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fac-[PPN][Fe(CO)3(TePh);}: Oxidative Addition of (PhTe); to [PPN][PhTeFe(COQ),]
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The S-S and Se—Se bonds of organic disulfides and diselenides
have been known to be reactive toward nucleophiles, electrophiles,
and radical reagents.!-> Oxidative addition of organic disulfide
tocoordinatively unsaturated, low-valent transition-metal species
is a well-known convenient method for preparing metal-dithiolate
complexes.>% The ligand chemistry of tellurium remains rather
sparse.”® At present, the general routes to metal tellurolate
complexes involve a metathesis reaction between an alkali-metal
tellurolate and a metal halides,® or involve the insertion of
tellurium into the metal-alkyl bond.¢ We report here on the
deliberate synthesis and structure of fac-[PPN][Fe(CO);(TePh)s].

The preparation of the simple iron(0) tellurophenolate complex
[PPN][PhTeFe(CO),] involves a similar method to those used
for the synthesis of analogous sulfur/selenium compounds (eq
1).'0.11  Although the mechanistic features have not been
established, formation of iron(0) tellurophenolate complex ac-
companied by formation of benzenetellurol which is known to
decompose at room temperature'2 may occur by addition of
PhTeTePh to [PPN][HFe(CO),].

[PPN][HFe(CO),] + PhREEPh —
[PPN][PhEFe(CO),] + PhEH (1)

E =S, Se, Te

The reaction of [PPN][HFe(CO),]'3* with 2 equiv of
PhTeTePh!3® in THF at ambient temperature (5 h) leads to a
dark purple solution from which the moderately air- and light-
sensitive crystalline solid fac-[PPN][Fe(CO);(TePh);] can be
isolated in 94% yield after removal of solvent and recrystallization
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Figure 1. Infrared vco absorbance changes vs time for the reaction of
[HFe(CO)4)- with (PhTe), in THF at ambient temperature. Curve a
(—X-X-) corresponds to the formation of [PhTeFe(CO),;)-. Curves b
(20 min) and ¢ (2 h) correspond to [PhTeFe(CO),]- + [Fe(CO)3(TePh),],

and curved (—-—-~ ) corresponds to [Fe(CO)3(TePh);]-.
Scheme I
(PPN][HFe(CO),] —LEATETePh(THE) (ppN(phTeFe(CO),] + PhTeTePh
nz?2 + PhTe-H (unstable)
-co

fac-[PPN][Fe(CO);(TePh),]

with THF and hexane. Reaction of [HFe(CO),]- and a 4-fold
excess of PhTeTePh speeds up the reaction considerably. The
two-band pattern in the »(CO) IR region of the final product is
characteristic of a facial tricarbonyl complex with C3, symmetry,
and assigned to fac-[Fe(CO);(TePh);]-, produced according to
Scheme 1.

The »(CO) IR monitor of the reaction in THF solution at
ambient temperature is shown in Figure 1 (reaction of 1 equiv
of [PPN][HFe(CO),] and 2 equiv of (PhTe), in THF). Figure
la shows formation of the intermediate complex [PPN][Ph-
TeFe(CO).], also reflected by an immediate change to a dark
brown red homogeneous solution. Within 20 min fac-[PPN]-
[Fe(CO)3(TePh);] begins to form (Figure 1b). Figure lc
corresponds to [PPN][PhTeFe(CO)4) + fac-[PPN][Fe(CO)s-
(TePh);). After continued stirring for 5 h, the dark purple fac-
[PPN][Fe(CO);(TePh);] is completely formed, as shown in
Figure 1d. The carbon monoxide atmosphere does not prevent

© 1993 American Chemical Society



Communications
Scheme II
(PhTe)s CO + (PhTe)y
[PhTeFe(CO)s)" —————— [Fe(CO)3(PhTe)s}"
(PhSe)> (PhSe)z
[HFe(CO)4)" [PhSeFe(CO)yJ- —————————> [Fe(CO)3(SePh)s]-
(PnS) (PhS)
{PhSFe(CO)4) ~——————> no reaction
Scheme II1

2(PhE); (E=Te. Se)
[EtyN][Fe(CO)3(EPh);]

[EuN][HFe(CO)3PPh;]

2(PhS)s
[EtyN}[PhSFe(CO)4]

