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The synthesis and coordination chemistry of two chiral tetradentate pyridylimine Schiff base ligands are reported.
The ligands were prepared by the nucleophilic displacement of both bromides of 1,3-bis(bromomethyl)benzene (2)
or 3,5-bis(bromomethyl)toluene (3) by the anion of (S)-valinol, followed by capping of both amine groups with
pyridine-2-carboxaldehyde. Both ligands react with CoCl, and NiCl, to give [MaL,Cl,]>* complexes. Remarkably,
neither fluoride nor bromide ions can act as bridging ligands. The formation of [Co,((S)-3),Clo]?* is highly
diastereoselective, and X-ray crystallography shows that both metal centers in the [Coy((S)-3).Cl,](CoCls) complex
adopt the A configuration (crystal data: [Coz(Cs;H4oN4O,),Cl2](CoCls)+(CH3CN)s, monoclinic, P2;, a = 11.595(2)
A b = 22246(4) A, ¢ = 15.350(2) A, V = 3705(1) A3, B = 110.643(3)°, Z = 2). Structurally, the dinuclear
complex can be viewed as a helicate with the helical axis running perpendicular to the [Co,Cl,] plane. The reaction
of racemic 2 with CoCl, was shown by *H NMR spectroscopy to yield a racemic mixture of A,A-[C0((S)-2),Cl,]**
and A,A-[Co,((R)-2).Cl,J>* complexes; that is, a homochiral recognition process takes place. Spectrophotometric
titrations were performed by titrating (S)-3 with Co(ClO,), followed by BusNCI, and the global stability constants of
[Co((S)-3)]** (log B110 = 5.7), [Co((S)-3)2J?* (log 120 = 11.6), and [Cox((S)-3).Clo?* (log 110 = 23.8) were calculated.
The results revealed a strong positive cooperativity in the formation of [Co,((S)-3),Cl,]**. Variable-temperature
magnetic susceptibility curves for [Cox((S)-2).Cl2](BPhy), and [Cox((S)-3).Cl,](BPhy), are very similar and indicate
that there are no significant magnetic interactions between the cobalt(ll) centers.

Introduction are ideal building blocks for chiral ligands: a large number
Chirality is central to coordination chemistry and unites of such compounds are readily available in enantiopure form,
fields as diverse as transition-metal catalysis, metallo- and naturally the amine and alcohol functionalities can be
supramolecular chemistry, and bioinorganic chemistry. One utilized as donor groups. Our initial investigations h_ave cen-
research theme which plays a pivotal role in this field is the €red on ligands of the general typ€Chart 1). These ligands
exploration of methods for the stereoselective synthesis of € centered around a benzene core with chiral arms radiating
coordination compounds?3 out to Schiff base chelate groups. These arms can be arranged
We have commenced a research project focusing onin ortho, meta para, or 1,3,5 fashion around the benzene

ligands derived from chiral amino alcohols. Amino alcohols C€Ore. Two important questions can thereby be systematically
addressed: (i) the influence of the relative orientation of the
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" JST ERATO Kuroda Chiromorphology Project. assembly and (ii) the ability of the chiral centers of the ligand
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_N/_\/O ° N= Figure 1. CD spectrum of a 1/1 mixture of Ni(Ck) and §-2 in
$ V CH3CN (--+) and following the addition of (a) fluoride ions (---), (b) chlor-
/ N 2 R=H N \ ide ions (), and (c) bromide ions-{-). These spectra demonstrate a
— 3 R=CH3 = remarkable selectivity for chloride ions in the formation of complexes of

the typeA,A-[Niz((9-2)2X2]".
Scheme 1. Synthetic Route to Ligand® and3

R R with NaH in THF. Subsequent nucleophilic displacement of
~ J\: the bromides from the appropriatebis(bromomethyl)arene
Ho. A+ _NaH _ ~ (5) yields compound§ and8. Thus far we have prepared
N B g " Nji,o OVE\NH only these valinolato derivatives. However, this methodology
. 5 R=H ? 7 R=H ’ should be suitable for the preparation of other compounds
6 R=CH3 8 R=CH3 by making use of the large number of commercially available
and cheap enantiopure amino alcoh@land8 are potentially
R useful synthetic intermediates for a range of bischelating
ligands as the amine functionalities can be capped with a
pyridine-2- ~~ range of aldehydes (e.g., salicaldehyde, 2-diphenylphosphi-
ooy _ I/o N nobenzaldehyde). The pyridine-2-carboxaldehyde derivatives
7, 2 Ren b (§9-2and _@S)—B (hencefort_h abk_)rewated aS){2 and -
— 3 R-cH3 — 3) are readily prepared in high yield.

As outlined in our earlier paper, the reaction 8f-2 with

We have recently reported that ligan®)-€ forms a  CoClL in CH,CN leads to the dinuclear compleX,A-
dinuclear complex, [M(9-2)Cl.]*", upon reaction with  [Co,Cl,(S)-2),]>*. This complex can be isolated as either
CoCk or NiClo.* The complexation reaction was highly its CoCl2?~ salt or its BPG~ salt, and we present the full
diastereoselective with both metal centers adopting/the  getails of its characterization B NMR, UV —vis, and CD
configuration. However, the CD spectra of these complexes spectroscopy in the Experimental Section.
was the inverse of that normally observed for diimimeetal We subsequently investigated whether other metal ions
complexes with this stereochemistry. We were able to explain and potentially bridging anions (X) would also give rise to
this anomaly by an “internuclear” exciton coupling model complexes of the type [M(S-2)2X2]™". We employed a
whereby coupling between diimine chromophores located combinatorial approach whereby a variety of potentially
ondifferentmetal centers dominates the observed CD spec- pridging ligands (X= F-, CI-, Br, OAc", SCN") were

trum? Herein we present the full experimental details of added to Separate solutions of 1/1 mixtures sf_z and
this work along with further observations regarding the coor- \(ClO,), salts (M = Fe!, Cd', Ni", Cu', and zd) in
dination chemistry of ligand& and3 (Chart 1) including  CH;CN. Each sample was then screened for the presence of

some observations regarding the magnetic and thermodynamg ,((S)-2),X,]™ complexes by ES-MS and CD spectroscopy
ic properties of their dinuclear cobalt(ll) complexes. It should (for X = F~, CI-, and Br).

be noted that we have found that the coordination chemistries The only combinations which gave positive “hits” for
of 2 and3 are very similar, and we have used them inter- the presence oh,A-[M2((9-2).X,]"" complexes were the
changeably. Hence, the results described below for a partic—previous|y investigated (%CI- and NI'/CI~ systemg. This
ular ligand can, in general, be equally applied to the other. demonstrates a remarkable selectivity for chloride ions;
neither bromide nor fluoride ions are able to act as bridging
ligands. This is clearly illustrated by Figure 1, which shows

Synthesis and Coordination Chemistry of 2 and 3The the CD spectrum of a 1/1 mixture of Ni(CiR and ©)-2
general synthetic route to ligan@and 3 is presented in  along with the spectra measured following the addition of 1
Scheme 1. The anion of valinat(was generated by reaction  equiv of (a) fluoride ions, (b) chloride ions, and (c) bromide

ions. Similar observations were made when the correspond-

@) Igggr S. G.; Kuroda, R.; Sato, Them. Commur2003 1064~ ing experiment was performed with cobalt(ll) in place of
(5) Telfer, S. G.; Tajima, N.; Kuroda, Rl. Am. Chem. Sagin press. nickel(ll).

