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ABSTRACT

Chiral and achiral organochalcogen compounds bearing a het-
eroatom in close proximity are easily accessible via the directed
aromatic lithiation route. The lithium chalcogenolates prepared by
the insertion of selenium or tellurium into the C—Li bond are used
to synthesize various chalcogen compounds such as Se/Te, N donor
ligands, dichalcogenides, monomeric metal chalcogenolates, and
macrocycles. The differences in the stability and reactivity of the
organochalcogen compounds derived from various substrates are
described in terms of electronic and stereochemical properties of
donor atoms.

Introduction

Recent advances in the area of organochalcogen chemistry
have been driven by the potential applications of chal-
cogen compounds in modern organic synthesis, pre-
cursors for metal—organic chemical vapor deposition
(MOCVD) of semiconducting materials, ligand chemistry,
and biochemistry. The use of selenium/tellurium-based
synthetic methods is well established in organic synthesis.
Organoselenium/tellurium moieties can be incorporated
into a variety of substrates for functional group manipula-
tions under mild conditions either as nucleophiles or as
electrophiles.? Asymmetric synthesis using organochal-
cogen compounds is of current interest and presents a
new trend in the field of organometallic chemistry.®# The
importance of metal chalcogenide semiconductors such
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as In,Se;, MnSe, MnTe, MnTe,, SnTe, PbSe, PbTe, Ln,-
Tes, ZnSe, CdSe, and CdTe has given rise to much current
activity targeted toward the synthesis of new organoch-
alcogenide precursors for these substances.>® The chem-
istry of selenium and tellurium ligands has yielded many
surprising results with respect to structural features,
methods of preparation, and degree of aggregation.”~® In
addition to these applications, much attention has been
devoted to the synthesis of organoselenium and tellurium
compounds that could be used as enzyme mimics and
chemotherapeutic agents.1013

The applications of organochalcogen compounds in the
above-mentioned areas have, however, been restricted by
difficulties in synthetic methodologies, purification, and
the instability of certain derivatives. Two major ap-
proaches are being used to overcome these difficulties.
In the first approach, the unstable organochalcogen
derivatives are stabilized by introducing sterically bulky
substituents, and in the second approach, the chalcogen
derivatives are stabilized by attaching chelating groups in
the close proximity to selenium or tellurium. Recent
studies on internally chelated organoselenium and tel-
lurium compounds show that the attractive interactions
between chalcogen atom and other heteroatoms such as
N or O play an important role not only in the catalytic
antioxidant activity of these compounds but also in their
application as reagents in synthetic organic chemistry 415
In asymmetric reactions, these interactions play a crucial
role in chirality transfer.3* The application of internal
chelation has been extended to the synthesis of novel
hybrid organoselenium and tellurium ligands containing
both “hard” and “soft” donor atoms. More recently, this
approach has been used for the isolation of monomeric
metal chalcogenolates, in particular, the isolation of group
12 metal (Zn, Cd, Hg) chalcogenolates which generally
form polymeric materials through bridging by the chal-
cogenolate ligands.>®

In this paper we summarize our results on the synthesis
of organochalcogen compounds which are stabilized by
internal chelation. These compounds are derived from
substrates which are capable of undergoing heteroatom-
directed aromatic lithiation. The purpose of this Account
is to address a few critical points on the synthetic aspects
rather than presenting a comprehensive treatise on the
structural aspects of organochalcogen compounds.

Synthesis of Organochalcogen Compounds by
Directed Lithiation

Heteroatom-directed aromatic lithiation is a key step in
many organic transformations.'® Recently, this strategy has
been found to be a promising approach for the synthesis
of various organochalcogen compounds. The reaction is
generally affected by treatment of the aromatic substrate
with an alkyllithium reagent such as n-BulLi, followed by
the introduction of a selenium/tellurium moiety. Nor-
mally, the lithiations of aromatic substrates by lithium—
halogen exchange are found to be much more facile and
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selective than the ortho deprotonation. However, when a
heteroatom is properly substituted, the lithiation reactions
occur specifically at the ortho position, irrespective of
whether the group, as a whole, is electron donating or
electron withdrawing. Lithiation also occurs at other
positions that are sterically close to the substituents
bearing heteroatoms. A few examples of substrates which
were used for the synthesis of organochalcogen com-
pounds in our laboratory are shown in Chart 1.

