Inorg. Chem.1997,36, 1253-1257 1253

Heterometallic Complexes with Selenolate Ligands: Crystal Structures of
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Oxidation of Cé" by diphenyl diselenide in the presencecis-[PPN][Mn(CO)(SePh)], followed by carbonyl

shift from Mn(l) to Co(lll) and a benzeneselenolate group rearranging to bridge two metals, led directly to the
thermally unstable (C@QYIn(u-SePh)Co(CO){-SePhyMn(CO). Dropwise addition of [PPN][SePh] to the neutral
(COuMnN(u-SePh)Co(CO){-SePhiMn(CO); resulted in formation of a linear trinuclear complex possessing a
hexaselenolatecobalt(l11) core, [PPN][(GON(u-SePh)Cou-SePhMn(CO);). This complex crystallized in the
triclinic space grouf1 with a = 10.878(1) Ab = 15.095(2) Ac = 25.372(4) Ao = 95.04(1}, B = 95.00(1},

y =91.52(2y, V = 4132(2) B, andZ = 2; final R= 0.042 andR,, = 0.042. In contrast, the thermally unstable
Cis-[PPN][Mn(CO)(SeMe}], which was reacted with Co(Clp-6H,O and (MeSe)in THF under a nitrogen
atmosphere, led to the isolation of the stable heterometallic selenolatgM&@}SeMe}Co(CO){-SeMe}Mn-

(CO). Crystal data: monoclinic space gro@2/c, a = 28.413(7) A,b = 11.091(3) A,c = 22.849(6) A =
125.06(33, V = 5894(3) &, andZ = 8; final R = 0.047 andR,, = 0.048. The results indicated that the distinct
electronic effects between methaneselenolate and benzeneselenolate play a key role in stabilizing the neutral
Mn(1)—Co(lll)—Mn(l) —selenolate complexes.

Introduction

The chemistry of complexes containing tellurolate/selenolate
ligands is experiencing rapid developméntnterest in metal
chalcogenolates stems not only from their potential application
as precursors for M/Se and M/Te materials but also from the
perspective of reactivity.” Recent work in this laboratory has

shown that the complexass-[Mn(COl(ER)]~ (E = Te, Se;
R = Ph, Me) which contain sites of latent reactivity (the
delocalized lone pairs of electrons around chalcogen atoms) are
useful in the syntheses of heterometallic Ma{@Qo(lll) —Mn-
(l)—chalcogenolate products such as (gM)(u-TePh}Co-
(CO)(u-TePh}Mn(CO), and (CO)Mn(u-TePh}Co(CO)-
SePMMn(CO).8

We further examined the reactivity of the mangarese
selenolate speciess[Mn(CO)y(SePh)]~ by reacting it with
Co(CIOy)2:6H,0 and (PhSe)in varying proportions. Specif-
ically, the syntheses and characterization of a linear trinuclear
anion containing a hexaselenolatocobalt(l1l) core [(eMD)(u-
SePhyCo(u-SePmMn(CO)] ~, employingcis[Mn(CO)4(SePh)]~
as a chelating ligand and intermetal ligand transfer reagent, are
described. In addition, the synthesis and structure of the
thermally stable (CQMn(u-SeMe}Co(CO)-SeMe3Mn(CO);
are reported, see Scheme 1.
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Scheme 1 Scheme 2
(CO)Mn(-SeMe),Co(CO)(-SeMe)sMn(CO); 2 cis-[Mn(CO)4(SePh),]~ + Co(Cl0O,), 6H,0 + 1/2(PhSe),
(stable)
. (a)
R=Me ~[PPN][CIO,]
(a)
CO),Mn(u-SePh),Co(CO)(u-SePh);Mn(CO
2 cis-[Mn(CO)4(SeR)]~ + Co(ClO,), 6H,0 + 1/2(RSe), (CO)Mn(u-SePh);Co(CO)(u-SePh);Mn(CO)3
(b) then adding [PPN][SePh]
R =Ph -Co
(CO)4Mn(u-SePh),Co(CO)(i-SePh);Mn(CO), ((CO)sMn(p-SePh)sCo(u-SePh);Mn(CO);]—
(unstable)
[(CO)sMn(i-$ePh);Co(u-SePh);Mn(CO)3]~ (b3) E.C)— .
+ n= =
_ ~-[PPN][CIO, -[PPN][CIO,
[(CO)3Mn(y»ScP:)3Mn(CO)3] [ [—c 6:1 -[coN][ 4]
~[(CO)yMn(1-SePh);Mn(CO),] ~[(CO)3Mn(y-SePh);Mn(CO);]~

