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Formation of Pentaorganostannates from Bis(2-bromo-2'-biphenyl)stannanes
and tert-Butyllithium upon Substitution of Alkyl and Aryl Groups on Tin
Atoms
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The reaction of bis(2-bromo-2’-biphenyl)stannanes 1 with
tert-butyllithium in the presence of diaryl- and dialkyldichlo-
rostannanes leads to the extrusion of aryl and alkyl groups on
the tin atom, affording 9-stannafluorene derivatives bearing
biphenyl groups. The intermediates of the reactions were as-
signed to the corresponding pentaorganostannates, which

were characterized by NMR spectroscopy. Unexpectedly, the
dissociation of the aryl and alkyl groups from the tin atoms
in intramolecular nucleophilic substitution reactions was
preferable to that of chloride ions in intermolecular nucleo-
philic substitution reactions.

Introduction

Bimolecular nucleophilic substitution reactions at carbon
atoms, denoted as Sn2 reactions, are one of the most impor-
tant reactions in organic chemistry, and the pentacoordi-
nate transition state is well established.l'! The leaving group
stability of the functional groups on the carbon atom affects
the reaction pathways. For instance, a halogen atom, except
for a fluorine atom, on carbon is easily dissociated as a
halide anion, whereas an alkyl or an aryl group would
rarely be dissociated as an alkyl or an aryl anion, respec-
tively. Nucleophilic substitution reactions of heavier group
14 elements, however, sometimes do demonstrate the disso-
ciation of alkyl groups as alkyl anions, probably via penta-
valent organometallate complexes as key intermediates.”!
Among such species, pentaorganostannates are of great im-
portance as intermediates of the tin-lithium exchange reac-
tion, which is widely applied for the synthesis of organo-
lithium compounds,®! and we have recently reported the
synthesis of the first stable pentaorganostannate and its
molecular structures.*>! In the course of our studies on the
synthesis of the 9,10-distannaanthracene dianion,® we al-
ready reported the synthesis of 9,10-dihydro-9,10-distanna-
anthracenes from bis(2-bromophenyl)stannanes.[’l Bis(2-
bromophenyl)stannanes were synthesized from o-lithiobro-
mobenzene, prepared by the reaction of o-dibromobenzene
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with butyllithium below —110 °C, whereas treatment of o-
dibromobenzene with butyllithium at —90 °C led to the for-
mation of biphenyllithium via benzyne.®) We became inter-
ested in the application of biphenyllithium to the synthesis
of other m-extended ring compounds besides 9,10-dihydro-
9,10-distannaanthracenes. We report herein that the reac-
tions of bis(2-bromo-2'-biphenyl)stannanes with zerz-butyl-
lithium undergo unexpected substitution reactions on the
tin atom via pentaorganostannates with the extrusion of
aryl or alkyl groups.

Results and Discussion

Synthesis of Bis(2-bromo-2’-biphenyl)stannanes 1

After treatment of o-dibromobenzene with butyllithium
at —78 °C,®] the reaction mixture was treated with dichloro-
dimethylstannane and dichloro[bis(p-methoxyphenyl)]-
stannane to give the corresponding bis(2-bromo-2’'-bi-
phenyl)stannanes 1a and 1b, respectively, in moderate yields
(Scheme 1).

Reaction of Bis(2-bromo-2’-biphenyl)stannanes 1 with zert-
Butyllithium: Quenched by Dichlorostannanes

We expected that the dilithio compounds derived from
the reaction of bis(2-bromo-2’'-biphenyl)stannanes 1 with
tert-butyllithium could react with dichlorostannanes to
give the corresponding 10-membered ring compounds A,
similar to the synthesis of 9,10-dihydro-9,10-distanna-
anthracenes.”! However, treatment of bis(2-bromo-2'-bi-
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Scheme 1. Preparation of bis(2-bromo-2’-biphenyl)stannanes 1.