Results and Discussion
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Complexes of Tetradentate Pyridylimine Ligands

Figure 2. ORTEP plot of the non-hydrogen atoms of theA-[Coy((9)-
3)2Cly]?* cation. Thermal ellipsoids are shown at the 50% probability level.
Key: black= carbon; blue= nitrogen; red= oxygen.

The combination of $-2 and iron(Il) was found to give
[Fex((9-2)3]*" or [Fe(©)-2)(CHsCN),)?>" (depending on the
Fel/®-2 ratio), and these results will be reported in more
detail soon.

With respect to the coordination chemistry &-8, we

Figure 3. View of the A,A-[Cox((9-3)Cl]2" cation down the CeCo

axis emphasizing the orientations of the flexible central aromatic sections
of the ligands and the CHr interaction between the extended aromatic
ring and a pyridine ring of a neighboring complex. The isopropyl arms and
all hydrogen atoms of the ligands have been removed for clarity. Key:
orange= cobalt; greenr= chloride; gray= carbon; blue= nitrogen; red=
oxygen.

a Co--Co separation of 3.66 A and €¢I bond lengths of
2.47-2.48 A. The two §)-3 ligands surround this core,
spanning the two Co(ll) centers in a “side-by-side” manner.
An alternative way of viewing the disposition of the ligands
is to regard them as forming a double helix, twisting around

expected that it would behave in a fashion similar to that of an axis perpendicu]ar to the [QQ'CDZ] core. In this sense,
(9-2 given that the only difference between these ligands is the structure is a right-handed)( helicate? Both Co(ll)
the presence of a methyl substituent on the central aromaticcenters adopt thé\ configuration, and their coordination

ring. This expectation was borne out by the reactiorSp 3
with CoCl, which yielded the dinuclear complex,A-[Co,-
((9-3)2Cl5]?*. This complex was characterized By NMR

sphere is somewhat distorted from octahedral. The-So
bond lengths fall in the range 2.42.18 A. The [CoCJ]?~
counteranion has the expected tetrahedral geometry, and its

spectroscopy, ES-MS, CD spectroscopy, and X-ray crystal- presence accounts for the intense green color of the crystals.

lography (see below). Théd NMR spectrum ofA,A-[Co,-
((9-3).Cl;]CoCl, displays 13 peaks paramagnetically shifted

The orientation of the central aromatic rings of the ligands
is an interesting feature of the solid-state structure pf-

over a range of about 110 ppm. Analysis of the integrals of [Co,((9-3),Cl,]JCoCl. This is highlighted by the side view
these peaks indicates that they account for around 76 of theof the Comp|ex in Figure 3. It can be seen that one ring is

80 expected protons for thB,-symmetric structure. The

folded in toward the center of the complex, while the other

presence ijUSt one set of peaks indicates that the fOfmatiOI"E)(tendS outward from the Comp|ex_ The rings are thus

of A,A-[Cox((9-3).Cl2)?" is highly diastereoselective (de
95%), as observed folS|-2.
The primary motivation for the synthesis of bo®)-¢ and

oriented at an approximate right angle to one another. On
the other hand, i\ ,A-[Co,((S)-2).Cl;]CoCl, both aromatic
rings extend outward from the [@0l,] core with a relative

(9-3 was to enable the investigation of ligand exchange angle of 23.4
reactions between their dinuclear complexes by ES-MS; the e can rationalize the observed conformations of the

different masses of these two ligands would allow dif-
ferentiation of the three possible [&(5)-2)x((S)-3),Cl.]**
complexes. A similar approach has proved fruitful for dinu-
clear triple helicate& Unfortunately, however, fragmentation

ligands by the following. The central sections of ligarils
and3 are rather flexible, and therefore their conformations
are likely to be sensitive even to weak intra- or intermolecular
interactions. Analysis of the packing &f A-[Co((9-3).Cl.]-

of these dinuclear complexes was observed under a rangecoCl, reveals a short contact between the “extended”

of spectrometer operating conditions. These difficulties pre-

aromatic ring and a hydrogen atom (H35) of a pyridyl group

cluded a quantitative investigation into the ligand exchange of a neighboring molecule. The centreitH distance is 2.54

reactions.

X-ray Crystal Structure of A,A-[C05((S)-3).Cl;]JCoClg4
(CH3CN)s. The solid-state structure of\,A-[Cox((9)-
3)2Cl;]CoCly(CH3CN); (Figure 2) is broadly similar to
that of the corresponding complex d){2.# The complex
cation is centered around a [€@,-Cl);] core’® which has

(6) Charbonniere, L. J.; Williams, A. F.; Frey, U.; Merbach, A. E;
Kamalaprija, P.; Schaad, Q. Am. Chem. Sod997 119, 2488~
2496.

A, and the C35-H35 bond makes an angle of 15dith the
plane of the aromatic ring. This is strongly suggestive of a
stabilizing CH-xr interaction and would explain why this

(7) Shao, C.; Sun, W.-H.; Chen, Y.; Wang, R.; Xi, Gorg. Chem.
Commun2002, 5, 667-670.

(8) Hemmert, C.; Renz, M.; Gornitzka, H.; Soulet, S.; MeunielCBem—
Eur. J.1999 5, 1766-1774.

