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The preparation of donor (D)—photosensitizer (S) arrays, consisting of a manganese complex as D and a ruthenium
tris(bipyridyl) complex as S has been pursued. Two new ruthenium complexes containing coordinating sites for
one (2a) and two manganese ions (3a) were prepared in order to provide models for the donor side of photosystem
Ilin green plants. The manganese coordinating site consists of bridging and terminal phenolate as well as terminal
pyridy! ligands. The corresponding ruthenium—manganese complexes, a manganese monomer 2b and dimer 3b,
were obtained. For the dimer 3b, our data suggest that intramolecular electron transfer from manganese to

photogenerated ruthenium(lll) is fast, ker > 5 x 107 s71,

Introduction

In an effort to make diads and triads of transition-metal

In green plants and cyanobacteria, a complicated enzymecompl.eXeS that mimic the electron donor side of PS I, we
have linked monomeric manganese complexes and a tyrosine

system, photosystem Il (PS 1), is the important part of the ™" . A
photosynthetic apparatus, where water oxidation takes place.unlt to a ruthenium(1l) tris(bipyridyl) complex, [Riiopy)],

This remarkable process, where electrons are extracted from (1) (a) vachandra, V. K.; Sauer, K.; Klein, M. Ehem. Re. 1996 96,

water and molecular oxygen is formed, is essentially a four-
electron-oxidation reaction. It takes place in a catalytic center
known as the oxygen-evolving complex. This contains a
cluster of four manganese ions cycling through five oxidation
states, denoted a$-SS,.! Close to the manganese cluster is
a tyrosine residifebelieved to be involved in electren
proton? or hydrogen atom transfer from a water molecule
bound to manganese.

The discovery that the tyrosine may play an important role
in water oxidation has stimulated the synthesis of new
manganese complexes containing phenolate ligamtbalso
of model systems for PS Il that contain ruthenium(ll) tris-
(bipyridyl) complexes connected to tyrosine and phenolate
ligands that can coordinate mangangse.
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Complexes Linked to Ruthenium(ll) Tris(bipyridyl)
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and investigated the excited-state lifetimes and photoinducedChan 2

electron transfet.For the trinuclear ReMn, complex1b ~
(Chart 1), where the manganese coordinating site consists “ " ?

of a bridging phenolate and four terminal pyridy! ligarfs, N Sovent
we have demonstrated that intramolecular electron transfer /A 4 [ \0
(ker > 1 x 10" s7%) occurs from Ma"!" to the photogenerated <: O N

ruthenium(lll), forming Mp"!"'
By using a sacrificial electron acceptor, three steps of
photoinduced electron transfer could also be observed and a

(5) (a) Horner, O.; Anxolabehere-Mallart, E.; Charlot, M.-F.; Tchertanov,
L.; Guilhem, J.; Mattioli, T. A.; Boussac, A.; Girerd, J.tdorg. Chem
1999 38, 1222-1232. (b) Horner, O.; Girerd, J.-J.; Philouze, C.;
Tchertanov, LInorg. Chim. Actal999 290, 139-144. (c) Shongwe,
M. S.; Mikuriya, M.; Nukada, R.; Ainscough, E. W.; Brodie, A. M;
Waters, J. MlInorg. Chim. Actal999 290, 228-236. (d) Lomoth,
R.; Huang, P.; Zheng, J.; Sun, L.; Hammarsird..; Akermark, B.;
Styring, S.Eur. J. Inorg. Chem2002 2965-2974.

(6) (a) Sun, L.; Raymond, M. K.; Magnuson, A.; LeGolree, D.; Tamm,
M.; Abrahamsson, M.; Huang KépeP.; Martensson, J.; Stenhagen,
G.; Hammarstim, L.; Styring, S.; Aermark, B.J. Inorg. Biochem.

200Q 78, 15-22. (b) Sun, L.; Burkitt, M.; Tamm, M.; Raymond, M.
K.; Abrahamsson, M.; LeGoufniec, D.; Frapart, Y.; Magnuson, A.;
Huang-Kerie, P.; Brandt, P.; Tran, A.; Hammar&mo L.; Styring,
S.; Akermark, B.J. Am. Chem. S0d.999 121, 6834-6842. (c) Sun,
L.; Akermark, B.; Hammarstr, L.; Styring, SChem. Soc. Re2001,
30, 36—49. (d) Magnuson, A.; Berglund, H.; Korall, P.; Hammaisi;o
L.; Akermark, B.; Styring, S.; Sun, L1. Am. Chem. S0d.997, 119,
10720-10725.

(7) (a) Burdinski, D.; Bothe, E.; Wieghardt, Kknorg. Chem 200Q 39,

105-116. (b) Burdinski, D.; Wieghardt, K.; Steenken JSAm. Chem.
Soc 1999 121, 10781-10787.

(8) (a) Sun, L.; Berglund, H.; Davydov, R.;"Be, A.; Norrby, T.;

Philouze, C.; Korall, P.; Berg, K. A.; Tran, A.; Andersson, M
Stenhagen, G.; Martensson, J.; Hammarstrd..; Almgren, M.;
Styring, S.; Aermark, B.J. Am. Chem. S0d.997, 119 6996-7004.

(b) Berglund-Baudin, H.; Sun, L.; Davidov, R.; Sundahl, M.; Styring,
S.; Akermark, B.; Almgren, M.; Hammarstng, L. J. Phys. Chem. A
1998 102 2512-2518. (c) Hammarstro, L.; Sun, L.; A&ermark,

B.; Styring, SBiochim. Biophys. Act&998 1365 193-199. (d) Berg,

K. E.; Tran, A.; Raymond, M. K.; Abrahamsson, M.; Wolny, J.; Redon,
S.; Andersson, M.; Sun, L.; Styring, S.; Hammaisird..; Toftlund,

H.; Akermark, B. Eur. J. Inorg. Chem.200], 1019-1029. (e)
Abrahamsson, M.; Berglund Baudin, H.; Tran, A.; Philouze, C.; Berg,
K. E.; Raymond-Johansson, M. K.; Sun, L.ké&mark, B.; Styring,
S.; Hammarsthm, L. Inorg. Chem2002 41, 1534-1544.