(CO),Mn(u-SePh),Mn(CO),

(1) —Mn(1)—chalcogenolate complexes depend on the substit- 1 cis-[Mn(CO)(SePh)]™ + Co(ClO); 6H,0 + 1/2(PhSe),

uents of the chalcogenolate ligands by using dialkyl dichalco-

genide in place of the diphenyl dichalcogenide used edrlier. (CO)](2) and red-brown crystals [PPN][(CEJn(u-SePhMn-

The IR carbonyl stretching spectra and X-ray diffraction confirm (CO)] (3) after being separated from the hexane-soluble
the formation of the neutral (CG)IN(u-SeMe}Co(CO)y- (COMMN(u-SePMMN(CO), under nitrogen. We attribute the
SeMe}Mn(CO); (1) in the reaction ofcis[PPN][Mn(COY- formation of the heterometallic anighto the lability of “Co-
(SeMe})], (MeSe), and Co(ClQ),-6H,O (Scheme 1a). How-  (Il) =CO” carbonyl group in neutral (C@YIn(u-SePh)Co-

ever, the reaction led to decomposition when reactisg (CO)(u-SePMn(CO); and rapid intermetal transfer of the
[Mn(CO)4(SePh)]~ and CoC}-6H,0 in the presence of (PhSe)  benzeneselenolate group. These results indicate that the relative
in THF at room temperature. No decomposition was observed order of thermal stability of linear trinuclear Mn¢tCo(lll) —

when stirring the neutral (CQYIn(u-SeMe}Co(CO)fu- Mn(l)-selenolate complexes is (Ce)n(u-SeMe}Co(CO)fu-
SeMe}Mn(CO); THF solution at ambient temperature for 2 SeMe}Mn(CO) > (COuMN(u-SePh)Co(CO)p-SePh3Mn-

days. The'H and3C NMR spectra of compled show the (CO)s. This result may be accounted for by the distinct
expected signals for the methyl groups involved and display €electronic effects between methaneselenolate and benzenesele-
characteristics of diamagneti€ @o(lll) and & Mn(l) species. ~ Nolate ligands. The trinuclear ani@and the dimeric anio8,

To evaluate the influence of the weaker electron-donating individually, exhibit a two-band pattern in the:o region of
chalcogenolate ligand on the stability of the heterometallic Mn- the infrared, but different pattern and positiomgo 1983 vs,
()—Co(lll —Mn(l)-chalcogenolate complexes, we surveyed the 1901 s cmi* (THF) for 2 andvco 1981 s, 1902 vs crt (THF)
reactivity of diphenyl diselenide toward Co(G)f26H,0 in the for 3, \_NhICh is consistent with a trlcar!oonyl der_|vat|ve of
presence ofis-[Mn(CO)«(SePhj]~ in stoichiometric proportions approximatelyCs, symmetry. The electronic absorption spectra

((PhSe):Co(ClOy)»6H,0:cis [PPN][Mn(CO)(SePh)] = 0.5: of the trinuclear anior2 are dominated by four me}jor band§ in
1:2 molar ratio) in THF at ambient temperature (Scheme®qb).  the region 305664 nm. These bands are tentatively assigned
An immediate reaction ensued under a nitrogen atmosphere 2 ligand-to-metal charge-transfer transitions.

