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The 2,4,6-Tris(trifluoromethyl)phenyl Substituent:
An ldeal Combination of Steric and
Electronic Stabilization

FRANK T. EDELMANN
Institut fiur Anorganische Chemie
der Universitit Gottingen,
Tammannstr. 4,

W-3400 Géttingen,

Germany

The chemistry of the 2,4,6-tris(triflucromethyl)phenyl substituent (= Ry) is re-
viewed. This ligand combines steric bulk with the possibility of electronic stabili-
zation. Despite the electron-withdrawing nature of the CF, groups, the electron-
donating ability via the lone pairs at the fluorine atoms is the most important factor
in the stabilization of low-coordinated main-group derivatives. This is demonstrated
by a number of X-ray structure determinations which show significant intramole-
cular metal-fluorine interactions.

Key Words: bulky ligands, 2,4,6-tris(trifluoromethyl)phenyl substituent, electronic
stabilization, low coordination numbers

1. INTRODUCTION

Kinetic stabilization is the method of choice when it comes to
synthesizing multiple bonds between heavier main-group elements.
In general, kinetic stabilization is achieved by the use of sterically
demanding substituents. A substantial number of bulky ligands
has been successfully employed. Among these are substituents like
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t-butyl, mesityl, 2,4,6-tri(i-propyl)phenyl, 2,4,6-tri(z-butyl)phenyl
(= “‘supermesityl”’), pentamethylcyclopentadienyl, bis(trimethyl-
silyl)methyl and tris(trimethylsilyl)methyl. Especially useful for the
stabilization of low coordination numbers around transition metal
atoms are bulky amido ligands such as —N(SiMe,),, -N(SiMe,Ph),
and —NMes(BMes,).? In addition, bulky transition metal frag-
ments like Cp*Fe(CO), have been shown to effectively stabilize
diphosphenes, arsaphosphenes and phosphaalkenes.> Other classes
of novel main-group compounds which have become available
through the use of bulky ligands are disilenes,* germylenes® and
stannylenes,® phospha- and arsa-alkines’-1? as well as compounds
containing Si—=N,!! Si==P,'? P=Sb'? and As—As'* multiple bonds.

This article focuses on just another bulky substituent, 2,4,6-
tris(trifluoromethyl)phenyl (= Rg). What is it that justifies a re-
view article on a single substituent and what makes this bulky
ligand so special? Clearly Rg should be regarded as a bulky ligand,
although the steric requirements of Rg do not significantly exceed
those of mesityl. For steric reasons only, one would not expect Rg
to even stabilize a diphosphene derivative ReP—PR¢ because di-
mesityldiphosphene is not a stable compound. Unlike all other
substituents mentioned above the three CF; groups impose a strong
electron-withdrawing effect on the Rg ligand. Less obvious but
even more important is the possibility of forming short metal-
fluorine contacts to the ortho-CF; groups of Re. It will be shown
that it is the combination of all three effects which make the 2,4,6-
tris(trifluoromethyl)phenyl substituent a truly unique ligand and a
highly versatile building block in main-group chemistry.

2. THE PARENT HYDROCARBON

1,3,5-tris(trifluoromethyl)benzene, the parent hydrocarbon, was
discovered by McBee and Leech in 1947.'° The original prepara-
tion involves chlorination of mesitylene and subsequent fluorina-
tion of the intermediate 1,3,5-tris(trichloromethyl)benzene to give
1,3,5-tris(trifluoromethyl)benzene in 49% yield. This preparation
was part of a research program to evaluate aromatic polyfluorides
as heat transfer fluids and hydraulic fluids. In another early report
McBee and Sanford described the synthesis of 1-chloro-2,4,6-
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tris(trifluoromethyl)benzene.'® This compound was obtained by
two successive treatments of 1-chloro-2,4,6-tris(trichioromethyl)-
benzene with HF at 70 and 100°C (70-80% yield) and served as
an intermediate in the preparation of 2,4,6-tris(trifluoromethyl)-
styrene. Attempts to polymerize 2,4,6-tris(trifluoromethyl)styrene
failed because of the steric effect of two ortho-trifluoromethyl groups.

