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Introduction

As part of our investigation of carbidoheptarhenate cluster
complexes of mercury units, with the general formula{&e
(CO)a(us-HgX)])2~,1* we became interested in extending this
chemistry to include the lighter group 12 congeners, namely,
cadmium and zinc. A recent discussion of cluster complexes
with various bonds between transition elements and zinc,
cadmium, or mercury is availabteHowever, we have found
only one example of a cadmium or zinc unit bound to the face
of a metal cluster framework, specifically, the zinc iodide
platinum complex R{CO)(PPh{-Pr))s(us-Znl;).. We now
wish to report the synthesis and characterization of some

carbidoheptarhenate cluster complexes of cadmium and zinc

units together with the crystal structure of the zinc chloride
complex, [PPE2[Re;C(COi(us-ZnCl)]. This is the first struc-
turally characterized compound involving a rhenturinc bond.

Experimental Section

General Procedures. All reactions were carried out at room
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was dried under vacuum (37.9 mg, 0.0139 mmol, 70%). Anal. Calcd
for C70H40CdCIOP:Re;: C, 30.79; H, 1.48. Found: C, 30.79; H, 1.51.
IR (CH.Clp): »(CO), 2055 (w), 2001 (vs), 1971 (w), 1949 (w), 1923
(w), 1887 (vw) cnml. ESI-MS (*¥'Re, 114Cd): m/e 2397 {[PPhy]-
[Re;C(COYCdCIT} ~, 1029{[Re;C(CO),CdCI]}>.

Synthesis of [PPh];[Re;C(CO)21ZnCl] (2). The reaction was
conducted as fofl with 112.9 mg (0.0386 mmol) of [PRR[Re;C-
(CO)4] and 30.5 mg (0.224 mmol) of Zngin 15 mL of acetone.
From dichloromethane/hexanes, dark crystal? 5.1 mg, 0.0354
mmol, 76%) were isolated. Anal. Calcd fordE4oClO21P;ReZn: C,
31.33; H, 1.50. Found: C, 31.36; H, 1.53. IR (&Hb): »(CO), 2057
(w), 2002 (vs), 1975 (w), 1950 (w), 1928 (w), 1891 (vw) TmESI—

MS (*¥Re, ¢Zn): m/e 2347 {[PPh][Re;C(COWZNnCI]}~, 2248
{[PPh][Re/C(CO}]} ~. Single crystals of [PRf[Re;,C(CO%1ZnClI]
suitable for X-ray diffraction were selected directly from the bulk
sample.

Synthesis of [PPh][Re;C(CO).;CdNO3] (3). In a 20 mL Schlenk
tube was dissolved a sample of [RR[Re;C(CO)4] (30.6 mg, 0.0105
mmol) in 8 mL of dichloromethane. Then, a solution of 11 mg (0.036
mmol) of Cd(NQ),+4H,0 in 2 mL of acetone was added. The resulting
solution was stirred for 15 min and then evaporated to dryness under
vacuum. The residue was redissolved in minimal dichloromethane (1
mL), and the solution was filtered through Celite. The filtrate was
layered with 2-propanol (10 mL), and after 4 days, the nearly colorless
supernatant was decanted. The brown crystalline solid that was obtained
was washed with methanol and diethyl ether and then dried under
vacuum (20.3 mg, 0.00736 mmol, 70%). Anal. Calcd forHGe-
CdNO4PRer: C, 30.50; H, 1.46; N, 0.51. Found: C, 30.54; H, 1.54;
N, 0.23. IR (CHCI,): »(CO), 2055 (vw), 2001 (vs), 1971 (w), 1949
(w), 1923 (w), 1885 (vw) cmb. ES-MS (*¥'Re, 14Cd): m/e 2424
{[PPh][Re;C(CO:CANG;]} ~, 1043{[Re;C(CORCANGy]} 2.

