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Organotungsten-selenolato complexes were prepared in mo- ganomonohalides. Moreover, the X-ray crystal structures 
derate yields by insertion of selenium into the alkali metal- of C6H5CH2W(C0)3cp (l), ~-[m-C6H4(CH2SeW(CO)~cp]2] 
tungsten bonds of MSeW(CO),cp (M = Li, Na) and subse- (3), ~ L - [ ~ - C , H ~ ( C H ~ S ~ W ( C O ) ~ C ~ } ~ ]  (4), and C6H5CH[SeW- 
quent reactions with the organohalides 0-, m-, and p-  (CO)3cp]2 (5) were deJermined. In complex (l), the W-CH2 
C6H4(CH2Br)2, C6H5CHBr2, m-C6H4(CHBr2)2 and C6H5CC1,. bond length is 2.374 A; the W-Se bond lengths in the com- 
The ??Se-NMR data of the new complexes are discussed and plexes 3, 4 ,  and 5 are all in the range 2.625-2.655 A, corre- 
compared with those of related complexes derived from or- sponding to W-Se single bonds. 

Organometallic selenolato complexes have attracted in- 
creasing attention during the last few decades because of 
their potential use as single-source precursors for solar-cell 
technologyI21. Various synthetic routes to organoselenolato 
complexes were published, e.g. metatheses of transition- 
metal complexes with alkali metal organoselenolates or oxi- 
dative additions of organic diselenides to metal-carbonyl 
complexes[3]. Recent synthetic studies revealed the applica- 
bility of metatheses to organic selenolates with bulky sub- 
stituents such as -E(SiMe3)? (E = C, Si, Ge)[4-81. However, 
this route requires the accessibility of the organic selen- 
olates. 

Recently, we developed a synthesis for the preparation of 
organometallic selenolates via selenium insertion into alkali 
metal carbonylates. In this paper we report on the reactions 
of the organotungsten selenolates MSeW(C0)3cp (M = Li, 
Na; cp = q5-cyclopentadienyl) with organodi- and -tetra- 
halides. We previously described reactions of MSeW(Mo)- 
(CO)?cp with C6H5CH2Cl and (CH3)3SiCH2Cll9I. 
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Results and Discussion 

The organotungsten selenolates MSeW(CO)3cp (M = Li, 
Na) react with 0-, m-, and p-C6&(CH2Br)2 in a 2 : 1 ratio 

lo] Part 111: Ref.rll. 

to form the corresponding xylyl-bridged bisselenolates 0-, 

m-, and p-p-C6H4[CH2SeW(CO)3cp]2 in moderate yields 
under mild conditions (Scheme 1). The products can be sep- 
arated easily by using conventional chromatographic meth- 
ods. A complete halogen abstraction from the organohal- 
ides can be also observed if C6H5CHBr2 or m- 
C6H4(CHBr2)2 are used in the appropriate ratios, whereas 
the application of O - C ~ H ~ ( C H B ~ ~ ) ~  led to serious decompo- 
sition of the reaction mixture, which is probably due to the 
steric requirements of the -SeW(CO),cp substituent. Only 
in the case of C6HSCC13 the monosubstituted product 
C6H5CC12SeW(CO)3cp is obtained independent of the or- 
ganohalide/MSeW(C0)3cp ratio. All these reactions can be 
carried out advantageously as one-pot syntheses in THF 
or toluene. 

The moderate yields of the new complexes indicate that 
several other species must be present in the reaction mix- 
tures. Thus, in the case of C6H5CH2SeW(C0)3cp, a yellow 
by-product could be separated first and fully characterised 
as the selenium-free o complex C6H5CH2W(C0)3cp 1 by 
spectroscopic means and an X-ray crystal structure analysis. 
From the chromatographic work-up of crude 
C6H5CH2SeW(C0)3cp, it can be assumed that in some 
cases the first (yellow) bands on the columns are the se- 
lenium-free organotungsten complexes. If the reactions are 
stopped after a shorter period, green bands appear and the 
corresponding products can be isolated under the usual 
work-up conditions. In the case of C6H5CC13, this band 
always appears, indicating that the reaction mechanism 
must be complicated. The green compound is in all cases 
the diselenide complex [ c ~ W ( C O ) ~ ] ~ S ~ ~ ,  characterised by 
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Scheme 1 
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means of literature data"]. When CH2Clz or CH2C12/hex- 
ane mixtures were used for the chromatographic work-up, 
brown immobile residues were observed on the column. 
They can easily be removed by using acetone as eluent, but 
spectroscopic studies showed that they are complex mix- 
tures of several unknown and inseparable by-products. 

