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ABSTRACT: Lithiation of an imidazole-based monothiolate, 2, by excess n-butyllithium gives a white powder containing both a
lithiated product and an nBuLi contaminant (in ca. 1:1 molar ratio). This white powder not only reacts with TMEDA in toluene to
give 4, a C5-lithiated-imidazole-based monothiolate dimer, but also cleaves THF to give a pair of enantiomers of 5 (as a result of
‘capturing’ LiIOCH=CHy fragment by a C5-lithiated-imidazole-based monothiolate monomer). Further reaction of the lithiated prod-
uct of 2 with selenium results in the first dimeric (7) and monomeric (8) selenothiolates. The nature of the bonding in 7 and 8 was

further probed by DFT computations.

Since Arduengo’s seminal 1991 synthesis,' N-heterocyclic
carbenes (NHCs; I, Figure 1) have demonstrated remarkable
utility in both transition metal and main group chemistry.>” Alt-
hough somewhat less stable, abnormal NHCs (aNHC:s; 11, Fig-
ure 1) generally possess stronger electron-donating capabilities
than 1.%° The first stable metal-free aNHC ligand, reported by
Bertrand,'® involved aryl-functionalization of the C2 and C5
carbon atoms. Ghadwal recently reported a stable C5-proto-
nated aNHC.!! In addition, ditopic carbanionic NHCs, includ-
ing anionic C2/C4 N-heterocyclic dicarbenes (NHDCs; III,
Figure 1)'*'* and anionic C4/C5 dicarbenes (IV; Figure 1),
have been synthesized via metalation of the corresponding car-
bene precursors I and I, respectively.
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Figure 1. Imidazole-based carbenes: (I) normal N-heterocyclic
carbenes (NHCs); (II) abnormal N-heterocyclic carbenes (aN-
HCs); (III) anionic C2/C4 N-heterocyclic dicarbenes (NHDCs);
(IV) anionic C4/C5 N-heterocyclic dicarbenes.

The preparation of the first C2/C4 NHDC (1, Scheme 1), via
lithiation of the corresponding N-heterocyclic carbene, was re-
ported by this laboratory a decade ago.'> NHDCs have subse-
quently demonstrated diverse utility in the synthesis of aNHC
complexes, C4-functionalized and poly-NHCs, and NHDC-
based binuclear complexes.®!*!? Indeed, we recently reported
that 1 undergoes both disulfurization (giving an imidazole-
based monothiolate (2)) and #risulfurization (giving a stable
lithium dithiolene radical (3%)) (Scheme 1).2° While employing
3 as an effective platform for accessing various novel s- and p-
block dithiolene species,?!"*® we are also interested in the meta-
lation of 2, which may lead to novel applications in heterocyclic
and coordination chemistry. Herein, we report the syntheses>
and structures* of C5-lithiated-imidazole-based monothiolates

4 and 5 (Scheme 1). Lithiation of 2 provides a unique synthetic
route to the dilithium dithiolate dimer (6) and selenothiolates (7
and 8) (Scheme 2). Although dithiolenes and diselenolenes

have been extensively studied,**! compounds 7 and 8 represent

the first report of selenothiolates. The nature of the bonding in
7 and 8 was probed by DFT computations.?*

Scheme 1. Synthesis of 4 and 5 (R = 2,6-diisopropylphenyl).
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Lithiation of crystalline 2 with an excess of nBuLi in hexane
gives the lithiated product as a white powder, which further re-
acts with TMEDA in toluene to give 4 (49.6% yield, Scheme