An analogous reaction was conducted to form the compoundJPPh
[Re;C(COR1ZnNNG;] (4), which was characterized by its IR spectrum

temperature by using standard inert atmosphere techniques. Solventé" CH:Cl: »(CO), 2056 (vw), 2002 (vs), 1973 (w), 1949 (w), 1925

were distilled from appropriate drying agents under nitrogen before
use. The compound [PEERe,C(CO),] was prepared as previously
described:® The reagents cadmium chloride (Aldrich), cadmium nitrate

(w), 1885 (vw) cni.
Synthesis of [PPh][Re;C(CO)2:CdSCH4BI] (5). Samples of
[PPhy],[Re;C(CO»CANG;] (20.7 mg, 0.00751 mmol) and 4-bro-

tetrahydrate (Aldrich), and 4-bromothiophenol (Aldrich) were used as mothiophenol (1.7 mg, 0.0090 mmol) were dissolved in 10 mL of
received. Zinc chloride (Fisher) was recrystallized from methanol prior dichloromethane in a 20 mL Schlenk tube. The solution was stirred
to use. IR spectra were recorded on Perkin-Elmer 1600 or 1750 FT-IR for 12 h and then evaporated to dryness under vacuum. The residue
spectrometers. Negative-ion electrospray ionization mass spectra (ESIWwas redissolved in minimal dichloromethane (1 mL), and the solu-
were obtained on a VG Quattro spectrometer by the staff of the Mass tion was filtered. The filtrate was layered with methanol (10 mL), and
Spectrometry Laboratory in the School of Chemical Sciences (SCS) at after standing for 6 days, the supernatant was decanted. The dark
the University of Illinois. Elemental analyses were performed by the crystalline solid that remained was washed with methanol and diethyl
staff of the SCS Microanalytical Laboratory. ether and then dried under vacuum (4.0 mg, 0.0014 mmol, 18%). Anal.
Synthesis of [PPh],[Re,C(C0)21CdCl] (1). A sample of [PPHs- Calcd for GeHaBrCdO:1P.Re/S: C, 31.66; H, 1.54. Found. C, 31.24;
[Re,C(CO)4] (57.9 mg, 0.0198 mmol) and excess Cd(25.5 mg, H, 1.67. IR (CHCly): »(CO), 2054 (w), 1999 (vs), 1970 (w), 1947
0.139 mmol) were combined in a 50 mL Schlenk tube, and 20 mL of (w), 1922 (w), 1887 (vw) cm. ES-MS(**/Re, 1“Cd): m/e 2549
acetone was added. The resulting solution was stirred for 15 min, until {[PPh][Re;:C(COCdSGH4BI]} ~, 1105{[Re;C(COLCASGH4BI]} .
the color changed from deep red to brown, and the reaction was judged X-ray Crystal Structure Determination. A summary of selected
complete (IR). The solution was then evaporated to dryness under crystallographic data for compouids given in Table 1. The data set
vacuum. The residue was dissolved in minimal dichloromethane was collected on a Siemens Platform/CCD automated diffractometer.
(1 mL), and the solution was filtered through Celite. The filtrate was The structure was solved by direct meth8dsydrogen atoms were
layered with 2-propanol (10 mL), and after 4 d, the lightly colored fixed on calculated positions. The structure was refined by full-matrix
supernatant was decanted. The brown crystalline solid that remainedleast-squares procedur€shased onF?, of the positional, isotropic,
was washed sequentially with methanol and diethyl ether, and then it and anisotropic thermal parameters. A structural diagraéweith its
crystallographic labeling scheme and 35% thermal probability ellipsoids
is shown in Figure 1. Table 2 provides selected bond lengths and angles
for 2.
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Table 1. Crystallographic Data for [PRB[Re;C(COY:ZnCl] (2)

formula GoH40ClO21P:ReZn
fw 2652.21
space group P1

T (K) 173(2)

a(A) 13.4464(15)
b (R) 13.6527(16)
c(A) 22.843(3)
a(deg) 102.663(2)
p(deg) 91.869(2)
y(deg) 119.104(2)
V (A3 3526.9(7)

Z 2

Decalcd (g/CIT?) 2.497

(Mo Ka) (cmh) 124.28
A(Mo Ka) (A) 0.71073
R12 0.0567
WR2 (all data) 0.1465

aR1= Y |(Fo — FYl/SFo. "WR2 = { SW(F2 — FR)YyWF} 22

Figure 2. ORTEP diagram of the cluster anion in [RRRe;C(CO);-
t ZnCl] (2).