(9) For typical helicates, the helical axis is defined as theN¥laxis.
Piguet, C.; Bernardinelli G.; Hopfgartner €hem. Re. 1997, 97,
2005-2062.
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Figure 4. A portion of thelH NMR spectrum (500 MHz) ofac-2 and
CoChk (1/1 ratio) in CXCN.

aromatic ring extends outward from the core of the complex.
Indeed, similar CH interactions are apparent fdooth
ligands in A,A-[Cox((9-2).Cl;]CoCls, whereboth ligands
are observed to project away form the core of the complex.
In the absence of any CHr interactions, the ligand folds

Telfer et al.

be identical to that of [C4(9-2).Cl,]?". This is likely to be
the thermodynamic (rather than kinetic) product distribution
given the high lability of the cobalt(ll) ion. A plausible
explanation for this homochiral self-recognition phenomenon
can be gleaned from the X-ray crystal structuré\gh-[Co,-
((9-2).Cly]?* (the core of this complex is structurally
identical to that of the $-3 complex shown in Figure 2).
The four bulky isopropyl substituents of the two ligands are
all directed away from the center of the complex and are
free from any obvious destabilizing steric interactions. If one
of the (§-2 ligands of A,A-[C0,((9-2).Cl,]?" is replaced
by (R)-2, however, the isopropyl groups of the)¢2 ligand
would project directly toward the coordinating pyridine rings
of the (§-2 ligand. Thus, if the overall structure of the
dinuclear complex is maintained, there is likely to be a
significant free energy difference between the homochiral
and heterochiral diastereomers which is sufficiently large to
steer the reaction down the homochiral pathway.

Both the homochirdF*3 and heterochirdt® reaction

inward as seen in Figure 3. This creates a highly nonpolar pathways mentioned above have literature precedent for

cavity, and the ether oxygen atoms of the ligand are directe
away from this region. Thus, the folding process probably

results in free energy gains as a result of favorable hydro-

phobic interactions. It should be noted that ¢ NMR

spectra of both complexes indicate these distortions are los

in solution and the complexes have aver&gesymmetry.

Synthesis of [Ca(2),Cl,]?" with rac-2. As outlined above,
the reaction of enantiopur&)¢2 with CoCL givesA,A-[Co,-
((9-2).Cl;]?* as the sole product. We investigated the same
reaction withracemic2 by mixing 1 equiv each of§)-2
and R)-2 in CDsCN before adding CoGl(1 equiv per total
2). The 'H NMR spectrum of this solution was recorded,
and a set of 12 peaks paramagnetically shifted over a rang
of around 110 ppm was observed (Figure 4). Tellingly, the
spectrum was identical to that observed foA-[Coy((S)-
2),Cl5]?*.

Given that the reaction of CoQWith rac-2 also generates
[Co,(2),Cl,)?T, there are two distinct pathways the reaction
can follow. The first possibility is that the ligands are capable
of self/non-self-discrimination (or “social self-sorting”), and
a heterochiral complex [GHS)-2)((R)-2)Cl,])?" is formed (eq
1). Alternatively, the ligands may undergo a sedklf-

recognition process to generate the homochiral complexes

A A-[Cox((9-2):Cl]2* and A, A-[Cox((R)-2).Cl]%* (eq 2).

dtransition—metal complexes, though it remains rather difficult

to predict a priori which outcome will be favored. Indeed,
structurally similar ligands can display starkly contrasting
behaviort® and the energy differences can be small enough

gthat mixtures of products are formét® There is also at

least one reported instance where an entirely new product is
formed upon switching from a chiral to a racemic ligafd.
However, despite these uncertainties, convincing post hoc
rationalizations of the observed product distributions can
often be made. As in the case reported here, steric effects
have often been invoked as being the determining factor.
Thermodynamic Stability Constants. The aim of this

esection of work was to determine the global stability constant

of A,A-[Cox((9-3).Cl,]?". This was achieved by conducting
a series of spectrophotometric titrations which are discussed
below. First, however, given that a large number of other
[Col(9-3),Cl]® 2% complexes may also be present at
various Co/§)-3/Cl ratios, careful characterization of these
complexes is required for the successful modeling of
spectrophotometric data. To this end, ES-MS #idNMR
titration experiments were performed.

(i) ES-MS and 'H NMR characterization of [Cox((S)-
3),Cl,]@2* Complexes. A series of ES-MS spectra at
differing Co/(§)-3 ratios was obtained by titrating a solution

The channeling of these diastereostereomeric processes cafil (9-3 in CHCN with Co(CIQ)2+6H,0. A peak atvz =

be viewed in the broader context of general self-sorting
phenomena’

heterochiral

homochiral
assembly

2 [Cox(S-2)(R-2)CL,]Cl, (1)
4 rac-2 + 4 CoCl,

AA[Cox(S-2),ClyICh, + AA[Cox(R-2),CLICL, (2)

A 1/1 mixture ofrac-2 and CoC} generates [CH(9)-
2),Cl]?* and [Ca((R)-2).Cl,]?*. This was demonstrated by
the 'H NMR spectrum of this mixture, which was found to

(10) Wu, A.; Isaacs, LJ. Am. Chem. So2003 125, 4831-4835.
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(11) Telfer, S. G.; Williams, A. F.; Bernardinelli, @hem. Commur2001,
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(12) Rowland, J. M.; Olmstead, M. M.; Mascharak, P.IKorg. Chem.
2002 41, 1545-1549.

(13) Masood, M. A.; Enemark, E. J.; Stack, T. D.Ahgew. Chem., Int.
Ed. 1998 37, 928-932.

(14) Kim, T. W.; Lah, M. S.; Hong, J.-IChem. Commur2001, 743~
744.

(15) For a related example involving the heterochiral dimerization of
M(diimine) complexes, see: Gut, D.; Rudi, A.; Kopilov, J.; Goldberg,
I.; Kol, M. J. Am. Chem. So@002 124, 5449-5456.

(16) Provent, C.; Bernardinelli, G.; Williams, A. F.; Vulliermet, Sur. J.
Inorg. Chem.2001, 1963-1967.

(17) Amendola, V.; Fabbrizzi, L.; Linati, L.; Mangano, C.; Pallavicini, P.;
Pedrazzini, V.; Zema, MChem—Eur. J. 1999 5, 3679-3688.

