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Com plex fac-[Fe(CO)3(TePh)3]– was em ployed as a "metallo che lat ing" ligand to syn the size the neu tral
(CO)3Mn(µ-TePh)3Fe(CO)3 ob tained in a one-step syn the sis by treat ing fac-[Fe(CO)3(TePh)3]– with fac-[Mn -
(CO)3(CH3CN)3]

+.  It seems rea son able to con clude that the d6 Fe(II) [(CO)3Fe(TePh)3]
– frag ment is isolobal

with the d6 Mn(I) [(CO)3Mn(TePh)3]2- frag ment in com plex (CO)3Mn(µ-TePh)3Fe(CO)3. Ad di tion of fac-
 [Fe(CO)3 (TePh)3]– to the CpNi(I)(PPh3) in THF re sulted in for ma tion of the neu tral CpNi(TePh)(PPh3) also ob -
tained from re ac tion of CpNi(I)(PPh3) and [Na][TePh] in MeOH.  This in ves ti ga tion shows that fac-
 [Fe(CO)3(TePh)3]– serves as a tridentate metallo ligand and tellurolate ligand-transfer re agent.  The study also
in di cated that the fac-[Fe(CO)3 (SePh)3]– may serve as a better tridentate metallo ligand and chalcogenolate
ligand-transfer re agent than fac-[Fe (CO)3(TePh)3]– in the syn the ses of heterometallic chalcogenolate com -
plexes.

INTRODUCTION

The in ves ti ga tion of metal-tellurolate chem is try has
been ac tively pur sued re cently,1 mo ti vated pri mar ily by the
bond ing di ver sity, re ac tiv ity, and the po ten tial use as pre cur -
sors for metal-telluride ma te ri als.2

Re cent work in this lab o ra tory has shown that fac-
 [Fe(CO)3 (SePh)3]– can serve as a che lat ing and selenolate
ligand-transfer re agent to syn the size (1) dis torted square pla -
nar [Ni(CO)(SePh)3]–, the po ten tial biomimetic nickel-site
struc ture of CO dehy drogenases, from re ac tion of fac-
 [Fe(CO)3(SePh)3]–, [CpNi (CO)]2, and (SePh)2 via che lat ing
and selenolate ligand-transfer,3 (2) heterotrimetallic Fe(II)-
 M-Fe(II)-selenolate com plexes (CO)3Fe (µ-SePh)3M(µ-
 SePh)3 Fe(CO)3(M = Fe, Ni, Zn, Cd) with a unique homoleptic
hexaselenolatometal (MSe6) core, re spec tively,4 and
[(CO)3Mn(µ- S-2-S-C4H3S)3Ni (µ-SePh)3Fe(CO)3]– with
heter o leptic hexachalcogenolatonickel (NiS3Se3) core;5 and
(3) neu tral [Fe(CO)2(phen)(SePh)2] (phen = 1, 10- phen -
anthroline) re quir ing intermetal selenolate and CO lig -
ands-transfer from fac-[Fe(CO)3 (SePh)3]– to [Fe(phen)3]2+

(re dis tri bu tion re ac tion).4

Here we ex am ined the re ac tiv ity of the an a logue,
iron(II)-tellurolate spe cies fac-[Fe(CO)3(TePh)3]–,6 by re act -

ing it with fac-[Mn(CO)3(CH3CN)3]+ and CpNi(I)(PPh3) in di -
vid u ally.  Spe cifically, syn the sis and char ac ter iza tion of the
heterodinuclear FeII-MnI-tellurolate and the neu tral NiII-
 tellurolate com plex by em ploy ing fac-[Fe(CO)3(TePh)3]– as a
che lat ing and intermetal tellurolate ligand-transfer re agent
are de scribed.

RESULTS AND DISCUSSION

As il lus trated in Scheme Ia, when a THF so lu tion of
fac-[Fe(CO)3(TePh)3]– and [Mn(CO)3(CH3CN)3][PF6] are
stirred un der N2,7 a re ac tion en sues over the course of 12 h at
am bi ent tem per a ture to yield the neu tral heterodinuclear
(CO)3Mn(µ-TePh)3 Fe(CO)3 (1) in 80% iso lated yield af ter
removal of [PPN][PF6] by di ethyl-ether/hex ane and
recrystalliza tion with hex ane-diethyl ether.  The brown pur -
ple, heterodimetallic com plex 1 which is sol u ble in com mon
or ganic sol vents like THF and CH2Cl2, dis plays no ten dency
to de com pose un der ni tro gen at room tem per a ture.  The car -
bonyl stretch ing bands 2063 s, 2003 vs of com plex 1 (com -
pared to ν(CO) 2021 s, 1963 s of fac-[Fe(CO)3(TePh)3]–)6