Or%anoc_halcogen Compounds Based on
N-Substituted Benzylamine

Lithiation of N,N-dimethylbenzylamine (1) is a typical
example of heteroatom-directed lithiation, where the
electron donor atom is not directly bonded to the aromatic
ring. Ortho lithiation of 1 with n-BulLi in ether afforded
the lithiated compound 2, which in turn reacted with
elemental selenium or tellurium to give the aryllithium
selenolate (3)!7 or tellurolate (4),'® respectively (Scheme
1). The formation of a six-membered chelate ring in both
cases controls the degree of aggregation and increases its
solubility in ether. Although the unstable chalcogenolates
3 and 4 could be oxidized to the corresponding dichal-
cogenides 5 and 6, the unreacted amine posed a major
problem in the purification of 5. To overcome this
problem, it is desirable to use equimolar ratios of the
amine, n-BuLi, and selenium rather than an excess of
either. It is also necessary to deprotonate the arenesele-
nolate 3 by quenching with a saturated solution of
NaHCO; before it is oxidized by the passage of oxygen.
In an earlier attempt to synthesize compound 5, Wilson
et al. reported that the oxidative workup of 3 gave a
viscous oil that was handled as its hydrochloride salt.®
The structure of the diselenide 5 was determined by X-ray
crystallography. The Se atom has T-shaped three-coordi-
nation, with each selenium atom bonded to a selenium,
a carbon, and a nitrogen atom.%’

During our initial attempts to synthesize compound 6,
the major problem we encountered was the conversion
of this compound to overoxidized species 7. Similar to the
ditelluride, compound 7 also underwent facile halo-
genolysis with sulfuryl chloride and bromine to give
organotellurium(lV) halides. Reduction with hydrazine
hydrate yielded the corresponding monohalides 8 and 9
in high yield.'® Since the oxidation of 6 may be due to the
presence of a small amount of peroxides in ether, peroxide-
free ether must be used for both the reaction and the
purification. During our attempts to isolate pure 6, we
found that the isolation of the product and its subsequent

crystallization depends on the ratio of product and the
unreacted amine, and less than 10% of amine favors
crystallization.?°

Compound 5 underwent facile reaction with stoichio-
metric amounts of bromine and iodine to give the
arylselenenyl halides 10 and 11, respectively. In contrast
to most of the diaryl diselenides, which form charge-
transfer adducts with iodine,?' diselenide 5 afforded
stable 11, in which the selenium is covalently bonded to
iodine. Reaction of 5 with HCI afforded the hydrochloride
salt 12, which has been reported to be a glutathione
peroxidase (GPx) mimic.’® The Se:-*N interactions in 5,
as proved by X-ray studies, activated the Se—Se bond
toward insertion of a sulfur atom (13) and a methylene
group (14). The stability and reactivity of 5 led us to
investigate its use in catalytic conversions of olefins to
allylic ethers (Table 1). The reactions were performed in
acetic acid solution using copper(ll) nitrate as the co-
oxidant and Na,S,0g as the oxidant. In these reactions,
the diselenide bond is expected to be cleaved to form a
selenenyl sulfate derivative.?> Compound 5 also exhibited
GPx activity by reducing H,O, to water.?® The diselenide
reacts with 2 equiv of PhSH to produce the selenol, which
reduces H,0, to form selenenic acid. This intermediate is
converted to selenol through a selenenyl sulfide adduct,
as shown in Scheme 2.* As proved by Tomoda et al.,*
the nitrogen base plays an important role in the catalytic
process.