phenyl)stannane 1a with tzerz-butyllithium followed by
dichloro[bis(p-methoxyphenyl)]stannane!®! afforded biphen-
ylstannafluorene 2a (25%), spirobistannafluorene 31"
(18%), and tetrakis(p-methoxyphenyl)stannane® 4 (29 %;
Scheme 2). Compounds 2a and 3 are clearly formed by the
dissociation of one and two p-methoxyphenyl groups,
respectively, from the tin atom. In the reaction of 1b with
tert-butyllithium and dichlorodimethylstannane, the corre-
sponding biphenylstannafluorene 2b was obtained in 25%
yield, whereas spirobistannafluorene 3 was not obtained.
The formation of 2b suggests that one methyl group on the
tin atom was replaced by a biphenyl moiety. It is somewhat
inconceivable that nucleophilic substitution with the ex-
trusion of aryl and alkyl groups was preferable to that with

the extrusion of chloride ions.
1) tBuLi (4 equiv.) I ’\— j I O

2) RySnCly
1
<-78°C
thf
~LiBr, =

-LiCl

+ R4Sn

3 (18%)

4(29%)

2a: R = CgH,OMe-p (25%)
2b: R = Me (25%)

A

Scheme 2. Reactions of bis(2-bromo-2’-biphenyl)stannanes 1 with
tert-butyllithium, quenched by dichlorostannanes.

Reactions of Bis(2-bromo-2’'-biphenyl)stannanes 1 with zerz-
Butyllithium

To understand the effects of the additional dichlo-
rostannanes, reactions of bis(2-bromo-2’-biphenyl)stann-
anes 1 with zerz-butyllithium were also examined. Treat-
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ment of 1a with ters-butyllithium provided 2a (65%) and 9-
stannafluorene 5al'!l (15%), whereas spirobistannafluorene
3 was not obtained (Scheme 3). In the reaction of 1b with
tert-butyllithium, 2b (58%), Sb!'>13] (trace), and 6b!'3-14

(trace) were obtained.

<-78°C O
thf O

—LiBr, =

{BuLi (4 equiv.)
1

2a: R = CgH4OMe-p (65%) 5a: R = CgH4OMe-p (15%)
2b: R = Me (58%) 5b: R = Me (trace)

6a: R = CgH4OMe-p (not obtained)
6b: R = Me (trace)

Scheme 3. Reactions of bis(2-bromo-2'-biphenyl)stannanes 1 with
tert-butyllithium.

Intermediates in the Reaction of Bis(2-bromo-2’-biphenyl)-
stannanes 1 with zert-Butyllithium

To elucidate the mechanism of these reactions, the reac-
tions of 1 with tert-butyllithium were monitored. After
treatment of 1b with tert-butyllithium, the ''"Sn NMR
spectrum of the reaction mixture in THF with C¢Dg for
NMR lock at 213 K revealed complete disappearance of the
signal for 1b (=59, =57 ppm at 378 K)['*] and only one signal
at —253 ppm, which was identified as methylstannate 7b
(Scheme 4). We have already reported the characterization
of 7b, synthesized by the reaction of 3 with methyllithium,
by X-ray crystallographic analysis.¥l In the reaction of 1a
with tert-butyllithium, the ''°Sn NMR spectrum of the re-
action mixture at 213 K revealed only one signal at § =
—268 ppm, which was in the same region as that of 7b, sug-
gesting the formation of the intermediary (p-meth-
oxyphenyl)stannate 7a (Scheme 4). Monitoring the reaction
of 9-stannafluorene 5b with methyllithium at 213 K by
119Sn NMR spectroscopy revealed a signal at —264 ppm,

O O N
fBuli (4 equiv.) 7a: R = CgH4OMe-p
Sn. R 119 -
<_78°C : \ &''¥Sn, 213 K) = -268 ppm

thf/CgDg
—LiBr, =

Scheme 4. Intermediates of the reactions of bis(2-bromo-2'-bi-

phenyl)stannanes 1 with fert-butyllithium.

7b: R = Me
&19sn, 213 K) = 253 ppm
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which was in the same region as that of 7b, and hence, the

intermediate was assigned to trimethylstannate 8b
(Scheme 95).
MeLi (1 equiv.) O O
B —— Li*
<-78°C
thf/CeDg me” | “me

Me

8b: &§''%9sn, 213 K) = —264 ppm

Scheme 5. Intermediate of the reaction of 9,9-dimethyl-9-stanna-
fluorene (5b) with methyllithium.