(18) Vincent, J.-M.; Philouze, C.; Pianet, |.; Verlhac, J.@hem—Eur. J.
200Q 6, 3595-3599.
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530.2 was observed to grow in rapidly at low Co(GHD
(9-3ratios before diminishing at higher ratios. At this point,

peaks atm/z = 279.6 and 658.2 began to dominate the F‘g 1
spectrum. When chloride ions were added, these peaks were s
gradually replaced by a peak @iz = 594.3. "g 2
These observations can be interpreted in a straightfor- 2
ward fashion. Initially [Co(®-3),]?" (m/z= 530.2) is formed. 2, Q)
[Co((9-3)]?" appears upon the addition of further cobalt- %
(I), as indicated by the steady increase in intensity of the X
base peak for this complexn(z = 279.6) and its Cl@" 0 250 300 350 200
adduct (Wz = 658.2). These [C0§-3)*" (x = 1, 2) wavelength (nm)
complexes are subsequently converted inta{(Sp-3)-.Cly]2* Figure 5. A selection of UV-vis spectra from the spectrophotometric

(m/z 594.3, isotopic peak spacings 0.5 Da) when chloride titration of (§-3 with Co(ClQy)-6H;0 in CH:CN. Co/(S)-3 ratios: free

ions are added. There are a couple of caveats regarding@'& 0.05, 0.09, 0.16, 0.23, 0.28, 0.36, 0.44, 0.51, 0.59, 0.67, 0.75, 0.97.
these ES-MS results. First, although the isotope spacings of 2.0
the peak atm/z = 594.3 indicated a 2 charge (i.e.,

[Cox((9-3).Cl,]?"), we cannot rule out the possibility that F'g 15
the [Co(§)-3)CI]" complex is also present. Second, these s
complexes are prone to fragmentation under the conditions t&?’
of ES-MS measurement (as noted above); hence, the 2 01
observed spectra may not be a full accurate representation 2
of the species present in solution. & 054

A H NMR titration was performed in a manner analogous
to that of the above ES-MS experimeft#s expected, the 0.0
signals corresponding to fre€)¢3 dropped rapidly in inten-
sity when CO(CIQ)2 was added. However, th?se Were re- _Figure 6. A selection of UV-vis spectra from the spectrophotometric
placed by rather weak and broad paramagnetic peaks, and ititration of (9-3/Co(CI0y)-6H,0 (1/1 ratio) with BUNCI in CH:CN. CI/
was not possible to glean any information from the spectra. (9-3 ratios: 0.08, 0.23, 0.39, 0.54, 0.69, 0.85, 0.92, 1.08.
We suggest that th#1 NMR signals expected for [Ca- Table 1. Global Stability Constants of Cobalt(ll) with Ligan@¢3 and
3)2]>" and [Co(§)-3)]?" are rendered unobservable by ex- Chioride lons
treme line broadening and/or .rapid fluxional processes. A Co+ L —[Col] log 0= 5.7(6)
singleset of peaks corresponding to [§(®)-3).Cl,]?>" was Co+ 2L —[Col] log B120=11.6(7)
observed when chloride ions were added to the §( 2Co+ 2L + 2C1— [CoLlL 7] log 222 = 23.8(9)
(/1) solution (Figure S1 in the Supporting Information). o
Only traces €5%) of other paramagnetic species were the results of the ES-MS ariti NMR fitrations. [Co(§)-
detected. 3)]?" and [Co(§)-3),])%" are clearly important in the first step

In summary, the ES-MS experiments imply that [(R)( of the titration (.CO(CIQ)Z added t0 §-3), and [CQ((.S.)_
3),]2* is formed rapidly, and [Co§)-3)]2* more slowly, when 3)2CI?]2+ is certainly formed in the' second step (addition of
(9-3 is titrated with Co(ClQ),2° These complexes are chloride). Thus, a model comprising these three complexes
subsequently converted to [&(5)-3).Cl,]?" in the presence was tested (eqs-3b),
of chloride ions. In conjunction with theH NMR experi-

250 300 350 400
wavelength (nm)

|l . 2+
ments, we may tentatively conclude that p&8)-3).Cls]** Co' +(9-3—=[CoS3)" (Bud (3)
is the only species which contaihsthcobalt(ll) and chloride | ,t
ions which is formed in detectable concentrations. However, Co +2(9-3=[Co(S3),]"" (B120 4

given the inherent limitations of these techniques, the pres-
ence of other such complexes cannot be completely excluded. 2Cd' + 2(9-3 4 2CI” = [Co,(S3),CLI*" (B,  (5)
(i) Spectrophotometric Titrations. Spectrophotometric
titrations were performed by adding aliquots of Co(Q© and an excellent fit with the titration data was obtained. The
6H,0 to a solution of §-3in CHCN, up to a Co/L ratio of  calculated global stability constants are presented in Table
1/1, followed by the addition of aliquots of BNCI. The 1. Significantly, the addition of other complexes such as
changes to the U¥vis spectrum were monitored in the range  [Co((9-3)CI]* or [Co((9-3).Cl]* to the chemical model
210-450 nm as shown in Figures 5 and 6. dramatically worsened the fit to the data. The absorption
The spectrophotometric data were fitted using the Specfit spectra predicted by the fitting procedure are chemically reas-
program?:22A chemical model was devised on the basis of onable for all complexes, and that of [{(5)-3).Cl,]?" is

(19) BwNCI was used in place of Nk&I for the NMR experiment. (21) Gampp, H.; Maeder, M.; Meyer, C. J.; Zuberbuhler, A. Talanta
(20) The actual structures of these two complexes remain somewhat 1986 33, 943-951.
uncertain. The coordination sphere of the latter complex may, of (22) Specfit/32 for Windows: http://www.bio-logic.fr/rapid-kinetics/specfit/
course, be completed by solvent molecules. index.html.
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204 .
| %
0+ : 3.0
- . B S
Co(ll) addition CI addition
Figure 7. Simulated speciation curves oB)¢3, [Co((9-3)]%", [Co((9- 25+ T ) 7 T T T
3)22+, and [Ca((9-3)2Cl2]2" during the titration of §-3 with Co(CIQy)z- 0 50 100 150 200 250 300
6H,0 (A — B along thex axis), followed by BuNCI (B — C along thex T (K)
axi_s). Point B represents a C8){3 ratio of 1/1 and poihC a Co/§)-3/Cl Figure 8. Temperature dependency of the magnetic momestrder Co
ratio of 1/1/1. center) for [Ca((9-2).Clz](BPh); (filled squares) and [G&(S-3).Cl]-

(BPhy), (open circles).
in excellent agreement with the spectrum of an isolated sam-
ple of the complex (Figure S2 in the Supporting Information). formation of the final structure is thermodynamically favored
The concentrations of fre&S%-3, [Co((9-3)]2*, [Co((S)- over every intermediate step along the reaction pathway.
3),]2*, and [Co((9-3)-.Cl,]?" at various stages of the titration ~ Positive cooperativity has been previously observed in the
were calculated using the stability constants presented incontext of metallosupramolecular chemistry, especially for
Table 1. The relevant speciation curves are presented intransition-metal helicate$.3° With respect to [Cg(S-
Figure 7. The curves indicate that fre§)-8 is rapidly 3)Cl;]**, this cooperative effect is likely to be aided by the
consumed when cobalt(ll) is added. [C®(R)-]2" is the chloride bridges of the core of the complex, which will serve
dominant complex in the early stages of the titration due to t0 dampen the Coulombic repulsions usually experienced by
the large excess of ligand which is present. At a S} metal ions when brought close to one another in polynuclear
ratio of 1/2, this complex accounts for around 95% of the Structures.
ligand. [Co(§)-3),]" is gradually replaced by [Cd§)-3)]>" Magnetic Behavior of the [Ca.L ,Cl,]?" Complexes.The
as the Coff)-3 ratio increases; the latter complex accounts temperatureT) dependencies of the magnetic susceptibility
for only 20% of the total ligand at a ratio of 17 1When  (xm) of [C0x((§)-2)-Cl2](BPh:). and [Ca((9-3)Ll2](BPhy).
chloride ions are added to the C®43 solution, the  were measured in the temperature rang8@0 K, and the
concentrations of both of these complexes decline due tocorresponding graphs of the magnetic momegt ber cobalt
the steady formation of [G((S)-3).Cl,]2". atom) as a function off are shown in Figure 8. The
A second spectrophotometric titration was carried out COmplexes show very similar magnetic behavior. At 300 K,

