea Basic Science Institute, and allz values were
referenced td°?0s. Elemental analyses were provided by the staff
of the Energy and Environment Research Center at KAIST.

Preparation of Os;(CO)7(CNR)2(#3-n%5%1?-Ceo) (3). Method
A. A chlorobenzene solution (50 mL) of €O )(us-172%1%17?-Cso)

(1) (50.0 mg, 0.0324 mmol) and Ph@GN=PPh (3 equiv, 35.7
mg, 0.0971 mmol) was stirred for 12 h at room temperature.
Evaporation of the solvent and purification by preparative TLC
(CSy) afforded a mixture of two isomeric compounds and 3b
(39.0 mg, 0.0227 mmol, 70% = 0.4), as a brown solid: IR
(CHxCl,) »(CO) 2047 (vs), 2015 (s), 2002 (m), 1982 (w(NC)
2183 (m) cmy; MS (FABY) m/z 1722 (M'). Anal. Calcd for
CgaH14N2070s;: C, 57.90; H, 0.82; N, 1.63. Found: C, 56.53; H,
0.92; N, 1.78. Compoung8a: *H NMR (400 MHz, CDC}, 298 K)

0 7.33-7.24 (m, 10H,Ph), 5.08 (an overlapped AB pattern, 4H,
Jun = 16.4 Hz, GHy); BC{*H} NMR (100 MHz, CDC}, 298 K,)
carbonyl carbonp 182.2 (Z0), 181.6 (Z0), 179.1 (¥£0), Gy

sp? carbon;o 158.2 (2C), 157.6 (2C), 155.8 (2C), 152.5 (2C), 152.3
(1C), 148.1 (2C), 148.1 (2C), 147.9 (2C), 146.3 (2C), 146.2 (2C),
146.1 (2C), 145.2 (2C), 145.1 (2C), 145.0 (2C), 144.6 (2C), 144.4
(2C), 144.3 (2C), 144.2 (2C), 144.1 (2C), 144.0 (2C), 143.8 (2C),
143.7 (1C), 143.1 (2C), 143.0 (2€1C), 142.8 (1C), 142.5 (2C),
142.4 (2C), Go sp? carbon; 64.1 (2C), 62.3 (2C), 54.9 (2C), benzyl
isocyanide carbon; 132.2 (2CQ), 129.2-127.0 (12CPh), 48.9
(2C, CHp). Compound3b: H NMR (400 MHz, CDC}, 298 K) &
7.33-7.24 (m, 10H,Ph), 5.21 (s, 4H, Ei,); **C{*H} NMR (100
MHz, CDCl;, 298 K) ¢ 181.3 (XCO), 179.3 (€0). Other carbon
signals too weak to be observe®a:3b = 7:1 by integration of
NMR signals.

Method B. A chlorobenzene solution (50 mL) & (50.0 mg,
0.0306 mmol) and PhC#l=PPh (1.5 equiv, 16.9 mg, 0.0459
mmol) was stirred for 12 h at room temperature. Evaporation of
the solvent and purification by preparative TLC ($ave a
mixture of two isomeric compound8a and3b (36.9 mg, 0.0214
mmol, 70%,R: = 0.4), as a brown solid.

Preparation of Os;(CO)e(CNR)3(3-n% 5% 5?-Ceo) (4). Method
A. A chlorobenzene solution (50 mL) of €O )(us-17%1%17?-Cso)

(1) (50.0 mg, 0.0324 mmol) and Ph@GN=PPh (5 equiv, 59.5
mg, 0.1620 mmol) was heated at 120 for 3 h. Evaporation of

(13) Lee, K.-W.; Singer, L. AJ. Org. Chem1974 39, 3780-3781.

(14) Lee, C. Y.; Song, H.; Lee, K.; Park, B. K.; Park, Jifforg. Synth.
2004 34, 225-228.