In 1987 Chambers et al. reported a new synthesis of 1,3,5-
(CF;);C¢Hs.17 It involves fluorination of benzene-1,3,5-tricarbox-
ylic acid with SF, at elevated temperatures. The reported yield,
however, was only 33%. By a slight modification of the reaction
conditions it was possible to improve the preparation of 1,3,5-
tris(trifluoromethyl)benzene in our lab quite significantly.'® Heat-
ing of 130 g of benzene-1,3,5-tricarboxylic acid with 600 g of SF,
in a 11-Monel cyclinder at 170°C for 48 h routinely gives a 90-95%
isolated yield of 1,3,5-(CF;);CsHs:

COOH £y
6 SF,
“°°(Q 170°C, 68h D Chy
toon FyC

For synthetic purposes it was found necessary to wash the crude
product thoroughly with dilute NaOH in order to completely re-
move SOF, and byproducts containing COF-groups. Pure 1,3,5-
(CF;);CgH; has a faint, characteristic odor and boils at 118-120°C
under atmospheric pressure.'*"'7:1® The melting point is 9.0°C. The
'H, 13C and F NMR spectra have been reported by Takahashi
et al.'® Although the physiological properties of 1,3,5-
tris(trifluoromethyl)benzene have not been studied in detail, the
compound should be considered as being rather toxic.

3. ReLi: THE KEY INTERMEDIATE

Since all preparations of compounds containing the Ry substituent
start with RgLi this important intermediate shall be discussed in
some detail. The first report concerning the generation of RgLi
dates back to 1950, when McBee and Sanford used the reaction
of 1-chloro-2,4,6-tris(trifluoromethyl)benzene and n-butyllithium
for an in situ preparation of the lithium reagent.’® Subsequent
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treatment of RgLi with acetaldehyde produced 2,4,6-
tris(trifluoromethyl)-a-methylbenzyl alcohol in 55% yield. The
acidity of 1,3,5-tris(trifluoromethyl)benzene has been determined
by Streitwieser et al. but the generation of R¢Li was not mentioned
in this study.?

An improved synthesis of RgLi via direct metallation of 1,3,5-
tris(trifluoromethyl)benzene with n-butyllithium was described by
Chambers et al. in 1987'7:

tFy _ e
FyC Q poBuki F,(Q— U
5, ek,

The reaction is carried out in diethyl ether at reflux temperature.
Addition of CH;0D to the reaction mixture after 1 h caused the
formation of the mono-deuterated derivative in 90% yield. Al-
though the original preparation of RgLi was carried out on a 10
mmol scale it was found that the reaction works equally well with
0.1 mol or even 0.2 mol of 1,3,5-tris(trifluoromethyl) benzene. It
should be pointed out, however, that the product yields of reactions
involving RgLi as an intermediate rarely exceed ca. 40-45%. The
reasons for this phenomenon are presently not fully understood.
Lithiation of 1,3,5-tris(trifluoromethyl)benzene can also be carried
out in THF solution at —78°C though the resulting highly colored
solutions of RgLi are thermally quite unstable with respect to the
formation of LiF.?! Thus the method does not represent an im-
provement over the original preparation using diethyl ether.

Normally ReLi is prepared in situ and the resulting solutions in
diethyl ether/hexane are used without any further purification. A
crystalline diethyl ether adduct, [RgLi‘Et,O],, can be isolated by
complete removal of the solvent and recrystallization of the residue
from hexane.?? Although in our hands the isolated material proved
to be quite stable, extreme caution should be exercised when han-
dling solid [RgLi"Et,0],. Other groups have reported occasional
explosions of solid RgLi. Crystalline [ReLi-Et,0}, is quite air-sen-
sitive and decomposes violently upon contact with protic solvents
such as acetone.??

[ReLi‘Et,0), was fully characterized by a low-temperature sin-
gle-crystal X-ray analysis and NMR methods.?? The X-ray analysis
already reveals the most striking feature common to many Rg
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FIGURE 1 Molecular structure of [RpLi-Et,O],.

derivatives: the dimeric form of [RLi‘Et,0}, is stabilized by lith-
ium—fluorine interactions (Fig. 1).

The coordination geometry around lithium can be described as
a distorted trigonal bipyramid. The equatorial positions are oc-
cupied by the ipso carbon atoms of the phenyl rings and an oxygen
of a coordinated diethyl ether ligand. A planar Li,C, unit forms
the central part of the dimeric molecule. Two fluorine atoms from
ortho-CF, groups, one from each phenyl ring, are coordinated in
the axial positions. Although the Li-F distances are fairly long
(av. 225.2 pm) these lithium—fluorine interactions have to be con-
sidered the main stabilizing factor in the dimeric [RgLi-Et,0], mol-
ecule. The F NMR spectrum in toluene-dg shows between + 20
and —60°C only two signals [ —63.4 (p-CF;) and —63.2 (0-CF;)
ppm], thus indicating that in solution all four ortho-CF; groups
are equivalent on the NMR timescale. Accordingly the "Li NMR
spectrum exhibits a singlet at —1.24 ppm.