The new complexes are air-stable crystalline solids, sol- 
uble in many organic solvents, e.g. CH2C12, acetone, or 
toluene. The solutions are somewhat air- and light-sensitive. 
The spectroscopic data of the complexes are in good ac- 
cordance with their structures. 'H-NMK and I3C{'H}- 
NMR data show all resonances at the expected values. The 
ips0 carbon atoms of the phenyl rings are shifted downfield 
because of the -1 effect of the electron-withdrawing group 
SeW(C0 j3cp. 

The "Se-NMR data are given in Table 1. They reflect 
the electronic influence of the organic substituents on se- 
lenium. In view of the paucity of published 77Se-NMR data 
on organotungsten selenolate complexes, we present here a 
short discussion. 

A comparison of the simple selenolato complexes RSeM- 
(CO)+p (R = Me3SiCH2, C6H,CH2; M = Mo, w) shows 
a downfield shift of the molybdenum derivatives relative to 
the corresponding tungsten complexes, which can be ex- 
plained by a lower electron density on the molybdenum 
atoms. Similar values for the 77Se shift can be found in the 
case of the disubstitution products of 0-, m-, and p-a,a'- 
dibromxylene 2, 3, and 4. From a comparison with 

Table I ,  '?ie-NMR data of organotungsten- and -molybdenum- 
selenolato complexes (solvent CDC13, rcl. to Mc$e ext.) 

Compound 6 77% Compound ti 7 7 ~ e  
o-Ct.H,ICH:SeW(CO)lcp]z -356 ?la' CsHdXl>SeW(CO);cp +782 0'" 
~ - C ~ H ~ I C H Z S ~ W ( C O ) I C ~ ] ~  -328 41a1 Me$XH2SeW(CO)lcp -530 '3'" 
p-CsHs[CHzSeW(CO)icp]2 322 7!" C*HsCHzSeW(CO)?cp -316 1" 

C&CH[SeW(C0)3cp]z 160 3fn1 Me?SiCHzSeMo(CO)?cp -479 3'b1 
m-C~H,(C€f~SeW(CO)~cp]~~~ -159 5"ll CsHjCH2Sehlo(CO)?cp -271 2'' 

La] This work. - @I For synthesis see ref. [9]). 

C6H5CH2SeW(CO)3cp, it can be assumed that values of 
6 = -300 to -400 are typical of this class of complexes. 
The downfield shift of the sterically more crowded com- 
plexes 5 and 7 (6 = -160) can be explained by an easier 
excitement of the selenium lone pairs. The extreme down- 
field shift of the CGH5CC12 complex 6 (6 = +782j reflects 
the strong electron-withdrawing character of the chlor- 
inated organic substituent. Unfortunately, decomposition of 
the solutions under NMR conditions was too rapid to per- 
mit observation of the 183W-77Se coupling (the selenium sig- 
nals themselves require less time); at low temperature the 
solubility of the Complexes is not adequate. 

The molecular structure of the selenium-free by-product 
C6H5CH2W(C0)3cp 1 is shown in Figure 1. It is isostruc- 
tural to the corresponding molybdenum complex['0] The 
benzyl ligand is bound to tungsten in a simple o-mode with 
a corresponding bond length of 2.374(7) A [ci: 2.387(3) A 
in C6H5CH2Mo(C0)3cp]. Similar arrangements were found 
in various 0-bonded complexes RW(CO)+p, e.g. R = 

ethoxycarbonylmethyl, 1-methylcyclopropylmethyl, or 
pentamethyldisilylmethyl-C[' 1 p 1 3 1 .  The tungsten - 0-carbon 
bond lengths in these complexes are similar to those in 1. 
As in many other M(CO).cp fragments, the W(CO)3cp moi- 
ety displays a "piano-stool" arrangement. 

Figure 1. Molecular structure of Ci5Hl2OIW (1) (ORTEP, 50% 
probability ellipsoids, H atoms omitted for clarity)["] 
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La] Selected bond lengths [A] and angles ["I: W-cp (ring center) 
2.017(3), W-Cl 1.980(8), W-C2 1.996(8). W-C3 1.988(7), 
W-C4 2.374(7). C4-Cll l  1.501(10); Cl-W-C4 76.2(3), 
C2-W-C4 131.0(3), C3-W-C4 75.2(3), W-C4-C111 112.6(5). 