Mn,""V oxidation state was reached in complék.® At-
tempts to demonstrate the formation of even higher manga-
nese oxidation states have so far not been successful, at least
partly because of oxidation of the ligand as indicated by the
formation of some free Mh To prepare ligands that are more
compatible with high oxidation states of manganese, we set
out to prepare complexes in which some of the pyridyl
groups inlb have been replaced by phenolate. In this paper,
we report the synthesis of the dinuclear-Rdn complex

2b (Chart 2) and the trinuclear RtMn, complex3b (Chart

3), which are both related tibb but in which one or two
pyridines have been replaced by phenolates. Ashinthe
[Ru'(bpy)] and manganese moieties are joined by an amide
bond. The amide bonds are expected to impart some rigidity
to the complexes by virtue of the double-bond character of

(9) Huang-Kenez, P.; Magnuson, A.; Lomoth, R.; Abrahamsson, M.;
Tamm, M.; Sun, L.; van Rotterdam, B.; Park, J.; Hammarstrh.;
Akermark, B.; Styring, SJ. Inorg. Biochem2002 91, 159-172.
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Chart 3 (s) of the phenol was achieved by formylation via the Duff

_ )\ N reaction, by hexamethylenetetramine in trifluoroacatic acid
« ||\1 cl) o0 © o | _ (TFA).X° Depending on the reaction conditions, it was
Nt M possible to obtain either the monoformylat&)l ¢r diformy-

/\f \0/ | M\ lated (LO) phenol. When dry TFA and a large excess (8

QO/N | N N equiv) of hexamethylenetetramine were used, diformylation

| was obtained with only traces of the monoformylated phenol
' (Scheme 2). Using less hexamethylenetetramine (4 equiv)

0 resulted in a 1:1 mixture of mono- and diformylated phenol,
AN N e which could be separated by chromatography. When mono-
N \ 7 /N formylation was desired, a shorter reaction time and only 2

equiv of the tetramine were used (Scheme 1). Furthermore,
there was no need to run the reaction under dry conditions.

=\ + To prepare the ligand®, reductive amination of the
\_4 monoformylated phendl with the secondary aminks was
attempted. The success with this reaction depends on whether
the cyanoborohydride would reduce the iminium intermediate
before it could react further. To our delight, this reaction
these bonds. This should favor an extended structure over avorked, although with moderate yield. The yield was
folded structure of the complexes and decrease both quenchimproved when the reaction was carried out in the presence
ing of the excite®MLCT state of Ril and direct through- ~ of a Lewis acid, ZnGl!* Deprotection by reaction with
space electron transfer from manganese to the photogeneratedydrazine then gave the amifewhich is the precursor of
RuU". A second difference between the compldx on the the ligand complexXa.
one hand, an@b and3b, on the other hand, is that the link Because reductive amination of the diformylated phenol
that connects the Ru and Mn moieties Ib has been  10failed to give good yields, a second strategy was designed
shortened ir2b and 3b. to introduce the aminél5. The compoundlO was first
Because it was possible to prepare compm@éxwith a reduced to the corresponding alcotdl with NaBH:CN/
mononuclear manganese moiety aBitdl with a dinuclear ~ zZnCl, (Scheme 21! As in the reductive amination, the
manganese moiety, it seemed interesting to see whether thigresence of ZnGwas necessary to obtain good conversion
difference in binding had an effect on the rate of electron to the corresponding alcohol (the more common reducing
transfer. agent NaBH was not applicable in this case because it also
Finally, we were interested in comparing the rates of reduced the phthalimide group). The alcolidl was then
electron transfer from the phenol moieties to photogeneratedchlorinated with thionyl chloride to giv&2. Reaction with
Ru'" in 1a, where there is a strong hydrogen bond and fast 15, followed by cleavage of phthalimide with hydrazine gave
electron transfer, and ipa and3a. Also in 2aand3a strong 14, the precursor t@a
hydrogen bonds between the nitrogen functions and the The amine9 and 14 were then linked to the Ru(bpy)
phenolic hydroxy groups should be formed, but the specific part via an amide bond to givea and 3a, respectively
involvment of the central phenol is not clear. The effect on (scheme 3). The RuMn complexes were obtained by
the rate of electron transfer is therefore uncertain, and it yeacting2a and 3a with manganese(lll) acetate. The elec-
seemed particularly interesting to see whether there wouldgspray ijonization mass spectra (ESI-MS) 2if and 3b
be a difference with one hydrogen-bonding arm a2dand  showed peaks corresponding to loss of counterion(s)) (PF
two as in3a (see the Experimental Section).

Result and Discussion The complexes were also investigated by cyclic (CV) and
differential pulse (DPV) voltammetry. All voltammograms
displayed a one-electron oxidation at ca. 1.3 V versus satu-
rated calomel electrode (SCE) and three successive one-
electron reductions betweenl.25 and—1.80 V, as shown

by the DPV peaks for complex&aand3b (Figure 1). These

can be attributed to the (reversible) '®u oxidation and to

the (reversible) reduction of the three bipyridine ligands,

all, the benzyl alcohol is converted to the corresponding . : I

. - - . . < respectively. The values of the potential are very similar to
chloride to enable nucleophilic substitution with phthalimide; . . 1

) the corresponding potentials for [Ru(bglfy.t? For 3a
second, the phenol group is acetylated and prevented from
.reaCtmg with phthalimide. After substitution Wl.th phthal.".n_ (10) (a) Ogata, Y.; Kawasaki, A.; Sugiura, Fetrahedronl968 24, 5001
ide, the acetyl group was hydrolyzed under acidic conditions 5010. (b) Lindoy, L. F.: Meehan, G. V.; Svenstrup,$ynthesid998
to give the phenob. When basic conditions were used for a1 7{ 1)0}%‘%1%32bh C H- Koo 1. S Al K. H- Kim. Y. 3.0
e Al FE a) KIm, S.; On, C. AH.; KO, J. 5.} n, K. A.; Kim, Y. J. Org.

hydrolysis, either NaOH or 4CO;, the phthalimide group Chem 1985 50, 1927-1932. (b) Lane, C. FSynthesid4975 3, 135
was partly cleaved. Functionalization in the ortho position- 146.

Synthesis and Characterization.The synthesis a2aand
3astarted from the same compound, 4-hydroxybenzyl alco-
hol (Scheme 1). The alcohol was converted to the protected
benzylamines by reaction with acetyl chloride, followed by
potassium phthalimide. The reaction of 4-hydroxybenzyl
alcohol with acetyl chloride served two purposes: first of

7504 Inorganic Chemistry, Vol. 42, No. 23, 2003
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Scheme 1
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additional, irreversible oxidations occurred=stacof ca. 1.05

NH,

14

the amine and phenolate ligand functions, and the amine

Vin the CV, and in the DPV (Figure 1), additional peaks at oxidation probably occurs at lower potentials than the phenol

ca. 1.05 and 1.26 V, below that of the 'Rl couple, can be
seen. FoRa, corresponding peaks appeared at the same po-

oxidation.
These ligand oxidation peaks were completely absent in

tentials in the GEV and DPV. Similar peaks were earlier 2 ang3p, as expected when manganese is coordinated to
observed forla> We attribute these peaks to oxidation of e jigands. Ireb, we could not detect any additional redox

(12) Tokel-Takvoryan, N. E.; Hemmingway, N. E.; Bard, AJJAm. Chem.
Soc.1973 95, 6582-6589.

processes attributable to the reduction or oxidation of'Mn
In the DPV of3b, two small oxidation peaks that were not

