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folding of the protein, the presence of two pyranopterin cofactors,
and a single coordinated serine per molybdenum atom; however,iqpjighted1 Using well-defined, discrete molecules, we report

significant differences in the detailed description of the active |41 the influence of the ©OMo—0, angle on the redox and
site exist. These differences include the number of coordinated P

Dimethyl sulfoxide reductase (DMSOR) is a pyranopterin- Scheme 1
containing molybdoenzyme that catalyzes the reduction of di-

methyl sulfoxide (DMSO) to dimethyl sulfide (DMS)# Several

crystal structures of DMSOR from boRhodobacter sphaeroides
andRhodobacter capsulatusave been reported in the last five

years®? These structural reports reveal a close similarity in the
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pyranopterin ene-1,2-dithiolate donors bound to molybderioen
mode of their coordination, and the number of terminally
coordinated oxo groups (O Detailed spectroscopic studies on
theR. sphaeroidesnzyme suggest a monooxmolybdenum(VI)
center coordinated by four sulfur dondr&kecently, a high-
resolution (1.3 A) crystal structure of tfie sphaeroidesnzyme

has been reported, which shows that the DMSOR active site is
disordered and exists as a mixture of a hexa- and pentacoordinated
Mo.” It has been suggested that such structural disorder may be,

a result of different crystallization and/or handling conditions,
and this is supported in a detailed biochemical stilye have

been interested in understanding the chemical significance of this

structural diversity, particularly with respect to the geometric
relationship between the terminal oxo;(@nd serinato oxygen
(Ose) donors. A careful inspection of the DMSOR crystallographic
data and that of a related enzyme, trimethylamMexide
reductase (TMAOR), reveals a wide variation in the reported O
Mo—Osr angle, which ranges from 9o 146.57° To the best

of our knowledge, the implications of this structural parameter
on various properties of the active site including the electronic
structure and Mo reduction potential have not been previously

T Duquesne University.
* The University of New Mexico.
§ Southwest Texas University.

(1) Hille, R. Chem Re. 1996 96, 2757.

(2) Pilato, R. S.; Stiefel, E. I. Itnorganic Catalysis2nd ed.; Reedijk, J.,
Bouwman, E., Eds.; Marcel Dekker: New York, 1999; p 81152.

(3) Enemark, J. H.; Young, C. @dv. Inorg. Chem 1993 40, 1-88.

(4) Baker, S. C.; Kelly, D. P.; Murrel, J. QNature 1991, 350, 627—628.
Charlson, R. J.; Lovelock, J. E.; Andreae, M. O.; Warren, SN&ture
1987, 326, 655-661.

(5) (a) Schindelin, H.; Kiser, C.; Hilton, J.; Rajagopalan, K. V.; Rees, D. C.
Sciencel996 272 1615-1621. (b) Schneider, F.; lvee, J.; Huber, R.;
Schindelin, H.; Kiser, C.; Kilalein, J.J. Mol. Biol. 1996 263 53—69.

(c) McAlpine, A. S.; McEwan, A. G.; Bailey, SJ. Mol. Biol. 1998
275, 613-623.

(6) (a) George, G. N.; Hilton, J.; Temple, C.; Prince, R. C.; Rajagopalan,
K. V. J. Am. Chem. Soc999 121, 1256-1266. (b) Baugh, P. E;
Garner, C. D.; Charnock, J. M.; Collison, D.; Davies, E. S.; McAlpine,
A. S.; Bailey, S.; Lane, |.; Hanson, G. R.; McEwan, A.IBIC, J. Biol.
Inorg. Chem1997, 2, 634-643. (c) Garton, S. D.; Hilton, J.; Oku, H.;
Crousse, B. R.; Rajagopalan, K. V.; Johnson, MJKAm. Chem. Soc.
1997 119 12906-12916.

(7) Li, H.-K.; Temple, C.; Rajagopalan, K. V.; Schindelin, H.Am. Chem.
Soc.200Q 122 7673-7680.

(8) Bray, R. C.; Adams, B.; Smith, A. T.; Bennett, B.; BaileyBfochemistry
200Q 39, 11258-11269.

(9) Czjzek, M.; Santos, J.-P. D.; Pommier, J.; Giordano, G.; Mejean, V.;
Haser, RJ. Mol. Biol. 1998 284, 435-447.

spectroscopic properties of these complexes. Furthermore, we
hypothesize that the variability found in the-0—0Oser angle

may play a critical role in modulating the reduction potential of
the native enzyme.

We have isolatedcis-[(LLO)MoVYOCI;] and trans[(L10)-
MoVOCl,] complexes of the heteroscorpionato ligand tég-
butyl-2-hydroxy-5-methylphenyl)bis(3,5-dimethylpyrazolyl)-
methane (LLOH}} where the cis and trans notation refers the
position of the phenolato oxygen (Orelative to that of the
terminal oxo (@) ligand. Here, the phenolato oxygen models the
coordinated serinato oxygen found bound to the active site Mo,
and Q — Mo LMCT transitions allow us to probe the effect of
geometric variation of the phenolato oxygen relative to the metal
center on the electronic structure of these complexes. These results
are discussed relative to the mode of serine binding to the active
site in DMSOR and TMAOR.