The molecular structures of m-, and p-C6H,- 
[CH2SeW(C0)3]2 3 and 4 are shown in Figures 2 and 3. 
Both possess crystallographic symmetry. In the m-complex 
two ring carbon atoms of the bridging xylylidene group lie 
on a twofold axis, whereas the o-complex exhibits inversion 
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symmetry. The W-Se bond lengths are similar in both 
complexes [2.625(1) A in 3; 2.637(1) A in 41 and also com- 
parable to those observed in C6H5CH2SeW(C0)3cp 
[2.621(1) A, av. of two mole~ules][~1, q7-C7H7W(C0),- 
SeC6HS [2.588(2) A][14] and the thioselonocarboxylic ester 
derivative PhCHC(tBu)C(SMe) = SeW(CO)S [2.639( 1) 
A][15]. W-Se bond lengths in unbridged binuclear com- 
plexes with terminal organoselenolato groups are signifi- 
cantly shorter, because of the different electronic effects in 
different oxidation states of tungsten [e.g. 2.432(2) A in 
W2(seC6H2Me& (W-W)][161. Additionally, the W-Se 
bond lengths are sensitive to steric effects. If the organose- 
lenolato group bridges two tungsten atoms, the correspond- 
ing W-Se bonds become shorter than those observed in 3 
and 4 [e.g. 2.51 3(5) A in W2C14(p-SePh)(p-Cl)(dppm)2 and 
2.549(1) A in [PPh4],[C1,W{p-Se(C1))(p-SePh)2WC13] . 2 
CH2C12][17,18]. The geometry at selenium is essentially tetra- 
hedral in both complexes [C-Se-W 109.2(3)"]. 

Figure 2. Molecular structure of the m-complex CZ4H1 s06Se2W2 
(3) (ORTEP, 50% probability elli soids, H atoms omitted for 

c1arity)Yal 

C13 - 

06 

[a] Selected bond lengths [A] and angles ["I: W-cp (ring center) 
2.011(3), W-Se 2.625(1), W-C6 1.975(8), W-C7 1.991(7), W-C8 
2.012(8), Se-CIO 1.973(8), ClO-Cl1 1.495(10); C6-W-Se 
130.7(2), C7-W-Se 74.5(2), C8-W-Se 77.2(2), C10-Se-W 
109.5(2), C11 -ClO-Se 115.3(5). 

The molecular structure of the disubstituted complex 
C6HSCH[SeW(C0)3cp]2 5 is shown in Figure 4. The com- 
plex crystallises as an ethanol solvate, in which the solvent 
H atoms could not be located because of high displacement 
parameters. All atoms of the bridging benzylidene group lie 
in a mirror plane. This arrangement causes a short non- 
bonding Se-Se distance of 3.099(1) A, but the geometry at 
selenium is not affected, being almost tetrahedral with an 
angle of 106.4(1)". The W-Se bond length of 2.655(1) A is 
similar to those in the m- and p-complex 3 and 4. 

In conclusion, we believe that selenium insertion into al- 
kali metal- transition metal bonds of carbonylates and the 
subsequent reaction with organic electrophiles is a con- 
venient and simple synthesis of organoselenolato com- 
plexes. Moderate yields can be tolerated, since all the prep- 
arations can be performed advantageously as one-pot reac- 
tions and the starting materials are easily accessible and 
cheap. Especially for polyhalogenated hydrocarbons, the 
alternative synthetic route (metalation and selenium inser- 
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Figure 3. Molecular structure of thep-complex C24R1806Se2W2 (4) 
(ORTEP, 50% probability ellipsoids, H atoms omitted for clarity)["' 

07 

La] Selected bond lengths [A] and angles ["I: W-cp (ring center) 
2.007(4), W-Se 2.637(1), W-C6 1.985(9), W-C7 1.992(8), W- C8 
2.003(8), Se-ClO 1.987(7), C10-Cll 1.501(9); C6-W-Se 
131.0(3), C7-W-Se 74.3(2), C8-W-Se 76.3(2), C10-Se-W 
109.2(2), C11-C10-Se 114.6(5). 