Inorganic Chemistry, Vol. 42, No. 23, 2003 7505
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Scheme 3
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MS data showed that alsth contained a trivalent Mn ion.
Because MW complexes normally have large zero-field
splittings and/or spin relaxation, only a small number have
been characterized by electron paramagnetic resonance (EPR)
spectroscopy. In prevalent cases, transitions have been
observed at high microwave frequenéfesr when the
exciting B, field is applied in parallel with the static magnetic
field (Bo).'*'> However, if the zero-field splitting is suf-
ficiently small, it is possible that EPR transitions can be
observed in the conventional perpendicular mode. X-band
spectra from MH#-salen complexes, recorded in perpendicu-
lar mode, were recently reported by Bryliakov et@l.
Complex2b exhibited a broad, unstructured resonance peak
atg = 7.2 (Figure 2), which resembled the reported spectra
of Mn'"'-salen. This signal was interpreted by Bryliakov et
al. as arising from forbidden transitions at the level of a non-
\ Kramers doublet withms = 421 No other signals or
\ transitions could be observed f@b, whether the B field
\d was applied perpendicular or parallell with the magentic field.
' In the MA"" dimer3b, no EPR signal was expected, but
Y in frozen acetonitrile solution, the complex displayed a ca.
vs. SCE .
Figure 1. DPV data for3b (solid) and3a (dotted). Conditions: 1 m\8b 2300 G broad, well-structured signal, centered arogirel

(or3a) and 0.1 M TBAPR in dry acetonitrile (see the Experimental Section). 2_- Th? signal is Chara(_:teriStiC for magnetically coupled,
dimeric Mn complexes in the mixed-valence Mh state

present foi3a were seen at ca. 0.45 and 0.90 V (Figure 1). (see, e.g., ref 17). It therefore clearly contains some mixed-

In a very similar Mn dimer with dtert-butyl-substituted  yalence MA"'. Because the analytical data f8b are in
phenolates that was not linked to a Ru complex, we observedyery good agreement with a M' composition, it is

four one-electron-redox processes betwe¢h3 and+1.2  yniikely that there are more than a few percent of'n
V, of which at least three were manganese centéféd.  species in the synthetic samples. A rough quantification of

is thus possible that the two additional DPV peaks3br  the amount of mixed-valence complexes could be made by
arise from oxidation of the manganese complex moiety. By

N [

/

i /N

5 //\\ // \ /
VARV,

OJ T T T 1

-1.8 -1.6 -1.4 -1.2 -1.0

comparison with the results in ref 5d, we expectMh — (13) Goldberg, D. P.; Telser, J.; Krzystek, J.; Montalban, A. G.; Brunel,
Mn"!" and M\ — Mn, "'V oxidations to occur in this L.-C.; Barrett, A. G. M.; Hoffman, B. MJ. Am. Chem. S0d.997,

- ; 119 8722-8723.
potential range. We have no clear explanation for the poor (14) Britt, R. D.: Peloguin, J. M.; Campbell, K. Annu. Re. Biophys.

electrochemical response of the Mn dimer. We note, how- Biomol. Struct200Q 29, 463—495.
ever, that difficulties in observing manganese redox processed15) Campbell, K. A.; Yikimaz, E.; Grant, C. V.; Gregor, W.; Miller, A.
. . . 9 9 P F.; Britt, R. D.J. Am. Chem. S0d.999 121, 4714-4715.
in electrochemical experiments have been reported before,16) Bryliakov, K. P.; Babushkin, D. E.; Talsi, E. Mlendelee Commun.
when manganese complexes were linked to Ru complexes. a7 |139_9|9 &' zg—hsz. RN T “ LA
_ : I, . ang, -R.; Nllges, N ang, AX.; otenza, J. A;
From the ESI-MS measurements and elemental analysis, Schugar, H. J.: Isied, 8. S.. Hendrickson, D.2NAm. Chem. Soc.

it could be concluded th&b is a Mi"!" complex. The ESI- 1989 111, 5102-5114.
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Figure 2. X-band EPR spectrum dfb in a frozen acetonitrile solution.

EPR parameters: microwave frequency, 9.59 GHz; modulation amplitude,
10 G; microwave power, 32 mW; sweep time, 164 s.
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Figure 3. Electronic absorption spectrum f8b in acetonitrile. The inset
shows a magnification of the visible region.

comparison with the EPR ground-st&e= Y/, spectrum of
the well-known Ma""' —BPMP compleX:'” The two EPR
signals are not identical but are very similar. Comparing the
signals of3b and the Mp—BPMP complex supported the
conclusion that only a few percent of the complex was in

are very similar to that for [Ru(bpy?*. In 2b and 3b,
however, the manganese apparently quenches the emission
to a great extent. The time-resolved emission data show a
single-exponential decay with a lifetime of 1300 ns for both
2aand3a In contrast, the data fd2b and3b both show a
lifetime of only 2 ns, consistent with a strong quenching by
the manganese moiety. Minor components with longer
lifetimes were observed. F@b, the <2% with a 25 ns
lifetime is tentatively attributed to complexes with the
manganese moiety in a MH'" state (see the EPR section).
We have previously reported strong quenching of the
ruthenium MLCT state by attached mononuclear "Mn
complexe&'¢ and by the dinuclear Mft"" moiety in 1b.62

In the former case, the quenching was explained by an
exchange-type energy transfer to give short-lived manganese
excited state& For 1b, it is also conceivable that quenching
occurred by electron transfer from the Mt moiety to the
excited Ru(ll) (reductive quenching). F8b, there are even
more mechanistic possibilities in addition to energy transfer
because the electrochemical data indicate that both reductive
and oxidative quenching are exoergonic. No quenching
products were seen after excited-state decay by transient
absorption, showing that any electron-transfer products or
excited manganese states must rapidly reform the ground-
state reactants after quenching.

Electron Transfer. All of the complexes investigated were
photooxidized in laser flash photolysis experiments in the
presence of the external acceptor methyl viologen [MV-
(PR)2]. Even the short-lived excited statesatif and3b could
be efficiently photooxidized to Ruif the concentration of
viologen was as high as 0.2 M. The reactions were followed
by the transient absorption changes.

In complex 2a, without manganese, the photooxidation
products MV" and RU' recombined in a diffusion-
controlled, second-order reaction to reform the ground-state
reactants MV and RU. The first reaction half-life under
our conditions was ca. 3@s. The rate of Rliground-state
recovery at 450 nm was the same as the rate of Mécay
observed at 600 nm (not shown). This implies that electron
transfer from the phenolic ligand to Riwcould not compete

the mixed-valence state, and this was also supported by theon that time scale, and we set a limiting valuekof 1 x

emission lifetime data (see below).