The IR carbonyl stretching (2074 w, 2033 w, 2006 s, 1991 sh,  In order to clarify the formation of heterotrimetallic ani@n
1964 w, 1929 m cmt (THF)) spectra confirm the formation of ~ and the lability of the “Co(lll)-CO” carbonyl group in neutral
the neutral (CQMn(u-SePh)Co(CO)(-SePhyMn(CO). How- (COUMN(u-SePMCo(CO)u-SePhgMn(CO), a straightforward
ever, the neutral complex is thermally unstable. Following synthetic reaction was conducted by employing [PhSe] a
extended periods of stirring in THF at ambient temperature, the hucleophilic reagent as well as a bridging ligand. As illustrated

dark purple solution of (CQMn(x-SePh)Co(CO)f:-SePhjMn- in Scheme 2a, the dropwise addition of [PPN][SePh] to
(CO)% converted into a dark purple brown solution. It is (COuMN(u-SePhCo(CO)u-SePMn(CO); in THF at ambi-
impossible to isolate the pure (CMn(u-SePh)Co(CO)y- ent temperature led to the formation of a dark purple solution.

SePhJMn(COY, even if the reaction is run and crystallized at The infrared spectrum shows carbonyl stretching bamds (
—10°C. This transformation was indicated by the appearance (THF): 1983 vs, 1901 s cm) attributable to the presence of
of new bands for theco vibrations in THF (2068 w, 2008 m,  the bis(benzeneselenolate-triply-bridged) species of composition
1983 vs, 1962 w, 1902 s crh (THF)). The transformation  [PPN][(CO:EMn(u-SePhCo(u-SePhgMn(CO)]. The trinu-
products can be crystallized from THfiexane as a mixture  clear anion2 is strongly colored and moderately sensitive to

of dark purple crystals [PPN][(C@Mn(u-SePh)Co(u-SePhMn- air and light; the crystalline solid was easily crystallized in
82.5% vyield from THF-hexane at10 °C.
(9) (a) Lane, R. H.; Bennett, L. B. Am. Chem. Sod97Q 92, 1089. (b) In a similar fashiongis-[Mn(CO)4(SePh)]~ was reacted in
Asher, L. E.; Deutsch, Bnorg. Chem.1975 14, 2799. (c) Lane, R. stoichiometric proportions with Co(Cl-6H.0 and (PhSe)
H.; Sedor, F. A.; Gilroy, M. J.; Eisenhardt, P. F.; Bennett, Llrrg. (3:1:0.5 molar ratio) in THF under a nitrogen atmosphere, and

Chem.1977, 16, 93. (d) Dickman, M.-H.; Doedens, R. J.; Deutsch, . . . . .
E. Inorg. Chem.198Q 19, 945. (e) Koch, S.; Tang, S. C.; Holm, R.  the reaction mixture finally led to the isolation of red-brown

H.; Frankel, R. BJ. Am. Chem. Sod.975 97, 914. dimer (CO)Mn(u-SePhiMn(CO), and the dark purple hetero-
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Figure 1. ORTEP drawing and labeling scheme of neutral (§30)
(u-SeMe)Co(CO)-SeMe}Mn(CO) with thermal ellipsoids drawn
at the 50% probability level.

trimetallic selenolat® (Scheme 2b). Additionally, when the
same reaction was carried out in a 4:1:0d-(Mn(CO),-
(SePh)] :Co(CIOy)»-6H,0:(PhSey)) molar ratio under similar
experimental conditions, the complex2and 3 were obtained
after being recrystallized from THF-hexane (Scheme 2c¢). The Figure 2. ORTEP drawing and labeling scheme of [(Gh(u-
most likely explanation for these results (Scheme 2b,c) is that gephyco(u-SePRMN(CO)]~ with thermal ellipsoids drawn at the 50%
Cis-[Mn(CO)4(SePh)]~ was employed as a chelating ligand as probability level.

well as an intermetal ligand transfer reagent.

