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During the research period of three years, | developed the following four types
of deydrogenetive couplings for synthesizing useful organosilicon compounds: 1) zinc Lewis acid-catalyzed
dehydrogenative N-silylation of N-unsubstituted indoles; 2) zinc Lewis acid-catalyzed dehydrogenative
C3-silylation of N-substituted indoles; 3) zinc Lewis acid-catalyzed dehydrogenative silylation of
terminal alkynes; 4) zinc Lewis acid-catalyzed dehydrogenative silylation of indenes.
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Table 1. Lewis Acid-Catalyzed Dehydrogenative
N-Silylation of Indole with Methyldiphenylsilane“

11.2 Lewis acid
(10 or 5 mol %)
Y+ woween, o280 TS« (I

N solvent, 80 °C N N

1a M 22 50 3a SiMePh, 4a

Lewis organic base yield (%)"

entry  acid solvent (pKa value) 3a  4a
1 In(OTf); EtCN none 4 13
2 Bi(OTf); EtCN none <1 14
3 Cu(OTf), EtCN none <1 1
4 AgOTf EtCN none 5 2
5 Sc(OTo); EtCN none <1 3
6 Zn(OTf), EtCN none 99 1
7 Zn(ONf),  EtCN none 84 <1
8 ZnCl, EtCN none <1 <l
9 ZnBr, EtCN none <1 <1
10 Zn(OTY), MeCN none 70 <1
11 Zn(OTf), DMF* none <1 <l
12 Zn(OTf), MeNO, none <1 <1
13 Zn(OTf), (CH,Cl),  none <1 <1
14 Zn(OTf), toluene none <1 <l
15 Zn(0Tf), Bu,O none <1 <1
16 Zn(OTf), EtCN none 52 3
17 Zn(OTY), EtCN EtN (10.8) <1 <1
18 Zn(OTY), EtCN DMAP! O.7) 23 <1
19 Zn(OTf),  EtCN 2,6-lutidine (6.7) 46 <1
20 Zn(OTY), EtCN 4-fBupyridine (6.0) 81 <1
21 Zn(OTf),  EiCN pyridine (5.3) >99 <1

“ Reagents: 1a (0.40 mmol), 2a (0.48 mmol), Lewis acid (40 umol for
entries 1-15 or 20 umol for entries 16-21), organic base (0.40 mmol),
solvent (040 mL). ” Determined by GC. ° DMF = N,N-
dimethylformamide. “ DMAP = 4-(dimethylamino)pyridine.
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Table 2. Zinc-Catalyzed Dehydrogenative N-Silylation
of Indoles with Hydrosilanes”

R3 2 R 2
R4 I 1122 catznOT, R A
2 pyridine
R+ HS ————————» N—pt
RS N EICN, 80-115°C g N
H 15-65h L
RS 1 2 Re 3 Si

indole scope

ooTD oD O

SlMeth SlMeth SlMeF’h2 SlMePh2
3a: 97% yield 3b: 95% yield 3c¢: 97% yield 3d: 95% vyield
80°C,15h 80°C,15h 80°C,15h 90 °C, 24 h

N
SiMePh, SlMeth SlMePh2 SlMePh2
3e: 95% yield 3f 95 % yield 39: 94% yield 3h: 96% yield
80°C,15h C,15h 80°C,15h 90 °C, 48 h
SlMePh2 SlMePhZ% SlMePhg
3i: 98% yield 3j: 92% yield 3k: 91% yield
80°C, 20 h 80°C,20h 90°C,24h
s Br: |
Oy Oy O
N N N
SiMePh, SiMePh, SiMePh,
31: 93% yield 3m: 90% yield 3n: 97% yield
110 °C, 65 h? 80°C, 36 h 80°C,36h
(o} 7240\
NC B
oD T O
N N N
SiMePh, SiMePh, SiMePh,
30: 92% yield 3p: 89% yield 3q: 97% yield
90°C,48h 90 °C, 48 h® 90°C, 15 h

hydrosilane scope

N N N

SiMe,Ph SiMe,Ph SiMe,Ph
3r: 97% yield 3s: 93% yield 3t: 92% vyield
80°C, 15h 90 °C, 24 h 1ooc4oh

