6184 Organometallics2007,26, 6184-6196
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Reactions of [EIN],[Te{Cr(CO)}n] (n = 2, 3) with a series of organic and inorganic electrophiles
have been systematically studied and compared. WheN]#Te{ Cr(CO)} ] was protonated with-1.0
equiv of HBF, in MeCN, the monohydrido TeCr complex [EAN][HTe{Cr(CO}},] ([EtsN][1]) was
obtained. However, similar protonation of JN{,[Te{ Cr(CO)} 3] led to the formation of the decomposition
product [EiN];[Tex{ Cr(CO)}4]. While methylation of [EiN],[Te{ Cr(CO)},] with CF;SO;Me formed
mono- and dimethylated products jJEi[MeTe{ Cr(CO)},] and MeTe{ Cr(CO)}» (2) stepwise, a similar
reaction with [EfN],[Te{Cr(CO)}3] produced the monomethylated product{MeTe{ Cr(CO)} 4]

(3). Further, when [EN],[Te{ Cr(CO}}n] (n = 2, 3) was stirred in CECl, at 0°C, the Cl-functionalized
products [EAN][CIH .CTe{ Cr(CO)} ] (n = 2, [ELN][4]; n = 3, [EuN][5]) were produced, respectively.
Similar reactions with CkCl, at room temperature produced corresponding-Biitiged dimeric products
[EtsN]2[CH.Te{ Cr(CO)X}n] (n = 4; 6, [E4N],[6]). If the bisbenzyl-containing reagent GIE(CsHy)-
CH.Cl reacted with [EfNN],[Te{Cr(CO}} ] (n= 2, 3), the corresponding GKCsH,4).CH,-bridged dimeric
complexes [EN][H2C(CeH4)CH.Tex{ Cr(COX} ] (n= 4, [EuN][7]; n = 6, [EuN]2[8]) were produced.
[EtsN][Te{Cr(CO)}q] (n = 2, 3) could further react with Hg€lin THF to give corresponding Hg-
bridged products [EN],[HgTe;{ Cr(COX}n] (n = 4, [EuN]2[9]; n = 6, [ELN][10]). Complex9 was
found to transform to comple&0 upon its reaction with HgGlin THF. Interestingly, the novel ©
activation product [EN][OTe{ Cr(CO)} 2] ([EtsN][11]) was observed when [E],[Te{Cr(CO)},] was
bubbled with Q in MeCN. Complexed—11were fully characterized by elemental analysis, spectroscopic
methods, and/or single-crystal X-ray analysis. The nature df§fEO)} )%~ (n = 2, 3) and the resultant
complexes were further investigated by molecular orbital calculations at the B3LYP level of the density
functional theory.

Introduction were reported.Because of our interest in the chemistry of main

N ] group-transition metal carbonyl complexed? two monotel-
Soluble transition-metal sulfide complexes have been exten-|yride-bridged dichromium and trichromium anionic species
sively studied because of their relevance to biological and [Te{Cr(COX} ]2 (n= 2, 3) were successfully synthesized from
industrial catalysts. In contrast, the chemistry of the analoguesnhe reaction of Te powder with Cr(C®)n KOH/MeOH
of tellurium, the heavier congener of sulfur, has been much less goytionsio2 These two species can be isolated asNIFt salts

explored: While the chemistry of iron-containing carbonyl anq have been proven to be important intermediates for the
telluride complexes has been well studied, the study of
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Reaction of [EIN],[Te{Cr(CO)} ] toward Electrophiles

construction of many chromium carbonyl telluride complexes
such as [T Cr(CO)}4]%,* [Tex{Cr(COx}4%,* and [Te-
{Cr(CO)} { Cr(CO¥}2]?~,* which were known to be obtained
only by using Zintl ions as tellurido sourcés.

Previous work revealed that metal or mixed-metal tellurido
clusters are scarcé.Based on the lone pairs on the Te atoms
of [EtyN]o[Te{ Cr(CO)}n] (n = 2, 3) and their good solubility

Te
in organic solvents, these anionic complexes are potentially good(OC)sCr/(I:r(:g)r(CO)s
5

candidates for further study of their interaction with either
organic or inorganic electrophiles. Although the use of metal
sulfides as synthons for such applications has been well

documented, analogous reactions for metal tellurides have beerP

limited.11112Hence, the reactions of [TEr(COX} ]2 (n= 2,

3) with electrophiles can definitely shed light on the basicity
and nucleophilicity of tellurido ligands in transition metal
complexes. In this study, we systematically described and
compared the reactions of [&],[Te{Cr(CO)X},] (n = 2, 3)

with a series of organic and inorganic electrophiles. The nature

of these Te-Cr complexes and their formation are also
elucidated by molecular orbital calculations at the B3LYP level
of the density functional theory.

Results and Discussion

Reactions of [EuN]2[Te{Cr(CO)s}] (n = 2, 3) with HBF4
and CF3SO3;Me. Because there are one or two lone pairs on
the Te atom of [EiN],[Te{Cr(CO)}] (n = 3, 2), the basicity
of the Te atom was tested by the reactions with acidification
and methylation agents. In a previous study, the direct acidifica-
tion of Te—Cr carbonyl clusters was reported only in the case
of the neutral complex Te[(Cp*)Cr(Cg)}, in which protonation
was believed to occur at the Te atdfHowever, there was no
direct evidence reported for its existence at that time.

In this study, when [EBN],[Te{ Cr(CO}} ;] was acidified with
~1.0 equiv of HBR in MeCN at —40 °C, the monohydrido
complex [EiN][HTe{Cr(CO)}2] ([EtsN][1]) was obtained in
a 65% vyield. The infrared spectra of [Ef[1] showed the
absorptions at 2046 w, 2031 m, 1932 s, and 1879 mlcwhich
is characteristic of the terminal carbonyls and similar to those
for [Et4N]2[Te{Cr(CO¥},],1%2 but shifted a bit to higher
frequencies. Additionally, théH NMR spectrum of [EsN][1]
gave a signal ab = —10.00 for the H atom attached to the Te
atom, and its formulation was further supported by elemental
analysis. However, treatment of [],[Te{ Cr(CO)}3] with
HBF, failed to yield the hydrido complex because of its lower
basicity versus [EBN]2[Te{ Cr(CO)} ). This reaction, instead,
led to the formation of the known complex p&l,[Te,{ Cr-
(CO)} 4],* which resulted from the dimerization of the decom-
posed fragment “[TECr(CO)}2]” due to weak Te-Cr bonds
(Scheme 1).
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When [EuN]o[Te{Cr(CO}},] was treated with~0.8 equiv
f CRSOsMe in MeCN at—40 °C, the Te-monomethylated
product [EtN][MeTe{Cr(CO)},]'° was obtained in a 75%
yield. Similarly, methylation of [MgN]2[Te{ Cr(CO)} 3] with
~0.8 equiv of CESOsMe in MeCN produced the monomethy-
lated product [MegN][MeTe{ Cr(CO})} 3] ((Me4N][3]) in a 90%
yield. [Eu4N][MeTe{Cr(CO)} ] could be further methylated by
the addition of~1.0 equiv of CESOsMe to form the neutral
dimethylated product M&e{Cr(CO)}. (2) in good yields.
Complex2 could also be obtained directly from [&t],[Te-
{Cr(CO)} 2] with excess CESO;Me in an 85% yield (Scheme
2). Complex2 was previously reported to be obtained from the
reaction of Cr(COJTHF with Me,Te in THF; however, there
was no crystal structure presented at that tifne.

Complex2 and [MeN],[3] were fully structurally character-
ized by single-crystal X-ray analysis, elemental analysis, and
spectroscopic methods. X-ray analysis showed that conplex
and anion3 both displayed a tetrahedral geometry, in which
the central tellurium atom fo2 was tetrahedrally coordinated
by the two methyl groups and two Cr(COfragments. The
central tetrahedral tellurium atom f8rwas coordinated by the
one methyl group and three Cr(G{ffagments. The infrared
spectra of2 and 3 showed absorptions characteristic of the
terminal carbonyls. Thé&H NMR spectrum oR gave one signal
ato = 2.45 for the two methyl groups attached to the Te atom,
and this value was close to that in MeTeRh=f 2.1)5 but
shifted downfield as compared to those infVle (6 = 1.84)}*
and [MeTgCr(CO)}},]~ (6 = 1.7)192 Further, the3C NMR
spectrum of2 showed one resonance a.82 for the two
methyl groups. For the anid®y the methyl group gave thigd
and 13C NMR absorptions aty = 2.07 andd = —15.92,
respectively. As compared to thosé € 1.76, —30.44) in
[MeTe{ Cr(CO)} 2] ~,*%athese values for [MeTe&r(CO)} 3]~ (3)
shifted downfield due to the lack of a lone pair on the Te atom.