The definitive assignment of the structure of the dark purple is elongated along one of the pseudg-axes, and adopts a
complex1 was obtained by X-ray crystallography (Figure 1). conformation in which two adjacent triangles (two parallel
The neutral trinuclear complek has a linear chain of one Co  triangular-benzeneselenolate faces) are in almost perfectly
atom and two Mn atoms; the distorted octahedral coordination staggered position. The staggered conformation would be the
geometry of the Co center is completed with five bridging best for minimization of the interactions between the benzene-
methaneselenolates and a terminal carbonyl with Segb)- selenolate ligand$:'4 The average bite anglei§ Se-Co(lll)—
C(1), Se(2y-Co—C(1), Se(3yCo—C(1), Se(4yCo—C(1), and Se angles) is 83.52(4) A further noteworthy result in the
Se(5)-Co—C(1) angles of 93.5(5), 94.4(5), 90.8(5), 94.4(5), structure discussion is thteans Se-Co—Se angle which was
and 172.9(5)respectively. The Co(lll-Se bond distances of  found to average 180?136+ 1° in the known trigonal prism
2.405(3) A (average) observed in complexare shorter than  and 180 in the perfect octahedron) in compléx
those of complex2 (average distance 2.441(1) A). The Co-  The Co(lll)-Se distances ranging from 2.426(1) to 2.461(1)
(1) —C(1)O bond of length 1.763(15) A in complek is A in complex2 are considerably longer than that observed in
comparable to the Co(IH)CO bond (1.75(3) A) previously  [(en),Co(SeCHCH,NH,)][(NO3);] (2.378(1) A)!5 This length-
found in (CO}Mn(u-TePhYCo(CO)@-TePhiMn(CO).82 Itis ening may be due to the presence of six benzeneselenolates
not surprising that the bite angle Se{fjo—Se(2) of the doubly-  which may cause the Co(I)Se bonds to lengthen for steric
bridging methaneselenolates is 85.72(8)hich is larger than reasons. The acute Mn{Be—Co(lll) angles range from 80.97-
the Se-Co—Se angles of the triply-bridging methaneselenolates (5) to 82.13(5) in trinuclear anior2.

(average 83.15(8) in complex1. The structure of anioB is shown in Figure 3. The phenyl

The X-ray crystal structure of the compound [PPN][(@@)- groups of three bridging«,-benzeneselenolates B form a
(u-SePhjCo(u-SePhiMn(CO)-2THF consists of two crystal-  regular propeller-like arrangement around the [Bane defined
lographically independent molecules and is composed of discreteby the three seleniums. To a first approximation, the MngSe)
cations, anions and two THF molecules; there are no exceptional(CO); framework may be described as face-sharing octahedra.
cation—anion interactions (Figure 2). Compl@dhas a linear These Mn-Se distances (average 2.532(1) A)3rare much
chain of one Co atom and two Mn atoms; each Mn(l) atom in shorter than the terminal MrSe bonds in the anion [Mn-

a distorted octahedral arrangement is bonded to the three(SePh)]2~ (average 2.567 A)

carbonyl ligands and to the three selenium atoms of the bridging  Conclusion. The heterotrimetallic selenolate [(CMn(u-
SePh groups. The cobalt atom, which lies on an inversion SePh)Co(u-SePhjMn(CO),]~ has been prepared by the reac-
centre, is surrounded by six homoleptic bridging benzenesele-tion of (COuMN(u-SePh)Co(CO)u-SePhiMn(CO)s with
nolates. The cobalt component of the trinuclear a@i@thus [PhSel under mild conditions. It seems reasonable to state
an approximately octahedral hexaselenetaie" complex. The

six-coordinate polyhedron db; symmetry can be defined by  (13) (a) Stiefel, E. I.; Eisenberg, R.; Rosenberg, R. C.: Gray, H. Bm.

the two parameterg ands/h, i.e. the twist angle between two Chem. Soc1966 88, 2956. (b) Schrauzer, G. N.; Mayweg, V. P.

parallel triangular faces of the polyhedron and the ratio of the Am. Chem. Socl966 88, 3235. (c) Martin, J. L.; Takats, norg.
Chem.1975 14, 1358.

side of the triangle to the distance t_’etween the trifanjglem (14) (a) Leverd, P. C.; Lance, M.; Nierlich, N.; Vigner, J.; Ephritikhine,
the geometry of the Ca(SePhj core in complex, ¢ is equal N.J. Chem. Soc., Dalton Tran4993 2251. (b) Boorman, P. M.;
to 60° ands/his equal to 1.03%12indicating that the structure Kraatz, H. B.; Parvez, M.; Ziegler, Tl. Chem. Soc., Dalton Trans.