+unidentfied insoluble solid

the oxidative addition of PhTeTePh even exposing the mixture
of [PPN][PhTeFe(CO),] and PhTeTePh under 1 atm of CO in
THF at room temperature (Scheme IT). We have extended this
chemistry using PhSeSePh and [PPN][PhSeFe(CO)4]!! as
starting material. The IR, UV, and '*C NMR spectroscopic
data show that {PhSeFe(CO).]- also promoted the oxidative
addition of diphenyl diselenide. However, we have been unable
to observe any indications of formation of fac-[PPN]{Fe-
(CO);3(SPh);] complex in the reaction of [PPN][PhSFe(CO),]
and PhSSPh under the same condition for 2 days on the basis of
IR spectra (Scheme II).

We extend our interests to the reactivity of iron(0) phenyl-
chalcogenolate derivatives whose reactivity may be tailored by
pendant ligand selection. The attempted synthesis of [PPN]-
[Fe(CO),(PPh;)(EPh),] (E = Te, Se) in a manner analogous to
[PPN][Fe(CO):(EPh);] by reaction of 1 equiv of trans-
[PPN]{HFe(CO);PPh,]'* and 2 equiv of (PhE), affords only
fac-[PPN][Fe(CO);(TePh);] and fac-[PPN][Fe(CO);-
(SePh),] respectively, followed by loss of one triphenylphosphine
ligand instead of one carbonyl group (Scheme III). We also
found that [HFe(CO);PPh;}- reacts much more faster at room
temperature in THF with (PhE), (E = Te, Se) to form
fac-[Fe(CO);(EPh);]- than [HFe(CO)4]- does. This result
indicates that [Et;N][HFe(CO);PPh;] might be an attractive
candidate to synthesize [Fe(CQ);(SPh);]- since the triphe-
nylphosphine ligand may be readily lost in the oxidative addition
reaction. Onthe contrary we found that trans-[HFe(CO);PPh;]-
reacted quickly with (PhS); (1:2 ratio) to afford [PhSFe(CO)4]-
and some unidentified insoluble solid in THF at room temperature
(Scheme III).

The structure of the fac-[Fe(CO);(TePh);] unit in the PPN+
salt is shown in Figure 2. The title compound crystallizes as
discrete cations of PPN and anions of [Fe(CO);(TePh);]-, and
one-half solvent molecule THF. The anionic [Fe(CO);(TePh);]-
represents the first FeTe; molecular fragment for a mononuclear
Fecomplex. Typicalvalues for Fe-Te bond distances are between
2.47 and 2.59 A, generally in the form of bridging TeR or triply
bridging Te atoms. A recent report of the structure of tetra-
hedrally symmetric [Fe(PEt;)Te], extends the range of Fe-Te
lengths to 2.609(1) A.'5 The Fe-Telengths in the title compound
average 2.630(4) A, which is longer than the reported terminal
Fe-TePh average bond length 2.598(2) A in [Fe,Te4(TePh),]-3
cubane.!¢ In the title compound, the Te--Te contact distances
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Figure 2. Molecular structure of the complex [Fe(CO)3(TePh)s]-.

are 3.477-3.575 A, much longer than the Te-Te bond distances,
ranging from 2.717 to 2.763 A, in Te cluster compounds.'” It
is believed that in the [Fe(CO);(TePh);]- anion, there is no Te—
Te bonding.

The coordination geometry around the Fe(Il) center is
octahedral. Though not required crystallographically, the anion
virtually displays C; molecular symmetry. The Fe~C(CO)lengths
average 1.770(6) A that is shorter than the statistical average of
2572 Fe~C(CO) reported bond distances of 1.782(30) A.!® Since
the CO groups are in positions trans to TePh, a slightly increased
back-bonding toward CO is expected and, therefore, a slightly
shortened length is reasonable. The structural parameters of the
PPN cation conform to reported values.!3