by adding aliquots of CoGi6H,O to a solution of §-3 in Uerr 1S 4.74 ug, consistent with an octahedral, high-spin
CH,CN.23 In this case, modeling the data with just two Co(ll) center. Mononuclear octahedral cobglt(ll) systems
complexes[Co((9-3),]2* and [Ca((S)-3),Cl-]> provided generally haye room temperature magnetic moments of
the best fit. The calculated global stability constants were in 4:7—5-2 us, significantly greater than the spin-only value
accord with those calculated from the first titration; however, Of 3.87ue due to the large first-order orbital angular momen-
the accuracy of these ftitrations was compromised by the tum contribution to the magnetic momefrhe v values
formation of [COC{ @9+ species toward Cog@(9-3 ratios are temperature independent until app_roxmately 110 K,
of 1/1, which restricted the number of data points available P&lOwW which they drop gradually, reaching 3.24 and 3.34
for the fitting procedure*H NMR titration results were fully ~ #8 for [C0x((9)-2)-Cl2](BPh), and [Co((S)-3).Cl](BPh).

consistent with the chemical model employed in fitting these "€SPectively, at 2 K; this drop is likely due primarily to zero-

spectrophotomgtrlc data with Only one paramagnetlc,SpeCIes (23) Titrations were carried out up to a Co(ll)/L ratio of 1/1. Beyond this
[Cox((9-3):Cl,]* —observed at all Co@(S)-3 ratios (Figure point, formation of [CoG]® ™+ species became significant.

S3). Although [CO(@—3)2]2+ is invisible by 1H NMR (24) In reality, we expect the product distribution at high G&(S)-3 ratios
. . . to be slightly more complicated due to the formation of [CHEN+
spectroscopy (as discussed above), this complex appears i gyecies.

the ES-MS spectrum at low Cof{l9-3 ratios. Using the (25) Woods, C. R.; Benaglia, M.; Toyota, S.; Hardcastle, K.; Siegel, J. S.
stability constants presented in Table 1, a set of speciation ., A196W. Chem., Int. EQ001, 40, 749751,

. - . ; (26) Glass, T. EJ. Am. Chem. So@00Q 122, 4522-4523.
curves for the titration of$-3 with CoCkL were simulated (27) Albrecht, M.Chem. Re. 2001, 101, 3457-3497.

(Figure 84)2.4 A slow onset to the formation of [GHS)- (28) Hamacek, J.; Blanc, S.; Elhabri, M.; Leize, E.; Dorsselaer, A. V.;
. . . Piguet, C.; Albrecht-Gary, A.-MJ. Am. Chem. So@003 125 1541~
3).Cl;]?* is clearly evident; however, this complex becomes 15950 Y 3123

the dominant species at Cof{5)-3 ratios greater than 3/4  (29) Floquet, S.; Ouali, N.; Bocquet, B.; Bernardinelli, G.; Imbert, D.;

: e : Bunzli, J.-C. G.; Hopfgartner, G.; Piguet, Chem—Eur. J.2003 9,
and is formed almost quantitatively at a 1/1 ratio. 1860-1875.

This ensemble of thermodynamic data reveals a stronggtl)g (P:fetitL Ag LAehr\]/V ill-(-M-Ch%m- l\aorrlllmlgﬂ/?\92883ﬁ—840- ‘A g
oy P . . 2+ oton . A.; IKinson G.; Muriio C. A.; bochmann pvance
positive cooperativity in the formation of [G(¢S)-3).Cl] Inorganic Chemistry6th ed.; John Wiley & Sons: New York, 1999;

when Co(ll), §-3, and chloride ions are mixed. That is, the p 821.
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field splitting effects of the Co(ll) centers. Although there tivity; i.e., the chirality of these ligands efficiently prede-
may be antiferromagnetic interactions active in these systemstermines the stereochemistry of the cobalt(ll) centers. This
there is no maximum observedjn; hence, any interactions  chirality is also expressed by homochiral ligand self-sorting
are quite weak (probably<l cm'), and we have not when racemic ligand is used to prepare these dinuclear
attempted to quantify thed3:3 complexes. The formation of,A-[C0ox((9-3).Cl,]*" and
These systems, with the absence of any significant A,A-[Ni((S)-3).Cl;]?" is easily monitored by CD spectros-
magnetic interactions, can be compared to another discretecopy, and this method also reveals that neither fluoride nor
dinuclear complex with a [Ce(u>-Cl);] core for which a bromide ions are able to act as bridging ligands. Thermo-
very weak antiferromagnetic interactioh € —0.63 cm?) dynamic data derived from spectrophotometric titrations
between the cobalt(ll) centers was calculatdthe Co--Co reveal positive cooperativity in the formation of [§(5)-
distance in this complex is 3.54 A (compared with 3.54 and 3).Cl;]*". A wide array of ligands can be constructed from
3.66 A for [Ca((9-2).Cl,]CoCl, and [Ca((S)-3).Cl;]CoCl,, chiral amino alcohols using the methodology presented in
respectively), while the CeCl—Co bond angle is 958 this paper, and we anticipate that exploration of their coor-
(average 92.7and 95.2, respectively$* dination chemistry will continue to deliver many further
In contrast to these weakly coupled systems, [G@EICA - surprising and enlightening observations.
bipyridine)l., a two-dimensional coordination polymer, mag-
netically orders at 5 K, and chloride-mediated ferromag- Experimental Section