Mechanism for the Reactions of Bis(2-bromo-2’-biphenyl)-
stannanes 1 with fert-Butyllithium

A plausible mechanism is shown in Scheme 6. First, the
dilithiation of 1 occurs to provide dilithio compound 9,
which undergoes intramolecular nucleophilic substitution
to afford pentaorganostannate 7 with the extrusion of RLi.
Although stannate 7 and spirobistannafluorene 3 exist in
equilibrium with RLi, in the presence of dichlorostannane
as a trapping reagent, dissociated RLi is trapped by dichlo-
rostannane, so that the equilibrium shifts toward spirobi-
stannafluorene 3. Stannate 7 is also in equilibrium with li-
thiobiphenylstannafluorene 10, which is converted into 2
after usual workup. In contrast, in the absence of the trap-
ping reagent, this equilibrium does not favor spirobistanna-
fluorene 3, because the RLi is not consumed. Therefore, in
an equilibrium mixture, stannafluorene 5 exists, resulting
from nucleophilic attack of the remaining RLi on the tin
atom of 10, although the yield of 5 is not very high. Stanna-
fluorene 5 reacts with RLi to afford lithiostannylbiphenyl
11 via stannate 8b. Although the reason why spirobistanna-
fluorene 3 was not obtained in the reaction of 1b with zert-
butyllithium in the presence of dichlorodimethylstannane is
still unclear, the unfavorable generation of the less-

R R

\
, [BuLi (4 equiv) O S”/ O —RLi ,
~LiBr, = Q Li |_| H

I

R

1"
lworkup

RoSNCl,  RgSn

\_\—RLi 1
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6

Scheme 6. Mechanism for the reactions of bis(2-bromo-2'-bi-
phenyl)stannanes 1 with ferz-butyllithium.
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stable methyllithium compared with p-methoxyphenyllith-
ium pushes the equilibrium between 7b and 3 toward 7b,
which is in equilibrium with 10b.

Conclusions

Reactions of bis(2-bromo-2'-biphenyl)stannanes 1 with
tert-butyllithium in the presence of diaryl- and dialkyldi-
chlorostannane did not afford the expected 10-membered
compounds, but the corresponding biphenyl derivatives and
spirobistannafluorene, which were derived from somewhat
unexpected substitution of aryl and alkyl groups on the tin
atoms. In the absence of diaryldichlorostannane, the forma-
tion of spirobistannafluorene 3 was suppressed, even
though reaction of 1b with ferz-butyllithium in the presence
of dichlorodimethylstannane did not provide spirobistanna-
fluorene 3 because dissociation of two methyl groups on the
tin atom was unfavorable. The intermediates of the reac-
tions were assigned to the corresponding pentaorgano-
stannates, which could be characterized by NMR spec-
troscopy. The dissociation of aryl and alkyl groups in intra-
molecular nucleophilic substitution reactions from the tin
atoms was surprisingly preferable to that of chloride ions
in intermolecular nucleophilic substitution reactions. The
possibility of dissociating aryl and alkyl groups from the tin
atom should be considered in future syntheses of organotin
compounds.

Experimental Section

General Procedures: All experiments were performed under an ar-
gon atmosphere by using usual glass apparatus. THF, diethyl ether,
and [Dg]benzene were distilled from sodium/benzophenone fol-
lowed from potassium mirror. '"H NMR (400 MHz), '*C NMR
(101 MHz), '“Sn NMR (149 MHz), and 7Li NMR (156 MHz)
spectra were recorded with a Bruker DRX-400 or a Bruker DPX-
400 spectrometer. Wet column chromatography (WCC) and prepar-
ative thin-layer chromatography (PTLC) were carried out with
Kanto silica gel 60N and Merck silica gel 60 PF,s4, respectively.
High-resolution mass spectra were recorded with a JEOL JMX-
700AM mass spectrometer. All melting points were determined
with a Mitamura Riken Kogyo MEL-TEMP apparatus. Elemental
analyses were carried out at the Microanalytical Laboratory of Mo-
lecular Analysis and Life Science Center, Saitama University.