Reactions of [EuN][Te{Cr(CO)s},] (n = 2, 3) with
Organodihalides. Investigation of [EfN][Te{Cr(CO)}q] (n
= 2, 3) with organodihalides can provide some information
regarding their ability to function as building blocks for further
skeleton-expansion reactions. JHi,[Te{ Cr(CO})} ;] was found
to be unstable in CyCl, and could react readily with Gi€l,
at 0 °C to form the Cl-functionalized product [I{][CICH-
Te{Cr(CO)} 2] ([Et4N][4]) in an 86% yield. Complex could
further act as an electrophile to react with JEk[Te{Cr-
(CO)} ] to give the known ChHbridged dimeric complex
[EtsN]2[H2CTe{ Cr(CO)} 4] (in @ 58% yield), which could also
be obtained directly from stirring of [E],[Te{ Cr(CO)},] in
CH,CI, at room temperatuté? (Scheme 3). Similarly, when
[EtsN]2[Te{Cr(CO)} 3] was treated with CKCl, at 0 °C, the
Cl-functionalized product [EBN][CICH,Te{ Cr(CO}} 3] ([EtaN]-

[5]) was obtained in an 85% vyield. Further stirring of JHj,-
[Te{Cr(CO}} 3] in CH.CI, at room temperature produced the

(14) Bremer, G.; Boese, R.; Keddo, M.; Kruck, Z..Naturforsch1986
41hb, 981.

(15) Hope, E. G.; Kemmitt, T.; Levason, \@rganometallics1988 7,
78.
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CHy-bridged dimeric complex [EN]2[H2CTe{Cr(COX}¢)
([EtaN]2[6]) in moderate yields. Like comple& complex5 is
an effective electrophile for reacting with [&],[Te{ Cr(CO);} 3]
to form [EuN]2[6] (Scheme 4).

The new complexed, 5, and6 were fully characterized by

Me

> Te
MeCN, 40°C  (OC)sCr” \\Cr$C0)5
Cr(CO)s

3

Scheme 5
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8

NMR spectra of6 gave signals a = 4.55 andd = —5.45,
respectively, for the bridging CHgroup. As expected, these
values compared favorably to thoge=t 4.53,—6.02) observed
for the CH-bridged dimeric complex [BN];[H.CTe{Cr-
(CO)}a]. 22

For comparison, reactions of [&],[Te{ Cr(CO)}n] (n= 2,
3) with bisbenzyl-containing dichloride-CHa(CsH4)2CH,CI
were further investigated. The corresponding bisbenzyl-bridged
complexes [EiN]o[H2C(CeHa)2CH Te{ Cr(COX}n] (n = 4,
[EtaN]2[7]; n = 6, [EuN]2[8]) were obtained in 81% and 21%
yields, respectively (Scheme 5). [Ef,[Te{Cr(CO)}q] (n =
2, 3) are considered to undergo the double nucleophilic attack
onto the bisbenzyl-containing agent GE{CsH,).,CH,CI to
form complexes and8. These complexes were fully structur-
ally characterized by X-ray analysis and spectroscopic methods.
On the basis of the X-ray analysis, complekad two molecules
of [Te{Cr(CO}},]>~ connected by the #C(CeH4)oCH2"
moiety, and comple8 had two molecules of [ReCr(CO)} 3]2~
linked by the HC(CgH4)2CH22" moiety. The'H and13C NMR
spectra of 7 gave signals atb = 3.97 anddo = —1.28,

elemental analysis, spectroscopic methods, and/or single-crystatespectively, for the bridging CHsegments, while those &f

X-ray analysis. The X-ray analysis showed that aniodic

showed absorptions at= 3.98 andd = —0.98, respectively.

possessed a tetrahedral geometry, in which the central telluriumAgain, these absorptions reflect the similar effect of a lone pair

atom was tetrahedrally coordinated by one,CHgroup and

two Cr(CO) fragments, leaving one lone pair uncoordinated.

TheH and!3C NMR spectra of the anio# gave signals ab
= 4.56 ando = —5.37, respectively, for the Gi&l group

versus the Cr(CQ)fragment.

Reactions of [E4N][Te{Cr(CO)s}n] (n = 2, 3) with HgCl,
and O,. In addition to organic reagents, reactions of;[{gb-
[Te{ Cr(COX} ] (n= 2, 3) with mercury salts or were studied

attached to the Te atom. On the other hand, the X-ray analysisfor comparison. Like organic dihalides, the reactions ofNE4-

showed that anionig displayed a tetrahedral geometry, in which

the Te atom was tetrahedrally coordinated by one@ligroup
and three Cr(CQ)fragments. ThéH and3C NMR spectra of
5 gave signals at = 4.55 andd = —6.41, respectively, for the

[Te{Cr(CO¥}] (n= 2, 3) with~0.5 equiv of HgC} in MeCN

led to the formation of the Hg-bridged dimeric complexes
[EtaN]2[HgTex{ Cr(COX}n] (n = 4, [EUN]2[9]; n = 6, [EuN]2-
[10Q]), respectively (Scheme 6). X-ray analysis showed that the

CHCI group attached to the Te atom, which was close to those Hg-bridged complexe8 and10 were structurally analogous to

in complex4. This is indicative of the comparable effect of the
lone pair and the Cr(C@)ragment on the NMR absorptions.
Furthermore, the infrared spectra of dian®®showed absorp-
tions characteristic of the terminal carbonyls. Theand3C

the organo-bridged complex&sand 8, respectively. Further,
complex9 could transform to complek0 upon treatment with
~0.5 equiv of HgC} in MeCN, in which HgC} acted as an
oxidizing agent to cause the bond breakage and reformation of
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9 to give 10. This was mainly due to weak Fe&r bonds. os
Clusters9 and 10 represent rare examples of mixed-metal iR
telluride complexes, and further study on their cluster expansion
and physical properties is under investigation.

Moreover, it was found that [EN]o[Te{Cr(CO)}}] (n= 2,
3) showed different reactivity toward the oxygen molecule.
[EtaN]2[Te{Cr(CO)}] could readily react with @in MeCN
to give the O-bridged complex [I][OTe{ Cr(CO)} ] ([EtaN]-
[17]) in an almost quantitative yield, while the reaction with
[EtaN]2[Te{Cr(CO)} 3] only formed the oxidized known com-
plext [Tex{ Cr(CO)}4]>~ without observation of the analogous
O-bridged product (Scheme The activation of @by [Et4N]-
[Te{Cr(CO}} ] is surprising as it is rare in the literature. The
detailed mechanism is not clear at this moment but should be
relatedtothe low coordination and high reactivity off{Ce(CO)} 5]~
It is noted that the TeO bond of complext1 was relatively
weak, which was substantiated by the ease of elimination of

the T¢ Cr(CO)}» fragment of11 in the ESI-MS study. Figure 2. ORTEP diagram showing the structure and atom labeling
X-ray Structural Comparison of 2, [Me 4N][3], [EtaN][4], for anion3.

[PPNI[S], [EtaN]2[7], [MeaN]2[8], [EtaN]2[9], [EtaN]2[10], and in the new Te-Cr complexes are basically close to those

[EtaN]2[11]. Complex2 and anionic complexe3 4, 5, 7, 8, 9, reported in the other related polytelluride complexes such as

10, and 11 can be viewed to have Te-centered chromium [Te,{ Cr(CO¥}4% (2.749 A)4 [Tes{Cr(COX} 4% (2.763 A)?
carbonyl-coordinated open structures. CompleXes 7, 9, and [Tex{Cr(COX}2?" (2.739 A)5 and [Te{Cr(COX}]? (2.754
11are considered to possess th¢ TECO)} »-based geometry,  A)51tis noted, however, that the average-¥er bond distance
in which the Te atom is tetrahedrally bonded to two Cr(€0) of 4 (2.720 A) is the same as that 5f(2.720 A), indicative of

fragments and one or two ligands. WhReconsists of a Te- Jittle steric effect of the Cr(C@)groups on the TeCr bond. A

{ Cr(CO}} . core with two methyl groups as ligands (Figure 1), similar situation is also observed in the caseg wérsus8 and

4 displays a TECr(CO)}» core coordinated with one GBI 9 versus10. The average TeCr bonds in3—5 are only a bit
group and with one uncoordinated lone pair (Figure 3). Besides, shorter than those ifi—10, reflecting the smaller steric effect
7,9, and11 are isostructural and each have twdq Te(COk}» of mono-TeCk- versus di-TeGrbased § = 2, 3) structures. In

units that are bridged by a Gt€sH4),CH, fragment, a Hg atom,  addition, the average FeCr bonds for anionic TeCr com-

or an O atom, respectively (Figures 5, 7, and 9). On the other plexes are significantly longer than that of the neutral complex
hand, complexes, 5, 8, and10 are considered to have the Te- 2 due to the effect of the negative charge.