netic coupling is a factor in this systeinThe C_O_CI bond General Procedures!H NMR spectra were recorded on a JEOL
lengths of the polymer are 2.4869(19) A, while the-€zo Alpha spectrometer at 500 MHz at 2C and referenced to the
distance is 3.6 A, and the €&&€I—Co bond angle is 93.10-  (esidual solvent peak (GON, 6 1.95 ppmds-DMSO, 6 2.50 ppm:
(9)°. Similarly, ferromagnetic coupling#5.3 cnT?) was CDCls, 6 7.26 ppm).13C NMR were recorded at 125 MHz and
observed in [MeNH]CoCl;-2H,0, a one-dimensional chain  were reference to the residual solvent peak {CB,  1.32 ppm;
of chloride-bridged octahedral cobalt(ll) centétdn this de-DMSO0, 6 36.5 ppm; CDJ, 6 77.2 ppm). UV-vis absorbance
system, the CeCl bond lengths are 2.4561(8) and 2.5029- data were recorded using a Shimadzu UV-3150 spectrometer, and
(8) A, while the intrachain CeCo distance is 3.6366(7) A;  extinction coefficients are given in units of McmL. CD spectra
the Co-Cl—Co bond angles are 95.52¢43nd 93.14(4). were _recor_ded on a JASCO J720 spectropolarimeterpAanalues
Metal—ligand bridge angles are known to be important are given in units of M cm *. ES-MS spectra were recorded on
. . . a Applied Biosystems Mariner spectrometer with a flow rate of 5
geometric factors in determining the type and strength of

. e . . uL/min and at a concentration in the range 46106 M. Nozzle
magnetic coupling’ However, no straightforward correlation potentials and temperature (460 °C) were kept to a minimum to

between geometry and magnetic interactions can be deducedoiq fragmentation. Microanalyses were performed by Tore
from the data discussed above. One point which is clear is Research Centre, Eigiyoo, Tokyo. Unless otherwise stated, chemi-
that the chloride bridges of the [€gu,-Cl),] moiety are cals were purchased from Wako, TCI, or Aldrich and used as
poor mediators of magnetic interactions for the three com- received. Dried solvents were used for all reactions and measure-
plexes which have been reported to date. This may arise fromments.

a cancellation of ferromagnetic and antiferromagnetic inter-  Preparation of 7. L-Valinol (5.0 g, 48.4 mmol) was dissolved
actions; however, a systematic magnetostructural correlationin dry THF (60 mL), and NaH (60% dispersion in mineral oil, 1.94
study for dihalo-bridged octahedral cobalt(ll) complexes 9 48.4 mmol) was added in portions with stirring under argon.

would be required to examine this point in more detail. The solution was then refluxed for 30 min to give a pale yellow
suspension and cooled to room temperature, and 1,3-bis(bromo-

Conclusion methyl)benzene (4.45 g, 16.9 mmol) was added. The reaction
mixture was then refluxed under argon for 16 h and cooled to room
We have introduced a new family of chiral ligands derived temperature, and MeOH (2 mL) was added. The solvent was then
from chiral amino alcohols, and in this paper have presentedremoved and the off-white residue partitioned between@}Hand
some observations concerning the coordination chemistry of H20. The organic layer was separated and extracted il HCI
two members of this family. These ligand§)-2 and §)-3, solution. The aqueous solution was then basified with aqueous NH
were found to react with Cogto give dinuclear complexes ~ and extracted with CiCl,. The organic layer was dried over Mgs0
[CosL,Cl,)2* which form with high &95%) diastereoselec- and the solvent removed to giveas a pale yellow oil. Yield: 3.89
g (12.6 mmol, 75%)H NMR (CDClg): ¢ 0.88-0.90 (m, 12H,
(32) Sun, J.-S., Zhao, H.; Ouyang, X.; Clerac, R.; Smith, J. A.; Clemente- CHy), 1.51 (br's, 4H, M), 1.64 (m, 2H, &), 2.77 (m, 2Ha-H),
Juan, J. M.; Gomez-Garcia, C.; Coronado, E.; Dunbar, KinBrg. 3.28 (dd, 2H, O@i,CH), 3.50 (dd, 9.5 Hz, 3.5 Hz, 2H, GGCH),
Chem.1999 38, 5841-5855. 4.50 (AB,2) = 12.5 Hz, 4H, OGi,Ar), 7.23-7.32 (m, 4H, aromatic

(33) Sakiyama, H.; Ito, R.; Kumagai, H.; Inoue, K.; Sakamoto, M.; Nishida, 1 .
Y. Yamasaki, M.Eur. J. Inorg. Chem2001, 2027 2032. H). 13C NMR (CDCk): 6 18.1, 19.4, 30.9,.56.3, 73.1, 74.0, 126.8
(34) The geometric data for our complexes correspond to the X-ray crystal (2C), 128.4, 138.6. ES-MS (GEN, HOAc): m'z= 309.0 ([H]*,
structures which were solved for their [Caf2l" salts, while the 100).

(35) T:\,%gﬁgi dﬁﬁ@g&;ﬁgni Fov\t/r;% rgsﬂe.cﬂ}leﬁ IEi:Ith.Y “Yuen. T.: Preparation of 8. L-Valinol (1.62 g, 15.7 mmol) was dissolved

Lin, C. L. Inorg. Chem.1999 38, 5410-5414. in dry THF (60 mL), and NaH (60% dispersion in mineral oil, 630
(36) Losee, IZIJI. B.; McEll;earney, J. Nh.; Shankle, G. E.; Carlin, R. L; mg, 15.7 mmol) was added in portions with stirring under argon.
Cresswell, P. J.; Robinson, W. Phys. Re. B 1973 8, 2185. ; R ;
(37) Willet, R. D., Gatteschi, D., Kahn. O.. Edslagneto-structural The solqtlon was then refluxed for 30 min to give a palg yellow
Correlations in Exchange Coupled SysteiRsidel: Dordrecht, The suspension and cooled to room temperature, and 3,5-bis(bromo-

Netherlands, 1985. methyl)toluene (1.53 g, 5.5 mmol) was added. The reaction mixture

Inorganic Chemistry, Vol. 43, No. 2, 2004 427



was then refluxed under argon for 16 h and cooled to room
temperature, and 40 (2 mL) was added. The THF was then
removed and the off-white residue partitioned between@jand
H,0. The organic layer was separated and extracted i HCI
solution. The aqueous solution was then basified with aqueous NH
and extracted with CKLl,. The organic layer was dried over MgsO
and the solvent removed to give a pale yellow oil. Yield: 1.50 g
(4.7 mmol, 85%)H NMR (CDCl): ¢ 0.91-0.93 (m, 12H, Ei3),
1.63-1.70 (br m, 6H, & and NHy), 2.35 (s, 3H, ArEl3), 2.79
(m, 2H, a-H), 3.30 (dd, 2H, OEi,CH), 3.52 (dd, 2H, OE,CH),
4.48 (AB, 4H, OCHAr), 7.08 (s, 2H), 7.11 (s, 1H)}C NMR
(CDCl): ¢ 18.3, 19.6, 21.5, 31.0, 56.5, 73.4, 74.2, 124.3, 127.9,
138.4, 138.7. ES-MS (C¥N, HOAc): m/iz= 323.2 (BH]*, 100),
161.1 (BH2]%", 36).

