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Chromium selenide cluster complexes{8a(PEL)g] (1) and [CeSe(H)(PEB)s] (2) were prepared by the reaction
of anhydrous chromium dichloride, B%g, and triethylphosphine in methanol. A similar procedure except for
the use of NagH in place of NaSe, gave a sulfide cluster complex [§35(H)(PEg)e] (3). The partly deuterated
derivative [CgSs(D)o.s(H)o.APEb)s] (4) was prepared for comparison. An extra hydrogen ato2+i# has been

confirmed by FAB mass spectra. The reactivity and structural studies have indicated that it is at the center of the

Crs octahedral cluster. The molecular structuresl@ind 2 have been determined by X-ray structure analyses.
Crystallographic data: [GB&(PE®)e] (1) (226 K), triclinic, P1, a = 12.887(2) A = 25.332(7) Ac = 12.061-

(3) A, 0 =111.23(2}, B = 108.25(23, y = 109.86(23, Z = 2; [CreSe&(H)(PEk)e]-2THF (2) (293 K), rhombohedral,

R3, a = 17.384(4) A,c = 19.768(4) A,Z = 3. The CrCr bond distances d are 0.13-0.16 A shorter than
those ofl, indicative of bonding interaction between the insterstitial hydrogen and the six chromium at@ms in
The number of cluster valence electrons Tas 20 while that for2 and3 is 21. Magnetic measurements«(230

K for 1, 2.5-330 K for 2, and 4.5-330 K for 3) have shown that the number of unpaired spins in the ground

state forl is zero while that for2 and 3 is one.

Introduction

The chemistry of metal chalcogenide cluster compounds wit
the MsEg (E = S, Se, Te) cluster unit consisting of & Mcta-

We have reported the syntheses ofsfE&s(PEg)g] and [CreSe-

h (PEg)e] by the reaction of CrGl with NaSe or NaSH,

respectively, in methandlin the course of further studies on

hedron and eight face-capping E atoms has made remarkabl 19) Xie, X.. McCarley, R. Elnorg. Chem.1995 34, 6124.

progress in the past decalb@. The [MeEsL¢] type molecular
complexes of zirconiurf vanadiumg chromium?=° molybde-
num-15 tungsterts-22 rhenium23-3%jron 3134 and cobaft—44
have been prepared.
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the redox properties of the selenide cluster complex, cyclic temperature fol h togive a yellow solution and a black precipitate.

voltammetry indicated that it actually was a mixture of two

After the solution was filtered off, the precipitate was washed with

Compounds |n the present Study, we have Separated them ThéCetOne (3< 10 CIT?), dried in vacuo, and extracted with hot THF (75

measurements of FAB mass spectra and magnetic susceptibilitie

have suggested that one of them isgfe2s(PE&)g] and the other
is [CreSey(H)(PEB)g], having an extra hydrogen atom associate

with the cluster unit. The measurements have also suggeste

that the sulfide cluster complex is actually §Sg(H)(PEg)e],

§m3). The THF extract was allowed to stand-a20 °C for 5 days to

yield 2-2THF as black crystals. Yield: 0.081 g (8%} NMR

g (CaDe): 0= 150 (54H)~0.41 (36H). Found: C, 29.28; H, 5.88. Calcd

or CsqH10/0.CrePsSe;: C, 29.40; H, 6.00.
Synthesis of [CkSg(H)(PEts)s] (3). Complex 3 was prepared
following the procedure previously reported for [Si(PEL)e].2 A

containing an extra hydrogen atom. The present paper describef%olution of Na§H (x = 1.33) prepared from NaSH (0.23 g, 4.1 mmol)
the syntheses, structures, FAB mass spectra, and magnetiand S (0.043 g, 0.17 mmol) in methanol (20 émwas added to a
properties of these complexes. The probable position of the extrasuspension of CrGl(0.50 g, 4.1 mmol) in methanol (10 &rat —78

hydrogen atom is also discussed.