We studied the reactivity of the lithiated compound 2
with some selenium and tellurium electrophiles.?®? Reac-
tion of 2 with PhTeBr afforded the telluride 15 as a white
powder. The reactions of 2 with E(dtc), (E = Se, Te; dtc =
diethyldithiacarbamate) afforded the corresponding diaryl
chalcogenides 18 and 19.%° The telluride 19 could also be
synthesized from the reaction of 2 with Tel,.?° The
reactivity of lithium selenolate 3 toward Mel differs
considerably from that of the corresponding tellurolate.
The addition of Mel to an ethereal solution of 3 afforded
the expected methylated derivative 20. On the other hand,
the reaction of 4 with Mel gave the desired methylated
telluride 21, along with two other minor products which
were separated by column chromatography and identified
as the diaryl telluride 19 and the tellurenyl iodide 22. The
unexpected formation of these two products can be
rationalized by the existence of elemental iodine in solu-
tion, which upon reaction with 4 affords 22, and subse-
quent reaction of this compound with 2 probably leads
to the formation of 19. The single-crystal X-ray structure
of 19 showed a V-shaped bond configuration about the
Te atom.

We studied the monotellurides 19 and 21 further for
their complexation behavior.? Stirring an equimolar solu-
tion of the tridentate ligand 19 with the monoactivated
species Cr(CO)s-THF at room temperature gave complex
24, which serves as a rare example of compounds con-
taining a Cr—Te bond. The X-ray crystal structure showed
that compound 19 acts as a monodenate ligand. Although
the reaction of Cr(CO)e with aryl compounds leads to (#°-
arene)chromium complexes, our attempts to displace
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Table 1. Conversion of Alkenes into Allylic Acetates
Catalyzed by Compound 5%

Substrate time (h) Products isolated yield® (%)
OAc
48 72
72 57

O OAc
OAc
& Sy
a Actual yields of allylic acetates considering the amounts of
alkenes recovered.

ligating carbonyls in Cr(CO)s by the bidentate ligand 21
in THF in a thermal reaction led only to decomposition
of the ligand. However, the tricarbonyl (y%-arene)chro-
mium complex 27 can be obtained by a modified proce-
dure starting from complexed amine 25 via ortho lithia-
tion, as shown in Scheme 3.2
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Ortho lithiation of an enantiomerically pure (S)-N,N-
dimethyl-1-phenylethylamine with n-BuLi, followed by
treatment with elemental selenium, afforded a mixture of
diselenide 30 and triselenide 31 (Scheme 4).2” Pure chiral
diselenide 30 was obtained by bromination of the mixture,
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followed by reduction of the resulting tribromide 32. Wirth
et al. reported that the reduction of di-/triselenide mixture
with NaBH, followed by reoxidation also yields diselenides
in pure form.?® The other enantiomer of 30 was synthe-
sized by ortho lithiation of (R)-N,N-dimethyl-1-phenyleth-
lamine with t-BuLi in pentane and used as procatalyst in
diethylzinc addition reactions.?®

The synthesis of the tellurium analogue of 30 was even
more difficult compared with that of the achiral ana-
logue.?® Addition of elemental tellurium to 29 resulted in
a facile insertion to yield the corresponding lithium
arenetellurolate, which upon oxidative workup afforded
a yellowish solid. Characterization of this compound
showed the formation of tellurinic anhydride 33 rather
than the expected ditelluride. However, compound 33
acted as a normal ditelluride toward reactions with SOCI,
and Br; to give the corresponding tellurenyl trihalides 34
and 35. The monohalides 36 and 37 were obtained by
reduction of the trihalides with hydrazine hydrate. We
reported similar reactions of the ditelluride derived from
2-(3-thienyl)pyridine (Scheme 5).%!

The stability of several organoselenium derivatives
prompted us to investigate the applicability of internal
chelation in the stabilization of monomeric metal sele-
nolates. The salt elimination reactions of lithium seleno-
late 3 with anhydrous ZnCl, and CdCl, afforded insoluble
materials which could not be characterized. However, the
mercury selenolates 43 and 44 (Chart 2) were prepared
by stirring the corresponding diselenides with metallic
mercury in methanol. The resulting complexes were
monomeric and stable at room temperature.®?