were as signed to the FeII(CO)3 frag ment, and the stretch ing
bands 1923 s, 2003 vs (com pared to ν(CO) 1896 s, 1970 s of
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[(CO)3Mn(µ-TePh)3 Mn(CO)3]–)8 were at trib uted to the CO
stretch ing bands of the MnI(CO)3 frag ment of com plex 1.  The
IR ν(CO) data sug gested its for mu la tion of (CO)3Mn(µ-
 TePh)3Fe(CO)3 with the two metal ions, MnI and FeII, be ing
bridged by three phenyltellurolates, which was also con -
firmed by X-ray crys tal log ra phy.  1H NMR spec tra are con sis -
tent with the pres ence of the low-spin octahedrally co or di -
nated d6 Fe(II) and d6 Mn(I) ions with fa cial car bon yls.  In
light of this re sult, the neu tral (CO)3Mn(µ-TePh)3Fe(CO)3

fea ture oc ta he dral co or di na tion about each of the Mn(I) and
Fe(II) ions with three ter mi nal car bon yls in the fa cial po si -
tions and bears a closer struc tural re sem blance to the re ported
[(CO)3Mn(µ-TePh)3Mn(CO)3]–,8 i.e. the d6 Fe(II) [Fe(CO)3]2+

frag ment is isolobal with the d6 Mn(I) [Mn(CO)3]+ frag ment.9

The neu tral com plex 1 ap pears to have no pre ce dent in
heterodinuclear-tellurolate chem is try.

In con trast, re ac tions of fac-[Fe(CO)3(TePh)3]– with
Cd(NO3)2⋅4H2O, Zn(BF4)2⋅6H2O, Ni(NO3)2⋅6H2O, Fe(ClO4)2⋅
Η2O were not suc cess ful in syn the siz ing heterotrimetallic
tellurolates (CO)3Fe(µ-TePh)3M(µ-TePh)3Fe(CO)3 (M = Cd,
Zn, Ni, Fe) with a homoleptic hexatellurolatometal core M(Te)6,
re spec tively.  This is in con trast to the ob ser va tion that
heterotrimetallic selenolate com plexes (CO)3Fe(µ- SePh)3M(µ-
 SePh)3Fe(CO)3 were readily ob tained un der sim i lar re ac tion
con di tions.4

In com par i son, the ad di tion of one equiv of fac-
 [Fe(CO)3(TePh)3]– to a THF so lu tion of CpNi(I)(PPh3) un der N2

led to the iso la tion of dark red-brown CpNi(TePh)(PPh3), the
known (CO)3Fe(µ-TePh)2Fe(CO)3,10 [PPN][I], and the un iden ti -
fied solid (Scheme Ib).  The com plex CpNi(TePh) (PPh3) (2) is
sol u ble and sta ble in THF, and crys tal lized from THF-hexane at
-15 °C.  The most likely ex pla na tion for the for ma tion of com -
plex 2 is that fac-[Fe(CO)3(TePh)3]– was em ployed as an

intermetal tellurolate ligand-transfer re agent.  The 1H and 13C
NMR spec trum of com plex 2 shows the ex pected sig nals (1H
NMR (C4D8O): δ 4.99 (s) ppm (Cp); 13C NMR (C4D8O): δ 93.96
(s) ppm (Cp)) for the Cp ring in volved and dis played char ac ter is -
tics of dia mag netic d8 NiII spe cies.  Ad di tionally, when
CpNi(I)(PPh3) was re acted in stoichio metric pro por tions with
[Na][TePh] (ob tained from re ac tion of [Na][BH4] and (TePh)2 in 
2:1 ra tio) in MeOH un der N2, the neu tral red brown com plex 2
was also ob tained af ter be ing sep a rated from NaI (Scheme Ic).