Experimental Section

°C. A mixture of a brown solution and a brown precipitate formed.
PE% (1.2 cn?, 8.2 mmol) was added to the mixture, which was stirred
and allowed to warm slowly (ca. 8 h) to room temperature. The solvent
was removed in vacuo, and the resulting solid was extracted with hot

All of the manipulations were carried out under dinitrogen or argon penzene (30 c). The benzene extract was allowed to stand at room
using conventional Schlenk techniques. Solvents were dried and distilledtemperature to yiel@-2CsHs as black crystals. Yield: 0.20 g (21%).
under argon from appropriate drying agents (sodium metal wire for 14 NMR (CeDg): 6 = 1.80 (54H), 0.04 (36H). Found: C, 39.45; H,
benzene and toluene, magnesium for methanol and ethanol, calciumz og: S, 17.62. Calcd for ggH10:CrePsSs: C, 40.18: H, 7.24; S, 17.88.
sulfate for acetone, and sodium/benzophenone for THF). Sodium Synthesis of [CiSs(D)os(H)0APEts)e] (4). The procedure fo8 was
hydrogen sulfide was prepared by a reaction of sodium ethoxide and fg|jgwed, except for using MeOD as solvent. Yield: 0.20 g (21%).

hydrogen sulfide. Sodium polyselenide ¢Sg; x = 1.33) was prepared

The IR spectrum antH NMR spectrum are identical with those 8f

by a supersonic reaction of sodium metal and selenium powder in THF Found: C, 39.38: H, 6.87: S, 17.39. Calcd fagiGosCrePsSs: C, 40.18:

with a catalytic amount of naphthaleffeTriethylphosphine (Kanto
Kagaku) and the other reagents (Aldrich) were used as received.
Synthesis of [CS&(PEts)s) (1). A methanol solution (20 c#) of
NaSe (x = 1.33; 0.52 g, 3.5 mmol) was added dropwise to a
suspension of anhydrous chromium dichloride (Gy@0.43 g, 3.5
mmol) in methanol (10 cf) at —78 °C. A mixture of a brown solution
and a brown precipitate was formed. Subsequently; PE% w/w
toluene; 4.9 crf) 7.1 mmol) was added to the mixture, which was stirred

and allowed to warm slowly (ca. 8 h) to room temperature. The resulting

H, 7.24; S, 17.88.

Cyclic Voltammetry. Cyclic voltammetry (CV) was performed on
a BAS CV-50W cyclic voltammograph. Three electrodes consisting
of a platinum working electrode, a platinum wire counter electrode,
and a Ag/Ad (AgNOs (0.01 N) in CHCN) reference electrode were
used for the measurements. The compounds were dissolved in THF
together with 0.1 M tetrabuthylammonium perchlorate as a supporting
electrolyte, and the scanning rate was 100 mV/s.

FAB Mass Spectra.FAB mass spectra di—4 were obtained with

suspension was refluxed for 8 h. The solvent was removed in vacuo, 3 JEOL JMS-HX 110A double-focusing mass spectrometer equipped

and the black material was extracted with hot benzene (3). &fter

with an XMS data system. A fast-atom xenon beam was generated

benzene was removed in vacuo, the resulting solid was washed withfrom Xe* ions, which were accelerated to 1 kV with a FAB gun

acetone (3x 30 cn?¥) and dried in vacuo to give a black mixture bf
and?2. These complexes were separated by a selective oxidatian of
To a suspension of this mixture in toluene (90%mwas added an
acetone solution (10 cinof ferrocenium hexafluorophosphate (0.030

emission current of 1 mA. The samples(ug) were placed on the

stainless steel tip of the probe, mixed with-nitrobenzyl alcohol

(Aldrich) as a matrix, and exposed to the xenon beam for the desorption.
Magnetic Measurement.Magnetic susceptibilities of, 2, and 3

g, 0.091 mmol). The amount of ferrocenium cation was controlled S0 \yere measured in the temperature range830, 2.5-330, and 4.5

that only complex2 was oxidized. The solution was stirred at room

330 K, respectively, with a Quantum Design MPMS SQUID. The

temperature for 5 h, and the solvent was removed in vacuo. The residuegpsence of ferromagnetic impurities was checked by the magnetization

was washed with acetone (100 €and 2 x 10 cn¥) to remove2t,
dried in vacuo, and extracted with toluene (20°gr&thanol (85 cr)
was added to the extract, and the solution was allowed to stangtat
°C for 4 days to forml as black crystals. Yield: 0.044 g (4%
NMR (CsDg): 0 = 1.50 (54H),—4.18 (36H). Found: C, 26.30; H,
5.25. Calcd for GeHooCrePsSes: C, 26.16; H, 5.49.