1993 433. (c) Ball, J. M.; Boorman, P. M.; Fait, J. F.; Ziegler,JI.
Chem. Soc., Chem. Commur®89 722.

(10) stiefel, E. I.; Brown, G. Flnorg. Chem.1972 11, 434. (15) Stein, C. A,; Ellis, P. E.; Elder, R. C., Jr.; Deutsch/iorg. Chem.
(11) (a) McCleverty, J. AProg. Inorg. Chem1968 10, 49. (b) Eisenberg, 1976 15, 1618.
R. Prog. Inorg. Chem197Q 12, 295. (16) Tremel, W.; Krebs, B.; Greiwe, K.; Simon, W.; Stephan, H. O.; Henkel,

(12) Keppert, D. L.Prog. Inorg. Chem1977, 23, 1. G. Z. Naturforsch., BL992 47B, 1580.
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Table 1. Crystallographic Data of Complexds-3

1 2 3

chem formula (127H2309Mn2— C36H7503N Pg- CeoH4505M No-

CoSe Mn,CoSe SeNP,
fw 934.96 1956.06 1284.71
cryst syst monoclinic triclinic triclinic
space grou C2/c P1 P1
(Mo Ka), 0.7107 0.7107 0.7107
a A 28.413(7) 10.878(1) 10.644(3)
b, A 11.091(3) 15.095(2) 14.946(3)
c A 22.849(6) 25.372(4) 19.541(3)
a, deg 95.04(1) 107.04(2)
S, deg 125.06(3) 95.00(1) 95.56(2)
y, deg 91.52(2) 108.30(2)
Vv, A3 5894(3) 4132(1) 2760(1)
z 8 2 2
dealca g CNT3 2.107 1572 1.546
u, cmt 76.597 31.951 37.061
T,°C 25 25 25
R 0.047 0.042 0.037
R.? 0.048 0.042 0.039

Figure 3. ORTEP drawing and labeling scheme of the [(€@)(u- GOF 2.86 1.58 1.50

SePhMn(CO)]~ anion with thermal ellipsoids drawn at the 50%

probability level. AR=3|(Fo — Fol/3Fo. "Ry = [YW(Fo — Fo)¥3WF?"2 ¢ GOF=

[S[W(Fo — F)?(M — N)]¥2 whereM = number of reflections anil
] ) = number of parameters.

that the weaker electron-donating chalcogenolate ligands de- _

creasing the charge density around the Co(lll) center may Table 2. Selected Bond Distances (A) and Angles (deg)¥or

destabilize Co(l1}-CO bond of (COMn(u-SePh)Co(CO)f:- (COxMn(u-SeMe)Co(CO)i-SeMeMn(CO)

SePh)Mn(CO);, resulting in displacement of “Co(IHHCO” Se(1)-Co 2.391(3) Se(4Co 2.390(2)
carbonyl ligand by benzeneselenolate. This synthetic route Se(2)-Co 2.399(2) Se(5)Co 2.424(2)
provides an alternative method to obtain a heterometallic S&(3)-Co 2.422(3) C(1yCo 1.763(2)
selenolate complex containing a hexaselenolatecobalt(lll) core Se(1-Mn(1) 2.483(3) Se(4yMn(2) 2.477(3)
© Se(2>-Mn(1) 2.491(3) Se(5yMn(2) 2.492(3)
Experimental Section Se(3>-Mn(2) 2.478(3) C(1y0(1) 1.130(18)
Manipulations, transf_ers, and reactions of samples were condu_cted gg&g:gg:gggg 133;%8%)) gi(é)gg:gggg géggggg
under nitrogen according to standard Schlenk techniques or in a ge(2)-Co—Se(3) 98.02(9)  Se(2)Co—Se(4) 170.86(10)
glovebox (Ar gas). Solvents were distilled under nitrogen from ge(2)-Co—Se(5) 88.57(9) Se(HCo—C(1) 93.3(5)
appropriate drying agents (diethyl ether from Gagtetonitrile from Se(4-Co—C(1) 94.4(5) Se(2)Co—C(1) 94.4(5)
CaHy/P,0s; hexane and tetrahydrofuran (THF) from Na/benzophenone) Se(5)-Co—C(1) 172.9(5)  Se(3YCo—C(1) 90.8(5)
and stored in dried, Nfilled flasks ove 4 A molecular sieves. A Se(1>-Mn(1)—Se(2) 81.81(8) Se(3)Mn(2)—Se(5) 79.96(8)
nitrogen purge was used on these solvents before use, and transfers t&e(3-Mn(2)—Se(4) 81.14(8) Se(4HMn(2)—Se(5) 79.74(8)
reaction vessels were via stainless-steel cannula ungat &lpositive Co—Se(1)-Mn(1) 95.68(9) Co-Se(4)-Mn(2) 82.42(9)
pressure. The reagents manganese decacarbonyl, dipheny! diselenidé;0—Se(2)-Mn(1) 95.28(9) Ce-Se(5r-Mn(2) 81.43(8)
bis(triphenylphosphoranylidene)ammonium chloride, dimethyl dis- Co—Se(3)-Mn(2) 81.74(8) CeC(1)-0(1) 176.1(15)