(15) Clauss, A. D.; Tachikawa, M.; Shapley, J. R.; Pierpont, GnGrg.
Chem.1981 20, 1528-1533.

for CggH21N3060ss: C, 59.69; H, 1.17; N, 2.32. Found: C, 58.21;
H, 1.57; N, 2.37. Compounda: 'H NMR (400 MHz, CDC}, 298

K) 0 7.33-7.22 (m, 15H,Ph), 5.01 (s, 6H, Eiy); 3C{*H} NMR
(100 MHz, CDC4, 298 K) carbonyl carbond 183.7 (820), Cso

sp? carbon; 159.1 (6C), 153.2 (3C), 148.2 (6C), 146.1 (6C), 145.4
(6C), 144.5 (6C), 144.0 (3C), 143.9 (6C), 143.1(6C), 143.0 (3C),
142.6 (3C), G sp® carbon; 61.0 (6C), benzyl isocyanide carbon;
132.6 (3C, ), 129.1-126.9 (18C,Ph), 48.6 (3C,CH,). Com-
pound4b: H NMR (400 MHz, CDC}, 298 K) § 7.33-7.22 (m,
15H, Ph), 5.21 (s, 2H, El,), 5.13 (s, 2H, Ei,), 5.04 (d, 1H,Jun

= 16.4 Hz, Gy), 4.98 (d, 1H Juyy = 16.4 Hz, GHy); 13C{H} NMR
(100 MHz, CDC}, 298 K), carbonyl carbonj 185.4 (ICO), 183.5
(1C0), 183.1 (T0O), 180.9 (¥O), Cso s carbon; 161.1142.0
(54C), Gyo sp? carbon; 69.7 (1C), 66.3 (1C), 60.6 (1C), 59.6 (1C),
55.8 (1C), 51.5 (1C), benzyl isocyanide carbon; 133.0 (1C),N
133.0 (1C, ), 132.5 (1C, IT), 129.1-126.9 (18CPh), 48.9 (1C,
CHy), 48.7 (1C,CH,), 48.6 (1C,CH,). 4a:4b = 1:1 by integration

of NMR signals.

Method B. A chlorobenzene solution (50 mL) & (50.0 mg,
0.0290 mmol) and PhCM=PPh (1.2 equiv, 14.3 mg, 0.0389
mmol) was heated at 12U for 3 h. Evaporation of the solvent
and purification by preparative TLC (G&H,Cl,, 10:1) produced
a mixture of two isomeric compoundéa and4b (36.8 mg, 0.0203
mmol, 70%,R: = 0.6), as a brownish-green solid.

Preparation of Os3(CO)s(CNR)4(e3-7% 5% 1%-Ceo) (5). Method
A. A chlorobenzene solution (50 mL) of g§€O)y(us-7%1%1?*-Cso)

(1) (50.0 mg, 0.0324 mmol) and Ph@=PPh (10 equiv, 119.0
mg, 0.3240 mmol) was heated at reflux for 3 h. Evaporation of the
solvent and purification by preparative TLC (€SH.Cl,, 10:1)
afforded compound (24.6 mg, 0.0130 mmol, 4098 = 0.4) as

a green solid. Compoundl(14.7 mg, 0.0081 mmol, 25%) was also
produced by this method. Compoubd IR (CH,CI,) » (CO) 2000

(s), 1976 (s), 1948 (w), 1915 (W)(NC) 2165 (vs) cm?; *H NMR
(400 MHz, CDC}, 298 K) 6 7.28-7.23 (m, 20HPh), 5.12 (s, 4H,
CHy), 4.94 (s, 4H, Ely); *C{*H} NMR (100 MHz, CDC}, 298

