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substituted with a secondary amino group at the methylene
carbon do not show any inequivalence of the {I-protons over the
whole temperature range. Thus, only the key-in-the-lock pos
sesses the sufficiently large activation energy necessary for the
observation of coalescence under the existing conditions.

Experimental Procedure

The receptor A is well known [5]. Phenol I was synthesized by addition of adenine

to 3.5-di-Iert-butylquinonemethide [111. Phenols 2 and 3 were obtained by conden
sation of 4-bromomethyl-2.6-di-I"'t-butylphenol with adenine and with 2-amino

benzimidazole [10]. respectively. All compounds were characterized by current
methods. The 'H NMR spectra were obtained on a Bruker AC 250 (250 MHz)
spectrometer in CDCI3.

The radicals '*.2*. and 3* were generated in CH,CI, by oxidation of the corre

sponding phenols with PbO,; A can be added before or after radical generation.
Deoxygenation was done by bubbling argon through the samples. The spectra were
recorded with a Bruker ESP 300E spectrometer e4uipped with an ENDOR unit

IBruker ER 810). Typical instrumental parameters for ENDOR investigations:
MW power 30 mW; RF power 7 dB. 500 W; modulation 70 kHz.
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supramolecular chemistry, and has led to the lormation of a
variety of metal/ligand supra molecular ensembles. The latter
have fascinating structures such as double or triple helices, and
"capped", "cylindrical" and "circular" architectures. The
resulting redox and photophysical properties have also been of
interest. [n all the work to date the ligands L have been bound
to mononuclear centers and they have also been the only (or in
some cases, the majority) ligands to the metals.

Metal cluster chemistry is another area in which self-assembly
of multiple components occurs to produce a "supermolecular"
product. We have been interested in earboxylatomanganese
clusters for a number of reasons, including the fact that they
exhibit highly unusual magnetic properties and, in some cases,
arc single-molecule magnetsU 2. I-'}

We report herein the amalgamation of the above two areas,

namely the use of bis-2,2'-bipyridine ligands L in carboxy
latomanganese cluster formation, in order to explore the influ
ence of the ligand "programming" on both the cluster formed
and the nature of the multicomponent assembly; the overall
objective is the development of supramolecular chemistry in
volving metal clusters as components of the supra molecular
ensemble.

The two ligands employed were Lt114] and L2.[151 Treatment
of[Mn30(02CMe),,(pY)3](CI04)(t6] (py = pyridine) with LI in
a I: 1.5 molar ratio in MeCN led to a dark brown solution and

subsequent isolation of the tetranuclear complex I as a perchlo
rate salt. Similarly, treatment of [Mn-,0(02CEt),,(PY)3]
(CI04)117J with L2 in a I: 1.5 molar ratio in CH2C12 led to
subsequent isolation of the octanuclear complex 2 as a perchlo-
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rate salt. The structure of the cation I (Fig. 1)[ 181 consists of two
[Mn20(02CMe)2(Lt)] + fragments held together by interfrag
ment linkages Mnl-03' and Mn I' -03. The cation is cen
trosymmetric and mixed-valent (two Mnlt, two Mnltl) and, on
the basis of the structural parameters, the Mnlt and M ntll centers
are five-coordinate (Mn2) and six-coordinate (Mnl), respec
tively. Each resulting MnltMntll pair is quadruply bridged
by 03, two syn,syn-MeCO; groups, and the Lt ligand, which
is attached to both metals. There arc three types of
Mn'" Mn distances, Mntll ... Mntll (2.784(4) A), intrafragment
Mnlt ... Mntll (3.208(4) A), and interfragment Mnlt ... Mntll
(3.632(4) A). The central [Mn202] unit is asymmetrical; the in
terfragment Mntll-O bonds (1.8787(6) A) arc noticeably longer
than the intrafragment Mntll-O bonds (1.8391(6) A). Interest
ingly, all bipyridine (bpy) rings are essentially parallel, provid
ing additional interfragment interactions by 1t stacking. Com
plex t is a new addition to the family of Mn4 clusters with a
"dimer-of-dimers" structure.119]
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Polypyridyl, 0Iigo-2,2'-bipyridine, and related ligands L have
received considerable attention over the last several years.II-lll
The use of such ligands as "programmed" components in self
assembly reactions with metal ions has been a central theme in
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Fig. I. ORTEP rerreSe.,lali"., "rlhecali"., I. Selecled disla.,ces [AI a.,d a.,gles I J:

1\1.,1···1\1.,1' 2.7X4(4). 1\1.,1 .. M.,2 3.20X(4). 1\1.,1 M.,2' 3.632(4). \1.,1--03

I.X39(1). 1\1.,1-0.1' I.X79(1). 1\1.,2-032.030(1),0.1-1\1.,1-03' X3.01(3), M.,I-03

1\1.,1' %.99(3). 1\1.,1-03'-1\1.,2' 136.60(3). 1\1.,I-(n-1\1.,2 111.93(.1).