Figure 4. Molecular structure of C23H1606Se2W2 . C2H50H (5 )  
(ORTEP, 50% probability ellipsoids. H atoms and solvent molecule 

omitted for clarity)ra] 

6 02 

la] Selected bond lengths [A] and angles ["I: W-cp (ring centre) 
2.011(2), W-Se 2.655(1), W-C1 1.991(4), W-C2 1.993(4), W-C3 
1.993(4), Se-C4 2.003(3), C4-Cll l  1.480(8); C1-W-Se 134.4(1), 
C2-W-Se 74.9( l), C3- W-Se 75.9(1), C4- Se- W 106.4( 1). 
C111-C4-Se 114.5(2). 

tion in metal-carbon bonds) can be difficult, since com- 
plete metalation is not always possible by simple means. 

We thank the Fonds deier Chemischen Industrie for financial sup- 
port. Diffractometer maintenance by A .  Weinkauf is gratefully 
acknowledged. 

Experimental 
All manipulations were carried out under purified dried dinitro- 

gen by using standard Schlenk techniques. Solvents were dried and 
distilled under dinitrogen prior to use. - NMIZ: AC 200 Bruker, 
TMS as internal standard for 'H and 13C{ 'H} and MeaSe as exter- 
nal standard for 77Se. frequencics 'H 200.1, I3C 50.3, and 77Se 38.2 
MHz. - MS: Finnigan MAT 8430. cpW(CO)3C1 was prepared ac- 
cording to the literature method[Iy1. o-, m-, p-C6H4(CH2Br)*, 
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C ~ H S C H B ~ ~ ,  o-, m-C6H4(CHBr2)2, C~HSCC~J  and C6H5CH2Cl 
were purchased from Aldrich. 

Isolation of Benzyl(~5-cyclopentadienyl~ (tricarbonyl) tungs- 
ten(II) cp(C0J3 WCH,Ph (1): C ~ ( C O ) ~ W C H ~ P ~  was isolated by 
chromatographic work-up on silica gel of the crude reaction mix- 
ture obtained from the synthesis of C ~ ( C O ) - , W S ~ C H ~ P ~ [ ~ ] ,  A mix- 
ture of CH2C12 and hexanes (1 : 2) afforded first a yellow band, 
which corresponded to a small amount of 1. The second (red) band 
was the selenolato-complex cp(CO)3WSeCH2Ph as the main prod- 
uct. The 'H-NMR spectrum of 1 was identical with the published 
one[20]. - l3C{IH} NMR (CDCI,): 6 = 27.8 [s, CH2], 92.7 [s, 
C~HS], 123.7, 127.3, 127.9 [s, C,H,], 151.8 [s, @so-carbon of 
C~HSR], 218.3, 228.7 [s,  CO]. 

General Synthetic Route for the Synthesis of o-, m-, and p - ( p -  
Xylylselenolato) bis[q5-cyclopentadienyltricarhonyltungsten ( I I )  ] (2, 
3, 4): LiSeWcp(CO)-, was prepared from cpW(CO)3C1 (0.5 g, 1.357 
mmol), a 1 M LiBEt,H solution in THF (4 ml, 4 mmol), grey se- 
lenium (0.109 g, 1.357 mmol), and tBuOH (0.5 ml, 5.2 mmol) in 
50 ml THF according to a method described in the literature[13]. 
The reaction mixtures were treated with o-, m-, and p- 
C6H5(CH2Br)2 (0.180 g, 0.679 mmol), respectively. The deep brown 
mixtures turned deep red immediately. After stirring for 2 h at am- 
bient temperature, the solutions were evaporated to dryness. The 
crude product mixtures were dissolved in 20 nil of CH2C12 and the 
remaining LiBr was removed via filtration through Celite. Chroma- 
tographic work-up on silica gel using a mixture of CH2C12 and 
hexanes (b.p. 40-60°C) in a ratio of 2 : 1 as eluent afforded traces 
of yellow by-products. After increasing the ratio up to 3 : 1, second 
(red) bands were separated and characterised as [cpW(C0)-,l2 in 
all cases. The third bands, which are likewise red, contained the 
complexes 2, 3, and 4. 

p-  (0-Xylylselenolato) bis[ lq5-c~~clopentadienyl) (tricurbonyl) - 
tungsten(ZIj] (2): Yield 0.180 g (29%), m.p. 178°C. - 'H NMR 
(CDCI-,): 6 = 3.82 [s, CH21, 5.43 [s, CjH,], 7.21 [rn, C&]. - 

