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Transmetallation reaction of trisilylstannane ArSn(SiHMe2)3

(Ar = 2,6-bis(2,4,6-triisopropylphenyl)phenyl), bearing a bulky

substituent on the tin atom, with methyllithium in THF at room

temperature gave the first trianion equivalent, trilithiostannane

ArSnLi3, the generation of which was confirmed by trapping

experiments with some electrophiles as well as by
119

Sn and
7
Li

NMR spectroscopy.

Since the first report of the synthesis of alkyl- and aryllithiums

in 1917,1 the organolithium compounds have been one of the

most important classes of organometallic compounds and are

now recognized as very powerful synthetic tools in organic

chemistry.2 The chemistry of lithium compounds of heavier

group 14 elements has also bloomed in the last few decades.3

Very recently, attention has been paid to the synthesis and

reactions of stable geminal dilithio species of group 14 ele-

ments as novel difunctional building blocks, leading to the

synthesis of novel compounds having double bonds and

unique structures of considerable interest. The geminal tri-

lithio species, one of the most exotic species in this field, can be

regarded as a trianion equivalent. However, no stable trilithio

derivatives of group 14 elements have appeared, although the

generation of a trilithiomethane by the reaction of trichloro-

phenylmethane with t-butyllithium at �110 1C in THF has

been suggested by NMR analysis.4 On the other hand, the

compounds having a tin–alkali metal bond are usually pre-

pared by the reactions of R3SnX (X = halogen), R3SnH
5 and

R3SnSnR3
6 with bases and reductants, respectively. Trans-

metallation reactions are known to occur in the reaction of

tetrakis(trimethylsilyl)stannane with methyllithium to give the

corresponding lithiostannane.7 We became interested in the

transmetallation reactions of trisilylstannanes having a bulky

m-terphenyl ligand on the tin atom with alkyl metal reagents.

We report herein the first synthesis of a trilithiostannane,

stable in solution at ambient temperature, and its NMR

analysis and reactivity. Theoretical calculations are

also performed to discuss structures of the newly obtained

trilithiostannane.

A THF solution of ArSnCl3 1 (Ar = 2,6-bis(2,4,6-tri-

isopropylphenyl)phenyl) and excess of Me2SiHCl in the presence

of Mg–MgBr2 was heated under reflux to give ArSn(SiHMe2)3
2 and ArH in 23% and 28% yields, respectively. The yield of

2 was improved to 51% when the reaction was carried out in

the presence of triethylamine (Scheme 1).

First, the transmetallation reaction of ArSn(SiHMe2)3 2 was

carried out. Treatment of 2 with excess methyllithium in THF

gave a deep orange solution. After the reaction was quenched

with H2O, ArSnH3 3a
8 was obtained in 90% yield (Scheme 2).

The 1H NMR spectrum of 3a in C6D6 showed a signal at

4.28 ppm assignable to SnH3 protons with a characteristic

couple of satellites of 1J(117Sn–H) (1847 Hz) and 1J(119Sn–H)

(1933 Hz), respectively.9 Addition of D2O to the reaction

mixture instead of H2O at room temperature resulted in the

formation of ArSnD3 3b in 72% yield (D content: 99%)

(Scheme 2). The 119Sn NMR spectrum of 3b in C6D6 showed

a septet signal at�389 ppm with a 1J(Sn–D) coupling constant

of 200 Hz.10 In the IR spectrum, a unique absorption was

observed at 1315 cm�1, which could be assigned to a stretching

vibration of Sn–D moieties in 3b.11 The formation of 3a and

3b in high yields in the trapping experiments can be interpreted

in terms of the almost quantitative generation of trilithio-

stannane 4a, stable in THF at room temperature. The formation

of trilithiostannane 4a was also confirmed by trapping experi-

ments with other electrophiles. When trilithiostannane 4a was

treated with iodomethane, the corresponding trimethyl deri-

vative, ArSnMe3 5, was obtained in 92% yield (Scheme 2).z12
The reaction of 4a with bromoethane afforded the correspond-

ing triethyl derivative 6 in 89% yield (Scheme 2). In this

reaction, ArSnMe3 5 was not obtained. Thus, the trilithio-

stannane 4a did not undergo halophilic reaction to afford

ArSnI3 and ArSnMe3 5 was not derived from the reaction

of ArSnI3 with the remaining MeLi. Futhermore,

ArSn(SiHMe2)3 2 did not react with iodomethane. Thus,

trilithiostannane 4a can function as a trianion equivalent.

Second, NMR characterization of trilithiostannane 4a was

carried out. The 119Sn NMR spectrum of 4a in THF at room

temperature showed only one signal at �443 ppm, in a field

Scheme 1 Preparation of ArSn(SiHMe2)3.
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much higher than those of the lithio- and dilithio-stannanes.13

In the 7Li NMR, only one signal was observed at 1.08 ppm,

suggesting the rapid exchange of lithium cations between 4a

and the remaining MeLi. The coupling constant between 119Sn

and 7Li nuclei was not observed even at �80 1C in THF-d8.
14

After the NMR sample was kept at room temperature for a

few days, the signals did not change, and hence, trilithio-

stannane 4a was quite stable in solution at ambient temperature.

