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Chapter 1

General Introduction



General Introduction

Functionalized arylsilanes may be categorized into three types (A), (B), and (C) in terms of
activation.
(A) Functionalized arylsilanes

Silicon-functionalized arylsilanes are one of the most versatile compounds in organosilicon
chemistry because of their outstanding performances such as functional group transformations,
behaviors as Lewis acids, and unique photophysical properties (Scheme 1).!  Changing substituents
on the aromatic ring of the functionalied arylsilanes may provide new reactivities and physical
properties.

Scheme 1. Type A: Functionalized arylsilanes.
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(B) Functionalized arylsilanes bearing a donor

The silicon atom in the arylsilanes can be penta- and hexacoordinated by coordination of a Lewis
base (donor) to the Lewis acidic silicon center. The change in the coordination number of the silicon
atom leads to change of the reactivity and physical properties (Scheme 2). Chuit et al. reported that
nitrogen-coordinated silylnaphthalene 1 efficiently underwent the reaction with alcohols
(Scheme 2 (1)).?2 Kano et al. reported that the coordination number in a fluorosilicate II could be

controlled by photo irradiation (Scheme 2 (2)).?
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Scheme 2. Type B: Functionalized arylsilanes bearing a donor.

(1) Nucleophilic activation of Si—X bond
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(C) Functionalized arylsilanes bearing an acceptor

(1) The Si—X bond in the arylsilane can be electrophilically activated (Scheme 3). Kawachi et
al. reported a series of o-(hydrosilyl)(boryl)benzenes III, in which a hydrosilyl group and a
dimesitylboryl group are linked through an ortho-phenylene skeleton (Scheme 3 (1)).*  This skeleton
may allow the boryl group to activate the Si—X bond via intramolecular electrophilic activation.
Thus the Si—X (X = H) bond in III was efficiently activated by the o-boryl group and underwent
various conversion reactions: (i) dehydrogenative condensation with alcohols,® (ii) nucleophilic
displacement by a fluoride ion,® and (iii) H-Mes exchange between the hydrogen atom on the Si atom
and mesityl (Mes) group on the boron atom.’

(2) Kawachi et al. also reported the facile preparation of new B/Si bidentate Lewis acids,
o-(fluorosilyl)(boryl)benzenes IV (Scheme 3 (2)).® The functionalized arylsilanes as Lewis acids
efficiently accept Lewis bases via a reversed chelation mode, thus IV formed a p-fluoro bridge with
fluoride ions.

(3) The X—Z bond in the arylsilane is also electrophilically activated (Scheme 3 (3)). The details

are indicated below.



Scheme 3. Type (C): Functionalized arylsilanes bearing an acceptor.

(1) Electrophilic activation of Si—X bond
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Survey of This Thesis

The author focussed her attention to (i) less-sterically demanding aryl groups other than mesityl

groups on the silicon atom, (ii) construction of arene derivatives other than the o-phenylene

framework, and (iii) alkoxysilanes as functionalized arylsilanes.

Chapter 2 describes the synthesis of noval o-(alkoxysilyl)(diarylboryl)benzenes 1 and 2 bearing

less-sterically demanding aryl groups (Ar = p-tolyl, p-t-butylphenyl) on the boron atom. The C-O

bonds in 1 and 2 are activated by intramolecular interaction between the oxygen atom and the boron

atom. The interaction between the oxygen atom on the silicon atom and the boron atom is confirmed

by NMR spectra, X-ray crystal structure analysis, and DFT calculation.

Chapter 3 describes the synthesis and  photophysical properties of

o-(alkoxysilyl)(borafluorenyl)benzenes 3, in which a borafluorenyl group is introduced as a

diarylboryl unit. The main focus in this study is to establish whether the planar borafluorenyl moiety

increases the strength of the coordination of the oxygen atom to the boron atom and also how the

photophysical properties change compared to those of the parent borafluorene. The C—O bond

activation is demonstrated in the reactions of 3 with an amine and a fluoride. Compounds 3 shows

emission with a large Stokes shifts attributed to the transition from the & orbitals of the borafluorenyl

group to the vacant p orbital on the boron atom.
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Chapter 4 describes the synthetic studies of B/Si bidentate Lewis acids 4, 5, and 6 with a skeleton
other than o-phenylene. In addition, this chapter describes the cationic 1,2-silyl migration in 1-halo-
8-(hydrosilyl)naphthalenes 7, during which a hydrosilyl group at the eight-position undergoes
migration to the seven-position to form 8. The driving force for the silyl migration may be relief of
steric compression, which is supported by the NMR spectra and DFT calculations. A plausible

reaction mechanism for this migration is discussed.

Chapter 4
O SIMezH OO SIMezH HMeZS| BMESZ
! BMes, l l BMes,
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7 8
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Chapter 2

Intramolecular Activation of C—O Bond

by an o-Boryl Group in o-(Alkoxysilyl)(diarylboryl)benzenes
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Abstract

Halogen—lithium exchange reaction of o-(silyl)bromobenzene S with ters-Buli afforded

o-(silyl)lithiobenzene 6, which was reacted with (alkoxy)diarylboranes 7 to form borate

intermediates 8. Treatment of 8 with chlorotrimethylsilane formed

o-(alkoxysilyl)(diarylboryl)benzenes 4. The C—O bond in 4 was activated by intramolecular

interaction between the oxygen atom and the boron atom. 4a readily reacted with MeOH and EtOH

to afford corresponding alkoxysilanes 10 and 11, respectively. Treatment of 10 with

1,4-diazabicyclo[2.2.2]octane (DABCO) afforded silyloxyborate complex 13.
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1. Introduction

Lewis acids have been recognized as useful catalysts in synthetic organic chemistry as well as
main group chemistry. For example, Lewis acids such as BF3, AICI3, and SnCls activate the C—O
bond in carbonyls, ethers, and epoxides by coordinating to the oxygen atom and lead to its cleavage.'
In recent years, arylboranes have attracted much attention as Lewis acids. Piers and Oestreich
reported that B(C¢Fs); can activate the Si—H bond in the hydrosilylation of aromatic aldehydes,

3

ketones, and esters.>® In contrast to the well-studied Si—H bond activation, the silicon-heteroatom

bond activation has been less investigated. Wrackmeyer reported that 2-boryl-1-(aminosilyl)alkene
(I) readily reacted with nucleophiles to afford 2-boryl-1-(alkoxysilyl)alkene (II) owing to the

intramolecular Si—N bond activation by the boryl group (Scheme 1).*

Scheme 1. Intramolecular Si—N bond activation.

Et, Et
N

)
Me,Si”  BEt, EtOH Me,Si”  BEt,

— Et,NH
Me Et Me Et
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Recently, Kawachi et al. synthesized o-(hydrosilyl)(diarylboryl)benzene 1, in which the
dimesitylboryl and hydrosilyl groups were linked through an o-phenylene skeleton.”> The Si—H bond
was activated by the boryl group for several types of reactions (Scheme 2): (i) dehydrogenative
condensation with alcohols to form 2 (R = Me (a); i-Pr (b)), (ii) nucleophilic displacement by a
fluoride ion to form 3,°® and (iii) H-Mes exchange between the hydrogen atom on the Si atom and

mesityl (Mes) group on the boron atom.>

Scheme 2. Si—H bond activation by an o-boryl group in 1.

©:SiMe2H ROH : :SiMezoR
BMes, THF

BMes,
R = Me, Et, i-Pr, t-Bu
1 2
R Me
KF/L SI\Me .
toluene -H I:K L:I
L = 18-crown-6, B
[2.2.2]cryptand Mes Mes
3

Herein, the author reports the preparation of o-(alkoxysilyl)(boryl)benzenes bearing less sterically

demanding aryl groups (Ar = p-tolyl, p-t-butylphenyl) on the boron atom, and the activation of C—O

bond by diarylboryl groups.

18



2. Results and discussion
2.1 Synthesis of o-[(alkoxy)silyl](diarylboryl)benzenes 4
o-[(Isopropoxy)dimethylsilyl](diarylboryl)benzenes 4 were prepared as shown in Scheme 3.
The Br-Li exchange reaction of o-(dimethylsilyl)bromobenzene (5) with n-BuLi produced
o-silyl(lithio)benzene 6,°* which reacted with diaryl(isopropoxy)borane 7 to form lithium
[(isopropoxysilyl)phenyl]hydroborate 8 in 56% yield. The "B NMR spectrum of 8 showed a
doublet at § = —9.7 because of the coupling of boron to one hydride (!Jg.n = 66 Hz) in the typical
region for tetracoordinate borates. The 2?Si NMR spectra of 8 was observed as a singlet at § = 13.4.
It is plausible that the initially-formed lithium [(hydrosilyl)phenyl](isopropoxy)borate 9 underwent
intramolecular hydride—isopropoxide exchange to form 8. Treatment of 8 with
chlorotrimethylsilane in situ afforded o-[(isopropoxy)silyl](diarylboryl)benzenes 4. Compound 4a
was isolated by distillation as a colorless oil in 70% yield whereas 4b was isolated by recrystallization
from toluene as colorless crystals in 58% yield. DFT calculations at B3PW91/6-31G(d) level of

theory showed that anion part of 8 was more stable than that of 9 by 9.2—-12.3 kcal/mol.”
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Scheme 3. Preparations of 4 via hydride-isopropoxide exchange in 9.

©:SiMe2H tert-BuLi ©:S|Me2H
R ———————
Br Et0 Li

-78°C,2h
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2) Me,SiCl BAr,

rt., 2h

5 6 4a (Ar = p-MeC6H4) 700/0
4b (Ar = p-t-BuCgH,) 58%
. — LiCl
7
Me3S|C| ‘ _ Me3S|H
Me Me Li* Me Me Li*
S~ Si~orpr
—_Oi-Pr _H
B\ /B\
Ar/ Ar Ar Ar
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The reaction of 4a with MeOH and EtOH in an NMR tube resulted in the formation of
methoxysilane 10 and ethoxysilane 11 in 96% and 92% yield, respectively, as shown in Scheme 4.
In contrast, 4a did not react with fert-BuOH at all. When the same reaction was performed in a

reaction flask, 10 and 11 were isolated as colorless crystals in 77% and 59% yield, respectively.

Scheme 4. Reactions of 4a with alcohols. NMR yields are given in parentheses.

©:SiMe2(Oi-Pr) ROH (x 1.1) ©:SiMeZOR
BAFQ C6D6 or THF

rt BAr2
4a — j-PrOH 10 (R = Me) 77% (96%)
Ar = p-MeCgH, 11 (R=Et) 59% (92%)

The ''B NMR signal of 4a (5 = 31) was shifted upfield whereas the ?Si NMR signal of 4a (5 =

20.0) was shifted downfield as compared to the corresponding values of 2b (5(''B) = 73; 8(*Si) =

20



4.6). With decreasing steric bulkiness of the alkoxy groups (4a > 11 > 10), the !'B NMR signal was
shifted upfield and the 2°Si NMR signal was shifted downfield, as shown in Table 1. These chemical
shifts were also compared to those of the corresponding dimethylphenyl(alkoxy)silanes 12 (R = Me,
Et, i-Pr), showing that the electronic effect of the alkoxy groups are not significant. The
intramolecular coordination of the oxygen atom to the boron atom increased the electron density on

the boron atom and decreased that on the silicon atom.

Table 1. !'B and ?°Si NMR shifts of o-(silyl)(diarylboryl)benzenes.

Compounds R 5(11B) 8(*Si)
2b i-Pr 73 4.6
4a i-Pr 31 20.0
10 Me 17 33.1
11 Et 20 29.5
12 Me - 8.5
12 Et - 6.1
12 i-Pr ] 4.0
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2.2 Structures of 10

Molecular structure of 10 was finally determined by X-ray crystallographic analysis (Figure 1).%
The B++O interatomic distance (1.652(2) A) was much shorter than the sum of the van der Waals radii
of the two elements (B: 1.85 A; O: 1.52 A)’ and only 7-8% longer than the sum of their covalent
bond radii (B: 0.84 A; O: 0.66 A).” The boron atom adopted an intermediate geometry between
tetrahedral and trigonal planar with the sum of the bond angles around the boron atom (£(C—B—C) =
343°). The five-membered ring consisting of C1, Sil, O1, B1, and C2 atoms was almost planar and
coplanar with the phenylene ring. The oxygen atom adopted a trigonal planar geometry (£(O) =
359°) and the tetrahedral geometry of the boron atom was distorted because of the small endocyclic
bond angle (O1-B1—-C2 = 99.78(9)°). The Si—O (1.714(1) A) and C—O (1.448(1) A) bonds were
longer than the typical Si—O (1.51 A) and C—O (1.43 A) bonds,’ respectively, but slightly shorter than
those of silylated oxonium ions.!®  These structural parameters support the intramolecular

coordination of the oxygen atom to the boron atom as mentioned above.
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Figure 1. Crystal structure of 10 at 30% probability level. H atoms are omitted for clarity. Selected
bond lengths (A) and angles (deg): B1-01, 1.652(2); Si1—01, 1.714(1); B1-01, 1.652(2), C9-01;

1.448(1); C1-Si1-01, 93.79(5); Sil-O1-B1, 116.68(6); O1-B1-C2, 99.78(9).

2.3 DFT calculations of 10

To gain further insight into the electronic structure of the (alkoxysilyl)(boryl)benzenes, DFT
calculations of 10 and 2 (R = Me) were performed at B3PW91/6-31++G(d,p) level of theory (Figure
2).”  The lone pair electrons on the oxygen atom in 10 contributed to HOMO—1 (—6.27 eV). The
HOMO (—6.46 V) of 10 is the & orbital of the tolyl groups, and the LUMO (—0.59 eV) is mainly the
n* orbital of the phenylene skeleton. The vacant 2p orbital on the boron atom in 10 was involved
in LUMO+2 (—0.40 eV). The charge distribution was revealed by NBO analysis (Mulliken charge
in parentheses), as shown in Figure 3.1  Compared to 2 (R = Me), 10 exhibited more positive charges
on the oxygen atom (—0.84 vs. —0.92) and the methyl carbon atoms (+0.39 vs. +0.31) bonded to it

while the boron atom had lesser positive charges (+0.74 vs. +1.97).
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Figure 2. Optimized structure of 10 at the B3PW91/6-31++G(d,p) level of theory with overlay of

HOMO-1 (left) and LUMO+2 (right) (isosurface value = 0.04).

+2.00 +1.98
(+0.29) (+1.26)
-0.84 -0.92
Me\l!Me (0.31) Me\l{Me 0.11)
Si J/ Si.
N +0.39 O-Me +0.31
\\\O—Me (+0.62) Mes (F0-2%)
_~ B B
+074 /N w197 7]
(1.56) p-tolyl  p-tolyl (279) Mes
10 2 (R=Me)

Figure 3. NBO charge and Mulliken charge (in parentheses) distributions in 10 (left) and 2 (R = Me)

(right).

The perturbation theory energy analysis in NBO basis reveals delocalization from the donor LPo

to the acceptor LP*p with the occupancy of 0.306:!2 the stabilization energy E(2) was calculated to

be 16.2 kcal/mol.
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2.4 C—0 bond activation in o-[(methoxy)silyl](diarylboryl)benzenes 10

The B++O interaction was expected to render the carbon atom more electropositive. Thus,
treatment of 10 with 1,4-diazabicyclo[2.2.2]octane (DABCO) afforded silyloxyborate-(Me-
DABCO)" complex 13, as shown in Scheme 5.  Compound 13 was isolated as colorless crystals by
recrystallization from DMSO in 79% yield. The structure of 13 was characterized by its ''B NMR
(6 = 3.0) and ?Si NMR (& = 9.1) signals, which were consistent with those of
oxasilaboratacyclopentene (5(''B) = 6.0; §(*°Si) = 10.5)*d and benzosiloxaborole (5(''B) = 31.0;
8(*’Si) = 22.3).° The reaction of 10 with EtsN in THF did not occur even after heating at 80 °C for
aday. It is worth noting that compound 10 was regenerated upon treatment of 13 with Mel.** The
reaction of 10 with KF in the presence of 18-crown-6 led to Me—O bond cleavage to form 14 in 70%
yield as a white precipitate from THF-hexane (Scheme 6). The reason why the fluoride ion attacks
the methyl carbon rather than the boron atom may be that formation of the stable 5-membered ring is

more favorable than formation of an acyclic fluoroborate.
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Scheme 5. C—O bond cleavage in 10 with DABCO.

Me Me Me
SiMe;0Me  paBCO (x 1) Si N Mel (x 3)
—_— o) — 10
BAr THF 5 / THF
2 rt., 2 days A Ar N rt., 10 min
10 13 79% 67%

Ar = p-MeCgH,y

Scheme 6. C—O bond cleavage in 10 with KF/18-crown-6.

Me\ Me
SiMe,OMe KE L Si\
©: —_— ©: ) [K+(18-crown-6):|
BAr, toluene B_/
_r.t., 1 day Al \Ar
10 L = 18-crown-6 14 70%
Ar = p-MeCgH,
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3. Conclusion

o-[Isopropoxy)silyl](diarylboryl)benzenes 4 bearing less sterically demanding aryl groups were

prepared. The interaction between the oxygen atom and boron atom was confirmed by NMR spectra,

X-ray crystal structure analysis, and DFT calculations. The B++O interaction led the C—O bond

activation.
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4. Experimental section
4.1 General considerations

'H (400 MHz), '3C (100 MHz), "B (128.3 MHz), and ?°Si (79.5 MHz) NMR spectra were
recorded using a Bruker Avance I1I 400 spectrometer. 'H and '3C chemical shifts were referenced to
the residual solvent signals CDCl3 (8('H) = 7.26, 8('3C) = 77.00); CsDs (§('H) = 7.20, §('*C) = 128.00),
and DMSO-ds (§('H) = 2.50; 8(*3C) = 39.52). !B, and ?°Si chemical shifts were referenced to
external standards BF3-OEt; (6 = 0), and tetramethylsilane (6 = 0), respectively. The mass spectra
(EI) were recorded 70 eV using a JEOL JIMS-Q1000GC Mk II mass spectrometer and the elemental

analyses were performed using the JSL MICRO CORDER JM10 elemental analyzer.

4.2 Materials

Triisopropyl borate (Tokyo Chemical Industry Co., Ltd.) was distilled under a nitrogen
atmosphere over calcium hydride. ~Chlorotrimethylsilane (Tokyo Chemical Industry Co., Ltd.) was
treated with small pieces of sodium under a nitrogen atmosphere to remove dissolved HCI, and the
supernatant was used. fert-Butyllithium in pentane (Kanto Chemical Co., Inc.) and DABCO (Tokyo
Chemical Industry Co., Ltd.) were used as received. KF (Wako Pure Chemical Industries, Ltd.) was
dried in vacuo at 100 °C, 18-crown-6 (Wako Pure Chemical Industries, Ltd.) was recrystallized from
CH;CN, and o-(dimethylsilyl)bromobenzene (5) was prepared according to the literature methods.>®

THF and Et,O were distilled under a nitrogen atmosphere over sodium benzophenone ketyl.
28



Hexane and toluene were distilled under a nitrogen atmosphere over sodium. All reactions were

carried out under an inert gas atmosphere.

4.3 Experimental details

(Isopropoxy)di(p-tolyl)borane (7a). To a mixture of Mg turnings (972 mg, 40.0 mmol) and
one crystal of I in Et20 (5 mL), a few drops of a solution of 4-bromotoluene (4.9 mL, 40.0 mmol) in
Et,0 (15 mL) were added at room temperature.  After the reaction started, Et;O (20 mL) was added
and the remaining solution was added dropwise at a rate that maintained a steady reflux. ~When the
addition was complete, the reaction mixture was cooled to room temperature, added to triisopropyl
borate (4.5 mL, 19.6 mmol) in Et;0 (20 mL) at 0 °C, and stirred overnight at room temperature.
Chlorotrimethylsilane (5.3 mL, 40.0 mmol) was then added dropwise at room temperature and the
reaction mixture was stirred for 6 h. Subsequently, the solvents were removed in vacuo and the
residue was diluted with hexane (40 mL) and filtered. The filtrate was subjected to bulb-to-bulb
distillation (90-110 °C/0.85 mmHg) to obtain 7a (2.8 g, 56% yield) as a colorless viscous oil. 'H
NMR (C¢Ds, 0) 1.19 (d, J = 6 Hz, 6H), 2.20 (s, 6H), 4.66 (sept, J = 6 Hz, 1H), 7.15-7.17 (m, 4H),
7.74-7.76 (m, 4H). BC{'H} NMR (CsDe, &) 21.54, 24.88, 69.50, 128.69, 134.55, 135.32, 139.82.
1B NMR (CsDs, 8) 44.95 (br). MS(EI) m/z 252 (M, 9), 160 (M'—p-tolyl, 16), 119

((M"=p-tolyl—i-Pr, 100). Anal. Calcd for Ci7H21BO: C, 80.97; H, 8.39; Found: C, 80.61; H, 8.68.
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(Isopropoxy)di(p-tert-butylphenyl)borane (7b). To a mixture of Mg turnings (972 mg, 40.0
mmol) and one crystal of I, in Et2O (5 mL), a few drops of a solution of 1-bromo-4-tert-butylbenzene
(6.8 mL, 40.0 mmol) in Et2O (15 mL) were added at room temperature.  After the reaction started,
Et,0 (20 mL) was added and the remaining solution was added dropwise at a rate that maintained a
steady reflux. When addition was complete, the reaction mixture was cooled to room temperature,
added to triisopropyl borate (4.5 mL, 19.6 mmol) in Et2O (20 mL) at 0 °C, and stirred overnight at
room temperature. Next, chlorotrimethylsilane (5.3 mL, 40.0 mmol) was added dropwise at room
temperature and the reaction mixture was stirred for 6 h. The solvents were subsequently removed
in vacuo, and the residue was diluted with hexane (40 mL) and filtered. The filtrate was subjected
to bulb-to-bulb distillation (150170 °C/0.85 mmHg) to obtain 7b (3.2 g, 48% yield) as a colorless
viscous oil. 'H NMR (C¢Ds, 8) 1.21 (d, J = 6 Hz, 6H), 1.29 (s, 18H), 4.68 (sept, J = 6 Hz, 1H),
7.42-7.45 (m, 4H), 7.81-7.83 (m, 4H). '3C{'H} NMR (C¢Ds, 8) 24.93, 31.33, 34.74, 69.58, 124.81,
126.02, 127.12,134.51. "B NMR (C¢Ds, 8) 45.29 (br). MS(EI) m/z 266 (M*—i-Pr—2Me, 31), 251
(M*=i-Pr-3Me, 100). Anal. Calcd for C23H33BO: C, 82.14; H, 9.89; Found: C, 82.44; H, 9.78.

o-|(Isopropoxy)dimethylsilyl][di(p-tolyl)boryl]benzene (4a). A solution of fert-Buli in
pentane (1.56 mol/L, 3.8 mL, 6.00 mmol) was added to a solution of § (645 mg, 3.00 mmol) in Et,O
(6 mL) at =78 °C over 4 min. After the reaction mixture was stirred at the same temperature for 2
h, 7a (756 mg, 3.00 mmol) in Et2O (3 mL) was added over 3 min. The reaction mixture was stirred
at the same temperature for 30 min and then warmed to room temperature. Next,

chlorotrimethylsilane (0.56 mL, 4.50 mmol) was added and the mixture was stirred for 2 h.  After
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the solvents were removed in vacuo, the residue was dissolved in hexane (20 mL) and filtered. The
filtrate was subjected to bulb-to-bulb distillation (170-180 °C/0.90 mmHg) to obtain 4a (811 mg,
70% yield) as a colorless oil. 'H NMR (C¢Ds, 8) 0.30 (s, 6H), 0.77 (d, J= 6 Hz, 6H), 2.27 (s, 6H),
4.43 (sept, /=6 Hz, 1H), 7.17-7.19 (m, 4H), 7.23 (dd, /=7 Hz, J=2 Hz, 1H), 7.26 (ddd, J =7 Hz,
J =17 Hz, J =2 Hz, 1H), 7.43-7.45 (m, 2H), 7.72-7.74 (m, 4H). BC{'H} NMR (C¢Ds, 8) 2.75,
21.39, 24.14, 72.57, 125.69, 128.45, 128.67, 129.65, 130.07, 130.61, 136.01, 137.00 (signals
corresponding to the ipso carbons in the two p-tolyl groups and the ipso carbon in the phenyl group
were not observed). ''B NMR (CgDe, §) 30.94 (br). #Si{'H} NMR (C¢Ds, 5) 19.99. Anal. Caled
for CosH3:BOSi: C, 77.71; H, 8.09; Found: C, 77.50; H, 8.32.
o-|(Isopropoxy)dimethylsilyl][di(p-fert-butylphenyl)boryl]benzene (4b). A solution of tert-
BuLi in pentane (1.56 mol/L, 3.8 mL, 6.00 mmol) was added to a solution of 5§ (645 mg, 3.00 mmol)
in Et;O (6 mL) at =78 °C over 4 min.  After the reaction mixture was stirred at this temperature for
2h,7b (1.01 g, 3.00 mmol) in Et2O (3 mL) was added over 3 min. The reaction mixture was stirred
at the same temperature for 30 min and then allowed to warm to room temperature. Next,
chlorotrimethylsilane (0.56 mL, 4.50 mmol) was added and the mixture was stirred for 2 h.  After
the solvents were removed in vacuo, the residue was dissolved in hexane (20 mL) and filtered. The
filtrate was concentrated in vacuo to give a white solid, which was recrystallized from toluene at
—18 °C to obtain 4b (821 mg, 58% yield) as a colorless crystal. 'H NMR (C¢Ds, 8) 0.33 (s, 6H),
0.74 (d, J= 6 Hz, 6H), 1.35 (s, 18H), 4.48 (sept, /=6 Hz, 1H), 7.23 (ddd, /=7 Hz, J=7 Hz,J =2

Hz, 1H), 7.27 (ddd, J = 7 Hz, J = 7 Hz, J = 2 Hz, 1H), 7.42-7.47 (m, 6H), 7.76-7.78 (m, 4H).
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BC{'H} NMR (CeDs): § 2.91, 24.00, 31.57, 34. 51, 73.14, 124.50, 125.64, 128.28, 129.81, 129.87,
130.67, 135.58, 149.95 (signals corresponding to the ipso carbons in the two p-tert-butylphenyl
groups and the ipso carbon in the phenyl group were not observed). "B NMR (C¢Ds, 8) 27.96 (br).
¥Si{'H} NMR (Ce¢Ds, &) 21.31. MS(EI) m/z 294 (M'—i-Pr—p-t-BuPh, 20), 279
(M"—i-Pr—p-t-BuPh—Me, 100). Anal. Calcd for C3H43BOSi: C, 79.12; H, 9.21; Found: C, 78.81;
H, 9.03.

