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reported to be decamercurated upon treatment with 
mercuric trifluoroacetate.16b It should be anticipated that 
pentamercuration of cyclopentadienyl complexes will be 
frequently observed, provided that the complexes bear 
groups that impart sufficient solubility to the partially 
mercurated intermediates. 

Complex 1 serves aa a versatile synthon for pentahalo- 
cyclopentadienyl ligands and affords the pentaiodo and 
pentabromo derivativea upon tawatanent with aqueous KX3 
Moreover, the structure of 3 provides the fiit structural 

(16) For leadin references, see: (a) Deacon, G. B.; Farquharson, G. 
J. J. Organomet. &em. 1974,67, C1; A u t .  J .  Chem. 1976,29,627. (b) 
Boev, V. I.; Dombrovskii, A. V. Zh. Obshch. Khim. 1977, 47, 727: Izu. 
Vyssh. Uche6n. Zaued., Khim. Khim. Tekhnol. 1977,20,1789. 
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data for the pentaiodocyclopentadienyl ligand. We are 
continuing to work on the synthesis of mercurated me- 
tallocenes, their halogenated derivatives, and mechanistic 
studies aimed at probing the electronic character of mer- 
cury substituenta in cyclopentadienyl complexes. These 
studies will be published in due course. 

Supplementary Material Available: Tablea listing positional 
parameters, thermal parameters, complete bond lengths and 
angles, and full experimental details for data collection and re- 
finement for 3-0.25CC4, text giving experimental details for the 
preparation of 1-3 and their spectroscopic and analytical data, 
and a chart illustrating all of the possible isomers for 1 (11 pagea). 
Ordering information is given on any current masthead page. 

OM920417G 

Structure and Bonding of 

2,2’-Blpyridine) 
Hiroaki Tanaka,la Biing-Chiau Tzeng,lb Hirotaka Nagao,” Shie-Ming Peng, *,lb and 

Koji Tanaka*lla 
Insmute for Moleculer Science, Department of Structural h h k u k r  Science, The ciraduate University 

for Advanced Stulies. h@o&Ji, Okazaki 444, Japan, and Department of Chemlsby, 
Nstlonal Taiwan Univers@, Roosevelt Road Sectbn 4, TaMi, Taiwan, Republic of China 

Received June 24, 1992 

cls-ERu(bpy),(CO)(C(O)OCH,)l(B(C,H,),).CH,CN (bPY = 

Smmry: The molecular structure of the title compound 
as a model for [Ru(bpy)dCOXC(O)OH)]+ was determined 
in order to elucidate the Structural difference between 

both of which are possible reaction intermediates in 
electrochemical and photochemical C02 reduction. 

Electrochemical2 and photochemical3 C02 reductions 
catalyzed by transition-metal complexes are of much in- 
terest in connection with the utilization of carbon re- 

[ ~ ~ ( b P Y ~ 2 ~ ~ ~ X C ( O ) O ~ ) I +  and [Ru(bPY),(COXrl’-CO,)I v 
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SOC. 1991,113,8753. (b) Atoguchi, T.; Aramata, A.; Kazusaka, A.; Enyo, 
M. J. Chem. Soc., Chem. Commun. 1991,156. (c) Teai, J. C.; Khan, M. 
A.; Nicholas, K. M. Organometallics 1991,10,29. (d) Fujita, E.; Creutz, 
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maura, Y.; Tabata, M. Nature (London) 1990, 346, 255. (h) Ruiz, J.; 
Guerchais, V.; Aetruc, D. J. Chem. SOC., Chem. Commun. 1989,812. (i) 
Tomohiro, T.; Uoto, K.; Okuno, H. J. Chem. SOC., Chem. Commun. 1990, 
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Acta 1986,69,1065. (h) Hawecher, J.; Lehn, J.-M.; Ziessel, R. J. Chem. 
SOC., Chem. Commun. 1985, 56. (i) Kutal, C.; Weber, M. A.; Ferraudi, 
G.; Geiger, D. Organometallics 1985,4,2161. (j) Kitamura, N.; Tazuke, 
S.  Chem. Lett. 1983,1109. (k) Hawecher, J.; Lehn, J.-M.; Ziessel, R. J. 
Chem. SOC., Chem. Commun. 1983,536. 

c3 
ni 

Figure 1. Molecular structure of [Ru(bpy),(CO)(C(O)OCH,)]+. 
Selected bond distances (A) and angles (deg): Ru-Cl, 2.042 (6); 
R u 4 2 ,  1.800 (7); Ru-N1, 2.070 (5 ) ;  Ru-N~,  2.105 (5); Ru-N~,  
2.151 (5); Ru-N~, 2.093 (5);  C1-01, 1.191 (8); C1-02,1.344 (8); 
0 2 4 3 ,  1.463 (9); C2-03, 1.154 (8); Ru-Cl-01, 125.4 (5); Ru- 
C1-02, 115.4 (4); 01-C1-02, 119.2 (6); C1-0243, 116.4 (6); 
Ru42-03,  176.5 (6). 