{Cr(CO)}s-based structure, in which the Te atom is tetrahe-  The CrTe—Cr angles about the tellurium atom #) 3, 4,
drally bonded to three Cr(C@jragments and one coordinated 5, 7, 8, 9, 10, and 11 range from 112.88to 122.36, which
ligand. While isostructural complex@and5 each have a Te-  somewhat deviated from the regular tetrahedral angle. In general,
{Cr(CO}} s core externally bonded with a Me group or with a  the average CrTe—Cr angles for the TeGibased complexes

CHCI group (Figures 2 and 4), isostructural complegesnd are a bit larger than those of their corresponding Ed@sed
10each have two ReCr(CO)} 5 units that are bridged by either  complexes due to the steric effect of the Cr(€@)oiety.
a CHy(CeH4)2CH; or a Hg atom (Figures 6 and 8). Further, the CrTe—Cr angle in2 is the largest among the

For comparison, the selected bond distances and bond angleFeCr-based complexes due to the small steric hindrance of two
of the new Te-Cr complexes and related complexes are listed methyl groups, while that a3 is the largest among the Tegr
in Table 1. As shown in Table 1, the average-T& distances based complexes due to the smallest steric hindrance of one
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Figure 3. ORTEP diagram showing the structure and atom labeling for ation

for [Te{Cr(COX} )%~ (n= 2, 3) and their related products, we
looked at their frontier molecular orbitals and the main orbital
coefficients. The frontier molecular orbitals of [l@r(CO)} ]2~

(n= 2, 3) and related products are shown in Figure 10, and the
orbital compositions, which are expressed in terms of the
contribution, are listed in Table 2. As shown in Figure 10, the
HOMOs of complexes [TEECr(COX}n]2~ (n = 2, 3) have a
slightly antibonding interaction between the p orbital of the Te
atom and d orbitals of the Cr atom, in which the significant
contribution is from the p orbital (48% and 34%, respectively)
of the central Te atom (see Table 2). It is interesting to note
that when the consecutive methylation takes place on both
[Te{Cr(CO¥}]?~ (n= 2, 3) (which formed new complexés
and3), a substantial alteration in the orbital coefficients of the
central Te atoms was observed. Our calculated results indicate
that the contribution from the p orbital of the HOMO of the
TeCr-based complexes is (in decreasing order] OréCO)} ]~

> [MeTe{Cr(CO)},]~ > 2, and [T Cr(CO)}s]?~ > 3is found

for the TeCg-based complexes (see Table 2). Therefore, the
incoming electrophilic MeOTf could interact with the lone pair
of the Te atom (prevailing contribution from the p orbital) of
[Te{Cr(CO¥},]2 (n = 2, 3), which would result in the
decreasing contribution of the p orbital of the Te atom of their
products. A similar explanation also could account for the
. . - reactions of [T€Cr(COX}q?~ (n = 2, 3) with methylene
mhetQV' group versus °t|her ff?r‘i'ggtz?% "gag.ds- .Add']f'oh”a”y’ chloride (CHCI,), in which the newly formed ChCI-function-

the Te- € bond angie oL IS -2(3), in licative of the alized product#t and5 have smaller p orbital coefficients on
tetrahedral geometry around the O center, which is significantly the HOMOs than those of the initial reactants JTCOY} ]2~
larger than the TeTe—Te angle (98.4(F) in the related (n = 2, 3), respectively. ' "

complext [Tex{ Cr(CO)}4]2. This is attributed to the diminished .
s-character of the central Te atom caused by the larger size of To understand t.he bonding nature of each complex, we also
Te versus O. The values in these two chalcogen-bridged calculated the Wiberg bond ind€xand natural population

2- -
complexes are smaller than theT@—Te angle (115.2(2) in analyses (N_P'&? for complexezs_ [T(aCr(CO)f-,}g] ’ [I_\/IeTe_
the CH-bridged complex [HCTe{ Cr(COX} 4]2~,2%due to the {Cr(COX}2]", 2, [Te{ Cr(COX}4]"", and3, which are listed in

effect of the lone pairs of the chalcogen atom. Finally, the Ce ;a(;b:g BérThaerltr gfotrrr]gs;t);)&((jeln_?_hs;rgﬁt:lreg a;e :;Sk(e) d'”tl;:tr?;id_r'g
bonds in complexe®—5, 7, and 8 are within the range of Wer p 1S : ysIS rev

2.135-2.22 A, which is normal.
DFT Computation. To further portray the electronic struc- c(;lh?n(f)piii(géfégjégﬂl) PBr;stklsgi %%.sgﬁsr.n(.b%@?gg,zp&u

tures of the [TECr(CO¥}q]? (n = 2, 3) and their relevant 9173,
reaction phenomena, we employed a hybrid density functional gig \Iﬁ_g, C, :(faggT, W.;hPférr, Fiégﬂ'gh%/j F0%31988 B37, 785.
16,1 i i ioerg, K. b. etrahedron . .
(B3LYPIe™) with a modest basis set LanL2DZ for each o Aol ™™ S0t "5 Chem. Phys1983 78, 4066. (b)
complex. The molecular geometries are taken from single-crystal geeq” A, E.: Weinstock, R. B.: Weinhold, B. Chem. Phys1985 83,

X-ray diffraction data. To examine scenarios of the framework 735.

Figure 4. ORTEP diagram showing the structure and atom labeling
for anion5.
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Figure 5. ORTEP diagram showing the structure and atom labeling for anion
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Figure 7. ORTEP diagram showing the structure and atom labeling for dia®ion

atomin[Tg Cr(CO)}2]%~,[MeTe[Cr(CO)} 2] -, 2,[Te{ Cr(CO)}} 3%, > [Te{ Cr(CO)}2]%, and3 > [Te{ Cr(CO)} 3%, respectively.

and 3 each carried-0.39, +0.40,+1.17, —0.04, and+0.68 In addition, the calculated Wiberg bond indices (also called bond
|e|, while the average charges of the Cr atom in those complexesorders) of the aforementioned species also reflected the same
were—1.36,—1.36,—1.43,—1.34, and—1.39|e|. This indicated tendency, in which more methylation occurred on both com-
the inter-site coulomb attraction between—Ter bond on the plexes [T§Cr(CO}} )2 (n= 2, 3), and the larger mean Wiberg
[Te{Cr(CO¥}n]> (n = 2, 3), and their relevant methylation bond indices between Te and Cr atoms T bond) would
derivatives occurred in the order &f> [MeTe{Cr(CO)} 2]~ be obtained (see Table 3).
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Figure 8. ORTEP diagram showing the structure and atom labeling
for dianion 10.

s

Figure 9. ORTEP diagram showing the structure and atom labeling
for dianion11.

Furthermore, the Wiberg bond index and natural population

Shieh et al.

of the more significant repulsion in the ¥© bond than in the
Te—C bond. This explains why the average bond index
calculated for Te-O is smaller than that calculated for €
(see Table 4).

Summary

The reactions of the monotelluride-bridged di- and trichro-
mium carbonyl anions [EN]2[Te{ Cr(CO}}] (n = 2, 3) with
a series of electrophiles were systematically studied. The
tellurium atom of [EiN]2[Te{ Cr(COX}n] (n = 2, 3) showed
good affinity toward electrophiles in which the Te€mand
TeCr-based organo- or metal-incorporated monomeric or
dimeric complexes were obtained. The nature ofNEfTe-
{Cr(COX}n] (n = 2, 3) and their resultant products were also
compared and elucidated by DFT calculations. This study
provides a wide range of Te&rand TeCs-based complexes
for further investigation through practical and theoretical
applications.

