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Abstract—Reactions of Ru3(CO);, with PhTeBr; and of Re(CO);Cl with PhTel in benzene give the stable

complexes (CO),RuBr,(PhTeBr), (I) and (CO);Re(PhTel);(u*-1) (I) containing two and three ligands PhTeX
(X =Br or I), respectively. The bonds between these ligands and the central metal atom are fairly shortened (on
average, Ru-Te, 2.608 A; Re-Te, 2.7554(12)-2.7634(13) A). The Te—X bonds in the ligands PhTeBr (2.5163(5) A)
and PhTel (2.7893(15) A) are not lengthened appreciably. In complex II, the iodide anion is not coordinated by
rhenium, yet being attached through weak secondary bonds to three Te atoms of the three ligands PhTel.
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Monomeric organyltellurium halides RTeX (X =
Cl, Br, and I), in contrast to sulfur and selenium ana-
logs, are unstable in the individual state [1, 2].
According to X-ray diffraction data, PhTel tetramer-
izes to form the square core Te, (Te-Te 3.125(2)—
3.175(2) A) [3, 4].

Cp(OC)zMn\ o

Te—Te

Ph Mn(CO),Cp

In complex IV, the formally s1ngle Mn-Te bond
(2.4267(17) A) is shorter than that in the starting com-
plex IIT (Mn-Te, 2.486(2) A). Both the bonds are sub-
stantially shorter than the sum of the covalent radii of
manganese and tellurium (1.39 +1.38 =2.77 A) [6]. At
the same time, the Te—I bond (2.868 A) in complex IV
is somewhat longer than the sum of the corresponding
covalent radii (2.78 A) [6]; the complex does not con-
tain intermolecular Te---I contacts characteristic of tel-
lurium halide derivatives.

An alternative approach to the synthesis of metal
complexes with phenyltellurenyl halides involves oxi-
dative addition of PhTeX; (X = Br or I) to iron penta-
carbonyl. In the resulting complexes (CO);FeX,(PhTeX)
(X'=Br [5] or I[7]), the Fe-Te bonds are also strongly
shortened (2.515 and 2.572 A, respectively), the Te-X
bonds are not lengthened, and intermolecular Te---X
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Recently, we have demonstrated that the monomeric
form PhTel can be stabilized by coordination with a
transition metal. For instance, a reaction of molecular
iodine with [CpMn(CO),],(u-Ph,Te,) (III) yields the
complex CpMn(CO),(PhTel) (IV), in which the metal—
tellurium bond is retained upon the cleavage of the Te—
Te bond and the formation of the Te-I bond [5]:

Cp(OC),Mn
15}
Te—I1

Ph/

CgHg, 20°C

contacts are absent. However, the complexes contain
secondary bonds between the Te atom and a halogen
atom at the Fe atom (Te-Br 2.9418(13), Te--I
3.1634(5) A).

It was interesting to trace the shortening of the for-
mally single metal—tellurium bonds when passing from
3d-metal complexes (Mn and Fe) to their heavier ana-
logs (Re and Ru), which have the same electron shell
but the larger covalent radii.

EXPERIMENTAL

All manipulations dealing with the synthesis and
isolation of the complexes were carried out under pure
argon in dehydrated solvents. IR spectra were recorded
on a Specord 75IR spectrophotometer (pellets with
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Table 1. Selected crystallographic parameters and the data
collection statistics for structures I and II

Parameter Value
| I

Diffractometer Bruker APEX II CCD
Radiation source; A, A MoK ; 0.71073
Temperature, K 150(2) 150(2)
Space group Pbcn P2,
a, A 12.8042(7) 9.5822(9)
b, A 22.9592(13) 12.2920(10)
c, A 7.1029(4) 12.8204(11)
B, deg 90 102.133(2)
Vv, A3 2088.1(2) 1476.3(2)
zZ 4 2
p(caled.), g/em? 2.819 3.131
i, mm-! 11.148 11.224
F(000) 1592 1216
0 scan range, deg 1.77-29.00 2.17-29.00
Scan mode
Number of measured 21278 13119
reflections
Number of independent 2777 6697
reflections (N;) (Ripe = 0.0365) | (R;,=0.0613)
Number of reflections 2494 4978
with I > 26(I) (N,)
Number of parameters 105 290
refined
GOOF (F?) 1.087 0.965
R, for N, 0.0246 0.0496
wR, for N, 0.0552 0.0973
AP/ AP mins € A7 1.124/-0.934 1.480/-1.536

KBr). Commercial reagents Ru;(CO),,, Re(CO)sCl,
Ph,Te,, and I, were used as purchased.