K) carbonyl carbonp 186.2 (1CO), 185.4 (Z£0), 184.5 (ZO),

Ceso SP? carbon; 162.5 (2C), 160.5 (2C), 159.4 (2C), 154.0 (1C),
153.7 (2C), 148.5 (2C), 148.2 (4C), 146.2 (2C), 146.1 (2C), 146.0
(2C), 145.6 (2C), 145.5 (2C), 145.4 (2C), 144.7 (2C), 144.6 (2C),
1445 (2C), 144.4 (1C), 144.1 (2C), 144.0 (2C), 143.8 (2C), 143.7
(2C), 143.5 (2C), 143.3 (2C), 143.1 (1C), 143.0 (2C), 142.9 (2C),
142.7 (2C), 142.6 (1C), & sp’? carbon; 67.4 (2C), 60.2 (2C), 57.9
(2C), benzyl isocyanide carbon; 133.5 (2GC)N133.0 (2C, IXT),
129.0~126.9 (24C,Ph), 48.7 (2C,CH,), 48.5 (2C,CH,); MS
(FAB') m'z1900 (M"). Anal. Calcd for G/H2gN40s0s: C, 61.32;

H, 1.49; N, 2.95. Found: C, 61.41; H, 1.63; N, 3.08.

Method B. A chlorobenzene solution (50 mL) df (50.0 mg,
0.0276 mmol) and PhCiN=PPH (5 equiv, 50.7 mg, 0.138 mmol)
was heated at reflux for 3 h. Evaporation of the solvent and
purification by preparative TLC (GBCH,Cl,, 10:1) gave compound
5 (14.7 mg, 0.0077 mmol, 28%; = 0.4) as a green solid.
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Table 4. Crystallographic Data for 3a, 4a, and 5 CS,/CH,ClI, (3:1), and for5 with hexane into Cg Diffraction data
3a 4a 5 of 3a (273 K), 4a (273 K), and5 (130 K) were collected on a
Bruker SMART diffractometer/CCD area detector. Prelimi-
;&rmma f;%'il‘é’\ézoﬁsa Clgg':sﬂ;lioﬁoss Cgf;ggNé‘%oss nary orientation matrix and cell constants were determined from
system triclinic monoclinic triclinic three series ofv scans at different starting angles. The hemi-
space group P1 P2:/n P1 spheres of reflection data were collected at scan intervals 6f 0.5
a A 10.007 12.794(3) 9.9255(7) w with an exposure time of 20 s per frame. The data were corrected
b, ﬁ\ %i-sjgg% iggggg; %ggﬂggé) for Lorentz and polarization effects, but no correction for crystal
o, deg 84.321(1) 90 73.164(2) csieAcDalxl_jY\galE applied. Absorption corrections were performed using
B, deg 89.819(1) 93.81(3) 83.004(2) : i _ )
v, deg 71.355(1) 90 75.240(2) Each structure was solved by dircand difference Fourier
vV, A3 2721.62(6) 5603(2) 3011.7(3) methods and was refined by full-matrix least-squares methods based
z 2 4 2 on F2 (SHELX 97)1° All non-hydrogen atoms were refined with
Deaca Mg m=3 2,101 2.147 2.095 anisotropic thermal coefficients. Details of relevant crystallographic
tf(m’fa), A 02;%27)3 577?1(5%3 %)3701%)73 data for3a, 4a, and5 are summarized in Table 4.
u, mmt 7.057 6.861 6.387
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system of a platinum working electrode (1.6 mm diameter disk,
Bioanalytical Systems, Inc.), a platinum counter wire electrode (5
cm length, 0.5 mm diameter wire), and a Ag/fAgeference
electrode (0.1 M AgN@Ag in acetonitrile with a Vycor salt
bridge). All the measurements were performed at ambient temper-
ature under nitrogen atmosphere in a dry, deoxygenated 0.1 M
chlorobenzene solution of [(n-BiN]CIO4. The concentrations of
compounds were ca. 8 1074 M. All potentials were referenced OMO060566H
to the standard ferrocene/ferrocenium (FcjFecale. The relative
number of electrons involved in each reduction process was (16) Bard, A. J.; Faulkner, L. FElectrochemical Methodslohn Wiley
obtained from the graph of current versus (tim&according to & Sons: New York, 1980; pp 142146.
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