Fig. 2. ORTEP represC'l1talion ol'thc cation 2. Sdccted distances (A) and angles ( ]:
1>.1.,1.. ·1\1.,2 2.X43(4), 1\1.,1-05 I.XX9(1.1), M.,I 06 1.X90(12). 1\1n2-06

I.X93( 13),1\1.,2- 05 I.X99( 13).1\1.,3 -OS I.X.11(1.1). M.,4 06 1.X45( 13),05-1\1.,1

06 X1.6(6). 05-M.,2-06 XI.2(6).

The structure of the centrosymmetric cation 2 (Fig, 2)[18J like
wise consists of two fragments, but interfragment linkages are
now provided by the two L2 ligands. The fragments have
[Mn4(Jl3-0)1]8 + (i.e. four Mn'll) butterfly-like cores, arranged
face-to-face. If the -CI-I1-CH1- linker groups of the L2 ligands
were removed, two previously reported [Mn401(OlCEtk

(bpY)lr units result; this shows that 2 can be viewed as a dimer
of clusters with butterfly-like cores in which the fragments are
only slightly distorted compared with discrete [Mn401(02CR)7'
(hpY)lr species.[l71 Inspection of a space-filling model shows
no cavity in the center of the cluster.

Variable-temperature magnetic susceptibility data were col,
lected on complexes 1 and 2 (SQUID magnetometer, 10.0 kG
field) to investigate the degree of interfragment interaction.
Complex 1 exhibits an effective magnetic moment (tlerr) per mol
ecule that smoothly decreases from 8,05 ~u at 320 K to 1.05 flu

at 2.0 K (Fig. 3). The data were fit to a model in which the
exchange interaction between the interfragment Mnll ... Mnlll
pairs was considered to be negligible because of the relatively
long separation. The fit (Fig. 3) employed -2JS,Sj terms
for exchange interactions and gives J(Mnlll ... Mnlll) =
_ 3.2 em - I, J(intrafragment Mn"" . Mnlll) = - 2.3 em -1,
g = 1.86 and a small contamination (4%) by paramagnetic Mnll
ions. The value of J(Mn'"·· . Mnlll) shows that interfragment
interactions exist in 1. The variable-field and variable-tempera-

"ture data indicate that 1 has an S = 0 ground state.
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Fig:. 3. Plot of the efkcti\'c magnetic moment. 1',.1'1 iv1n.•. \'S. temperature for

IM.,.02(OAc))L I ),I(CIO.), (I..) and [MnHO.(O,CEI),.(L2),I(CIO.)2 (2 .• ) i., a.,

arrlied magnelic licld "r 10.00 kG. The s"lid line rerresents the best IiI 10 Ihe
theorcticall.'quation. See text for fitting parameters.

The data for 2 indicate there is negligible exchange interaction
between the two butterfly-like Mn~IOl fragments. In Figure 3,
Jlerr per butterfly unit is plotted as a function of temperature.
The decrease from 7.51 flu (per Mn401 fragment) at 320 K to
5.82 ~lu at 50.0 K, followed hy a rapid decrease to 2.42 ~u at
2.0 K, parallels what has been seen [17.10Jfor other butterfly-like
Mn~IOl complexes. In fact, the data could be fit assuming the
two hutterfly-like fragments do not interact to give J"b =
-10.5 em -I, Jbb = - 27.4 em - I, and g = 2.00, where JWb char
acterizes the wing-tip-body Mnlll ... Mnlll interaction and Jbb

the hody- body interaction. The rapid decrease in Jlerf at low
temperatures was accommodated by assuming the S = 3
ground state in each hutterfly-like core has an axial zero-field
splitting with I DI = 3.0 em - I.