Bis(2-bromo-2’-biphenyl)bis(p-methoxyphenyl)stannane (1a): To a
THF (15mL) solution of 1,2-dibromobenzene (0.80 mL,
6.63 mmol) was added butyllithium (2.67 M in hexane, 2.5 mL,
6.68 mmol) at —78 °C, and the resulting mixture was stirred at the
same temperature for 1 h. To the mixture was added a THF (3 mL)
solution of dichloro[bis(p-methoxyphenyl)]stannanel® (674.6 mg,
1.67 mmol), and the reaction mixture was warmed to room tem-
perature. After removal of the volatile substances, the residue was
subjected to WCC (hexane/ethyl acetate, 5:1) to afford 1la
(739.2 mg, 56%). M.p. 145-149 °C (dichloromethane/methanol).
'"H NMR ([Dg]toluene, 373 K): 6 = 3.42 (s, 6 H), 6.56-6.60 (m, 2
H), 6.65-6.74 (m, 6 H), 6.92-7.01 (m, 4 H), 7.11-7.17 (m, 4 H),
7.18-7.27 (m, 4 H), 7.62-7.89 (m, 4 H) ppm. *C NMR ([Dg]tolu-
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ene, 373 K): 0 = 55.55 (q), 115.47 (d, Jsp.c = 60 Hz), 125.42 (s),
127.93 (d, Jsn.c = 24 Hz), 128.05 (d, Jsn.c = 60 Hz), 129.24 (d, Js, ¢
= 11 Hz), 129.69 (d), 131.96 (d, Jg,.c = 41 Hz), 132.81 (d), 133.95
(d), 138.37 (s), 139.21 (d, Js, ¢ = 47 Hz), 139.45 (d, Jsn . = 156 Hz),
14191 (s), 146.03 (s, Jsnc = 18 Hz), 150.62 (s, Jsnc = 33 Hz),
161.65 (s) ppm. ''°Sn NMR ([Dg]toluene, 373 K): § = —122.37 ppm.
C33H30Br,0,Sn (797.18): caled. C 57.25, H 3.79; found C 57.33, H
3.65.

Bis(2-bromo-2’-biphenyl)stannane (1b): To a THF (15 mL) solution
of 1,2-dibromobenzene (0.66 mL, 5.47 mmol) was added butyllith-
ium (1.60 M in hexane, 3.6 mL, 5.76 mmol) at —78 °C, and the re-
sulting mixture was stirred at the same temperature for 1 h. To the
mixture was added a THF (2 mL) solution of dichlorodimethyl-
stannane (303.9 mg, 1.38 mmol), and the reaction mixture was
warmed to room temperature. After removal of the volatile sub-
stances, materials insoluble in dichloromethane were filtered off.
After concentration of the filtrate, the residue was recrystallized
from dichloromethane and ethanol to afford 1b (390.1 mg, 47%).
M.p. 112-113 °C (dichloromethane/methanol). 'H NMR ([Dg]tolu-
ene, 373 K): 0 = -0.34-0.16 (m, 6 H), 6.76-6.80 (m, 2 H), 6.87—
6.91 (m, 2 H), 6.98-6.99 (m, 2 H), 7.10-7.17 (m, 6 H), 7.27-7.45
(m, 4 H) ppm. *C NMR ([Dg]toluene, 373 K): § = -7.18 (q), 125.39
(s), 127.84 (d), 127.96 (d, Js,c = 34, 37 Hz), 128.92 (d, Jsoc =
11 Hz), 129.62 (d), 130.74 (d, Jsn.c = 37 Hz), 132.77 (d, Jsnc =
137 Hz), 133.74 (d, Jsn.c = 17 Hz), 137.91 (d), 142.92 (s), 146.37
(s, Jsn.c = 20 Hz), 150.20 (s, Jsn.c = 29 Hz) ppm. '*Sn NMR ([Dg]-
toluene, 373 K): 0 = -58.81, —57.04 ppm. C,sH»,Br,Sn (612.98):
caled. C 50.95, H 3.62; found C 50.90, H 3.46.