4. TRANSITION METAL DERIVATIVES (GROUP 7, 11
AND 12)

The chemistry of transition metal compounds containing o-bonded
Rp ligands is an open field where a lot of interesting work remains
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to be done. Initial studies have indicated that Ry is not likely to
be a good ligand for early transition metals in their high oxidation
states. Treatment of either NbCl; or WCl¢ with various equivalents
of RgLi did not produce any isolable compounds.?* On the other
hand Herrmann et al. reported that (Rg),Zn (vide infra) cleanly
reacts with Re, O, to give stable RgReO;.2% A poorly characterized
copper derivative was obtained by reacting RgLi with copper(I)
iodide. The structure of the copper(l) species is unknown and the
presence of “RgCu’’ was indicated only by its conversion to 2,4,6-
tris(trifluoromethyl)biphenyl via reaction with iodobenzene.?’
The most significant novel results have been obtained with Ry
derivatives of the group 12 elements. R¢Li was found to react with
anhydrous ZnCl, to give (Rg),Zn in moderate yield (41%).2°

¢ CF, (&
2 F,(QU “MXy == Ry QMQCF,
Fy (F - CFy
M = Zn,Cd,Hg

The corresponding cadmium and mercury compounds were pre-
pared analogously from cadmium diiodide or mercury dichloride,
respectively.!”?” The thermally stable zinc derivative can be pur-
ified either by vacuum distillation or by recrystallization from hex-
ane, whereas (Rg),Hg is easily obtained in a pure form by subl-
mation. In contrast, the cadmium derivative is thermally more
labile. During an attempted distillation it decomposed completely,
with formation of metallic cadmium. Single crystal X-ray structural
analyses revealed that (Rg),Zn, (Rg),Cd(MeCN) and (Rg),Hg are
monomeric in the solid state (Figs. 2-4).7

In all three compounds the central metal atom binds two Ry
moieties. This results in two-coordinate zinc and mercury, but in
the cadmium compound three-coordination is observed due to the
additional binding of a solvent acetonitrile molecule. Both the zinc
and the cadmium structures are unique. In the case of zinc, only
three diaryl compounds have been previously structurally char-
acterized. Two of these are the four-coordinate compounds
(C¢F5),ZnX, (X = THEF or tetramethyltetrazene) and the third is
(Ph,Zn), which was reported in 1990.?% The two-coordinate mon-
omeric structure of (Rg),Zn therefore represents a new structural
type for zinc diaryls. The formation of this novel monomer, in
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FIGURE 4 Molecular structure of (Rg),Hg.
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contrast to the dimeric structure observed for (Ph,Zn),, is due to
the steric and electronic properties of the ortho-CF; substituents
of Rg. (Rg),Cd(MeCN) is the first structurally characterized three
coordinate cadmium diaryl. The cadmium atom has a planar “T-
shaped” coordination geometry. In (Rg),Hg the two-coordinate
mercury atom lies on an inversion center resulting in a linear C-
Hg-C linkage. A zero degree twist angle between the planes of
the two aromatic rings is observed.

5. GROUP 13 DERIVATIVES: AN OPEN FIELD

The chemistry of Rg derivatives containing group 13 elements re-
mains largely undeveloped. RgBCl, and (Rg),BCl have been briefly
mentioned.?’ Both compounds are formed upon treatment of bo-
ron trichloride with two equivalents of RgLi. Crystalline RGaCl,
has been obtained in 55% yield from R¢Li and GaCl;.2* Apparently
no attempts have been made to synthesize aluminium and thallium
derivatives containing the R ligand. Aninteresting but unexplored
aspect could be the use the Ry substituent to stabilize inorganic
ring systems such as boron-phosphorus or gallium-phosphorus
rings.

6. GROUP 14 DERIVATIVES: A STABLE DIARYL
STANNYLENE AND PLUMBYLENE

Some major achievements in the field of Ry chemistry have been
obtained with the heavier group 14 elements. This section also
includes a number of purely organic R compounds.!”3% Especially
notable among these is the carboxylic acid chloride, RgCOC].26:30
This compound might serve as a key starting material for the syn-
thesis of the hitherto unknown phosphaalkyne RgCP. RgCOCI is
prepared in 32% yield from RcCOOH and thionyl chloride. Due
to steric hindrance RgCOOH fails to undergo normal esterification
with ethanol.® Only two silicon derivatives, RgSiMe,!” and (Rg),SiF,,
have been described. (Rg),SiF, is the only isolable product when
RgLi is reacted with SiCl, in a 2:1 molar ratio.? Clearly the for-
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mation of the difluoride is a result of fluorine exchange reactions
involving CF; groups of the Rg ligands.