elenide, cobalt dichloride, and cobalt perchlorate (Aldrich) were used
as received. [PPN][SePh] was prepared by literature metods. SM )I: 507(3976), 451(5369), 398(7030), 281(20,143). Anal. Calcd
Infrared spectra were recorded on a spectrometer (Bio-Rad FTS-7 FTIR)for CisH1s0sSeMn.Co: C, 18.10; H, 1.75. Found: C, 18.81; H, 1.94.
with sealed solution cells (0.1 mm) and KBr windows. In NMR spectra ~ Safety Note. Caution! Perchlorate salts of metal complexes with
(recorded on a Bruker AC 200 spectrometer), chemical shiftdof ~ organic ligands are potentially explag. Only small amounts of
and 13C are relative to tetramethylsilane. UWisible spectra were mate_rlal should be prepared, and these should be handled with great
recorded on a GBC 918 spectrophotometer. Analyses of carbon, caution.
hydrogen, and nitrogen were obtained with a CHN analyzer (Heraeus). _ Preparation of [PPN][(CO)sMn(u-SePh)Co(u-SePh)Mn(CO)]
Preparation of (CO);Mn(u-SeMe)Co(CO)(u-SeMe}Mn(CO)3 (2). The reaction mixturegis-[Mn(CO)4(SePh)]~ (0.407 g, 0.4 mmofy
(1). [PPN][Mn(CO}] (0.293 g, 0.4 mmol) was added to (Mes@.094  and (PhSe)(0.031 g, 0.1 mmol), was added to Co(G)©6H.0 (73.2
g, 0.5 mmol, 50uL) in THF (5 mL) at 15°C. A vigorous reaction mg, 0.2 mmol) in THF (5 mL)_squtlor_L A vigorous reaction which
occurred immediately with evolution of CO gas. Over a period of 10 occurred immediately was monitored with FTIR at ambient temperature.
min, the reaction mixture was added to Co(@i@%H,0 (73.2mg, 0.2 IR spectrumyco (THF) 2074 w, 2033 w, 2006 s, 1991 sh, 1964 w,
mmol) by cannula under positive,lgressure. After 30 min of stirring 1929 m cn*.? indicated the formation of neutral (C4¥n(u-SePh)Co-
at room temperature, the solvent was removed under vacuum. The(CO)-SePhgMn(CO). To the dark purple solution of (CGNin(u-
residue was dissolved in 30 mL of diethyl ether, and the dark purple SePhICo(CO){-SePhMn(CO); was then added [PPN][SePh] (0.139
solution was filtered to remove [PPN][C}D The product, suitable 9 0-2 mmol) THF/CHCN (4 mL/1 mL) solution drop by drop after
for X-ray crystallography, was isolated by removing the solvent (diethyl rémoving the insoluble solid [PPN][CUD The reaction mixture was
ether) and recrystallized from vapor diffusion of hexane into concen- Stirred fa 3 h atroom temperature. After the reaction was completed,
trated THF solution at-15 °C. The yield was 0.156 g (90%). IR the dark purple solution was then concentrated_ to 3 mL, and h_exane
(veo) (THF): 2068 w, 2027 sh, 1998 vs, 1981 sh, 1961 w, 1917 m Was slowly addgd to precipitate adark_purple sc_)lld. The mother liquor
cmL. 'H NMR (C,DgO): 6 2.20 (s), 2.00 (s), 1.93 (s), 1.86 (s), 1.57 Was removed via cannula, and the solid was dried under vacuum. The
(s) ppm (Me):2*C NMR (C,DgO): 6 5.88 (s), 4.19 (s), 3.41 (s), 3.36 isolated yield is 0.299 g (82.5%). IRdp) (THF): 1983 vs, 1901 s