Optical Absorption and Emission Properties. The
absorption spectra d?a and 3a in acetonitrile are nearly
identical with that of [Ru(bpy)?" in the region 306-800
nm 8 The visible region is dominated by the metal-to-ligand
charge transferfALCT) band around 455 nm, with an
extinction coefficient of ca. 1.4 10* M~*cm%. The spectra
of 2b and3b show some additional absorption contribution
from the manganese complex moieties, with an extinction
coefficient of ca. 1.9x 10* M~ cm™® around 455 nm for
3b (Figure 3). This absorption contribution is higher in the
UV region and decreases monotonically with increasing
wavelength, without showing any resolvable structure. This

is similar to that of a related simple dinuclear manganese

complex with ditert-butyl-substituted phenolatés.
Also, the emission spectra and the emission yield from
the 3MLCT state of2a and3ain deoxygenated acetonitrile

10* s* for this reaction, which is about the same as that for
Ru(bpy} linked to tyrosin€® This is in contrast to the
behavior ofla, in which the RU recovery occurred witlk

> 1 x 10’ s and a phenoxy radical was observed by EPR
after the reactiof? For 1a, we explained the rapid electron
transfer from the phenolic group by the fact that its proton
is hydrogen bonded by the bases of the other groups of the
ligand. This facilitated oxidation of the phenolic group, which
is coupled to deprotonatidfiFor 3a, the rate of Rlirecovery

is intermediate between these casks: 2 x 1P s™*. Thus,
the RU recovery at 450 nm is much faster than the WMV
decay monitored at 600 nm (Figure 4), implying that'Ru

(18) (a) Juris, A.; Balzani, V.; Barigelletti, F.; Campagna, S.; Belser, P.;
von Zelewsky, A.Coord. Chem. Re 1988 84, 85-277. (b)
Kalysundaraman, KPhotochemistry of Polypyridine and Porhpyrine
ComplexesAcademic Press: London, 1992.

(19) Sjadin, M.; Styring, S.; Aermark, B.; Sun, L.; Hammarsimg L. J.
Am. Chem. So00Q 122 3932-3936.
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T v A AR
MtV

e
//'u

AAbs

-0.014

very similar (not shown), showing that any electron transfer
- il from Mn'"" to RU' is negligibly slow on that time scalé (<
' AR 1 x 10* s ™). Although the electrochemical data did not give
Wbt a value for the M#/V potential, this may be too high to
allow rapid oxidation by Rt.
In 3b, on the other hand, the Ruecovery was clearly
much faster than the MV decay (Figure 4a). From a
comparison of the signal amplitudes in Figure 4a, it is clear
that most of the Rl recovery occurred within the time
resolution of the flash photolysis setup (ca. 10 ns). Far
, , . the magnitude of the initial 450 nm Ribleach is almost
00 10 _ 20 30 40 the same as that for the 600 nm M\Absorption. In contrast,
fime (1) the 450 nm bleach fa8b after the initial instrument-limited
“spike” is very small compared to the 600 nm absorption
(Figure 4b). This shows that ca. 50% of the""Recovery
occurred withk > 5 x 10" s'%. We attribute this to
0047 intramolecular electron transfer from the MRA' moiety,
most likely generating the M"Y complex. The remaining,
slower RU recovery seen at 450 nm in Figure 4b occurred
with the same rate as that 8a (k = 2 x 10° s%) and can

0.037

0.027

0 5 10 15

time (us) probably be attributed to complexes in which the manganese
0.01 M ions are (partly) dissociated.
It is important to note that the short-lived (2 ns) excited

AAbs

0.00 w ) state of 3b was indeed efficiently quenched at the high
0.011 concentration of M¥* (0.2 M) employed. This is shown
by the high yield of MV after each flash, which is ca. 75%
of the yield in the experiments witBa. Thus, the very rapid
RU' recovery must be attributed &b.

Figure 4. Transient absorption changes after excitation at 460 nrdor We could not observe any transient absorption changes

agd3b itn thetpéggencedof 2t00f mM rtf)ethyfl mogen (M (a)) incéebéllsedh from the manganese moiety 8l during the electron-transfer

apsorption at nm aue to rormation o upper curves) an eac . . . .

of thepRu(II) ground state at 470 nm (Iowerpgurves) for isoabsorptive reactions. In Flgu_re 4b, the (normahzed) transient speptra

solutions of3a (circles+ line) and3b (wiggly line); (b) transient absorption  Of 3b, after the rapid Rlrecovery phase, are compared with

irr)]ectra att100 ns after eXti_itatidon tﬁgégpen S(g;l:reS) ?rﬁb (solid SqT?rT%S)d those for3a The visible region spectra for both complexes
€ spectra were normalized al nm Spectrum was multiplie . .

by 1.3p3) to facilitate comparison of the spectralpshapes. Inset: theptransients,hOW Only the MV* absorptlon peaklng at 600 nm and

absorption for3a at 600 nm (upper curve) and at 470 nm (lower curve) different degrees of a Ribleach centered at 450 nm. The

displayed on a longer time scale. differences in extinction coefficients between the Nt

) ) and MV states are apparently too small to be resolved

is reduced by electron transfer from the ligand. We suggestin, the transient spectra\@bs < 0.001). This is consistent

that the difference in Rurecovery rates between the com- i, the spectroelectrochemical data for a manganese dimer

plexes can be explained by the different hydrogen-bonding {41 is very similar to the manganese dimer moiety3bf

situations. Without a hydrogen bond to the phenolic proton, but that has dtert-butyl-substituted phenolateAé < 800

this cannot deprotonate in acetonitrile, and the potential for \j-1 o1 in the visible regionfd Nevertheless, the very

the”pllgeno_l qxidation is then too h_igh to alk_)w oxidation by rapid RY recovery in3b, which is not observed iia, which
Ru".*® This is probably the case iBa, and, in fact, NMR  |5cks manganese, strongly suggests that electron transfer from

of this complex does not indicate the presence of a strongye manganese complex moiety to the photogeneratéd Ru
hydrogen bond. IrBa, the phenolic proton is moderately ,ccurs with a rate constant &f> 5 x 107 s-L.

strongly hydrogen bonded to the ligand, as shown by a proton

NMR signal at ca. 9.5 ppm. This facilitates oxidation of the Conclusion

phenol, and the rate of intramolecular oxidation by'"Rs _

higher. Finally, inla there are more potential hydrogen- ~ 1WO new rutheniummanganese complexes have been
bonding bases, which makes a stronger hydrogen-bondprepared’ one ywth a_mononuclear manganese(l_ll) moiety
situation, as is also suggested by the proton NMR signal at(2P) and one with a dinuclear manganese(lll) moiedi)(
11.5 ppm. This gives the highest electron-transfer rate. The manganese moiety and the ruthenium center are linked

In the manganese-containing complexes, the ligands should o ) ) )
- . . . (20) We noted that this kinetic component increased in magnitude when
be stabilized against oxidation, as is also shown by the the MV2* concentration was increased above 0.2 M, suggesting that

electrochemical experiments_ Instead, the photogenerated the viologen may cause a partial dissociation of the manganese. This

I P . can possibly explain the fact that the relative magnitude of the slower
Ru may oxidize the manganese ions. 2b, the rates of component is much larger than the value obtained from the emission

Ru' recovery at 450 nm and MV decay at 600 nm were lifetime data.