LI and L2 possess two important properties: 1) the 2,2' -bpy
character of each half of the ligands and 2) their overall "linked-
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bpy"' nature. Given that bpy itself will react with [Mn30
(02CR)6(PY)3](ClOa) to afford butterfly-like clusters of the type
[Mna02(02CR)7(bpY)2](CIOa).[171 it can be seen that in L2 the
5,5" linkage results in the above-mentioned properties being
independent: property I) triggers self-assembly of a butterfly
like [Mn402]8 + cluster (as does free bpy). and property 2) yields
a resulting "dimer-of-clusters" supramolecular assembly. In
contrast, properties 1) and 2) arc couplcd (not independent) in
L 1. and the 6.6" linkage thcreforc yields the ncw clustcr type in
complex I.

It is clear that there is great potcntial for suitably "pro
grammcd"' polypyridyl and rclated ligands in this arca of
supramolecular chemistry involving mctal clustcrs. complc
menting the current use of mononuclear metal ccnters. Such an
approach might be one potential means of amalgamating. for
example. the often unusual magnetic propcrties of metal clusters
and the multidimensional controlled ordering of supramolccu
lar chemistry.

Experimenlal Procedure

IMn,O,(O,CMe),( LI ),I(CIO,I, (I). Solid LI (0.30 g. 0.90 mmol) was added to a

stirred red·bro\\n solution ofl~ln,O(O,CMe).(pY).,ItCIO,) (0.52 g. 0.60 mmol) in

\leCN (60 mL). \\hich causcd a rapid color change to dark rcd·brown. The solution
\\as stirred for 12 h.filtcred. and the filtrate layered with an e<jual s'olume ofTHF.

After several days. dark red·brown block·shaped crystals of 1·2THF had formed:
this formulation was indicated crystallographically. but dried solid analyzed as

,. THF· 2 H,O. Yield 46%. Anal. caled (found) for C,.H."N,02lCl,Mn,: C 45.70
(45.87). H 4.1 1(3.961. N 7.61 (7.67). Mn 14.93 (14.99)%.

IMn,0,(0,CEt),,(L2),I(CIO,I, (2). Solid L2 (0.10 g. 0.30 mmol) was added to a

stirred red·bro\\n solution of IMn,O(O,CEt).(py),I(ClO,) CO.19g. 0.20 mmol) in

CH,CI, (50 mL). The solution s"" stirred for 2 h. filtered. and the liltrate layercd
\\ith an cqual \'olumc of hc-xanes. After sc\'cral days. dark red crystals of

2· 4CH ,CI,' -' C.H" \\ere collected: this formulation was indicated crystallograph·
ically. but dried solid analyzed as solvent free. Yield 65%. Anal. calcd (found) for
C,,,H,,,N,O,,,CI,Mn,: C 43.97 (44.04). II 4.6714.531. N 4.56 (4.66). Mn 17.88
117.92)%.
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Carbaporphyrins**
Kurt I3crlin*

In rcccnt ycars numcrous structural variants of porphyrins
havc been synthesizcd It. 2hlwhich are not only intcresting as 18T[
arcnes. but also bccause of thcir divcrsc applications in
mcdicine.[21 and as catalysts and chromophorcs.I" 2hllnmost of
these porphyrinoids. including porphyrin iSOll1crs.[J- 51 por
phyrin analogs. and expanded porphyrins.[ 1 h. 2h.41 cithcr a
pyrrolc ring has bccn formally replaccd by a unit containing a
nitrogcn or a differcnt hctcroatom. or thc arrangement of
pyrrolcs and CH groups has bccn changcd. But few porphyri
tloids with Icss than laur hctcroatoms in thc inncr cycle have
bccn rcportcd 'that can bridgc thc gap to the formally related
C-annulencs. which arc prcpared by complctcly different syn
thctic stratcgics and display strongly contrasting spectroscopic
and physical propcrties.[61

Novel porphyrin isomers. in particular onc with an invcrted
pyrrole ring and an inner CI-lunit.15! wcre inspiration to procecd
further and replacc one pyrrole ring of porphinc by a five-mcm
bercd unsaturated all-carbon ring. In these compounds only onc
nitrogcn atom of the porphyrin system is replaccd by carbon;
thus they arc referrcd to as carbaporphyrins.

Since the replaccmcnt of onc pyrrole ring of the porphyrin
core by 6T[ arenes was sucecssful.[71 thc rcaction of a tripyrranc
likc 2b (sce Scheme I) with a cyclopentadiene- 1,3-dialdehyde
appcared to be promising. Unfortunatcly thc lattcr compound
is not known. and it would probably bc unstable under the
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