Experimental Section

All reactions were performed under an atmosphere of pure
nitrogen using standard Schlenk technigtfesSolvents were
purified, dried, and distilled under nitrogen prior to use. Cr(€O)
(Strem), Te powder (Strem), @EO;Me (Aldrich), HBF, (Strem),
HgCl, (Shimakyu’s), CIHC(CsH,4).CH,CI (Aldrich), and KOH
(Showa) were used as received. Infrared spectra were recorded on
a Perkin-Elmer Paragon 500 IR spectrometer as solutions in CaF
cells. ThelH and*C NMR spectra were obtained on a JEOL 400
instrument and Bruker AV 400 at 399.78 and 100.53 MHz,
respectively. EI mass spectra were taken on a Finningan TSQ 700
GC/LC/IMS mass spectrometer. Elemental analyses for C, H, and
N were performed on a Perkin-Elmer 2400 analyzer at the NSC
Regional Instrumental Center at National Taiwan University, Taipei,
Taiwan. [EtN][Te{Cr(CO)} ] (n = 2, 3) was prepared according
to the published proceduré®:

Reaction of [EyN],[Te{Cr(CO)s},] with HBF 4 (~1:1.1) in
MeCN. HBF; (0.22 mL, 1.70 mmol) was added to a MeCN
solution (30 mL) of [EfN]2[Te{ Cr(CO)},] (1.16 g, 1.50 mmol) at
—40 °C. The green solution became yellowish-brown instantly.
After being stirred for 60 min, the solution was filtered, and the
solvent was evaporated under vacuum. The residue was washed
with hexanes/&ED several times and extracted with THF to give a

analyses as well as the corresponding structures for theyellowish-brown sample of [EN][HTe{Cr(CO)}},] ([EtsN][1])

X-bridged Te-X—Te complexes (X= Hg, O, and CH) are
displayed in Table 4. The frontier molecular orbitals are depicted
in Figure 11, and orbital compositions are listed in Table 5. It
is found that the HOMO of comple® in the central segment
consists of small d orbitals (2%) of the Hg atom mixed with p
orbitals (24%) of the Te atom. However, in the case of the
counterpart of comple%0, the bonding character of the HOMO
in the central segment is derived mainly from the Hg (slight p
orbitals, 3%) and Te (p orbitals, 12%) atomic orbitals (see Figure
11 and Table 4). Moreover, in regard to two isoelectronic
analogues]1and [HCTe{ Cr(CO)}4]%, the calculations show
that the bond index between ¥© (0.72) for complexi1 is
smaller than thatbetweenF€ (0.90) for [H,CTe{ Cr(CO)} 4]

The computed results could not be clarified by means of the

natural charge because the ionic-interaction difference between

Te—0O and Te-C was insignificant (see Table 4). As shown in
Figure 11, the pictorial description of the HOMO in the-Te

(0.63 g, 0.98 mmol) (65% based on JE},[Te{Cr(CO}}2]). IR
(vco, MeCN): 2046 w, 2031 m, 1932 s, 1879 m cimAnal. Calcd
for [EuLN][1]: C, 33.63; H, 3.29; N, 2.18. Found: C, 33.51; H,
2.96; N, 2.15.H NMR (400 MHz, DMSO#ds, 300 K, ppm): &
—10.00 (s, H) (chemical shifts not given for jE{™).

Reaction of [EY4N],[Te{Cr(CO)s}3] with HBF 4 (~1:0.5) in
THF. HBF; (0.023 mL, 0.18 mmol) was added to a THF
solution (30 mL) of [EiN],[Te{ Cr(CO}} ] (0.41 g, 0.43 mmol) at
—40°C. The olive green solution became yellowish-brown instantly.
After being stirred for 60 min, the solution was filtered, and the
solvent was evaporated under vacuum. The residue was washed
several times with EO and extracted with THF to give a sample
of [Et4N]2[Tex{ Cr(CO)}4]* (0.08 g, 0.06 mmol) (27% based on
[EtsN]o[Te{ Cr(CO}}3)). IR (vco, THF): 2058 w, 2038 m, 2031 s,
1965 w, 1929 vs, 1907 w, 1873 s cin

Reaction of [EyN],[Te{ Cr(CO)s},] with CF 3SO3Me (~1:0.8)
in MeCN. CRSO;Me (0.12 mL, 1.10 mmol) was added to a MeCN
solution (30 mL) of [EfN][Te{ Cr(CO)},] (1.10 g, 1.42 mmol) at

O—Te segment had an apparent antibonding interaction between_4q c. The green solution became yellowish-brown instantly.

the O atom (p orbital, 10%) and the Te atom (p orbital, 24%,
mixed with some degree of s-character, 4%). This antibonding
phenomenon is absent in the-f€—Te counterpart, indicative

(20) Shriver, D. F.; Drezdon, M. AThe Manipulation of AkSensitie
CompoundsWiley-VCH Publishers: New York, 1986.
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Table 1. Average Bond Distance (A) and Bond Angles (deg)
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for 2, [MB][3], [Et.N][4], [PPN][5], [Et.N][7], [MeN][8],

[EtaN]2[9], [EtaN][10], and [Et4N]o[11]

complex Te-Cr, A Cr—Te—Cr, deg Te-C, A ref
Me,Te{Cr(COX}2 (2) 2.6434 122.36(3) 2.135 a
[MesN][MeTe{ Cr(COX}s] ([MeaN]2[3]) 2.725 115.86 2.154(7) a
[ELN][CICH,CTe{Cr(CO)X} ] ([EtaN][4]) 2.720 118.27(4) 2.140(8) a
[PPN][CICH,Te{Cr(CO)} 3] ([EtaN][5]) 2.720 115.59 2.181(5) a
[EtsN]2[H2C(CsHa)2CH2Tex{ Cr(CO)} 4] ([EtaN]2[7]) 2.726 114.19 2.17 a
[MeaN]2[H2C(CsHa)2CH,Tes{ Cr(COX} ¢l ([MeaN]2[8]) 2.739 113.90 2.22 a
[EtaN][HgTex{ Cr(CO)} 4] ([EtaN]2[9]) 2.751 116.30 a
[EtsN]2[HgTe{ Cr(COX} e ([EtaN]2[10]) 2.732 115.04 a
[EtN]2[OTex{ Cr(COX} 4 ([EtaN]2[11]) 2.737 112.88 a
[EtN][CH2Tex Cr(COX} 4] 2.747 112.83 2.163(2) 10a
[PPhy]o[Tex{ Cr(CO)} 4] 2.749 116.90 4
[PPhy]o[Tes{ Cr(COX} 4] 2.763 113.10 4
[K(2,2,2-crypt)b[Tex{ Cr(CO)} 2] 2.739 5
[K(2,2,2-crypt)p[Tes{ Cr(COX}] 2.754(5) 5
[PPhy]o[Tex{ Cr(CON} o Cr(COX} 2] 2.781 (out of plane) 4

2.692 (in plane)

[Ted Cr(COX}4] 2.587
[PPhy]2[TesCr(COY] 2.726

aThis work.? 2,2,2-crypt= (4,7,13,16,21,24-hexaoxa-1,10-diazabicyclo[
Table 2. Calculated Percentage Contribution Ratios of the

Te and Cr Atoms to Selected Frontier Molecular Orbitals of
[Te{Cr(CO)s}n]> (n = 2, 3) and Their Related Complexes

atoms
complexes Te Cr
[Te{Cr(CO}}2]> (HOMO) 48% p 10%d
[Te{Cr(CO}¥}2]> (LUMO) 14% s+ 15%p 3% pt+4%d

21%d

11% pt+ 8%d
2% pt 27% d
23% st 8% p
17%d

7% pt+6%d

[MeTe{Cr(COY} ]~ (HOMO)
[MeTe{ Cr(COX} 2]~ (LUMO)
2 (HOMO)

2 (LUMO)

[Te{ Cr(CO)} ]2~ (HOMO)
[Te{Cr(CO)}+]2 (LUMO)

2% s+ 16% p
23% s+ 13%p
6% s

20% s+ 8% p
2% s+ 34% p
20% s+ 8% p

3 (HOMO) 4% p 2% s+ 9% p+ 38% d
3 (LUMO) 35% s 13% pt 8% d

4 (HOMO) 2% s+24%p  25%d

4 (LUMO) 24% s+ 11%p 11% pt 4% d

5 (HOMO) 2%s+3%p 3% st 8% p+38%d
5 (LUMO) 36% s 15% pt 5% d

After being stirred for 1 h, the solution was filtered, and the solvent
was evaporated under vacuum. The residue was washed sever
times with EtO and extracted with THF to give a yellowish-orange
sample of [EfN][MeTe{Cr(CO)},]1%@(0.54 g, 0.82 mmol) (75%
based on CFSO:;Me). IR (vco, THF): 2051 w, 2030 s, 1962 w,
1932 vs, 1906 m, 1890 s crh

Reaction of [Et;N][Te{Cr(CO)s},] with CF 3SOs;Me (~1:2.7)
in MeCN. CRSO;Me (0.08 mL, 0.70 mmol) was added to a MeCN
solution (20 mL) of [EiN],[Te{ Cr(CO)},] (0.20 g, 0.26 mmol)

~N o

8.8.8]hexacosane).

washed with hexanes and extracted with ether/THF (v/v 6:1) to
yield a yellowish-orange sample of Me{ Cr(CO)}» (2) (0.29 g,
0.54 mmol) (62% based on [f&][MeTe{Cr(CO}}]).