1).** Attempts to obtain X-ray quality crystals of the white pow-
der (without TMEDA coordination) in toluene were unsuccess-
ful, repeatedly yielding only a viscous solution. Notably, the
white powder was shown to cleave THF, rendering a pair of
enantiomers of 5 (72.3% yield; Scheme 1) in a 1:1 ratio (as ob-
served in the crystal lattice).>* After being rinsed with hexane,
the white powder still contained both the lithiated ligand and
the nBuLi contaminant (in a molar ratio of ca. 1:1 in terms of
the '"H NMR spectrum of the white powder in THF-dg). The
presence of the lithium enolate of acetaldehyde (LiOCH=CH,)
moiety in 5§ may be due to fragmentation of THF by nBuLi.*?
Notably, 4 does not react with THF. The 'H NMR resonances
of the enolate of acetaldehyde fragment of § are observed at
3.37 (broad d, 1H, *J.;s = 4.7 Hz, HC=), 3.68 (d, 1H, *Jyums =
13.6 Hz, HC=), and 6.92 (dd, 1H, *J.;; = 5.3 Hz and *Jyyuns = 13.6
Hz, =CHO) ppm, which compares well to those (3.41, 3.96, and
6.51 ppm) for the LiOCH=CH, units in (THF)sLij[{2-
(MeO)C6H4N}6P3N3](CH2:CHO)(,.33
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Figure 2. Molecular structures of [4] (a) and enantiomers of S (b).
Thermal ellipsoids represent 30% probability; hydrogen atoms on
carbon are omitted for clarity. Selected bond distances (A) and an-
gles (deg): For [4]", C(2)-C(3) 1.368(4), C(2)-S(2) 1.758(3), C(3)—
Li(1) 2.007(6), S(2)-Li(2) 2.467(5), S(2)-Li(3) 2.451(5); C(2)-
C(3)-Li(1) 119.4(3), C(3)-Li(1)-C(30) 169.4(3), C(3)-C(2)-S(2)
129.9(2), S(2)-Li(2)-S(4) 108.22(19), Li(2)-S(2)-Li(3) 72.22(17).
For 5, C(2)-C(3) 1.358(6), C(2)-S(2) 1.757(4), C(3)-Li(2)
2.154(9), C(3)-Li(3) 2.230(10), S(2)-Li(1) 2.418(9), Li(1)-O(5)
1.918(9), O(5)—-C(44) 1.329(6), C(44)—C(45) 1.290(8); C(2)-C(3)-
Li(2) 121.8(4), C(2)-C(3)-Li(3) 81.2(4), C(3)-C(2)-S(2) 128.7(4),
C(2)-S(2)-Li(1) 100.7(2), C(2)-S(2)-Li(3) 65.8(3), O(5)-C(44)-
C(45) 127.6(6).

X-ray structural analysis®* reveals that the anionic moiety of
4 (Figure 2a) contains two C5-lithiated-imidazole-based mono-
thiolate ligands, bridged by three lithium cations. While one
two-coordinate lithium atom is bound to the two C5 carbons of
neighboring imidazole rings, the other two TMEDA-chelated
lithium atoms are four-coordinate, forming an almost planar

ring with two sulfur atoms (dihedral angle between two SLi,
planes = 176.1°) (Figure 2a). The presence of two-coordinate
lithium in 4 is presumably due to the steric shielding of the
bulky thiolate ligands and two TMEDA molecules. The two-
coordinate lithium atom in 4 has a somewhat bent geometry
[C(3)-Li(1)-C(30) bond angle = 169.4(3)°]. The C—Li bond
distances in 4 [2.007(6) and 2.024(6) A] are shorter than those
in 1 [2.125(6) and 2.175(6) A].'> Both C4-S bond distances
(1.760 A, av) and S-Li bond distances (2.469 A, av) in 4 are
longer than those in 2 (dcs s=1.716 A, ds 1,=2.369 A), respec-
tively.?

X-ray structural analysis shows that § exists as one pair of
enantiomers (Figure 2b) in the asymmetric unit.** For clarity,
only the structural parameters of one enantiomer of 5 is shown
in the caption of Figure 2. The formation of 5§ may be a result
of ‘capturing” a LIOCH=CH, fragment (from nBuLi-mediated
THF cleavage) by the C5-lithiated-imidazole-based monothio-
late monomer. The LIOCH=CH, unit resides either above or be-
low the C=C-S plane through forming two Li—O bonds and one
Li—C5 bond, giving one pair of enantiomers of 5. In compound
5, three lithium atoms are four-coordinate due to THF solvation.
While C4-S bond distances [1.749(5) and 1.757(4) A] and S—
Li bond distances (2.480 A, av) of 5 are similar to those in 4
[dc4fs:l.760 A (av), dsti:2.469 A (aV)], the CS*LI bOIld diS-
tances [2.147(9)-2.239(10) A] in 5 are longer than those in 4
[2.007(6) and 2.024(6) A].2* The carbon-carbon double bond
distances of the lithium enolate of acetaldehyde units in 5 (1.295
A, av) compare with that in a yttrium porphyrinogen complex
[1.339(4) A3
Scheme 2. Synthesis of 6, 7, and 8 (R =
propylphenyl).
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C5-lithiation of 2 provides a convenient synthetic route to
heteronuclear dichalcogenolates. Reaction of 2 with excess
nBuLi in hexane gives a white powder. This white powder,
when combined with elemental selenium in THF (1:2 molar ra-
tio of 2:Se) and subsequently with excess TMEDA in THF,
gives the dimeric selenothiolate 7 (85.9% yield) (Scheme 2).2*
Notably, when the molar ratio of 2:Se is 1:1, the product of the
parallel synthesis is the monomeric selenothiolate 8 (74.4%
yield; Scheme 2).** The corresponding 1:1 reaction of 2 with
elemental sulfur in toluene, however, affords the dilithium