T T T T T
400 500 600 700 800
Wavelength (nm)
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Complexes Linked to Ruthenium(ll) Tris(bipyridyl)

by an amide bond, designed to impart rigidity to the system. samples containeet30 «M of the complex and~40 mM of MV-

The RU ®MLCT excited-state lifetimes of both complexes (PF)z, which was prepared from commercial MV.GSigma) by
were very short (ca. 2 ns) because of quenching by theadding aqueous Ni#PFs to precipitate the Rfsalt. The product
manganese moiety. F@b, the transient absorption data Was purified by recrystallization from ethanol.

indicate that, although the lifetime is short, 'Roan be EPR measurements were performed on a Bruker E500 X-bgnd
photooxidized to RY and then rereduced by very fast spectrometer equipped with a Bruker 4116 DM dual-mode cavity

: . and an Oxford Instruments ESR900 flow cryostat. Complé&tes
intramolecular electron transfer from the coordinated man- . ; o :

7 1 - . and 3b were dissolved to 1 mM in dry acetonitrile and frozen in
ganeseKer > 5 x 107 s71). The lower limit of this rate

liquid nitrogen before measurements. Spectrometer settings were

constant is slightly higher than the one for compléxwhich as follows: modulation frequency, 100 kHz; modulation amplitude,

had been studied earlier. 10 G. All spectra were taken at a temperature of 4 K. See the figure
In addition, the rates of intramolecular electron transfer legends for further details.

from the phenol to photogenerated "Rin the precursor IH NMR spectra were recorded with a Varian AM 400 MHz

complexesla, 2a, and3a were found to correlate roughly  spectrometer or a Bruker DMX 500 MHz spectrometer.

with the strength of the hydrogen bond to the phenolic  The ESI-MS experiments were performed on a ZacSpec mass

hydroxy groups, as indicated by the proton NMR shifts. spectrometer (VG Analytical, Fisons Instrument). Electrospray
conditions were as follows: needle potential, 3 kV; acceleration

Experimental Section voltage, 4 kV; bath and nebulizing gas, nitrogen.

. . Elemental analyses were determined by Analytische Laboratorien
General Methods.The emission and absorption measurements

) o GMBH, Industriepark Kaiserau, Lindlar, Germany.
were performed at room temperature in deaerated acetonitrile of Materials. Dimethvif ide (DMF) and trifl . id
spectroscopic grade (Merck, 99.8%). The absorption spectra were a‘ef'a.s' imethylformamide ( ) and tri uorofacetlc acl
P N ’ were distilled from Cakl and phosphorus pentoxide (),
recorded on a HP 8453 diode-array spectrophotometer, and the . . L .
. . respectively. Potassium phthalimide was recrystallized from EtOH
emission spectra were recorded using a SPEX fluorolog Il system.

) and washed with acetone. Zinc chloride was recrystallized from
All electrochemistry was performed under argon, and the

dioxane.
electrolyte used was 0.1 M tetrabutylammonium hexafluorophos- . .
phate (TBAPE) in acetonitrile (Aldrich, 99.8%) that was dried over Synthesis. Rgthenlun’r.Mang.anese Complexes (2b and .Sb)'
) : 2b was synthesized by dissolvirga (0.030 g, 0.024 mmol) in 2
molecular sieves (3 A). The salt was dried at 2@0for more than mL of MeCN, and 0.1 mL of NaOH (1 M) was added. Then
48 h before preparation of the electrolyte. CV and DPV were . ' )

recorded using a three-electrode system consisting of a Ag/AgNO Mn(OAC)3. (0.012 9, 0.04 m”.“") in 1 mL .Of bO was added, and
S o the resulting solution was stirred at ambient temperature for 18 h.
reference electrode (Ag wire in 10 mM AgN@ acetonitrile), a

. . . MeCN was evaporated, and MeOH (2 mL) was added. A saturated
platinum wire as the counter electrode, and a freshly polished glassySOIution of NHPF; was added to precipitate the complex as the
carbon (diameter 2 mm) as the working electrode. Both the precip P

reference electrode and counter electrode were kept in compartment§P(FB salt. The brown precipitate was filtered and washed with water.
1 . 0 - . — —
filled with electrolyte separated from the solution by a salt bridge. leld: 0.015 g (46%). ESI-MSrt/z): 1216.9 [M— PR}, 536.4

Before the compound was dissolved, the electrolyte was purged [MC_ 2P|F67]éb337'3 M t_h 2?':6;; %Ac*].l . 0.050 . 0.034
with argon for 10 min. A potentiostat from Eco Chemie with an omplex 3bwas synthesized by dissolvirgs (0. 9.9

Autolab/GPES electrochemical interface was used. The reportedmmgkn Mg%’;e(g nz)L)lsmd adldlpglo.leLfof N"f‘l_gH (1 Nllt) and
half-wave potentialsEi, [where Ei, = (Epa + Ep /2], were n(OAC)s (0. g 0.12 mmol) in 1 mL of bD. The resulting

. . olution was stirred at ambient temperature for 6 h, and MeCN
measured using ferrocene as an internal reference and converted P ’

to SCE scale using the values reported in the work by Pavlishchuk Va3 evaporated. Amounts of 2 mL Of. MeOH and saturated
and Addisor?t NH4PFs(aq) were added. The brown precipitate was collected by

A ! . 0 i
The excited-state lifetimes of all of the compounds were filration and washed with water. Yield: 0.044 g (70%). ESI-MS

. L . . (m'2): 1701.1 [M— PR, 779.0 [M— 2PR ], 470.8 [M — 3PK"].
deteminedusing e concled sl phte couning, 1 S8UPre) i o (G ORGP ) C. 457 .56
- ) ! N, 8.34; Mn, 5.95. Found: C, 46.03; H, 3.66; N, 8.21; Mn, 5.79.
600 nm interference filter (Oriel). Measurements were performed . T S
with a multichannel analyzer (512 channels) on several different Complex 2a.Bis(2,2-bipyridine)(4-methyl-2,2-bipyridine-4-
time scales (from 0.08 to 8 ns per channel) for each sample to carboxylic acid)ruthenium bis(hexafluorophosph#€).40 g, 0.44

correctly evaluate the different emission decay components. All mmol) was refluxed in 3 mL of SOgffor 2 h. Excgss of SOQI

room temperature measurements were performed under nitrogenWas removed under re_dl_Jced pressure. The dr_y solid was redissolved
in degassed acetonitrile of spectroscopic grade (Merck, 99.8%). in 8 mL of dry acetonitrile a_nd coole_d in an ice bath. Compound
Low-temperature measurements were performed in butyronitrile 9(0.15 g, 0.44 mmol) and triethylamine (0.5 mL) were added, and