Hydroborate 8b. A solution of ter-BuLi in pentane (1.56 mol/L, 3.8 mL, 6.00 mmol) was
added to a solution of 5 (645 mg, 3.00 mmol) in Et;O (6 mL) at =78 °C.  After stirring at the same
temperature for 2 h, 7b (1.01 g, 3.00 mmol) in Et;O (3 mL) was added. The reaction mixture was
stirred at this temperature for 30 min and then allowed to warm to room temperature. The solvents
were subsequently removed in vacuo, and the resulting white solid was dissolved in THF (5 mL).
The solvent was removed in vacuo, and the residue was dissolved in hexane (10 mL) and filtered.
The filtrate was concentrated in vacuo to obtain a white solid, which was recrystallized from hexane
at —18 °C to obtain 8b (1.1 g, 61% yield) as a colorless crystal. 'H NMR (C¢Ds, 8) 0.66 (s, 6H),
0.68 (d, J= 6 Hz, 6H), 1.11 (m, 8H, THF), 1.35 (s, 18H), 3.06 (m, 8H, THF), 3.80 (sept, J = 6 Hz,
1H), 7.25 (ddd, /=7 Hz, J=7 Hz, J= 1 Hz, 1H), 7.37-7.39 (m, 5H), 7.65 (dd, /=7 Hz, J= 1 Hz,
1H), 7.68 (d, J = 8 Hz, 4H), 8.10 (d, J = 8 Hz, 1H). *C{'H} NMR (CeDs, 8) 1.50, 24.53, 25.09
(THF), 31.76, 34.25, 67.37 (THF), 68.10, 123.65, 124.58, 129.74, 133.08, 135.83, 137.40, 139.89,

146.67 (signals corresponding to the ipso carbons in the two p-tert-butylphenyl groups and the ipso
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carbon in the phenyl group were not found). "B NMR (C¢Ds, §) —9.66 (d, 'Js.u =66 Hz). **Si{'H}
NMR (CsDg, 6) 13.43.  Anal. Calcd for C39HeoBLiO3Si: C, 75.22; H, 9.71; Found: C, 75.02; H, 9.88.
o-|(Methoxy)dimethylsilyl][di(p-tolyl)boryl]benzene (10). To a solution of 4a (772 mg, 2.00
mmol) in THF (4.0 mL), MeOH (90 uL, 2.20 mmol) was added via a syringe at room temperature.
The reaction mixture was stirred at the same temperature for 10 min and then concentrated in vacuo
to afford a white solid. Recrystallization from toluene at —18 °C gave 10 (710 mg, 66% yield) as a
colorless crystal. 'H NMR (C¢Ds, 8) 0.08 (s, 6H), 2.26 (s, 6H), 2.93 (s, 3H), 7.13-7.19 (m, 5H),
7.24 (ddd, J=8 Hz, /=8 Hz,J=1 Hz, 1H), 7.33 (ddd, /=8 Hz, J=1 Hz, J= 1 Hz, 1H), 7.50-7.53
(m, 5H). BC{'H} NMR (C¢Ds, ) —1.36, 21.35, 50.58, 125.45, 128.54, 129.76, 130.47, 131.05,
133.46, 134.74, 135.71 (signals corresponding to the ipso carbons in the two p-tolyl groups and the
ipso carbon in the phenyl group were not observed). 'B NMR (C¢Ds, 8) 17.35 (br). 2°Si{'H}
NMR (Ce¢De, 8) 33.12. MS(EI) m/z 252 (M'—p-tolyl-Me, 36), 237 (M"—p-tolyl-2Me, 100). Anal.
Calcd for C23H27BOSI: C, 77.09; H, 7.59; Found: C, 76.82; H, 7.56.
o-[(Ethoxy)dimethylsilyl][di(p-tolyl)boryl]benzene (11). To a solution of 4a (772 mg, 2.00
mmol) in THF (4.0 mL), EtOH (0.13 mL, 2.20 mmol) was added via a syringe at room temperature.
The reaction mixture was stirred at the same temperature for 10 min and then concentrated in vacuo
to afford a white solid. Recrystallization from hexane at —18 °C gave 11 (439 mg, 59% yield) as a
colorless crystal. 'H NMR (CgDs, 8) 0.22 (s, 6H), 0.62 (t, J = 7 Hz, 3H), 2.29 (s, 6H), 3.64 (q, J =
7 Hz, 2H), 7.20-7.23 (m, 5H), 7.27 (ddd, /=8 Hz, J=8 Hz, J=1 Hz, 1H), 7.37 (ddd, /=7 Hz, J=

2 Hz, J=1Hz, 1H), 7.52 (ddd, J= 7 Hz, J=2 Hz, J= 1 Hz, 1H), 7.63 (d, J = 8 Hz, 4H). 3C{'H}
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NMR (CsDg, 8) 0.46, 16.14, 21.34, 63.29, 125.45, 128.48, 129.62, 130.31, 130.78, 134.11, 134.89,
135.81 (signals corresponding to the ipso carbons in the two p-tolyl groups and the ipso carbon in the
phenyl group were not observed). "B NMR (C¢Ds,8) 20.02 (br). 2°Si{'H} NMR (CsDs, &) 29.50.
Anal. Calcd for Co4H29BOSi: C, 77.41; H, 7.85; Found: C, 77.03; H, 7.94.

Silyloxyborate-[(Me-DABCO)*] Complex 13. A solution of 10 (179 mg, 0.50 mmol) and
DABCO (56 mg, 0.50 mmol) in THF (1 mL) was stirred at room temperature for 2 days. The solvent
was removed in vacuo and the residue was recrystallized from DMSO at room temperature to obtain
13 (186 mg, 79% yield) as a colorless crystal. 'H NMR (DMSO-ds, §) 0.13 (s, 6H), 2.12 (s, 6H),
2.75 (s, 3H), 2.87 (t, J = 8 Hz, 6H), 3.01 (t, /= 8 Hz, 6H) , 6.75 (d, J = 8 Hz, 4H), 6.81 (t, J =7 Hz,
1H), 6.95 (dd, /=7 Hz, J=1 Hz, 1H), 7.18 (d, /=7 Hz, 1H), 7.35 (d, /=8 Hz, 4H), 7.39 (d, /=7
Hz, 1H). BC{'H} NMR (DMSO-ds, ) 2.82, 20.84, 44.61, 50.62 (t, J= 4 Hz), 53.14 (t, J = 3 Hz),
122.38, 126.30, 126.35, 128.49, 129.20, 130.10, 132.14, 144.31, 158.92 (br) (signals corresponding
to the ipso carbons in the two p-tolyl groups were not observed). ''B NMR (DMSO-ds, §) 2.54 (br).
2Si{'H} NMR (DMSO-ds, §) 9.12. Anal. Calcd for C290H39BN2OSi: C, 74.03; H, 8.35; N, 5.95
Found: C, 73.82; H, 8.30; N, 6.12.

Silyloxyborate-[K(18-crown-6)"] Complex 14. A solution of 10 (71 mg, 0.20 mmol), 18-
crown-6 (53 mg, 0.20 mmol), and KF (12 mg, 0.20 mmol) in toluene (0.6 mL) was stirred at room
temperature for 12 h. Subsequently, the solvent was removed in vacuo. The resulting white solid
was dissolved in THF (0.5 mL) and toluene (1 mL) was slowly added to the solution. The resulting

two-layer solution was allowed to stand at room temperature for a day to obtain 14 (108 mg, 70%
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yield) as a colorless crystal. 'H NMR (CDCls, §) 0.35 (s, 6H), 2.22 (s, 6H), 3.40 (s, 24H, crown),
6.91 (d, /=8 Hz, 4H), 6.96 (ddd, /=8 Hz, J=8 Hz, J=1 Hz, 1H), 7.04 (ddd, /=7 Hz,J=7 Hz, J
=1 Hz, 1H), 7.34 (d, J = 8 Hz, 1H), 7.36 (d, J= 7 Hz, 1H), 7.50 (d, J = 8 Hz, 4H). 3C{'H} NMR
(CDCls, 9). 2.93, 21.17, 69.51 (crown), 122.86, 127.11, 127.44, 128.37, 129.50, 131.31, 133.39,
142.99 (signals corresponding to the ipso carbons in the two p-tolyl groups and the ipso carbon in the
phenyl group were not observed). 'BNMR (CDCls, §)2.79 (br). *Si{'H} NMR (CDCl;, §) 11.26.
Anal. Calcd for C42HssBKOoSi: C, 67.10; H, 8.58; Found: C, 66.76; H, 8.60.

Reaction of 13 with Mel: Formation of 10. To a solution of 13 (141 mg, 0.30 mmol) in THF
(1 mL), Mel (56 pL, 0.90 mmol) was added dropwise via a syringe at room temperature and the
reaction mixture was stirred at the same temperature for 10 min. After the solvents were removed
in vacuo, the residue was dissolved in toluene (1 mL) and filtered. The filtrate was cooled to —18 °C

to obtain colorless crystals of 10 (72 mg, 67% yield).

4.4 X-ray crystallographic data

X-ray crystallographic data for 2a and 2b were collected using a SMART APEX-II CCD
diffractometer with graphite-monochromated Mo-K, radiation (A= 0.71073 A) at 173 K at the
Department of Chemistry, Graduate School of Science, Hiroshima University. The structures were
solved by direct methods using SIR 97! and refined by a full-matrix least-squares procedure based

on F? with SHELX-97'3.  All non-hydrogen atoms were refined anisotropically. Hydrogen atoms
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were located at the expected positions by a geometrical calculation and refined isotropically or found

on the difference Fourier map and refined isotropically.

Figure 4. Crystal structure of 10 at the 30% probability level. H atoms are omitted for clarity.

Table 2. Crystal data and structure refinement for 10.

Identification code expl262_Oma_a
Empirical formula C23 H27 B O Si
Formula weight 358.34
Temperature 173(2) K
Wavelength 0.71073 A
Crystal system Orthorhombic
Space group Pbca
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Unit cell dimensions

Volume

Density (calculated)

Absorption coefficient

F(000)

Crystal size

Theta range for data collection

Index ranges

Reflections collected

Independent reflections

Completeness to theta = 25.242°

Absorption correction

Max. and min. transmission

Refinement method

Data / restraints / parameters

Goodness-of-fit on F2

a=17.568(2) A o =90°.
b =12.8876(16) A B =90°.
c=18.107(2) A ¥ =90°.

4099.6(9) A3

1.161 Mg/m3

0.123 mm-1

1536

0.201 x 0.124 x 0.055 mm3

2.250 to 27.969°.

-23<=h<=20, -17<=k<=9, -23<=|<=23

23523

4921 [R(int) = 0.0255]

99.9 %

Semi-empirical from equivalents

0.993 and 0.901

Full-matrix least-squares on F2

4921/0/240

1.043
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Final R indices [I>2sigma(l)] R1 =0.0386, wR2 = 0.1085

R indices (all data) R1=0.0466, wR2 = 0.1159
Extinction coefficient n/a
Largest diff. peak and hole 0.366 and -0.242 e.A-3

All hydrogen atoms were located at the expected positions by a geometrical calculation and refined

isotropically.

Table 3. Atomic coordinates ( x 104) and equivalent isotropic displacement parameters (AZX 103) for

10. U(eq) is defined as one third of the trace of the orthogonalized Uil tensor.

X y z U(eq)
Si(1) 3936(1) 5702(1) 8477(1) 22(1)
B(1) 3952(1) 4292(1) 7253(1) 20(1)
o(1) 3942(1) 5508(1) 7540(1) 23(1)
c(L) 3930(1) 4305(1) 8691(1) 22(1)
c) 3957(1) 3701(1) 8041(1) 21(1)
c(3) 3975(1) 2617(1) 8121(1) 28(1)
C(5) 3939(1) 2759(1) 9450(1) 33(1)
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C(4)

C(7)

C(6)

C(8)

C(9)

C(10)

C(11)

C(12)

C(13)

C(14)

C(15)

C(16)

C@7)

C(18)

C(19)

C(20)

C(21)

C(22)

C(23)

3971(1)

4825(1)

3917(1)

3064(1)

4086(1)

4726(1)

5442(1)

6120(1)

6117(1)

5413(1)

4736(1)

6846(1)

3170(1)

3043(1)

2361(1)

1771(2)

1893(1)

2573(1)

1017(1)

2153(1)

6394(1)

3827(1)

6437(1)

6342(1)

4181(1)

4168(1)

4159(1)

4146(1)

4132(1)

4158(1)

4170(1)

4114(1)

3170(1)

2949(1)

3671(1)

4616(1)

4829(1)

3424(1)

8813(1)

8719(1)

9389(1)

8708(1)

7022(1)

6777(1)

7124(1)

6725(1)

5954(1)

5602(1)

6005(1)

5516(1)

6801(1)

6434(1)

6077(1)

6058(1)

6403(1)

6769(1)

5695(1)

32(1)

31(1)

29(1)

36(1)

32(1)

22(1)

27(1)

31(1)

29(1)

28(1)

25(1)

43(1)

23(1)

29(1)

32(1)

30(1)

31(1)

28(1)

39(1)
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Table 4. Bond lengths [A] and angles [°] for 10.

Si(1)-0(1)

Si(1)-C(1)

Si(1)-C(8)

Si(1)-C(7)

B(1)-C(17)

B(1)-C(10)

B(1)-C(2)

B(1)-0(1)

O(1)-C(9)

C(1)-C(6)

C(1)-C(2)

C(2)-C(3)

C(3)-C(4)

C(3)-H()

C(5)-C(6)

C(5)-C(4)

C(5)-H(®)

1.7147(10)

1.8412(13)

1.8495(14)

1.8509(14)

1.6154(17)

1.6159(18)

1.6171(18)

1.6521(16)

1.4482(15)

1.4069(18)

1.4117(17)

1.4045(18)

1.388(2)

0.9500

1.381(2)

1.394(2)

0.9500
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C(4)-H(4)

C(7)-H(7A)

C(7)-H(7B)

C(7)-H(7C)

C(6)-H(6)

C(8)-H(8A)

C(8)-H(8B)

C(8)-H(8C)

C(9)-H(9A)

C(9)-H(9B)

C(9)-H(9C)

C(10)-C(15)

C(10)-C(11)

C(11)-C(12)

C(11)-H(11)

C(12)-C(13)

C(12)-H(12)

0.9500

0.9800

0.9800

0.9800

0.9500

0.9800

0.9800

0.9800

0.9800

0.9800

0.9800

1.3976(17)

1.4056(17)

1.3937(18)

0.9500

1.396(2)

0.9500



C(13)-C(14)

C(13)-C(16)

C(14)-C(15)

C(14)-H(14)

C(15)-H(15)

C(16)-H(16A)

C(16)-H(16B)

C(16)-H(16C)

C(17)-C(22)

C(17)-C(18)

C(18)-C(19)

C(18)-H(18)

C(19)-C(20)

C(19)-H(19)

C(20)-C(21)

C(20)-C(23)

C(21)-C(22)

C(21)-H(21)

C(22)-H(22)

C(23)-H(23A)

1.3905(19)

1.5082(18)

1.3953(18)

0.9500

0.9500

0.9800

0.9800

0.9800

1.3985(18)

1.4046(18)

1.3919(18)

0.9500

1.394(2)

0.9500

1.386(2)

1.5115(18)

1.3927(18)

0.9500

0.9500

0.9800
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C(23)-H(23B)

C(23)-H(23C)

0(1)-Si(1)-C(1)

0(1)-Si(1)-C(8)

C(1)-Si(1)-C(8)

O(1)-Si(1)-C(7)

C(1)-Si(1)-C(7)

C(8)-Si(1)-C(7)

C(17)-B(1)-C(10)

C(17)-B(1)-C(2)

C(10)-B(1)-C(2)

C(17)-B(1)-0(1)

C(10)-B(1)-O(1)

C(2)-B(1)-0(1)

C(9)-0(1)-B(1)

C(9)-O(1)-Si(1)

B(1)-O(1)-Si(1)

C(6)-C(1)-C(2)

C(6)-C(1)-Si(1)

0.9800

0.9800

93.79(5)

107.65(6)

116.68(6)

107.43(5)

115.18(6)

113.48(7)

115.63(10)

112.59(10)

115.18(10)

106.48(9)

105.14(9)

99.78(9)

119.89(9)

122.28(8)

116.67(7)

120.51(12)

128.14(10)



C(2)-C(1)-Si(1)

C(3)-C(2)-C(1)

C(3)-C(2)-B(1)

C(1)-C(2)-B(1)

C(4)-C(3)-C(2)

C(4)-C(3)-H(3)

C(2)-C(3)-H(3)

C(6)-C(5)-C(4)

C(6)-C(5)-H(5)

C(4)-C(5)-H(5)

C(3)-C(4)-C(5)

C(3)-C(4)-H(4)

C(5)-C(4)-H(4)

Si(1)-C(7)-H(7A)

Si(1)-C(7)-H(7B)

H(7A)-C(7)-H(7B)

Si(1)-C(7)-H(7C)

H(7A)-C(7)-H(7C)

H(7B)-C(7)-H(7C)

C(5)-C(6)-C(2)

111.34(9)

117.61(11)

124.01(11)

118.37(11)

121.42(13)

119.3

119.3

119.57(13)

120.2

120.2

120.37(13)

119.8

119.8

109.5

109.5

109.5

109.5

109.5

109.5

120.51(13)

C(5)-C(6)-H(6)

C(1)-C(6)-H(6)

Si(1)-C(8)-H(8A)

Si(1)-C(8)-H(8B)

H(8A)-C(8)-H(8B)

Si(1)-C(8)-H(8C)

H(8A)-C(8)-H(8C)

H(8B)-C(8)-H(8C)

0(1)-C(9)-H(9A)

0(1)-C(9)-H(9B)

H(9A)-C(9)-H(9B)

0(1)-C(9)-H(9C)

H(9A)-C(9)-H(9C)

H(9B)-C(9)-H(9C)

C(15)-C(10)-C(11)

C(15)-C(10)-B(1)

C(11)-C(10)-B(1)

C(12)-C(11)-C(10)

C(12)-C(11)-H(11)

C(10)-C(11)-H(11)

119.7

119.7

109.5

109.5

109.5

109.5

109.5

109.5

109.5

109.5

109.5

109.5

109.5

109.5

115.79(11)

123.12(11)

120.97(11)

122.20(12)

118.9

118.9



C(11)-C(12)-C(13)

C(11)-C(12)-H(12)

C(13)-C(12)-H(12)

C(14)-C(13)-C(12)

C(14)-C(13)-C(16)

C(12)-C(13)-C(16)

C(13)-C(14)-C(15)

C(13)-C(14)-H(14)

C(15)-C(14)-H(14)

C(14)-C(15)-C(10)

C(14)-C(15)-H(15)

C(10)-C(15)-H(15)

C(13)-C(16)-H(16A)

C(13)-C(16)-H(16B)

H(16A)-C(16)-H(16B)

C(13)-C(16)-H(16C)

H(16A)-C(16)-H(16C)

H(16B)-C(16)-H(16C)

C(22)-C(17)-C(18)

C(22)-C(17)-B(1)

121.01(12)

119.5

119.5

117.50(12)

120.97(13)

121.52(13)

121.17(12)

119.4

119.4

122.30(12)

118.9

118.9

109.5

109.5

109.5

109.5

109.5

109.5

115.61(11)

124.50(11)

C(18)-C(17)-B(1)

C(19)-C(18)-C(17)

C(19)-C(18)-H(18)

C(17)-C(18)-H(18)

C(18)-C(19)-C(20)

C(18)-C(19)-H(19)

C(20)-C(19)-H(19)

C(21)-C(20)-C(19)

C(21)-C(20)-C(23)

C(19)-C(20)-C(23)

C(20)-C(21)-C(22)

C(20)-C(21)-H(21)

C(22)-C(21)-H(21)

C(21)-C(22)-C(17)

C(21)-C(22)-H(22)

C(17)-C(22)-H(22)

C(20)-C(23)-H(23A)

C(20)-C(23)-H(23B)

H(23A)-C(23)-H(23B)

C(20)-C(23)-H(23C)

119.83(11)

122.28(13)

118.9

118.9

121.06(13)

119.5

119.5

117.38(12)

121.15(13)

121.45(14)

121.44(13)

119.3

119.3

122.21(13)

118.9

118.9

109.5

109.5

109.5

109.5



H(23A)-C(23)-H(23C)  109.5

H(23B)-C(23)-H(23C)  109.

Symmetry transformations used to generate equivalent atoms: #1 -x+1,-y,-z+1

4.5 Computational methods

Computations were executed with the Gaussian 09 program package at the Research Center for

7,11

Computing and Multimedia Studies, Hosei University. The structures of 2, anion part of 8 and 9,

and 10 were optimized at the B3PW91/6-31G(d) and B3PW91/6-31++G(d,p) level of theory.
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&
4 Total Energy (SCF Done) —1361.201444200 a.u.

Zero-point correction 0.504319 (Hartree/Particle)

f a . Corrected Energy —1360.3028748 a.u.

HOMO LUMO+2
—2.3753 eV 3.3573 eV
HOMO-1 LUMO+1
—2.7862 eV 33184 eV
HOMO-2 LUMO

—2.9179 eV 2.9092 eV

,

Figure 5. Frontier molecular orbitals of anion part of 8.
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éj{J Total Energy (SCF Done) —1361.18097197 a.u.

Zero-point correction 0.503192 (Hartree/Particle)
Corrected Energy —1360.67777997 a.u.

HOMO LUMO+2
—2.2106 eV 3.3484 eV
HOMO-1 LUMO+1
—2.4610 eV 3.2493 eV
9
st
HOMO-2 LUMO
—2.8139 eV 2.9418 eV

Figure 6. Frontier molecular orbitals of anion part of 9.
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& Zero-point correction 0.439009 (Hartree/Particle)

S i Corrected Energy —1282.01654433 a.u.
j

HOMO

—6.0276 eV —-0.4030 eV
» ; »

LUMO+1

—0.5752 eV
HOMO-2 ‘ £ LUMO
—6.4589 eV 9 0.5946 eV

Figure 7. Frontier molecular orbitals of 10.
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Table 5. Selected second order perturbation theory analysis of fock matrix in NBO basis of 10.!2

Threshold for printing: 0.50 kcal/mol (Intermolecular threshold: 0.05 kcal/mol).

from unit 2 to unit 1 E(2) E()-E() F(i,))
Donor NBO (1) Acceptor NBO (j) kcal/mol a.u. a.u.

95.LP (1) 020 /98. LP*(1) B 25 1.54 0.44 0.025
95.LP (1) 020 /320. RY*(3) B 25 0.22 1.14 0.014
95.LP (1) 020 /326. RY*(9) B 25 0.09 1.69 0.011
95.LP (1) 020 /327. RY*(10) B 25 0.08 1.98 0.012
95.LP (1) 020 /320. RY*(3) B 25 0.22 1.14 0.014
95.LP (1) 020 /326. RY*(9) B 25 0.09 1.69 0.011
95.LP (1) 020 /327. RY*(10) B 25 0.08 1.98 0.012
95.LP (1) 020 /625.BD*(1)B25-C26 1.76 0.81 0.034
95.LP (1) 020 /626.BD*(1) B25-C36 1.60 0.81 0.032
95.LP (1) O 20 /98. LP*(1) B 25 16.20 0.50 0.082
95.LP (1) 020 /319.RY*(2) B 25 0.91 1.22 0.032
96.LP (2) O 20 /320. RY*(3) B 25 0.13 1.20 0.012
96. LP (2) O 20 /321. RY*(4) B 25 0.27 1.55 0.019
96. LP (2) O 20 /322. RY*(5) B 25 0.07 0.95 0.008
96. LP (2) O 20 /324. RY*(7) B 25 0.20 1.93 0.019
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96.

96.

96.

96.

96.

96.

96.

96.

96.

97.

97.

97.

97.

97.

97.

97.

97.

97.

97.

LP(2) 020

LP(2) 020

LP(2) 020

LP(2) 020

LP(2) 020

LP(2) 020

LP(2) 020

LP(2) 0 20

LP(2) 0 20

LP (3) 0 20

LP (3) 0 20

LP (3) 0 20

LP (3) 0 20

LP (3) 0 20

LP (3) 0 20

LP (3) 0 20

LP (3) 0 20

LP (3) 0 20

LP (3) 0 20

/325.

/326.

/327.

/328.

/329.

/330.

/331.

/625.

/626.

/318.

/319.

/320.

/323.

/324.

/325.

/327.

/330.

/625.

/626.

RY*(8) B 25

RY*(9) B 25

RY*(10) B 25

RY*(11) B 25

RY*(12) B 25

RY*(13) B 25

RY*(14) B 25

BD*(1) B25-C 26

BD*(1) B25-C 36

RY*(1) B 25

RY*(2) B 25

RY*(3) B 25

RY*(6) B 25

RY*(7) B 25

RY*(8) B 25

RY*(10) B 25

RY*(13) B 25

BD*(1) B25-C 26

BD*(1) B25-C 36

0.09

0.06

0.18

0.08

0.08

0.08

0.07

0.84

0.43

0.16

0.57

0.10

0.06

0.07

0.12

0.08

0.07

0.54

0.52

2.00

1.75

2.04

1.67

2.05

3.27

2.50

0.87

0.87

1.59

1.54

1.53

1.25

2.25

2.32

2.37

3.59

1.20

1.19

0.013

0.010

0.018

0.011

0.012

0.015

0.013

0.026

0.018

0.015

0.029

0.012

0.008

0.012

0.016

0.013

0.015

0.024

0.024
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Total Energy (SCF Done) —1242.22003275 a.u.

@
9 %‘%‘) Zero-point correction 0.397644 (Hartree/Particle)

9 Corrected Energy —1242.08749470 a.u.

9
'i ,f HOMO LUMO+2
. > -
Al 2.7630 eV 2.1581 eV
29
HOMO-1 LUMO+1
—-2.9081 eV 22234 ¢V
HOMO-2 ’ LUMO
"d J
-2.9516 eV :
'

3 —2.2645 eV
J‘J 9

Figure 8. Frontier molecular orbitals of anion part of 13 and 14.
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9 *
J“ 9 Total Energy (SCF Done) —1439.20881580 a.u.
J), ;*‘J 9 Zero-point correction 0.548973 (Hartree/Particle)

Ve
2 : 3 ', Corrected Energy —1438.6598428 a.u.
‘ -
5
9

HOMO LUMO+2
9 _6.2210eV —0.4090 eV
9
HOMO-1 LUMO+1
—6.3160 eV —0.6313 eV
’x’;‘
,)‘ : HOMO-2 LUMO
', —6.3787 eV -1.9222 eV

Figure 9. Frontier molecular orbitals of 2 (R = Me).
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Chapter 3

Synthesis, Reactions, and Photophysical Properties

of o-(Alkoxysilyl)(borafluorenyl)benzenes
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Abstract

The synthesis, reactions, and photophysical properties of
o-(alkoxysilyl)(borafluorenyl)benzenes 4 are reported. Compounds 4 were prepared by the reaction
of o-(silyl)(lithio)benzenes 6 with (alkoxy)borafluorenes 7. The C—O bonds in 4 were activated by
intramolecular coordination of the oxygen atom to the boron atom, as confirmed by reactions with
nucleophiles and density functional theory (DFT) calculations. Compounds 4 exhibited absorption
at 316 and 279 nm and emission at 536 and 496 nm with a large Stokes shift. DFT calculations were

performed to elucidate the molecular orbitals and photophysical properties of 4.
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1. Introduction
Borafluorenes are the boron analogues of fluorenes in which the vacant p orbital on the boron is

2 Borafluorenes are more Lewis acidic and

incorporated into the conjugated biphenyl & system."
have higher electron-accepting abilities compared to the structurally similar, non-annulated boranes.

Borafluorenes such as I (Chart 1) exhibit fluorescence, and thus the combination of their Lewis

acidity and fluorescence properties allow the construction of sensors for Lewis bases and fluoride

ions.>*
t-Bu
; t-Bu i ;
B B NMe2 /O B O\

Chart 1. Phenyl-borafluorene I and coordinated borafluorenes II and III.

Coordination of a donor to the vacant p orbital on the boron atom is expected to cause significant
changes in the photophysical properties of I. Chujo et al. prepared borafluorene II with
intramolecular amine coordination.” Compound II exhibits dual emission due to its coordinated
structure in the ground state and non-coordinated structure in the excited state. Rupar et al. also

reported the photophysical properties of oxy-coordinated borafluorene III and its related species.®
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Recently, the author prepared o-(alkoxysilyl)(diarylboryl)benzenes 1-3, in which an alkoxysilyl
group and a diarylboryl group are linked through an o-phenylene skeleton (Chart 2).”* In contrast
to (silyl)borylbenzene 1 bearing bulky mesityl groups on the boron atom, (silyl)borylbenzenes 2 and
3 bearing less sterically demanding groups (p-tolyl and p-tert-butylphenyl) on the boron atom exhibit
C—O0 bond activation owing to the intramolecular interaction between the oxygen atom and the boron
atom. The C—O bonds in 2 and 3 are cleaved with nucleophiles such as 1,4-

diazabicyclo[2.2.2]octane (DABCO) and KF/18-crown-6.

Me\ ,Me Me\ Me Me\ /Me
cC o0t CLY
0, 0,
Y ), (]
2 2

1 2 R'=CHj3 4
3 R'=tBu

Chart 2. o-(Alkoxysilyl)(diarylboryl)benzenes 1-4.