to assess the complexation equilibrium (eq 1). The set of

[ResC(COYZrCH™

[ResC(COY]™

[PPh];[Re,C(CO),,] + MCI, <=
[PPh],[Re,C(CO),,(MCI)] + PPhCI (1)

spectra obtained for zinc chloride is shown in Figure 1.
Nonlinear least-squares fits of the equilibrium expression to
absorbance data at both peak maxifpaovided values of 8(1)

x 1078 for M = Zn and 3.0(5) for M= Cd. Since the
corresponding reaction appears to be quantitative for the
carbidoheptarhenate mercury complé&x% 10%),* the relative
ranking of Zn< Cd < Hg for the association constants toward
the carbidoheptarhenate cluster face is quite consistent with the

Absorbance

2000 1950

Wavenumbers (cm-—1) behavior of these metal ions toward other “soft” centers such
Figure 1. IR spectra of [PPNJRe,C(COY (1.26 x 10 M) in as iodide*
acetone with different concentrations of added Zn@0+7.6 x 1072 X-ray Crystallographic Study of 2. The molecular structure
M). of the cluster anion i is depicted in Figure 2. It contains an
octahedron of rhenium atoms, centered on an interstitial carbon
(M = Cd, Zn) in acetone provides the complexes [}FRe;C- atom, with rhenium tricarbonyl and zinc chloride units capping

(CORyMCI] (M = Cd, 1; M = Zn, 2) in good yields after  trans (1,4) faces. This is the characteristic geometry found
evaporation of the reaction solvent and recrystallization of the previously for carbidoheptarhenate compleX&$in particular,
residue from dichloromethane/2-propanol faror dichlo- the mercury-capped dervivativés® The average ReRe dis-
romethane/hexanes f@r Synthesis of the corresponding nitrate  tances for the zinc-capped facedrare ca. 0.05 A longer than
derivatives 8, 4) is best accomplished in a less polar solvent those for the uncapped faces, which average 2.98 A. This is a
mixture of acetone and dichloromethane. The IR spectra of thesesmajler expansion than that in the case of the mercury-capped
band near 2000 cr expected for such adductsHowever, 0.08 A longer; this difference is likely due to the smaller size
the spectra of isolated compounds dissolved again in acetoney zinc as a capping atom. The R&n bond distances, 2.689-
show prominent peaks due to [R¥CO)*", indicating (2) 2.700(2), and 2.744(2) A, indicate a relatively symmetrical,
dissociation of the capping unit in the coordinating solvent. . tace capping interaction. No examples of a-& bond
Qualitatively, the nitrate complex@&and4 appear to dissociate gjstance were found in the literature for comparison, but the
to a relatively greater extent. Similar dissociative behavior was average distance of 2.71 A may be compared with average
reported for the thallium(l) carbidoheptarhenate cluster complex gistances of ca. 2.88 A in the corresponding mercury deriva-
[ResC(COYaTI]?",% and it was invoked previously to (2>_<pilza|n tives1~3 The implied difference in covalent radius is similar to
the low stability of group 11 units attached to fRECO)q“. that suggested by comparing-\N distances in four-coordinate

IR spectra for [REC(CO)]3~ in acetone with different
concentrations of added Cdir ZnCh were collected in order
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for the HgCl complex is 7.6 10* cm~t M1, and the analogous best ~ (15) Beringhelli, T.; D’Alfonso, G.; Freni, M.; Ciani, G.; Sironi, Al.
fit parameter for the ZnCl complexis 5.3 x 10* cm 1t M1, Organomet. Chem985 295, C7.
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Table 2. Selected Structural Parameters for [[ERe;C(CO:ZnCl]

Notes

Zn1—-CI1
Znl—Re3
Re2-Re3
Re2-Re5
Re3-Reb
Re5-Re6
Re6-Re7
Re3-C
Re6-C

pyrazolylborate complexes of mercury (ca. 2.2279nd zinc
(ca. 2.06 A)8 The Zn—Cl bond distance in compleXis 2.119-