Synthesis of [CSey(H)(PEts)s] (2). The mixture ofl and2 obtained
by the reaction of CrG) N&Se, and PE§ was suspended in toluene
(90 cn?) as described for the synthesislofAfter an acetone solution

(10 cn?) of ferrocenium hexafluorophosphate (0.022 g, 0.066 mmol)

measurements at 300 K. The magnetic field of the measurements was
100 G over the whole measured temperature rangé #ord 5 kG in
the temperature range 4:30 K and 10 kG in the range 3@30 K
for 2 and3, where the magnetization versus magnetic field curves were
linear. The crystalline samples (ca. 30 mg forca. 90 mg for2, and
ca. 100 mg for3) were put into cellophane sample holders under a
dinitrogen atmosphere. The magnetic susceptibilities of the holders were
determined separately. Diamagnetic corrections were estimated from
Pascal’s constants.

X-ray Structure Determination. A single crystal ofl suitable for

was added, the resulting mixture was stirred at room temperature for x_ray analysis was obtained by allowing a toluergghanol solution

5 h, and the solvent was removed in vacuo. The oxidized clster
was extracted from the residue with acetone (106)c#n acetone
solution (10 crf) of cobaltocene (0.017 g, 0.09 mmol) was added to
the extract to reduc@’. The resulting mixture was stirred at room

(39) Steigerwald, M. L.; Siegrist, T.; Stuczynski, S. Morg. Chem1991,
30, 2256.

(40) Hong, M.; Huang, Z.; Lei, X.; Wei, G.; Kang, B.; Liu, Holyhedron
1991 10, 927.

(41) Cecconi, F.; Ghilardi, C. A.; Midollini, S.; Orlandini, Anorg. Chim.
Acta 1993 214 13.

(42) Cecconi, F.; Ghilardi, C. A.; Midollini, S.; Orlandini, A.; Zanello, P.;
Cinquantini, A.; Bencini, A.; Uytterhoeven, M. G.; Giorgi, G.Chem.
Soc., Dalton Trans1995 3881.

(43) Cecconi, F.; Ghilardi, C. A.; Midollini, S.; Orlandini, A.; Zanello, P.
Polyhedron1996 5, 2021.

(44) Cecconi, F.; Ghilardi, C. A.; Midollini, S.; Orlandini, A.; Bencini, A.
J. Chem. Soc., Dalton Tran$996 3991.

(45) Thompson, D. P.; Boudjouk, B. Org. Chem1988 53, 2109.

to stand at room temperature and that2dby recrystallization from
THF. The crystals were sealed in glass capillaries for the X-ray
measurements. Because the crystal2oontained THF molecules
escaping from the crystal, the solvent was also seale® fbhe X-ray
measurements of the crystals were performed on a Rigaku AFC-7R
diffractometer with graphite-monochromated MatiKadiation at 226

K for 1 and at 293 K for2. Neither of the crystals showed significant
decay over the period of data collection. All calculations were performed
using the TEXSAN crystallographic packatj@he data were corrected

for Lp factors and empirically for absorption using thhescan method.
The positions of the chromium and selenium atoms were determined
by the direct method (SHELXS86)and the other non-hydrogen atoms
were located using Fourier techniques (DIRDIF$4)The THF
molecules in the crystal d¢f are orientationally disordered around the