sources. Elucidation of the bonding modes of C02 to those 
metal centers may afford fundamental information on the 
activation of C02 on the metal atoms. Among the vl-: v2-,5 
~ ~ - 1 6  and fi3-C0,7 metal complexes reported so far, s1-C02 

(4) (a) Calabrese, J. C.; Herekovitz, T.; Kinney, J. B. J. Am. Chem. 
SOC. 1983,105,5914. (b) Harlow, R. L.; Kinney, J. B.; Herskovitz, T. J.  
Chem. SOC., Chem. Commun. 1980,813. (c) Gambarotta, S.; Arena, F.; 
Floriani, C.; Zanazzi, P. F. J. Am. Chem. SOC. 1982, 104, 5082. 

(5) (a) Alvarez, R.; Carmona, E.; Marin, J. M.; Poveda, M. L.; Guti- 
errez-Puebla, E.; Monge, A. J. Am. Chem. Soc. 1986, 108, 2286. (b) 
Bristow, G. S.; Hitchcock, P. B.; Lappert, M. F. J. Chem. Soc., Chem. 
Commun. 1981, 1145. (c) Aresta, M.; Nobile, F. J. Chem. SOC., Chem. 
Commun. 1975,636. 
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complexes have been proposed as active species in elec- 
trochemid and photochemical C02 reductions." We have 
reported the molecular structure of an t+C02 complex of 
ruthenium, [RU(~~~)~(CO)(CO~)]*~H~O~ (bpy = 2,2/-bi- 
pyridine) (l), which exists as equilibrium mixtures with 

in H20D (eqs 1 and 2). 2 and 3 are possible precursors for 

1 

[Ru(~~~)~(CO)(C(O)OH)I+ (2) and [RU(~PY)~(CO)~]~+ (3) 

[R~(bpy)2(CO)(CO2)1 + H+ * 
[Ru(~PY)~(CO)(C(O)OH)I+ (1) 

2 

[Ru(~~~)~(CO)(C(O)OH)]+ + H+ * 

3 

2 
[RU(~PY)~(CO)~]~+ + H2O (2) 

the formation of CO and HCOO-, respectively, in elec- 
trochemicallO and photochemical" C02 reduction. Dis- 
proportionation of 2 to 1 and 3 in an aqueous and an 
organic solution caused serious difficulties in growing single 
crystals of 2. The molecular structure of [Ru(b~y)~-  
(CO)(C(O)OCHJ]+ as a model compound for 2, therefore, 
is of great interest from the viewpoint of elucidation of the 
interconversion between 1 and 2 by a diffusion-controlled 
reaction. Thie communication reporta the crystal structure 
of [R~(~P~)~(CO)(C(O)OCHS)J(B(C~H~$*CH~CN (4) and 
comparison of the bond charact8rs between Ru-C(0)OCH3 
in 4 and Ru-C02 in 1. 

The reaction of 1 with CH31 in CH30H affords [Ru- 
(bpy)2(CO)(C(0)OCHJ]I in almost quantitative yield, and 
the PF6 salt of 4 is also synthesized by the reaction of the 
PF6 salt of 3 with CH30Na.B Single crystals of 4 were 
obtained by slow evaporation of an acetonitrile solution 
containing the (B(CJ3a),)2 salt of 3 and 1 equiv of CH30- 
Na. The Ru atom is octahedrally coordinated, and the 
methoxycarbonyl moiety is in a cis position with the car- 
bonyl ligand (Figure l),I2 The bond distances and angles 

(6) John, G. R.; Johnson, B. F. G.; Lewis, J.; Wong, K. C. J.  Organo- 
met. Chem. 1979,169, C23. 

(7) (a) Eady, C. R, Guy, J. J.; Johnson, B. F. G.; Lewis, J.; Malateata, 
M. C.; Sheldrick, G. M. J. Chem. Soc., Chem. Commun. 1976,602. (b) 
Beck, W.; Raab, K.; Nagel, U.; Skimann, M. Angew. Chem., Znt. Ed. 
Engl. 1982,116,2271. (c) Lundquist, E. G.; Huffman, J. C.; Folting, K.; 
Mann, B. E.; Caulton, K. G. Znorg. Chem. 1990,29,128. 

(8) Tanaka, H.; Nagao, H.; Peng, Sa-M.; Tanaka, K. Organometallics 
1992,11,1450. 

(9) Lhida, H.; Tanaka, K.; Morimoto, M.; Tanaka, T. Organometallics 
1986,6, 724. 

