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The mixed aggregate Ar3CSLi·(Me3Si)2NLi·2THF (3) (Ar = 2,2′′,6,6′′-tetramethyl-m-terphenyl-5′-yl)
containing a lithium thiolate and a lithium amide was synthesized, the crystallographic analysis of which
revealed its structure as containing an unfused SLiNLi four-membered ring with short S−Li distances.

Keywords: lithium thiolates; lithium amides; mixed aggregates; X-ray crystallographic analysis;
bowl-shaped molecules

1. Introduction

It has been well known that many lithium reagents form mixed aggregates with other organo-
lithium compounds or inorganic lithium salts (1–4). Because of the importance and utility of
mixed aggregates in organic chemistry, extensive studies have been performed on their synthe-
sis and structures. Lithium organochalcogenates are important reagents for the synthesis of a
variety of metal chalcogenolato complexes (5–11). For the past two decades, the structural chem-
istry of lithium organothiolates has been attracting growing attention as demonstrated by the
increase of crystallographically characterized compounds of this class. However, there have been
only a limited number of examples of mixed aggregates containing lithium organothiolates and
other lithium reagents (12–15). Veith et al. reported the synthesis and crystal structure of com-
pound 1 bearing a N(Li)−Si−C≡C−C=C−SLi fragment (Figure 1) prepared by dilithiation of
[(2-C4H3S)SiMe2]2NH via ring opening of the thiophene ring, which has been the only example of
a mixed aggregate of a lithium thiolate and a lithium amide (13). In connection with our studies on
the development of novel sulfur compounds bearing a bowl-shaped framework (16–20), we report
here the synthesis and structural characterization of a mixed aggregate of LiSR/LiNR’2 type.
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Figure 1. Mixed aggregate [(2-C4H3S)SiMe2N(Li)SiMe2C≡CCH=CHSLi·OEt2]2 (1).

2. Results and discussion

We previously reported the synthesis of thiol 2 bearing a bowl-shaped triarylmethyl sub-
stituent (denoted as Trm hereafter) (17). The reaction of 2 with n-BuLi in benzene followed
by treatment with a tetrahydrofuran (THF) solution of (Me3Si)2NLi afforded the mixed aggre-
gate TrmSLi·(Me3Si)2NLi·2THF (3) (Scheme 1), which was isolated as colorless crystals by
recrystallization from benzene/THF.

Scheme 1.

X-ray crystallographic analysis established the structure of 3 containing the thiolate unit,
TrmSLi, and the amide unit, (Me3Si)2NLi, in the 1:1 ratio (Figure 2). There is a SLiNLi four-
membered core in this mixed aggregate, and each lithium atom is coordinated by one THF
molecule. Regarding the compounds bearing a SLiNLi ring system, only a limited number of
crystal structures have been reported to date, in all of which the SLiNLi ring is incorporated
within multi-fused ring systems (13, 21, 22). This is the first example of the crystallographic anal-
ysis of a compound bearing an unfused SLiNLi ring system. The sulfur atom adopts a distorted
pyramidal geometry, the sum of the bond angles being 333.4◦. The lithium atoms are surrounded in
an almost undistorted trigonal planar arrangement by the sulfur, nitrogen, and THF oxygen atoms
with the sum of angles of 359.7◦ for both lithium atoms. The lithium–sulfur distances are 2.338(7)
and 2.357(7)Å for Li(1)−S(1) and Li(2)−S(1), respectively, while the S(1)−C(1) distance
is 1.854(3)Å. These lithium–sulfur distances, especially the Li(1)−S(1) distance, are signifi-
cantly shorter than the reported values for Ph3CSLi·PMDTA (2.412(7)Å), Ph3CSLi·(12-crown-4)
(2.399(4)Å), and [Ph3CSLi·2THF]2 (2.466(5) and 2.494(5)Å) (PMDTA = N, N, N ′, N ′′, N ′′-
pentamethyldiethylenetriamine) (10). The short Li−S bond lengths in 3 are considered to result
from the lower coordination number at lithium. It was reported that, in the crystal structure
of [(Me3Si)3CSLi·1.5THF]2, the distances between sulfur and three-coordinate lithium (2.34Å
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Figure 2. ORTEP drawing of 3 (50% probability). Hydrogen atoms are omitted for clarity.

(average)) are much shorter than those involving four-coordinate lithium (2.49Å (average)) (8).
The Li(1)· · · Li(2) distance (2.692(9)Å) in 3 falls between the values observed in dimeric lithium
thiolates (RSLi)2 (7) and those in dimeric lithium amides (R2NLi)2 (23, 24). The SLiNLi four-
membered ring of 3 deviates from planarity and there is a considerable fold angle (149.7◦) along
the Li· · · Li axis. In the crystal structure of compound 1 reported by Veith et al., two SLiNLi rings
are connected to each other to build up a ladder-like structure (13). The S–Li bond lengths (2.52Å
(average)) and Li· · · Li distances (2.82Å (average)) in the SLiNLi rings of 1 are longer than the
corresponding values of 3 observed in the present study.