The X-ray struc tural anal y sis of com plex 1 is de picted in
Fig. 1; se lected bond dis tances and an gles are col lected in Ta ble
2.  In a first ap prox i ma tion, the MnTe3(CO)3/FeTe3(CO)3 frag -
ments may be de scribed as face-sharing octahedra.  The phenyl
groups of three bridg ing benzenetellurolates in 1 form a reg u lar
pro pel ler-like ar range ment around the Te3 plane de fined by the
three telluriums.  In a sense, neu tral com plex 1 is isostructural
with the an ion [(CO)3Mn(µ-TePh)3Mn(CO)3]–.  Com plex 1 con -
tains dis crete dinuclear units in which the d6 Mn(I) and d6 Fe(II)
ions are un sym met ri cally bridged by three benzene tellurolates.
The av er age Fe-TePh bond length of 2.631(1) Å in 1 is com pa ra -
ble with the re ported ter mi nal Fe-TePh bond length of 2.630(4)
Å  in fac-[Fe(CO)3(TePh)3]–.6  The bridg ing Mn-TePh dis tances
(av er age 2.654(1) Å) in com plex 1 are com pa ra ble to those in
[(CO)3Mn(µ-TePh)3 Mn(CO)3]

– (av er age 2.666(2) Å),8 in
cis-[Mn(CO)4(TePh)2]– (av er age 2.673(1) Å).8  The dis tinctly
dif fer en tial Fe-TePh (2.631(1) Å) and Mn-TePh (2.654(1) Å)
bond dis tances (Fe-TePh dis tance is ca. 0.02 Å shorter than the
Mn-TePh dis tance) also sup port the for ma tion of com plex 1 as a
heterodinuclear FeII-MnI-tellurolate com plex con sis tent with the 
con clu sion in IR ν(CO) data.  The larger Te-Fe-Te an gle (av er -
age 82.08(3)°) com pared with the Te-Mn-Te an gles (av er age
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Scheme  I

Fig. 1. ORTEP draw ing and la bel ing scheme of the neu -
tral (CO)3Mn(µ-TePh)3Fe(CO)3 with ther mal el -
lip soids drawn at the 30% prob a bil ity level.



81.20(3)°), ob served in com plex 1, is as cribed to the prox im ity
of the bridg ing benzenetellurolate groups to the Fe(II) cen ter.

The crys tal struc ture of the neu tral CpNi(TePh)(PPh3) was 
de ter mined with X-ray dif frac tion (Fig. 2).  The ter mi nal
NiII-TePh bond length of 2.4804(6) Å  ob served in com plex 2 is
com pa ra ble to Ni-Te dis tance in CpNi(Te-C6H3Me3)  -

(P(C2H5)3).11  Of par tic u lar sig nif i cance, the Ni-C(27) bond of
length 2.056(4) Å  in com plex 2 is sig nif i cantly shorter than the
av er age Ni-C bonds (av er age 2.115(4) Å); it is as sumed that the
steric ef fect of the Te atom on the metal-bound cyclopentadiene
at oms causes sig nif i cant bond ing be tween Ni and C(27) at oms
(the bond an gle of Te-Ni-C(27) 163.92(2)°).

In these re ac tions the com plex fac-[Fe(CO)3(TePh)3]–

acts as a po ten tial chelating metallo ligand", and the che lat ing
prop erty of the iron(II) tellurolate com plex of fers novel routes 
to ward heterometallic tellurolate spe cies.  This in ves ti ga tion
also in di cated that the fac-[Fe(CO)3(SePh)3]– may serve as a
better tridentate metallo ligand and chalcogenolate
ligand-transfer re agent than fac-[Fe(CO)3(TePh)3]– in the syn -
the ses of heterometallic chalcogenolate com plexes.

EXPERIMENTAL SECTION

Ma nip u la tions, re ac tions, and trans fers of sam ples were
con ducted un der ni tro gen ac cord ing to stan dard Schlenk tech -
niques or in a glovebox (ar gon gas).  Sol vents were dis tilled
un der ni tro gen from ap pro pri ate dry ing agents (di ethyl ether
from CaH2; acetonitrile from CaH2-P2O5; hex ane and
tetrahydrofuran (THF) from Na-benzophenone) and stored in
dried, N2-filled flasks over 4 Å mo lec u lar sieves.  A ni tro gen
purge was used on these sol vents be fore use and trans fers to
re ac tion ves sels were via stain less-steel can nula un der N2 at a
pos i tive pres sure.  The re agents man ga nese decacarbonyl, iron 
pentacarbonyl, di phen yl ditelluride, bis(tri phenylphosphoranyl -
idene)am mo nium chlo ride (Aldrich) were used as re ceived.
In fra red spec tra were re corded on (Bio-Rad FTS-185 and
FTS-7 FTIR spec trom e ter) with sealed so lu tion cells (0.1 mm) 
and KBr win dows, NMR spec tra on a Bruker AC 200 spec -
trom e ter, 1H and 13C chem i cal shifts be ing rel a tive to
tetramethylsilane and UV/VIS spec tra on a GBC 918
spectrophotometer.  Anal y ses of car bon, hy dro gen were ob -
tained with a CHN an a lyzer (Heraeus).