The author herein reports the preparation of o-(alkoxysilyl)(borafluorenyl)benzenes 4 (R = Me

(a), Et (b), i-Pr (¢), and tert-Bu (d)), in which a borafluorenyl group is introduced as a diarylboryl

unit (Chart 2). My main focus in this study was to establish whether the planar borafluorenyl moiety

increases the strength of the coordination of the oxygen atom to the boron atom and also how the

photophysical properties of 4 change compared to those of the parent borafluorene I.
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2. Results and discussion
2.1 Synthesis of o-[(alkoxy)silyl](borafluorenyl)benzenes 4
o-[(Alkoxy)silyl](borafluorenyl)benzenes 4 were prepared in a manner similar to that presented
in Chapter 3 (Scheme 1).® The reaction of o-(dimethylsilyl)bromobenzene (5) with tert-BuLi in
Et;0 at —78 °C provided o-silyl(lithio)benzene 6, which was reacted with 9-isopropoxy-9-
borafluorene 7¢ to form lithium [(isopropoxysilyl)phenyl]hydroborate 8c.” It is plausible that the
initially formed (isopropoxy)borate 9¢ underwent intramolecular hydride-isopropoxide exchange to
form 8c. Treatment of 8¢ with Me3SiCl in situ afforded 4¢c. tert-Butyloxysilyl derivative 4d was
prepared in a similar manner to 4c.
The reactions of 4¢ with MeOH and EtOH provided methoxysilane 4a and ethoxysilane 4b,

respectively (Scheme 2). In contrast, 4a did not react with bulky ROH (R = Et, i-Pr, fert-Bu) at all.
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Scheme 1. Preparation of 4¢ and 4d.

1) ROBAT, (7)

SiMe,H tort-BuLi SiMe,H _78°Ctort SiMe,OR
Et,0 2) Me,SiCl
Br 2 Li ) MesSi BAT,

~78°C.2h rt. 2h 4c R=iPr)  70%
5 6 _ C = I-Pr (1}
BAr; = borafluorenyl 44 (R = tert-Bu) 66%
7c (R =i-Pr)
7d (R = tert-Bu)
7 . — LiCl
Me;SiCl — Me,SiH
Me Me Li* Me Me | Li*
©:SI\H ©:SI\OR
-OR - H
B~ B
Ar2 Ar2
9 8

Scheme 2. Reactions of 4¢ with alcohols to prepare 4a and 4b.

©:SiMe2(Oi—Pr) ROH (x 1.1) SiMe,OR
BAr, toluene ©:

r.t., 10 min BAr,
4c — i-PrOH 4a (R = Me) 66%
BAr, = borafluorenyl 4b (R=Et) 77%
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2.2 C—0 bond activation in o-[(alkoxy)silyl](borafluorenyl)benzenes 4

As previously observed in 2 and 3,'° C—O bond activation was observed in 4. 4c¢ was refluxed
with DABCO in THF for 12 h to form silyloxyborate-(i-Pr-DABCO)" complex 10 as a white
precipitate, which was isolated by filtration and recrystallization from DMSO in 86% yield (Scheme
3). The "B NMR shift (§ = 4.6) and 2°Si NMR shift (5 = 12.2) of 10 are consistent with those of the
DABCO complex derived from 2a (§(''B) = 3.0; §(*’Si) = 9.1).

Treatment of 4a and 4¢ with KF in the presence of 18-crown-6 led to C—O bond cleavage to form

11 (Scheme 4).

Scheme 3. C—O bond cleavage in 4¢ with DABCO.

Me Me \r ipr
A | €
THF >
BAr, reflux, 12 h Erz N
4c 10 86%

BAr, = borafluorenyl

Scheme 4. C—O bond cleavage in 4a and 4¢ with KF/18-crown-6.

Me Me
SiMe,(OMe) KF. L Si\
L o |[ki]
BAr toluene E;/
2 rt, 1day Ar,
4a L = 18-crown-6 1 80%
BAr, = borafluorenyl
Me Me
- o (kL]
BAr toluene B—/
2 rt., 1 day Ar,
4c L = 18-crown-6 1 429%
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2.3 NMR spectra of 4

The "B and #°Si NMR shifts are good indicators of the coordination strength of the oxygen atom
to the boron atom in 4 because the coordination increases the electron density on the boron atom and
decreases that on the silicon atom.

The ''B NMR signal of 4¢ (5 = 14.8) is shifted upfield compared to that of the corresponding
signal of 2¢ (§ = 30.9), while the ?°Si NMR signal of 4¢ (8 = 29.0) is shifted downfield compared to
the corresponding signal of 2¢ (6 =20.0). With decreasing steric bulkiness of the alkoxy groups (4d
> 4¢ > 4b > 4a), the ''B NMR signal is shifted upfield and the >’Si NMR signal is shifted downfield,

as shown in Table 1.

Table 1. !'B and ?°Si NMR shifts of o-(silyl)(diarylboryl)benzenes 2 and 4.

4a 4b 4c 4d 2a 2b 2c

R Me Et i-Pr tert-Bu  Me Et i-Pr

§('B) 12.7 142 148 236 174 200 309

8(**Si) 36.0 33.7 29.0 23.7 33.1 29.5 20.0
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2.4 UV and fluorescence spectra of 4

The UV-Vis absorption and fluorescence spectra of 4 were obtained, as shown in Figure 1 and
Table 2. Absorption by 4a in CH>Cl, is observed at 279 nm (loge = 3.93) with a shoulder at 316 nm
(loge =0.71). 4b, 4¢, and 4d exhibit absorption and fluorescence spectra very similar to that of 4a.
As a reference, the absorption and fluorescence spectra of 9-phenyl-borafluorene (I) are also shown
in Figure 2. The intense, short-wavelength absorption may be due to the biphenyl © to n* transition
in the borafluorenyl moiety and the weak, long-wavelength absorption may be attributed to the

¢ The differences in

transition from the biphenyl 7 to the vacant p orbital on the boron atom.**

absorption spectra between 4 and I can be explained by the fact that the oxygen atom is coordinated

to the boron atom in 4 and the electron density is donated into the vacant p orbital on the boron atom.

a 50

loge
N
B
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{'n'e) Aysusjul asuaosalonyy

230 330 430 530 630
Wavelength (nm)

loge
~
0
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230 330 430 530 630
Wavelength (nm)

Figure 1. UV-Vis absorption (solid lines) and fluorescence spectra (dashed lines) for (a) 4a and (b) I

recorded in CH>Cl, under an argon atmosphere.
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Table 2. Experimental and calculated UV-Vis absorption and emission spectra of 4.

experimental calculated
compound absorption emission, Stokes shift, absorption Amax, NM  emission,
Amax, nm (log &)  nm [Dy] eV [em™] (oscillator strength) nm
4a 279 (3.93) 496 2.13 [17200] 290 (0.14) 548
316 (0.71) 536 [0.02] 307 (0.02)
4b 279 (3.91) 496 2.13 [17200] 290 (0.14)
316 (0.71) 536 307 (0.02)
4c 279 (3.88) 496 2.13 [17200] 290 (0.14)
316 (0.71) 536 306 (0.02)
4d 282 (3.83) 494 2.07 [16700] 258 (0.63) 548
316 (0.71) 533 [0.02] 280 (0.07)
321 (0.01)

Fluorescence in 4a is observed at 536 nm with a shoulder at 496 nm (Figure 2 and Table 2). On
the basis of the absorption at 279 nm and the emission at 536 nm, the fluorescence of 4a has a large
Stokes shift of 17,200 cm™. 4b, 4¢, and 4d exhibit similar fluorescence spectra to that of 4a. The
large Stokes shift in 4 may be attributed to the bond-cleavage-induced intramolecular charge transfer

(BICT) due to the tetracoordinate ground state (coordination from O to C) and the tricoordinate (non-
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coordination) excited state. BICT was recently proposed by Chujo et al. to explain the dual emission
in IL°> Rupar et al. also reported that BICT occurs in IIL® The absorption and emission spectra
of 4 closely resemble those of II and III, which indicates that 4 undergoes coordination of the oxygen
atom to the boron center in the ground state and the dissociation of the oxygen atom in the excited

state.!!-1?

The quantum yield of 4 (Or = 0.02) is similar to those II and III and low compared to
that of I (®f = 0.14),"* which can be attribute to the inefficient process of the oxygen atom in the

excited state.

2.5 DFT calculations of 4

In order to gain further insight into 4, density functional theory (DFT) calculations were carried
out at the BBLYP/DGDZVP?2 level of theory.'* The optimized structure of 4a is shown in Figure 2
and the molecular orbitals of 4a and I as comparison are shown in Figure 3.

The plane of the borafluorenyl group is orthogonal to the o-phenylene skeleton. The O---B
interatomic distances in 4a—4c¢ (1.689—1.705 A) are slightly shorter than that of 2a (1.751 A), whereas
that in 4d is much longer (2.800 A).  The boron atom of 4a adopts an intermediate geometry between
tetrahedral and trigonal planar; the bond angles around the boron atom (£(C—B—C)) add up to 340°.
The obtained geometries around the boron atom and interatomic distances between the boron atom

and the oxygen atom in 4 are very close to those in III.
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Figure 2. Optimized structure of 4a at the BALYP/DGDZVP?2 level of theory.

The highest occupied molecular orbital (HOMO) in 4a is delocalized over the carbon atoms of
the borafluorene moiety and almost consistent with HOMO in I (Figure 3). The lowest unoccupied
molecular orbital (LUMO) in 4a is delocalized over the carbon atoms of the borafluorene moiety and
looks similar to LUMO in I. However, LUMO in 4a 1s deformed around the boron atom due to the
contributions from the boron atom and the oxygen atom in the dative bond, which is quite similar to
LUMO in IIL* The lone-pair electrons on the oxygen atom also contribute to HOMO-3.

The perturbation theory energy analysis in NBO basis reveals delocalization from the donor LPo
to the acceptor LP*p with the occupancy of 0.325:!° the stabilization energy E(2) was calculated to

be 3.3 kcal/mol.
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Figure 3. Frontier molecular orbitals of 4a (left) and I (right) (isosurface value = 0.04).
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Time dependent-DFT (TD-DFT) analysis was also performed. The calculated absorption
wavelengths are in good agreement with those observed, as shown in Table 2. The calculated
absorption at 290 nm (f= 0.14) (observed at 279 nm) in 4a is attributable to transitions from HOMO-1
to LUMO and HOMO to LUMO+1 (& to =* transition). The calculated absorption at 307 nm (f'=
0.02) (observed at 316 nm) in 4a is attributable to transitions from HOMO to LUMO and HOMO to
LUMO+1. In the excited state, 4a adopts a structure with a longer O---B distance (2.85 A), which

corresponds to the BICT mechanism.

3. Conclusions

o-[(Alkoxy)silyl](borafluorenyl)benzenes 4 bearing a borafluonenyl group were prepared. C—O
bond activation was demonstrated in the reactions of 4 with an amine and fluoride. The coordination
of the oxygen atom to the boron atom in 4 was indicated by the NMR, UV, and fluorescence spectra.
The large Stokes shifts observed are ascribed to the BICT mechanism. The DFT calculation results

for 4a were in good agreement with the experimental data.
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4. Experimental section
4.1 General considerations

'H (400 MHz), '3C (100 MHz), "B (128.3 MHz), and ?°Si (79.5 MHz) NMR spectra were
recorded using a Bruker Avance I1I 400 spectrometer. 'H and '3C chemical shifts were referenced to
the residual solvent signals in CDCl; (8('H) = 7.26, 8('3C) = 77.00), CsDs (5('H) = 7.20, §(13C) =
128.00), and DMSO-ds (§('H) = 2.50; 6(*3C) = 39.52). ''B and *Si chemical shifts were referenced
to the external standards BF3-OEt; (6 = 0), and tetramethylsilane (6 = 0), respectively. Electron
ionization mass spectra were recorded at 70 eV using a JEOL JMS-Q1000GC Mk II mass
spectrometer, and elemental analyses were performed using a JSL MICRO CORDER JM 10 elemental

analyzer.

4.2 Materials

Chlorotrimethylsilane (Tokyo Chemical Industry Co., Ltd.) was treated with small pieces of
sodium under a nitrogen atmosphere to remove dissolved HCI, and the supernatant was used.
Potassium fert-butoxide in THF (Wako Pure Chemical Industries, Ltd.), tert-butyllithium in pentane
(Kanto Chemical Co., Inc.) and DABCO (Tokyo Chemical Industry Co., Ltd.) were used as received.
KF (Wako Pure Chemical Industries, Ltd.) was dried in vacuo at 100 °C, 18-crown-6 (Wako Pure
Chemical Industries, Ltd.) was recrystallized from CH3CN, and o-(dimethylsilyl)bromobenzene (5)’
and 9-chloro-9-borafluorene’ were prepared according to literature methods.

THF and Et,O were distilled under a nitrogen atmosphere over sodium benzophenone ketyl.
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Hexane and toluene were distilled under a nitrogen atmosphere over sodium. All reactions were

carried out under an inert gas atmosphere.

4.3 Experimental details

9-Isopropoxy-9-borafluorene (7c). To a solution of 9-chloro-9-borafluorene (1.58 g, 8.00
mmol) in hexane (20 mL), i-PrOH (0.62 mL, 8.00 mmol) was added via a syringe at 0 °C. The
reaction mixture was stirred at the same temperature for 1 h and then concentrated in vacuo to afford
a pale yellow oil. Purification by bulb-to-bulb distillation (115-125 °C/0.75 mmHg) yielded 7¢ (1.37
g, 77% yield) as a colorless oil. 'H NMR (C¢De, 8) 1.23 (d, J= 6 Hz, 6H), 4.89 (sept, J = 6 Hz, 1H),
7.05 (dd, J=7Hz,J=1Hgz, 2H), 7.17 (dd, J= 8 Hz, J= 1 Hz, 2H), 7.37 (d, /= 8 Hz, 2H), 7.61 (d,
J =7 Hz, 2H). BC{'H} NMR (C¢Ds, 8) 24.70, 70.51, 119.93, 132.41, 132.64, 153.07 (signals
corresponding to the ipso carbons in the borafluorenyl group and the ipso carbon in the phenyl group
were not observed). ''B NMR (C¢Ds, 5) 44.57 (br). Anal. Calced for C1sH1sBO: C, 81.12; H, 6.81;
Found: C, 80.92; H, 6.85.

9-(tert-Butoxy)-9-borafluorene (7d). To a solution of 9-chloro-9-borafluorene (1.58 g, 8.00
mmol) in hexane (40 mL), Potassium tert-butoxide in THF (1.0 mol/L, 7.5 mL, 7.50 mmol) was
added at 0 °C and the reaction mixture was stirred at the same temperature for 1 h. ~ After the solvents
were removed in vacuo, the residue was dissolved in hexane (20 mL) and filtered. The filtrate was
concentrated to approximately half the volume and the product was recrystallized at —18 °C to obtain

7d (1.45 g, 82% yield) as colorless crystals. 'H NMR (C¢Ds, 8) —1.44 (s, 9H), 7.07 (ddd, J = 7 Hz,
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J=7Hz,J=1Hz, 2H), 7.17 (ddd, J=8 Hz, J=8 Hz, J=1 Hz, 2H), 7.38 (d, /= 8 Hz, 2H), 7.74 (d,
J=7Hz, 2H). BC{'H} NMR (CsDs, §) 30.60, 75.68, 119.83, 127.91, 132.46, 133.03, 153.25 (signals
corresponding to the ipso carbons in the borafluorenyl group were not observed). "B NMR (CeDs,
0) 43.74 (br). Anal. Calcd for C16H17BO: C, 81.39; H, 7.26; Found: C, 81.11; H, 7.50.
o-|(Isopropoxy)dimethylsilyl](borafluorenyl)benzene (4c). A solution of ter-Buli in
pentane (1.56 mol/L, 3.8 mL, 6.00 mmol) was added to a solution of 5 (645 mg, 3.00 mmol) in Et2O
(6 mL) at =78 °C over 4 min. After the reaction mixture was stirred at this temperature for 2 h, 7¢
(666 mg, 3.00 mmol) in Et2O (6 mL) was added over 5 min. The reaction mixture was stirred at the
same temperature for 30 min and then allowed to warm to room temperature.  Next,
chlorotrimethylsilane (0.56 mL, 4.50 mmol) was added and the mixture was stirred for 2 h.  After
the solvents were removed in vacuo, the residue was dissolved in toluene (10 mL) and filtered. The
filtrate was concentrated to approximately half the volume and the product was recrystallized at
—18 °C to obtain 4¢ (748 mg, 70% yield) as colorless crystals. 'H NMR (C¢Ds, ) 0.39 (s, 6H), 0.70
(d, J=6 Hz, 6H), 4.08 (sept, /= 6 Hz, 1H), 7.10-7.20 (m, 3H), 7.22 (ddd, /=8 Hz, /=8 Hz, /=1
Hz, 2H), 7.36-7.40 (m, 5H), 7.85 (d, J = 8 Hz, 2H). "3C{'H} NMR (C¢Ds, &) 3.14, 23.54, 75.80,
119.96, 125.87, 127.05, 128.39, 129.30, 130.30, 130.37, 131.64, 135.15, 150.37 (signals
corresponding to the ipso carbons in the borafluorenyl group and the ipso carbon in the phenyl group
were not observed). "B NMR (C¢Dg, 8) 14.78 (br). ?°Si{'H} NMR (CDs, &) 29.01. MS (EI)
m/z 356 (M", 18), 313 (M"—i-Pr, 61), 271 (M'—i-Pr—2Me, 100). Anal. Calcd for C23H2sBOSi: C,

77.52; H, 7.07; Found: C, 77.41; H, 7.27.
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Hydroborate 8. A solution of tert-BuLi in pentane (1.56 mol/L, 3.8 mL, 6.00 mmol) was added
to a solution of 5 (645 mg, 3.00 mmol) in Et20 (6 mL) at =78 °C. After stirring at the same
temperature for 2 h, 7¢ (666 mg, 3.00 mmol) in Et2O (6 mL) was added. The reaction mixture was
stirred at this temperature for 30 min and then allowed to warm to room temperature. The solvent
was removed in vacuo, and the residue was dissolved in toluene (20 mL) and filtered. The filtrate
was concentrated to approximately half the volume and the product was recrystallized at —18 °C to
obtain 8-Li(Et20) (802 mg, 61% yield) as colorless crystals. 'H NMR (C¢Ds, 8) 0.58 (t, J = 6 Hz,
6H, Et20), 0.67 (s, 6H), 0.88 (d, /= 6 Hz, 6H), 2.71 (q, J = 6 Hz, 4H, Et20), 3.98 (sept, J = 6 Hz,
1H), 7.17 (ddd, J =8 Hz, J =7 Hz, J= 1 Hz, 2H), 7.21-7.27 (m, 3H), 7.35-7.42 (m, 3H), 7.67-7.71
(m, 3H), 7.98 (d, J = 8 Hz, 2H). BC{'H} NMR (CeDs, 8) 1.62, 14.08 (et20), 25.14, 65.28 (et20),
68.16, 119.92, 123.79, 126.04, 126.60, 129.77, 130.75, 132.79, 134.59, 140.92, 150.46 (signals
corresponding to the ipso carbons in the borafluorenyl group and the ipso carbon in the phenyl group
were not observed). 'BNMR (CsDs, 8)—11.31(d, 'Jsu=67 Hz). ?°Si{'H} NMR (CsDs, §) 14.08.
Anal. Calcd for C27H36BL102Si: C, 73.97; H, 8.28; Found: C, 73.72; H, 8.48.

o-|(tert-Butoxy)dimethylsilyl](borafluorenyl)benzene (4d). A solution of fert-Buli in
pentane (1.56 mol/L, 3.8 mL, 6.00 mmol) was added to a solution of § (645 mg, 3.00 mmol) in Et,O
(6 mL) at =78 °C over 4 min.  After the reaction mixture was stirred at this temperature for 2 h, 7d
(708 mg, 3.00 mmol) in Et2O (6 mL) was added over 3 min. The reaction mixture was stirred at the
same temperature for 30 min and then allowed to warm to room temperature.  Next,

chlorotrimethylsilane (0.56 mL, 4.50 mmol) was added and the mixture was stirred for 2 h.  After
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the solvents were removed in vacuo, the residue was dissolved in toluene (20 mL) and filtered. The
filtrate was concentrated to approximately half the volume and the product was recrystallized at
—18 °C to obtain 4d (733 mg, 66% yield) as colorless crystals. 'H NMR (C¢Dg, 8) 0.50 (s, 6H), 1.03
(s, 9H), 6.93 (ddd, /=8 Hz, J=1 Hz, J=1 Hz, 1H), 7.05 (ddd, /=8 Hz, /=8 Hz, J= 1 Hz, 1H),
7.12-7.20 (m, 3H), 7.31-7.36 (m, 3H), 7.42 (ddd, /=8 Hz, J=1 Hz,J= 1 Hz, 2H), 7.77 (ddd, J = 8
Hz,J=1Hz, J=1Hz, 2H). C{'H} NMR (C¢De, 8) 4.63, 30.68, 87.43, 119.94, 125.86, 127.17,
128.65, 129.29, 129.40, 130.01, 132.14, 135.56, 149.33 (signals corresponding to the ipso carbons in
the borafluorenyl group and the ipso carbon in the phenyl group were not observed). "B NMR
(CeDs, 8) 23.58 (br). ?°Si {!H} NMR (C¢Ds, 8) 23.69. MS(EI) m/z 314 (M —tert-Bu, 100), 299
(M'—tert-Bu—Me, 82), 257 (M"—SiMeatert-Bu, 66). Anal. Calcd for C24H27BOSi: C, 77.83; H, 7.35;
Found: C, 77.81; H, 7.52.

o-[(Methoxy)dimethylsilyl](borafluorenyl)benzene (4a). To a solution of 4¢ (713 mg, 2.00
mmol) in toluene (4.0 mL), MeOH (90 pL, 2.20 mmol) was added via a syringe at room temperature.
The reaction mixture was stirred at the same temperature for 10 min and then concentrated in vacuo
to afford a white solid. Recrystallization from toluene at —18 °C gave 4a (431 mg, 66% yield) as
colorless crystals. 'H NMR (C¢Ds, 8) 0.17 (s, 6H), 2.65 (s, 3H), 7.16-7.19 (m, 3H), 7.23 (dd, J=7
Hz,J=1Hz, 2H), 7.28 (ddd, J=7 Hz, J=2 Hz, J= 1 Hz, 2H), 7.37-7.41 (m, 3H), 7.85 (ddd, /=7
Hz,J=2Hz,J=1Hz,2H). “C{'H} NMR (C¢Ds, 8) —1.19, 50.77, 119.59, 125.94, 127.20, 128.53,
129.81, 130.61, 130.82, 131.16, 134.30, 150.83(signals corresponding to the ipso carbons in the

borafluorenyl group and the ipso carbon in the phenyl group were not observed). !'B NMR (CsDe, )
75



12.74 (br). ?Si{'H} NMR (C¢Ds, 8) 36.02. MS(EI) m/z 328 (M", 100), 313 (M"—Me, 31), 271
(M™—OMe—2Me, 50). Anal. Calcd for C21H21BOSi: C, 76.83; H, 6.45; Found: C, 76.67; H, 6.60.

o-|(Ethoxy)dimethylsilyl](borafluorenyl)benzene (4b). To a solution of 4¢ (713 mg, 2.00
mmol) in toluene (4.0 mL), EtOH (0.13 mL, 2.20 mmol) was added via a syringe at room temperature.
The reaction mixture was stirred at the same temperature for 10 min and then concentrated in vacuo
to afford a white solid. Recrystallization from hexane at —18 °C gave 4b (527 mg, 77% yield) as
colorless crystals. 'H NMR (C¢Ds, 8) 0.00 (s, 6H), 0.25 (t, J = 7 Hz, 2H), 3.06 (q, J = 7 Hz, 2H),
6.87-6.98 (m, 6H), 7.06 (d, J = 7 Hz, 2H), 7.10-7.15 (m, 3H), 7.59 (d, J = 8 Hz, 2H). *C{'H}
NMR (C¢Ds, 0) 0.34, 16.24, 63.76, 119.60, 125.92, 127.15, 128.44, 129.66, 130.56, 130.57, 131.38,
134.50, 150.52 (signals corresponding to the ipso carbons in the borafluorenyl group were not
observed). ''B NMR (C¢Ds, 8) 14.21 (br). #Si{'H} NMR (CsDs, &) 33.67. MS(EI) m/z 342 (M",
88), 313 (M'—Et, 36), 271 (M"=SiMe,OEt, 100). Anal. Calcd for C22H23BOSi: C, 77.19; H, 6.77;
Found: C, 77.01; H, 6.99.

Silyloxyborate-[(i-Pr-DABCO)*] complex 10. A solution of 4¢ (178 mg, 0.50 mmol) and
DABCO (56 mg, 0.50 mmol) in THF (1 mL) was refluxed for 12 h. The solvent was removed in
vacuo and the residue was recrystallized from DMSO at room temperature to obtain 10 (201 mg, 86%
yield) as colorless crystals. 'H NMR (DMSO-ds, 8) 0.28 (s, 6H), 1.14 (d, J = 6 Hz, 6H), 2.87 (t, J
=7 Hz, 6H), 3.08 (t, /=7 Hz, 6H), 3.34 (sept, /= 6 Hz, 1H), 6.32 (d, /=7 Hz, 1H), 6.72 (dd, /=7
Hz, J=1 Hz, 1H), 6.71-6.74 (m, 3H), 6.94-6.97 (m, 4H), 7.33 (d, /=7 Hz, 1H), 7.50 (d, J =7 Hz,

2H). 3C{'H} NMR (DMSO-ds, 3) 3.09, 15.56, 44.62, 48.40 (t, J = 3 Hz), 64.73 (t, J= 3 Hz), 117.64,
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122.57,124.06, 124.76, 126.17, 128.42, 128.76, 129.80, 145.02, 147.79 (signals corresponding to the
ipso carbons in the borafluorenyl group and the ipso carbon in the phenyl group were not observed).
B NMR (DMSO-ds, §) 4.61 (br). ?¥Si{'H} NMR (DMSO-ds, 8) 12.21. Anal. Caled for
C29H37BN20Si: C, 74.34; H, 7.96; N, 5.98 Found: C, 74.09; H, 8.20; N, 6.11.
Silyloxyborate-[K(18-crown-6)"] complex 11. A solution of 4a (164 mg, 0.20 mmol), 18-
crown-6 (53 mg, 0.20 mmol), and KF (12 mg, 0.20 mmol) in toluene (0.6 mL) was stirred at room
temperature for 12 h. Subsequently, the solvent was removed in vacuo. The resulting white solid
was dissolved in THF (0.5 mL), and toluene (1 mL) was slowly added to the solution. The resulting
two-layer solution was allowed to stand at room temperature for a day to obtain 11 (99 mg, 80%
yield) as colorless crystals. 'H NMR (CDCls, §) 0.44 (s, 6H), 3.33 (s, 24H, crown), 6.54 (d, J =7
Hz, 1H), 6.89 (ddd, /=7 Hz, J=7 Hz,J=1 Hz, 1H), 6.94 (ddd, /=7 Hz, J=7 Hz, J= 1 Hz, 2H),
6.98 (ddd, J=7Hz,J=7Hz,J=1Hz, 1H), 7.03 (ddd, /=7 Hz,J=7 Hz, J=1 Hz, 2H), 7.23 (d, J
=7 Hz, 2H), 7.46 (d, J= 7 Hz, 1H), 7.57 (d, J=7 Hz, 2H). '3C{'H} NMR (CDCls;, §) 3.20, 69.60
(crown), 118.02, 123.29, 124.65, 125.60, 127.43, 128.69, 128.76, 130.49, 143.61, 148.24 (signals
corresponding to the ipso carbons in the borafluorenyl group and the ipso carbon in the phenyl group
were not observed). !'B NMR (CDCls, ) 4.50 (br). 2°Si{'H} NMR (CDCl;, &) 13.88. Anal.

Calcd for C32H42BKO7Si: C, 62.33; H, 6.87; Found: C, 62.06; H, 6.98.
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4.4 Computational methods
Computations were executed with the Gaussian 09 program package at the Research Center for
Computing and Multimedia Studies, Hosei University.!® The structures of 4 were optimized at the

B3LYP/DGDZVP?2 level of theory.
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t f Total Energy (SCF Done) —1202.74380661 a.u.
J Zero-point correction 0.362448 (Hartree/Particle)

P
9 “ Corrected Energy —1202.38135861 a.u.