Reaction of [MeN],[Te{ Cr(CO)s} 3] with CF 3SOsMe (~1:0.8)
in MeCN. CR:SO;Me (0.10 mL, 0.87 mmol) was added to a MeCN
solution (20 mL) of [M@N],[Te{Cr(CO)}3] (0.90 g, 1.06 mmol)
in an ice-water bath. The olive green solution became yellowish-
orange instantly. After being stirred for 1 h, the solution was filtered,
and the solvent was evaporated under vacuum. The residue was
washed several times with hexanesfEand extracted with THF
to yield a reddish-orange sample of [AN[MeTe{Cr(CO}} 3]
(IMe4N][3]) (0.62 g, 0.78 mmol) (90% based on §&FxMe). IR
(vco, THF): 2066 w, 2043 m, 2029 w, 1972 w, 1949 vs, 1943 vs,
1921 w, 1901 s cm. Anal. Calcd for [M@N][3]:C, 30.30; H, 1.91;

N, 1.77. Found: C, 30.41; H, 1.56; N, 2.0%1 NMR (400 MHz,
DMSO-ds, 300 K, ppm): 6 2.07 (s, CH) (chemical shifts not given
for [Me4N] ™). 2C NMR (100 MHz, DMSO€s, 300 K, ppm): 0
—15.92 (CH), 218.36, 224.41 (CrCO) (chemical shifts not given
for [Me4N] ™). Crystals of [MgN][ 3] suitable for single-crystal X-ray
acfiffraction were grown from hexanesfEYTHF.

Reaction of [EyN],[Te{Cr(CO)s},] with CH ,Cl, (at 0 °C).
CH,Cl, (20 mL) was added to a sample of J8{,[Te{ Cr(CO)} ]
(0.55 g, 0.71 mmol) in an icewater bath. The resulting solution
was stirred at OC for 2.5 h to produce a yellowish-orange solution.
The solution was filtered, and the solvent was evaporated under
vacuum. The residue was washed several times wisfd Eind
extracted with THF to yield a sample of [M][CIH,CT¢gCr-

in an ice-water bath. The green solution became reddish-orange (COX}2] ([EtaN][4]) (0.42 g, 0.61 mmol) (86% based on {&.-

instantly. After being stirred for 30 min, the solution was filtered,

[Te{Cr(CO)}4]). IR (vco, CH:Clo): 2053 w, 2033 s, 1965 w, 1931

and the solvent was evaporated under vacuum. The residue wad'S: 1909 w, 1889 m crt. Anal. Calcd for [EfN][4]: C, 33.01; H,

washed with hexanes and extracted with ether/THF (v/v 6:1) to
yield a yellowish-orange sample of Mee{ Cr(CO}}» (2) (0.12 g,
0.22 mmol) (85% based on [B][Te{Cr(CO)},]). IR (vco,
ether): 2077 vw, 2060 w, 1960 s, 1940 m ¢dmMass (El): calcd
(found), 543.8 (543.9). Anal. Calcd fd: C, 26.60; H, 1.12.
Found: C, 26.88; H, 1.172H NMR (400 MHz, CDC}, 300 K,
ppm): 6 2.45 (s, CH). 13C NMR (100 MHz, CDC4, 300 K,
ppm): 6 —0.82 (CH), 211.5, 215.0, 217.6, 220.3 (CrCO). Crystals
of 2 suitable for single-crystal X-ray diffraction were grown from
hexanes/ChkCl,.

Reaction of [EuN][MeTe{Cr(CO)s},] with CF3SOsMe (~1:
1.1) in MeCN. CRSOsMe (0.11 mL, 0.97 mmol) was added to a
MeCN solution (30 mL) of [EfN][MeTe{Cr(CO)},] (0.57 g, 0.87
mmol) at—40 °C. The yellowish-orange solution became reddish-
orange instantly. After being stirred for 1 h, the solution was filtered,

3.21; N, 2.03. Found: C, 32.80; H, 3.32; N, 1.98. NMR (400
MHz, DMSO-ds, 300 K, ppm): 6 4.56 (s, CH) (chemical shifts
not given for [EfN]™). 23C NMR (100 MHz, DMSO#ds, 300 K,
ppm): 6 —5.37 (CH), 219.9, 226.5 (CrCO) (chemical shifts not
given for [E4N]™). Crystals of [EfN][4] suitable for single-crystal
X-ray diffraction were grown from hexanesgEVTHF.

Reaction of [EyN],[Te{Cr(CO)s}3] with CH ,Cl, (at 0 °C).
CH,Cl, (20 mL) was added to a sample of J8{,[Te{ Cr(CO)} 4]
(0.38 g, 0.39 mmol) in an icewater bath. The resulting solution
was stirred fo 3 h to produce a yellowish-orange solution. The
solution was filtered, and the solvent was evaporated under vacuum.
The residue was washed several times witlOEnd extracted with
THF to yield a sample of [EN][CICH,Te{ Cr(CO}} 3] ([EtsN][5])
(0.29 g, 0.33 mmol) (85% based on JE},[Te{Cr(CO}}3]). IR
(vco, CH:Cl,): 2068 w, 2002 m, 2047 s, 1951 vs, 1901 m¢ém

and the solvent was evaporated under vacuum. The residue wagPPN][CICH, Te{Cr(CO)}3] ([PPN][5]) was synthesized by a
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[Te{Cr(CO)s}2]" [MeTe{Cr(CO)s}2] 2
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Figure 10. The spatial graphs (isovalue 0.02-0.04) of the selected frontier molecular orbitals of {Te(CO)}} >~ (n = 2, 3) and

related products.

similar procedure using [PPMTe{Cr(CO)}s] as the starting
material. Crystals of [PPN§] suitable for single-crystal X-ray
diffraction were grown from MeOH/C}Ll,. Anal. Calcd for [PPN]-
[5]: C, 48.35; H, 2.50; N, 1.08. Found: C, 48.38; H, 2.62; N, 0.82.
IH NMR (400 MHz, DMSO¢g, 300 K, ppm): & 4.55 (s, CH)
(chemical shifts not given for [PPN]. 13C NMR (100 MHz,
DMSO-ds, 300 K, ppm): 6 —6.41 (CH), 215.4, 221.6, 228.3
(CrCO) (chemical shifts not given for [PPN]

Reaction of [E4N],[Te{Cr(CO)s} 3] with CH ,Cl; (at rt). CH,-
Cl, (40 mL) was added to a sample of JE},[Te{ Cr(CO)} 3] (0.77

1.67. Found: C, 33.70; H, 2.58; N, 1.684 NMR (400 MHz,
DMSO-ds, 300 K, ppm): 6 4.55 (s, CH) (chemical shifts not given
for [Et;N]T). 13C NMR (100 MHz, DMSOsdg, 300 K, ppm): 6
—5.45 (CH), 213.6, 217.2, 220.5, 223.7, 227.6 (CrCO) (chemical
shifts not given for [EfN]"). Crystals of [EfN],[6] suitable for
single-crystal X-ray diffraction were grown from hexaneg{it
THF.

Reaction of [EyN][CIH ,CTe{Cr(CO)s},] ([EtsN][4]) with
[Et4N]o[Te{Cr(CO)s},] in MeCN. [EtyN][Te{Cr(CO)},] (0.24
g, 0.31 mmol) was added to a MeCN solution (20 mL) of,MNgt

g, 0.80 mmol) at room temperature. The resulting solution was [4] (0.21 g, 0.30 mmol) at ambient temperature. The resulting
stirred at room temperature for 20 h to produce a yellowish-orange solution was stirred for 30 min to produce an orange-brown solution.
solution. The solution was filtered, and the solvent was evaporated The solution was filtered, and the solvent was evaporated under

under vacuum. The residue was washed several times with Et
and extracted with THF to yield a sample of JH},[H,CTe{Cr-
(CO)}e] ([EtaN]2[6]) (0.39 g, 0.23 mmol) (58% based on [&i,-
[Te{Cr(CO)}3]). IR (vco, CHCly): 2045 m, 2034 m, 1933 vs,
1880 s cmil. Anal. Calcd for [EfN],[6]: C, 33.56; H, 2.52; N,