Experimental Section. The sample manipulations, sample
transfer and reactions were performed under an atmosphere of
pure nitrogen by using standard Schlenk techniques and in a
nitrogen atmosphere glovebox. Solvents were purified, dried,
and stored in dried, N,-filled flasks over activated 4-A molecular
sieves. A nitrogen purge was used on these solvents prior to use,
and transfers to the reaction vessels were via stainless steel cannula
under positive pressure of N,. The reagents iron pentacarbonyl,
diphenyl diselenide, phenylmagnesium bromide, tellurium powder,
and triphenylphosphine (Aldrich) were used as received. The
compounds [PPN][HFe(CO),]!? and trans-[PPN][HFe-
(CO);PPh;] 4 were prepared by established procedures. Infrared
spectra were recorded on a Bio-Rad FTS-7 FTIR spectrometer
using 0.1-mm sealed KBr solution cells. NMR spectra were
performed ona Bruker AC 300 spectrometer. UV-visiblespectra
were recorded on a GBC 918 spectrophotometer. Elemental
analyses were performed by Elemental Analyses Center of
National Science Council, Taichung, Taiwan, R.O.C.

Preparation of [PPNJPhTeFe(CO)]. To a light-brown so-
lution of [PPN][HFe(CO),] (0.707 g, 1 mmol) in 5 mL of THF
was added diphenyl ditelluride THF solution (0.409 g, 1 mmol
in 5 mL) drop by drop, and occasionally monitored by IR at
ambient temperature. After the reaction was completed, the
brown-red solution was then concentrated to 3 mL, and hexane
was slowly added to precipitate a brown solid. The mother liquor
was removed via cannula, and the solid was dried under vaccum.
The isolated yield is 96%. '*C NMR (CD;CN): 219.4 (s) ppm
(CO), 118.2-138.6 ppm (CsHe). »(CO)(THF): 1900vs, 2002
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Table I. Crystallographic Data for
[PPN][Fe(CO)3(TePh);]-0.5THF

Communications

Table II.  Selected Bond Lengths (A)

empirical formula Cs9H4905 sNFeP;Tes
mol wt 1328.62
space group C2/c

cryst syst monoclinic
a/A 32.116(1)
b/A 11.760(4)
c/A 29.027(10)
B/deg 94.942(3)
V/A3 10923(6)
deuca/g cm™3 1.6156

V4 8

cryst dimens, mm

0.24 X 0.13 X 0.32

radiation A\(Mo Ka)/A 0.709 30

26 (max), deg 120.0

no. of measd reflcns 8139

no. of unique reflcns 8139

no. of obsd reflens (1> 2.54(1)) 5662

transm factors (min/max) 0.2889/0.9989
R(F) 0.067

R(F)t 0.077

‘ R(I(?)F=)Z"F0|‘ [Fell/ ZIFe). © Ru(F) = [Lw(|Fo| - |Fd)/ ZwlFo2] /% w

= 1/a¥(|F)|

wcem™!'. Anal. Caled for C4sH3sNO,P,TeFe: C, 60.5; H, 3.8;
N, 1.5. Found: C, 60.2; H, 4.0; N, 1.4.

Synthesis of fac-[PPN]Fe(CO)3;(TePh)s]. The reaction of
[PPN][HFe(CO),] (0.708 g, 1 mmol) with PhTeTePh (0.818 g,
2 mmol) in 10 mL of THF at ambient temperature for 4-5 h
leads to a dark purple solution. The reaction mixture was
concentrated to 4 mL, and then hexane was slowly added to
precipitate a purple solid. The mother liquor was removed via
cannula and then dried under vacuum. The moderately air- and
light-sensitive crystalline solid fac-[PPN][Fe(CO);(TePh);]} was
isolated in 94% yield. 3CNMR (CD;CN): 215.8 (s) ppm (CO),
118.2-140.7 ppm (C¢Hs). »(CO) (THF): 1963vs, 2021vscm™!.
Absorption spectrum (THF) {Ana., nm (¢, M-! em™)]: 336
(20 162), 450 (2408), 521 (2130). Anal. Calcd for
Cs7:H4sNO;P,Te Fe: C, 52.9; H, 3.5; N, 1.08. Found: C, 52.5;
H, 3.6; N, 1.0.