The formation of a four-membered ring instead of a
five- or six-membered ring sometime creates problems in
the selenium insertion reactions. For example, in contrast
to the 2-lithio derivative of N,N-dimethylbenzylamine, the
lithiated compound derived from N,N-dimethylaniline
failed to react with selenium and tellurium in all common
solvents used for chalcogen insertion reactions.®® The
unfavorable coordination of the nitrogen to lithium may
allow the formation of higher order aggregates which
result in a polymeric compound. This is in agreement with
the report that 2,6-dimethoxyphenyllithium, where the
formation of a four-membered chelate ring is expected,
reacted neither with selenium nor with tellurium due to
the less soluble nature of the lithiated derivative in
hydrocarbon solvents and etheral solvents.3* However, this

problem has been overcome by the addition of LiCl, which
forms soluble double salts with 2,6-dimethoxyphenyl-
lithium to give lithium arenechalcogenolates.

Organochalcoqen Compounds Based on
henyloxazoline

Recently, we utilized 4,4-dimethyl-2-phenyloxazoline ex-
tensively for the synthesis of chalcogen compounds due
to the ortho-directing ability and rigidity of the oxazoline
ring. Although the ortho lithiation and selenium insertion
reactions have been reported many years ago,*® an addi-
tion reaction of n-BuLi to the imine bond (C=N) of the
oxazoline group hampered the early development. We
recently found that the pure organochalcogen compounds
could be prepared by the direct metalation of 45 with
n-BuLi in nonpolar solvents such as hexane, followed by
chalcogen insertion in etheral solvents.®

The lithium arenechalcogenolates 49 and 51 were
obtained by the addition of chalcogen powder into the
ethereal solution of the lithiated compound.3%3” Oxidation
of the resulting lithium chalcogenolates then afforded the
desired diselenide (52)% and ditelluride (54).%" In contrast
to the formation of tellurinic anhydride 7 from N,N-
dimethylbenzylamine, we did not detect any tellurinic
anhydride or oxidized species during the synthesis of 54,
indicating higher stability of this compound. Despite its
stability, diselenide 52 underwent facile reactions with
stoichiometric amounts SO,Cl,, Br,, or I, to give the
monohalides 55, 56, and 58, respectively. The 77Se NMR
chemical shifts of the monohalides were shifted downfield
with respect to the diselenide 52. The intramolecular
S---N nonbonding interactions result in a downfield shift
of the 77Se NMR peaks.%®

In contrast to the achiral analogue, lithiation of (R)-
(4-ethyl)-2-phenyloxazoline (46) could not be effected in
hexane. However, direct low-temperature metalation of
46 with n-BuLi in ether, followed by selenium insertion
and oxidation, afforded the expected diselenide 53.23
Stable bromo and iodo compounds 57 and 59 were
obtained as crystalline solids in good yield by treating the
diselenide 53 with a stoichiometric amount of bromine
and iodine, respectively.®® It is worth noting that the halo
derivatives are quite stable in solution for a long time and,
particularly in the case of 59, no peaks were detected for
the diselenide, indicating much higher stability as a result
of the intramolecular Se:--N coordination. The Se:-N
separation of 2.074(6) A for 59 is much shorter than some
of the van der Waals radii (3.5 A) and results in a T-shaped
geometry around Se. Reactions of 47 with Se(dtc), and
Te(dtc), afforded the monoselenide 60 and monotelluride
61, respectively. The tellurium compound could also be
synthesized by reaction of 47 with Tel,. However, a better
yield was obtained when Te(dtc), was used as the Te(ll)
source.*°