We next examined the synthesis of tripotassiostannane 4b

by transmetallation reaction of ArSn(SiHMe2)3 2 with
tBuOK.

Treatment of 2 with tBuOK in THF at room temperature gave

tripotassiostannane 4b, the formation of which was confirmed

by a trapping experiment with iodomethane to afford

ArSnMe3 5 in 92% yield (Scheme 3). The 119Sn NMR

spectrum of 4b in THF at room temperature revealed only

one signal at �473 ppm, in a region similar to that of

trilithiostannane 4a.

To aid in understanding the structure of trilithiostannane

4a, the geometry of 4a was optimized with hybrid density

functional theory at the B3LYP15 level using the Gaussian 03

program.16 The LANL2DZ basis set augmented by d polar-

ization functions (d exponent 0.186) and p diffuse functions

(p exponent 0.0174) was used for Sn17 and 6-31+G(d) for C,

H, and Li.18 Two different structures of 4a were found to be

minima (Fig. 1). One of these (geometry A) has three lithium

atoms located asymmetrically to the central phenyl plane. One

lithium atom is on a flanking phenyl ring. The other structure

(geometry B) is more stable than the first by 6.4 kcal mol�1. In

geometry B, three lithium atoms are located symmetrically to

the perpendicular to the central phenyl plane. Two lithium

atoms are located on each of the flanking phenyl rings,

suggesting that there are some interactions between the ben-

zene rings and the lithium atoms, probably leading to unusual

stability of the trilithiostannane. Similar interactions were

found in anionic species having terphenyl ligands, where the

counter cations were coordinated with the flanking phenyl

ligands.19

In summary, we have succeeded in the first synthesis of a

trilithiostannane, a trianion equivalent, by the transmetalla-

tion reaction of an aryltrisilylstannane with methyllithium, the

formation of which was evidenced by trapping experiments

and NMR spectroscopy. A tripotassiostannane was also

synthesized using tBuOK. Both trimetallostannanes were

remarkably stable in solution at ambient temperature. Theo-

retical calculations revealed that trilithiostannane corresponds

to a stable energy minimum, and the most stable structure has

interactions between the lithium atoms and the flanking

phenyl groups. The present trimetallostannanes would be

useful building blocks for the synthesis of compounds having

novel bonding modes and further investigation on their

application is currently in progress.
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(4.0 mL) of ArSn(SiHMe2)3 2 (61 mg, 0.078 mmol) at room tempera-
ture. After the reaction mixture was kept at the same temperature,
iodomethane (0.5 mL, 8.03 mmol) was added to the reaction mixture.
After the removal of volatile substances, material insoluble in
dichloromethane was removed by filtration. After concentration of
the filtrate, the residue was recrystallized from dichloromethane and
methanol to give ArSnMe3 5 (46 mg, 92%). 5: mp 123–126 1C
(dichloromethane + methanol). 1H NMR (400 MHz, CDCl3):
d �0.63 (s, JSnH = 52, 55 Hz, 9H), 1.04 (d, JHH = 7 Hz, 12H),
1.19 (d, JHH = 7 Hz, 12H), 1.28 (d, JHH = 7 Hz, 12H), 2.67 (sept,
JHH = 7 Hz, 4H), 2.92 (sept, JHH = 7 Hz, 2H), 7.02 (s, 4H), 7.10 (d,
JHH = 8 Hz, 2H), 7.28 (t, JHH = 8 Hz, 1H); 13C NMR (101 MHz,
CDCl3): d �6.66 (q, JSnC = 327, 343 Hz), 22.84 (q), 24.26 (q), 25.75
(q), 30.36 (d), 34.42 (d), 120.56 (d), 126.48 (d, JSnC = 9 Hz), 129.12
(d, JSnC = 39 Hz), 139.29 (s, JSnC = 19 Hz), 143.05 (s), 146.52 (s),
148.01 (s), 148.16 (s); 119Sn NMR (150 MHz, CDCl3): d –55.1. Anal.
Calcd for C39H58Sn: C, 72.56; H, 9.06. Found: C, 72.59; H, 9.36%.
(b) NMR measurement of ArSnLi3 4a. In a glovebox, THF-d8 was
added to a mixture of MeLi–Et2O powder (186 mg, 1.94 mmol) and
ArSn(SiHMe2)3 2 (125 mg, 0.16 mmol) in a 5 mm glass NMR tube.
After the mixture was degassed by freeze–pump–thaw cycles
and sealed, the reaction was monitored by NMR spectroscopy. 4a:
119Sn NMR (150 MHz, THF-d8): d �443; 7Li NMR (156 MHz,
THF-d8): d 1.08.
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