SlEta \SlMean SlMeztBu Sl iPr)3
3u 94% yleld 3v: 94% yield 3w: 90% yleld 3x: 88% yield
0°C, 30 h? 80°C,42h 115 °C, 48 h? 110 °C, 24 hbd

“ Reagents (unless otherwise specified): 1 (0.40 mmol), 2 (0.48-0.80
mmol), Zn(OTf), (20-60 wmol), pyridine (0.20-0.40 mmol), EtCN
(0.40 mL). Yields of isolated 3 based on 1 are shown here. See Sup-
porting Information for further details. " PrCN instead of EtCN was
used as a solvent. “ Performed with a 2 M solution of the indole (0.80
mmol) in EtCN (0.40 mL), containing 2a (1.2 mmol), Zn(OTf), (40
umol) and pyridine (0.80 mmol). “ Performed with a 2 M solution of
the indole (0.80 mmol) in PrCN (0.40 mL), containing HSi(iPr); (1.6
mmol), Zn(OTf), (0.12 mmol) and pyridine (0.40 mmol).
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Table 3. Lewis Acid-Catalyzed Dehydrogenative
N-Silylation of Indole with Methyldiphenylsilane

catalyst (5 mol%) SiMePh,
Z organic base (1 equiv.)
(p + HSiMePh, ——————————— N
N N solvent N
\ \
1 2 3
temp. time yield (%)
catalyst organicbase solvent 1:2 (°C) (h) of 32
Zn(OTf), pyridine EtCN 1:1.2 80 15 1
Zn(OTf), pyridine EtCN 1:1.2 100 15 15
Zn(OTf), pyridine PrCN 1:1.2 130 15 45
Zn(OTf), pyridine PrCN 1:15 130 24 63
Zn(NTf,), pyridine PrCN 1:15 130 24 67
Zn(NTfy), 4-Me—pyridine PrCN 1:15 130 24 85

2 Determined by "H NMR.
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Table 4. Zinc-Catalyzed Dehydrogenative C3-Silylation
of Indoles with Hydrosilanes

Z0(NTE), 5 mol%) =
R3 115 4 meth2l ridine (1-2 equiv)  R°
N PrCN, 130 °C, 24-36 h N

R‘ R!
s-MePh2 SlMePh2 SiMePh, SiMePh,
85% yleld 77% yleld 90% yleld 85% yleld
SiMePh, SiMe,Ph S|Ph3 ph2
I¥ @ I Q?
40% yleld 60% yleld 85% y|e|d 73% yleld

catalyst = Zn(OTf),
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Table 5. Lewis Acid-Catalyzed Dehydrogenative

Silylation of 1-Octyne with Methyldiphenylsilane”
Hex—== + HSiMePh,
1a 2a

Lewis acid (5 mol %)
organic base (20 mol %)

solvent, 100 °C, 30 h

Ph,MeSi SiMePh,
Hex—=——SiMePh, + +
: Hex Hexﬁ
3a 4a 5a and 6a
organic yield (%) of

entry Lewisacid solvent base 3a" 4a—6a°
1 Zn(OTf), EtCN none 48 3
2 Zn(OTf),  EtCN pyridine >99 <1
3 Cu(OTf), EtCN pyridine <1 <1
4 AgOTf EtCN pyridine <l <1
5 In(OTf); EtCN pyridine <1 <1
6 Bi(OTf); EtCN pyridine <1 <1
7 Sc(OTf);  EtCN pyridine <1 <1
8 ZnF, EtCN pyridine <1 <1
9 ZnCl, EtCN pyridine <l <1
10 Zn(OTf), EtCN DMAP! 36 2
11 Zn(OTf),  EtCN Et;N 91 5
12 Zn(OTf),  EtCN DBU* <1 <1

13 Zn(0OTf), MeCN pyridine 73 <1

14 Zn(OTf), DMF pyridine <1 <1
15 Zn(OTf),  1,4-dioxane pyridine 41 <1
16 Zn(0Tf),; Bu,O pyridine <1 <1
17 Zn(OTf),;  MeNO, pyridine <l <1
18 Zn(OTf),  PhMe pyridine 18 1