The failure to synthesize monomeric zinc and cadmium
selenolates using the flexible benzylamine ligands led us
to further investigate the use of this chelating ligand in
the isolation of such unstable species. By using the more
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rigid (4,4-dimethyl-2-oxazolinyl)phenyl ligand, we recently
succeeded in isolating the selenolato complexes of zinc,
cadmium, and mercury (62—64, Scheme 6).3¢ Ortho lithia-
tion and selenium insertion, followed by reaction with
anhydrous metal chlorides, afforded the complexes in
monomeric form. The mercury complex 64 could be
synthesized by treating the corresponding diselenide with
metallic mercury in methanol. In all these complexes, the
formation of the six-membered chelate ring with metal
seems to be an important factor in deciding the molecular
nature of these compounds. The strong coordination of
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the heterocyclic nitrogen to the metal center was clearly
seen in the zinc complex, which showed “helical” chirality
at the metal center. The complex afforded two types of
crystals, plates and needle-shaped crystals, due to spon-
taneous resolution of the racemate. We used similar
synthetic procedures for the isolation of zinc and cad-
mium tellurolates (65, 66)%” and a homoleptic bismuth-
(111) selenolate (67)* (Scheme 6). All attempts to synthesize
the tellurium analogues of the mercury and bismuth
complexes were unsuccessful. However, we successfully
extended this approach to metal complexes of lighter
chalcogens.*?* Similar to Se--*N/Te---N interactions, some
S---N interactions were found in the sulfur derivatives.*>#
The advantage of having an ortho-chelating group has also
been observed in the isolation of the aryl benzylic se-
lenides 68—71 (Chart 3), which were synthesized by
treating the lithium selenolate 49 with appropriate bromo
compounds. The Se---N interactions in the crystal struc-
tures of 68 and 70 revealed that these interactions, though
they are weaker than the Se---N interactions found in halo
derivatives, contribute to the stability of these com-
pounds.3®

The lithiation and selenium insertion reactions of the
oxazoline-based substrates appear to be much faster than
that of N,N-dimethylbenzylamine. This is probably due
to the fact that the sp? nitrogen in the oxazoline ring may
coordinate to lithium much more strongly than the sp®
nitrogen in benzylamine. Moreover, the orientation of the
lone pair of the nitrogen atom and the sterically bulky
nature of the oxazoline substituent of the aryl system
make its bonding properties completely different from
those of the N,N-dimethylamino substituent. The orienta-
tion of the N(sp?) lone pair and the subsequent strong
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coordination, together with the steric bulk of the oxazoline
group, prevents the formation of higher order aggregates
and thus increases its solubility.

70

Or anochalcogen Compounds Based on
imethylamino)naphthalene

Lithiation of 1-(N,N-dimethylamino)naphthalene is an
interesting example of heteroatom-directed aromatic lithi-
ation where the metalation occurs at a place other than
the ortho position. In this case, the lithium can be
introduced at the 8-position due to the abstraction of
hydrogen, which is sterically close to the substituents. The
ligands derived from 72, generally called “stiff-arm”
ligands, are capable of exhibiting hypercoordination in
main group chemistry due to the proximity of additional
donor sites which are constrained to lie close to or within
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the primary coordination sphere. The rigidity and planar-
ity of 72 prompted us to investigate the synthesis and
isolation of group 16 compounds. Lithiation of 72 with
n-BuLi in ether and chalcogen insertion reactions oc-
curred selectively at the 8-position (Scheme 7). Aqueous
oxidative workup of the unstable chalcogenolates 74 and
75 then afforded the diselenide 762 and ditelluride
77,% respectively, in good yield. The X-ray structures of
these two compounds showed the presence of strong
Se---N/Te---N interactions. These interactions are much
stronger than that of the diselenide derived from N,N-
dimethylbenzylamine. This indicates that the nitrogen
lone pair, which is in conjugation with the s-electron
system of the aromatic nuclei, is involved in strong
coordination to the chalcogen atoms. Owing to the strong
interactions, the diselenide and ditelluride crystallized in
a chiral space group, and the crystals were enantiomeri-
cally pure.

The dichalcogenides synthesized by this method were
used for a variety of transformations, as shown in Scheme
7. Reaction of 76 with stoichiometric amounts of sulfuryl
chloride and iodine gave the selenenyl chloride 78 and
the selenenyl iodide 79, respectively.?> Controlled bromi-
nation of 76 and 77 afforded the corresponding chalcog-
enyl(Il) bromide (80, 81), and with an excess amount of
bromine, the tribromides were obtained.?>4> While 83 was
stable in solution, the selenium analogue 82 dissociated
in solution to give the monobromide. As in the case of
N,N-dimethylbezylamine, the phenyl derivative 84 could
be synthesized from the lithiated species. The reaction of
73 with Se(dtc), led to decomposition, whereas the
corresponding reaction with Te(dtc), afforded the unex-
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pected dithiacarbamate complex 85.26 Surprisingly, reac-
tion of 73 with Tel, also afforded the monoaryl derivative
86, even when less than 0.5 equiv of Tel, was used.*® This
indicates that the sterically bulky naphthalene units
disfavor the formation of diarylchalcogenides.