Synthesis of (CO),RuBr,(PhTeBr), (I). A mixture
of Ru;(CO),, (0.027 g, 0.04 mmol) and PhTeBr;
(0.054 g, 0.12 mmol) in benzene (5 ml) was stirred at
80°C for 5 min. The resulting solution was colored yel-
lowish orange. Heptane (3 ml) was added and the solu-
tion was concentrated in a water aspirator vacuum until
slight turbidity appeared. The concentrated solution
was transferred to a narrow tube, covered with a layer
of heptane, and kept in the dark at room temperature.
After five days, the long yellow needles that formed
were separated, washed with hexane, and dried in
vacuo. Among the crystals obtained, we found a few
smaller yellow crystals, which were mechanically sep-
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arated and examined by IR spectroscopy in hexane. The
spectrum contains the absorption bands v(CO) at 2125,
2070, and 2047 cm™'. According to [8], this spectral
pattern corresponds to [(CO);RuBr(u-Br)], (in chloro-
form, v(CO) = 2131, 2065, and 2059 cm™). The crystal
lattice parameters determined by X-ray diffraction
were identical with data for [(CO);RuBr(u-Br)l, [9].
The yield was 10 mg (19%), single crystals 1.

For C14H10Br402RuTez (M = 88613)
C, 18.98;
C, 19.04;

H, 1.14.
H, 1.25.

anal. calcd,(%:
Found (%):

IR (Et,0, v(CO), cm™): 2060 s, 2000 s.

Synthesis of (CO);Re(PhTel);(u-I) (II). Iodine
(0.064 g, 0.25 mmol) was added at 0°C (ice bath) to an
orange solution of Ph,Te, (0.1 g, 0.25 mmol) in ben-
zene (10 ml) stirred with a magnetic stirring bar. The
black-green reaction mixture was stirred at 0°C for an
additional 10 min, whereupon Re(CO)sCl (0.18 g,
0.5 mmol) was added in one portion. The resulting mix-
ture was stirred at room temperature for 10 min and
then at 50°C for 15 min. The black-red mixture turned
dark orange. Heptane (5 ml) was added and the solution
was concentrated in a water aspirator vacuum until
slight turbidity appeared and kept at —10°C for 48 h.
The orange crystals that formed were separated,
washed with hexane, and dried in vacuo. The yield was
0.05 g (20% with respect to Te).

For C21H151403RCT€3 (M= 139197)
C, 16.45;
C, 18.12;

anal. calcd, %:
Found, (%):

H, 1.77.
H, 1.09.

IR (KBr, v(CO), cm™): 2020 s, 1930 s.

IR (CH,Cl,, v(CO), cm™): 2030 s, 1950 m, 1920 m.

X-ray diffraction analysis. Crystallographic
parameters and the data collection statistics for struc-
tures I and II are given in Table 1. Structures I and 1II
were solved by the direct methods and refined by the
least-squares method on F? in the anisotropic (for H
atoms, isotropic) approximation with the SHELXTL
program [10]. The positions of the H atoms were calcu-
lated geometrically. Selected bond lengths and bond
angles in structures I and II are given in Table 2.
Atomic coordinates and other structural parameters of
complexes I and IT have been deposited with the Cam-
bridge Crystallographic Data Collection (nos. 726773
(I) and 712585 (II); http://www.ccdc.cam.ac.uk/
data_request/cif).