130.8 [s, unsubstituted carbon atoms of C6H4RZ], 140.3 [s, @so car- 
bon atoms of C6H4RZ], 212.0 [s, CO]. - 77Se NMR (CDCI?): 6 = 

-356.2 s. - IR (CH2C12, NaCl) [v(CO)]: 2018 s, 1925 vs. - MS 
(EI), m/z: 824 [{C~W(CO)~}~S~]+ ,  768 [{C~W(CO)~}~S~,]+, 740 
[cpW(CO),SeSeW(CO)cp]+ (lOO%). - C24H1806Se2W2 (928.00): 
calcd. C 31.08, H 1.96; found C 30.85, H 1.80. 

L3C{LH} NMR (CDC1-J: 6 = 20.9 [s, CHZ], 92.7 [s, CsHS], 126.9 

p- (m-Xylylselenolato) bis[ (1?5-cyclopentudit.n)il/ (tricurbonyl) - 
tungsten(Ii)] (3): Yield 0.240 g (38%), m.p. 122°C. - 'H NMR 
(CDC13): 6 = 3.60 [s, CH2], 5.37 [s, C,H,], 7.21 [m, C6H4]. - 

128.5, 129.7 [s, unsubstituted carbon atoms of C6H4R2], 142.4 [s, 
@so carbon atoms of C6H4R2], 211.9, 222.9 [s, CO]. - 77Se N M R  
(CDCI?): 6 = -328.4 s. - IR (CH2CI2, NaCI) [v(CO)]: 2019 s, 1921 
vs. - MS (EI), m/z: 930 [{C6H4[SeWcp(CO)3]2}]+, 666 

I3C{lH} NMR (CDCl,): 6 = 22.8 [s, CHZ], 92.5 [s, CsHS], 127.2, 

[cpW(CO)-,]: A, 610 [A - 2 CO]+, 582 [A - 3 CO]+, 554 [A - 
4 CO]+, 526 [A - 5 CO]+ (loo%), 498 [A - 6 CO]+. - C24H1806- 
SeZW2 (928.00): calcd. C 31.08, H 1.96; found C 31.11, H 2.02. 

p- (p-Xylylselenolato) his[ (7'-cyclopentadienyl) (tricarhonyl) - 
fungsten(II)/ (4): Yield 0.240 g (38%): m.p. 133°C. - 'H NMR 
(CDC13): 6 = 3.61 [S, CH2], 5.35 [S, CSH,], 7.20 [S, C&]. - 

"C{'H} NMR (CDC13): 6 = 22.6 [s, CHZ], 92.6 [s, CSHS], 129.1 [s, 
unsubstituted carbon atoms of C6H4R2], 140.6 [s, @so carbon 
atoms of C6H4RZ], 211.8, 222.8 [s, CO]. - 77Se NMR (CDC13): 
6 = -322.7 s. - IR (CH2C12, NaCL) [v(CO)]: 2019 s, 1925 vs. - 

[{cpW(CO)3}2Sez]+, 666 [cpW(CO),],t = A, 582 [A - 3 CO]+ 
MS @I), m/z: 930 [{C6H4[seW(Co),Cp]2}]+, 824 

(100%). - C&~~O&WZ (928.00): calcd. c 31.08, H 1.96; found 
C 30.50, H 1.93. 