(Fluka, 99%) using capillary tubes inserted in a coldfinger Dewar the resultln_g solution was stlrred_ _und_er argon Iah at 0°C '?‘.”d
filled with liquid nitrogen. 4 h at ambient temperature. Purification on a column of silica gel

Transient absorption was studied using a flash photolysis systemusmgOMeCN_WMer_.KNO'&(SM') (95:4:1) as the eluent gave 0.30
with a Q-switched Nd:YAG laserl(= 355 nm) to pump an optical g (54%) of the desired produ@a. (After chromatography, the

parametric oscillator, delivering-10 ns flashes tunable between solvent was evaporated, the solid dissolved in a minimum amount

410 and 660 nm. The analyzing light was provided by a pulsed Xe of MeOH, and the product reprecipitated by addition of saturated

. . . NH4PFRs.) IH NMR (6 ppm, acetonek): 2.60 (s, 3H, Els—), 3.83
lamp in a spectrometer system from Applied Photophysics. The (s, 2H, HOPh@,N-), 3.85 (s, 2H, HOPhB,N-), 3.96 (s, 2H,

PyCH,N-), 4.54 (d,J = 5.5 Hz, 2H, HOPh&,NHCO), 6.71 (d,

(21) Pavlishchuk, V. V.; Addison, A. Winorg. Chim. Acta200Q 298,

97-102.
(22) Almgren, M.; Hansson, P.; Mukhtar, E.; van Stan,ahgmuir1992 (23) Peck, B. M.; Ross, G. T.; Edwards, S. W.; Meyer, G. |.; Meyer, T. J.;
8, 2405-2412. Erickson, B. W.Int. J. Pept. Protein Res1991, 38, 114-123.
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J = 8.0 Hz, 1H, HOPkH), 6.75-6.77 (m, 2H, HOPKH), 7.12
(t, J= 7.5 Hz, 1H, HOPk-H), 7.15 (d,J = 8.0 Hz, 1H, HOPhK-
H), 7.19 (d,J = 8.0 Hz, 1H, HOPk-H), 7.23 (s, 1H, HOPkRH),
7.40-7.43 (m, 2H, Py-H), 7.47 (d,J = 5.5 Hz, 1H, bp{—H),
7.55-7.63 (m, 4H, bpy-H), 7.87 (dt,J = 7.7 and 1.8 Hz, 1H,
Py—H), 7.91 (d,J = 5.5 Hz, 2H, bpy—H), 8.05-8.10 (m, 3H,
bpy—H), 8.13 (d,J = 5.5 Hz, 1H, bpy-H), 8.20-8.26 (m, 5H,
bpy—H and bpy—H), 8.57 (d,J = 4.5 Hz, 1H, Py-H), 8.82-8.87
(m, 5H, bpy-H and bpy—H), 9.14 (s, 1H, bpy-H). ESI-MS
2): 1104.0 [M— PK7], 479.2 [M — 2PRK7].

Complex 3a.Bis(2,2-bipyridine)(4-methyl-2,2-bipyridine-4-
carboxylic acid)ruthenium bis(hexafluorophosph#t€).20 g, 0.22
mmol) was refluxed in 1 mL of SOgIlfor 2 h. Excess of SOGI

Johansson et al.

50 mL). The solvent was evaporated until a white solid started to
precipitate. A total of 100 mL of EO© was added to get complete
precipitation. After 1 h, the solid was collected by suction filtra-
tion, washed with BO, and dried to give 8.1 g (80%) of prod-
uct5. Mp: 164-165°C. *"H NMR (6 ppm, CDC}): 2.30 (s, 3H,
CH3;COOPh-), 4.83 (s, 2H, CHCOOPh®,Pht), 7.03 (dJ = 8.9
Hz, 2H, CHhCOOPh-H), 7.47 (d,J = 8.9 Hz, 2H, CHCOOPh-
H), 7.69-7.73 (m, 2H, CHCOOPhCHPht-H), 7.83-7.85 (m, 2H,
CH3;COOPhCHPht=H).

2-(4-Hydroxybenzyl)isoindole-1,3-dione (6)Compound (10
g) was suspended in 50 mL of MeOH and 100 nfl.2oM HCI.
The solution was heated at 7CQ overnight. The reaction mixture
was cooled and filtered. The white precipitate was washed with

was removed under reduced pressure. The dry solid was redissolvedvater and dried to give 8.2 g (97%) 6f Mp: 204°C.H NMR

in 2 mL of dry acetonitrile and cooled in an ice bath. Compound
14 (0.10 g, 0.22 mmol) and triethylamine (0.5 mL) were added,

(6 ppm, DMSOd): 4.64 (s, 2H, HOPh&,Pht), 6.68 (d,) = 8.5
Hz, 2H, HOPh-H), 7.11 (d,J = 8.5 Hz, 2H, HOPk-H), 7.83-

and the resulting solution was stirred under argon and allowed to 7.90 (m, 4H, HOPhCEPht—H).

reach room temperature overnight. Purification on a column of silica

gel using MeCN-water—KNOs(sat.) (94:4:2) as the eluent gave
0.16 g (50%) of the desired produgt. (After column chroma-

5-(1,3-Dioxo-1,3-dihydroisoindol-2-ylmethyl)-2-hydroxyben-
zaldehyde (7). This compound was prepared according to the
modification of a procedure described by Lindoy et®lThe

tography, the solvent was evaporated, the solid dissolved in a protected phend (0.50 g, 2.0 mmol) and hexamethylenetetramine

minimum amount of MeOH, and the product reprecipitated by
addition of saturated N}PF.) IH NMR (6 ppm, acetonek): 2.57
(s, 3H, H3—), 4.00 (s, 4H, HOPhA;N-), 4.03 (s, 4H,
HOPhQH,;N—), 4.09 (s, 4H, PyBI,N—), 4.55 (d,J = 4.4 Hz, 2H,
HOPhH,NHCO), 6.71 (dJ = 8.0 Hz, 2H, HOPK-H), 6.77 (t,J
= 7.2 Hz, 2H, HOPR-H), 7.12 (t,J = 7.9 Hz, 2H, HOPk-H),
7.19 (d,J= 7.2 Hz, 2H, HOPk-H), 7.29 (s, 2H, HOPRH), 7.34—
7.38 (m, 4H, Py-H), 7.45 (d,J = 5.1 Hz, 1H, bpy—H), 7.51—
7.60 (m, 4H, bpy-H), 7.91 (dt,J = 7.7 and 1.5 Hz, PyH), 7.88
(d, 3 = 5.8 Hz, 1H, bpy—H), 7.92 (dd,J = 5.8 and 1.5 Hz, 1H,
bpy —H), 8.03-8.04 (m, 3H, bpy-H), 8.10 (d,J = 5.5 Hz, 1H,
bpy—H), 8.17-8.24 (m, 5H, bpy-H and bpy—H), 8.57 (d,J =
4.4 Hz, 2H, Py-H), 8.78-8.82 (m, 5H, bpy-H and bpy—H), 9.11
(s, 1H, bpy—H). ESI-MS (W2): 1329.8 [M— PRK;], 592.2 [M —
2PRK7].