The most significant results have been achieved with the syn-
thesis of stable carbene homologues containing the heavy main-
group elements tin and lead. The novel diarylstannylene (Rg),Sn
was synthesized from RgLi and SnCl, (45%).>! After recrystalli-
zation from hexane the compound forms air- and moisture-sensi-
tive yellow crystals. The '*Sn NMR spectrum of (Rg),Sn shows
nine lines of a thirteen-line multiplet (centered at § 723 ppm) which
results from coupling with the fluorine atoms of the ortho-CF,

Sn

FIGURE 5 Molecular structure and space filling model of (R;),Sn.
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groups (“J(*'°SnF) = 239.5 Hz). As shown by an X-ray structure
determination the diarylstannylene (Rg),Sn is a monomer in the
solid state, and is stabilized by intramolecular fluorine-tin contacts
(Fig. 5).

The shortest tin—tin distance is 6.31 A. Although steric protec-
tion of the tin(Il) center certainly plays an important role in its
stability, a space filling model of (Rg),Sn reveals that the ortho-
CF; groups form intramolecular fluorine -tin contacts, leaving one
side of the molecule sterically unprotected. These structural fea-
tures make (Rg),Sn a thermally stable (mp 73°C) though highly
reactive species. Initial reactivity studies have shown that (Rg),Sn
represents a very useful starting material for the synthesis of novel
tin(1V) derivatives containing the Rg ligand.?! As a typical carbene
homologue (Rg),Sn cleanly inserts into the sulfur—sulfur bond of
PhSSPh to give (Rg),Sn(SPh),. (Rg),SnCl, is obtained by chlori-
nation of (Rg),Sn with SnCl,. (Rg),SnCl, reacts with two quivalents
of Ag(O,CCF,) to give (Rg),Sn(0,CCF;), whose structure was
determined by X-ray diffraction. [(Rg),Sn],AgO,SCF;, a silver
complex containing the diarylstannylene as a donor ligand, was
prepared by treatment of (Rg),Sn with AgO,SCF;. Controlled
oxidation of (Rg),Sn with dry oxygen leads to trimeric [(R¢),SnO];
which contains a six-membered Sn;0; ring. Treatment of (Rg),Sn
with mesityl azide (molar ratio 2.5:1) results in elimination of N,
and formation of [(Rg),Sn];NMes (75-80% yield), the first com-
pound containing the three-membered azadistanniridine ring sys-
tem. Dark red crystalline [(Rg),Sn],NMes was fully characterized
by a single crystal X-ray analysis (Fig. 6).*

When the molar ratio between (Rg),Sn and mesityl azide was
changed to 1:3.5 the five-membered stannatetrazole ring
(Rg),SnN,Mes, was the main reaction product. [(Rg),Sn],NMes
was found to be thermally unstable in solution. In toluene solution
at ca. 60°C a [2 + 1]-cycloreversion is observed to give a mixture
of (Rg),Sn and the stannaimine (Rg),Sn=—=NMes, which finally di-
merizes to yield the stable diazadistannetane derivative
[(Rg),SnNMes],.?!-*2 Double insertion of (Rg),Sn into the oxygen—
oxygen bond of (Ph;P),Pt(O,) gave a product containaing a five-
membered PtSnOSnO-ring.!

The steric and electronic properties of Rg also allowed the syn-
thesis of the first stable diarylplumbylene.®® Addition of RgLi to
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FIGURE 6 Molecular structure of [(Rg),Sn],NMes.

a suspension of PbCl, in ether results in a clear yellow solution
from which bright yellow (Rg),Pb can be isolated in 33% yield
after recrystallization from hexane.

e
¢
2(CF, 1, CHyLi +PbC, —;’f%’—- C(? Ph
=Ll
e
¢Fy

(Rg),Pb is thermally stable to its melting point (58°C). In contrast
to [(Me;Si),CHJ,Pb the diarylplumbylene is neither light sensitive
nor thermochromic. The 2’Pb NMR spectrum of (Rg),Pb displays
a multiplet (11 lines of the 13 expected lines were observed) at &
4878 ppm (Y(*”"PbF) = 358 Hz). The single-crystal X-ray struc-
tural analysis reveals that (Rg),Pb, like the corresponding tin de-
rivative, is monomeric in the solid state (Fig. 7).

Four intramolecular Pb~F contacts contribute to the unusual
stability of the diarylplumbylene. The angle at lead is 94.5°. Com-
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FIGURE 7 Molecular structure of (Rg),Pb.

pared to its tin analogue the reactivity of (Rg),Pb appears to be
somewhat limited.?* (Rg),Pb fails to insert into the sulfur—suifur
bond of PhSSPh and chlorination results in the formation of PbCl,.
More interesting is the reaction of (Rg),Pb with two equivalents
of ReSH (vide infra) which yields the solvent-free thiolate (RgS),Pb
as a lemon yellow solid.>* During an attempted recrystallization
of this thiolate from toluene oxygen contamination lead to the
formation of a bright yellow crystalline solid. An X-ray structure
determination showed this material to be the unusual oxygen-cen-
tered lead thiolate cluster PbsO(SRg)g.2* Mesityl azide reacts with
(Rg),Pb to give primarily azomesitylene, MesN=—=NMes, together
with metallic lead. PbS was found to be the only lead-containing
product when (Rg),Pb was reacted with elemental sulfur.??