Prep a ra tion of (CO)3Mn(µ-TePh)3Fe(CO)3 (1)
A so lu tion con tain ing fac-[PPN][Fe(CO)3(TePh)3] (1

mmol, 1.29 g)6 and [Mn(CO)3(CH3CN)3][PF6] (1 mmol, 0.407 
g)7 in THF (3 mL) was stirred un der ni tro gen at am bi ent tem -
per a ture.  Af ter stir ring of the re ac tion so lu tion over night, the
or ange pur ple so lu tion ac com pa nied by a gray pre cip i tate,
pre sum ably [PPN][PF6], was formed.  Di ethyl ether (5 mL)
was added into the or ange pur ple so lu tion and then the so lu -
tion was fil tered to re move [PPN][PF6].  The fil trate was dried
un der vac uum and then di ethyl ether (5 mL)-hex ane (3 mL)
were added to ex tract the brown pur ple solid.  The mix ture so -
lu tion was then stored still at room tem per a ture for two days to 
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Ta ble 1. Crys tal lo graphic Data of Com plexes 1, and 2

                                               1                                 2

chem for mula
fw
cryst syst
space group
λ, Å(Mo Kα)
a, Å
b, Å
c, Å
α, deg
β, deg
γ, deg
V, Å3

Z
dcalcd, g cm-3

F(000)
µ, cm-1

T, °C
Ra

Rw
b

GOFc

C24H15O6MnFeTe3

892.95
monoclinic
P 21/n
0.7107
8.961(1)
17.496(3)
17.309(2)

97.86(1)

2688.2(7)
4
2.206
1650
42.283
23
0.032
0.028
1.23

C29H25PTeNi
590.79
triclinic
P 1
0.7107
9.744(2)
11.466(3)
11.805(1)
80.07(2)
73.66(1)
82.64(2)
1242.3(4)
2
1.579
578
20.156
23
0.027
0.027
2.42

a R = Σ|(Fo-Fc)|/ΣFo.  
bRw = [Σω(Fo-Fc)

2/ΣωFo
2]1/2.

c GOF = [Σ[ω(Fo-Fc)
2/(M-N)]1/2 where M = num ber of re flec -

tions and N = num ber of pa ram e ters.

Fig. 2. ORTEP draw ing and la bel ing scheme of the
CpNi(TePh)(PPh3) with ther mal el lip soids
drawn at the 30% prob a bil ity level.



pre cip i tate the pure brown pur ple solid (CO)3Mn(µ-
 TePh)3Fe(CO)3.  The yield was 0.717 g (80%).  Dif fu sion of
hex ane into (CO)3Mn(µ-TePh)3Fe(CO)3 di ethyl ether so lu tion 
at -15 °C for 4 weeks led to for ma tion of or ange pur ple crys -
tals of com plex 1 suit able for X-ray crys tal log ra phy.  IR
(THF): ν(CO) 2063 m, 2003 vs, 1923 m, br cm- 1.  1H NMR
(CD2Cl2): δ 7.24-7.88 (m) ppm (Ph).  13C NMR (CD2Cl2): δ
204.93 ppm (Fe-CO), 138.30 (s), 129.81 (s), 129.54 (s),
105.25 (s) ppm (Ph).  Ab sorp tion spec trum (THF) [λmax, nm
(ε, M- 1 cm- 1)]: 385 (3245), 534 (890).  Anal. Calcd for
C24H15O6Te3FeMn: C, 32.28; H, 1.69.  Found: C, 32.18; H,
1.75.

Prep a ra tion of CpNi(TePh)(PPh3) (2)
A so lu tion of [Na][TePh] (ob tained from re ac tion of

[Na][BH4] (1 mmol, 0.038 g) and (TePh)2 (1 mmol, 0.410 g) in
MeOH) in 15 mL of MeOH was added to CpNi(I)(PPh3) (1
mmol, 0.513 g) un der ni tro gen at am bi ent tem per a ture.  Af ter
stir ring of the re ac tion so lu tion for 1 h, the brown so lu tion ac -
com pa nied by a red brown pre cip i tate was formed.  The so lu tion
was re moved un der pos i tive N2 and then the red brown solid was
washed with MeOH twice.  The yield of com plex 2 was 0.438 g
(74%).  Dif fu sion of hex ane into CpNi(TePh) (PPh3) THF so lu -
tion at -15 °C for 5 weeks led to for ma tion of crys tals of com plex
2 suit able for X-ray crys tal log ra phy.  1H NMR (C4D8O): δ 4.99
(s) ppm (Cp).  13C NMR (C4D8O): δ 93.96 (s) ppm (Cp).  Anal.
Calcd for C29H25PTeNi: C, 58.95; H, 4.27.  Found: C, 59.27; H,
4.49.