4-(Chloromethyl)phenyl Acetate (4).Compound4 was prepared
according to a procedure described by Taylor €t akHydroxy-

(0.55 g, 4.0 mmol) were dissolved in 10 mL of trifluoroacetic acid,

and the resulting yellow solution was refluxed for 19 h. The reaction

mixture was then poured into 50 mL of HCI (4 M) and stirred for

40 min. The acidic solution was extracted with &H, (3 x 20

mL). The combined organic phase was washedh witM HCI (2

x 20 mL) and brine (2x 20 mL). Purification on a short col-

umn of silica gel using CbkCl, as the eluent gave 0.35 g (64%)

of the desired product. 'H NMR (6 ppm, DMSOsdg): 4.71 (s,

2H, HOPhQH,Pht), 6.96 (dJ = 8.5 Hz, 1H, HOPkK-H), 7.48 (dd,

J = 8.5 and 2.2 Hz, 1H, HOPHH), 7.58 (d,J = 2.2 Hz, 1H,

HOPh-H), 7.84-7.91 (m, 4H, HOPhCKPht—H), 10.2 (s, 1H,

HOPhCGO-H).
2-{4-Hydroxy-3-{[(2-hydroxybenzyl)(pyridin-2-ylmethyl)ami-

no]methyl} benzyltisoindole-1,3-dione (8)Aldehyde7 (0.20 g,

0.71 mmol), (2-hydroxybenzyl)(2-pyridylmethyl)amings 0.30

g, 1.4 mmol), NaBHCN (0.044 g, 0.71 mmol), and Zn£(0.050

g, 0.37 mmol) were suspended in 10 mL of MeOH. The yellow

benzyl alcohol (5.0 g, 0.040 mol) was added in small portions to solution was stirred at room temperature overnight. A few drops

a stirred solution of acetyl chloride (20 mL). The addition was done of concentrated HCIl was added to the orange solution to decompose

at such a rate so as to keep the evolution of HCI gas at a moderateany remaining NaBECN. The solvent was evaporated under

rate. The resulting solution was stirred at ambient temperature reduced pressure. The resulting solid was dissolved isGGH25

overnight. Excess of acetyl chloride was removed with a water mL) and washed with water (20 mL), and the solvent was re-

pump. The resulting liquid was diluted with 50 mL of,Bt and moved under reduced pressure. The crude product was purified on

then treated with a saturated solution of NaHC®fter the CQ a column of silica gel using EtOAepentane (1:1) as the eluent.

evolution had ceased, the solution was transferred to a separatoryThe produc8 was eluted as the second band. Yield: 0.20 g (59%).

funnel and the organic phase was separated. The aqueous phasiél NMR (6 ppm, DMSOsg): 3.58 (s, 2H, HOPh&,N—), 3.59

was extracted with EO (2 x 25 mL). The combined organic phase (s, 2H, HOPhE&i,N—-), 3.68 (s, 2H, PyE&,N—), 4.62 (s, 2H,

was washed with brine (% 50 mL) and dried over MgS© HOPhOH,Pht), 6.64-6.70 (m, 3H, HOPkH), 6.98-7.05 (m, 2H,

Removal of solvent gave 6.4 g dfas a pale yellow liquid. Yield: HOPh-H), 7.10-7.14 (m, 2H, HOPkH), 7.24-7.27 (m, 1H,

86%.'H NMR (6 ppm, CDC}): 2.30 (s, 3H, GisCOOPh-), 4.58 Py—H), 7.33 (d,J = 7.7 Hz, 1H, Py-H), 7.73 (dtJ= 7.7 and 1.8

(s, 2H, CHCOOPhC,CI), 7.09 (d,J = 8.9 Hz, 2H, CHCOOPh- Hz, 1H, Py-H), 7.82-7.89 (m, 4H, HOPhCKPht-H), 8.46 (m,

H), 7.40 (d,J = 8.9 Hz, 2H, CHCOOPh-H). 1H, Py—H), 10.1 (br s, 2HHOPh-).
2-(4-Acetoxybenzyl)isoindole-1,3-dione (S solution of4 (6.3 4-(Aminomethyl)-2-[(2-hydroxybenzyl)(pyridin-2-ylmethyl)-

g, 0.034 mol) and potassium phthalimide (7.5 g, 0.041 mol) in 50 amino]methyl} phenol (9). Compound8 (1.0 g, 2.1 mmol) was

mL of DMF was heated at 88C for 3 h under nitrogen. The cooled  suspended in 15 mL of EtOH, and hydrazine hydrate (0.21 g, 4.5

reaction mixture was diluted with 70 mL of CH land 100 mL mmol) was added. The solution was refluxed 2ch and stirred at

of water was added. The organic phase was separated, and th@mbient temperature overnight. The solvent was evaporated under

aqueous phase was extracted with CHChe combined organic ~ reduced pressure and the resulting solid treated with 30 mL of

phase was washed with cold 0.1 M NaOH (50 mL) and watex (2  NaOH (2 M). After stirring for 45 min, the basic solution was

neutralized wih 2 M HCI, then extracted with Cil, (3 x 20

mL), and dried over N&8O,. Evaporation of solvent yielded 0.56

g (76%) of the produc®. 'H NMR (6 ppm, DMSO¢): 3.57 (s,

(24) Taylor, L. D.; Grasshoff, J. M.; Pluhar, M. Org. Chem1978 43,
1197-1200.
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2H, HOPhGH,NH;), 3.65 (s, 2H, HOPhEN-), 3.66 (s, 2H, (s, 4H, PyGi,N—), 4.61 (s, 2H, HOPhB,Pht), 6.62-6.66 (M,
HOPhGHN—), 3.75 (s, 2H, PyB,N-), 6.67-6.76 (m, 3H,  4H, HOPh-H), 6.98-7.04 (m, 2H, HOPkH), 7.05 (s, 2H,
HOPh-H), 7.03-7.10 (m, 2H, HOPkH), 7.10 (s, 1H, HOPh HOPh-H), 7.10 (m, 2H, HOPRH), 7.21-7.25 (m, 2H, Py-H),

H), 7.19 (d,J = 7.4 Hz, HOPh-H), 7.30-7.33 (m, 1H, Py-H), 7.29 (d,J=7.7 Hz, 1H, Py-H), 7.73 (dt,J = 7.7 and 1.8 Hz, 2H,

7.42 (d,J = 7.7 Hz, 1H, Py-H), 7.80 (t,J = 7.7 Hz, 1H, Py-H), Py—H), 7.82-7.89 (m, 4H, HOPhChKPht—H), 8.44-8.46 (m, 2H,