p-( Benzylidene) his[ (selenolato) (q'-c~iclopentudienyl) (tricar- 
bon.5-1) tungsten ( I I ) ]  Dichloromethane Solvate (5): LiSeWcp(C0)3 
was prepared from CPW(CO)~CI (1.0 g, 2.714 mmol), a 1 M 
LiBEt3H solution in THF (6 ml, 6 rnmol), grey Se (0.214 g, 2.714 
mmol), and tBuOH (1 ml, 10.4 mmol) in 30 ml THE A solution 
of a,a-dibromotoluenc PhCHBr, (0.35 g, 1.357 mmol) in 10 ml of 
THF was added dropwise via a syringe to the brown reaction mix- 
ture within 30 min. After stirring at ambient temperature for 16 h 
the resulting deep red solution was evaporated to dryness, Addition 
of 10 ml of CH2C12 and removal of LiBr over Celite afforded a 
deep red solution, which was reduced to 5 ml. Chromatography on 
silica gel using CH2C12 as eluent gave first a yellow band of a by- 
product. The second, deep red band was the main product, which 
was recrystallised from CH2C12/hexanes. Yield 0.513 g (41 %), rn.p. 
88°C (dec.). - 'H NMR (CDC13): 6 = 4.74 [s, CHI, 5.28 [s, 
CH2C12], 5.35 [s, CSHs], 7.26 [m, O-. andp-C6H5]: 7.45 [m: m-C6Hj]. 
- I3C{'H) NMR (CDCI,): 28.0 [s, CHI, 92.5 [s, CSH,], 126.7, 
127.9, 128.1 [s, unsubstituted carbon atoms of C6HsR], 147.2 [s, 
@so carbon atom of C6HSR], 211.8, 212.2 [s, CO]. - 77Se NMR 
(CDCl-,): -160.3 s. - C24H18C1206Se2W2 (998.93): calcd. C 28.87, 
H 1.82; found C 28.85, H 1.62. - IR (CH2C12, NaCl) [v(CO)]: 
2023 s, 2013 s, 1929 s. - MS (EI), mlz: 824 [{C~W(CO)~]S~~]+ ,  
744 [{~pw(Co)~]~Se]+ .  

cc,ol-Dichlorohenz~lselenolat~(~~-cyclopentadienyl)  (tricar- 
honyl)tungsten(II) (6): The synthesis was performed as described 
above, but required a 1 M NaBEt3H solution in THE Four different 
bands were separated from the column (silica gel, CH2CI, as elu- 
ent). The first (yellow) band contained 50 mg of a by-product. - 
'H NMR ([D6]acetone): 6 = 7.26 [s, C5HS], 7.27 [m, m-C6H5], 7.32 
[m; p-C&]. 7.46 [rn, o-C6HS]. - The second deep blue band con- 
tained the title compound. Yield 0.631 g (41'%0), m.p. 128°C (dec.). 
- 'H NMR ([D6]acetone): 6 = 5.87 [s, CjHs], 7.35 [dt, m-C6Hs, 
3 J ~ . ~  7 Hz], 7.66 [dt, p-C&5, 3 J ~ . ~  7 Hz], 7.82 [m. O-c~jHs]. - 
I3C{IH} NMR (CDC13): 6 = 90.8 [s, CSH,], 92.3 [s, CC121, 120.1 
129.0, 131.3 [s, unsubstituted carbon atoms of ChHj], 150.7 [s, @so- 

+782, s. - C15HloC1,03SeW (571.96): calcd. C 31.50, H 1.76; 
found C 30.83. H 1.80. - IR (CH2C12, NaCI) [v(CO)]: 1952 s, br, 
1878 s. - MS (EI), m / z  572 [MI+, 498 {[cpW(CO)3]2 - 6 CO]' 
(100%). After a brown band, which consisted of a small amount 
of several inseparable by-products, a green band of [ C ~ W ( C O ) $ ~ S ~ ~  
occurred. Yield 0.100 g (9%). 

11- (m-Xylylidene) telrakis[ (selenolato) (d-cyclopentadienyl) (tri- 
carbonyl)tungsten(II)/ (7): The synthesis was the same as de- 
scribed for 6, but a 1 M LiBEt3H solution in THF was used. Two 
bands were separated from the column (CH2C12, silica gel); the 
first (yellow) band (50 mg) contained one by-product, whereas the 
second (deep red) band contained the title compound. Yield 0.230 
g (20%), m.p. 160°C. - 'H NMR ([D6]acetone): 6 = 4.82 [s, CHI, 

carbon of C&,], 204.6, 214.3 [S, co] .  - 77Se NMR (CDC13): 6 = 

5.70[~, CjHj], 7.28 [m, 3H, C&], 7.61 [m, 1 H, C6H$, - 13C11HI 
NMR (CDCl-,): 6 = 29.6 [s, CHI, 93.0 [s, CSH,], 126.3, 127.7, 134.6 
[s, unsubstituted carbon atoms, C6H4], 147.6 [s, @so carbon atoms 
of C ~ H ~ R Z ] ,  212.5, 212.7, 223.4 [s, CO]. - 77Se NMR (CDCI,): 
-159.5 S. - C40H26012Se4W4 (1749.87): calcd. C 27.46. H 1.50; 
found C 27.25, H 1.66. - IR (CH2CI2, NaC1) [v(CO)]: 2021 s, 201 1 
vs, 1928 s. - MS (El), m/z: 1312 [M, - CO, - SeW(C0)3cp]+, 
1088 [M, - 9 CO, - SeW(CO),cp]+ (100%). 