RESULTS AND DISCUSSION
A reaction of Ruy(CO),, with PhTeBr; in hot ben-
zene gave stable complex I containing two ligands
PhTeBr. Apparently, a reaction intermediate is
(CO);RuBr,(PhTeBr), a ruthenium analog of the iron

No. 11 2009
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Fig. 1. Molecular structure of complex I.

complex (CO);FeBr,(PhTeBr) described in [5]. On
heating, the intermediate is easily transformed into
complex I and the known dimeric carbonylruthenium

Br\Te/Ph
Ruy(CO)p " oo 1£ Br
, benzene N
oC / Br
CO

The IR spectrum of complex I isolated as long yel-
low needles shows two intense absorption bands at
2060 and 2000 cm™! (CO stretches). According to X-ray
diffraction data (Fig. 1), the ligands PhTeBr in structure I
are frans to each other. The Te-Ru bonds (2.6103(2) A)
are substantially shorter than the sum of the covalent
radii of the Ru and Te atoms (2.84 A) [6], while the Te—

RUSSIAN JOURNAL OF COORDINATION CHEMISTRY  Vol. 35

Br
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bromide [(CO);RuBr(u-Br)],, which was mechanically
separated in small amounts and identified by IR spec-
troscopy [8] and X-ray diffraction [9].

Ph

oc | “Br OC] B 0

Ru\

Te
Br~ \Ph

Br bonds (2.5163(5) A) in the ligand PhTeBr are not
lengthened, being even slightly shorter than the sum of
the covalent radii of the Te and Br atoms (2.58 A) [6].

Either Br atom that is attached to ruthenium in the cis-
position (Ru(1)-Br(2), 2.5735(4) A) is also coordinated
by one Te atom (Te(l)—Br(ZA) 3.0701(5) A; the angle
Br(1)Te(1)Br(24) is 162.297(1) A) Thus, the coordina-

No. 11 2009
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Table 2. Selected bond lengths and bond angles in structures

TORUBAEY et al.

Iand II
Bond d, A Bond d, A

I Re(1)-C(3) | 1.92(2)
Ru(1)-Te(1) 2.6103(2) || Re(1)-Te(1) | 2.7634(13)
Ru(1)-Br(2) 2.5735(4) || Te(1)-I(1) 2.7731(16)
Ru(1)-C(1) 1.880(4) || Te-1(2) 2.7893(15)
Te(1)-C(2) 2.106(3) || Te(3)-1(3) 2.7767(17)
Te(1)-Br(1) 2.5163(5) || Te(1)-1(4) 3.2927(2)
Te(1)-Br(24) 3.0702(1) || Te(2)-1(4) 3.2599(2)

1l Te(3)-1(4) 3.2779Q2)
Re(1)-Te(2) 2.7554(12) || Te(1)-C(4) | 2.114(16)
Re(1)-Te(3) 2.7606(12) || Te(2)-C(10) | 2.120(16)
Re(1)-C(1) 1.926(17) || Te(3)-C(16) | 2.158(16)
Re(1)-C(2) 1.908(17)

Angle , deg Angle o, deg

I CATe(D)I(1) | 95.1(5)
C@)Te(DBr(1) | 92.90(9) || Re(Te(D)I(1)| 98.26(5)
C)Te(1)Ru(l) [105.48(9) || I(3)Te(3)I4) | 178.99(5)
Br(1)Te(1)Ru(1) [109.168(15)| I(1)Te(DI(4) | 174.41(5)
Br(2)Ru(1)Te(1) | 88.055(12) || I2)Te)I(4) | 176.69(5)
Br(2A)Ru(1)Te(1) | 72.632(12) || Te(3)I(#)Te(1)| 70.10(5)
Br(1)Te(1)Br(24) [162.297(1) || Te(DI@Te2)| 72.07(5)

1| Te(I(4)Te(3)| 72.48(5)
C@Te(DRe(1)  [107.5(4)
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tion polyhedron of each Te atom is a trigonal bipyramid
(typical of tellurium) with a stereochemically active
lone electron pair as one of the vertices.

A reaction of equimolar amounts of Re(CO)sCl with
PhTel in benzene gave orange crystals of a new stable
complex II. According to X-ray diffraction data
(Fig. 2), the coordination polyhedron of the Re atom in
complex II is an octahedron (facial isomer) with three
CO ligands and three ligands PhTel. The Re-Te bonds
(2.7554(12)-2.7634(13) A) are appreciably shorter
than the sum of the covalent radii of rhenium and tellu-
rium (1.51 + 1.38 =2.89 A) [6].