7. GROUP 15 DERIVATIVES: THE DIPHOSPHENE
RP—PR;

Phosphorus derivatives containing the Ry substituent constitute a
fairly large and well investigated class of compounds. Simple de-
rivatives include RgPCl,, RgPCIF, RPF, and (Rg),PCl which are
prepared by treatment of RgLi with the appropriate amounts of
phosphorus trihalide.!8:2%3¢ R PCl,, a colorless moisture-sensitive
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liquid, is obtained in 63% yield. The dichlorophosphine is easily
reduced by LiAlH, to give the primary phosphine RgPH, (61%
yield).!® This result is in contrast to the observation that 2,6-
(CF,),C¢H;PH, could not be prepared via LiAlH, reduction of
2,6-(CF,;),CsH;PCl,.35 Condensation of RgPCl, with RgPH, in the
presence of a base (DBU) allows easy access to the unusually stable
diphosphene RP—=PRp (60% yield).!®

(Fy Fy

f LQ— PCl, < HyP @ ¢, S
G, CFy '
G
FyC P=p e,
¢, C

The pale yellow crystals of ReP—=PRp. are air-stable and melt with-
out decomposition at 186°C. The diphosphene can be recrystallized
without decomposition from boiling toluene or acetonitrile. The
3P NMR signal (8 474 ppm, 11 of 13 expected lines, “/(PH) = 23
Hz) falls in the range which is characteristic for diphosphene de-
rivatives. Although the reactivity of ReP—=PRg is apparently low,
a few stable carbonyl complexes, (ReP=PRg)ML, (ML,, = Fe(CO),,
Cr(CO)s, Mo(CO)s) and (RgP=PRg)[ML,], (ML, = Fe(CO),,
Cr(CO)s), have been isolated.*® The combination of R with an
electron-donating substituent, (Me,S(O)=N-), did not allow the
isolation of a stable diphosphene. When Me,S(O)=N-PCl, was
reacted with RgPH, in the presence of DBU the only isolable
product was the cyclotetraphosphine derivative [Me,S(O)=N],-
(Rg),P,, which formally results from a [2 + 2]-cycloaddition of

the reactive diphosphene intermediate.!8
Me\ /0
A

M2 N
(F, R S

P
408U 7O\
2F,C QPHrZUzPN:lO)SHe; s Bt Qp\‘:/p -@—ca

CF,
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FIGURE 8 Molecular structure of Cp*(CO),Fe~P[Cr(CO);}=P-R;.

It was possible to trap the unstable diphosphene derivative
Me,S5(0)=N-~P—=P-Rg by adding (Ph,P),Pt(n*-C,H,) to the re-
action mixture at low temperature. The (Ph;P),Pt adduct of the
diphosphene was isolated in 44% yield as an orange crystalline
solid. RgPCl, also served as the starting material for the synthesis
of a number of interesting diphosphenyl metal complexes.36-38 The
reaction of Cp*(CO),FeP(SiMe,), with RgPCl, in THF at —78°C
produces a dark red solution which contains the novel diphos-
phenyl complex Cp*(CO),Fe-P=P-R; (*'P NMR: § 468.8 (d,
J(PP) = 585 Hz, P-Rg), 815.5 (d, J(PP) = 585 Hz, P-Fe). The
phosphine substitution product Cp*(PPh,)(CO)Fe—P—P-R. was
prepared analogously. Both metal substituted diphosphenes are
thermally labile and decompose above ca. 0°C in solution. A sig-
nificant stabilization is achieved by complexation of one or both
phosphorus atoms with metal carbonyl fragments. Thus treatment
of in situ prepared Cp*(CO),Fe - P=P - R with (CO);Cr(cyclooctene)
gives Cp*(CO),Fe~P[Cr(CO)s}==P-Rg as an orange-red crystal-
line material. Dark red Cp*(PPh;)(CO)Fe~P[Cr(CO)s}=P-Rj was
prepared analogously. The molecular structure of Cp*(CO),Fe—
P[Cr(CO)s]=P-Rp was determined by X-ray crystallography
(d,, = 2.047(2) A) (Fig. 8).
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Much less is known about Rg derivatives of the heavier group
15 elements and so far no attempts have been made to synthesize
any homologues of the multiply bonded species ReP—=PRg. R¢Li
readily reacts with arsenic trifluoride to give the disubstituted prod-
uct (Rg),AsF (67%). Colorless cyrstalline (Rg),AsF is easily sub-
limed at 65°C/1 torr. LiAlH, reduction of (Rg),AsF produces the
secondary arsine (Rg),AsH in 70% yield.?* The synthetic potential
of these two arsenic derivatives has not been explored. Antimony
trichloride reacts with RgLi in a 1:1 or 1:2 molar ratio. Colorless
RgSbCl, and (R5),SbCl have been isolated in moderate yields.?%°
Two well-characterized bismuth derivatives are known: (Rg),BiCl
and (Rg);Bi. The latter represents the only example of a metal
atom accommodating three bulky R ligands. Bright yellow crys-
talline (Rg);Bi has been structurally characterized by an X-ray
analysis.3? Three weak bismuth—fluorine contacts give the central
bismuth atom a distorted octahedral coordination geometry. (R;),Bi
is air-sensitive in the solid state. RgOH (vide infra) was detected
as one of the decomposition products.