HOMO-1 LUMO+1
—6.3019 eV —0.6172 eV
HOMO -2 LUMO
—6.5473 eV —0.8969 eV
HOMO-3 HOMO
—6.5860 eV —5.5547 eV

Figure 4. Frontier molecular orbitals of 4a.
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Table 3. Cartesian coordinates of optimized structure of 4a.

Coordinates (Angstroms)

X Y 4
H 1.100530 -4.537378 0.000000
C 1.485909 -3.519291 0.000000
C 2.506775 -0.911644 0.000000
C 0.610780 -2.416679 0.000000
C 2.868217 -3.317030 0.000000
C 3.374674 -2.006615 0.000000
C 1.110062 -1.089735 0.000000
H 3.547563 -4.164725 0.000000
H 4.449683 -1.846203 0.000000
H 2.918048 0.094874 0.000000
B 0.079925 0.138419 0.000000
C 0.073096 1.169837 1.240414
C 0.096455 3.373821 2.994529
C 0.089138 0.969875 2.622518
C 0.078017 2.498741 0.742679
C 0.092205 3.597282 1.609246
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0.095232

0.108408

0.103294

0.108157

0.107558

0.073096

0.096455

0.078017

0.089138

0.095232

0.092205

0.108408

0.108157

0.103294

0.107558

-1.238489

-2.068813

-1.664732

-1.884187

2.066824

-0.038797

4.614261

1.906614

4.217589

1.169837

3.373821

2.498741

0.969875

2.066824

3.597282

-0.038797

1.906614

4.614261

4.217589

-2.441687

-3.115216

-2.642933

-4.193090

3.501766

3.031064

1.226342

4.576575

3.679347

-1.240414

-2.994529

-0.742679

-2.622518

-3.501766

-1.609246

-3.031064

-4.576575

-1.226342

-3.679347

0.000000

1.542202

2.442467

1.619479

81



-3.154502
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Total Energy (SCF Done) —1242.07126800 a.u.
# & Zero-point correction 0.391376 (Hartree/Particle)

Corrected Energy —1241.679892 a.u.

&R
> 9

%

HOMO-1 LUMO+1
—6.2896 eV —0.6278 eV
HOMO —2 LUMO
~6.5386 eV —0.8934 eV
2 @
& HOMO-3 i HOMO
'? JJ ~6.8579 eV ~5.5593 eV

Figure 5. Frontier molecular orbitals of 4b.

83



Table 4. Cartesian coordinates of optimized structure of 4b.

Coordinates (Angstroms)

X Y 4
4.543802 -0.366610 1.185030
3.525195 -0.463456 1.556764
0.916075 -0.709945 2.543261
2.423786 -0.215383 0.716023
3.320861 -0.837625 2.887074
2.009533 -0.958528 3.376721
1.097038 -0.337120 1.197526
4.167296 -1.031412 3.539846
1.847228 -1.246852 4.412077
-0.090826 -0.806160 2.942338
-0.126571 -0.065489 0.199145
-1.082432 -1.302373 -0.208536
-3.177650 -3.105363 -0.756371
-0.800678 -2.605511 -0.624451
-2.438694 -0.914190 -0.056110
-3.483158 -1.805654 -0.325100
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-1.842639

0.230386

-4.520895

-1.617800

-3.978772

-1.232993

-3.540412

-2.528495

-1.118499

-2.266841

-3.678049

-0.136565

-2.172384

-4.669287

-4.424406

2.449900

3.037064

2.478065

4.095134

-3.506836

-2.940092

-1.507541

-4.519822

-3.808140

1.043520

2.552199

0.489453

2.352691

3.111311

1.233695

2.794503

4.129795

0.804970

3.141744

0.295544

-0.999326

-1.932596

-1.219520

-0.904571

-0.724057

-0.201745

-1.227598

-0.969162

0.586353

1.168407

0.420655

1.060088

1.345650

0.709208

1.218582

1.712884

0.588046

1.396537

-1.060428

-2.287373

-2.172055

-2.102990
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2.951233

3.261655

3.176391

4.330801

2.830727

0.717033

-0.009057

-0.949914

0.564909

-0.244814

-0.817781

-0.815647

0.695538

-0.665657

1.947946

2.232778

1.885900

2.742746

0.438584

0.688149

0.144717

0.235923

2.173440

2.609669

2.295152

2.721092

-3.327041

-1.424808

-2.478639

-1.188722

-0.809070

-1.183068

-2.426582

-2.336839

-3.241365

-2.667884

-1.848216

-3.595028

-2.773666
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HOMO-1
—6.2673 eV

HOMO -2
—6.5397 eV

HOMO-3
—6.5803 eV

Figure 6. Frontier molecular orbitals of 4c.

Total Energy (SCF Done) —1281.39595167 a.u.

Zero-point correction

Corrected Energy

87

0.419850 (Hartree/Particle)
—1280.97610167 a.u.

LUMO+1
—0.6351 eV

LUMO
—0.8936 eV

HOMO
—5.5707 eV



Table 5. Cartesian coordinates of optimized structure of 4c.

Coordinates (Angstroms)

X Y z
-4.469962 -1.514697 -0.000329
-3.439453 -1.865894 -0.000300
-0.799664 -2.800252 -0.000161
-2.366112 -0.954706 -0.000148
-3.191442 -3.240658 -0.000388
-1.864834 -3.704048 -0.000321
-1.027293 -1.410506 -0.000082
-4.016241 -3.947718 -0.000495
-1.669320 -4.773261 -0.000388
0.220285 -3.177195 -0.000081
0.154558 -0.334183 0.000079
1.188039 -0.316091 -1.240607
3.393961 -0.347028 -2.993513
0.989795 -0.345462 -2.622894
2.516739 -0.316850 -0.742522
3.616007 -0.333989 -1.608364
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2.087091

-0.018472

4.632654

1.927530

4.238191

2.516802

2.087330

3.616129

1.188142

0.989975

3.394164

4.632754

-0.018273

4.238441

1.927859

-2.463527

-0.731969

0.069143

1.094886

-0.354608

-0.374693

-0.342164

-0.377476

-0.360548

-0.317013

-0.355280

-0.334253

-0.316373

-0.345991

-0.347535

-0.342294

-0.375311

-0.361133

-0.378363

0.893467

1.122562

2.367037

2.000137

-3.501407

-3.031931

-1.224514

-4.576164

-3.677670

0.742491

3.501404

1.608260

1.240672

2.622968

2.993418

1.224353

3.032040

3.677518

4.576170

0.000061

0.000362

0.000463

0.001280
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-0.164078

-1.166560

-0.011099

0.557218

-0.165656

-0.013570

-1.168236

0.555486

-3.256022

-3.330046

-2.715382

-4.275587

-3.255559

-3.329049

-4.275331

-2.715042

3.166098

3.601681

2.538303

3.988879

3.166959

2.539830

3.602438

3.989860

1.626234

2.717352

1.334090

1.229946

1.626903

2.718049

1.231182

1.334824

-1.276977

-1.313837

-2.157230

-1.316095

1.277070

2.157962

1.312530

1.316385

1.537272

1.507614

2.441912

1.619227

-1.537071

-1.507013

-1.619169

-2.441803
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! p 2 Total Energy (SCF Done) —1320.71004685 a.u.
o l‘i Zero-point correction 0.445783 (Hartree/Particle)

9
} Corrected Energy —1320.26426385 a.u.

HOMO-1 LUMO+1
—6.5098 eV -1.0112 eV
LUMO
—2.1377 eV
HOMO-3 HOMO
—6.8507 eV —5.9252 eV

Figure 7. Frontier molecular orbitals of 4d.
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Table 6. Cartesian coordinates of optimized structure of 4d.

Coordinates (Angstroms)

X Y z
H 1.715345 -4.264583 0.000000
C 2.105266 -3.247989 0.000000
C 3.154447 -0.682393 0.000000
C 1.215027 -2.152897 0.000000
C 3.491636 -3.076545 0.000000
C 4.019396 -1.779580 0.000000
C 1.749103 -0.840112 0.000000
H 4.152162 -3.939122 0.000000
H 5.094943 -1.624983 0.000000
H 3.582043 0.318283 0.000000
B 0.956200 0.511626 0.000000
C 0.668654 1.445191 1.235387
C 0.102389 3.546507 3.004622
C 0.744278 1.234428 2.612895
C 0.314436 2.732335 0.744891
C 0.033652 3.780788 1.617874
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0.454906

1.027577

-0.233306

0.508251

-0.115797

0.668654

0.102389

0.314436

0.744278

0.454906

0.033652

1.027577

0.508251

-0.233306

-0.115797

-0.626351

-1.032459

-0.926126

-0.337880

2.286265

0.259692

4767612

2.126668

4.354832

1.445191

3.546507

2.732335

1.234428

2.286265

3.780788

0.259692

2.126668

4767612

4.354832

-2.545978

-3.573141

-2.978043

-4.417716

3.502206

3.002624

1.249898

4575411

3.697464

-1.235387

-3.004622

-0.744891

-2.612895

-3.502206

-1.617874

-3.002624

-4.575411

-1.249898

-3.697464

0.000000

1.532557

2.445187

1.606079

93



-2.046542

-1.032459

-2.046542

-0.337880

-0.926126

-1.373578

-2.769293

-3.475490

-2.932484

-4.491107

-3.551457

-3.475490

-2.932484

-3.551457

-4.491107

-2.764861

-2.253191

-2.253191

-3.792552

-3.984571

-3.573141

-3.984571

-4.417716

-2.978043

-1.048033

-0.635399

-1.149739

-0.832220

-0.744209

-2.240229

-1.149739

-0.832220

-2.240229

-0.744209

0.896869

1.279325

1.279325

1.274617

1.506825

-1.532557

-1.506825

-1.606079

-2.445187

0.000000

0.000000

-1.264751

-2.159347

-1.317448

-1.272142

1.264751

2.159347

1.272142

1.317448

0.000000

-0.885684

0.885684

0.000000

94



> Q  Total Energy (SCF Done) 1202.63665669 a.u.

@
&
J
‘Q

HOMO-1 LUMO+1
—6.6151 eV —0.9960 eV
HOMO -2 LUMO
—6.7665 eV —2.4974 eV
HOMO-3 HOMO
—6.9075 eV —5.5767 eV

Figure 8. Frontier molecular orbitals of 4a in the excited state.
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Table 7. Cartesian coordinates of optimized structure of 4d.

Coordinates (Angstroms)

X Y z
H 1.100530 -4.537000 0.000000
C 1.485909 -3.519000 0.000000
C 2.506775 -0.911000 0.000000
C 0.610780 -2.416000 0.000000
C 2.868217 -3.317000 0.000000
C 3.374674 -2.006000 0.000000
C 1.110062 -1.089000 0.000000
H 3.547563 -4.164000 0.000000
H 4.449683 -1.846000 0.000000
H 2.918048 0.094000 0.000000
B 0.079925 0.138000 0.000000
C 0.073096 1.169000 1.240414
C 0.096455 3.373000 2.994529
C 0.089138 0.969000 2.622518
C 0.078017 2.498000 0.742679
C 0.092205 3.597000 1.609246
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0.095232

0.108408

0.103294

0.108157

0.107558

0.073096

0.096455

0.078017

0.089138

0.095232

0.092205

0.108408

0.108157

0.103294

0.107558

-1.238489

-2.068813

-1.664732

-1.884187

2.066000

-0.038000

4.614000

1.906000

4.217000

1.169000

3.373000

2.498000

0.969000

2.066000

3.597000

-0.038000

1.906000

4.614000

4.217000

-2.441000

-3.115000

-2.642000

-4.193000

3.501766

3.031064

1.226342

4.576575

3.679347

-1.240414

-2.994529

-0.742679

-2.622518

-3.501766

-1.609246

-3.031064

-4.576575

-1.226342

-3.679347

0.000000

1.542202

2.442467

1.619479
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-3.154502

-2.068813

-3.154502

-1.884187

-1.664732

-1.383141

-2.638974

-2.412881

-3.207598

-3.207598

-2.970000

-3.115000

-2.970000

-4.193000

-2.642000

-0.707000

0.010000

1.074000

-0.244000

-0.244000

1.526855

-1.542202

-1.526855

-1.619479

-2.442467

0.000000

0.000000

0.000000

0.898344

-0.898344
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Table 8. Selected second order perturbation theory analysis of fock matrix in NBO basis of 4a.'®

Threshold for printing: 0.50 kcal/mol (Intermolecular threshold: 0.05 kcal/mol).

from unit 2 to unit 1 E(2) E()-E() F(i,))
Donor NBO (1) Acceptor NBO (j) kcal/mol a.u. a.u.
87.LP (1) O 41 /168. RY*(4) C7 0.10 1.59 0.012
87.LP (1) O 41 /195.RY*(2) B 11 0.29 1.08 0.016
87.LP (1) O 41 /200. RY*(7) B 11 0.17 1.84 0.016
87.LP (1) O 41 /201. RY*(8) B 11 0.15 1.66 0.014
87.LP (1) O 41 /211. RY*(4) C 12 0.09 1.40 0.01
87.LP (1) O 41 /212. RY*(5) C 12 0.07 1.37 0.009
87.LP (1) O 41 /237.RY*(2) C 14 0.07 1.16 0.008
87.LP (1) O 41 /315.RY*(4) C 22 0.10 1.46 0.011
87.LP (1) O 41 /316. RY*(5) C 22 0.05 1.31 0.007
87.LP (1) O 41 /354. RY*(2) C 25 0.08 1.17 0.009
87.LP (1) O 41 /414. RY*(1) Si 32 1.38 1.26 0.038
87.LP (1) O 41 /416. RY*(3) Si 32 0.96 1.22 0.031
87.LP (1) O 41 /419. RY*(6) Si 32 0.16 0.96 0.011
87.LP (1) O 41 /544.BD*(1)B11-C12 245 0.81 0.04
87.LP (1) O 41 /545.BD*(1) B11-C22 245 0.81 0.04
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87.

87.

87.

87.

87.

87.

87.

87.

87.

87.

87.

87.

87.

87.

87.

87.

87.

87.

87.

LP (1) O 41

LP (1) O 41

LP (1) O 41

LP (1) O 41

LP (1) O 41

LP (1) O 41

LP(2) O 41

LP(2) O 41

LP(2) O 41

LP(2) O 41

LP(2) O 41

LP(2) O 41

LP(2) O 41

LP(2) O 41

LP(2) O 41

LP(2) O 41

LP(2) O 41

LP(2) O 41

LP(2) O 41

/547.BD*(2)C12-C 14

/562. BD*(2) C22-C 25

/573. BD*(1) Si32-C 33

/574. BD*(1) Si32-C 37

/576. BD*(1) C33-H 35

/579. BD*(1) C 37 - H 39

/ 85. LP*(1) B 11

/ 86. LP*(1) Si 32

/101. RY*(7) C 2

/196. RY*(3) B 11

/197. RY*(4) B 11

/199. RY*(6) B 11

/201. RY*(8) B 11

/202. RY*(9) B 11

/205. RY*(12) B 11

/206. RY*(13) B 11

/207. RY*(14) B 11

/209. RY*(2) C 12

/211. RY*(4) C 12

0.18

0.20

3.66

3.66

0.09

0.10

3.34

127.39

0.05

1.30

0.44

0.31

0.09

0.09

0.09

0.11

0.07

0.13

0.07

0.42

0.44

0.60

0.60

0.79

0.79

0.57

0.54

1.34

1.23

1.75

2.39

1.78

1.96

2.05

2.58

2.42

1.72

1.52

0.008

0.009

0.042

0.042

0.008

0.008

0.04

0.236

0.008

0.038

0.026

0.026

0.012

0.013

0.013

0.016

0.012

0.014

0.01
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87.LP (2) O 41 /212. RY*(5) C 12 0.07 1.49 0.01

87.LP (2) O 41 /313. RY*(2) C 22 0.10 1.72 0.013
87.LP (2) O 41 /315. RY*(4) C 22 0.08 1.58 0.011
87.LP (2) O 41 /316. RY*(5) C 22 0.05 1.43 0.008
87.LP (2) O 41 /415. RY*(2) Si 32 2.00 1.57 0.053
87. LP (2) O 41 1417. RY*(4) Si 32 0.32 1.43 0.02

87. LP (2) O 41 /418. RY*(5) Si 32 1.45 1.51 0.044
87. LP (2) O 41 1420. RY*(7) Si 32 0.72 1.14 0.027
87. LP (2) O 41 1422. RY*(9) Si 32 1.54 1.20 0.041
87. LP (2) O 41 1424. RY*(11) Si 32 0.08 1.08 0.009

Table 9. List of first 20 calculated singlet excited states at BALYP/DZVP2 level for 4a—4d.

(1)4a
Excited State  1: Singlet-A" 4.0331eV  307.42nm {=0.0228 <S**2>=0.000
87 > 88 0.58683
87 >89 0.36585
Excited State ~ 2: Singlet-A" 42742 eV 290.08 nm {=0.1354 <S**2>=0.000
85 > 88 -0.16709
86 -> 88 0.29710
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87 -> 88

87 -> 89

Excited State

87 ->90

Excited State

84 -> 88

87 ->91

87->92

Excited State

81 -> 88

85 -> 88

86 -> 88

87 ->89

Excited State

82 ->89

84 -> 88

87 ->91

87 ->92

Excited State

83 ->91

-0.35909

0.49491

Singlet-A' 4.4580eV 278.12nm {=0.0096 <S**2>=0.000

0.70135

Singlet-A' 4.7246 eV 26242 nm {=0.0016 <S**2>=0.000

-0.22792

0.64922

0.12764

4.7496 eV 261.04 nm {=0.0413 <S**2>=0.000

Singlet-A"

0.11199

0.42328

0.52390

-0.12868

Singlet-A' 4.8550 eV  25537nm {=0.0374 <S**2>=0.000

0.10292

0.51543

0.27022

-0.36582

Singlet-A' 49974 eV 248.10nm {=0.0274 <S**2>=0.000

0.33060
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85->90 0.22824

86 ->90 0.56732
Excited State  8: Singlet-A" 5.0636 eV 244.85nm f=0.0212 <S**2>=0.000
85 > 88 -0.14823
85 >89 0.32330
86 > 89 0.59659
Excited State  9: Singlet-A" 5.1506 eV 240.72 nm =0.3177 <S**2>=0.000
85 > 88 0.48954
86 -> 88 -0.34016
86 -> 89 0.15104
87 >89 0.29743
Excited State  10: Singlet-A" 53448 eV 23197 nm =0.0038 <S**2>=0.000
83 > 88 0.69629
Excited State  11: Singlet-A' 53543 eV 231.56 nm =0.0099 <S**2>=0.000
83 ->91 0.11071
84 > 88 0.13572
84 >89 0.29497
85->90 0.53167
86 ->90 -0.27277
87 ->92 0.10548
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Excited State

84 ->90

85 -> 89

86 -> 89

Excited State

82 -> 88

84 -> 88

84 -> 89

85->90

86 -> 90

87->92

Excited State

84 ->90

85 ->89

86 -> 89

Excited State

83 ->90

86 -> 91

87 ->92

Excited State

12:

13:

14:

15:

16:

Singlet-A"

0.49719

0.41748

-0.22409

Singlet-A'

-0.11443

0.15739

0.54347

-0.29534

0.17492

0.10454

Singlet-A"

0.48564

-0.41387

0.21980

Singlet-A'

-0.25559

0.62705

-0.12452

Singlet-A'

53951eV 22981 nm £=0.0283 <S**2>=0.000

54248 eV 228.55nm =0.0352 <S**2>=0.000

54508 eV 22746 nm =0.1451

<S**2>=0.000

55144 eV 22484 nm =0.0838 <S**2>=0.000

5.6114eV  220.95nm {=0.1228 <S**2>=0.000
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82 -> 88

82 -> 89

84 -> 88

84 -> 89

85 ->91

86 ->91

87->92

Excited State

83 -> 89

87 ->93

Excited State

83 >89

84 ->91

87 ->93

Excited State

83 -> 89

84 ->91

Excited State

82 -> 88

82 ->89

17:

18:

19:

20:

0.18586

0.23124

0.24181

-0.19230

-0.24368

0.14440

0.46564

Singlet-A"

-0.20089

0.67229

Singlet-A"

0.65988

0.10391

0.20279

Singlet-A"

-0.10285

0.68030

Singlet-A'

0.10533

0.12207

5.6623 eV 21896 nm f=0.0018 <S**2>=0.000

56683 eV 218.73nm =0.0024 <S**2>=0.000

57126 eV 217.04nm £=0.0458 <S**2>=0.000

5.7240 eV 216.61 nm =0.0063 <S**2>=0.000
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83 ->90 -0.30626
85 ->91 0.55716
87 ->92 0.17101
87 ->95 -0.10313
(2)4b

Excited State  1: Singlet-A 4.0385eV 307.00 nm {=0.0206 <S**2>=0.000
91 ->92 0.58215
91 ->093 0.36866

Excited State ~ 2: Singlet-A 42738 eV 290.10nm {=0.1354 <S**2>=0.000
89 ->92 0.16106
90 ->92 -0.28993
91 ->92 -0.36698
91 ->93 0.48806

Excited State ~ 3: Singlet-A 44866 eV 27634 nm {=0.0106 <S**2>=0.000
91 ->93 -0.10147
91 ->94 0.69208

Excited State  4: Singlet-A 4.7331eV  261.95nm {=0.0300 <S**2>=0.000
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89 ->92

90 -> 92

91 ->93

91 ->95

Excited State

88 ->92

89 -=> 92

90 -> 92

91 ->95

91 ->96

Excited State

88 ->92

89 ->92

91 ->95

91 ->96

Excited State

87 ->95

89 ->93

89 ->94

90 ->93

0.37972

0.46795

0.11141

-0.29860

Singlet-A 4.7500 eV 261.02nm {=0.0181 <S**2>=0.000

0.28609

0.10240

0.27153

0.53859

0.13398

Singlet-A 4.8616 eV 255.03 nm {=0.0389 <S**2>=0.000

0.45714

-0.16416

-0.33797

0.34938

Singlet-A 49948 eV 24823 nm {=0.0234 <S**2>=0.000

0.30593

-0.11921

0.16531

-0.30933
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90 -> 94

Excited State

87 ->95

89 ->92

89 ->93

89 ->94

90 -> 93

90 -> 94

Excited State

88 ->92

89 ->92

90 -> 92

90 -> 93

91 ->93

Excited State

87 ->92

Excited State

87 ->92

88 ->92

88 ->93

10:

11:

0.48798

Singlet-A

0.11896

-0.11298

0.24664

0.11437

0.52746

0.29758

Singlet-A

0.17492

0.47780

-0.31663

0.13799

-0.28660

Singlet-A

0.68158

Singlet-A

0.11866

-0.15175

-0.28566

5.0450eV 24576 nm {=0.0165 <S**2>=0.000

5.1546 eV 240.53 nm =0.3141

<S**2>=0.000

5.3220eV  232.97nm £=0.0077 <S**2>=0.000

53512eV  231.69nm £=0.0172 <S**2>=0.000
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89 ->93

89 ->94

90 -> 93

90 -> 94

91 -> 96

Excited State

88 ->93

88 ->94

89 ->93

89 ->94

90 -> 93

90 -> 94

Excited State

88 ->93

88 -> 94

89 -> 94

90 -> 94

Excited State

88 -> 94

89 ->93

12:

13:

14:

0.42455

-0.33854

-0.15315

0.12435

0.10820

Singlet-A 54169 eV 228.89nm {=0.0569 <S**2>=0.000

0.30616

0.43134

0.31591

0.12162

-0.19012

-0.12475

Singlet-A 5.4285eV  22839nm {=0.0222 <S**2>=0.000

0.44240

-0.20615

-0.39206

0.22624

Singlet-A 5.4615eV  227.02nm £=0.1045 <S**2>=0.000

0.48715

-0.29280
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89 ->94

90 -> 93

Excited State

87 ->93

87 ->94

90 ->95

91 -> 96

Excited State

86 ->92

86 ->93

88 ->92

88 ->93

89 ->95

90 ->95

91 ->96

Excited State

87->93

87 ->94

Excited State

87 ->94

15:

16:

17:

18:

-0.32195

0.14569

Singlet-A

0.10630

-0.25402

0.60051

0.16443

Singlet-A

-0.16417

-0.22749

-0.23556

0.15810

0.22069

-0.19055

0.46551

Singlet-A

0.67889

0.12292

Singlet-A

0.10904

5.5236 eV 22446 nm =0.0995 <S**2>=0.000

5.6097 eV 221.02nm =0.1021

<S**2>=0.000

5.6332eV  220.10 nm £=0.0100 <S**2>=0.000

5.7275eV 21647 nm =0.0400 <S**2>=0.000
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88 ->95 0.49338

89 ->95 -0.42538
91 ->96 0.10174

Excited State  19: Singlet-A 57433 eV 21588 nm =0.0142 <S**2>=0.000
87 > 94 -0.26265
88 ->95 0.45604
89 ->95 0.36765
91 ->96 -0.10405
91 ->97 0.18060

Excited State  20: Singlet-A 5.7586 eV 21530nm =0.0011 <S**2>=0.000
89 ->95 -0.12172
91 ->97 0.67010

(3) 4c

Excited State  1: Singlet-A 4.0556 eV 305.71 nm {=0.0194 <S**2>=0.000
95 ->96 0.56284
95 > 97 0.39880

Excited State ~ 2: Singlet-A 42736 eV 290.12nm {=0.1369 <S**2>=0.000
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93 -=> 96

94 -> 96

95 > 96

95 ->97

Excited State

95 ->98

Excited State

89 -> 96

93 > 96

94 -> 96

95 ->97

Excited State

92 > 96

95 ->99

95 ->100

Excited State

92 ->96

95 ->99

95 ->100

Excited State

0.17919
-0.28006
-0.39281
0.47294
Singlet-A 4.5461 eV 272.72nm {=0.0100 <S**2>=0.000
0.69709
Singlet-A 47086 eV 263.31 nm {=0.0459 <S**2>=0.000
-0.10554
0.36076
0.56314
0.13684
Singlet-A 47671 eV 260.08 nm {=0.0016 <S**2>=0.000
0.37644
0.53587
0.22433
Singlet-A 4.8830eV 25391 nm {=0.0441 <S**2>=0.000
-0.41988

0.45260

-0.31199

49959 eV 248.17nm {=0.0110 <S**2>=0.000
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93 -=> 96

93 ->97

94 ->97

Excited State

91 ->99

93 > 98

94 > 98

Excited State

93 > 96

94 -> 96

94 -> 97

95 ->97

Excited State

91 -> 96

91 ->97

Excited State

90 -> 96

92 ->96

92 ->97

93 > 98

10:

11:

-0.13407

0.25674

0.63141

Singlet-A

0.33351

0.18129

0.57668

Singlet-A

0.53434

-0.28428

0.11764

-0.28478

Singlet-A

0.69061

0.10148

Singlet-A

-0.11119

0.18215

0.58334

0.23422

5.0145eV  247.25nm {=0.0199 <S**2>=0.000

5.1522 eV 240.64 nm =0.2925 <S**2>=0.000

52790eV 23486 nm {=0.0146 <S**2>=0.000

53748 eV 230.68 nm £=0.0283 <S**2>=0.000
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95 ->100

Excited State 12:

92 > 98

93 ->97

94 ->97

Excited State 13:

92 ->97

93 > 98

94 -> 98

Excited State 14:

92 > 98

93 ->97

Excited State 15:

91 ->98

94 ->99

95 ->100

Excited State 16:

91 ->96

91 ->97

Excited State 17:

-0.13129

Singlet-A

0.21784

0.59103

-0.24352

Singlet-A

-0.25755

0.58073

-0.25206

Singlet-A

0.65666

-0.18279

Singlet-A

-0.27989

0.57564

0.20454

Singlet-A

-0.10078

0.68898

Singlet-A

5.3997 eV 229.61 nm

5.4683 eV 226.73 nm

5.4925eV 225.73 nm

5.5351eV  224.00 nm

5.5768 eV 22232 nm

5.6154eV  220.79 nm
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£=0.0950