(46) teXsan Crystal Structure Analysis Packag®olecular Structure
Corporation: Houston, TX, 1985 and 1992.
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Table 1. Crystal Parameters and X-ray Diffraction Data foand Table 2. Fractional Atomic Coordinates and Equivalent Isotropic
2:2THF Temperature Parameters for [Sey(PEt)s] (1)
1 2:2THF atom xla ylb zc Uiso
formula GieHooCrePsSes CaaH1070:CrePsSes Sel 0.08480(6) 0.01817(3)  0.27983(7) 0.0223(2)
fw 1652.61 1797.83 Se2 0.04498(6) 0.13014(3)  0.19643(7) 0.0229(2)
space group P1 (No. 2) R3 (No. 148) Se3 —0.20219(6) —0.11023(3) —0.01374(7) 0.0232(2)
a A 12.887(2) 17.384(4) Se4 0.24415(6) —0.00176(3)  0.09592(7) 0.0225(2)
b, A 25.332(7) Se5 0.25737(6) 0.51395(3)  0.62445(7) 0.0260(2)
c A 12.061(3) 19.768(4) Se6 0.05168(6) 0.49493(3)  0.75509(7) 0.0258(2)
a, deg 111.23(2) Se7 0.00505(6) 0.38978(3)  0.29813(7) 0.0269(2)
S, deg 108.25(2) Se8 0.20181(6) —0.36982(3) —0.42823(7) 0.0252(2)
v, deg 109.86(2) Crl  —0.09073(9) 0.01146(5)  0.1046(1)  0.0204(3)
Vv, A3 2994(2) 5173(2) Cr2 0.16394(9) 0.07281(5) 0.1673(1)  0.0202(3)
1A 0.7107 0.7107 cr3 0.02403(9) —0.06409(5)  0.0477(1)  0.0205(3)
T, K 226 293 Cra 0.03148(10)  0.43435(5)  0.5301(1)  0.0232(3)
z 2 3 Cr5 0.14519(10)  0.57159(5)  0.6871(1)  0.0239(3)
u, et 60.99 53.04 Cré 0.11827(10)  0.51122(5)  0.4251(1)  0.0233(3)
Pealca. Gl 1.833 1.731 P1L  —0.2065(2) 0.02450(9)  0.2255(2)  0.0274(5)
R2R,P 0.045, 0.037 0.038, 0.032 P2 0.3612(2) 0.15708(8)  0.3770(2)  0.0279(5)
P3 0.0520(2 —0.14038(8 0.1109(2 0.0281(5
AR =3 ||Fol — IFell/3|Fol. ® Ry = { X[W(|Fol — [Fc)3/ X [W|Fo|2} Y2 P4 0_0707223 0.3568(5(2)) 0_579(()()2) 0_030:(3(?5)
w = l/{Gz(FO) + p2|F0‘2/4}, p= 0.0115 forl and 0.0033 for2. P5 03227(2) 066039(9) 09103(2) 00346(5)
P6 0.2574(2) 0.52231(9)  0.3299(2)  0.0316(5)
3-fold axis. The four carbon atoms and one oxygen atom of the THF C1 —0.1921(7) 0.1056(3) 0.3001(8) 0.043(2)
molecule were positionally disordered. Thus each of the mixed carbon ~ C2 —0.2467(8) 0.1232(4) 0.1970(8) 0.049(3)
oxygen sites of the THF molecule was refined as a carbon atom with C3 ~ —0.1591(6) 0.0166(4) 0.3741(7)  0.038(2)
a site-occupancy factor dfis and an oxygen atom with that s, C4  —-0.1854(8)  —0.0521(4) 0.3438(8)  0.050(3)
and their positional and thermal parameters were constrained to move >~ —0.3788(7)  —0.0334(4) 0.1215(8)  0.040(2)

together. The atoms of the THF molecules in the crysta efere C6 —0.4566(7) —0.0286(4) 0.1938(9) 0.060(3)

refined isotropically, and all the other non-hydrogen atoms in the g; 823%8 8%523% 822?38 882’8%
crystals ofl and2 were refined anisotropically. The hydrogen atoms c9 0:4331(7) 0:1252(3) 0:4719(7) 0:036(2)
of the triethylphosphine ligands were located on calculated positions. -1 0.5583(8) 0.1759(4) 0.6075(9) 0.065(3)
At the final stage of the refinements, an empirical extinction correction <11 0.4885(7) 0.2081(3) 0.3613(8)  0.041(2)
proportional to the observed intensities was included. The final cycle 12 0.5410(7) 0.1729(4) 0.2848(9)  0.055(3)
of full-matrix least-squares refinement was based on 9491 observed C13 —0.0046(7) —0.1467(3) 0.2283(7) 0.036(2)
reflections (Fo| > 30(F,)) for 1 and on 2087 observed reflections| Cl14 0.0147(9)  —0.1914(4) 0.2797(9)  0.066(3)
> 40(F,)) for 2. The crystallographic data are given in Table 1. The C15 0.2164(7)  —0.1218(4) 0.1963(8)  0.043(2)
final atomic parameters df and?2 are listed in Tables 2 and 3. C16 0.3018(7) —0.0605(4) 0.3378(8)  0.051(3)
Other Physical MeasurementsThe FT-IR spectra were measured Cl7  —0.0270(7) —0.2264(3)  —0.0296(8) 0.043(2)
with a JASCO FT/IR-300E spectrometer. Thé NMR (500 MHz) gig ‘%-12%72%(%) _Obzgggg‘)s ‘0-(1)071551(%05; 0-86093)2
spectra were measured iRl with a JEOLa-500 spectrometer using C20 0'2374&3 0-3526543 0.793821%)) 0'07323))
CeHs as the internal standard. C21  —0.0628(7) 02917(3)  0.5636(7)  0.036(2)
) ) C22 —0.1039(8) 0.3156(4) 0.6693(9)  0.051(3)
Results and Discussion c23 0.1091(8) 0.3057(4) 0.4652(9)  0.048(3)
) _ . c24 0.2303(9) 0.3418(4) 0.4709(10) 0.063(4)
Syntheses.The reaction of CrGlwith NaxSe, and PEj in c25 0.3049(8) 0.7303(4) 0.9946(8)  0.057(3)
MeOH gave a mixture of [GB&(PEg)s] (1) and [CeSey(H)- C26 0.2995(9) 0.7696(4) 0.9236(9)  0.061(3)
(PEB)g] (2) (in a ratio of ca. 4:5). The CV of these complexes  C27 0.3609(7) 0.6407(4) 1.0422(8)  0.051(3)
are shown in Figure 1. Complexexhibits an oxidation stepat ~ G28  0.4046(8) 0.5903(4)  1.0172(9)  0.065(3)
—0.50 V and a reduction step atl.75 V, while the oxidation ggg 8;‘;;2(7) 0.6978(4) 0.9111(8)  0.047(2)
. . (8) 0.7543(4) 1.0510(9)  0.071(3)
and the reduction Step @&f are observed at0.81 and—1.48 c31 0.4017(7) 0.6043(3) 0.4248(8) 0.042(2)
V, respectively. Since the potential of the oxidation stepZor 32 0.4916(7) 0.6257(4) 0.5687(9)  0.051(3)
is less positive than that fdr, complex2 is easier to oxidize. C33 0.1893(8) 0.5095(4) 0.1591(8)  0.049(3)
We could separat&and2 by exploiting this difference of their ggg 8-g%i% 8-22228 8-%‘22&33 8-812%
redox properties. By adding ferrocenium hexafluorophosphate, C36 0.4042(8) 0.4690(4) 0.2505(10) 0.063(3)