Preparation of 2. Amine 7 (0.50 g, 1.62 mmol) was taken up
in dry MeOH (10 mL), and pyridine-2-carboxaldehyde (0.347 g,

Telfer et al.

NMR (CD3;CN, approximate integrals given)y —28.74 (12H),
—24.22 (12H), 1.28 (4H), 4.59 (8H), 9.29 (6H), 13.91 (4H), 14.36
(4H), 18.40 (4H), 29.28 (4H), 34.56 (2H), 65.00 (4H), 73.34 (4H).
UV —vis (CHCN, 104 M): Amax283 nm € 26300). CD (CHCN,
1074 M): Amax 293 nm Ae —30.0), 267 nm (6.22). Anal. Calcd
(Found) for [CQ((S)-2)2C|2]COC|4'2H20 (C60H84C|5C03,N806): C,
51.37 (51.0); H, 6.04 (5.8); N, 7.99 (7.7).

(iii) [Co2((S)-3)LCl;)(CoCly). This complex was prepared in a
manner similar to that of the above complék. NMR (CDsCN,
approximate integrals given)) —28.42 (12H),—24.21 (12H), 1.06
(4H), 4.82 (8H), 7.53 (8H), 9.37 (6H), 14.16 (4H), 14.37 (4H),
18.17 (4H), 29.28 (4H), 34.56 (2H), 64.43 (4H), 73.02 (4H).- UV
Vis (CH:CN, 1074 M): Amax282 nm € 34200). CD (CHCN, 104
M): Amax 293 nm Ae —31.1), 267 nm (5.68). ES-MS (GNO,):
m/z=594.2 (IMF*, 100). Anal. Calcd (Found) for [GS)-3).Cl,]-
(CoCly)+H,0 (CsHs2CisC0sNgOs): C, 52.85 (53.3); H, 5.87 (6.4);

3.24 mmol) was added. Molecular sieves (4 A) were added, and N, 7.95 (7.6).

the solution was stirred overnight under argon. The solvent was

Preparation of [Co,(L) .Cl;](BPhy), Complexes (L= 2, 3).A

removed under reduced pressure and the yellow-brown oily resi- sample of the appropriate ligan®¢r 3, 0.15 mmol) was dissolved

due analyzed byH NMR. If any starting material was present,
the product was purified by chromatography on alumina using
CH,Cl,/MeOH (98/2) as the eluent. Yield: in the range-880%.

IH NMR (CDCl): 6 0.88-0.91 (m, 12H, ®l3), 2.03 (m, obscured
by solvent peak, ), 3.23 (m, 2H,a-H), 3.56 and 3.69 (ABX,
4H, OCH,CH), 4.43 (m, 4H, OEl;Ar), 7.15 (m, 4H), 7.29 (m,
2H, pyridyl), 7.72 (m, 2H, pyridyl), 8.01 (d, 2H, pyridyl), 8.34 (s,
2H, imine H), 8.63 (d, 2H, pyridyl)**C NMR (CDCk): ¢ 18.8,

201, 30.4,72.1,73.1,76.9, 121.6, 124.7, 126.8 (2C), 128.5, 136.6,

138.7, 149.5, 154.9, 162.1. ES-MS (62N, HOAc): m/z=487.0

([2H]*, 100). UV—vis (CHsCN): Amax271 nm € 10800), 236 nm
(23150). CD (CHCN): Amax329 nm AA¢ —0.060), 287 nm (0.12),
268 nm (-0.79).

Preparation of 3. Compound3 was prepared in the same manner
as?2. Yield: in the range 85100%.1H NMR (CDCl): 6 0.86—
0.92 (m, 12H, ®l3), 2.00 (m, 2H, E&1), 2.21 (s, 3H, ArEi3), 3.23
(m, 2H,a-H), 3.56 and 3.70 (ABX, 4H, OB,CH), 4.38 and 4.42
(AB, 4H, OCHAr), 7.25 (m, 3H), 7.29 (m, 2H, pyridyl), 7.71 (m,
2H, pyridyl), 8.02 (d, 2H, pyridyl), 8.34 (s, 2H, imine), 8.63 (d,
2H, pyridyl). 13C NMR (CDCk): ¢ 19.1, 20.3, 30.6, 32.0, 72.3,
73.4,76.7,121.9, 124.3, 125.0, 127.9, 136.9, 138.4, 138.8, 149.
155.2, 162.4. ES-MS (C¥N, HOAc): m/z=501.0 (BH]*, 100).
UV —vis (CHsCN): Amax 271 nm (she 10250), 265 nm (10600),
237 nm (21700). CD (CKCN): Amax233 (A€ 13.5), 268 nm<-1.7).

Preparation of [Coy(L).Cl;](CoCls) Complexes. (i) General
Notes.It was found that equimolar mixture of reagents (Coid
ligand) led to the best yield of the [G(d).Cl,](CoCls) complexes
despite this ratio not matching the stoichiometry of the product.

We believe that this is due to the formation of other species at

CoClL/L ratios greater than 1/1. This is consistent with the
observation that solutions of dissolved crystals of the{OeCly)-
(CoCl) complexes were not stable over long periods of time. We
did not pursue this point in detail as precipitation of the complex
cations with NaBPh (see below) was found to be a superior
synthetic route, and the resulting BPIsalts are stable over long
periods in solution.

(i) [Co2((S)-2).Ll5]CoCly. In a typical procedure, Cog&bH,0O
(0.5 mmol) and $-2 (0.5 mmol) were combined in GJ&N (1.5

in dry MeOH (1 mL), and a solution of Co&€6H,0 (35.7 mg,
0.15 mmol) in MeOH was added to give a red solution. A solution
of NaBPh (117 mg, 2.2 equiv) in MeOH (2 mL) was then added
with rapid stirring. A pale orange precipitate formed which was
filtered off, washed with MeOH and diethyl ether, and air-dried.
Yield: 85%.

(i) [Co2A((9)-2).Cl;](BPhy),. TH NMR (CDsNO,, approximate
integrals given): 6 —27.95 (12H) and—25.06 (12H), 6-10
obscured by KD, solvent, and BPh, 13.61-14.29 (m, 8H), 19.44
(4H), 30.31 (4H), 33.87 (2H), 66.89 (4H), 75.07 (4H). ES-MS
(CH3NOy): m/iz = 580.2 ([MF*+, 100). UV-vis (CH,CN, 104
M): Amax 275 nm € 26500). CD (CHCN, 104 M): Amax293 nm
(Ae —25.4), 267 nm (7.50). Anal. Calcd (Found) for [0&)-2),Cl,]-
(BPhy)2:3H20-CH3;0H (CiogH126B2C12C0:Ng0g): C, 69.39 (69.5);

H, 6.73 (6.4); N, 5.94 (5.3).

