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Photochromism of Dinuclear Tungsten Complexes
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Novel photochromic and non-photochromic ethylene-1,2-
dithiolato dinuclear tungsten complexes, [W,(H-S,) (M-

S,C,Ph,)o(S,C,Phy),] (2a) and [W(-S,)(H-Sp)(S,C,Phy) ]
(2b), respectively, were synthesized and characterized.

Investigation into complexes with ethylene-1,2-dithiolate
ligands started very actively in 1960’s in the field of bioinor-
ganic chemistry.! Recently the complexes have received a ren-
aissance through the finding that many molybdenum and tung-
sten redox enzymes have ethylene-1,2-dithiolatate moieties
connecting pterin and phosphate groups as cofactors.?8
However photochromism of ethylene-1,2-dithiolate complexes
has not been fully developed.®

We have recently reported that the ethylene-1,2-dithiolato
dinuclear molybdenum complex [Mo,(H-S,)(1-S,C,Phy),-
(S,C,Ph,),] (1a) is photochromic, but the complex [Mo,(u-
S,),(H-Sy)(S,C,Ph,),] (1b) shows no photochromism, though
1b has the same and additional ligands as 1a does.1°

It is interesting to compare the molybdenum complexes
with corresponding congeneric tungsten ones. We describe
here the preparation, X-ray structures and characterization of
the photochromic and non-photochromic dinuclear tungsten
dithiolato complexes [W,(U-S,)(H-S,C,Ph,),(S,C,Phy,),] (2a)
and [Wo(1-S,),(H-S,)(S;C,Phy);] (2b), respectively. No pho-
tochromic dinuclear tungsten complexes with dithiolate ligands
have been reported so far.

The novel tungsten complexes 2a and 2b were obtained by
the similar procedures to those described for the molybdenum
complexes 1la and 1b. The reaction mixture of benzoin (20 g)
and P,S;, (20 g) in 1,4-dioxane (120 mL) was refluxed for 2 h
under a dinitrogen atmosphere, and the resultant solution was
filtered. To the filtrate was added (NH,),WS, (6.3 g) in water
(80 mL), and the mixture was refluxed further for 1.5 h under a
dinitrogen atmosphere, and then filtered. From the filtrate the
dinuclear complexes 2a (deep red) and 2b (red) were separated
column chromatographically, together with a mononuclear
tungsten complex [W(S,C,Ph,)3] (2c, green).!! During the
chromatographic separation, the column was covered with
black paper to protect from light.

The tungsten complexes 2a and 2b are isomorphous with
the molybdenum complexes 1a and 1b, respectively,'? and the
X-ray structures are shown in Figures 1(2a) and 2(2b). The
synthesis and characterization of 2c were reported more than
three decades ago,® and the X-ray structural determination was
made very recently.®

The tungsten complex 2a shows photochromism.
Exposure of halogen-lamp light to the solution of 2a in
dichloromethane caused a decrease of the peak at 505 nm and
an appearance of a new peak at 850 nm (Figure 3) with no dis-

Figure 1. ORTEP drawing of 2a. Selected bond distances (/i):
W1-W2,2.7923(4); W1-S1, 2.503(2): W1-52,2.429(2); W1-S11,
2.463(2); WI1-S12, 2.427(2); WI1-S21, 2.465(2); W1-S831,
2.363(2); W1-832, 2.362(2); W2-S1, 2.440(2); W2-S2, 2.495(2);
W2-S11, 2.473(2); W2-S21, 2.457(2); W2-S22, 2.439(2);
W2-841, 2.358(2); W2-542, 2.360(2); S1-82, 2.057(3). Phenyl
groups are omitted for clarity.

Figure 2. ORTEP drawing of 2b. Selected bond distances (A):
WI1-W2, 2.7913(7); W1-S1, 2.477(4); W1-S2, 2.456(4); W2-S1,
2.434(4); W2-82, 2.443(4); W1-S3, 2.430(4); W1-S4, 2.450(4);
W2-83, 2.458(4); W2-54, 2.445(4); W1-S5, 2.444(4); W2-S8,
2.443(4); WI1-S11, 2.375(4); WI1-S12, 2.343(4); W2-S21i,
2.370(3); W2-822, 2.361(4); S1-S2, 2.059(6); S3-S4, 2.072(6);
$5-56-2.056(6); S6-S7, 2.081(7); S7-S8, 2.055(6). Phenyl
groups are omitted for clarity.

tinct color change, and in the dark the spectrum returns to the
origina one in a few hours at room temperature, while a dis-
tinct color change of 1a was observed: from red-purple to green
via gray, returning to the origina color in a few minutes at
room temperature. Contrarily, neither 2b nor 1b shows pho-
tochromism.
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Figure 3. Electronic spectra of dinuclear tungsten complexes in
CHxCl,. : 2a before light exposure; -+ -+ 12a
after light exposure; —_——— : 2b before and after

light exposure.