Rel-Znl—Re2
Re2-Znl1—-Re3
Re2-Rel-Znl
Re2-Re3-Znl
Re3-Rel-Znl
Re2-zZn1-Cl1
Znl—Rel-C
Znl1—Re3-C
Znl1—Rel-C12
Znl—-Re2-C21
Znl—Re2-C23
Zn1—Re3-C32

2.119(6)
2.689(2)
3.0300(9)
3.0204(11)
2.9948(10)
2.9933(9)
2.9626(11)
2.148(15)
2.126(13)

bond distances (A)

ZntRel 2.700(2) ZntRe2 2.744(2)
RetRe2 3.0247(10) ReiRe3 3.0302(9)
ReiRe4 3.0133(10) ReiRe5 2.9993(10)
Re2Re6 2.9769(10) Re3Re4 2.9815(11)
Re4Re5 2.9685(8) Re4Re6 2.9832(9)
Re4Re7 2.9203(11) Re5Re7 2.9720(11)
ReiC 2.123(13) Re2C 2.165(14)
Re4C 2.071(14) Re5C 2.102(15)

bond angles (deg)
67.50(5) RetZnl1—Re3 68.42(6)
67.79(5) RetRe2-Zn1l 55.57(5)
56.93(4) RetRe3-Znl 55.96(5)
56.96(4) Re3Re2-Zn1l 55.25(5)
55.61(5) RetZn1—-Cl1 140.5(2)
135.6(2) Re3Zn1-Cl1 143.0(2)
85.9(5) ZntRe2-C 84.1(4)
85.7(4) Znt+Rel-C11 72.7(6)
80.4(6) ZntRel-C13 157.9(6)
75.7(5) ZntRe2-C22 77.1(5)
157.9(5) ZntRe3-C31 71.8(5)
157.3(6) ZntRe3-C33 89.6(6)

geometry for the zinc atom i@ has average ReZn—Cl bond
angles of 139.7 and Re-Zn—Re bond angles of 6729

(6) A. This distance is slightly shorter than distances recently compared with that in more typical four-coordinateZh—ClI

reported for four-coordinateszn—Cl complexes, which range
from 2.148 to 2.308 A8-29 However, a wide range of ZnCl

complexes with values close to 125 and 9®spectively.829
Reactivity of the Capping Unit. When the cadmium nitrate

distances can be found in four-coordinate zinc complexes, ascomplex 3 was treated with 4-bromothiolphenol in dichlo-

illustrated in the structure of [Ni,[ZnCl4], where the range is
from 2.11(2) to 2.40(2) RO The trigonal pyramidal coordination

(17) Lobbia, G. G.; Cecchi, P.; Gobetto, R.; Digilio, G.; Spagna, R.;
Camalli, M. J. Organomet. Chenl997 539 9.
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Inorg. Chem.1992 31, 3497.
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991.
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Inorg. Chem.1997, 36, 2594.

(27) Eichhder, A.; Fenske, D.; Pfistner, H.; Wunder, M. Anorg. Allg.

Chem.1998 624, 1909.
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(29) Fuhr, O.; Fenske, [X. Anorg. Allg. Chem1999 625 1229.
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romethane, a slow reaction occurred to form the cadmium
thiolate complexs in a low isolated yield. Efforts to complete

an analogous reaction with the zinc-capped cluster were
unsuccessful due to decomposition. In contrast, treatment of the
analogous mercury hydroxide or mercury acetate complexes
with thiols proceeds with substitution in a high yiélé.
Unfortunately, the ease with which the lighter group 12 metal
caps dissociate from the carbidoheptarhenate complex under
polar conditions severely limits prospects for any systematic
study of the coordination chemistry at these pseudotetrahedral
zinc or cadmium centers.

Acknowledgment. This work was supported in part by
National Science Foundation Grant CHE 94-14217. Purchase
of the Siemens Platform/CCD diffractometer by the School of
Chemical Sciences was supported by NSF Grant CHE 95-03145.
We thank Dr. Scott R. Wilson for collection of the X-ray
diffraction data.

Supporting Information Available: X-ray crystallographic file in
CIF format for [PPh][Re;C(COY:ZnCl] (2). This material is available
free of charge via the Internet at http://pubs.acs.org.

1C0106064