(s), 2.20 (s) ppm (Me). Absorption spectrum (THE) nm €, M1 cm’. 'H NMR (C,DgO): 6 7.03-7.67 (m) ppm (Ph)*C NMR
(C:D5O): 6 137.6 (s), 134.6 (s), 133.2 (s), 132.2 (s), 130.5 (s), 130.2

(s), 128.0 (s), 126.9 (s). Absorption spectrum (THE)L, nm €, M~
cm)]: 664(2750), 512(8150), 400(16,290), 305(20,860). Hexane was
slowly diffused into dark purple THF solution under nitrogen atmo-

(17) (a) Berardini, M.; Emge, T.; Brennan, J. &.Am. Chem. S0d.993
115 8501. (b) Forde, C. E.; Morris, R. H.; Ramachandranlnrg.
Chem.1994 33, 5647.



Heterometallic Complexes with Selenolate Ligands Inorganic Chemistry, Vol. 36, No. 6, 19971257

Table 3. Selected Bond Distances (A) and Angles (deg) forQa) vs, 1998 m, 1962 s c).® The residue was dried again under vacuum,
and (b)3 and then dissolved in 5 mL of THF. Recrystallization by vapor
diffusion of hexane into THF solution at10 °C afforded dark purple
(a) [PPN][(COMMn(u-SePhjCo(u-SePhjMn(CO)] )
Se(1)-Co 2.435(1) Se(2)Co 2.461(1) [PPN][(CO)RMn(u-SePhjCo(u-SePhyMn(CO);] crystals suitable for
Se(3)-Co 2.426(1) Se(BMn 2.513(2) X-ray crystallography (IR'co (THF): 1983 vs, 1901 s cm) and the
Se(2-Mn 2.545(2) Se(3yMn 2.521(2) known red-brown [PPN][(CQMn(«-SePhyMn(CO)] crystals (IRvco

(THF): 1981 s, 1902 vs cm. Absorption spectrum (THFR)ax, NM
Se(1)-Co-Se(1l)  180.0 Se()Co—Se(2) 84.67(3) (e, M~ cmD)]: 409(2768), 312(7704), 273(20,128)).
Se(1)-Co—Se(2) 95.33(3) Se(})Co—Se(B; 83.09(4) Crystallography. Crystallographic data for the structures of

1 91(4 —Se(2 180.
ggéz)tg?_gggg 223923; 22%28—2523) 89_21(3) complexesl, 2, and3 are collected in Table 1 and in the Supporting

Se(3)-Co—Se(3)  180.0 Se(HMn—Se(2) 81.37(6) Information. All crystals ofl, 2, 3are chunky. The dark purple crystal
Se(1}Mn—Se(3) 79.63(6) Se(HMn—C(1) 93.4(3) of 1 moderately sensitive to air chosen for diffraction measurement
Se(1>Mn—C(2) 92.2(4) Se(BMn—C(3) 175.0(4) wasca.0.20x 0.50 x 0.50 mm; the dark purple crystal fmoderately
Se(2-Mn—Se(3) 79.27(6) CeSe(l)-Mn 82.13(5) sensitive to air and light had crystal dimensions 0:20.40 x 0.40
Co—Se(2-Mn 80.97(5) Co-Se(3)-Mn 82.13(5) mm; the red-brown crystal & had crystal dimensions 0.26 0.25 x
0.38 mm. Each crystal was mounted on a glass fiber and quickly coated
(b) [PPN[(COMMN(u-SePmMn(CO)| in epoxy resin. The unit cell parameters were obtained from 25

ggg)):MEEB %gégg; ggggmggg ggg%gg reflections with 2 between 19.00 and 32.96or productl; 16.60 <
Se(3%Mn(l) 2521(1) Se(3‘)Mn(2) 2511(1) 26 < 2440 for prOdUCtz, and 16.72 <. 20 < 24.66 for prOdUCt3