complex2 was oxidized selectively and turned to §Se(H)-
(PEg)e]™ (21). Since this oxidized cluster was acetone-soluble

and complex1l was acetone-insoluble, the extraction with The reaction of CrGlwith NaSH and PE§ in MeOH gave
acetone could separate the 0xu?:zed clugtefrom clusterl. _ [CreSs(H)(PER)d] (3). In this reaction, only a very small amount
Ee?hueczc:;g;hgL?s)ilezil?/k?cleft\ze Z);ggbsg%ﬁg?ng?égegflt of the non-hydride formed as indicated by the CV HANMR

) spectra. The FAB mass spectra and the magnetic measurements

N2&Se, the ratio of1 to 2 decreased (ca. 1:3). have shown that comple8 has an extra hydrogen atom

(47) Sheldrick, G. MSHELXS86, a program for crystal structure deter- iﬁjss?glrafg:nglég E&%Ez)uf trfeerpgrrllé(}vg’(:svligl:zé} r;?suz,eg;]e
g‘g‘rﬁﬂ;’rﬁ‘y,”{gé%r_s“y of Gatingen: Gatingen, Federal Republic of reformulated as a hydride C(e)mpléxA similar procedure using

(48) g(ee:ijrslr(eglsf,lz.a;; Qc_irgir;e:ftsl, ?M ??ﬁ?ﬁ?{%l&é fﬁf&?gﬂ'ygé n?'e MeOD in place of MeOH gave the deuterated derivativg$er
Tecicl Repr of e Crysalogapny Labrston nwersty of N8 82T 8 T ormation of boin

(49) Klayman, D. L.; Griffin, T. S.J. Am. Chem. S0d.973 95, 197. deuterated and undeuterated derivatives by the reaction in MeOD
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Table 3. Fractional Atomic Coordinates and Equivalent Isotropic
Thermal Parameters for [§3e(H)(PEg)e]:2THF (2)
atom xla ylb Zc Uiso
Sel 0.0000 0.0000 0.15221(5) 0.0311(1)
Se2 —0.11894(3) 0.06583(3) 0.05077(3) 0.0305(2)
Cr 0.03613(5) 0.10054(5) 0.05482(4) 0.0261(2)
P 0.08799(10) 0.23125(10) 0.12360(8) 0.0369(4)
C1 0.1610(4) 0.2401(4) 0.1936(3) 0.048(2)
C2 0.1962(5) 0.3210(5) 0.2390(4) 0.078(3)
C3 0.0036(4) 0.2488(4) 0.1639(3) 0.056(2)
C4 —0.0511(5) 0.1807(5) 0.2184(4) 0.074(3)
C5 0.1515(4) 0.3389(4) 0.0804(3) 0.053(2)
C6 0.2393(4) 0.3574(4) 0.0490(4) 0.069(2)
OC11 -0.076(2) —0.023(3) 0.368(2) 0.11(2)
OC12 —0.046(3) 0.030(3) 0.423(2) 0.13(1)
OC13 0.046(3) 0.088(2) 0.410(2) 0.13(1)
OC14 0.081(2) 0.014(3) 0.386(2) 0.102(9)
OC15 -—0.023(4) —0.053(2) 0.348(1) 0.13(1)

g (a)