Re ac tion of fac-[Fe(CO)3(TePh)3]– and CpNi(I)(PPh3)
A so lu tion of fac-[Fe(CO)3(TePh)3]– (0.4 mmol, 0.516 g)

in THF (5 mL) was stirred with CpNi(I)(PPh3) (0.4 mmol, 0.206
g) over night at am bi ent tem per a ture, re sult ing in the for ma tion
of a red brown so lu tion and the sol vent-insoluble gray solid
[PPN][I], and an un iden ti fied solid.  The red brown so lu tion was
trans ferred into an other flask and dried un der vac uum.  Hex ane
was added to ex tract the neu tral hex ane-soluble prod uct iden ti -
fied as the known Fe2(CO)6(µ- TePh)2 by IR (IR νCO (hex ane)
2056 m, 2021 vs, 1980 m, 1962 sh).  The hex ane-insoluble red
brown solid was washed twice with hex ane and iden ti fied as the
neu tral CpNi(TePh)(PPh3) (yield 11%).

Crys tal log ra phy
Crys tal lo graphic data for com plexes 1, and 2 are col lected

in Ta ble 1 and in the Sup porting In for ma tion.  All crys tals were
chunky: 1, brown, ca. 0.30 × 0.30 × 0.50 mm; 2, dark brown,
0.55 × 0.50 × 0.40 mm.  Each was mounted on a glass fi ber and
quickly coated in ep oxy resin.  The unit-cell pa ram e ters were ob -
tained by the least-square re fine ment from 25 re flec tions with 2θ
be tween 18.82 and 28.14° for 1 and be tween 18.90° and 29.22°
for 2.  Dif frac tion mea sure ments for com plexes 1 and 2 were
car ried out at 23 °C on a Nonius CAD 4 diffractometer with
graph ite-monochromated Mo Kα ra di a tion (λ 0.7107 Å) em -
ploy ing the θ- 2θ scan mode.12  A ψ-scan ab sorp tion cor rec tion
was made.  In the struc ture de ter mi na tion, the po si tions of Fe
and Mn at oms are de ter mined on the ba sis of the syn thetic route,
not from the X-ray dif frac tion data for com plex 1.  The
NRCC-SDP-VAX pack age of pro grams was em ployed and
atomic scat ter ing fac tors were from ref. 13.
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Ta ble 2. Se lected Bond Dis tances (Å) and An gles (deg) for (a)
1, (b) 2

(a) 1
Fe-Te(1)
Fe-Te(2)
Fe-Te(3)
Fe-Te(1)-Mn
Fe-Te(2)-Mn
Fe-Te(3)-Mn
Te(1)-Mn-Te(2)
Te(1)-Mn-Te(3)
Te(1)-Mn-C(4)
Te(1)-Mn-C(6)
(b) 2
Ni-Te
Ni-C(26)
Ni-C(28)
Te-Ni-P
Te-Ni-C(26)
Te-Ni-C(28)

2.628(1)
2.640(1)
2.623(1)
82.26(3)
81.29(3)
82.21(3)
78.97(3)
83.40(3)
93.43(24)
172.99(22)

2.4804(6)
2.113(4)
2.124(4)
92.69(3)
135.98(15)
127.41(15)

Mn-Te(1)
Mn-Te(2)
Mn-Te(3)
Te(1)-Fe-Te(2)
Te(1)-Fe-Te(3)
Te(1)-Fe-C(1)
Te(1)-Fe-C(2)
Te(1)-Fe-C(3)
Te(1)-Mn-C(5)

Ni-C(25)
Ni-C(27)
Ni-C(29)
Te-Ni-C(25)
Te-Ni-C(27)
Te-Ni-C(29)

2.638(1)
2.678(1)
2.646(1)
79.83(3)
84.04(3)
93.6(3)
89.69(22)
168.0(3)
93.22(23)

2.117(4)
2.056(4)
2.104(4)
104.45(13)
163.92(12)
99.65(13)



CpNi(TePh)(PPh3) (11 pages).  Or der ing in for ma tion is on
any cur rent mast head page.
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