Reaction of 1a with terr-Butyllithium Quenched by Dichloro|bis(p-
methoxyphenyl)|stannane: To a THF (10 mL) solution of 1la
(506.4 mg, 0.64 mmol) was added zert-butyllithium (1.42 M in pen-
tane, 1.80 mL, 2.55 mmol) at —78 °C, and the resulting mixture was
stirred for 15 min at the same temperature. To the mixture was
added a THF (2 mL) solution of dichloro[bis(p-methoxyphenyl)]-
stannanel® (276.1 mg, 0.68 mmol), and the reaction mixture was
warmed to room temperature. After removal of the volatile sub-
stances, the residue was subjected to WCC (hexane/ethyl acetate,
5:1) to afford 9-(2-biphenyl)-9-p-methoxyphenyl-9-stannafluorene
(2a; 86.8 mg, 25%), spirostannafluorene'”! 3 (48.2 mg, 18%), and
tetrakis(p-methoxyphenyl)stannane!®! (4; 100.2 mg, 29%). Data for
2a: M.p. 112 °C (dichloromethane/methanol). 'H NMR (CDCls):
0=13.73(s,3H), 6.71-6.77 (m, 2 H), 7.03-7.18 (m, 2 H), 7.24-7.28
(m, 2 H), 7.30-7.47 (m, 12 H), 7.18-7.27 (m, 4 H), 7.62-7.89 (m,
4 H) ppm. 3C NMR(CDCl,): § = 54.96 (q), 114.26 (d, Jspc =
63 Hz), 122.72 (d, Jsn.c = 42 Hz), 127.03 (d, Jsn.c = 55 Hz), 127.50
(d), 127.67 (d, Jso.c = 43 Hz), 128.67 (d), 128.68 (d), 128.79 (d),
129.31 (d, Jsn,c = 45 Hz), 129.34 (s), 129.38 (s, Jsn.c = 8 Hz), 136.28
(d, Jsn.c =40 Hz), 137.45 (d, Jsn.c = 48 Hz), 137.61 (s), 139.09 (s),
139.64 (s), 145.56 (s, Jsnc = 20 Hz), 147.85 (s, Jsuc = 74 Hz),
150.08 (s), 160.31 (s) ppm. ?Sn NMR(CDCl;): 6 = —65.99 ppm.
C;31H408n (531.25): caled. C 70.09, H 4.55; found C 69.95, H
4.40. Data for 3: M.p. 216-218 °C (dichloromethane/methanol). 'H
NMR (CDCly): 6 = 7.26-7.34 (m, 4 H), 7.47-7.51 (m, 4 H), 7.53—
7.66 (m, 4 H), 8.06-8.11 (m, 4 H) ppm. '3C NMR (CDCl;): 6 =
122.85 (d, Jsn.c = 47 Hz), 128.29 (d, Js,.c = 49 Hz), 130.16 (d, Js, ¢
=9 Hz), 135.96 (s, Jsn.c = 501, 524 Hz), 137.03 (d, Js,.c = 48 Hz),
148.10 (s, Jsnc = 80Hz) ppm. '""Sn NMR (CDCL): § =
—67.43 ppm. CyyH 6Sn (423.1): caled. C 68.13, H 3.81; found C
67.99, H 3.72.

Reaction of 1b with ters-Butyllithium Quenched by Dichlorodi-
methylstannane: To a THF (10 mL) solution of 1b (121.3 mg,
0.20 mmol) was added ferz-butyllithium (1.42M in pentane,
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0.57 mL, 0.81 mmol) at -78 °C, and the resulting mixture was
stirred for 15 min at the same temperature. To the mixture was
added a THF (1 mL) solution of dichlorodimethylstannane
(45.5mg, 0.21 mmol), and the reaction mixture was warmed to
room temperature. After concentration of the filtrate, the residue
was recrystallized from dichloromethane and ethanol to afford 9-
(2-biphenyl)-9-methyl-9-stannafluorene (2b; 21.3 mg, 25%). M.p.
131-132 °C (dichloromethane/methanol). '"H NMR (CDCl;): 6 =
0.11 (s, Jsp.u = 61, 63 Hz, 3 H), 7.26-7.33 (m, 3 H), 7.37-7.46 (m,
6 H), 7.46-7.62 (m, 6 H), 7.93-7.98 (m, 2 H) ppm. '3C NMR
(CDCl,): 6 = -8.03 (q, Jsn.c = 397 Hz), 122.64 (d, Js,c = 40 Hz),
126.95 (d, Jsnc = 53 Hz), 127.59 (d, Jsnc = 43 Hz), 127.61 (d),
128.63 (d), 128.65 (d), 128.74 (d), 128.81 (d), 129.09 (d, Jsnc =
11 Hz), 129.28 (d, Jsn.c = 9 Hz), 136.15 (d, Js,c = 41 Hz), 137.19
(d, Jsn,c = 40 Hz), 138.29 (d), 140.54 (s), 145.79 (s, Jsn.c = 21 Hz),
148.26 (s), 149.91 (s) ppm. ?Sn NMR (CDCl;): § = -105.93 ppm.
C,5H30Sn  (449.25): caled. C 68.38, H 4.59; found C 68.10,
H 4.43.