S| Taona

O

(b)
:{1.5 uA
0 -1.0 -2.0

E /V vs. (Cpz2Fe*/ CpaFe)
Figure 1. Cyclic voltammograms of (a) [GBe(PEt)s] (1) and (b)
[CreSey(H)(PEE)q] (2).

indicates that the extra hydrogen atom ®and4 has come
from the hydroxyl group of methanol and NaSH.
In contrast to the preparation of the two selenide cluster

complexes using sodium polyselenide, only intractable materials

formed in the reaction using Mg instead of NagH.

FAB Mass Spectra.With m-nitrobenzyl alcohol (NBA) as
a matrix, we measured the positive-ion FAB mass spectra of
1—-4. The comparisons of the isotope patterns of the molecular

ion peaks of these complexes with the calculated patterns are

summarized in Figures 2 and 3.

It is known that some neutral compounds show the molecular
ion peaks corresponding to [Nf] rather than protonated
[M—H]* in the positive-ion FAB mass spectra measured with
NBA.50 We have found that the molybdenum cluster com-
plex [MosSs(PE)s] 1° shows the peak corresponding to [Ae
(PE®)g] ™. The molecular ion peak fot is also assignable to
[CreSey(PEb)e] (Figure 2a), indicating that compleg is
[CreSe(PEb)s]. The peak corresponding to the fMH]* was
not observed.

The pattern of the molecular ion peak @is very similar to
that for 1, but it is shifted in the positive direction by 1 mass
unit (Figure 2b). This shows that the molecular ion peakXor
is assignable to [GB&(H)(PEg)g] ", having an extra hydrogen
atom. This peak cannot be ascribable to{M]™ because [GF
Sea(PEB)g] (1) exhibited only the molecular ion corresponding
to [M]** as described above.

The molecular ion peak foB is due to [CgSg(H)(PEb)e] ™
(Figure 3c), suggesting that compl&xhas an extra hydrogen.
This is also supported by the molecular ion peak4fobtained
by the reaction in MeOD. The peak fércorresponds to [G8s-
(D)o.s(H)o2(PEB)e] ™ (Figure 3d), in which the deuterated and
the undeuterated derivative are mixed in a ratio of ca. 4:1.

(50) Barber, M.; Bell, D.; Eckersley, M.; Morris, M.; Tetler, [Rapid
Commun. Mass Spectrorhi988 2, 18.

Inorganic Chemistry, Vol. 37, No. 26, 1998855

a)

1640 1650

miz

1660

1640 1650

miz

Figure 2. Measured and calculated isotope patterns for the molecular
ions of (a) [CkSey(PEb)e] (1) and (b) [CeSey(H)(PEb)e] (2).

1660

Magnetic Properties. The measured temperature dependence
of the effective magnetic momenisg§ = (8ymT)Y2up) of 1—3
versus temperature is shown in Figure 4. All these complexes
are paramagnetic over the whole temperature range measured.
Theuer values decrease as the temperature is lowered, and the
magnetic properties could not be explained by using the Eurie
Weiss model even if the temperature-independent paramagnet-
ism (TIP) was included. This indicates that there are intracluster
antiferromagnetic interactions between the spins on six chro-
mium atoms. The excited spin states become less populated in
lower temperatures, and the magnetic susceptibility at very low
temperatures represents the ground state of each chromium
complex.