£=0.0020

£=0.0549

£=0.1284

£=0.0162

£=0.0867

<S**2>=0.000

<S**2>=0.000

<S**2>=0.000

<S**2>=0.000

<S**2>=0.000

<S**2>=0.000



90 -> 96 -0.13967

90 -> 97 -0.23645
91 ->98 0.10083
92 ->96 -0.25751
92 ->97 0.14307
93 >99 0.18709
94 > 99 -0.23157
95 ->100 0.46317
Excited State  18: Singlet-A 5.7566 eV 21538 nm {=0.0511 <S**2>=0.000
92 >99 0.68183
Excited State  19: Singlet-A 5.7687eV 21493 nm {=0.0087 <S**2>=0.000
90 -> 96 0.14561
90 ->97 0.10507
91 ->98 -0.26044
93 ->99 0.57143
95 ->100 -0.11522
95 ->102 0.17659
Excited State  20: Singlet-A 57909 eV 21410 nm £=0.0166 <S**2>=0.000
88 -> 96 0.13510
90 > 96 0.47819
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91 >98 0.12007
93 ->99 -0.17339
95 ->102 0.42738
(4)4d
Excited State  1: Singlet-A" 3.0045eV  412.67nm {=0.0016 <S**2>=0.000
99 ->100 0.70309
Excited State ~ 2: Singlet-A" 3.5560 eV 348.66 nm {=0.0007 <S**2>=0.000
98 ->100 0.69887
Excited State ~ 3: Singlet-A" 3.8685eV  320.50 nm f=0.0095 <S**2>=0.000
96 ->100 -0.22988
97 ->100 0.59785
99 ->101 0.28986
Excited State  4: Singlet-A" 39712eV 31221 nm {=0.0011 <S**2>=0.000
96 ->100 0.56605
97 ->100 0.34088
99 >101 -0.24270
Excited State  5: Singlet-A' 44269 eV 280.07nm {=0.0603 <S**2>=0.000
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95 ->100

99 ->104

Excited State

94 ->100

99 ->101

Excited State

89 ->100

91 ->100

92 ->100

93 ->100

Excited State

94 ->100

96 ->100

97 ->100

98 ->101

99 ->101

Excited State

96 ->100

98 ->101

99 ->101

0.65846

-0.18839

Singlet-A" 4.5720eV  271.18 nm {=0.0150 <S**2>=0.000

0.69179

0.10654

Singlet-A' 4.7545eV  260.77nm {=0.0132 <S**2>=0.000

0.14199

-0.17142

0.21587

0.62157

Singlet-A" 4.8145eV  257.52nm {=0.6343 <S**2>=0.000

-0.12493

0.31646

-0.13800

0.25945

0.53303

Singlet-A" 4.8952eV 25327nm {=0.1312 <S**2>=0.000

-0.12278

0.64940

-0.21307
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Excited State  10: Singlet-A' 4.9209eV  251.96 nm {=0.0009 <S**2>=0.000

92 ->100 0.25555
98 ->102 0.11079
99 ->102 0.62253
Excited State 11: Singlet-A' 49941 eV 24826 nm {=0.0448 <S**2>=0.000
89 ->100 0.11779
91 ->100 -0.24447
92 ->100 0.47452
93 ->100 -0.25532
95 ->101 -0.14106
99 ->102 -0.27921
99 ->103 0.10076
Excited State  12: Singlet-A' 5.0810eV  244.01 nm £=0.0059 <S**2>=0.000
96 ->102 0.10783
96 ->103 -0.12339
97 ->102 0.11832
97 ->103 -0.34672
98 ->102 0.50779
98 ->103 0.15585
99 ->102 -0.14057
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99 ->103

Excited State 13:

92 ->100

99 ->103

Excited State 14:

90 ->100

Excited State 15:

97 ->101

Excited State 16:

89 ->100

91 ->100

92 >100

95 ->101

99 ->104

Excited State 17:

91 ->100

92 ->100

93 ->100

95 ->100

95 ->101

-0.11146

Singlet-A'

-0.10090

0.68442

Singlet-A"

0.69678

Singlet-A"

0.69802

Singlet-A'

-0.15146

0.47305

0.24016

0.10319

-0.38138

Singlet-A'

-0.29219

-0.13572

-0.13056

-0.16589

0.40562

5.1257eV  241.89nm =0.0006 <S**2>=0.000

51716 eV 239.74nm {=0.0009 <S**2>=0.000

5.1892eV 23893 nm f=0.0061 <S**2>=0.000

52135eV  237.81 nm =0.0063 <S**2>=0.000

5.3547eV  231.54nm {=0.0413 <S**2>=0.000

119



99 ->104 -0.35968

Excited State  18: Singlet-A" 53580eV  231.40nm £=0.0044 <S**2>=0.000
96 ->101 0.68120

Excited State  19: Singlet-A' 55546 eV 22321 nm £=0.0100 <S**2>=0.000
89 ->100 0.64574
91 ->100 0.25175

Excited State  20: Singlet-A' 5.6548 eV 219.25nm =0.0714 <S**2>=0.000
95 ->101 0.13975
97 ->102 0.45055
98 ->102 -0.20617
98 ->103 0.44673
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4.5 UV-vis Absorption and Fluorescence Data

a
5.0
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4b
4c
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Figure 9. UV—vis absorption and fluorescence spectra for 4. (a): absorption spectra of 4a—4d in
CH2Cl> (1.0x107° mol/L) under an argon atmosphere. (b): Fluorescence spectra of 4a—4d in CH>Cl,
(1.0x107 mol/L) under an argon atmosphere. (c): Fluorescence spectra of 4a in different solvents

(excitation at 280 nm) under an argon atmosphere.
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Chapter 4

1,2-Silyl Migration in 1-Halonaphthalenes Catalyzed by 1>
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Abstract

1-Halo-8-hydrosilylnaphthalenes undergo 1,2-silyl migration to form 1-halo-7-silylnaphthalenes.

The influence of the substituents on the silicon atom, the solvent effect, and the D-labeling

experiments are investigated. The migration process may include four steps: (i) generation of acid

(HI) by the reaction of the hydrosilane with I, (i1) protonation of the naphthalene ring, (iii) silyl group

migration in the protonated intermediate, and (iv) deprotonation of the naphthalene ring.
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1. Introduction
1.1 Construction studies of arene derivatives other than o-phenylene framework.
The synthesis of B/Si bidentate Lewis acids biphenyl derivatives 5, binaphthyl derivatives 6, and

naphthyl derivatives 7 with a framework other than o-phenylene was studied.

O SIMezH OO SIMGZH HM928| BM632
l BMes, l [ BMes,
5 6

7

Chart 1. B/Si bidentate Lewis acids 5, 6, and 7.

1.2 Silyl migrations

Silyl migrations have received much attention in terms of mechanistic considerations as well as
synthetic utilities because the migratory aptitudes of silyl groups are higher than those of organyl
groups.!  Silyl migrations can be classified as neutral, cationic, anionic, and radical migrations.
Although anionic migrations have been well studied, cationic migrations have been less thoroughly
explored. As a typical example of the cationic migration, 1,2-bis(trimethylsilyl)benzene I
underwent 1,2-rearrangement to its 1,3-disilyl isomer II in an acid-catalyzed manner (Scheme 1).2
1,8-Bis(trimethylsilyl)naphthalene ~ III  similarly  afforded 1,7-disilyl ~ isomer  IV.
1-Silylnaphthalene V also underwent 1,2-rearrangement to its 2-silyl isomer VI (Scheme 1).> The

main driving force for these migrations was discussed to be relief of steric compression.
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Scheme 1. Silyl migration in 1,2-disilylbenzene I,

1-silylnaphthalene V.

SiMe; SiMe;

MesSi CF,COOH

—_—
THF Me3Si
I I
Me3Si SiMe3 SiMe3
benzene
i v

HPhMesSi

HI
—_—
benzene

HPhMeSi\“l !

\'A

1,8-disilylnaphthalene I1I,

and

Here the author reports cationic 1,2-silyl migration in 1-halo-8-(hydrosilyl)naphthalenes 1 and 2,

during which a hydrosilyl group at the eight-position undergoes migration to the seven-position to

form 3 and 4, respectively, upon standing, on silica gel, or in the presence of catalytic amounts of I

(Scheme 2).

Scheme 2. 1,2-Silyl migration in 1-halo-8-silylnaphthalenes 1 and 2.

XR,Si Y Y
XR28i
e
1a:R=Me, X =H, Y = Br 3a:R=Me,X=H,Y=Br
1b:R=Me, X=H,Y =1 3b:R=Me, X=H,Y =1
2a:R=Ph,X=H,Y=Br 4a:R=Ph,X=H,Y=Br
2b:R=Ph,X=H,Y =1 4b:R=Ph,X=H,Y =1
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2. Results and discussion
2.1 Preparation of biphenyl, binaphthyl, and naphthalene ring compounds

The Br-Li exchange reaction of 2,2'-dibromobiphenyl (8) with n-BuLi produced lithiated product
9, which reacted with chlorosilanes 10 to form 2-bromo-2’-silylbiphenyl 11 in 51-81% yields. The
lithiation of 11 again with tert-BuLi followed by the treatment with Mes2BF gave silafluorene 12 in
90-98% yields (Scheme 3). It is plausible that the intramolecular cyclization reaction proceeded to
produce 12 faster than the reaction of 13 with Mes2BF.  The lithiation of 2-bromo-2’-silylbinaphthyl

14 and subsequent treatment with Mes;BF produced dinaphthosilole 15 in 78-91% yields (Scheme 4).

Scheme 3. Preparation of 2-bromo-2’-silylnaphthalene 11 and generation of silafluorene 12.

‘ Br  n-BuLi(x 1.1) O Li | RMe,SiCI10 (x 1.2) ‘ SiMe,R
Br  THF-Et,0 (3/1) Br —78°Ctori. Br
" TR | C

. 0 11a (R = OMe) 70%

11b (R = Oi-Pr) 60%

11¢ (R = Ot-Bu) 51%
(
(R

11d R = = NEt) 65%

11e H — 81%

tert-BuLi (x 2) O SiMezR MeszBF (x 1) O
Et,0 Li -78°Ctort.
~78°C,2h O LR O

13 12 90-98%

SiMez
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Scheme 4. Generation of dinaphthosilole 15.

OO SiMe,R  tert-BuLi (x 2) OO SiMe,R Mes,BF (x 1) OO
Br Et,O Li —-78°Ctort.
SOMEE 1 S AN I

14b (R = O-Pr) 15 78-91%
14e (R = H)

SiMez

1,8-Disubstituted naphthalene was selected as a rigid framework to avoid the intramolecular

cyclization. 1-Bromo-8-silylnaphthalene 1b was prepared by Br-Li exchange of 1,8-

diiodonaphthalene 16b with n-BuLi and the subsequent treatment with chlorodimethylsilane

(Scheme 5). When applied to column chromatography on silica gel eluted with hexane, 1-iodo-8-

silylnaphthalene 1b underwent 1,2-silyl migration to afford 1-iodo-7-silylnaphthalene 3b. The

lithiation of 3b again with BuLi followed by the treatment with Mes>:BF gave 1-(boryl)-7-

silylnaphthalene 17 in 54% (Scheme 5).

Scheme 5. Preparation of 1-iodo-8-silylnaphthalene 1b and 1-(boryl)-7-silylnaphthalene 17.

| | Li I HMe,Si |

“Oe n-BuLi “OO HMe,SiCl “OO
_—
Et,O-THF —78°Ctort.
16b -78°C,1h 1b 91%
HMe,Si | |
9% “OO
—_—
silyl migration
1b 3b
| BMes,
n-BuLi (x 1.1) | HMezSi OO Mes,BF (x 1.2) HMezSi OO
Et,O —-78°Ctort.
-78°C,1h 17 54%
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1-Boryl-7-silylnaphthalene 17 was characterized by NMR spectroscopy and X-ray
crystallographic analysis (Figure 1). The ?°Si NMR was observed at § = —17.43 with the 'Jsin
coupling constant of 194 Hz. The ''B NMR spectra showed a broad signal at & = 74 ppm in a typical
range of triaryl boranes. The Si—H bond length (1.40 A) in the crystal structure are within normal
values of tetracoordinate Si—H bond, and the boron atom adopted a trigonal planar geometry (X(B) =
360°). The interatomic distance between boron and the hydrogen on silicon was 5.36 A, which was
larger than the sum of the van der Waals radii (B: 1.85 A; H: 1.43 A).* There seems to be no

noticeable intramolecular Si—H-**B interaction.

Figure 1. Crystal structure of 17 at 30% probability level. Selected bond lengths (A) and angles (deg):
Sil-H1, 1.402(1); Sil1-C8, 1.867(7); B1—C1, 1.588(8), B1-H1, 5.356, Sil—C8—C9, 117.8(8);

B1-C1-C9, 124.5(5).
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2.2 Preparation of silylnaphthalene derivatives

1-Halo-8-silylnaphthalenes 1, 2, 18, 19, and 20 were prepared in good yields by lithium-halogen
exchange of 1,8-dihalonaphthalenes 16 with n-BuLi and the subsequent treatment with chlorosilanes
(XR2SiCl) (Scheme 6).%  1-Silylnaphthalenes 21 and 22 was prepared by lithium-halogen exchange
of 1-halonahutarenes 23 and 24 with »#-BuLi and the subsequent treatment with chlorosilane
(Scheme 7). Methoxysilane 20a was also obtained by chlorination of 1a with trichloroisocyanuric
acid (TCCA) and alcoholysis of 25 (Scheme 8).”!° Reduction of 20a with LiAID4 afforded

deuterated silane 1a-D (Scheme 9).!!  The structures were characterized by NMR spectroscopy.
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Scheme 6. Preparation of 1-halo-8-silylnaphthalene 1, 2, 18, and 19.

Y Y Li Y XR,Si Y
n-BuLi XR28|C|
_— >
Et,0 or —-78°Ctort.
16a:y =pr  EO-THF 1,2,18 0or 19
16b: Y = | -78°C

1a: R =Me, X =H,
1b: R=Me, X =H,
2a: R=Ph, X=H,
2b: R =Ph, X=H,

r 18a:R=Me, X=Me, Y =Br
19a:R=Mes, X=H, Y =Br

=

<< <=
m - nn
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Scheme 7. Preparation of silylnaphthalene 21 and 22.

Y Z Li Z HMe,Si Z
n-BulLi HMe28|CI
—_—
THF —-78°Ctort.
-78°C
23:Y=Br,Z=H 21:Z=H
24:Y =1, Z=0OMe 22: Z = OMe

Scheme 8. Preparation of 1-halo-8-(methoxy)silylnaphthalene 20a.

Me2
HMe,Si Br CIMe,Si Br (MeO)Si Br
MeOH
OO e ) — 9@
_—
hexane THF
25 rt. 20a

Scheme 9. Preparation of 1-halo-8-deuteriosilylnaphthalene 1a-D.
Mez

(MeO)Si Br DMe,Si Br
D ——
THF
20a 1a-D

2.3 Silyl migration in 1-halo-8-silylnaphthalenes

Upon standing in air for 3 days, 1-i0do-8-silylnaphthalene 1b underwent 1,2-silyl migration to
afford 1-iodo-7-silylnaphthalene 3b.! No other product was observed in the 'H NMR spectra as
shown in Figure 2. The silyl migration also occurred when 1b was subjected to column
chromatography on silica gel eluted with hexane. The 'H resonance of the proton bonded to the

silicon atom was shifted upfield from & = 5.66 ppm in 1b to 6 =4.59 ppm in 3b. Compound 1a was
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airstable in the solid state and in solution over the course of several months and can be purified by

column chromatography.

a)1b

| JLU A
I 3:0 715 7:0 6:5 6:0 515 5.IO ppm‘
b) after 1 day in air: 1b + 3b

UL A s

I afn 715 710 6i5 510 515 sio ppml
c) after 3 days in air: 3b

Lo i
I 810 7‘.5 710 G.‘E 810 515 5:0 p|:brnI

Figure 2. 'H NMR spectra of 1b and 3b in CDCl;.

The silyl migration was promoted by a catalytic amount of I> (Scheme 10). The silyl migration
in 1-halo-8-silylnaphthalenes 1, 2, 18, and 19 was monitored by '"H NMR spectroscopy. A solution
of the substrate in CDCI3 or C¢Dg was treated with I> (5 mol%) in an NMR tube for 5 min or less and
the reaction mixture was directly subjected to 'H NMR spectroscopy. The yields of the products

were estimated by using cyclohexane as an internal standard.
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Scheme 10. 1,2-Silyl migration in 1-halo-8-silylnaphthalene 1, 2, 18, and 19 catalyzed by L.

XR,Si Y
solvent

1,2,18 or 19 rt. 3,4, 26 or 27

1a:R=Me, X=H, Y =Br 3a:R=Me, X=H,Y=Br 23a: Y =Br
1b:R=Me, X=H,Y =1 3b:R=Me, X=H,Y =1 23b: Y =1
2a:R=Ph,X=H,Y =Br 4a:R=Ph,X=H,Y =Br
2b:R=Ph,X=H,Y =1 4b: R=Ph,X=H,Y =1

18a: R =Me, X =Me, Y =Br 26a: R =Me, X=Me, Y =Br

19a: R=Mes, X =H, Y =Br 27a: R=Mes, X=H,Y =Br

The results of these experiments are summarized in Table 1. Dimethylsilyl derivatives 1

produced the migrated products 3 in 33—81% yields in addition to protodesilylated products 21 in 19—

64% yields and 18, 19, and 21 did not react in the presence of the same condition. Diphenylsilyl

derivatives 2 afforded migrated products 4 in 10-21% yields with protodesilylated products 21 (34—
p

56% yields) and 2 (30-45% yields). 1-Methoxy derivatives 22 afforded 23 in 20% yields. The

amount of I was also significant, as only protodesilylated products 21 were obtained from 1, 2, 18,

19, 21, and 22 in the presence of 50 mol% I,. The migrated products were obtained in higher yields

in C¢Dg than in CDCl;.  Dimethylsilyl derivatives 1 produced the migrated products in higher yields

than diphenylsilyl derivatives 2.
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Table 1. 1,2-Silyl migration reactions in an NMR tube.

XR,Si Y
Iz (5 mol%) XRZSl\“ “
solvent

1,2,18,19, 21 or 22 3, 4, 26, 27, 28 or 29

23a.Y Br

23b:Y = |

23c:Y=H

R X Y solvent  time (min) products (yield (%))?

la Me H Br CDClz 1 1a (0) 3a (33) 23a (64)
la Me H Br CeDs 5 1a (0) 3a(41) 23a(56)
1b Me H I CDClz 1 1b (0) 3b (46)  23b (35)
1b Me H I CeDs 3 1b (0) 3b(81) 23b(19)
2a Ph H Br CDClz 1 2a (45) 4a (21) 23a(34)
2b Ph H I CDClz 1 2b (30) 4b (10)  23b (56)
18a Mes Me Br CeDs 5 18a (100) 26a (0) 23a (0)
19a Me Me Br CeDs 5 19a (100) 27a(0) 23a (0)
21 Me Me H CeDs 5 21 (100) 28 (0) 23c (0)
22 Me Me OMe  CeDs 5 22 (80) 29 (0) 23c (20)

@ The yields were estimated from the 'H NMR spectra using cyclohexane as an internal standard.
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The migrated products were obtained in higher yields in hexane and C¢D¢ than in CDCls.

Dimethylsilyl derivatives 1 produced the migrated products in higher yields than diphenylsilyl

derivatives 2. Thus, the migration reactions of 1 and 2 were also performed in a reaction flask in

hexane or hexane-toluene, and migrated products 3 and 4 were isolated in 38%—83% yields, as

summarized in Table 2.

Table 2. 1,2-Silyl migration reactions in a flask to isolate 3 and 4.

XR,Si Y Y
I5 (5 mol%) XRZSi
solvent
1o0r2 rt, 1h 3ord

R X Y solvent products  yield (%)?
la Me H Br hexane 3a 43
1b Me H | hexane 3b 83
2a Ph H Br hexane-toluene  4a 40
2b Ph H | hexane-toluene  4b 38

 Isolated yields.
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2.4 Structures of 1-halo-8-silylnaphthalenes

The driving force for silyl migration may be relief of steric compression, as discussed for the
reactions of 1,2-disilylbenzenes, 1,2-disilylnaphthalene, and 1-silylnaphthalene.>*!?

Steric repulsion in 1 was supported by the NMR spectra. The 'H resonances of the proton on
the silicon atom in 1 and 2 were deshielded, whereas the >°Si resonances of the silicon atom of the
hydrosilyl group were shielded compared with the corresponding values of silylnaphthalenes 21 and
30, respectively, as shown in Table 3. This behavior can be explained in terms of the van der Waals
effect!?; the steric repulsion between the hydrosilyl group and the halogen atom causes a decrease in
the electron density on the hydrogen atom and an increase in the electron density on the silicon atom.

The van der Waals effect was also indicated by the IR spectra (Table 3); the v(Si—H) absorptions in 1

and 2 appeared at higher frequencies than those in 23 and 30, respectively.

Table 3. Selected 'H and ?°Si resonances in 1, 2, 21, and 30

R X Y IHGE) 2Si()  v(Si-H) (cm™)
la Me H Br 5.9 ~134 2164
1b Me H | 5.66 -18.8 2158
2a Ph H Br  6.43 ~17.0 2162
2b Ph H | 6.90 -17.8 2137
21 Me H H 4.96 ~20.4 2123
30 Ph H H 5.92 ~20.6 2108
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The molecular structures of 2a and 2b were revealed by X-ray crystallographic analysis (Figure
3).1415 Each molecule is distorted owing to the steric repulsion between the halogen atom and the
silyl group. The substituents are not coplanar with the naphthalene ring. The dihedral angles of
Si—C8—C1-Y are 23.6° (Y = Br (2a)) and 27.5° (Y =1 (2b)). The atomic distance between Si and
Y (3.22 A (Y = Br (2a)); 3.42 A (Y =1(2b)) is longer than the mean distance between C1 and C8 on

the naphthalene ring.

Figure 3. Crystal structure of 2a (left) and 2b (right) at the 30% probability level. Selected bond
lengths (A) and angles (deg): 2a, Sil—H1, 1.256(2); Br1-C1, 1.9011(1); Si1—C8, 1.895(1); Si1—Brl,
3.22; Si1—C8-C9, 127.49(1); C9—C1-Brl, 121.54(1); Si1—C8—C1-Brl, 23.58. 2b, Si—H1, 1.412(2);
1-CI1, 2.104(1); Si1-C8, 1.900(1); Sil-I1, 3.42; Si1-C8—C9, 127.91(1); C9—C1-11, 123.71(1);

Si1-C8-C1-Br, 27.53.
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DFT calculations also supported the existence of steric repulsion.'®  The structures of 1a, 1b, 3a
and 3b were optimized at the B3LYP/6-31G(d)+LANL2DZ level of theory, as shown in Figure 4.
7-Silylnaphthalene 3 is more stable than 8-silylnaphthalene 1 by 15.6-56.3 kcal/mol. 8-
Silylnaphthalene 1 was highly distorted, such extent that the dihedral angle of Si—C8—C1-1is 11.3°
(Y = Br (1a)) and 24.4° (Y =1 (1b)). In contrast, 7-silylnaphthalene 3 is almost planar, as the

dihedral angle of Si—C7—C1-Y (Y = Br (3a) and Y = 1 (3b)) were 0°, respectively.

Figure 4. Optimized structures of (a) 1a, (b) 3a, (c) 1b and (d) 3b.
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2.5 Reaction mechanism of silyl migration

To gain further insight into the reaction mechanism of silyl migration, D-labeling experiments
were performed (Scheme 11). Deuterated silane 1a-D was treated with I under the conditions used
for the nondeuterated compounds. In the presence of 4 mol% I», 3a-D (56%), 23a-D (5%), and 23a
(37% yield) were obtained. In contrast, when 50 mol% I was used, 23a-D (52%) and 23a (43%)

were obtained, but 3a-D was not obtained.

Scheme 11. D-labeling experiment for 1,2-silyl migration in 1a-D.

DMe,Si Br
“ 7 DMe28|\“
0 — “ “
1a-D 3a-D 23a-D
34 mol%: 56% 5% 37%
350 mol%: 0% 52% 43%

According to the literature>* and the D-labeling experiments, the reaction mechanism is
postulated as follows (Scheme 12). (i) Reaction of 1-Dsi with catalytic amounts of I affords
iodosilylnaphthalene 1-I and DI.'*  (ii) Reaction of 1-Ds; with DI yields Wheland complex IntA-
DsiD.'¢  (iii) A hydrosilyl group in IntA-DsiD migrates to the cationic carbon at the 7-position to
form IntB-DsiD. (iv) lodide (or another nucleophile) attacks the hydrogen at the 7-position in IntB-
DsiD to afford 3-DsiD.  Alternatively, iodide (or another nucleophile) attacks the silyl group in IntA-
DsiD to produce desilylated naphthalene 23-D.  After DI is consumed, 1-Dsi reacts with HI to form

IntA-DsiH, IntB-DsiH, and finally 3-DsiH in manners similar to the reaction of 1-Dsi with DI.  D-
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incorporation into the naphthalene ring is induced only by DI, which is generated by the reaction of

1-Ds; and I, in the initial step. Thus, the extent of D-incorporation depends on the amount of L.

Scheme 12. Plausible mechanism of 1,2-silyl migration in 1-D.
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3. Conclusion

1-Halo-8-(hydrosilyl)naphthalenes 1 and 2 underwent 1,2-silyl migration to afford 1-halo-7-

silylnaphthalenes 3 and 4. The driving force for the silyl migration may be relief of steric

compression, which was supported by the NMR spectra and DFT calculations. D-labeling

experiments were also performed to obtain further insight into the reaction mechanism of silyl

migration. It was postulated that the migration process may include four steps: (i) generation of acid

(HI) by the reaction of the hydrosilane with I, (i1) protonation of the naphthalene ring, (iii) silyl group

migration in the protonated intermediate, and (iv) deprotonation of the naphthalene ring.
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4. Experimental section
4.1 General considerations

'H (400 MHz), '3C (100 MHz), and ?°Si (79.5 MHz) NMR spectra were recorded using a Bruker
Avance III 400 spectrometer. 'H and '*C chemical shifts were referenced to the internal CDCl5 (5
("H) = 7.26 ppm; 8('3C) = 77.00 ppm). *’Si chemical shifts were referenced to external
tetramethylsilane (6 = 0 ppm). The mass spectra (EI) were recorded 70 eV using a JEOL
IMS-Q1000GC Mk II mass spectrometer and the elemental analyses were performed using the JSL
MICRO CORDER JM10 elemental analyzer. Column chromatography was performed using silica
gel 60N (63-210 mesh, Kanto Chemical Co., Inc.). Thin layer chromatography (TLC) was

performed on plates of silica gel 60 F2s4 (Merck).

4.2 Materials

1-Bromonaphthalene (Tokyo Chemical Industry Co., Ltd.), n-butyllithium in hexane (Kanto
Chemical Co., Inc.), chlorodiphenylsilane (Shin-Etsu Chemical Co., Ltd.), lithium aluminum hydride
(Wako Pure Chemical Industries, Ltd.), and TCCA (Wako Pure Chemical Industries, Ltd.) were used
asreceived. Chlorodimethylsilane (Tokyo Chemical Industry Co., Ltd.) and dichlorodimethylsilane
(Tokyo Chemical Industry Co., Ltd.) were distilled under a nitrogen atmosphere over calcium hydride.
Chlorotrimethylsilane (Tokyo Chemical Industry Co., Ltd.) was treated with small pieces of sodium
under a nitrogen atmosphere to remove dissolved HCI, and the supernatant was used. Triethylamine

(Tokyo Chemical Industry Co., Ltd.) was distilled under a nitrogen atmosphere over calcium hydride.
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Chlorodimesitylsilane and 1-iodo-8-methoxynaphthalene were prepared according to the literature
method.'®!”  THF and Et,O were distilled under a nitrogen atmosphere over sodium benzophenone
ketyl. Hexane was distilled under a nitrogen atmosphere over sodium. All reactions were carried

out under an inert gas atmosphere.