8. GROUP 16 DERIVATIVES: THE CHEMISTRY OF R.OH
AND R SH

Group 16 derivatives currently represent the largest group of com-
pounds in Ry chemistry. The phenol and the thiol, RFOH and
ReSH, have been found to be highly valuable precursors for a
number of unusual R derivatives. The preparation of R.OH in-
volves treatment of Rgli with Me;SiOOSiMe;, to give RzOSiMe,
which is not isolated. Reaction of the silylether intermediate with
dry HCI gas produces ReOH in 63% yield.*®

(F, CFy
e EH0,-T8°C A
F,C‘QL:*ME;S|OOSM9, sz;-— F,cQo-s.m,

¢, R,

CFy l

HCl
_— )
Rt O = s
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The phenol forms an oily liquid with a pungent smell. It served as
a starting material for a variety of main-group and transition metal
phenoxides. LIORg X 0.75 Et,O and NaORg X 1.5 THF have
been obtained from the phenol and n-BuLi or NaH, respectively.!
A convenient, high-yield preparation of the alkali metal phenox-
ides involves the reaction of R;OH with the corresponding
bis(trimethylsilylamides), MN(SiMe;), (M = Li,Na,K). The mo-
lecular structures of [NaORg(THF),], and [KORg(THF);], have
been determined by X-ray diffraction (Figs. 9 and 10).42

Both compounds are dimeric. In each case the RO group bridges
the two metal atoms, thus forming a nearly planar M,0, core.
There are two weak Lewis acid—base interactions between the
sodium and ortho-fluorine atoms in [NaORgTHF),}, and two strong
potassium—fluorine contacts in [KORg(THF);},. The most striking
feature is the bridging THF ligands found in the potassium phen-

FIGURE 9 Molecular structure of [NaOR(THF),]..
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FIGURE 10 Molecular structure of [KORTHF),},.

oxide. Bridging THF has been found before only in two other
structures.*? Bis(phenoxides) have been isolated as their THF ad-
ducts (ReO),M(THF), (x = 1, M = Ba,Ge,Siijx = 2, M = Cd;
x = 3, M = Mg,Ca,Mn) with various main-grolip and transition
metals.*! They are prepared either by treatment of R;OH with
reactive metal derivatives (Mg(OEt),, CaH,, BaH,) or by reaction
of NaORg x 1.5 THF with the corresponding metal halides (GeCl,
x dioxane, SnCl,, MnCl,, CdL,). The compounds (RzO),Mg(THF),
and (RpO),Mn(THF); are isostructural. The ¢oordination geom-
etry around the metal atoms can be described as a distorted
tetragonal pyramid. Other transition metal complexes containing
the RzO ligand include Cp*TiCl,(ORg) and (RzO),WCLF,. The
latter compound resulted from a reaction of R;OH with WClg
(dark red crystals, 42% yield). Obviously in this case R;OH acts
as a fluorinating agent towards an intermediate tetrachloro detiv-
ative. For steric reasons, only four amido groups in W,(NMe,),
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can be substituted by RzO. The reaction of W,(NMe,), with REOH
(molar ratio 1:4) gives dark red, air- and moisture-sensitive
W,(NMe,),(ORg), in 44% yield.*! The length of the tungsten—
tungsten triple bond in this complex is 2.334(1) A. An unexpected
result was obtained during an attempt to synthesize a xenon phen-
oxide, Xe(ORg),.*! XeF, and two equivalents of RtOH were re-
acted in a Monel cylinder at room temperature in the absence of
solvent. A colorless crystalline solid was isolated which was shown
to be the hitherto unknown peroxide RgOORg. The peroxo de-
rivative is thermally quite stable and melts without decomposition
at 94°C.