Theuess value forl at 2 K is 0.2ug. The number of unpaired
spins approaches zero at very low temperatures due to antifer-
romagnetic interactions, argl= 0 should be the ground state.
This magnetic property is compatible with the even number of
cluster valence electrons (CVE) (20 e). On the other hand, the
Ueft value for2 at 2 K is 2.0ug, and that for3 at 4.5 K is 1.7
ug; these values are close to the value (1.g3 of the spin-
only magnetic moment for th& = 1/, state. Therefore, com-
plexes2 and3 have one unpaired spin in the ground state and
have an odd number of CVE (21 e), consistent with the presence
of an extra hydrogen atom. These results accord with the FAB
mass spectra demonstrating that compléxasd3 are hydrides.
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! Table 4. Ranges and Mean Values of Selected Interatomic

a) 1277.98 Distances (A) and Angles (deg) fdrand?2
1 2
Cr—Cr 2.796(2)-2.816(1) 2.655(1)2.656(1)
| mean 2.81 2.66
i Cr—Se 2.458(132.477(1) 2.441(1y2.461(1)
! mean 2.47 2.45
:U Cr—P 2.405(2y-2.411(2) 2.403(2)
i H ' mean 241
Cr—Cr—Cr? 59.58(3)-60.67(4) 59.98(2560.03(4)
mean 60.0 60.0
Cr—Cr—Cr® 89.23(4)-90.77(4) 90.0
mean 90.0
Cr—Se-Cr 68.97(4)-69.90(4) 65.31(4y65.76(4)
I | T mean 69.3 65.5
1 e Se-Cr—S¢ 88.76(4)-89.95(4) 89.78(3590.05(3)
1275 1285
ymiz mean 89.4 89.9
5 Se-Cr—P 92.28(63-99.05(6) 91.29(5)95.61(5)
: mean 95.7 93.5
b) | 27001 awithin triangular faces? Within equatorial square$.Between
neighboring selenides.
I
:
Il
]
1
o I | | | Ly )
1275 1285

mz

Figure 3. Measured and calculated isotope patterns for the molecular
ions of (a) [CeSs(H)(PE&)e] (3) and (b) [C&Ss(D)o.s(H)oAPEL)s] (4).

O

Figure 5. ORTEP drawing of [CsSe(H)(PEk)e] (2) with 50%
probability ellipsoids. The proposed location of the interstitial hydride
is shown in this drawing. Hydrogen atoms of ethyl groups are omitted
for clarity.

Complexe2 and3 have an extra hydrogen atom as indicated
by the FAB mass spectra and magnetic measurements. There

[CreSes(PEts)s](1)
. ; , , , , are three possible positions of the hydrogen ator2 and 3:
0 50 100 150 200 250 300 (1) interstitial, (2) bridging, or (3) chalcogen-bonded. In the first
TIK case, the hydrogen atom is inside the octahedron, while in the
Figure 4. Temperature dependence of the magnetic susceptibilities second and third cases, the hydrogen atom is outside the
of [CreSey(PER)e] (1), [CreSey(H)(PEE)e] (2), and [CeSe(H)(PER)e] (3) octahedron. An absorption due to a chromitinydrogen or a
in the form ofuer vs T. Theen/ue values were calculated asd8n)™" chalcogen-hydrogen stretch fo2 and 3 was not observed in
the FT-IR spectré! The 'H NMR spectra did not show any
Steigerwald et al. have reported a telluride analogug-[Cr hydride protons probably because of the paramagnetism of the
Teg(PE&)e].” This complex is paramagnetic and obeys the cluster complexes. The final difference Fourier maj2 shows
Curie—Weiss law from 100 to 300 K. The value is close to @ peak at the center of the dictahedron (1.2 e/, while that
2.8 ug, corresponding to two unpaired spins. It is conceivable Of 1 exhibited no peak. If the hydrogen atom is at the interstitial
that the magnetic behavior of the telluride and the selenide Position, the C+-H bond distance is 1.88 A fa2 and 1.84 A
clusterl depends on the extent of the antiferromagnetic coupling for 3. These lengths are slightly longer than those of(CO)o-
between the chromium atoms. (u-H)]~ (1.73 A (averagej} and [Cp'4Cra(u-H)s(uz-H)2] (where
Structures. Ranges and mean values of selected interatomic Cp’ = 7°-tetramethyl-ethyl-cyclopentadienyl) (1.79 A (aver-
distances and angles for selenide compleixesad?2 are listed 1) Oxton | A Ketlo S.F. A~ Jackeon P F. Jon 5 E G Lew
H i Xton, I. A.; Kettle, S. F. A.; Jackson, P. F.; Jonnson, b. . G.] Lewls,
in Table 4. Both complexes comprise g @gular octahedron (51) 3.3, Chem. Soc.. Chem. Commas7a 687,

and eight face-capping selenium atoms (Figure 5). One trieth- 52) petersen, J. L.; Brown, R. K.; Williams, J. Morg. Chem1981, 20,
ylphosphine ligand coordinates to each chromium atom. 158.
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age))®® There have been several precedent examples of the(average)¥ as expected from the difference in the covalent radii

interstitial hydride in the octahedral metal clustev$® The
existence of an interstitial hydrogen atom in thg @rtahedron
is supported also by its reactivity (vide infra).