(i) [Co2(9)-3).LCl5](BPhy),. *H NMR (CDsCN, approximate
integrals given):0 —28.80 (12H),—24.31 (12H), 4.73 (4H), 6.94
7.69 (BPh), 9.37 (4H), 14.21 (6H), 14.59 (4H), 18.27 (4H), 19.9
(2H), 29.10 (4H), 34.73 (2H), 64.83 (4H), 73.45 (4H). bVis

g (CHCN, 104 M): Znax 276 N ¢ 26000). CD (CHCN, 104
'M): Amax 293 NM (e —26.2), 267 nm (6.95). ES-MS (GNO,):

m/z=594.2 ([MF*, 100). Anal. Calcd (Found) for [GHS-3).Cl,]-
(BPhy)2*H20 (CpyH122B2Cl,Co,NgOs) = C, 71.55 (71.2); H, 6.66
(6.7); N, 6.07 (5.5).

Preparation of [C0,(2),Cl,]?" with Racemic Ligand. A solution
of CoCh-6H,0O (2.55 mg, 10.7«mol) in CD;CN (300 uL) was
added to a solution of§j-2 (2.60 mg, 5.3%mol) and R)-2 (2.60
mg, 5.35umol) in CD;CN (300uL).

ES-MS Titrations. A solution of Co(ClQ),:6H,0O in CH,CN
(ca. 102 M) was added in eight aliquots to a solution §-@ in
CH3CN (ca. 3x 106 M). A solution of NH,Cl in methanol (0.07
M) was then added in eight aliquots. ES-MS spectra were recorded
after each addition.

IH NMR Titrations. (i) Procedure 1. A solution of CoCIQ-6H,0
in CD3;CN was added in aliquots to a solution &-3 in CDsCN
(ca. 102 M) to give a final Co/§)-3 ratio of 1/1. A solution of
Buy,NCI in CDsCN was then added in aliquots to give a final

mL) and diethyl ether (4 mL) was added to give a thick green oil. C0/(S-3 ratio of 1/1/. The'H NMR spectrum was recorded
The brown supernatant was removed and the remaining dark greerfollowing the addition of each aliquot.

oil washed with ether. A minimum amount of hot gEN was then (ii) Procedure 2. A solution of CoC}-6H,O in CD;CN was
added to dissolve the oil and the solution cooled to give a green added in aliquots to a solution o3 in CDsCN (ca. 102 M) to
crystalline precipitate which was filtered off, washed with ether, give a final CoC}/(S-3 ratio of 1/1. ThelH NMR spectrum was
and dried under vacuum. Yield: ca. 60% (based on go@H recorded following the addition of each aliquot.

428 Inorganic Chemistry, Vol. 43, No. 2, 2004



Complexes of Tetradentate Pyridylimine Ligands

Spectrophotometric Titrations. All operations were performed  collected using a Bruker APEX system at 110 K with M@K
at 21.5°C in a controlled-temperature environment using the-JV  radiation. A total of 15744 unique reflection®{ = 0.050) were
vis instrumentation described above. Data were analyzed with the collected. Data were corrected for Lorentzian and polarization. No
Specfit prograni??! Titrations were performed to obtain three absorption correction was applied due to crystal decay. The structure
stability constants which agreed with each other within the error was solved by direct methods, and refined agaif$t using
limits estimated by the software. The averaged values are presentecnisotropic thermal displacement parameters for all non-hydrogen

in Table 1. atoms (isotropic for the disordered ether oxygen atoms mentioned
(i) Procedure 1.A solution of CoCIQ-6H,0 in CH,CN (ca. 3 below). Hydrogen atoms were placed in calculated positions. One
x 1072 M) was added in aliquots to a solution of liga@din of the ether oxygen atoms displayed a large thermal displacement

CH3CN (ca. 1x 1075 M) to give a CoB ratio of 1/1. A solution of parameter which was modeled as a disorder over two sites with a

BusNCl in CHZCN (ca. 5x 1072 M) was then titrated in to give a  0.74/0.26 occupation ratio. The finglfactor for 11119 reflections

Cof3/Cl ratio of 1/1/1.2. The UVvis spectrum was recorded (I > 20l) with 789 variables was 0.048( = 0.102), and the

following the addition of each aliquot. absolute structure parameter wa$.01(1). Residual electron
(ii) Procedure 2. A solution of CoC}-6H,0 in CH;CN (ca. 3 density peaks: mir-0.49, max 0.88 e A2. Calculations used the

x 1072 M) was added in aliquots to a solution @){3 in CH;CN SHELXL76 program. The ORTEP plot was made using ORTEP-

(ca. 1 x 105 M)) to give a final CoC}/(9-3 ratio of 1/1. The 33

UV —vis spectrum was recorded following the addition of each .
aliquot. P g Acknowledgment. S.G.T. thanks the JSPS for the provi-

Magnetic Measurements.Variable-temperature magnetic sus- Sion of a postdoctoral fellowship. D.B.L. thanks NSERC of
ceptibility data were collected using a Quantum Design SQUID Canada for financial support.
MPMS-5S magnetometer working down 2 K at a 1 Tfield
strength. All data were corrected for TIP, the diamagnetism of the
PVC sample holder, and the constituent atoms (by use of Pascal
constants§8

CryStaI Data for [CO2(031H40N402)2C|2](COC|4)‘(CH3CN)3.
Dark green triangular crystals grew over a period of two weeks at
room temperature from a solution of Ce@®H,O and §-3 in
CH4CN. Crysal data: monoclinicP2;, a = 11.595(2) A,b =
22.246(4) Ac = 15.350(2) AV = 3705 (1) B, p = 110.643(3,
Z = 2, Deaica = 1.357 g cm3. A total of 27513 reflections were 1C034585K

Supporting Information Available: H NMR spectra from the
titration of (§)-3/Co(ClOy), (1/1 ratio) with BuNCI (Figure S1), a
comparison of measured and predicted absorption spectra of
[Cox((9-3).Cl,]?" (Figure S2)H NMR spectra from the titration
of (§-3 with CoCl, (Figure S3), speciation curves for the titration
of (§-3 with CoCl, ( Figure S4), and crystallographic data in CIF
format. This material is available free of charge via the Internet at
http://pubs.acs.org.
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