4.3 Experimental details

Chloromethoxydimethylsilane (10a)'® (CAS No. 1825-68-9). To a mixture of MeOH (2.1 mL,
52.7 mmol) and dichlorodimethylsilane (6.0 mL, 50.2 mmol) in pentane (50 mL) was added dropwise
Et3N (8.0 mL, 57.7 mmol) in pentane (10 mL) at 0 °C. The mixture was stirred at room temperature
for 2 h, and filtered. The filtrate was concentrated (350 mmHg) and the residue was distilled (55—
58 °C) to obtain 10a (4.2 g, 67% yield, 87% purity) as a colorless oil. 'H NMR (CDCls, §) 0.47 (s,
6H), 3.54 (s, 3H). '3C{'H} NMR (C¢Ds, 8) 2.91,58.90. 2°Si{'H} NMR (CsDs, 5) 16.24. MS(EI)
m/z 126 (M['CI], 1), 124 (M'[*°C1], 4), 111 (M'[P’CI]-Me, 37), 109 (M[*°Cl]-Me, 100), 81
(M?’C1]-Me—OMe, 38), 79 (M[*°Cl]-Me—OMe, 14).

Chloro(isopropoxy)dimethylsilane (10b)!® (CAS No. 1825-71-4). To a mixture of i-PrOH
(4.1 mL, 52.7mmol) and dichlorodimethylsilane (6.0 mL, 50.2 mmol) in THF (50 mL) was added
dropwise Et:N (8.0 mL, 57.7 mmol) in THF (20 mL) at 0 °C. The reaction mixture was stirred
overnight at room temperature, diluted with hexane (60 mL) and filtered. ~The filtrate was

concentrated (110 mmHg) and the residue was distilled (102—106 °C) to obtain 10b (4.2 g, 55% yield)
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as a colorless oil. 'H NMR (CDCls, §) 0.46 (s, 6H), 1.21 (d, J = 6 Hz, 6H), 4.18 (sept, J = 6 Hz,
1H). BC{H} NMR (C¢Ds, ) 4.90, 25.54, 66.06. *’Si{'H} NMR (C¢Ds, ) 3.26.

Chloro(tert-butoxy)dimethylsilane (10¢)!® (CAS No. 58566-07-7). To a mixture of +-BuOH
(2.4 mL, 25.1 mmol), dichlorodimethylsilane (3.0 mL, 25.1 mmol) and DMAP (3.1 g, 2.5 mmol) in
THF (25 mL) was added Et3N (4.2 mL, 30.1 mmol) in THF (10 mL) at 0 °C. The reaction mixture
was stirred overnight at room temperature, diluted with hexane (35 mL) and filtered. The filtrate
was concentrated (110 mmHg) and the residue was distilled (104—106 °C) to obtain 10¢ (1.6 g, 53%
yield) as a colorless oil. 'H NMR (CDCls, §) 0.46 (s, 6H), 1.34 (s, 9H). 3C{'H} NMR (C¢Ds, 8)
4.80, 31.69, 75.09. ?°Si{'H} NMR (C¢Ds, 5) 3.26.

Chloro(diethylamino)dimethylsilane (10d)'® (CAS No. 6026-02-4). This compound was
prepared in a manner similar to that used for 10b and obtained as a colorless oil (4.7 g, 58% yield)
after distillation (150-153 °C). 'H NMR (CDCls, §) 0.46 (s, 6H), 1.03 (t,J =7 H, 6H), 2.88 (q, J =
7H, 4H). *C{'H} NMR (CDs, §) 1.92, 15.36,40.07. ?°Si{'H} NMR (C¢Ds, &) 11.55.

2-Bromo-2’-[(methoxy)dimethylsilyl|biphenyl (11a). A solution of n-BuLi in hexane (1.60
mol/L, 1.40 mL, 2.20 mmol) was added dropwise to a solution of 2,2’-dibromobiphenyl (624 mg,
2.00 mmol) in THF (15 mL) and Et;O (5 mL) at =78 °C. After the reaction mixture was stirred at
this temperature for 1 h, 10a (274 mg, 2.20 mmol) was added via a syringe. Then the mixture was
warmed to room temperature. The solvent was removed in vacuo and the residue was subjected to
column chromatography on silica gel eluted with hexane-AcOEt (20:1) (Ry=0.12) to give 11a (409

mg, 70% yield) as a colorless oil. 'H NMR (CDCls, &) —0.01 (s, 3H), 0.03 (s, 3H), 3.36 (s, 3H),
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7.19-7.21 (m, 1H), 7.23-7.25 (m, 1H), 7.28 (dd, /=8 Hz, J=2 Hz, 1H), 7.34 (ddd, /=8 Hz, J=8
Hz,J=1Hz, 1H), 7.40-7.47(m, 2H), 7.64 (dd, J= 8 Hz, J= 1 Hz, 1H), 7.73-7.76 (m, 1H). 3C{'H}
NMR (CDCl3, 8)—1.91,—0.74, 50.46, 124.10, 126.56, 126.91, 128.99, 129.02, 129.85, 131.57, 132.36,
134.61,136.17, 143.95, 147.20.  ?°Si{'H} NMR (CDCls, §) 9.15. MS(EI) m/z 307 (M'[*'Br]-Me,
100), 307 (M'[®'Br]-Me, 98), 292 (M'[®'Br]-2Me, 25), 290 (M'[”Br]-2Me, 23), 275
(M'[¥'Br]-OMe—Me, 55), 275 (M'[’Br]|-OMe—Me, 52).

2-Bromo-2’-[(isopropoxy)dimethylsilyl|biphenyl (11b). This compound was prepared in a
manner similar to that used for 11a and obtained as a colorless oil (419 mg, 60% yield) after column
chromatography on silica gel eluted with hexane-AcOEt (20:1) (Ry= 0.16). 'H NMR (CDCl;, §)
—0.08 (s, 3H), 0.06 (s, 3H), 1.11 (d, /=4 Hz, 3H), 1.12 (d, J = 4 Hz, 3H), 3.96 (sept, /= 6 Hz, 1H),
7.17-7.24 (m, 2H), 7.30-7.32 (m, 2H), 7.39-7.44 (m, 2H), 7.61-7.64 (m, 1H), 7.80-7.82 (m, 1H).
BC{'H} NMR (CDCl, §) —0.50, 0.13, 25.68, 25.71, 65.12, 124.18, 126.53, 126.81, 128.80, 128.92,
129.76, 131.81, 132.31, 134.86, 136.99, 144.15, 147.00. 2°Si{'H} NMR (CDCls, §) 4.38. MS(EI)
m/z 337 (M" [Br]-Me, 98), 335 (M* [®'Br]-Me, 100), 275 (M'[®'Br]-Me—0i-Pr, 54), 273
(MT[”Br]-Me—Oi-Pr, 41).

2-Bromo-2’-[(tert-butoxy)dimethylsilyl|biphenyl (11c¢). This compound was prepared in a
manner similar to that used for 11a and obtained as a colorless oil (371 mg, 51% yield) after column
chromatography on silica gel eluted with hexane-AcOEt (20:1) (Ry= 0.38). 'H NMR (CDCl;, §)
—0.04 (s, 3H), 0.12 (s, 3H), 1.21 (s, 9H), 7.14-7.16 (m, 1H), 7.19-7.23 (m, 1H), 7.29-7.35 (m, 2H),

7.38-7.41 (m, 2H), 7.62 (dd, J= 8 Hz, J = | Hz, 1H), 7.80-7.82 (m, 1H). '3C{'H} NMR (CDCls,
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) 2.24, 2.66, 32.00, 72.77, 124.22, 126.37, 126.70, 128.44, 128.77, 129.77, 132.05, 132.24, 134.84,
138.58, 144.31, 146.68. 2°Si{'H} NMR (CDCls, 8) —2.28. MS(EI) m/z 349 (M'[*'Br]-Me, 91),
347 (M[”Br]-Me, 86), 291 (M'—Me—t-Bu, 100), 275 (M'[®'Br]|-Me—Ot-Bu, 38), 273
(M'[Br]-Me—Ot-Bu, 36), 211 (M"*—Ot-Bu—Br, 64). Anal. Caled for C1sH23BrOSi: C, 59.50; H,
6.38; Found: C, 59.47; H, 6.34.

2-Bromo-2’-[(diethylamino)dimethylsilyl|biphenyl (11d). This compound was prepared in a
manner similar to that used for 11a and obtained as a colorless oil (471g, 65% yield) after bulb to
bulb distillation (140-150 °C/0.85 mmHg). 'H NMR (CDCl;, §) —0.13 (s, 3H), 0.00 (s, 3H), 0.92
(t,J=7Hz, 6H), 2.72 (q, J =7 Hz, 4H), 7.11-7.14 (m, 1H), 7.17-7.21 (m, 1H), 7.23-7.31 (m, 2H),
7.36-7.38 (m, 2H), 7.61 (dd, J = 8 Hz, J = 1 Hz, 1H), 7.70-7.72 (m, 1H). '*C{'H} NMR (CDClI;,
d) —0.17, 0.40, 124.83, 126.56, 127.07, 128.87, 128.96, 130.45, 132.04, 132.67, 135.70, 138.52,
145.18, 147.76. ¥Si{'H} NMR (CDCls, §) —1.84. MS(EI) m/z 363 (M'[*'Br], 6), 361 (M'["°Br],
7), 348 (M'[3'Br]-Me, 44), 346 (M'[’Br]-Me, 43), 291 (M [*!Br]-NEtz, 100), 289 (M["*Br]-NEt,,
98).

2-Bromo-2’-(dimethylsilyl)biphenyl (10e). This compound was prepared in a manner similar
to that used for 11a and obtained as a colorless oil (470 mg, 81% yield) after column chromatography
on silica gel eluted with hexane (Ry=0.55). 'H NMR (CDCls, §) 0.06 (d, J =4 Hz, 3H), 0.07 (d, J
=4 Hz, 3H), 4.14 (sept, J = 4 Hz, 1H), 7.17-7.22 (m, 2H), 7.23 (dd, J = 8 Hz, J = 2 Hz, 1H), 7.31
(ddd, /=8 Hz,J=1Hz,J=1Hz, 1H), 7.37 (ddd, /=8 Hz, J=8 Hz, J=1 Hz, 1H), 7.41 (ddd, J =

8 Hz, J=8 Hz,J=1 Hz, 1H), 7.61-7.64 (m, 2H). '3C{'H} NMR (CDCls, §) —3.39, —3.23, 124.09,
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126.63, 126.99, 128.78, 128.95, 129.37, 131.45, 132.36, 134.75, 136.20, 143.61, 147.70. ?°Si NMR
(CDCl3, 8) —18.50 (d, 'Jsin = 184 Hz). MS(EI) m/z 277 (M'[¥'Br]-Me, 5), 275 M [*'Br]-Me, 7),
211 (M™Br, 80), 195 (M"™—Me—Br, 100).

2-Bromo-2’-[(isopropoxy)dimethylsilyl]binaphthyl (12b). A solution of n-BuLi in hexane
(1.60 mol/L, 0.69 mL, 1.10 mmol) was added dropwise to a solution of 2,2’-dibromobinaphthyl (412
mg, 1.00 mmol) in THF (15 mL) at =78 °C.  After the reaction mixture was stirred at this temperature
for 1 h, 10b (183 mg, 1.20 mmol) was added via a syringe. Then the mixture was warmed to room
temperature. The solvent was removed in vacuo and the residue was subjected to column
chromatography on silica gel eluted with hexane-AcOEt (20:1) (Ry=0.60) to give 12b (180 mg, 40%
yield) as a pale yellow oil 'H NMR (CDCls, 8) —0.41 (s, 3H), —0.16 (s, 3H), 1.03 (d, J = 6 Hz, 6H),
3.89 (sept, J = 6 Hz, 1H), 7.10 (dd, J= 8 Hz, J= 1 Hz, 2H), 7.23-7.28 (m, 2H), 7.45-7.50 (m, 2H),
7.77 (d, J=8 Hz, 1H), 7.84 (d, J= 8 Hz, 1H), 7.91 (t,J= 8 Hz, 2H), 7.99 (d, J = 8 Hz, 1H), 8.01 (d,
J=8Hz, 1H). BC{'H} NMR (CDCl;, §) —0.43,—0.28, 25.58, 65.08, 123.48, 125.92, 126.13, 126.27,
126.49, 126.82, 127.02, 127.12, 127.86, 127.98, 129.33, 129.79, 131.00, 131.76, 132.13, 133.95,
135.03, 136.46, 138.81, 143.03.  2°Si{'H} NMR (CDCls, §) 4.79. MS(EI) m/z 450 (M'[*'Br], 30),
448 (M'[Br], 28), 435 (M'[¥'Br]-Me, 47), 433 (M'[”°Br]-Me, 43), 311 (M"—Me—i-Pr—Br, 49), 252
(M"=Si—Br, 100).

2-Bromo-2’-(dimethylsilyl)binaphthyl (12¢). A solution of n-BuLi in hexane (1.60 mol/L,
0.69 mL, 1.10 mmol) was added dropwise to a solution of 2,2’-dibromobinaphthyl (412 mg, 1.00

mmol) in THF (15 mL) at =78 °C.  After the reaction mixture was stirred at this temperature for 1
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h, chlorodimethylsilane (0.13 mL, 1.20 mmol) was added via a syringe. Then the mixture was
warmed to room temperature. The solvent was removed in vacuo and the residue was subjected to
column chromatography on silica gel eluted with hexane (Ry= 0.20) to give 12e (352 mg, 90% yield)
as a colorless crystal. 'H NMR (CDCls, §) —0.10 (d, J = 4 Hz, 3H), —0.01 (d, J = 4 Hz, 3H), 3.82
(sept, /=4 Hz, 1H), 7.07 (dd, /=8 Hz, J=1 Hz, 1H), 7.13 (dd, J= 8 Hz, J = 1 Hz, 1H), 7.25 (ddd,
J=8Hz,J=7Hz,J=1Hz, 1H), 7.27 (ddd, J= 8 Hz, J=7 Hz, J= 1 Hz, 1H), 7.45-7.50 (m, 2H),
7.78 (d, J= 8 Hz, 2H), 7.84 (d, J= 8 Hz, 1H), 7.91 (t,J=8 Hz, 2H), 7.98 (d, /=8 Hz, 1H). '*C{'H}
NMR (CDCls, 6) —3.45, —3.44, 123.47, 125.78, 126.13, 126.42, 126.47, 126.88, 126.89, 127.32,
127.95, 128.07, 129.35, 129.79, 130.75, 131.79, 132.12, 133.91, 134.76, 135.18, 138.41, 144.05.
2Si NMR (CDCls, §) —18.35 (d, Usin = 193 Hz). MS(EI) m/z 392 (M'[*'Br], 5), 390 (M["°Br], 4),
311 (M™=Br, 100), 295 (M"™—Br—2Me—H, 52).

A Typical Procedure for Preparation of 11 and reaction with Mes:BF: Generation of 12. A
solution of tert-BuLi in pentane (1.56 mol/L, 1.28 mL, 2.00 mmol) was added to a solution of 11
(1.00 mmol) in Et;0 (2 mL) at =78 °C over 1 min. After the reaction mixture was stirred at this
temperature for 2 h, Mes;BF (268 mg, 1.00 mmol) in Et;O (2 mL) was added over 3 min. The
reaction mixture was stirred at the same temperature for 1 h and then allowed to warm to room
temperature. The solvent was removed in vacuo and the residue was subjected to column
chromatography on silica gel eluted with hexane (R;= 0.40) to give 12 as a colorless crystal. 'H
NMR (CDCl;, 6) 0.42 (s, 6H), 7.28 (dd, /=7 Hz, J=1 Hz, 2H), 7.43 (ddd, /=7 Hz,J=1Hz,J=1

Hz,2H), 7.63 (ddd, J=7 Hz,J=2Hz,J=1Hz 2H), 7.82 (d,J=8 Hz,2H). '*C{'H} NMR (CDCls,
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§) —3.28, 120.79, 127.31, 130.14, 132.69, 138.89, 147.77. 2°Si{'H} NMR (CDCls, &) 0.44.
MS(EI) m/z 210 (M", 50), 195 (M"—Me, 100).

A Typical Procedure for Preparation of 14 and reaction with Mes:BF: Generation of 15. A
solution of tert-BuLi in pentane (1.56 mol/L, 1.28 mL, 2.00 mmol) was added to a solution of 14
(1.00 mmol) in Et,O (2 mL) at =78 °C over 1 min. After the reaction mixture was stirred at this
temperature for 2 h, Mes;BF (268 mg, 1.00 mmol) in Et;O (2 mL) was added over 3 min. The
reaction mixture was stirred at the same temperature for 1 h and then allowed to warm to room
temperature. The solvent was removed in vacuo and the residue was subjected to column
chromatography on silica gel eluted with hexane (Ry= 0.30) to give 0 as a colorless crystal. 'H
NMR (CDCls, 8) 0.47 (s, 6H), 7.38 (ddd, /=8 Hz, J=1 Hz, J=1 Hz, 2H), 7.51 (ddd, /=8 Hz, J =
1 Hz, J=1Hz, 2H), 7.81 (d, /= 8 Hz, 2H), 7.89 (d, /= 8 Hz, 2H), 7.94 (d, /= 8 Hz, 2H), 7.99 (d, J
= 8 Hz, 2H). "BC{'H} NMR (CDCl;, &) —3.33, 124.26, 125.73, 127.81, 127.89, 128.26, 128.48,
129.71, 135.71, 139.86, 147.11. #Si{'H} NMR (CDCl;, §) 3.07. MS(EI) m/z 310 (M, 100), 295
(M™—Me, 31), 252 (M"=SiMez, 19).

1,8-Dibromonaphthalene (16a)° (CAS No. 17135-74-9). To 1,8-diaminonaphthalene (4.75 g,
30.0 mmol) in 7 mol/L H2SO4 (60 mL) at —10 °C with stirring, NaNO> (6.62 g, 96.0 mmol) in H>O
(24 mL) was added, and the temperature was maintained at =10 °C. As soon as the addition was
completed, CuBr (12.9 g, 90.0 mmol) in HBr (20 mL) solution was added dropwise over 15 min.
The solution was stirred at 80 °C for 30 min, and allowed to cool to room temperature. The reaction

mixture was neutralized with saturated NaOH solution at 0 °C. The reaction mixture was filtered
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and the residue stirred with CH>Cl, (50 mL) at room temperature overnight. The resulting solution
was filtered and the filtrate was washed with H,O (20 mLx3). After drying (Na>SOs), the solvent
was removed in vacuo, and the residue was subjected to column chromatography on silica gel eluted
with hexane (Ry= 0.45) to give 16a (4.00 g, 23% yield) as a pale yellow crystal. 'H NMR (CDCls,
d) 7.27 (t, J = 8 Hz, 2H), 7.82 (dd, J = 8 Hz, J = 1 Hz, 2H), 7.94 (dd, J = 8 Hz, J = 1 Hz, 2H).
BC{'H} NMR (C6D6, &) 119.32, 126.21, 128.64, 129.48, 135.12, 136.83. MS(EI) m/z 288
(M¥'Br][*'Br], 48), 286 (M'[*'Br][°Br], 100), 284 (M*[”°Br]["°Br], 52), 207 (M'[*'Br]-Br["°Br],
21), 205 (M[°Br]-Br[®*'Br], 22), 126 (M"—2Br, 54).

1,8-Diiodonaphthalene (16b)’ (CAS No. 1730-04-7). To 1,8-diaminonaphthalene (4.75 g,
30.0 mmol) in 7 mol/L H2SO4 (60 mL) at —10 °C with stirring, NaNO2 (6.62 g, 96.0 mmol) in H2O
(24 mL) was added, and the temperature was maintained at =10 °C. As soon as the addition was
completed, KI (31.9 g, 192.0 mmol) in H2O (30 mL) was added dropwise over 5 min.  Afterwards
it was quickly heated to 80 °C for a short time. Subsequently, the reaction mixture was cooled to room
temperature, and neutralized with saturated NaOH solution at 0 °C. The reaction mixture was
filtered and the residue stirred with Et2O (50 mL) at room temperature overnight. The resulting
solution was filtered and the filtrate was washed with saturated Na>S>Os solution (20 mLx3). After
drying (Na2S0Os), the solvent was removed in vacuo to afford a brown solid that was filtered over
silica gel with hexane-Et2O (5:1) to obtain pale yellow solution. The solvent was removed in vacuo,
and the residue was subjected to column chromatography on silica gel eluted with hexane (Ry=0.43)

to give 16b (3.06 g, 27% yield) as a pale yellow crystal. 'H NMR (CDCl;, 8) 7.08 (dd, J= 8 Hz, J
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= 8 Hz, 2H), 7.85 (dd, J = 8 Hz, J = 1 Hz, 2H), 8.43 (dd, J = 8 Hz, J = 1 Hz, 2H). *C{'H} NMR
(CDCls, 8) 95.62, 126.93, 131.00, 132.36, 135.90, 144.03. MS(EI) m/z 380 (M, 100), 253 (M,
61),341 (M™21, 51).

1-Bromo-8-(dimethylsilyl)naphthalene (1a) (CAS No. 1313372-01-8). A solution of n-BuLi
in hexane (1.64 mol/L, 2.68 mL, 4.40 mmol) was added dropwise to a solution of 7a (1.14 g, 4.00
mmol) in E,O (40 mL) at =78 °C.  After the reaction mixture was stirred at this temperature for 1
h, chlorodimethylsilane (0.50 mL, 4.50 mmol) was added via a syringe. Then the mixture was
warmed to room temperature. The solvent was removed in vacuo and the residue (1161 mg) was
subjected to column chromatography on silica gel eluted with hexane (Ry= 0.52) to give 1a (891 mg,
84% yield) as a colorless oil. 'H NMR (CDCls, 8) 0.60 (d, J =4 Hz, 6H), 5.19 (sept, J= 4 Hz, 1H),
7.30 (dd, J=8 Hz, J=7 Hz, 1H), 7.46 (dd, J=7 Hz, J=1 Hz, 1H), 7.84 (dd, /=8 Hz, J=1 Hz,
1H), 7.87 (dd, /=8 Hz, J=1 Hz, 1H), 7.88 (dd, /=7 Hz, J=1 Hz, 1H), 8.02 (dd, /=7 Hz, J=1
Hz, 1H). BC{'H} NMR (CDCl;, §) 0.94, 123.16, 125.43, 125.83, 129.43, 131.25, 132.26, 136.00,
136.63, 136.76, 138.49. 2°Si NMR (CDCls, §) —13.43 (d, 'Jsin = 199 Hz). MS(EI) m/z: 266
(MT¥Br], 28), 264 (M'[”Br], 28), 251 (M[”Br]-Me, 98), 249 (M'[*!Br]-Me, 100), 169
(M*—Me—Br, 71). IR (Nujol) (cm™) 3025, 2723, 2164 (v(Si-H)), 1597, 1377, 1250, 1149, 980, 918,
772, 723.

1-Iodo-8-(dimethylsilyl)naphthalene (1b) (CAS No. 105090-68-4). A solution of n-BuLi in
hexane (1.60 mol/L, 2.06 mL, 3.30 mmol) was added dropwise to a solution of 7b (1.14 g, 3.00 mmol)

in THF-Et,0O (20 mL/20 mL) at =78 °C. After the reaction mixture was stirred at this temperature
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for 1 h, chlorodimethylsilane (0.39 mL, 3.60 mmol) was added via a syringe. Then the mixture was
warmed to room temperature. The reaction mixture was washed with brine, dried over Na;SO4, and
concentrated in vacuo to give 1b (850 mg, 91% yield) as a yellow oil. 'H NMR (CDCl3, ) 0.60 (d,
J =4 Hz, 6H), 5.66 (sept, J = 4Hz, 1H), 7.12 (dd, /=8 Hz, J =7 Hz, 1H), 7.43 (dd, /=8 Hz, J =7
Hz, 1H), 7.79 (dd, J=8 Hz, J= 1 Hz, 1H), 7.84 (dd, /=7 Hz, J=1 Hz, 1H), 7.96 (dd, /=7 Hz, J =
1 Hz, 1H), 8.28 (dd, J=7Hz,J=1Hz, 1H). *C{'H} NMR (CDCl;, 8) 1.22, 96.96, 125.07, 126.33,
130.29, 131.43, 135.77, 138.37, 138.73, 139.80, 141.02. 2°Si NMR (CDCl3, §) —18.78 (d, 'Jsin =
201 Hz). MS(EI) m/z: 312 (M", 27), 311 (M'-H, 27), 297 (M"™—Me, 100), 169 (M1, 46). IR
(Nujol) (cm™) 3053, 2158 (v(Si-H)), 1594, 1540, 1304, 1248, 1142, 1047, 974, 893, 783, 652.
1-(Dimesitylboryl)-7-(dimethylsilyl)naphthalene (17). A solution of fer#-BuLi in pentane
(1.56 mol/L, 3.8 mL, 6.00 mmol) was added to a solution of 1b (645 mg, 3.00 mmol) in Et2O (6 mL)
at =78 °C over 4 min. After the reaction mixture was stirred at this temperature for 2 h, Mes;BF
(903 mg, 3.00 mmol) in Et2O (6 mL) was added over 3 min. The reaction mixture was stirred at the
same temperature for 1 h and then allowed to warm to room temperature. ~After the solvents were
removed in vacuo, the residue was dissolved in hexane (10 mL) and filtered. The solvent was
removed in vacuo, and the residue was subjected to column chromatography on silica gel eluted with
hexane (Ry= 0.35) to give 17 (1.40 g, 54% yield) as a colorless crystal. 'H NMR (CDCls, §) 0.12
(d, J=4 Hz, 6H), 2.00 (br, 12H), 2.32 (s, 6H), 4.33 (sept, /=4 Hz, 1H), 6.82 (br, 4H), 7.43 (dd, J =
8 Hz, /=7 Hz, 1H), 7.56 (ddd, /=8 Hz, J=8 Hz, J= 1 Hz, 2H), 7.82 (d, /= 8 Hz, 1H), 7.91 (d, J

= 8 Hz, 1H), 8.03 (d, J= 1 Hz, 1H). '3C{'H! NMR (CDCls, 8) —4.33, 21.19, 23.06 (br), 125.97,
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127.51, 128.39, 130.25, 131.68, 133.54, 134.52, 134.60, 134.87, 135.28, 138.94, 140.45 (br), 143.64
(br). B NMR (CDCls, 8) 74 (br). *’Si NMR (CDCls, §) —17.43 (d, 'Jsin = 194 Hz). MS(EI)
m/z 434 (M", 7), 314 (M"—Mes, 100), 299 (M"—Mes—Me, 21), 255 (M"—Mes—Si2MeH, 21). Anal.
Calcd for C30H35BSi: C, 82.93; H, 8.12; Found: C, 82.85; H, 8.17.
1-Bromo-8-(diphenylsilyl)naphthalene (2a). This compound was prepared in a manner
similar to that used for 1a and obtained as a pale yellow solid after column chromatography on silica
gel eluted with hexane (Ry=0.25). The solid was recrystallized from hexane to give 2a (1.28 g) as
a pale yellow crystal in 82% yield. '"HNMR (CDCl;, §) 6.43 (s, 1H), 7.30-7.42 (m, 8H), 7.49-7.52
(m, 4H), 7.78 (dd, J=7 Hz, J=1 Hz, 1H), 7.82 (dd, /=7 Hz, J=1 Hz, 1H), 7.86 (dd, /=8 Hz, J =
1 Hz, 1H), 7.91 (dd, J= 8 Hz, J =1 Hz, 1H). "“C{'H} NMR (CDCls, §) 123.70, 125.43, 126.09,
127.88, 129.14, 129.43, 131.86, 132.45, 134.30, 135.63, 136.09, 137.05, 141.82 (signals
corresponding to the two ipso carbons in the phenyl groups were not observed). °Si NMR (CDCl;,
8)—16.98 (d, 'Jsin =213 Hz). MS(EI) m/z: 389 (M'[®'Br], 4), 387 (M*[Br], 4), 311 (M"—Br, 100),
231 (M"—Br—Ph, 81). IR (Nujol) (cm™) 2725, 2162 (v(Si-H)), 1585, 1309, 1190, 1115, 974, 868,
818, 731, 696. Anal. Calcd for C2oH17BrSi: C, 67.86; H, 4.40; Found: C, 67.73; H, 4.42.
1-Iodo-8-(diphenylsilyl)naphthalene (2b). This compound was prepared in a manner similar
to that used for 1b and obtained as a pale yellow solid after column chromatography on silica gel
eluted with hexane (Ry=0.30). The solid was recrystallized from hexane to give 2b (1.27 g) as a
pale yellow crystal in 73% yield. 'H NMR (CDCl;, §) 6.90 (s, 1H), 7.15 (t, J = 8 Hz, 1H), 7.31—

7.41 (m, 7H), 7.47-7.49 (m, 4H), 7.76 (d, J = 7 Hz, 1H), 7.84 (dd, J= 8 Hz, J= 1 Hz, 1H), 7.88 (dd,
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J=8Hz,J=1Hz, 1H), 8.24 (dd,J=7 Hz,J=1Hz, 1H). BC{'H} NMR (CDCls, §) 97.58, 125.08,
126.60, 127.91, 129.15, 130.33, 132.21, 134.30, 135.77, 137.23, 140.21, 141.21, 142.23 (signals
corresponding to the two ipso carbons in the phenyl groups were not observed). 2°Si NMR (CDCls,
8) —17.83 (d, 'Usin = 215 Hz). MS(EI) m/z 435 (M*—H, 4), 358 (M*—Ph, 23), 307 (M-I, 11), 231
(M*—Ph-1, 100). IR (Nujol) (cm™) 2727, 2137 (v(Si-H)), 1604, 1300, 985, 857, 777, 729, 687.
Anal. Calcd for C22H17ISi: C, 60.55; H, 3.93; Found: C, 60.36; H, 4.01.
1-Bromo-8-[(methoxy)dimethylsilyllnaphthalene (20a)."° A solution of 1a (248 mg, 0.94
mmol) in hexane (1.5 mL) was added dropwise to a suspension of TCCA (217 mg, 0.94 mmol) in
hexane (0.5 mL) at 0 °C and the reaction mixture was stirred at room temperature for 6 h. After
filtering the reaction mixture, the solvent was removed in vacuo to afford 1-bromo-8-
[(chloro)dimethylsilyl|naphthalene (25) as a colorless oil. THF (2 mL), MeOH (0.04 mL, 1.06
mmol), and EtsN (0.15 mL, 1.16 mmol) were added to the oil, which was then stirred for 1 h at room
temperature. The solvent was removed in vacuo and the residue (389 mg) was subjected to column
chromatography on silica gel eluted with hexane-AcOEt (20:1) (Ry=0.50) to give 20a (180 mg, 65%
yield) as a colorless oil. 'HNMR (CDCls, ) 0.71 (s, 6H), 3.47 (s, 3H), 7.30 (dd, J=8 Hz, /=7 Hz,
1H), 7.51 (dd, J = 8 Hz, J =7 Hz, 1H), 7.81-7.85 (m, 2H), 7.87 (dd, /=7 Hz, J= 1 Hz, 1H), 8.20
(dd,J=7Hz,J=1Hz, 1H). BC{'H} NMR (CDCls,$) 2.69, 50.55, 122.09, 125.40, 125.70, 129.40,
131.15, 132.03, 136.11, 136.21, 136.90, 137.64. *Si{'H} NMR (CDCl;, §) 6.73. MS(EI) m/z:
296 (M*'Br], 8), 294 (M[Br], 7), 281 (M'[*!'Br]-Me, 100), 279 (M*["Br]-Me, 98), 266

(M'[¥'Br]-2Me, 73), 264 (M'[°Br]-2Me, 71), 215 (M'-Br, 91). IR (Nujol) (cm™) 3055, 1547,
158



1306, 1254, 1095, 978, 868, 814, 787. Anal. Calcd for C13HsBrOSi: C, 52.88; H, 5.12; Found: C,
52.64; H, 5.13.