3. Conclusion

The mixed aggregate 3 containing a lithium alkanethiolate and a lithium amide was synthesized
by use of the bowl-shaped triarylmethanethiol 2. X-ray crystallographic analysis established the
structure of 3 as containing an unfused SLiNLi four-membered ring with short S–Li distances.
Further investigations on the conversion of 3 to other metal thiolates are currently underway.

4. Experimental

All reactions and manipulations were performed under argon atmosphere. Melting points were
determined on a Yanaco micro melting point apparatus and uncorrected. THF, benzene, and
benzene-d6 were purified by distillation from sodium diphenylketyl under argon atmosphere. 1H
NMR (500 MHz) and 13C NMR (126 MHz) spectra were recorded at 298 K on a Bruker DRX-
500 spectrometer using residual non-deuterated solvents as internal reference. TrmSH (2) was
prepared according to our method (17).

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
4
9
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



368 K. Goto et al.

Table 1. Selected bond lengths (Å) and angles (deg) for 3.

Bond lengths

C(1)–S(1) 1.854(3) Li(1)–N(1) 2.032(7)
S(1)–Li(1) 2.338(7) Li(2)–N(1) 1.990(7)
S(1)–Li(2) 2.357(7) Li(1)–Li(2) 2.692(9)
Li(1)–O(1) 1.891(7) N(1)–Si(1) 1.698(3)
Li(2)–O(2) 1.900(7) N(1)–Si(2) 1.702(3)

Bond angles

C(1)–S(1)–Li(1) 133.81(19) O(1)–Li(1)–N(1) 139.8(4)
C(1)–S(1)–Li(2) 129.63(19) O(2)–Li(2)–N(1) 133.1(4)
Li(1)–S(1)–Li(2) 70.0(2) Li(1)–N(1)–Li(2) 84.0(3)
S(1)–Li(1)–O(1) 122.1(3) Li(1)–N(1)–Si(1) 107.5(2)
S(1)–Li(2)–O(2) 128.2(3) Li(1)–N(1)–Si(2) 108.8(3)
S(1)–Li(1)–N(1) 97.8(3) Li(2)–N(1)–Si(1) 115.9(3)
S(1)–Li(2)–N(1) 98.4(3) Li(2)–N(1)–Si(2) 104.6(2)

4.1. Synthesis of the mixed aggregate (3)

A hexane solution of n-BuLi (1.57 M, 0.040 mL, 0.063 mmol) at room temperature was added to a
benzene solution (2.5 mL) of thiol 2 (50.0 mg, 0.055 mmol). After stirring for 1 h, a THF solution
of (Me3Si)2NLi (0.42 M, 0.60 mL, 0.25 mmol) was added and the mixture was further stirred at
room temperature for 30 min. The solvent was removed under reduced pressure, and the residue
was recrystallized from benzene/THF to afford 3 (37 mg, 0.031 mmol, 56%) as colorless crystals.
3: Colorless crystals; mp 265.6–267.2◦C (decomp). 1H NMR (C6D6, 500 MHz): δ 0.17 (s, 18H),
1.23 (broad multiplet, 8H), 2.03 (broad singlet, 36H), 3.57 (broad multiplet, 8H), 6.52 (broad
triplet, 3H), 7.03-7.13 (m, 18H), 7.53 (broad doublet, 6H); 13C{1H} NMR (C6D6, 126 MHz):
δ 2.35, 21.14, 62.39, 126.55, 126.85, 128.05, 128.34, 128.76, 140.00, 141.60, 142.36 (the carbon
signals for coordinated THF molecules were not identified due to considerable broadening).

4.2. X-ray crystallography

Single crystals of 3 were grown in their benzene/THF solutions. The intensity data were
collected at 120 K on a Rigaku/MSC Mercury CCD diffractometer with graphite-monochromated
MoKα radiation (λ = 0.71069 Å). The structures were solved by the direct method and
refined by full-matrix least squares on F 2 using SHELXL 97 (25). The non-hydrogen atoms
were refined anisotropically. The hydrogen atoms were idealized by using the riding mod-
els. Crystallographic data for 3: C81H97Li2NO2SSi2, M = 1218.76, monoclinic, space group
P 21/c, a = 16.636(6), b = 16.938(7), c = 25.950(11) Å, β = 97.665(6)◦, V = 7246(5) Å3,
Z = 4, Dcalcd = 1.117 g cm−3, 46361 measured reflections, 12669 independent, 820 parameters.
R1 = 0.0933(I > 2σ(I)), wR2 = 0.1834 (all data). Goodness-of-fit on F 2 = 1.167. Crystallo-
graphic data for the structure of 3 have been deposited with the Cambridge Crystallographic Data
Centre, CCDC No. 721294.
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