(10) I8hida, H.; Tanaka, K.; Tanaka, T. Organometallics 1987,6,181. 
(11) I8hida, H.; Terada, T.; Tanaka, IC; Tanaka, T. Znorg. Chem. 1990, 

29, 905. 

for the 2,2'-bipyridine ligands of 4 are similar to thoee for 
1 and also c l w  to those of the other 2,V-bipyridine com- 
plexes of ruthenium.13 The C1-01 and C1-02 bond 
distances for 4 are 1.191 (8) and 1.344 (8) A, respectively. 
It is worthy of note that the average of the C1-01 and 
C1-02 bonds (1.268 A) for 4 is eaaentially same a~ that of 
the two C-0 bonds in the C02 moiety of 1 (1.264 A). The 
Ru-Cl distance (2.042 (6) A) for 4 is close to the metal- 
carbon bond distance for the previously reported (meth- 
oxycarbony1)rhodium complex (2.041 (6) A).14 The fact, 
however, that the Ru-Cl distance for 4 is shorter than the 
Ru-C02 bond distance for 1 (2.064 (13) A) indicatee that 
the multibond character of the Ru-C(0)OCH8 bond in 4 
is not smaller than that of the Ru-C02 bond of 1, although 
a metal-C02 bond in [W(CO)a(q1-C02)]P is proposed to 
have a carbene character (W=C02*) of the Fisher type.l6 
On the basis of the similarity of the 13C NMR chemical 
shifts of the carbonyl and methoxycarbonyl carbone (6 
202.2 and 206.8) of 416 with those of the carbonyl and 
hydroxycarbonyl carbons of 2 (6 201.5 and 206.1) in 
CD30D, the electronic structure of the methoxycarbonyl 
carbon of 4 may be cloee to that of the hydroxycarbonyl 
carbon of 2. This assumption implies that a negative 
charge resulting from dissociation of the proton from the 
hydroxycarbonyl moiety of 2 (eq 1) is mainly localized on 
the C02 group of 1 rather than delocalized on the RuCO2 
moiety. The l o c h t i o n  may enable a smooth reversible 
conversion to 2 in H& (eq l), similar to the caw for organic 
carboxylic acids. 

Supplementary Material Available: For this structure 
study, tables of atomic parameters and U values (4 pagee). Or- 
dering information is given on any current masthead page. 
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(12) Crystal data for 4 C&OaNaRu, M, 860.77, triclinic 8- 
group p1, a = 9.548 (3) A, b = 13.004 (5) A, c = 17.743 (4) A, a = 77.38 
(3)O, 0 = 74.89 (2)O, y = 83.84 V = 2071.1 (12) AB, 2 2, D 1.380 
g ~ m - ~ ,  F(000) = 844, X = 0.70930 A, g(Mo Ka) = 4.25 cm-4 Qy?tp' 
dimensions 0.03 X 0.25 X 0.30 mm. Rp = 0.046 for 7219 unique rehtuma 
with F > 2 4 ' )  and 532 variables. Data were collected by 9-28 tddquea 
(0 < 20 < Soo) on an Enraf-Noniue CADCOX21 automated four-circle 
diffractometer with Mo Ka radiatioa The structurs WPI solved by the 
heavy-atom method. All non-hydrogen atom were refined nnhtropi- 
cally, and hydrogen atom were included as fixed contributions. 

(13) Reveco, P.; Schmehl, R. H.; Cherry, W. R, Fronaelr, F. IL; sslbin, 
J. Znorg. Chem. 1985,24,4078. 

(14) Burk, P. L.; Engen, D. V.; Campo, K. S. Organometallics 1984, 
3, 493. 

(15) Maher, J. M.; Lee, G. R.; Cooper, N. J. J. Am. Chem. Soc. 1982, 
104,6797. 

(16) Other observed signah on a 'BC NMR spectrum are aa follow8 

140.6,140.5,139.3,128.5,128.5,128.2,1~0,125.4,125.1,124.6,1!24.2 (the 
2,2'-bipyridme ligands); 6 49.9 (the methyl group). 

(67.8 MHz, CDaOD): I 158.0,166.9, 156~6~156~2~155~7~150~6~ 149.0,140.7, 

Phase-Transfer Photolysls of Metal Hexacarbonyls 
Horst Kunkely and Arnd Vogler" 

Inst&# tik Ampank#che ChtwnJs abr Un-t Regansbwg, M ~ i s s t r a e e e  31, 
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Sum-: The photochemical conversion of M(CO), (M 
= Cr, m, w) to M(co)&- o( i= halogen) across a hex- 
am/waw w d a w  && to a seperatkn of the r m d n t  
and product. This process may be of general lmportence 
for synthetic applications. Under suitable conditions in- 
ner-flher and sec0ndery phaolysb be Systems; Academic Press: New York, 1987. 

ed. 

Photochemical reactions in microheterogeneous media 
have been investigated extensively.1*2 In particular ex- 
cited-state electron transfer of metal complexes haa been 

(1) Kalyanasundaram, K. Photochemistry in Microheterogeneoua 

(2) Thomas, J. K. The Chemistry of Excifution at Interface#; ACS 
Monograph 181; American Chemical Society: Washington, DC, 1984. 
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