1-Bromo-8-(trimethylsilyl)naphthalene (18a) (CAS No. 124153-82-8). A solution of n-BuLi
in hexane (1.64 mol/L, 0.67 mL, 1.10 mmol) was added dropwise to a solution of 16a (286 mg, 1.00
mmol) in THF (10 mL) at =78 °C. After the reaction mixture was stirred at this temperature for 1
h, chlorotrimethylsilane (0.15 mL, 1.20 mmol) was added via a syringe. Then, the mixture was
warmed to room temperature. The solvent was removed in vacuo and the residue (343 mg) was
subjected to column chromatography on silica gel eluted with hexane (Ry= 0.63) to give 18a (217
mg, 78% yield) as a colorless oil. 'H NMR (CDCls, ) 0.60 (s, 9H), 7.30 (dd, J = 8 Hz, J = 7 Hz,
1H), 7.45 (dd, /=8 Hz, J=7 Hz, 1H), 7.82 (dd, /=7 Hz,J=1 Hz, 1H), 7.84 (dd, /=7 Hz, J=1
Hz, 1H), 7.89 (dd, /=7 Hz,J=1 Hz, 1H), 8.01 (dd, J=7Hz,J=1Hz, 1H). '*C{'H} NMR (CDCls,
) 4.57,122.35,125.13, 125.61, 129.46, 130.83, 132.30, 136.06, 137.02, 137.65, 138.62. »Si{'H}
NMR (CDCls, 8) —2.70. MS(EI) m/z: 280 (M'[3!Br], 12), 278 (M["Br], 11), 265 (M'[*'Br]-Me,
100), 263 (M["”Br]-Me, 98), 183 (M"—Me—Br, 87). IR (Nujol) (cm™) 3055, 1547, 1493, 1304,
1250, 1192, 978, 870, 834, 766, 702.

1-Bromo-8-(dimesitylsilyl)naphthalene (19a). This compound was prepared in a manner
similar to that used for 1a and obtained as a pale yellow solid after column chromatography on silica
gel eluted with hexane (R/=0.10). The solid was recrystallized from hexane to give 19a (592 mg)
as a pale yellow crystal in 49% yield. 'H NMR (CDCls, §) 2.12 (s, 12H), 2.82 (s, 6H), 6.63 (s, 1H),

6.80 (s, 4H), 7.30 (dd, J = 8 Hz, J = 7 Hz, 3H), 7.31 (dd, J= 8 Hz, J= 7 Hz, 1H), 7.84 (dd, J= 8 Hz,
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J=1Hz, 1H), 7.85 (dd, J=8 Hz, J=1 Hz, 1H), 7.87 (dd, /=7 Hz, J=1 Hz, 1H), 7.88 (dd, /=7
Hz,J=1Hz, 1H). BC{'H} NMR (CDCl3, §) 21.13,23.80, 124.09, 125.77, 125.91, 128.83, 129.51,
131.38, 132.52, 133.26, 135.97, 136.29, 137.00, 138.61, 139.86, 144.39. 2°Si NMR (CDCls, &)
—35.47 (d, 'Jsin =214 Hz). MS(EI) m/z (M*, 100), 157 (M'—Me, 36), 128 (M'—SiMeH>).

1-methoxy-8-(dimethylsilyl)naphthalene (22). This compound was prepared in a manner
similar to that used for 1a and obtained after column chromatography on silica gel eluted with hexane
(Ry=10.38) to give 22 (504 mg, 58% yield) as a colorless oil. 'H NMR (CDCl3, §) 0.47 (d, J =4 Hz,
6H), 4.00 (s, 3H), 4.74 (sept, J=4 Hz, 1H), 6.87 (dd, /=7 Hz, J=1 Hz, 1H), 7.43 (t,J= 8 Hz, 1H),
7.48-7.52 (m, 2H), 7.87 (dd, J= 8 Hz, J=1 Hz, 1H), 7.91 (dd, J=7 Hz, J=1 Hz, 1H). C{'H}
NMR (CDCl3, 6) —1.18, 54.09, 104.18, 121.25, 125.58, 125.81, 129.41, 129.61, 132.97, 134.68,
135.48, 156.00. *°Si NMR (CDCl3, §) —12.55 (d, 'Jsi.u =184 Hz). MS(EI) m/z 216 (M", 60), 201
(M™—Me, 95), 186 (M"—2Me, 100).

1-Bromo-8-[(deuterio)dimethylsilyl|naphthalene (1a-D). A solution of 20a (480 mg, 1.60
mmol) in THF (4 mL) was added dropwise to a suspension of LiAlID4 (68 mg, 1.60 mmol) in THF (2
mL) at 0 °C, and the reaction mixture was stirred at room temperature for 4 h. Chlorotrimethylsilane
(0.20 mL, 1.60 mmol) was added dropwise to the reaction mixture at 0 °C, and the reaction mixture
was stirred at room temperature for 2 h.  After the solvents were removed in vacuo, the residue was
diluted with hexane (10 mL) and filtered. The filtrate was subjected to bulb-to-bulb distillation
(110-120 °C/1.5 mm Hg) to give 1a-D (128 mg, 30% yield) as a colorless oil. The D-labeling was

evidenced by comparsion to the spectra of 1a. 'H NMR (CDCls) § 0.62 (s, 6H), 7.31 (t, J = 8 Hz,
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1H), 7.47 (dd, /=8 Hz, J=7 Hz, 1H), 7.84 (dd, /=8 Hz, J=1 Hz, 1H), 7.87 (dd, J=7 Hz, J=1
Hz, 1H), 7.89 (dd,J=8 Hz,J=1 Hz, 1H), 8.05 (dd, /=7 Hz,J=1 Hz, 1H). 3C{!H} NMR (CDCls,
5)0.86,123.16, 125.42, 125.81,129.42, 131.24, 132.23, 135.98, 136.62, 136.71, 138.50. 2°Si NMR
(CDCl3, 8) —13.62 (t, 'Jsip =152 Hz). MS(EI) m/z: 267 (M*[®'Br], 22), 265 (M*'[”Br], M'[*'Br]-H,
38), 263 (M'[Br]-H, 18), 252 (M'[*Br]-H, 98), 250 (M'["’Br]-Me, 100), 186 (M*—Me—Br, 75).
IR (Nujol) (cm™) 3055, 2898, 1564 (v(Si-D)), 1493, 1417, 1358, 1306, 1248, 1192, 1051, 978, 866,
823, 795, 768, 706.

1-Bromo-7-(dimethylsilyl)naphthalene (3a). A solution of 1a (106 mg, 0.40 mmol) and iodine
(4 mg, 0.02 mmol, 5 mol%) in hexane (1.0 mL) was stirred at room temperature for 1 h. The reaction
mixture was washed with saturated Na;S>03 solution (0.5 mL) and dried over Na;SOs. The solvent
was removed in vacuo. The residue (91 mg) was subjected to column chromatography on silica gel
eluted with hexane (Ry= 0.58) to give 3a (46 mg, 43% yield) as colorless oil. 'H NMR (CDCls, §)
0.47 (d, /=4 Hz, 6H), 4.60 (sept, J =4 Hz, 1H), 7.33 (dd, /=8 Hz, J=7 Hz, 1H), 7.67 (dd, J= 8
Hz, J =1 Hz, 1H), 7.78-7.83 (m, 3H), 8.44 (d, /= 1 Hz, 1H). '"*C{'H} NMR (CDCls, §) —3.75,
123.06, 126.67,127.37,127.81, 130.04, 131.06, 131.24, 133.52, 135.03, 137.04.  ?°Si NMR (CDCl;,
8) —16.04 (d, Jsim = 190 Hz). MS(EI) m/z: 266 (M'[*'Br], 31), 264 (M'[”Br], 30), 251
(M'¥'Br]-Me, 100), 249 (M[”Br]-Me, 99), 169 (M*—Me—Br, 33). IR (Nujol) (cm™) 3053, 2958,
2900, 2723, 2121 (v(Si-H)), 1545, 1415, 1354, 1306, 1250, 1150, 881, 825, 761. Anal. Calcd for
Ci2H13BrSi: C, 54.34; H, 4.94; Found: C, 54.22; H, 4.80.

1-Iodo-7-(dimethylsilyl)naphthalene (3b). A solution of 1b (125 mg, 0.40 mmol) and iodine
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(4 mg, 0.02 mmol, 5 mol%) in hexane (1.0 mL) was stirred at room temperature for 1 h. The reaction
mixture was washed with saturated Na>S>O3 solution (0.5 mL) and dried over NaxSOs.  The solvent
was removed in vacuo. The residue (123 mg) was subjected to column chromatography on silica
gel eluted with hexane (Ry= 0.48) to give 3b (106 mg, 83% yield) as a yellow oil. 'HNMR (CDCls,
0) 0.46 (d, J=4 Hz, 6H), 4.59 (sept, /=4 Hz, 1H), 7.19 (dd, /=8 Hz, J= 7 Hz, 1H), 7.64 (dd, J =8
Hz,J=1Hz, 1H), 7.73 (d, J= 8 Hz, 1H), 7.82 (d, /= 8 Hz, 1H), 8.09 (dd, /=7 Hz, J=1 Hz, 1H),
8.26 (d, J=1Hz, 1H). "C{'H} NMR (CDCls, 8) —3.76, 100.00, 127.33, 127.58, 128.87, 131.09,
133.44,134.57,137.45,137.56,138.67. °SiNMR (CDCl3, §) —16.21 (d, 'Jsi.n = 190 Hz). MS(EI)
m/z: 312 (M7, 51), 297 (M"—Me, 25), 185 (M™—I1, 100). IR (Nujol) (cm™) 3051, 2119 (v(Si-H)),
1925, 1585, 1303, 1252, 1200, 1093, 879, 788, 642. Anal. Calcd for C12H131Si: C, 46.16; H, 4.20;
Found: C, 45.87; H, 3.98.

1-Bromo-7-(diphenylsilyl)naphthalene (4a). A solution of 2a (156 mg, 0.4 mmol) and iodine
(4 mg, 0.02 mmol, 5 mol%) in hexane—toluene (1.0 mL/1.0 mL) was stirred at room temperature for
1 h. The reaction mixture was washed with saturated Na>S>Os3 solution (0.5 mL) and dried over
NaxSO4. The solvents were removed in vacuo. The residue (110 mg) was subjected to column
chromatography on silica gel eluted with hexane (Ry=0.20) to give 4a (59 mg, 38% yield) as a yellow
solid. '"H NMR (CDCls, 8) 5.67 (s, 1H), 7.36 (t, J = 8 Hz, 1H), 7.40-7.49 (m, 6H), 7.64-7.67 (m,
4H), 7.70 (d, J = 8 Hz, 1H), 7.79-7.84 (m, 3H), 8.57 (s, 1H). *C{'H} NMR (CDCls, §) 123.24,
127.08, 127.64, 127.81, 128.14, 129.97, 130.16, 131.36, 132.14, 132.92, 133.01, 135.28, 135.84,

135.98. %°Si NMR (CDCls, 8) —17.60 (d, 'Jsin = 203 Hz). MS(EI) m/z: 390 (M'[®'Br], 29), 388
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(M*[”Br], 28), 309 (M*—Br, 100). IR (Nujol) (cm™) 2723,2671, 2127 (v(Si-H)), 1587, 1377, 1109,
968, 802, 729. Anal. Calcd for C22H17BrSi: C, 67.86; H, 4.40; Found: C, 67.85; H, 4.43.

1-Iodo-7-(diphenylsilyl)naphthalene (4b). This compound was prepared in a manner similar
to the used for 4a and obtained as a yellow solid (70 mg, 40% yield) after column chromatography
on silica gel eluted with hexane (Ry=0.18). 'HNMR (CDCls, §) 5.64 (s, 1H), 7.21 (t,J= 8 Hz, 1H),
7.39-7.48 (m, 6H), 7.60-7.68 (m, SH), 7.74 (d, /=8 Hz, 1H), 7.82 (d, /=8 Hz, 1H), 8.10 (dd, /=7
Hz,J=1Hz, 1H), 8.36 (s, 1H). '*C{'H} NMR (CDCls, §) 100.15, 127.73, 127.82, 128.14, 128.86,
129.97, 132.17, 132.91, 133.42, 133.62, 134.85, 135.86, 137.67, 141.15. ?°Si NMR (CDCls, &)
—17.83 (d, Usin = 201 Hz). MS(EI) m/z: 436 (M", 36), 358 (M"—Ph, 26), 309 (M1, 100), 231
(M*-I-Ph, 57). IR (Nujol) (cm™!) 2725, 2669, 2129 (v(Si-H)), 1589, 1377, 1109, 802, 729. Anal.
Calcd for C22H17ISi: C, 60.55; H, 3.93; Found: C, 60.44; H, 3.96.

1-(Dimethylsilyl)naphthalene (21) (CAS No. 30274-80-5). A solution of n-BuLi in hexane
(1.64 mol/L, 2.59 mL, 4.24 mmol) was added dropwise to a solution of 1-bromonaphthalene (800 mg,
3.86 mmol) in E,O (10 mL) at 0 °C.  After the reaction mixture was stirred at this temperature for
1 h, chlorodimethylsilane (0.50 mL, 4.59 mmol) was added via a syringe. Then the mixture was
warmed to room temperature. The solvent was removed in vacuo and the residue (1157 mg) was
subjected to column chromatography on silica gel eluted with hexane (Ry=0.53) to give 21 (811 mg,
79% yield) as a colorless oil. 'H NMR (CDCls, §) 0.57 (d, J =4 Hz, 6H), 4.96 (sept, J= 4 Hz, 1H),
7.51-7.61 (m, 3H), 7.80 (dd, J =7 Hz, J= 1 Hz, 1H), 7.91-7.95 (m, 2H), 8.20 (dd, J=8 Hz, J=1

Hz, 1H). C{'H} NMR (CDCls, §) —3.26, 125.15, 125.51, 125.90, 127.58, 128.94, 129.99, 133.20,
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133.61, 135.60, 136.96.  ?Si NMR (CDCl3, §) —20.41 (d, 'Jsi.u = 204 Hz). MS(EI) m/z: 186 (M",
66), 171 (M*—Me, 100). IR (Nujol) (cm™) 3048, 2123 (v(Si-H)), 1506, 1376, 1250, 1146, 985, 883,
839, 779.

1-(Diphenylsilyl)naphthalene (30) (CAS No. 100447-84-5). This compound was prepared in
a manner similar to that used for 21 and obtained as a colorless solid after column chromatography
on silica gel eluted with hexane (Ry= 0.33). The solid was recrystallized from hexane to give 30
(969 mg) as a pale yellow crystal in 81% yield. 'H NMR (CDCls, §) 5.92 (s, 1H), 7.41-7.50 (m,
9H), 7.59-7.64 (m, 5H), 7.89 (d, J = 8 Hz, 1H), 7.94 (d, J = 8 Hz, 1H), 8.07 (d, J = 8 Hz, 1H).
BC{'H} NMR (CDCls, §) 125.24, 125.72, 126.16, 128.09, 128.25, 128.81, 129.80, 130.79, 131.42,
133.23,133.27,135.98,136.83,137.37.  *Si NMR (CDCls, §) —20.57 (d, 'Jsi.u =200 Hz). MS(EI)
m/z: 310 (M", 82), 231 (M"—Ph, 100). IR (Nujol) (cm™") 2727, 2663, 2108 (v(Si-H)), 1587, 1305,
1109, 982, 787, 771, 731, 698.

Typical Procedure for NMR experiments: Reaction of 1-halo-8-silylnaphthalenes with I2 in
CDCls. To a solution of a 1-halo-8-silylnaphthalene (0.040 mmol) and cyclohexane (20 pL) in
CDCI3 (0.60 mL) in a J. Young NMR tube was added I (0.5 mg, 2.0 umol) in one portion at room
temperature. The reaction mixture was shaken at room temperature for 1 min, and the sample was
directly subjected to 'H NMR spectroscopy. The yields of the products were estimated from the

integral ratios using cyclohexane as an internal standard.
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4.4 X-ray crystallographic data

X-ray crystallographic data for 2a, 2b, and 17 were collected using a SMART APEX-II CCD
diffractometer with graphite-monochromated Mo-K, radiation (A= 0.71073 A) at 173 K at the
Department of Chemistry, Graduate School of Science, Hiroshima University. The structures were
solved by direct methods using SIR 97'* and refined by a full-matrix least-squares procedure based
on F? with SHELX-97."*  All non-hydrogen atoms were refined anisotropically. Hydrogen atoms
were located at the expected positions by a geometrical calculation and refined isotropically or found

on the difference Fourier map and refined isotropically.

Figure 5. Crystal structure of 2a at the 30% probability level.
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Table 4. Crystal data and structure refinement for 2a.

ldentification code

Empirical formula

Formula weight

Temperature

Wavelength

Crystal system

Space group

Unit cell dimensions

Volume

Density (calculated)

Absorption coefficient

F(000)

Crystal size

Theta range for data collection

Index ranges

787 Om_a

C22 H17 Br Si

389.35

173(2) K

0.71073 A

Monoclinic

P2i/c

a=10.1994(7) A o = 90°.

b = 16.3064(12) A B = 107.9380(10)°.
c=11.1616(8) A v =90°.

1766.1(2) A3

1.464 Mg/m3

2.395 mm-1

792

0.215 x 0.133 x 0.088 mm3
2.289 10 27.871°.

-13<=h<=11, -16<=k<=21, -12<=I<=14

166



Reflections collected

Independent reflections

Completeness to theta = 25.242°

Absorption correction

Max. and min. transmission

Refinement method

Data / restraints / parameters

Goodness-of-fit on F2

Final R indices [1>2sigma(l)]

R indices (all data)

Extinction coefficient

Largest diff. peak and hole

10208

4177 [R(int) = 0.0127]

99.8 %

Semi-empirical from equivalents

0.817 and 0.742

Full-matrix least-squares on F2

4177101/ 221

1.033

R1=0.0221, wR2 = 0.0590

R1=0.0252, wR2 = 0.0608

n/a

0.338 and -0.314 e.A-3

All hydrogen atoms were located at the expected positions by a geometrical calculation and refined

isotropically.
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Table 5. Atomic coordinates ( x 104) and equivalent isotropic displacement parameters (A2x 103)

for 2a. U(eq) is defined as one third of the trace of the orthogonalized Ul tensor.

X y z U(eq)
Br(1) 4566(1) 6002(1) 2051(1) 35(1)
Si(1) 6738(1) 4647(1) 3583(1) 23(1)
c(1) 6822(1) 5476(1) 4795(1) 22(1)
C(2) 7573(2) 5259(1) 6014(1) 29(1)
C(3) 7980(2) 5825(1) 7018(1) 32(1)
C(4) 7676(2) 6631(1) 6798(1) 29(1)
C(5) 6631(2) 7756(1) 5376(2) 31(1)
c(7) 5349(2) 7498(1) 3226(2) 32(1)
C(6) 5903(2) 8050(1) 4218(2) 35(1)
C(8) 5585(1) 6673(1) 3412(1) 25(1)
C(9) 6425(1) 6327(1) 4565(1) 21(1)
C(10) 6906(1) 6908(1) 5578(1) 25(1)
C(11) 7650(1) 5042(1) 2474(1) 24(1)
C(12) 7346(2) 4769(1) 1235(1) 31(1)
C(13) 8086(2) 5047(1) 459(2) 37(1)
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C(14) 9136(2) 5611(1) 904(2) 32(1)

c@17) 7678(1) 3705(1) 4383(1) 24(1)

C(16) 8723(2) 5608(1) 2905(1) 28(1)

C(15) 9458(2) 5893(1) 2124(1) 30(1)

C(18) 7097(2) 3221(1) 5126(2) 31(1)

C(19) 7739(2) 2516(1) 5714(2) 35(1)

C(20) 8975(2) 2268(1) 5561(2) 36(1)

C(21) 9561(2) 2727(1) 4816(2) 38(1)

C(22) 8924(2) 3441(1) 4239(2) 30(1)

Table 6. Bond lengths [A] and angles [°] for 2a.

Br(1)-C(8) 1.9011(14) C(2)-C(3) 1.412(2)
Si(1)-C(11) 1.8757(14) C(2)-H(2) 0.9500
Si(1)-C(17) 1.8838(14) C(3)-C(4) 1.355(2)
Si(1)-C(1) 1.8958(14) C(3)-H(3) 0.9500
Si(1)-H(17) 1.365(16) C(4)-C(10) 1.420(2)
C(1)-C(2) 1.3850(19) C(4)-H(4) 0.9500
C(1)-C(9) 1.4474(19) C(5)-C(6) 1.364(2)
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C(5)-C(10)

C(5)-H(®)

C(7)-C(8)

C(7)-C(6)

C(7)-H({)

C(6)-H(6)

C(8)-C(9)

C(9)-C(10)

C(11)-C(12)

C(11)-C(16)

C(12)-C(13)

C(12)-H(12)

C(13)-C(14)

C(13)-H(13)

C(14)-C(15)

C(14)-H(14)

C(17)-C(22)

C(17)-C(18)

C(16)-C(15)

C(16)-H(16)

1.414(2)

0.9500

1.371(2)

1.404(2)

0.9500

0.9500

1.4241(18)

1.4402(18)

1.3946(19)

1.3983(19)

1.388(2)

0.9500

1.383(2)

0.9500

1.378(2)

0.9500

1.3967(19)

1.4015(19)

1.393(2)

0.9500

C(15)-H(15)

C(18)-C(19)

C(18)-H(18)

C(19)-C(20)

C(19)-H(19)

C(20)-C(21)

C(20)-H(20)

C(21)-C(22)

C(21)-H(21)

C(22)-H(22)

C(11)-Si(1)-C(17)

C(11)-Si(1)-C(1)

C(17)-Si(1)-C(1)

C(11)-Si(1)-H(17)

C(17)-Si(1)-H(17)

C(1)-Si(1)-H(17)

C(2)-C(1)-C(9)

C(2)-C(1)-Si(1)

C(9)-C(1)-Si(1)
170

0.9500

1.385(2)

0.9500

1.383(2)

0.9500

1.384(2)

0.9500

1.390(2)

0.9500

0.9500

108.04(6)

107.65(6)

109.78(6)

111.5(7)

103.8(8)

115.8(7)

117.31(12)

114.14(10)

127.49(10)



C(1)-C(2)-C(3)

C(1)-C(2)-H(2)

C(3)-C(2)-H(2)

C(4)-C(3)-C(2)

C(4)-C(3)-H(3)

C(2)-C(3)-H(3)

C(3)-C(4)-C(10)

C(3)-C(4)-H(4)

C(10)-C(4)-H(4)

C(6)-C(5)-C(10)

C(6)-C(5)-H(5)

C(10)-C(5)-H(5)

C(8)-C(7)-C(6)

C(8)-C(7)-H(7)

C(6)-C(7)-H(7)

C(5)-C(6)-C(7)

C(5)-C(6)-H(6)

C(7)-C(6)-H(6)

C(7)-C(8)-C(9)

C(7)-C(8)-Br(1)

123.46(14)

118.3

118.3

119.66(14)

120.2

120.2

120.70(13)

119.6

119.6

121.19(14)

119.4

119.4

119.99(14)

120.0

120.0

119.46(14)

120.3

120.3

123.66(13)

114.59(11)

C(9)-C(8)-Br(1)

C(8)-C(9)-C(10)

C(8)-C(9)-C(1)

C(10)-C(9)-C(1)

C(5)-C(10)-C(4)

C(5)-C(10)-C(9)

C(4)-C(10)-C(9)

C(12)-C(11)-C(16)

C(12)-C(11)-Si(1)

C(16)-C(11)-Si(1)

C(13)-C(12)-C(11)

C(13)-C(12)-H(12)

C(11)-C(12)-H(12)

C(14)-C(13)-C(12)

C(14)-C(13)-H(13)

C(12)-C(13)-H(13)

C(15)-C(14)-C(13)

C(15)-C(14)-H(14)

C(13)-C(14)-H(14)

C(22)-C(17)-C(18)

121.54(10)

114.44(12)

126.72(12)

118.84(12)

119.21(13)

120.95(13)

119.84(13)

117.56(13)

122.73(11)

119.64(10)

121.15(14)

119.4

119.4

120.19(14)

119.9

119.9

119.94(14)

120.0

120.0

117.36(13)



C(22)-C(17)-Si(1)

C(18)-C(17)-Si(1)

C(15)-C(16)-C(11)

C(15)-C(16)-H(16)

C(11)-C(16)-H(16)

C(14)-C(15)-C(16)

C(14)-C(15)-H(15)

C(16)-C(15)-H(15)

C(19)-C(18)-C(17)

C(19)-C(18)-H(18)

C(17)-C(18)-H(18)

C(20)-C(19)-C(18)

123.01(11)

119.59(10)

121.37(13)

119.3

119.3

119.78(14)

120.1

120.1

121.61(14)

119.2

119.2

119.97(14)

C(20)-C(19)-H(19)

C(18)-C(19)-H(19)

C(19)-C(20)-C(21)

C(19)-C(20)-H(20)

C(21)-C(20)-H(20)

C(20)-C(21)-C(22)

C(20)-C(21)-H(21)

C(22)-C(21)-H(21)

C(21)-C(22)-C(17)

C(21)-C(22)-H(22)

C(17)-C(22)-H(22)

120.0

120.0

119.63(15)

120.2

120.2

120.33(14)

119.8

119.8

121.09(14)

119.5

119.5

Symmetry transformations used to generate equivalent atoms: #1 -x+1,-y,-z+1
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Figure 6. Crystal structure of 2b at the 30% probability level.