Though the C+Se and C+P bond distances &are almost
the same as those @f the 12 CrCr bond distances (2.66 A
(average)) oR are shorter by 0.130.16 A than those of (2.81
A (average)). The interstitial hydrogen atom is considered to
have bonding interactions with the six chromium atomg.n
Therefore, the CrH bond probably attracts the chromium atoms
toward the center of the goctahedron, and the €ECr bond
distances o2 become shorter than those hfWe previously
reported that the 12 SrCr bond distances in the structure of
[CreSe(PE®)e] were 2.714 0.01 A8 These values are between
those ofl and 2, indicating that the crystals in the previous
paper are mixed crystals dfand?2.

The chromium-chalcogen bond lengths @fare longer by
0.10-0.14 A than those of the sulfide complex (2.34 A

(53) Heintz, R. A.; Koetzle, T. F.; Ostrander, R. L.; Rheingold, A. L,;
Theopold, K. H.; Wu, PNature 1995 378 359.

(54) Simon, V. A.Z. Anorg. Allg. Chem1967, 355, 311.

(55) Eady, C. R.; Johnson, B. F. G.; Lewis, J.; Malatesta, Ml.CChem.
Soc., Chem. Commu976 945.

(56) Hart, D. W.; Teller, R. G.; Wei, C.-Y.; Bau, R.; Longoni, G;
Campanella, S.; Chini, P.; Koetzle, T.Angew. Chem., Int. Ed. Engl.
1979 18, 80.

(57) Eady, C. R.; Jackson, P. F.; Johnson, B. F. G.; Lewis, J.; Malatesta,

M. C. J. Chem. Soc., Dalton Tran$98Q 383.

(58) Imoto, H.; Corbett, J. Dinorg. Chem.198Q 19, 1241.

(59) Jackson, P. F.; Johnson, B. F. G.; Lewis, J.; Raithby, P. R.; McPartlin,
M.; Nelson, W. J. H.; Rouse, K. D.; Allibon, J.; Mason, S.JAChem.
Soc., Chem. Commuh98Q 295.

(60) Hart, D. W.; Teller, R. G.; Wei, C.-Y.; Bau, R.; Campanella, S.; Chini,
P.; Koetzle, T. FJ. Am. Chem. S0d.981, 103 1458.

(61) Imoto, H.; Simon, Alnorg. Chem.1982 21, 308.

(62) Fitch, A. N.; Barrett, S. A.; Fender, B. E. B. Chem. Soc., Dalton
Trans.1984 501.

(63) Simon, A.; Stollmaier, F.; Gregson, D.; FuessJHChem. Soc., Dalton
Trans.1987 431.

(64) Chu, P. J.; Ziebarth, R. P.; Corbett, J. D.; Gerstein, B. 8m. Chem.
Soc.1988 110, 5324.

(65) Meyer, H.-J.; Corbett, J. Dnorg. Chem.1991, 30, 963.

(66) Gade, L. H.; Johnson, F. G.; Lewis,Groat. Chem. Actd 995 68,
693.

of S (1.04 A) and Se (1.17 &Y. The 12 Cr-Cr bond distances
of 2 are longer by 0.07 A than those 8f(2.59 A (average)j.

The Reactivity of the Hydride. The reactivities of the hy-
drides in cluster compounds are sometimes related to their po-
sitions. It has been reported that the reaction offRE€(CO)4]~
with methanol, acetone, or THF removes the edge-bridging
hydrides as protons and the cluster framework decomg8ses.
The chalcogen-bonded hydrogen atom ind&&SH)Brg]3~ and
[ResSe(SeH)k)® is also eliminated by primary amines at room
temperaturé* On the other hand, the interstitial hydride in
[HRus(CO)g]~ is stable in a methanol solution of KOH and in
a THF solution of KH®7

We have studied the reactivity & with ethanol, acetone,
THF, and"BuNH; in toluene solutions at room temperature. If
the deprotonated cluster [§S&(PEg)s]~ (17) forms, it should
exhibit the same CV as that df except the rest potential.
However, the CV of the products of the reactions did not change,
which indicated that the hydride Riwas not removed by these
reagents. Also the hydride Bwas not eliminated. These results
suggest that the hydrogen atomiand3 are inert because of
the steric protection by the gioctahedral skeleton and also
because of the GrH bondings.
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