Reaction of 1a with tert-Butyllithium: To a THF (4 mL) solution of
1a (113.6 mg, 0.14 mmol) was added zert-butyllithium (1.42 M in
pentane, 0.40 mL, 0.57 mmol) at —78 °C, and the reaction mixture
was warmed to room temperature. After removal of the volatile
substances, the residue was subjected to WCC (hexane/ethyl acet-
ate, 5:1) to afford 2a (49.5 mg, 65%) and 9,9-bis(p-methoxyphenyl)-
9-stannafluorene!’ (5a; 10.3 mg, 15%).

Reaction of 1b with terz-Butyllithium: To a THF (5 mL) solution of
1b (117.8 mg, 0.19 mmol) was added tert-butyllithium (1.76 M in
pentane, 0.50 mL, 0.88 mmol) at —78 °C, and the reaction mixture
was warmed to room temperature. After removal of the volatile
substances, materials insoluble in dichloromethane were removed
by filtration. The residue was subjected to PTLC (hexane) to afford
2b (49.6 mg, 58%).

Monitoring the Reaction of 1a with zers-Butyllithium by '°Sn NMR
Spectroscopy: In an NMR tube, to a THF (0.4 mL) solution of
1a (49.7 mg, 0.062 mmol) was added tert-butyllithium (1.46 M in
pentane, 0.17 mL, 0.25 mmol) at —78 °C and C¢Dg (0.20 mL). The
119Gy NMR spectrum of the reaction mixture at 213 K revealed
the formation of pentaorganostannate 7a. ''>Sn NMR (THF/C¢Ds,
213 K): 6 = -268.28 ppm.

Monitoring the Reaction of 1b with terz-Butyllithium by '°Sn NMR
Spectroscopy: In an NMR tube, to a THF (0.4 mL) solution of
1b (35.8 mg, 0.058 mmol) was added zerz-butyllithium (1.46 M in
pentane, 0.16 mL, 0.23 mmol) at —78 °C and CgDg (0.20 mL). The
119Sn NMR spectrum of the reaction mixture at 213 K revealed the
formation of pentaorganostannate 7b.*! 11°Sn NMR (THF/C¢Dg,
213 K): 0 = -252.88 ppm.

Monitoring the Reaction of 9-Stannafluorene 5b with Methyllithium
by '"°Sn NMR Spectroscopy: In an NMR tube, to a THF (0.3 mL)
solution of 5b (94.5mg, 0.31 mmol) was added methyllithium
(0.98 M in ethyl ether, 0.32 mL, 0.31 mmol) at -78 °C and C¢Dy
(0.20 mL). The '"”Sn NMR spectrum of the reaction mixture at
213 K revealed the formation of pentaorganostannate 8b. 'H NMR
(THF, Et,0/C¢Dg, 213 K): 6 = 0.01 (s, Jsou = 40 Hz, 9 H), 6.93—-
7.10 (m, 4 H), 7.70-7.86 (m, 4 H) ppm. '3C NMR (THF, Et,0O/
CsDg, 213 K): 0 = 0.55 (q, Jsn.c = 295, 303 Hz), 119.09 (d, Jsuc =
31 Hz), 124.92 (d), 125.20 (d), 136.17 (d, Js,.c = 42 Hz), 144.68 (s,
Jsnc = 68 Hz), 165.01 (s, Jso.c = 308, 323 Hz) ppm. ''Sn NMR
(THF, Et,O/C¢Dg, 213 K): 6 = -263.77 ppm. 'Li NMR (THF,
Et,0/C¢Dg, 213 K): 6 = -0.20 ppm.
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