The reactivity of 75 toward Mel also differs from that
of 4. When 75 was treated with Mel, we could not obtain
the expected methyl derivative 87, but the reaction
afforded the ditelluride 77. Reduction of ditelluride with
NaBH,, followed by quenching with Mel to get the target
compound, was also unsuccessful.*> The reaction of
ditelluride 77 with diazomethane did not give the expected
methylene derivative 88, probably due to the enhanced
stability of the ditelluride. In contrast to the lithium
tellurolate, which always tends to oxidize to form the
ditelluride, the lithium selenolate undergoes some reac-
tions. For example, reaction of 74 with a,o'-dibromo-o-
xylene (89) afforded the tetradentate ligand 90, which
exhibits intramolecular Se:-*N interaction in solution.?

The 7"Se and %Te NMR chemical shifts of the selenium
and tellurium compounds derived from N,N-dimethyl-
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naphthalene appear at downfield positions relative to
those of analogous compounds derived from N,N-di-
methylbenzylamine. For example, the chemical shift of 84
appeared at —124.6 ppm, whereas that for 15 appeared
at —198 ppm with respect to Te(dtc),. These differences
suggest that the rigidity of the naphthalene skeleton and
the high basicity of amino group which is in conjugation
with the naphthalene s-electron system impose a close
approach of the potential donor nitrogen and acceptor
chalcogen atoms. This can be clearly seen from the crystal
structures of 76 and 77, which showed shorter Se+-*N and
Te---N distances compared with those of certain deriva-
tives of N,N-dimethylbenzylamine.

Or anochalcogien Compounds Derived from
0-Bromobenzaldehyde

Heteroatom-directed lithiation of benzaldehyde could be
achieved by the conversion of the —CHO group to an
acetal, followed by the reaction with n-BuLi. The reaction
of o-bromobenzaldehyde with ethylene glycol afforded the
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Scheme 8

O B O, s
Br
91

n-Buli
—ether
P
oxe
0’> TeBu [O¥H-0
o (E=Te)
103
(Te)x
(0]

J

101, X=2;102, X=3

lHCI
X,
(Te)x
103 +
OHC
104, X =2; 105, X =3

cyclized product 91. Ortho lithiation and selenium inser-
tion, followed by oxidative workup, gave a yellowish
viscous liquid, from which a pale yellow solid of 95 was
obtained upon cooling (Scheme 8).?* In this case, one of
the oxygen atoms present in the five-membered ring is
expected to direct the lithiation process. The glutathione
peroxidase activity of diselenide 95 was found to be much
higher than that of diphenyl diselenide, which indicates
that the Se---O nonbonded interactions in compound 95
significantly contribute to the observed enhancement in
the activity.?

Reactions of the lithiated compound 92 with Se(dtc),
and Tel, afforded the monoselenide 96 and monotelluride
97, respectively.*® Cleavage of the heterocycle in 96 and
97 by HCI afforded the aldehyde derivatives 98 and 99,
respectively. These two compounds served as precursors
for a variety of compounds. We found that the telluride
99 can be conveniently used for the synthesis of chiral
tellurium azomethines such as 100.#” This compound
was obtained by the condensation of 99 with (R)-(+)-
(1-phenylethyl)amine.

In contrast to the synthesis of diselenide 95, synthesis
of the corresponding ditelluride was complicated. When
we followed the normal route for the synthesis of ditel-
luride 101 involving lithiation of o-bromobenzaldehyde
acetal, telluration, and oxidative workup, we obtained the
ditelluride acetal 101 and the tritelluride acetal 103, along
with the butyl derivative 103. The crude acetal, however,
on hydrolysis was found to contain the tritelluride 105
and the ditalluride 104, leaving the butyl derivative in the
mother liquor. The butyl derivative 103 was purified by

(E = Se) |[O}/H,0

O
'> d\o
Se(dtc)2 £

Li or TeI

L.
lE powder 0—7

O"> 96, E=Se; 97, E=Te
(o]