Preparation of [PPN]Fe(CO)3(SePh);]. Diphenyl diselenide
(0.31 g, 1 mmol) in S mL of THF was added to a stirred THF
solution of {PPN][PhSeFe(CO),]!! (0.864 g, 1 mmol) (or
[PPN][HFe(CO),], 0.35 g, 0.5 mmol) at ambient temperature.
The reaction mixture was allowed to stir at room temperature for
40 h. The solvent was removed under vacuum, and hexane was
added to precipitate out a dark-red product from THF /hexane,
affording 1.0 g (92%) of [PPN][Fe(CO);(SePh);]. '*C NMR
(CD;CN): 212.7 ppm (CO). IR (»(CO); THF): 1975 vs, 2032
vs,2039shem-!. Absorption spectrum (THF) [Anay, nm (¢, M-!
cm!): 306 (19 020), 427 (2957), 482 (2460). Anal. Calcd for
Cs;H4s03NP.SesFe: C, 59.72; H, 3.96; N, 1.22. Found: C,
59.96; H, 4.22; N, 1.38,

Reaction of [Et,N]JHFe(CO);PPh;] with Diphenyl Dichalco-
genide. [Et;N][HFe(CO);PPh;]'4(0.533 g, 1 mmol) was reacted
with PhTeTePh (0.82 g, 2 mmol), PhSeSePh (0.64 g, 2 mmol),

Te(1)-Fe 2.6333(19) Fe-C(2) 1.767(12)
Te(1)-C(11) 2.163(12) Fe-C(3) 1.778(12)
Te(2)-Fe 2.6336(20) Fe-C(1) 1.764(1)
Te(2)-C(21) 2.116(12) O(1)-C(1) 1.144(14)
Te(3)-Fe 2.6241(19) 0(2)-C(2) 1.154(15)
Te(3)-C(31) 2.172(12) 0O(3)-C(3) 1.125(14)
Table II. Selected Bond Angles (deg)
Fe-Te(1)-C(11)  106.3(3) Te(3)-Fe-C(3) 92.8(4)
Fe-Te(2)-C(21)  105.3(3) C(1)-Fe-C(2) 96.3(5)
Fe-Te(3)-C(31)  106.4(3) C(1)-Fe-C(3) 95.1(5)
Te(1)-Fe-Te(2) 83.04(6) C(2)-Fe-C(3) 97.3(6)
Te(1)-Fe-Te(3) 82.81(6) Fe-C(1)-0(1) 178.4(1)
Te(1)~Fe-C(1) 89.1(4) Fe-C(2)-0(2) 176.9(11)
Te(1)-Fe-C(2) 93.6(4) Fe-C(3)-0(3) 178.1(12)
Te(1)-Fe-C(3) 167.8(4) Te(1)-C(11)-C(12)  118.3(9)
Te(2)-Fe-Te(3) 85.68(6) Te(1)-C(11)-C(16) 121.3(9)
Te(2)-Fe-C(1) 93.2(4) Te(2)-C(21)-C(22)  121.3(9)
Te(2)~-Fe-C(2) 169.9(4) Te(2)-C(21)-C(26)  121.2(9)
Te(2)-Fe-C(3) 85.2(4)  Te(3)-C(31)-C(32)  118.4(9)
Te(3)-Fe-C(1) 171.9(4) Te(3)-C(31)-C(36)  118.9(11)
Te(3)-Fe-C(2) 84.4(4)

and PhSSPh (0.44 g, 2 mmol) in 5 mL of THF at ambient
temperature, respectively. The reaction mixture was stirred for
5 min, and IR revealed all of the [Et;N][HFe(CO);PPh;] was
completely converted to [Et;N][Fe(CO);(TePh);] (IR »(CO)
THF): 1966 vs, 2024 vs cm™'), [Et,N][Fe(CO);(SePh);] (IR
v(CO) THF): 1981 vs, 2039 vs, 2044 sh cm!), [Et4N]-
{PhSFe(CO),]'° (IR »(CO) THF): 1912vs, 2018 m cm™!) and
unidentified insoluble solid, respectively.

X-ray Crystal Structure Determination of [PPNYFe(CO);-
(TePh);}-0.5THF. Crystal data are collected in Table I. Dif-
fraction measurements were carried out on a Nonius CAD-4
automated diffractometer, using an w scan mode. The unit cell
constants were obtained from 20 reflections with 26 angle in the
range from 19.24 to 26.63°. The monoclinic space group C2/¢
was assigned from photographic evidence. Crystallographic
computations were carried out on a MicroVAX 3600 computer
using the NRCC package.!® The last least-squares cycle was
calculated with 119 atoms, 627 parameters, and 5662 out of 8139
reflections. The final residuals of the refinement were R(F) =
0.067 and R,(F) = 0.077. Tables II and III list selected bond
lengths and bond angles respectively.
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