Like Rg itself the RO ligand has been found to effectively
stabilize unusually low coordination numbers around metal atoms.
The most striking examples are the thallium(I) and indium(I) de-
rivatives of RcOH. Dimeric [RgOTl}, is prepared in 80% yield by
a reaction of RLOH with thalliumethoxide.*® Similarly RLOH reacts
with Cpln to give dimeric [RgOIn], (67%).** Both phenoxides form
colorless, air- and moisture-sensitive crystalline solids which have
been fully characterized by spectroscopy as well as X-ray cyrstal-
lography.

CFy CFy CFy
LN
. g F
2TI0Et 2H0©’(r, 2R F,:Qo\np@c,
CF, G, CFy
(A CF Ry
H Q’ ™
2m3-CHg) In+2H0 (Fy ——F,(C 0 0 CF
T tHis) ] [CSHﬁll 3 \In/ k)
CFy &S (F,

These compounds represent the first structurally characterized ex-
amples of two-coordination at thallium and indium. The two co-
planar R rings are in a perpendicular position with respect to the
central planar M,0, core.

An attempted synthesis of (RgO),;Bi was unsuccessful. Instead,
reaction of anhydrous BiCl; with three equivalents of RgONa in
diethylether resulted in the unexpected formation of a highly crowded
condensation product.* The X-ray structure determination re-
vealed that this product arises from coupling of three RO units
under elimination of three ortho-fluorine atoms.
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Another highly versatile precursor in Rg chemistry is the thiol
R:SH which was first described by Chambers et al. in 1987.17 It is
usually prepared by treatment of ReLi with elemental sulfur fol-
lowed by acidic hydrolysis. Just like the phenol RgSH forms an
oily liquid with a pungent odor. Oxidation of the free thiol with
I, yields the corresponding disulfide (90%, colorless crys-
tals).2>26:44 The disulfide is chemically inert and fails to undergo
sulfur—sulfur bond cleavage with chlorine or Cp*,Sm(THF),.?
Various main-group and transition metal derivatives of RgSH have
been prepared either by metathesis reactions between NaSR and
metal halides or via protolysis of metal bis(trimethylsilyl)amides
with RgSH. The latter route is also the method of choice for the
preparation of NaSRy and KSRg. Treatment of NaN(SiMe,), or
KN(SiMe;), with RgSH in toluene solution gave the unsolvated
metal thiolates in ca. 90% yield. The remarkable polymeric struc-
tures of their THF adducts have been determined by X-ray meth-
ods (Figs. 11 and 12).%

In [NaSRg(THF), x 0.25 THF], alternating six-coordinate so-
dium atoms and doubly bridging sulfur atoms form the backbone
of a zigzag ‘‘chain” polymer. There are two strong Lewis acid—
base interactions between sodium and ortho-CF; fluorine atoms.
In [KSR(THF)}, each sulfur atom is triply bridging and this results
in the formation of a “ladder”” polymer. Each potassium atom is
coordinated by three sulfur atoms and one oxygen of a THF ligand.
Several potassium—fluorine contacts are also observed. A closely
related ladder-shaped polymer structure was found in the thallium
thiolate [TISRg x 0.5 dioxane],.*> TISRg was prepared initially
from NaSR and T1,CO, in acetonitrile (80%). A more convenient
preparation, however, involves the reaction of RgSH with TIOEt
in hexane solution, which produces analytically pure TISRy as a
colorless precipitate (87% yield). Coordination of three RgS li-
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FIGURE 12 Molecular structure of [KSRg(THF)),.
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gands is observed in the indium derivative (RgS);In(Et,0).* This
colorless material is obtained in nearly quantitative yield when
InCl, is reacted with three equivalents of NaSRg in diethylether.
A thiolate analogue of [TIORg], was not accessible. Instead, a
disproportionation reaction occurred when Cpln was reacted with
RgSH and the only isolable product was again (RS);In(Et,0)
together with indium metal.?®

Another element which provides a particularly rich R chemistry
is selenium. Red selenium readily inserts into Rgli to give an
intermediate lithium selenolate ‘“‘RgSeLi” which has not been iso-
lated in a pure state. Solutions of the initial reaction product of
RgLi and Seg are highly air-sensitive. Complete air oxidation leads
to the formation of ReSeSeR which is isolated as an air-stable
yellow solid (48% yield, mp 65°C, 8 7’Se = 512 ppm).¥’

f CFy

F,CQU cuBSe, F,c@smwa‘
TH,0
tF,y e,
(F, ¢F, R
2F,C seH 120 ¢ Se-Se F,
tF, 4 )