Diffraction measurements were carried out on a Nonius CAD 4

Mn(1)—Se(1y-C(7)  116.6(2) Se(H)Mn(1)—-Se(2) 79.52(4) diffractometer with graphite-monochromated Mo Kadiation employ-

Mn(2)—Se(1)-C(7)  107.5(2) Se(H)Mn(1)—Se(3) 81.40(4) ing the0/20 scan mode. Ap scan absorption correction was matle.

Mn(1)-Se(1)-Mn(2)  82.64(4) Se(2yMn(1)—Se(3) 82.93(4) Structural determinations were made using the NRCC-SDP-VAX

Mn(1)-Se(2y-Mn(2)  81.37(4) Mn(1)Se(3)-Mn(2) 82.96(4) package of prograni8.2° Selected bond distances and angles are listed
in Tables 2 and 3.

sphere; storage for 4 weeks-aL0 °C led to formation of dark purple

crystals [PPN][(COMnN(u-SePhjCo(u-SePhjMn(CO),] suitable for Acknowledgment. We thank the National Science Council
X-ray crystallography. Anal. Calcd for &HsOsNP.Mn.CoSe: N, of the Republic of China (Taiwan) for support of this work.
0.77; C, 51.71; H, 3.34. Found: N, 0.85; C, 51.87; H, 3.60.

Reaction of cis-[Mn(CO) 4(SePh}]~, (PhSe), and Co(ClOq).* Supporting Information Available: Tables of crystal data and

6H,0. (PhSe) (0.155 g, 0.5 mmol) was added to [PPN][Mn(GP) experimental conditions for the X-ray studies, atomic coordinates and
(0.293 g, 0.4 mmol) in THF (5 mL) at ambient temperature. Over a BegValues, bond lengths and angles, and anisotropic temperature factors
period of 15 min, the reaction mixture was added to Co(¥6H,O for (COuMnN(u-SeMe}Co(CO)-SeMe}Mn(CO), [PPN][(COxMn-

(73.2 mg, 0.2 mmol) by cannula under positive pressure. The (u-SePhyCo(u-SePhiMn(CO)], and [PPN][(CO3Mn(u-SePhMn-
reaction was monitored with FTIR. The IR spectrge (THF) 2074 (CO)] (22 pages). Ordering information is given on any current
w, 2033 w, 2006 s, 1991 sh, 1964 w, 1929 m~émindicated the masthead page.

formation of (CO)Mn(u-SePh)Co(CO)u-SePhMn(CO). The reac- 1C9607797

tion mixture was stirred for 3 days at room temperature; the IR spectrum
(vco (THF) 2068 w, 2008 m, 1983 vs, 1962 w, 1902 s¢jrevealed

that all (CO)Mn(u-SePh)Co(CO){-SePhyMn(CO); completely con- (18) North, A. C. T.; Philips, D. C.; Mathews, F. Acta Crystallogr.1968
verted to [(COMn(u-SePh)Co(u-SePhMNn(COY]~ (2), [(CO)Mn- A24, 351. .
(u-SePRMn(CO)]" (3), and (COMn(u-SePmMn(CO).8 The dark (19) AGable,CE.thglIlaelfi%%éYz.;zcghgirland, J. P.; Lee, F. L.; White, P.. S.
purple brown solution was filtered to remove the unsoluble solid, and 20) AFthrﬁic glcatteri?f\é factors were obtained frofmternational Tables
then dried under vacuum. Hexane was added to extract the known for X_Ray Crysta“ographyKynoch Press: Birmingham’ Eng]and’
brown-red (COMnN(u-SePhMn(CO), (IR (vco) (THF): 2066 m, 2012 1974; Vol. IV.