8.56 (d,J = 4.0 Hz, 1H, Py-H). Py—H).
5-(1,3-Dioxo-1,3-dihydroisoindol-2-ylmethyl)-2-hydroxyben- 4-(Aminomethyl)-2,6-big{ [(2-hydroxybenzyl)(pyridin-2-

zene-1,3-dicarbaldehyde (10).This compound was prepared yimethyl)amino]methyl}phenol (14). Compundi13 (0.52 g, 7.4
according to the modification of a procedure described by Lindoy mmol) was suspended in 10 mL of EtOH, and hydrazine hy-
et al!® Compounds (0.5 g, 2.0 mmol) and hexamethylenetetramine drate (0.22 g, 4.5 mmol) was added. The solution was refluxed
(2.2 g, 16 mmol) were suspended in 5 mL of trifluoroacetic acid for 2 h and stirred at ambient temperature overnight. The sol-
(distilled from BOs). The resulting yellow solution was heated at vent was evaporated under reduced pressure and the resulting
110°C for 2 days. The reaction mixture was poured into 50 mL of solid treated with 30 mL of NaOH (2 M). After stirring for 45

4 M HCl and stirred for 3 h. A yellow solid precipitated during the  min, the basic solution was neutralized kvi2 M HCI, then ex-
hydrolysis. This was collected by filtration. The crude product was tracted with CHCI, (3 x 20 mL), and dried over NSO,

purified by column chromatography (silica gel). The first yellow Evaporation of the solvent yielded 0.36 g (84%) of the proddct
band, which contained the monoformylated product, was eluted with 14 NMR (6 ppm, acetonak): 3.77 (s, 4H, HOPhB,N-), 3.80

CHCl,, and the second band, which contained the diformylated (s, 4H, HOPh®,N-), 3.87 (s, 4H, Py&,N-), 4.30 (s, 2H,

product, was eluted with Ci&1,—EtOH (95:5). The yield ofl0 HOPhH,NH,), 6.71-6.76 (m, 4H, HOPkH), 7.07-7.14 (m, 6H,

was 0.41 g (67%):H NMR (6 ppm, DMSOde): 4.81 (s, 2H,  HOPh-H), 7.32-7.38 (m, 4H, Py-H), 7.79 (dt,J = 7.7 and 1.9

HOPhGH;Pht), 7.85-7.92 (m, 4H, HOPhCEPht-H), 7.99 (5, 2H,  Hz, 2H, Py-H), 8.61-8.64 (m, 2H, Py-H).

HOPh-H), 10.2 (s, 2H, HOPhCSH). o . 2{[(2-Pyridylmethyl)amino]methyl } phenol (15)5 Salicylal-
2-[4-Hydroxy-3,5-bis(hydroxymethyl)benzylJisoindole-1,3-di- dehyde (4.9 g, 0.040 mol) was dissolved in MeOH (90 mL), and

one (11).Compound10 (0.27 g, 0.87 mmol), NaBCN (0.11 g, 2-(aminomethyl)pyridine (4.3 g, 0.040 mol) was added dropwise.

1.8 mmol), and ZnCl(0.12 g, 0.87 mmol) were suspended in 10 tpe regyiting solution was stirred for anoth2 h at ambient

mL of MeOH and stirred at ambient temperature overnight. The temperature. NaBH(.5 g, 0.040 mol) was added in small portions.
reaction mixture became colorless. Half of the solvent was removed The reaction mixture was stirred for another 45 min. and then the

under reduced pressure, and 10 mL of HCI (2 M) was added. After
stirring for another 30 min, the white precipitate was collected by
filtration, washed with water, and dried to yield 0.24 g (88%) of
11 *H NMR (6 ppm, DMSO€): 4.48 (d,J = 5.1 Hz, 4H, CH,Cl, (3 x 30 mL). The combined organic phase was dried over
—Ph,0H), 4.64 (s, 2H, HOPhB,Pht), 5.19 (tJ = 5.1 Hz, 2H, NaSO, and concentrated. Purification on a column of silica gel
—PhCHOH), 7.10 (s, 2H, HOPRH), 7.82-7.89 (m, 4H, HOPhCH using EtOAc as the eluent gave 6.8 g (79%) of prodl&tiH
Pht-H), 8.51 (s, IHHOPh-). o ~ NMR (6 ppm, acetonek): 3.93 (s, 2H, HOPhE,N-), 4.00 (s,
2-[3,5-Bis(chloromethyl)-4-hydroxybenzyl]isoindole-1,3-di- 2H, PyQH,N—), 6.70-6.75 (M, 2H, HOPRH), 6.99-7.02 (m, 1H,
one (lZ)Compoundll was dissolved in 2 mL of SOgland HOPh—H), 7.09-7.14 (m, 1H, HOPh‘H), 7.26-7.29 (m, 1H,

stirred at ambient temperature overnight under nitrogen. Excess Ony—H) 7.37 (d,J = 7.6 Hz, 1H, Py-H), 7.77 (dtJ = 7.6 and 1.8
SOCh was removed under reduced pressure. The resulting solid ., opy Py—H)’ 8.56-8.58 (m "on Py,LH). ’

was dissolved in 10 mL of C}€l, and washed with water. The

organic layer was separated and dried over Na&@ad the solvent Acknowledgment. We thank Dr B. van Rotterdam for

was evaporated to give 0.13 g (80%) of the prodl2t'H NMR ~ early EPR measurements on some samplegbaind Olof

(0 ppm, DMSOdg): 4.65 (s, 2H, HOPhELPhY), 4.74 (s, 4H,  johansson for measurement of the UV/vis spectrurbof

E&E%Z%)Agff (1S|’_|2|_|H’OES_P)hH)’ 7.83-7.90 (m, 4H, HOPhCH Financial support for this work was provided by the Swedish
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2-{4-Hydroxy-3,5-big[[(2-hydroxybenzyl)(pyridin-2-ylmethyl)- . .
amino]methyl} benzyl}isoindole-1,3-dione (13)A solution of a C/96-0031), the Knut and Alice Wallenberg Foundation, the

mixture of 12, 15, and E$N in CH,Cl, was stirred at ambient ~Swedish Research Council (VR), and DESS.

temperature for 2 days. The reaction mixture was djluted with |co344822

CH,Cl; and washed with brine (% 20 mL). The organic phase

was _ered over_ NaSpand the solvent evaporated. P.urlflcatlon (25) Krebs, B.; Schepers, K.; Bremer, B.; Henkel, G.; Althaus, E.; Mueller-
on silica gel using EtOAc as the eluent gave the desired product Warmuth, W.: Griesar, K.: Haase, Worg. Chem 1994 33, 1907
13.*H NMR (6 ppm, DMSO¢): 3.60 (s, 8H, HOPhH,N—), 3.67 1914.

solvent was removed under reduced pressure. To the residue was
added 100 mL of water, and the resulting basic solution was
neutralized with HCI (2 M). The solution was extracted with
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