I Ph
N S

Te.,

PhTel Ph

COY)ReCl "™, (CO)sRe
( )5 ( )3 v\\/)re""""m" \\\\i-

I

I ph (D

Such a shortening is usually attributed to an addi-
tional dative interaction of the lone electron pair at a
metal atom with the antibonding Te—X orbitals of the
ligand. However, as in complex I, the Te-I bond
(2 7893(15) A (ID) in the ligand PhTel is not lengthened
i.e., the shortening of the Ru—Te and Re—Te bonds is prob-
ably due to dative interactions involving the vacant d orbit-
als of tellurium. Note that the iodide anion is not coor-
dinated by the Re atom (Re(1)---1(4) 4.067(1) A) but is
simultaneously attached to three Te atoms through
weak secondary bonds (on average, Te--I 3.28 A; the
angle TelTe is 70.10(5)°-72.48(5)°). Secondary bondmg
is typical of tellurenyl halides [11] and their metal com-
plexes [7]; however, triple coordination of an iodide anion
was found earlier only in molybdenum—tellurium iodide
clusters with the core Mos(u3-Te),(u3-I) [12] and in the tel-
luronium  salts  [(PhyTe),(W-),(MesTel,),] [13] and
[0-CqH4(CH,TeMe,),(13-I)4] [14]. The angles I-Te--I in
complexes II are nearly flat (I(3)Te(3)1(4), 178.99(5)°).
Thus, complex II can be described as an ionic complex
composed of the cation [(CO);Re(PhTel);] and the
iodide anion chelated by the metal tris(phenyltellurenyl
iodide) fragment (Fig. 2).

In conclusion, note that the crystals of complexes I

and II do not show specific intermolecular interactions
Te---I or Te---Br characteristic of tellurium halides.

ACKNOWLEDGMENTS

This work was supported by the Russian Foundation
for Basic Research (project no. 09-03-00961), the Divi-
sion of the Chemistry and Materials Sciences of the
Russian Academy of Sciences (grant OKh 1.3), and the

No. 11 2009



PHENYLTELLURENYL HALIDE COMPLEXES

C(20)

CcQ2l)

1(3)

811

C(12) C(13)

Fig. 2. Molecular structure of complex II.

Presidium of the Russian Academy of Sciences (grant
8P22).

REFERENCES
. Sadekov, I.D. and Minkin, V.I., Zh. Org. Khim., 1999,
vol. 35, no. 7, p. 981.

. Schulz, P. and Klar, G., Z. Naturforsch., A: Phys. Sci.,
1975, vol. 30b, p. 40.

. Lang, E.S., Fernandes, R.M., Silveira, E.T., et al., Z
Anorg. Allg. Chem., 1999, vol. 625, p. 1401.

. Boyle, PD., Cross, W.I., Godfrey, S.M., et al., Angew.
Chem., Int. Ed. Engl., 2000, vol. 39, p. 1796.

. Torubaev, Yu.V., Pasynskii, A.A., and Mathur, P., J.
Organomet. Chem., 2009, vol. 694, p. 1781.

. Cordero, B., Gomez, V., Platero-Prats, A.E., et al., Dal-
ton Trans., 2008, p. 2832.

RUSSIAN JOURNAL OF COORDINATION CHEMISTRY  Vol. 35

7.

10.

11.

12.

13.

14.

Torubaev, Yu.V., Pasynskii, A.A., and Mathur, P., Koord.
Khim., 2008, vol. 34, no. 11, p. 812 [Russ. J. Coord.
Chem. (Engl. Transl.), vol. 34, no. 11, p. 799].

. Trovati, A., Araneo, A., Uguagliati, P., and Zingales, F.,

Inorg. Chem., 1970, vol. 9, p. 671.

Merlino, S. and Montagnoli, G., Acta Crystallogr., Sect.
B: Struct. Crystallogr. Cryst. Chem., 1968, vol. 24,
p. 424.

Sheldrick, G.M., SHELXTL-97. Version 5.50, Madison
(WI, USA): Bruker AXS Inc., 1997

Oliveira, G.M., Faoro, E., Lang, E.S., and Casagrande, G.A.,
Z. Anorg. Allg. Chem., 2006, vol. 632, p. 659.

Xiang Lin, Hua-Yang Chen, Li Sheng Chi, Hong-Hui
Zhuang, Polyhedron, 1999, vol. 18, p. 217.

Hrib, C.G., Jeske, J., Jones, P.G., and Mont, W.-W. du,
Dalton Trans., 2007, p. 3483.

Hill, N.J., Levason, W., Reid, G., and Ward, A.J., J.
Organomet. Chem., 2002, vol. 642, p. 186.

No. 11 2009




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


