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The hydroperoxecopper(ll) (Cu@H) complex is a key
intermediate in @activation by dopamings-monooxygenase
(DBM), which has two copper ions (Gand Cy,) at a distance
larger than 4 A, and the Onolecule is activated at the Gsite
to hydroxylate the benzylic position of dopamih&he reduced
form of DBM has a Cy'(His)s-Cuy'(His)X(Met)-type of
structure? In the oxidized form of peptidylglycine-hydroxylating
monooxygenase (PHM), structurally and functionally similar to
DBM, the sulfur atom of the Met coordinates to the{tion
(Cu—S, 2.68 A) Since the Met is essential for enzymatic activity
of PHM 3¢ it might participate, through coordination to theu
in the formation and activation of the Cd@ intermediate.

It is known that NS- and NS;-type ligands having methyl
thioethers stabilize Cu(l) complexes by coordination of the sulfur
donors which may prevent£binding, and Cu(ll) complexes of
N3S-type ligands react with #D, to only oxygenate the ligands
to the sulfoxide and sulfone derivativesiere, we report the
synthesis and characterization of the GHGzomplex of NS-
type ligand having a phenyl thioether (PhS-ether), 2-bis(6-methyl-
2-pyridylmethyl)amino-1-(phenylthio)ethane (L1), and that the
PhS-ether specifically stabilizes the C##Ocomplex. This is the
first example for a CugH complex of a NS-type ligand having

a thioether and may give some spectral and mechanistic informa-

tion for the Q-activation by DBM and PHM.

The ligand L1 forms Cu(ll) complexes [Cu(L1)CI|(CiD(1)
and [Cu(L1)(OH)}(ClOy)2 (2), and the other §B-, Ns-, and NO-
type ligands (I, n = 2—5) shown in Scheme 1 form similar
complexes. The mononuclear anddirydroxo-bridged dinuclear
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structures ofl and?2 are revealed by X-ray analy8igFigure 1
and Supporting Information) where the Cu(ll) ion intakes
distorted square-pyramidal geometry on the basisvaflue® 0.39.
The PhS-sulfur inl weakly coordinates to Cu(ll) ion with the
Cu—S bond length 2.6035(3) A, similar to 2.68 A in the oxidized
PHM2 The S-Cu' LMCT band of1 in MeCN appears at 410
nm, clearly showing that the PhS-sulfur coordinates to Cu(ll) ion
in solution? The highly polarizable sulfur donor ih stabilizes
the low-valence state of the Cu ion, as shown by th&/@t}
redox potentials, 0.124, 0.106, and 0.101 V versus SCE],for
[Cu(L4)CI](CIOy), and [Cu(L5)CIJ(CIQ), respectively?

Addition of 2.5 equiv of HO;, to a solution of2 in MeCN at
—40°C generated a dark green spe@dbat exhibits an intense
absorption band at 357 nm (4300 Mcm™!) and a d-d band at
600 nm (140 M cm™) (Scheme 2 and Figure 2). The former
band is close to the HO—Cu' LMCT bands at 380 nm (890
M-t cm™) of a five-coordinate CugHd complex of bis(6-
pivalamide-2-pyridylmethyl)(2-pyridylmethyl)amine (bppand
at 395 nm (7000 M cm™?) of a five-coordinate C4O,H complex
of 2,6-bis[bis[2-(2-pyridyl)ethyl]amino]phenolate (XYL-Q*° but
far from that at 604 nm (1180 M cm™) of a four-coordinate
CuO,H complex of sterically hindered hydrotrispyrazolyl borate
ligand [HB(3!Bu-5-Prpz)].** The bands at 357 and 600 nm of
3 are tentatively assigned to the HG-CuU' LMCT and d-d
transitions, respectively. The ESR spectrum of a frozen solution
of 3 (g, = 2.24,95 = 2.06,A; = 168 G) in MeCN at 77 K?
similar to that ofl (g, = 2.25,gn = 2.09, A, 101 G), is
characteristic of a square-pyramidal mononuclear Cu(ll) com-
plex*® 3 shows clear hyperfine splitting with relatively large
value, different from the broad ESR spectrum of the four-
coordinate CugH complex of HB(3Bu-5/Prpz}.** The reso-
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1187.17) crystallized in the monoclinic space gr@®/c with a = 11.192-

(4) A, b=19.327(4) Ac=12.971(5) A8 = 101.97(3}, V = 2745(1) A,
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Figure 1. ORTEP view (40% probability) of [Cu(L1)Cl](1). Unlabeled ' > ; g
atoms (open Circ|es) represent carbon atoms. Selected bond |engths (A)The inset shows the time course monitored at 350 nm for generation and

and angles (deg): GtCI(1), 2.2159(3); CtrN(1), 2.0277(2); C-N(2),
2.0149(2); Cu-N(3), 2.0832(3); CuS, 2.6035(3); CI(1-Cu—N(1),
96.65(1); CI(1}-Cu—N(2), 95.87(1); CI(1}Cu—N(3), 141.276(7); Cl-
(1)-Cu—S, 132.221(8); N(1Cu—N(2), 164.675(3); N(1Cu—N(3),
82.49(1); N(1)-Cu—S, 84.047(9); N(2 Cu—N(3), 82.22(1); N(2)-Cu—
S, 94.015(9); N(3)Cu—S, 86.37(1).
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nance Raman spectrum obtained with 363.8 nm excitatia® of
in MeCN at—30 °C shows a strong resonance-enhanced Raman
band at 881 cmt, which shifted to 832 cm' (Av = 49 cn1?)
when 3 was labeled with K80,.1* The Av value observed is
almost equal to the calculated one at 50-&nThese values are