vacuum. The residue was washed several times witd Eind
extracted with THF to yield a reddish-orange sample ofNIE{H »-
CTe{Cr(CO)} 42 (0.24 g, 0.18 mmol) (58% based on J&i,-
[Te{Cr(CO)}2)). IR (vco, THF): 2052 m, 2034 m, 1932 vs, 1887
scmt,
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Table 3. Natural Bond Order and Natural Population Table 5. Calculated Percentage Contribution Ratios of the
Analyses of [T Cr(CO)s},]?~, [MeTe{Cr(CO)s}2] ™, 2, Te, Cr, Hg, O, and C Atoms to Selected Frontier Molecular
[Te{Cr(CO)s}3]?>, and 3 Orbitals of the Te—X—Te Complexes (X= Hg, O, and CH,)
{-0.86) R (0B85} atoms
wy L L N .
Te / N/ species Te Cr X
0C)C VRN /Tc\ Te\
(0C)sCr™  Tr(co)s  (0C)sCr T Cr(Co)s (0C)5Cr~ 1117 Cr(CO)s 9 (HOMO) 24% p 19% d 2% d
B 37 £138) am (e e 9 (LUMO) 29% s+ 19%p 1%p 23% & 1% p
2 10 (HOMO) 12% p 32%d 3% p
10(LUMO) 34% s+ 12%p 2% d 30% s
(o0 2 N 11 (HOMO) 4% s+ 24%p 4%pt12%d 10%p
. ) wen) [ 7 11(LUMO) 2%s+38%p 6%pt2%d 2%st 14%p
©C)scr=” | cr(co)s mc}sc,/T‘i“‘Cr(COJs [H2CTe{Cr(CO)}4% 26% p 16% d 1% p
Cr(CO)s -1.40)  Cr(CO)g HOMO
(134) (4.39) [HoCTe{Cr(COX} 4>~ 24% s+ 6% p 14% pt 2% d
3 (LUMO)
Wiberg bond index natural charge

and the solvent was evaporated under vacuum. The residue was

complex TeCr TeC Te Cr c washed several times with hexanesfEand extracted with THF
[Te{Cr(CO}}21* 0.35 —0.39 -1.36 to yield a yellowish-orange sample of pil,[H,C(CsH,).CH>Te,-
[ZMeTe{Cf(CO)s}zl’ 833 832 +2-‘1‘$ *i-ig *822 {Cr(COX}4 ([Et:N]2[7]) (0.67 g, 0.46 mmol) (81% based on
Te(CrCONM 4% 0o : fojo b i [EtaN][Te{Cr(COX}2]). IR (vco, THF): 2049 w, 2029 m, 1962
0.34 m, 1962 w, 1926 vs, 1905 m, 1887 s tmAnal. Calcd for [E4N].-
3 0.3% 0.92 0.68 —1.39 -0.83 [7]: C,41.02; H, 3.58; N, 1.91. Found: C, 40.74; H, 3.64; N, 1.93.
0.39 IH NMR (400 MHz, DMSO#ds, 300 K, ppm): & 3.97 (s, CH), o
a Calculated at the level of BALYP/LANL2DZ® Calculated at the level 7.30, 7.32, 7.49, 7.51 (m, 8,) (chemical shifts not given for
of MP2/ LANL2DZ. [Et4N]+). 13C NMR (100 MHz, DMSOsds, 300 K, ppm): 0—1.28
(CHp), 126.5, 130.2, 137.4, 142.6 84), 219.6, 220.3, 226.5
Table 4. Results of Natural Bond Order and Natural (CrCO) (chemical shifts not given for [M]*). Crystals of [EiN].-
Population Analyses of the Te-X—Te Complexes 9, 10, 11, [7] suitable for single-crystal X-ray diffraction were grown from
and [H,CTex{Cr(CO)s}4]> (X = Hg, O, and CH,) Et,O/MeCN.

(1.33) s 92 oel (135 72- ~ Reaction of [Me;N];[Te{ Cr(CO)s} 5] with CIH 5C(CeHa)2CH CI
(OC)sCry o, /Cr(CO)s oc 1 _\_T ) /Cr(CO)s in THF. CIH,C(CsH4)2,CHCI (0.21 g, 0.84 mmol) was added to a
(00) e ﬁzj\c co (OC)sCr Aj’w ooy e THF solution (30 mL) of [MeN],[Te{Cr(CO)}s (1.48 g, 1.74

{_";_M, R ’[_1,'3‘2, s (oC)scr’ ! Cr(CO)s mmol) in an ice-water bath. The olive green solution became

9 @39 g0 (19 yellowish-brown instantly. After being stirred for 60 min, the
solution was filtered, and the solvent was evaporated under vacuum.
The residue was washed several times with hexangs/ahd

(3 990 ey - (oé_;;g i-ﬂ-ﬂdlgz {'E:'?{afsc:);' 2- extracted with THF to yield a yellow sample of [IWN];[H.C-
(oc]ﬁcr“"re’ *~Te-Cr\(CO)5 Te” “‘Tg (C6H4)20H2T92{ Cr(CO)g,} 6] ([Me4N]2[8]) (031 g, 0.18 mmOI) (21%
(0C)sCr~10:59) 058N CO)g (OC)sCr045) (0.457Cr(CO)s based on CIWC(CsH,)2CH.CI). IR (vco, THF): 2065 w, 2043 s,

Gy (139) e 1975 w, 1944 vs, 1900 vs crh Anal. Calcd for [MaN],[8]: C.

35.98; H, 2.09; N, 1.61. Found: C, 37.42; H, 2.78; N, 1.58.
Wiberg bond index natural charge NMR (400 MHz, DMSO¢, 300 K, ppm): 6 3.98 (s, CH), 6 7.49,
7.32 (m, GHy4) (chemical shifts not given for [EH]). 13C NMR

complex TeCr Tex Te ¢ X (100 MHz, DMSO#6s, 300 K, ppm): & —0.98 (CH), 126.6, 129.0,

9 (X = Hg) 0.35 050 —0.37 —1.34 +0.97 137.8, 143.0 (gH4), 213.6, 218.3, 220.6, 225.9 (CrCO) (chemical
10(X = Hg) 0.33 046 —007 —-134 +0.97 shifts not given for [MgN]*). Crystals of [MaN],[8] suitable for
%lizzéT;z{OC)r()CO)s}zdz 8:3? 8:;5 ig:ig :i:gg :8:32 iilrjl%le-crystal X-ray diffraction were grown from hexanes{&t

X = CH; :

Reaction of [EtN][Te{Cr(CO)s},] with HgCl, in MeCN.
HgCl, (0.09 g, 0.33 mmol) was added to a MeCN solution (20
mL) of [Et4N],[Te{Cr(CO)},] (0.41 g, 0.53 mmol) in an ice

aCalculated at the level of BSLYP/LANL2DZ Calculated at the level
of MP2/LANL2DZ.

Reaction of [MeN][CICH ,Te{Cr(CO)s}3] ([MesN][5]) with water t_aath. The green solution became orange instantly_ and was
[Me,N][Te{ Cr(CO)s}3] in MeCN. [Me,N][Te{Cr(CO)}] (0.28 then stirred for 30 min to produce an orange-brown solution. The
g, 0.33 mmol) was added to a MeCN solution (20 mL) of jME solution was filtered, and the solvent was evaporated under vacuum.

[5] (027 g, 0.33 mm0|) at ambient temperature. The resumng The residue was washed several times Wlmnd extracted with
solution was stirred for 26 h to produce a reddish-orange solution. THF to yield a reddish-orange sample of JE},[HgTe;{ Cr(CO)} 4]
The solution was filtered, and the solvent was evaporated under ((EtaN]2[9]) (0.31 g, 0.21 mmol) (79% based on }&{ [Te{Cr-
vacuum. The residue was washed several times wisd End (COX}2)). IR (vco, THF): 2044 s, 2032 s, 1938 vs, 1922 m, 1878
extracted with THF to yield a reddish-orange sample of JNlgH-- s cnT™. Anal. Caled for [EiN]Z[9]: C, 29.00; H, 2.71; N, 1.88.
CTe{Cr(CO)} 6] ([MesN]2[6]) (0.32 g, 0.20 mmol) (61% based Found: C, 29.13; H, 2.52; N, 2.05. Crystals of {E],[9] suitable
on [MeN][5]). IR (vco, THF): 2045 w, 2034 w, 1932 vs, 1880 s fTC)|_r|§ingIe-crystaI X-ray diffraction were grown from F£/MeOH/
cm L, .