The tungsten complex 2a is sensitive even to the light of a
fluorescent lamp for indoor lighting, and is less stable to light
than the molybdenum complex 1a is: continuous irradiation of
the fluorescent light to the complex 2a in dichloromethane for a
week causes color change from deep red to green, which indi-
cates degradation of 2a and formation of 2c, while the molyb-
denum complex 1a remains unchanged under the same condi-
tion. The longer lifetime of the photo-exited state of 2a com-
pared to that of 1a may be responsible for the easier degrada-
tion of 2a.

Holm and coworkers reported the preparation, characteri-
zation, and X-ray structures of [W,(l-S),(S,C,Ph,) % (3)¢ and
[Mo,(U-S),(S,C,Me,),]%~ (4)7 obtained from (Et,N),-
[WS(S,C,Ph,),] and tropylium hexafluorophosphate and from
[M0o(CO),(S,C,Me,),] and Na,S, respectively, where they
referred to no photochromism of these species. Moreover, very
recently we have succeeded in the reduction of la to give
[Mo,(H-9),(S,C,Ph,) 1% (5), and found that the reduced species
5 did not show any photochromism.’* Accordingly, the com-
plex 3 can be considered as a reduced species of 2a.

Density functional theory (DFT) has predicted that the
presence of the bridged dithiolate ligand in the molybdenum
complex la is most probably responsible to the photochromic
properties.’> Therefore, both the bridged dithiolate ligands and
the p-S, moieties in 1a and 2a seem to play important roles in
the photochromism.

We are trying to find out structures of the photo-activated
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species of 1a and 2a.

This work was partly supported by a Special Grant for
Cooperative Research administered by Japan Private School
Promotion Foundation.

References and Notes

1 J A.McCleverty, Prog. Inorg. Chem,, 10, 49 (1968).

2 For example, N. Ueyama, H. Oku, and A. Nakamura, J.
Am. Chem. Soc., 114, 7310 (1992).

3 H. Oku, N. Ueyama, M. Kondo, and A. Nakamura, Inorg.
Chem.,, 33, 209 (1994).

4 N. Ueyama, H. Oku, M. Kondo, T. Okamura, N.
Y oshinaga, and A. Nakamura, Inorg. Chem., 35, 643
(1996).

5 R. Hille, Chem. Rev., 96, 2757 (1996).

6 C. A. Goddard and R. H. Holm, Inorg. Chem., 38, 5389
(1999).

7 B.S. Lim,J P. Donahue, and R. H. Holm, Inorg. Chem.,,
39, 263 (2000).

8 M. K. Johnson, D. C. Leg, and M. W. W. Adams, Chem.
Rev., 96, 2817 (1996).

9 For example, S. Ohkoshi, Y. Ohba, M. Iwaizumi, S.
Y amaguchi, M. Ohkoshi-Ohtani, K. Tokuhisa, M. Kgjitani,
T. Akiyama, and A. Sugimori, Inorg. Chem., 35, 4569
(1996).

10 T. Shibahara, N. lwai, M. Sasaki, and G. Sakane, Chem.
Lett., 1997, 445.

11 Ana. of 2a. Cdcd for W,S,,CseH,o: C, 48.00; H, 2.88%.
Found: C, 48.15; H, 2.84%. Anal. of 2b. Calcd for
W,S,,CoH,0: C, 30.33; H, 1.82%. Found: C, 29.39; H,
1.85%.

12 Crystal datafor 2a: Formula, W,S,,CsgH 49, MW = 1401.2,
orthorhombic, space group Pbca (#61), a = 30.909(4) A, b
=18.912(3) A, ¢ = 17.959(3) A, V= 10497(4) A3, Z = 8,
Deye = 1773 g cm™, R(R,) = 0.030 (0.028). Crystal data
for 2b: Formula W,S;,CygH,0, MW = 1108.9, monoclinic,
space group P2,/c(#14), a = 12.7613(4) A, b = 21.153(1)
A, c=125887(5) A, B =94.109(3)°, Z = 4, V= 3389.5(2)
A3 D =2173gcm3, R(R,) = 0.063 (0.096).

13 &) G. N. Schrauzer and V. P. Mayweg, J. Am. Chem. Soc.,
88, 3235 (1966). b) E. |I. Stiefel, R. Eisenberg, R. C.
Rosenberg, and H. B. Gray, J. Am. Chem. Soc., 88, 2956
(1966).

14 Y. Miki, H. Takagi, A. Ichimura, H. Akashi, and T.
Shibahara, to be submitted for publication.

15 K. Wakamatsu, K. Nishimoto, and T. Shibahara, Inorg.
Chim. Acta, 296, 180 (1999).