in the range ofvo_o vibrations typical of peroxide species. The
vo-o Vibration at 881 cm! of 3 is close to those at 856 crhfor

the CuQH complex of bppd,at 843 cm* for the CuQH complex

of HB(3-Bu-5/Prpz),'* and at 892 cm for the CyO,H complex

of (XYL-O ).2%¢These Raman data indicate that the hydroperoxo
moiety is bound to the Cu(ll) ion and the intense absorption band
at 357 nm can be assigned to the HOCU' LMCT. A relatively
weak S-Cu' LMCT band might be involved in the wide-based
low-energy region of the HO—Cu' LMCT band (Figure 2).
These data demonstrate ti36s a mononuclear CuBl complex
[Cu(L1)(OH)](ClIO4) where the PhS-sulfur coordinates to Cu-
(1) ion.

As shown in Figure 2, relatively high stability @ was
observed with measurement of the decomposition rate in MeCN
at —40 °C. The spontaneous decomposition3Mmonitored at
357 nm obeys good first-order kinetics with= 5.9 x 10°5s™1
at —40 °C (half-life time 71, = 3.3 h). The N- and N;O-type
ligands having a phenyl (L4) and a phenoxy (L5) group instead
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(14) The resonance Raman spectrun3 eshows a very weak signal at 569
cm1, which shifts to 552 cmt* with %0, labeling. It is difficult to assign the
peak tove,—o due to the poor quality. Similar difficulty to observe the,-o
was reported by Root and Solomon with the,OtH complex of (XYL-O")
in ref 10c.
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Figure 2. Electronic spectra a? (- - -) and3 (—) in MeCN at—40 °C.

650

decomposition of the CufPl complexes3 (x), 4 (@), and5 (+) in MeCN
at—40°C.

of the PhS-ether in L1 were used to clarify the effect of the PhS-
ether on the stabilization & The CuQH complexes [Cu(h)-
(OH)(CIOy) {n= 4 (4) and 5 B)} were generated upon reaction
of the diu-hydroxo—dicopper(ll) complexes of L4 and L5 with
H,O, in MeCN at —40 °C, and showed characteristic HG-

Cu' LMCT bands and ESR spectra similar to those3ofThe
generation and decomposition 4fand 5 monitored at around
350 nm are shown in Figure 2. The half-life timesdcdnd5 are

18 and 69 s at-40 °C, respectively, and are much shorter than
that of 3, demonstrating that the PhS-ether specifically stabilizes
the CuQH complex. The highly polarizable PhS-sulfur donor may
enhance the covalent character of the-Qubond to stabilize3.

We also found that a methyl and an isopropyl thioethers of
the N;S-type ligands (L2 and L3) are not effective to stabilize
the Cu@QH complex. Upon addition of ¥D, to the dix-hydroxo—
dicopper(ll) complexes of L2 and L3 in MeCN at40 °C, the
CuO,H complexes were not detected at all, and the alkyl thioethers
were converted to the sulfoxides and sulfones, indicating that the
alkyl thioethers are directly oxidized by,8, added. The most
significant characteristic of the PhS-ether, compared with the alkyl
thioethers, is high stability against oxidation by®4. That is
why the PhS-ether of L1, being not oxidized by®4, can stabilize
the CuQH complex through coordination. Although the Met
residue at the Gusite is an alkyl thioether, it may be protected
from oxidation in the active site of DBM and PHM,and
furthermore it is not likely that the Met is directly oxidized by
free HO, because the Cu species is formed reductively via
O,-binding. Therefore, we propose that the Met in DBM and
PHM, being not oxidized in the catalytic cycle, may be responsible
for formation of the CuGH intermediate through coordination
to the Cuy ion.

Acknowledgment. This work was supported by a grant to RCAST
at Doshisha University from the Ministry of Education, Science, Sports,
and Culture, Japan. We thank Professor Teizo Kitagawa, Institute for
Molecular Science, for permission to use the resonance Raman equipment.

Supporting Information Available: Tables S1-S8: crystallographic
experimental details, final atomic coordinates, thermal parameters, and
full bond distances and angles fband2, and syntheses and spectroscopic
data of L1 and complexesand?2, and Figures S1-S3: ORTEP view of
2, ESR, and resonance Raman spectré8.o{PDF). This material is
available free of charge via the Internet at http://pubs.acs.org.

JA010689N

(15) Although the Met residue of the DBM and PHM is not oxidized in
the catalytic cycle, it is reported that in nitrile hydratase, cysteine thiolate
groups bound to iron (or cobalt) ion are oxidized to sulfenate and sulfinate.
See for example: Tyler, L. A.; Noveron, J. C.; Olmstead, M. M.; Mascharak,
P. K. Inorg. Chem 200Q 39, 357.