Table 7. Crystal data and structure refinement for 2b.

Identification code

Empirical formula

Formula weight

Temperature

Wavelength

Crystal system

Space group

Unit cell dimensions

788 Om_a

C22 H17 1 Si
436.34

173(2) K
0.71073 A
Monoclinic
P2i/c
a=10.2281(9) A

b=16.1277(14) A

173

a=90°.

b= 106.6440(10)°.



Volume

Density (calculated)

Absorption coefficient

F(000)

Crystal size

Theta range for data collection

Index ranges

Reflections collected

Independent reflections

Completeness to theta = 25.242°

Absorption correction

Max. and min. transmission

Refinement method

Data / restraints / parameters

Goodness-of-fit on F2

Final R indices [I>2sigma(l)]

R indices (all data)

Extinction coefficient

c=11.3827(10) A g =90°.

1799.0(3) A3

1.611 Mg/m3
1.846 mm-1

864

0.234 x 0.221 x 0.197 mm3

2.254 t0 27.896°.

-12<=h<=13, -21<=k<=20, -13<=I<=14

10388

4268 [R(int) = 0.0146]

99.8 %

Semi-empirical from equivalents
0.712 and 0.665

Full-matrix least-squares on F2

4268/0/221

1.087

R1=0.0182, wR2 = 0.0479
R1=0.0194, wR2 = 0.0485

n/a
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Largest diff. peak and hole 0.353 and -0.487 e.A-3

All hydrogen atoms were located at the expected positions by a geometrical calculation and refined

isotropically.

Table 8. Atomic coordinates ( x 104) and equivalent isotropic displacement parameters (AZX 103) for

2b. U(eq) is defined as one third of the trace of the orthogonalized Ul tensor.

X y z U(eq)
() 5619(1) 6004(1) 8023(1) 32(1)
C(1) 3187(1) 5497(1) 5213(1) 21(1)
Si(1) 3225(1) 4646(1) 6376(1) 22(1)
C(4) 2347(2) 6672(1) 3277(1) 28(1)
c(3) 2073(2) 5853(1) 3052(1) 31(1)
c(2) 2472(2) 5280(1) 4027(1) 27(1)
c(5) 3319(2) 7808(1) 4663(2) 30(1)
C(6) 4018(2) 8107(1) 5785(2) 34(1)
c(7) 4581(2) 7551(1) 6743(2) 30(1)
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C(8) 4387(1) 6710(1) 6568(1) 23(1)
C(9) 3570(1) 6359(1) 5447(1) 20(1)
C(10) 3084(1) 6948(1) 4468(1) 23(1)
C(11) 2294(2) 5048(1) 7459(1) 23(1)
C(12) 2560(2) 4772(1) 8667(1) 29(1)
C(13) 1792(2) 5051(1) 9416(2) 34(1)
C(14) 750(2) 5617(1) 8980(2) 31(1)
C(15) 466(2) 5902(1) 7789(2) 31(1)
C(16) 1232(2) 5619(1) 7038(1) 28(1)
C(17) 2292(2) 3703(1) 5581(1) 23(1)
C(18) 2889(2) 3220(1) 4848(2) 28(1)
C(19) 2251(2) 2517(1) 4248(2) 32(1)
C(20) 1008(2) 2268(1) 4392(2) 34(1)
C(21) 415(2) 2722(1) 5136(2) 36(1)
C(22) 1049(2) 3435(1) 5720(2) 30(1)
Table 9. Bond lengths [A] and angles [°] for 2b.

1(1)-C(8) 2.1044(14) C(1)-C(2) 1.384(2)



C(1)-C(9)

C(1)-Si(1)

Si(1)-C(11)

Si(1)-C(17)

Si(1)-H(1)

C(4)-C(3)

C(4)-C(10)

C(4)-H4)

C(3)-C(2)

C(3)-H()

C(2)-H(2)

C(5)-C(6)

C(5)-C(10)

C(5)-H(®)

C(6)-C(7)

C(6)-H(6)

C(7)-C(8)

C(7)-H(7)

C(8)-C(9)

C(9)-C(10)

1.448(2)

1.8995(14)

1.8752(15)

1.8842(15)

1.412(18)

1.358(2)

1.421(2)

0.9500

1.411(2)

0.9500

0.9500

1.361(2)

1.416(2)

0.9500

1.403(2)

0.9500

1.377(2)

0.9500

1.4273(19)

1.4399(19)
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C(11)-C(12)

C(11)-C(16)

C(12)-C(13)

C(12)-H(12)

C(13)-C(14)

C(13)-H(13)

C(14)-C(15)

C(14)-H(14)

C(15)-C(16)

C(15)-H(15)

C(16)-H(16)

C(17)-C(22)

C(17)-C(18)

C(18)-C(19)

C(18)-H(18)

C(19)-C(20)

C(19)-H(19)

C(20)-C(21)

C(20)-H(20)

C(21)-C(22)

1.397(2)

1.400(2)

1.388(2)

0.9500

1.383(2)

0.9500

1.382(2)

0.9500

1.393(2)

0.9500

0.9500

1.394(2)

1.403(2)

1.386(2)

0.9500

1.387(2)

0.9500

1.385(3)

0.9500

1.392(2)



C(21)-H(21)

C(22)-H(22)

C(2)-C(1)-C(9)

C(2)-C(1)-Si(1)

C(9)-C(1)-Si(1)

C(11)-Si(1)-C(17)

C(11)-Si(1)-C(1)

C(17)-Si(1)-C(1)

C(11)-Si(1)-H(1)

C(17)-Si(1)-H(1)

C(1)-Si(1)-H(L)

C(3)-C(4)-C(10)

C(3)-C(4)-H(4)

C(10)-C(4)-H(4)

C(4)-C(3)-C(2)

C(4)-C(3)-H(3)

C(2)-C(3)-H()

C(1)-C(2)-C(3)

C(1)-C(2)-H(2)

0.9500

0.9500

117.51(13)

113.40(11)

127.91(10)

108.21(7)

107.20(6)

110.02(6)

112.0(7)

103.5(9)

115.7(8)

120.57(14)

119.7

119.7

119.39(14)

120.3

120.3

123.67(14)

118.2

C(3)-C(2)-H(2)

C(6)-C(5)-C(10)

C(6)-C(5)-H(5)

C(10)-C(5)-H(5)

C(5)-C(6)-C(7)

C(5)-C(6)-H(6)

C(7)-C(6)-H(6)

C(8)-C(7)-C(6)

C(8)-C(7)-H(7)

C(6)-C(7)-H(7)

C(7)-C(8)-C(9)

C(7)-C(8)-1(1)

C(9)-C(8)-1(1)

C(8)-C(9)-C(10)

C(8)-C(9)-C(1)

C(10)-C(9)-C(1)

C(5)-C(10)-C(4)

C(5)-C(10)-C(9)

C(4)-C(10)-C(9)

C(12)-C(11)-C(16)

118.2

120.95(14)

119.5

119.5

119.44(15)

120.3

120.3

120.53(15)

119.7

119.7

122.89(14)

112.93(11)

123.70(10)

114.48(13)

127.13(13)

118.39(12)

118.46(13)

121.35(14)

120.19(13)

117.39(13)



C(12)-C(11)-Si(1)

C(16)-C(11)-Si(1)

C(13)-C(12)-C(11)

C(13)-C(12)-H(12)

C(11)-C(12)-H(12)

C(14)-C(13)-C(12)

C(14)-C(13)-H(13)

C(12)-C(13)-H(13)

C(15)-C(14)-C(13)

C(15)-C(14)-H(14)

C(13)-C(14)-H(14)

C(14)-C(15)-C(16)

C(14)-C(15)-H(15)

C(16)-C(15)-H(15)

C(15)-C(16)-C(11)

C(15)-C(16)-H(16)

C(11)-C(16)-H(16)

C(22)-C(17)-C(18)

123.02(11)

119.50(11)

121.10(14)

119.4

119.4

120.48(14)

119.8

119.8

119.71(15)

120.1

120.1

119.73(15)

120.1

120.1

121.58(14)

119.2

119.2

117.55(14)

C(22)-C(17)-Si(1)

C(18)-C(17)-Si(1)

C(19)-C(18)-C(17)

C(19)-C(18)-H(18)

C(17)-C(18)-H(18)

C(18)-C(19)-C(20)

C(18)-C(19)-H(19)

C(20)-C(19)-H(19)

C(21)-C(20)-C(19)

C(21)-C(20)-H(20)

C(19)-C(20)-H(20)

C(20)-C(21)-C(22)

C(20)-C(21)-H(21)

C(22)-C(21)-H(21)

C(21)-C(22)-C(17)

C(21)-C(22)-H(22)

C(17)-C(22)-H(22)

123.24(11)

119.17(11)

121.50(14)

119.3

119.3

119.86(15)

120.1

120.1

119.70(15)

120.2

120.2

120.26(15)

119.9

119.9

121.11(15)

119.4

119.4

Symmetry transformations used to generate equivalent atoms: #1 -x+1,-y,-z+1



Figure 7. Crystal structure of 17 at the 30% probability level.

Table 10. Crystal data and structure refinement for 17.

Identification code

Empirical formula

Formula weight

Temperature

Wavelength

Crystal system

Space group

Unit cell dimensions

785 Om_a

C30 H34.97 B Si
434.45

173(2) K
0.71073 A
Monoclinic
C2/c

a=419112) A a=90°.
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b =12.024(7) A p=96.496(7)°.
c=10.723(6) A y=90°.

Volume 5369(5) A3

Z 8

Density (calculated) 1.075 Mg/m3

Absorption coefficient 0.102 mm-1

F(000) 1872

Crystal size 0.106 x 0.078 x 0.017 mm3

Theta range for data collection ~ 1.763 to 25.407°.

Index ranges -44<=h<=50, -9<=k<=14, -12<=|<=12
Reflections collected 11234
Independent reflections 4904 [R(int) = 0.0846]

Completeness to theta = 25.242° 99.1 %

Absorption correction Semi-empirical from equivalents
Max. and min. transmission 0.998 and 0.676
Refinement method Full-matrix least-squares on F2

Data / restraints / parameters 4904 / 145/ 352

Goodness-of-fit on F2 1.132
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Final R indices [I>2sigma(l)] R1=0.1291, wR2 = 0.2483

R indices (all data) R1=0.2088, wR2 = 0.2759
Extinction coefficient n/a
Largest diff. peak and hole 0.580 and -0.378 e.A-3

All hydrogen atoms were located at the expected positions by a geometrical calculation and

refined isotropically.

Table 11.  Atomic coordinates ( x 104) and equivalent isotropic displacement parameters (A2x

103) for 17.  U(eq) is defined as one third of the trace of the orthogonalized Ul tensor.

X y z U(eq)
c(11) 3748(2) 2008(5) 7399(5) 36(2)
C(10) 3579(2) 2509(5) 3009(5) 40(2)
C(9) 3646(2) 2673(4) 4332(5) 36(2)
c(8) 3960(2) 3027(5) 4793(5) 40(2)
c@) 4200(2) 3221(5) 4041(5) 45(2)
C(6) 4122(2) 3043(5) 2714(6) 52(2)
) 3823(2) 2717(5) 2241(5) 46(2)
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C(4)

C@3)

C(2)

B(1)

C(1)

C(12)

C(13)

C(14)

C(15)

C(16)

C@17)

C(18)

C(19)

C(20)

C(21)

C(22)

C(23)

C(24)

3266(2)

3032(2)

3098(2)

3455(2)

3401(2)

3830(2)

4070(2)

4247(2)

4176(2)

3929(2)

3652(2)

4506(2)

3874(2)

3188(1)

3021(2)

2788(2)

2716(2)

2881(2)

2171(5)

2033(5)

2248(5)

2591(5)

2514(4)

895(5)

368(6)

891(6)

1998(6)

2565(5)

221(5)

290(8)

3780(5)

3219(5)

2713(5)

3293(6)

4409(6)

4897(6)
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2527(5)

3281(6)

4587(6)

6619(6)

5132(5)

7163(6)

7940(6)

8942(6)

9143(6)

8427(5)

6085(6)

9774(9)

8717(6)

7268(5)

8188(5)

8736(6)

8434(6)

7544(5)

48(2)

52(2)

44(2)

35(2)

34(1)

44(2)

58(2)

56(2)

51(2)

36(2)

59(2)

98(3)

49(2)

37(2)

41(2)

50(2)

49(2)

46(2)



C(25) 3113(2) 4343(5) 6948(5) 37(2)
C(26) 3091(2) 1519(6) 8589(6) 60(2)
C(27) 2472(2) 5053(8) 9084(7) 72(2)
C(28) 3294(2) 4970(5) 6011(5) 43(2)
Si(1) 4603(1) 3725(2) 4730(2) 68(1)
C(29A) 4562(4) 4360(20)  6307(15) 71(6)
C(30A) 4907(5) 2782(18)  4840(30) 96(7)
C(29B) 4663(16)  3640(80)  6340(50) 79(14)
C(30B) 4906(14)  2740(50)  4050(70) 64(12)
C(29C) 4715(8) 2870(40)  6310(30) 80(9)
C(30C) 4924(10)  3170(40)  3660(30) 90(12)
Table 6. Bond lengths [A] and angles [°] for 17.

C(11)-C(12)  1.412(8) C(10)-C(9)  1.428(7)
C(11)-C(16)  1.431(8) C(9)-C(8) 1.420(8)
C(11)-B(1)  1.572(9) C(9)-C(1) 1.423(8)
C(10)-C(5)  1.408(9) C(8)-C(7) 1.378(8)
C(10)-C(4) 141209 C(8)-H(8) 0.9500
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C(7)-C(6)

C(7)-Si(1)

C(6)-C(5)

C(6)-H(6)

C(5)-HB)

C(4)-C(3)

C(4)-H(4)

C(3)-C(2)

C(3)-H(3)

C(2)-C(1)

C(2)-H(2)

B(1)-C(20)

B(D)-C(1)

C(12)-C(13)

C(12)-C(17)

C(13)-C(14)

C(13)-H(13)

C(14)-C(15)

1.440(9)

1.867(7)

1.355(9)

0.9500

0.9500

1.350(9)

0.9500

1.420(8)

0.9500

1.374(8)

0.9500

1.575(9)

1.588(8)

1.385(9)

1.534(9)

1.385(9)

0.9500

1.387(10)
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C(14)-C(18)

C(15)-C(16)

C(15)-H(15)

C(16)-C(19)

C(17)-H(17A)

C(17)-H(17B)

C(17)-H(17C)

C(18)-H(18A)

C(18)-H(18B)

C(18)-H(18C)

C(19)-H(19A)

C(19)-H(19B)

C(19)-H(19C)

C(20)-C(21)

C(20)-C(25)

C(21)-C(22)

C(21)-C(26)

C(22)-C(23)

1.510(10)

1.394(8)

0.9500

1.517(8)

0.9800

0.9800

0.9800

0.9800

0.9800

0.9800

0.9800

0.9800

0.9800

1.410(8)

1.421(8)

1.384(9)

1.517(9)

1.406(10)



C(22)-H(22)

C(23)-C(24)

C(23)-C(27)

C(24)-C(25)

C(24)-H(24)

C(25)-C(28)

C(26)-H(26A)

C(26)-H(26B)

C(26)-H(26C)

C(27)-H(27A)

C(27)-H(27B)

C(27)-H(Q27C)

C(28)-H(28A)

C(28)-H(28B)

C(28)-H(28C)

Si(1)-C(30A)

Si(1)-C(29B)

Si(1)-C(29A)

0.9500

1.371(9)

1.514(9)

1.391(8)

0.9500

1.527(8)

0.9800

0.9800

0.9800

0.9800

0.9800

0.9800

0.9800

0.9800

0.9800

1.699(19)

1.71(5)

1.880(16)

Si(1)-C(30B)  1.94(6)

Si(1)-C(30C)  1.98(3)

Si(1)-C(29C)  1.99(3)

Si(1)-H(31A)  1.65(8)

Si(1)-H31B)  1.65(8)

Si(1)-H(31C)  1.64(8)

C(29A)-H(29A) 0.9800

C(29A)-H(29B) 0.9800

C(29A)-H(29C) 0.9800

C(30A)-H(30A) 0.9800

C(30A)-H(30B) 0.9800

C(30A)-H(30C) 0.9800

C(29B)-H(29D) 0.9800

C(29B)-H(29E) 0.9800

C(29B)-H(29F) 0.9800

C(30B)-H(30D) 0.9800

C(30B)-H(30E) 0.9800

C(30B)-H(30F) 0.9800



C(29C)-H(29G) 0.9800

C(29C)-H(29H) 0.9800

C(29C)-H(29T) 0.9800

C(30C)-H(30G) 0.9800

C(30C)-H(30H) 0.9800

C(30C)-H(30I) 0.9800

C(12)-C(11)-C(16)

C(12)-C(11)-B(1)

C(16)-C(11)-B(1)

C(5)-C(10)-C(4)

C(5)-C(10)-C(9)

C(4)-C(10)-C(9)

C(8)-C(9)-C(1)

C(8)-C(9)-C(10)

C(1)-C(9)-C(10)

C(7)-C(8)-C(9)

C(7)-C(8)-H(8)

117.7(6)

121.2(5)

121.0(5)

122.9(6)

118.9(6)

118.2(6)

122.3(5)

117.2(5)

120.4(6)

123.8(5)

118.1
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C(9)-C(8)-H(8) 118.1

C(8)-C(7)-C(6) 117.0(6)
C(8)-C(7)-Si(1) 120.7(5)
C(6)-C(7)-Si(1) 122.2(5)
C(5)-C(6)-C(7) 120.7(6)
C(5)-C(6)-H(6) 119.7
C(7)-C(6)-H(6) 119.7
C(6)-C(5)-C(10) 122.3(6)
C(6)-C(5)-H(5) 118.8
C(10)-C(5)-H(5) 118.8
C(3)-C(4)-C(10) 121.5(6)
C(3)-C(4)-H@4) 119.2
C(10)-C(4)-H(4) 119.2
C(4)-C(3)-C(2) 119.6(6)
C(4)-C(3)-H(3) 1202
C(2)-C(3)-H(3) 1202
C(1)-C(2)-C3)

121.9(6)

C(1)-C(2)-H(2) 119.0



C(3)-C(2)-H(2)

C(11)-B(1)-C(20)

C(11)-B(1)-C(1)

C(20)-B(1)-C(1)

C(2)-C(D-CO)

C(2)-C(D)-B(1)

C(9)-C(D-B(1)

C(13)-C(12)-C(11)

C(13)-C(12)-C(17)

C(11)-C(12)-C(17)

C(12)-C(13)-C(14)

C(12)-C(13)-H(13)

C(14)-C(13)-H(13)

C(13)-C(14)-C(15)

C(13)-C(14)-C(18)

C(15)-C(14)-C(18)

C(14)-C(15)-C(16)

C(14)-C(15)-H(15)

119.0

122.0(5)

121.5(5)

116.4(5)

118.0(5)

117.5(5)

124.5(5)

120.0(6)

118.1(6)

121.9(6)

123.3(6)

118.4

118.4

116.8(7)

121.9(7)

121.3(7)

122.9(6)

118.6
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C(16)-C(15)-H(15)

C(15)-C(16)-C(11)

C(15)-C(16)-C(19)

C(11)-C(16)-C(19)

C(12)-C(17)-H(17A)

C(12)-C(17)-H(17B)

H(17A)-C(17)-H(17B)

C(12)-C(17)-H(17C)

H(17A)-C(17)-H(17C)

H(17B)-C(17)-H(17C)

C(14)-C(18)-H(18A)

C(14)-C(18)-H(18B)

H(18A)-C(18)-H(18B)

C(14)-C(18)-H(18C)

H(18A)-C(18)-H(18C)

H(18B)-C(18)-H(18C)

C(16)-C(19)-H(19A)

C(16)-C(19)-H(19B)

118.6

119.4(6)

118.7(5)

121.9(5)

109.5

109.5

109.5

109.5

109.5

109.5

109.5

109.5

109.5

109.5

109.5

109.5

109.5

109.5



H(19A)-C(19)-H(19B)

C(16)-C(19)-H(19C)

H(19A)-C(19)-H(19C)

H(19B)-C(19)-H(19C)

C(21)-C(20)-C(25)

C(21)-C(20)-B(1)

C(25)-C(20)-B(1)

C(22)-C(21)-C(20)

C(22)-C(21)-C(26)

C(20)-C(21)-C(26)

C(21)-C(22)-C(23)

C(21)-C(22)-H(22)

C(23)-C(22)-H(22)

C(24)-C(23)-C(22)

C(24)-C(23)-C(27)

C(22)-C(23)-C(27)

C(23)-C(24)-C(25)

C(23)-C(24)-H(24)

109.5

109.5

109.5

109.5

117.7(6)

122.4(5)

119.9(5)

120.6(6)

118.6(5)

120.8(6)

121.7(6)

119.1

119.1

117.2(6)

121.4(7)

121.4(6)

123.2(6)

118.4
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C(25)-C(24)-H(24)

C(24)-C(25)-C(20)

C(24)-C(25)-C(28)

C(20)-C(25)-C(28)

C(21)-C(26)-H(26A)

C(21)-C(26)-H(26B)

H(26A)-C(26)-H(26B)

C(21)-C(26)-H(26C)

H(26A)-C(26)-H(26C)

H(26B)-C(26)-H(26C)

C(23)-C(27)-H(27A)

C(23)-C(27)-H(27B)

H(27A)-C(27)-H(27B)

C(23)-C(27)-H(27C)

H(27A)-C(27)-H(27C)

H(27B)-C(27)-H(27C)

C(25)-C(28)-H(28A)

C(25)-C(28)-H(28B)

118.4

119.5(5)

119.5(6)

120.9(5)

109.5

109.5

109.5

109.5

109.5

109.5

109.5

109.5

109.5

109.5

109.5

109.5

109.5

109.5



H(28A)-C(28)-H(28B)

C(25)-C(28)-H(28C)

H(28A)-C(28)-H(28C)

H(28B)-C(28)-H(28C)

C(30A)-Si(1)-C(7)

C(29B)-Si(1)-C(7)

C(30A)-Si(1)-C(29A)

C(7)-Si(1)-C(29A)

C(29B)-Si(1)-C(30B)

C(7)-Si(1)-C(30B)

C(7)-Si(1)-C(30C)

C(7)-Si(1)-C(29C)

C(30C)-Si(1)-C(29C)

C(30A)-Si(1)-H(31A)

C(7)-Si(1)-H(31A)

C(29A)-Si(1)-H(31A)

C(29B)-Si(1)-H(31B)

C(7)-Si(1)-H(31B)

109.5

109.5

109.5

109.5

116.7(8)

114(2)

110.5(9)

108.5(6)

108(3)

105(2)

107.7(13)

106.6(10)

102.2(14)

114(2)

101(3)

105.1(18)

113(3)

113(5)
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C(30B)-Si(1)-H(31B)

C(7)-Si(1)-H(31C)

C(300)-Si(1)-H(31C)

C(29C)-Si(1)-H(31C)

Si(1)-C(29A)-H(29A)

Si(1)-C(29A)-H(29B)

H(29A)-C(29A)-H(29B)

Si(1)-C(29A)-H(29C)

H(29A)-C(29A)-H(29C)

H(29B)-C(29A)-H(29C)

Si(1)-C(30A)-H(30A)

Si(1)-C(30A)-H(30B)

H(30A)-C(30A)-H(30B)

Si(1)-C(30A)-H(30C)

H(30A)-C(30A)-H(30C)

H(30B)-C(30A)-H(30C)

Si(1)-C(29B)-H(29D)

Si(1)-C(29B)-H(29E)

103(3)

134(3)

101(2)

101(2)

109.5

109.5

109.5

109.5

109.5

109.5

109.5

109.5

109.5

109.5

109.5

109.5

109.5

109.5



H(29D)-C(29B)-H(29E) 109.5 Si(1)-C(29C)-H(29H)  109.5

Si(1)-C(29B)-H(29F)  109.5 H(29G)-C(29C)-H(29H) 109.5
H(29D)-C(29B)-H(29F) 109.5 Si(1)-C(29C)-H(29T)  109.5
H(29E)-C(29B)-H(29F) 109.5 H(29G)-C(29C)-H(29T) 109.5
Si(1)-C(30B)-H(30D)  109.5 H(29H)-C(29C)-H(29T)  109.5
Si(1)-C(30B)-H(30E)  109.5 Si(1)-C(30C)-H(30G)  109.5
H(30D)-C(30B)-H(30E) 109.5 Si(1)-C(30C)-H(30H) ~ 109.5
Si(1)-C(30B)-H(30F)  109.5 H(30G)-C(30C)-H(30H) 109.5
H(30D)-C(30B)-H(30F) 109.5 Si(1)-C(30C)-H(30I)  109.5
H(30E)-C(30B)-H(30F) 109.5 H(30G)-C(30C)-H(30T) 109.5
Si(1)-C(29C)-H(29G) ~ 109.5 H(30H)-C(30C)-H(30T) 109.5

Symmetry transformations used to generate equivalent atoms:

4.6 Computational methods
Computations were executed with the Gaussian 09 program package'® at Research Center for

Computing and Multimedia Studies, Hosei University. The structures of 1a, 1b, 3a, and 3b were
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optimized at the B3LYP/(6-31G(d) for H, C, and Si; LANL2DZ for Br and I) level of theory. The

frequency calculations were carried out for each compounds at the same level as in the structure

optimization to confirm the absence of any imaginary frequencies.

0 kcal/mol 0 kcal/mol

—15.6 kcal/mol —56.3 kcal/mol

Figure 6. Optimized structures of 1a, 1b, 3a, and 3b.
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Conclusion and Outlook
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In summary, the author discloses in this article the synthesis and properties of
(silyl)(boryl)benzene, where the B---O interaction activates the C—O bond, and the details of the 1,2-
silyl migration reaction in silylnaphthalene.

Chapter 2 described the synthesis and properties of 1 and 2 bearing a p-tolyl or p-#-butylphenyl
group on the boron atom. Thus the C—O bond in 1 and 2 was activated by intramolecular interaction
between the oxygen atom and the boron atomand underwent conversion reactions: (i) exchange of

alkoxy group by alcohols, and (ii) siloxyborate formation by tertiary amines.

Chapter 2
O:SiMeZOR R'OH : iSiMeZOR'
—_—

BAr2 BAr2

1: Ar = p-MeCgHy,

2: Ar= p-t-BUCGH4

. Me; |~

SiMe,OMe R3N Ai

O™ e | O b
BAr; Mel Erz

Chapter 3 described the synthesis and photophysical properties of 3 bearing a borafluorenyl group. The
C—O bond in 3 was activated by B--O interaction. The large Stokes shift was due to the BICT transition

caused by the four-coordinate ground state (coordination of the boron to the oxygen) and the three-coordinate

(non-coordinated) excited state.
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Chapter 3

coordinated non-coordinated

Chapter 4 described the details of the acid-catalyzed silyl migration of 1-halo-8-

(hydrosilyl)naphthalenes 4.  The scope, limitations, and reaction mechanism were elucidated

through the effects of substituents on silicon atoms, solvent effects, and D-labeling experiments.

Chapter 4
HR,Si Y Y
HRZSi
4

The potentials of this study deserve a comment. The intramolecular B--O interaction in the

arylsilanes may be useful for preparations of various cationic species of such as silyloxoniums and

carbocations.  The coordination environment can be monitored through the photophysical

properties of the borafluorenyl moiety. The 1,2-silyl migration on the aromatic ring may provide

new access to silicon-substituted aromatic compounds.
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