Reaction of [EyN],[Te{ Cr(CO)s} ] with CIH ,C(CgH4),CHCI Reaction of [EuN],[Te{ Cr(CO)s} 3] with HgCl , in THF. HgCl,
in Acetone. CIH,C(CgH,4).CH.CI (0.14 g, 0.56 mmol) was added (0.17 g, 0.63 mmol) was added to a THF solution (30 mL) of
to an acetone solution (20 mL) of [&t],[Te{ Cr(CO)},] (0.88 g, [EtN][Te{ Cr(CO)} 5] (1.24 g, 1.29 mmol) in an icewater bath.
1.14 mmol) in an ice-water bath. The green solution became orange The olive green solution became reddish-orange instantly and was
instantly. After being stirred for 30 min, the solution was filtered, then stirred for 30 min to yield a red solution. The solution was
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HOMO HOMO HOMO

LUMO LUMO LUMO
[H>CTe, {Cr(CO)s}4]”

HOMO

LUMO

Figure 11. The spatial graphs (isovalue 0.02—0.04) of the selected frontier molecular orbitals of the-Ke-Te complexes (%= Hg,
O, and CH).

filtered, and the solvent was evaporated under vacuum. The residue Reaction of [Ey,N],[Te{ Cr(CO)s} ;] with O, in MeCN. Oxygen

was washed several times with,8tand extracted with THF to gas was bubbled through a MeCN solution (25 mL) of,[g3-

produce a red sample of [[B][HgTe{Cr(CO)}¢] ([EtaN]2[10]) [Te{Cr(CO)},] (0.34 g, 0.44 mmol) in an icewater bath. The

(0.51 g, 0.27 mmol) (43% based on HgCIR (vco, THF): 2057 green solution became reddish-brown instantly. After being stirred

s, 2032 s, 1980 w, 1946 vs, 1938 vs, 1895 s tmnal. Calcd for for 1 h, the solution was filtered, and the solvent was evaporated

[EtyN]2[10]: C, 29.57; H, 2.16; N, 1.50. Found: C, 29.66; H, 2.32; under vacuum. The residue was washed several times wi@® Et

N, 1.69. Crystals of [EN],[10] suitable for single-crystal X-ray and extracted with CHCl, to produce a reddish-brown sample of

diffraction were grown from EO/MeOH/THF. [EtsN]o[OTex{ Cr(CO)} 4] ([EtaN]2[11]) (0.27 g, 0.21 mmol) (95%
Reaction of [Et;N][HgTex{ Cr(CO)s} 4] ([EtaN]J2[9]) with HgCl based on [EN][Te{Cr(CO}}a]). IR (vco, THF): 2045 m, 2034

in THF. HgCl, (0.03 g, 0.11 mmol) was added to a THF solution M, 1933 vs, 1882 s cm. Anal. Calcd for [EiN];[11]: C, 33.26;

(25 m|_) of [EEN]Z[Q] (040 g, 0.27 mmo|) in an icewater bath. H, 3.10; N, 2.16. Found: C, 32.87; H, 3.48; N, 2.42. Crystals of

The orange solution became reddish-orange instantly and was thedEtaN]2[11] suitable for single-crystal X-ray diffraction were grown

stirred for 30 min to produce a red solution. The solution was from hexanes/CkCl..

filtered, and the solvent was evaporated under vacuum. The residue Reaction of [EuN],[Te{Cr(CO)s} 3] with O, in THF. Oxygen

was washed several times with,8tand extracted with THF to gas was bubbled through a THF solution (20 mL) of;MHt[Te-

yield a red sample of [EN],[HgTe{ Cr(CO)}¢] ([EtsN]-[10]) (0.10 {Cr(CO}}4] (0.61 g, 0.63 mmol) at-40 °C. The olive green

g, 0.05 mmol) (19% based on [f&l],[9]). solution became yellow-brown instantly. After being stirred for 30



Reaction of [EIN],[Te{ Cr(CO)} ] toward Electrophiles

Table 6. Crystallographic Data for 2, [MesN][3], [Et 4N][4], and [PPN][5]

Organometallics, Vol. 26, No. 25, 200195

2 [MesN][3] [EtaN][4] [PPN][5]
empirical formula @oHgCrOpoTe GoH1sCrsNOssTe Clgszclcl’zNOmTe (:52H32C:|CI‘3N015P2T6
fw 541.77 792.93 691.43 1291.81
cryst syst monoclinic triclinic monoclinic monoclinic
space group P2i/n P1 P2:/n P2i/c
crystal 0.18x 0.15x 0.09 0.40x 0.20x 0.15 0.20x 0.06 x 0.05 0.30x 0.25x 0.20

dimens, mm
a, A 10.4279(2) 8.892(8) 9.282802(2) 14.989(1)
b, A 12.1706(3) 12.670(5) 13.3823(1) 20.001(2)
c, A 14.0655(4) 13.25(1) 22.5814(5) 18.590(2)
o, deg 90.90(5)
B, deg 99.893(1) 90.66(7) 100.218(1) 98.42(1)
y, deg 91.76(6)
V, A3 1758.56(7) 1492(2) 2759.7(1) 5513(1)
z 4 2 4 4
D(calcd), g cnm3 2.046 1.765 1.664 1.520
u, mmt 2.908 2.097 1.968 1.270
diffractometer Nonius Nonius Nonius Nonius
(Kappa CCD) (CAD4) (Kappa CCD) (CAD4)
radiation ¢), A 0.71073 0.71073 0.71073 0.71073
temp, K 200(2) 293(2) 293(2) 293(2)
6 range for data collecn, deg 2:235.69 1.53-24.92 2.26-25.06 1.56-24.92
Trnin/ Tmax 0.56/0.79 0.54/0.72 0.78/0.87 0.71/0.74
no. of indep reflns 2752 4059 2757 6591
(1 > 20(1)) (Rnt = 0.0767) (Rint = 0.0267) (Rnt = 0.0748) (Rnt = 0.0279)
RI&wR22 0.039/0.102 0.053/0.146 0.058/0.154 0.039/0.117
(1> 20(1))
R13wR22 0.054/0.129 0.073/0.157 0.116/0.183 0.077/0.136
(all data)

aThe functions minimized during least-squares cycles were=R3l||Fo| — |F¢||/3 |Fo| and wR2= [¥[W(Fo? = FA)/ 3 [W(F?)?] Y2

Table 7. Crystallographic Data for [Et4N],[7], [Me4N]2[8], [EtaN]2[9], [EtsN]2[10], and [Et,N][11]

[EtaN]o[7] [Me4N]2[8] [EtaN]2[9] [EtaN]2[10] [EtaN]2[11]
empirical formula GeHesCraN2022Te,  CooHs2CreN2032Te; CagHaoCraHgN2O20TE2  CagHaoCreHgN2O30Te2  CaeHaoCraN2021Ter
fw 1608.34 1880.24 1484.49 1868.59 1299.90
cryst syst monoclinic monoclinic monoclinic triclinic orthorhombic
space group P2:/n P2i/n P2i/c P1 Fddd
crystal 0.80x 0.60x 0.44  0.20x 0.11x 0.07  0.21x 0.16x 0.12 0.16x 0.09x 0.03 0.30x 0.25x 0.10

dimens, mm
a A 9.357(3) 9.8092(1) 15.2744(2) 10.2579(2) 11.744(3)
b, A 36.21(1) 18.6258(2) 11.0433(2) 12.6000(2) 35.263(6)
c, A 10.548(3) 41.9228(5) 30.4798(6) 12.9949(3) 51.38(1)
o, deg 89.3168(7)
B, deg 94.136(5) 94.850(7) 93.7891(6) 72.3148(7)
y, deg 85.5263(1)
V, A3 3564(2) 7632.1(2) 5129.9(2) 1595.24(5) 21 276(8)
z 2 4 4 1 16
D(calcd), g cm?® 1.499 1.636 1.922 1.945 1.623
w, mmt 1.465 1.656 4.988 4.361 1.940
diffractometer Siemens Nonius Nonius Nonius Nonius
(SMART CCD) (Kappa CCD) (Kappa CCD) (Kappa CCD) (CAD4)
radiation ¢), A 0.71073 0.71073 0.71073 0.71073 0.71073
temp, K 293(2) 200(2) 200(2) 200(2) 293(2)
0 range for data collecn, deg  2.625.00 2.08-25.96 1.83-25.06 2.09-25.03 1.58-24.91
Tmin/ Tmax 0.77/0.96 0.74/0.87 0.40/0.46 0.61/0.73 0.71/0.82
no. of indep reflns 5917 8398 6612 4465 2707
(I > 20(1)) (Rnt = 0.0470) (Rint = 0.0999) (Rnt = 0.0574) (Rint = 0.0702) (Rnt = 0.0000)
R13wR22 0.085/0.211 0.056/0.140 0.046/0.109 0.044/0.103 0.035/0.085
(I'> 20(1))
R13wR22 0.089/0.214 0.118/0.191 0.073/0.135 0.066/0.135 0.102/0.105
(all data)