Crystal Structure Determination: Suitable crystals of compounds 
1: 3,4, and 5 were grown from CH2C12/hexanes (1, 3, and 4; ambi- 
ent temperature) or EtOH (5; -3O"C), mounted on glass fibers in 
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Table 2. X-ray structure analyses, details of solution and refinement carbonyl carbon atom C7 and many be associated with unidenti- 

fied disorder or twinning phenomena. Additional crystallographic 
data are presented in Table 2. Selected bond lengths and angles are I 3 4 5 

Frnpirical formula CI~HIZOIW CZ4Hl806S4W2 ~ 2 ~ 1 8 ~ b ~ W . ~ Z  ~ z ~ H z z O ~ S ~ Z W I  
424 10 928 00 928 00 960 05 listed in the Figure captions[22]. 

F(OO0) [el 
P W'I 
Crystal size [nun] 
2@,, ["I 
rrci 
Measured retl 

orthorhombic 
Pbcu (61) 
16 657(2) 

8 7697(12) 
17 850(2) 

90 
90 
90 

2607 4(6) 
2 16 

8 
I600 
88 6 

0 36x0 18x0 08 
50 

-lM) 
4488 
2294 

172 
115 

0 62/0 69 
0 0283 
0 0564 

00175,O 
0 82 
.. 0 001 

n 0548 

trlChNC 
pi (2) 

6 5200(10) 
6 7051(12) 
14 548(2) 
80 609(12) 
84 286(B) 
75 9SYlZ) 
607 512) 

2 54 
1 

426 
I24 9 

020x0 l5r0 10 
50 

-100 
3465 
2137 

154 
85 

0 66lO 93 
o 0302 
0 0745 

00464 0 
1 04 
0 001 

n 0202 

mOnOCllNC 

CUc (15) 
10 6150)  
8 M7(2) 
28 X42(7) 

90 
96 47(2) 

90 
2453 9(10) 

2 51 
4 

I 704 
123 7 

0 40x0 30x0 10 
50 

-1434 
3535 
2145 

0 0421 
155 
93 

0 1910 63 
0 0290 
0 0688 

0 05115,O 
0 99 

<om1 

IIIOflOG~lN~ 

P2IIin (1 I )  
8 488(2) 
16 743(3) 
9 434(2) 
90 

98 99(2) 
90 

1324 3(5) 
2 41 

2 
888 

1147 
0 5 3 ~ 0  13x0 13 

55 
-130 
9971 
3139 

0 0245 
I79 
I33 

0 5UO 82 
0 0234 
0 0571 

110 
0 0288,Z 547 

< o on1 

[*I R ( F )  = . q F 0 l  - pq/xp01 - Cbl wR(F2j = Pjw(F2, - FZj2}/ 
C{w(F32]]05; w - ~  = d ( F 2 )  + + bP, where P = [F: + 
2F:]/3 and a and b are constants adjusted by the program. - ['I S = 
[ Z ( w ( F i  - Fz)z}/(n - p)]O 5 ,  where n is the number of data and p 
the number of parameters. 

inert oil and transferred to the cold gas stream of the diffractomet- 
ers (1, 3, and 4 Siemens P4, -100°C; 5 Stoe STADl4, -130°Cj, 
both equipped with an LT-2 low-temperature attachment. Mo-Ka 
radiation (h = 0.71073 A, graphite monochromator) was used to 
collect the intensity data (1, 3, and 4 w-scans; 5 w/O-scans). Cell 
constants were refined from setting angles of 62 reflections in the 
2 0  range 8-23" (1, 3, and 4; Siemens), or from ?a values of 60 
reflections in the 2 Q range 20-23' (5; Stoe). Absorption correc- 
tions based on Y-scans were applied. 

The crystallographic program system used was SHELXL-93rZ11. 
All structures were solved by direct methods and refined by full- 
matrix least-squares procedures on F'. All non H atoms were re- 
fined anisotropically; hydrogen atoms were included by using a rid- 
ing model. The final difference Fourier m?ps were featureless; in 
the case of 3, the highest peak of 3.34 e A-' is located near the 
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