[(LLO)MOOCI,] was synthesized by reacting (L1OWwith a
slurry of MoCk in THF following deprotonation of the ligand
with NaH. The crude product was isolated as a red-brown solid
in good yields (56-70%). The two isomers were separated by
chromatography on silica gel using dichloromethane as the eluant.
A pink band elutes first followed by a yellow one. The molecular
composition of the two compounds was confirmed by mass
spectrometry. Slow evaporation of dichloromethane or acetonitrile
solutions of the pink compound afforded X-ray quality single
crystals. The molecular structure of [(LLO)MoQNas deter-
mined by X-ray crystallography, and the complex is found to
adopt a six-coordinate distorted octahedral geometry (Supporting
Information)!? The Mo atom is coordinated by a phenolato
oxygen (Q) from the tridentate ligand and two nitrogen donors
from pyrazole rings, and the two chloride donors and the terminal
oxo ligand occupy the remaining three coordination sites (Scheme
1). Unfortunately, a compositional disorder due to the presence
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0.1 mm; crystal system, rhombohedral; space gr&3py;, a = 27.982(4)

A, b=27.982(4) A, andt = 9.424(2) A,a = B =90°, y = 120°; Z =

18,V = 6390(2) &, Mo Ko (A = 0.710 73 A); calculated density 1.34
glen®; abs coeffcac (mm™) 0.679; total reflections 1855, independent
reflections 1009; number of parameters 172, data to parameter ratio 5.86;
full matrix refinement;R(F) = 0.0687,R,(F? = 0.2016, goodness of

fit =1.156; largest difference peak and hole 1.046 ad69 (/).
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25000 isomer is virtually identical to that of LMoOgI(L~ = 3,5-
c 1500 dimethyl hydrotrispyrazolyl borate) below27 000 cm?* (370
20000 - $ nm) (Supporting Information!f This is expected sir_me both trans
£ g (L10)MoOCkL and LMoOC} possess bCl, equatorial coordina-
§ 15000 4 Z tion spheres and should have virtually identical low energy ClI
= “ — Mo d,y LMCT transitions. Taken together, the spectroscopic
2 40000 4 04 . , data is consistent with the formulation of the pink compound as
a 400 450 500 550 00 the cis isomer and the yellow compound as the trans isomer.
w Wavelength (nm) . . . .
5000 1 The redox chemistry of the two isomers was investigated by
cyclic voltammetry, and both compounds exhibit well-defined
0 . ' : one-electron reductive couglé@Mo(V) — Mo(IV)) at —940 mV

206 325 425 595 and at—1160 mV (vs F¢/Fc) for the trans and the cis isomers,
Wavelength (nm) respectivelyt’ Thus the trans isomer is easier to reduce than the
Figure 1. Electronic absorption spectra of the cis (bold line) and the CiS isomer by~200 mV* As was previously mentioned, it has
trans isomer (thin line). In the inset the low-energy charge transfer band been demonstrated that the terminal oxo dominates the Mo ligand
can be seen for the cis isomer and no such transition was observed forfield resulting in an energetically isolateg, dedox orbital:°2°
the trans isomer. Therefore, the reduction potentials of monoexoolybdenum
centers are intimately related to the valence ionization energy of

of both cis and trans isomers within the asymmetric unit has this orbital?* The low-energyO; — Mo dy, LMCT transition in
prevented the positions of the chloride and the terminal oxp (O the cis isomer results from antibonding interactions between

ligands from being uniquely defined crystallographicafly. the phenolato oxygen and the, dredox) orbital which should

Several lines of spectroscopic evidence demonstrate that the'@1S€ the energy of the redox orbital and make the cis isomer

o . v L
pink compound is the cis isomer while the yellow compound more dn_‘ﬁcult to red_uce. Since they, dxy_lnt(_eractlon IS not
adopts a trans ©Mo—0, geometry. The infrared spectrum of present in the trans isomer, the redox orbital is not energetically

the pink compound exhibits a strong M stretch at 961 crit destabilized and the complex is easier to reduce relative to the
which is shifted 14 cm to lower frequency in the yellow cis isomer. This is an important observation, demonstrating that

compound. The reduction imy.—o Of the yellow isomer is the position of an oxygen donor relative to the terminal oxo

- . . functions to modulate the reduction potential of the metal center.
consistent with a trans effect manifested by the phenolato oxygen, , . . -
o With respect to the DMSO reductases, this leads to the provocative
(Op). The strongerr-donor ability of the @ donor competes more

favorably than a pyrazolyl nitrogen for the antibonding 10 suggestion that the position of the serinato oxygen relative to the

ey, OPbitals, thereby weakening the M® bond. More definitive terminal oxo may play a crmcal role in gating the electron transfer
; ; ) X X process in the regeneration step.

evidence is provided by electronic absorption spectroscopy.
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