ELi
93, E=Se
94 E=Te

o)

@@

(E = Te) |CgHsCH(Me)NH,
og©

x~ H
e g

LHCI
@CHO
E
G[CHO
98, E=S

=8Se 99 E=Te

=
®

derivatizing with bromine to the Te(lV) derivative, fol-
lowed by reduction with Na,S-9H,0. Similar to 99, com-
pound 106 underwent condensation with (R)-(+)-(1-
phenylethyl)amine to give the azomethine 107, and
further reaction of this azomethine with bromine afforded
the tribromo derivative 108 (Scheme 9). The ditelluride
101 could also be separated from the tritelluride by
crystallization of the crude product from acetic acid.

The other important class of compounds that could be
obtained from the aldehydes 98 and 99 is the chalcogen-
containing macrocycles.*®4° Our interest in the chemistry
of macrocyclic ligands started with the fact that the lower
electronegativity of these elements combined with their
greater o electron-donating property should yield metal
complexes with interesting structures and redox behavior.
The selenium-containing 22-, 24-, and 28-membered
macrocyclic Schiff base ligands (109—111) were synthe-
sized via one-step dipodal condensation of bis(o-formyl-
phenyl)selenide and 1,2-diaminoethane, 1,3-diaminopro-
pane, and diethylenetriamine, respectively (Scheme 10).4°
Similarly, the tellurium macrocycle 112 was isolated via
condensation reaction of bis(2-formylphenyl)telluride and
1,2-diaminoethane, without recourse to metal ion tem-
plate or high dilution reaction.5®5! In the macrocycles, the
secondary Se:--N and Te---N coordination plays an im-
portant role by reducing the unfavorable lone pair—lone
pair repulsion between nitrogen atoms in the ring.

As an extension of this work, we studied the complex-
ation behavior of the macrocycles.®® The complexation of
112 with “soft” Lewis acid, HgCl,, showed a strange
behavior. Stirring the ligand at room temperature in
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Scheme 9
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chloroform with 2 equiv of HgCl, in acetone led to a facile
cleavage, affording two products which were characterized
as the bis(organomercury) Lewis acid 113 and bis(orga-
notellurenyl chloride) 114. The interesting dismutation
reaction probably proceeds through the formation of a
weakly associated addition complex, followed by the
migration of groups (Scheme 11).

The template-free synthesis of Pd and Pt complexes of
112 was achieved by utilizing the Te---N interaction
concept.5! The reaction of 112 with 1 equiv of PdCl,-
(PhCN),, followed by treatment with an excess of
NH4PFs, gave complex 116. The spectral data and X-ray
crystal structure showed that two of the four nitrogen
atoms and two Te atoms are coordinated to the metal
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Pt(COD)CI; in CH,CI, afforded an unusual cleaved com-
plex 117. This complex resulted from a facile C—Te bond
cleavage and transmetalation. The facile cleavage of the
C—Te bond is due to strong N—Te interactions (n—S*c_te),
which activate the trans C—Te bond. The X-ray crystal
structure of 117 showed an intramolecular Te---O in-
teraction.

Conclusion

Although heteroatom-directed aromatic lithiation reac-
tions have been used in the synthesis of numerous main
group compounds, the application of this versatile route
to the synthesis and isolation of organochalcogen deriva-
tives has developed only recently. The heteroatom-
directed lithiation methodologies described in this Ac-
count lead to several applications, which include (i) the
synthesis of hybrid ligands for complexation reactions, (ii)
isolation of unstable low-valent organochalcogen deriva-
tives, (iii) synthesis of chiral and achiral reagents/catalysts
for organic transformations, (iv) isolation of monomeric
metal chalcogenolates with regard to their use as single-
source stoichiometric precursors for semiconducting ma-
terials, (v) synthesis of novel diselenides as glutathione
peroxidase mimics, and (vi) template-free synthesis of
chalcogen-containing macrocyclic Schiff base ligands.
Further investigations into the synthesis of organochal-
cogen compounds containing two donor atoms in close
proximity are in progress.
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