dithiolate dimer 6 (77.9% yield; Scheme 2).>* Notably, ana-
logues of 6, containing mixed cations, have been previously re-
ported by this laboratory (via KCs or cobaltocene-mediated
one-electron reduction of the lithium dithiolene radical 3°).%° In
THF-ds, the 2,6-diisopropylphenyl-substituted imidazole moie-
ties in both 7 and 8 demonstrate very similar 'H and '*C NMR
resonances.

(b)

Figure 3. Molecular structures of 7 (a) and enantiomeric [8] (b).
Thermal ellipsoids represent 30% probability; hydrogen atoms on
carbon and disordered atoms [i.e., Se(1)', S(2)'] are omitted for clar-

ity.

The structural parameters (Figure S1)** of the
[C,S,Li(THF)], core in 6 are very similar to those in previously
reported dithiolate dimers.>* The [C,SSeLi(THF)], core in 7
(Figure 3a) is isostructural with the [C,S;Li(THF)], core in 6.
Compound 8 exists as a monomer, in which the lithium atom in
the five-membered selenothiolate ring is chelated by a TMEDA
molecule (Figure 3b). Consequently, the lithium atom in 8 is
four-coordinated and adopts a distorted tetrahedral geometry. In
contrast to 6, however, both dimeric (7) and monomeric (8) se-
lenothiolates exhibit disorders of Se and S atoms in their solid-
state structures (For clarity, disordered Se(1)', S(2)' atoms are
omitted in molecular structures shown in Figure 3).** Regarding
compound 7, the occupancies of Se(1) and S(2’) are 0.55 and
0.45, respectively, at the position bridging Li(2) and C(2), while
the occupancies of Se(1”) and S(2) are 0.45 and 0.55, respec-
tively, at the position bridging Li(2) and C(3). For 8, the occu-
pancies of Se(1) and S(2”) are 0.65 and 0.35, respectively, at the
position bridging Li(1) and C(2), while the occupancies of
Se(1°) and S(2) are 0.35 and 0.65, respectively, at the position
bridging Li(1) and C(3). Considering the crystallographic dis-
order present in the selenothiolate cores (i.e., C,SeS) of 7 and
8, we thought it prudent to computationally investigate the
bonding (i.e., B3LYP/6-311G** DFT computations on the sim-
plified 7-H and [8-H] models).?* Both C—Se and C—S bonds in
7-H (dc se = 1.904 A, dc s = 1.755 A) and [8-H]" (dc_se = 1.908

A, dcs = 1.756 A) are comparable with the corresponding the-
oretical values in the reported diselenolates and dithiolates. For
example, diselenolates, [R(Se)C=C(Se)R]*, R = Me, CN, CF;,
and COOMe, exhibit C—Se bond distances in a range from
1.895 to 1.929 A,3¢ while the C-S bond distance in the simpli-
fied lithium-bridged dithiolate dimer model is 1.754 A3 The
C»SeSLi rings in both 7-H and [8-H]",?* are much more planar,
unlike than those in the solid state structures of 7 and 8. This
may be due to the steric hindrance of the bulky ligand and pack-
ing effects. The HOMOs of 7-H and [8-H]" models (Figure 4)
are predominantly ligand-based, involving C—C mn-bonding,
and C—S/Se n-antibonding character.

(a) (b)

Figure 4. HOMOs of optimized models 7-H (a) and [8-H] (b).

In conclusion, compound 2, as an intermediate of the synthe-
sis of lithium dithiolene radical 3", may also react with excess
nBuli to give a white powder containing both C5-lithiated
product and nBuLi contaminant (in ca. 1:1 molar ratio). This
white powder not only reacts with TMEDA in toluene to give
4, but also cleaves THF to give a pair of enantiomers, 5. Further
reaction of the lithiated product of 2 with selenium (in different
stoichiometries) results in the first dimeric (7) and monomeric
(8) selenothiolates.
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