2The functions minimized during least-squares cycles were=Ral||Fo| — |F¢||/3|Fo| and WR2= [¥[W(F?> — FA)/ 3 [W(FH] Y2

min, the solution was filtered, and the solvent was evaporated under[EtsN],[11]. Selected crystallographic data #y[Me4N][ 3], [Et4N]-

vacuum. The residue was washed several times wit® Eind
extracted with THF to produce a sample of Jiu[Tex{ Cr(CO)} 4]-
(0.11 g, 0.09 mmol) (29% based on JE},[Te{ Cr(CO)} 3]), which
was further confirmed by X-ray analysis. IR4, THF): 2058 w,
2038 m, 2031 s, 1965 w, 1929 vs, 1907 w, 1873 stm
X-ray Structural Characterization of 2, [Me 4N][3], [EtsN]-
[4], [PPN][5], [EtaN]2[7], [MeaN][8], [Et4N]2[9], [EtaN]2[10], and

[4], [PPN][5], [EtsN][7], [MeaN]2[8], [EtaN]2[9], [EtaN][10], and
[EtuN]2[11] are shown in Tables 6 and 7. Selected distances and
angles for2, [MeyN][ 3], [EtsN][4], [PPN][5], [EtaN]2[7], [MesN] .-

[8], [Et4N]2[9], [EtaN][10], and [EkN],[11] are shown in Table 8.
Data collection fo2, [E4N][4], [MesN][8], [Et4N]2[9], and [E4N].-

[10] was conducted using a Brucker-Nonius Kappa CCD diffrac-
tometer with graphite-monochromated Maadiation at 298 K.
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Table 8. Selected Bond Distances (A) and Bond Angles (deg)
for 2, [MeN][3], [EtN][4], [PPN][5], [Et4N]2[7], [Me4N][8],
[EtaN]2[9], [Et4N]2[10], and [EtsN]>[11]

2
Te(1)-C(11) 2.135(7) C(1BTe(1)-C(12) 93.2(3)
Te(1)-C(12) 2.135(5) C(1BTe(1)-Cr(1) 110.3(2)
Te(1)-Cr(1) 2.6400(9) C(12)Te(1)-Cr(2) 105.7(2)
Te(1)-Cr(2) 2.6468(9)  C(1BTe(1)-Cr(2) 112.4(2)
C(12)-Te(1)-Cr(2) 108.7(2)
Cr(1)-Te(1)-Cr(2) 122.36(3)
[Me4N][3]
Te(1)-C(16) 2.154(7) C(16yTe(1)y-Cr(1) 100.2(2)
Te(1)-Cr(2) 2.717(2) C(16)Te(1)-Cr(2) 103.2(2)
Te(1)-Cr(2) 2.723(3) Cr(1yTe(1)-Cr(2) 118.41(6)
Te(1)-Cr(3) 2.734(2) C(16) Te(1)-Cr(3) 102.3(2)
Cr(1)-Te(1)-Cr(3) 114.37(6)
Cr(2)-Te(1)-Cr(3) 114.80(6)
[EtaN][4]
Te(1)-C(11) 2.140(8) C(11)Te(1)-Cr(2) 98.9(2)
Te(1)-Cr(2) 2.713(1) C(11)yTe(1)-Cr(1) 103.6(2)
Te(1)-Cr(1) 2.726(1) Cr(1yTe(1)-Cr(2) 118.27(4)
[PPN][5]
Te(1)-C(16) 2.181(5) C(16yTe(1)-Cr(2) 105.4(2)
Te(1)-Cr(2) 2.7097(9) C(16)Te(1)-Cr(2) 104.2(2)
Te(1)}-Cr(1) 2.7164(9) Cr(2yTe(1)-Cr(2) 117.25(3)
Te(1)-Cr(3) 2.7329(8) C(16)Te(1)-Cr(3) 97.0(1)
Cr(2)-Te(1)-Cr(3) 112.13(3)
Cr(1)-Te(1)-Cr(3) 117.39(3)
[EtaN]2[7]
Te(1)-C(11) 2.17(1) C(11)yTe(1)-Cr(1) 100.8 (3)
Te(1)-Cr(1) 2.724(2) C(11)Te(1)-Cr(2) 106.5(3)
Te(1)-Cr(2) 2.727(2) Cr(1yTe(1)>-Cr(2) 114.19(6)
[MesN]7[8]
Te(1)-C(31) 2.226(7) C(3H)Te(1)-Cr(3) 106.9(2)
Te(1)-Cr(3) 2.726(1) C(3L)Te(1)-Cr(2) 106.2(2)
Te(1)-Cr(2) 2.734(1) Cr(3y Te(1)-Cr(2) 113.12(4)
Te(1)-Cr(1) 2.756(1) C(31Te(1)-Cr(1) 98.2(2)
Te(2)-C(44) 2.214(8) Cr(3yTe(1)-Cr(1) 113.26(4)
Te(2)-Cr(6) 2.734(1) Cr(2} Te(1)-Cr(1) 117.17(4)
Te(2)-Cr(5) 2.738(1) C(44y Te(2)-Cr(6) 110.1(2)
Te(2)-Cr(4) 2.744(1) C(44yTe(2)-Cr(5) 99.2(2)
Cr(6)-Te(2)-Cr(5) 113.17(4)
C(44)-Te(2)-Cr(4) 106.40(2)
Cr(6)-Te(2)~Cr(4) 114.30(4)
Cr(5)-Te(2)-Cr(4) 112.36(4)
[EtN][9]
Hg(1)-Te(1) 2.6395(6)  Te(HHg(1)-Te(2) 173.79(2)
Hg(1)-Te(2) 2.6398(6) Hg(3) Te(1)-Cr(2) 98.56(3)
Te(1)-Cr(2) 2.751(1) Hg(1) Te(1)-Cr(1) 98.75(3)
Te(1)-Cr(1) 2.781(1) Cr(2yTe(1)y-Cr(1) 115.67(4)
Te(2)-Cr(4) 2.726(1) Hg(1) Te(2)-Cr(4) 103.83(3)
Te(2)-Cr(3) 2.745(1) Hg(1) Te(2)-Cr(3) 105.64(3)
Cr(4)-Te(2)-Cr(3) 116.92(4)
[EtN]2[10]
Hg(1)-Te(1) 2.6955(4) Te(H)Hg(1)-Te(1a) 180.00(2)
Cr(1)-Te(1) 2.731(1) Hg(L)Te(1)-Cr(3) 106.39(3)
Cr(2)-Te(2) 2.741(1) Hg(%)Te(1)-Cr(1) 104.06(3)
Cr(3)-Te(1) 2.725(1) Cr(3)Te(1)-Cr(1) 112.87(4)
Hg(1)-Te(1)-Cr(2) 98.87(3)
Cr(3-Te(1)-Cr(2) 114.90(4)
Cr(1)-Te(1)-Cr(2) 117.35(4)
[EtaN]2[1]]
O(11)-Te(1la) 2.252(5) Te(1la)O(11)-Te(1) 108.2(3)
O(11)-Te(2) 2.252(5) O(11)yTe(1)-Cr(2) 94.8(2)
Cr(1)-Te(1) 2.746(1) O(11) Te(1)-Cr(1) 106.11(5)
Cr(2)-Te(1) 2.728(1) Cr(3) Te(1)-Cr(1) 112.88(3)

An empirical absorption correction by multiscans was applied. Data
collection for [MeN][ 3], [PPN][5], and [E4N][11] was conducted

Shieh et al.

using a Nonius (CAD-4) diffractometer with graphite-monochro-
mated Mo Ka radiation at 293 K in the 2 range of 2.6-50°. An
empirical absorption correction by azimuthap)( scans was
applied?! Data collection for [EfN],[7] was conducted using a
Siemens SMART CCD (charged coupled device) diffractometer.
The structures were solved by direct methods and were refined by
SHELXL package$? All of the non-hydrogen atoms f&, [MesN]-

[3], [EtaN][4], [PPN][3], [EtsN]2[7], [MeN]2[8], [EtaN]2[9], [EtaN]2-
[10], and [EtN],[11] were refined with anisotropic temperature
factors. Additional crystallographic data in the form of CIF files
are available as Supporting Information.

Computational Details. All calculations reported in this study
were performed via the density functional theory (DFT) with
Becke’s three-parameter (B3) exchange functional and the-Lee
Yang—Parr (LYP) correlation functional (B3LYP37 or the
second-order MgllerPlesset (MP2$ method with a LanL2DZ
basis set using the Gaussian 03 series of packagé® geometries
of all of the calculated complexes were taken from the crystal
structures without further modification. Wiberg bond indiéesd
natural chargé8were evaluated using the Weinhold NBO metfod.
Graphic representations of the molecular orbitals were obtained
using Gaussview 3.0.
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