The large torsion angle around the Se-Se bond (C-Se-Se-C
104.1°) is a result of repulsive interactions between opposing ortho-
CF; groups. In contrast to the rather unreactive disulfide the Se—
Se bond in ReSeSeRg is easily cleaved by Cl, or Br,. The reaction
products, RgSeCl and R:SeBr, respectively, form dark brown crys-
talline solids. These low-melting materials (RgSeCl: mp 30°C,
ReSeBr: mp 42°C) are highly volatile and can be easily purified
by vacuum sublimation. RgSeCl also served as a starting material
for novel selenium-nitrogen compounds. Orange R .SeN=S—0
was prepared by reacting RSeCl with Me;SiN—=S—0 in diethyl-
ether (92% yield). An X-ray structure determination of
ReSeN=S=0 shows that the torsion angle Se~N-S-0 is 0°.4
Similarly Me;SiN—S—NSiMe; reacts with two equivalents of RgSeCl
to give yellow RSeN=—=S—NSeR (89%).

45 CFy
Fy c-@ Sell » Me, SiNs0 TSI F,(QSe-N:S:O
¢, ¢y
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Insertion reactions of carbenes and carbene-like fragments into the
Se—-Se bond of ReSeSeRy have also been studied.?*7” R SeSeRg
cleanly reacts with diazomethane to give R:SeCH,SeR as col-
orless needles (73%). The isolobal carbene-fragment (Ph;P),Pt can
be inserted via treatment of RgSeSeRg with (Ph,P),Pt(n?-C,H,).
(PhsP),Pt(SeRg), is isolated as an orange air-stable solid (69%
yield). Facile reduction of the Se—Se bond is achieved with divalent
samarium. Cp*,Sm(THF), reacts with R SeSeRg to give the tri-
valent organosamarium selenolate Cp*,Sm(SeRg)(THF) as an or-
ange-red cyrstalline solid (Fig. 13).48

Quite in contrast to the variety of compounds containing RS
and R;Se ligands, tellurium R chemistry has proved to be very
limited. This is demonstrated by the difficulty in synthesizing the
ditelluride RgTeTeRg. Unlike the easily accessible diselenide
ReTeTeRy has not been isolated in an analytically pure state.
Finely divided tellurium powder does not react with Rgli in

FIGURE 13 Molecular structure of Cp*,Sm(SeR,)(THF).
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ether/hexane solution. Even ultrasonic activation does not induce
the formation of “RgTeLi.”?® In THF solution some reaction oc-
curs but this is mainly due to the facile decomposition of RgLi in
this solvent (vide supra).?’ However, the lithium tellurolate forms
when n-Bu,PTe is used as a soluble source of tellurium. Removal
of all volatile components followed by controlled oxidation with
K,[Fe(CN)] yields reasonably pure RTeTeRg as a dark red, very
light-sensitive 0il.” Decomposition in the presence of light results
in the precipitation of elemental tellurium and formation of yellow
RgTeRg. This thermally stable monotelluride was also obtained
when RgLi was reacted with TeCl, (25% yield).2¢ So far no further
reactions of RTeTeRg have been investigated.

9. CONCLUSIONS AND FUTURE OUTLOOK

Since its “rediscovery” in 1987"7 the 2,4,6-tris(trifluoromethyl)phenyl
substituent (= Rg) has turned out to be a highly versatile building
block especially in main-group chemistry. This is mainly due to
the special combination of stabilizing effects induced by the Rg
ligand. Part of the stabilizing influence of R is due to steric shield-
ing. The most important factor is the electron-donating ability via
the lone pairs at the fluorine atoms. It is the possibility of forming
intramolecular contacts to ortho-fluorine atoms that makes Ry unique
compared to common bulky ligands used for kinetic stabilization.
A small number of similar fluorinated aryl substituents has been
used frequently, but none of them can compete with Ry.. A stable
diarylstannylene as well as a diphosphene derivative containing the
2,6-bis(trifluoromethyl)phenyl substitutent have been reported.
However, the lithiation of the parent hydrocarbon 1,3-bis(trifluoro-
methyl)benzene requires the use of tetramethyl-ethylenediamine-
n-butyllithium complex which complicates the workup of the prod-
ucts.35* Further disadvantages have been observed for the related
2-dimethylamino-4,6-bis(trifluoromethyl) substituent. In this case
the formation of isomeric products has been reported and the
stabilizing influence of this ligand does not come close to that of
R.26:50

Several open fields should stimulate further research in Rg chem-
istry. The derivative chemistry of the reactive carbene homologues
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(Rg),Sn and (Rg),Pb is currently under active investigation and
the synthetic potential of the phenolate and thiolate anions RpO-
and RS- is far from being exhausted. Rg derivatives of the heavier
alkali metals are an interesting synthetic target and virtually noth-
ing is known about transition metal complexes containing o-bonded
Ry hgands. The synthesis of inorganic ring systems bearing Rg
substituents is yet another area where interesting results can be
anticipated.
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