“ Reagents: 1a (0.40 mmol), 2a (0.60 mmol), Lewis acid (20 umol),
organic base (80 wmol), solvent (0.40 mL). " Determined by 'H
NMR. ¢ Determined by GC. ‘ DMAP = 4-(dimethylamino)pyridine.
‘ DBU = 1,8-diazabicyclo[5.4.0]lundec-7-ene. © DMF = N,N-
dimethylformamide.
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Table 6. Zinc-Catalyzed Dehydrogenative Silylation of
Terminal Alkynes with Hydrosilanes®
cat. Zn(OTf),—pyridine

R'—== + H-Si Rl——si
1 2 EtCN, 100 °C, 12-48 h

Hex—=—=—SiMePh, ——SiMePh,

3a: 98% vyield (30 h)

Ph
‘\%SiMeth (_\;SiMeth

3c¢: 95% yield (30 h) Cl 3d: 93% yield (30 h)

3b: 91% yield (30 h)

- o

o 3e: 88% yield (30 h) f: 92% yield (30 h)

o /_\—
O/_\%SiMeth N = SiMePh,
3

HexO
\——SiMePh, NC  \—==—SiMePh,
3g: 90% yield (30 h) 3h: 93% yield (48 h)

BuMe,SiO
\%SiMeth Et3Si—=——SiMePh,

3i: 94% yield (30 h) 3j: 92% yield (48 h)

@%SiMeth @%SiMeth
XK=

3k: 91% yield (30 h) 31 (X = 4-MeO): 96% yield (12 h)
3m (X = H): 96% yield (20 h)
3n (X = 4-CF3): 93% yield (30 h)
30 (X = 2-Me): 95% yield (20 h)

0 N fe= .
SOT&MePhZ . =—giMePh,

3p: 98% yield (48 h) =¥ 3q: 96% yield (48 h)

Hex—==—SiMe,Ph
3r: 90% yield (30 h)

Ph
j%Sietg Ph—=——SiMe,(c-Hex)°

3t: 90% yield (48 h) 3u: 84% yield (30 h)

Hex—==—=SiMe,Bn"
3s: 82% yield (30 h)

“ Reagents: 1 (0.40 mmol), 2 (0.60-1.6 mmol), Zn(OTf), (20-40
umol), pyridine (0.080-0.20 mmol), EtCN (0.40 mL). Yields of iso-
lated 3 based on 1 are shown here. See Supporting Information for
further details. ” Bn = benzyl. “ c-Hex = cyclohexyl.

A R—=nE, LFIZR LT pKa fEZ RO
N, ZHHOEEWERBEELTO pKa i
RO EW EIEHEE RO LEE & LT
WL, FTrxr DI AT AL > ThAEY
U AL ABEIZ 72 D D TIX e E B LT,
ZOFEMITIR > T=D, 20.1 O pKa B %
D, KT xR0 v R—L X0 & EME
DENT UNLKFEEFFOAL T U Th D,
FT, SR ORF NGO, 22
X, ThETO, FYutt= kYRR T
ARHEXLE L TCoE Y D aHv5d &tk
WHThH o=, RITHEOEKIZ, MY x=F

pPKa Nu—H Nu=Si hybridized orbital
288 R—=—H R—=si  |[(sp)c=si]
cat. Zn
_o; _pyridine
210 @ M= Oﬁ |spon=si]
N q
H Si

cat. Zn
= . pyridine = .
20.1 H-Si 3)C=
0 (I}* 'ﬁﬁ*ﬂj@ |s0-si]
H Si

Scheme 1. A Working Hypothesis for Dehydrogenative
Silylation of Indenes
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Table 7. Zinc-Catalyzed Dehydrogenative Silylation of
Indene with Methyldiphenylsilane

Zn(OTf), S
>~ (5 moi%) N\,

solvent

HSi 100 °C, 30 h %
Si = SiMe,Ph !
solvent yield (%)2
pyridine <1 (n.d.)b
4-methylpyridine 6 (78:22)
2,6-dimethylpyridine <1(n.d.)
D
DBU N <1 (n.d.)
oo =N )
N-methylpiperidine <1(n.d.)
N-methylpyrrolidine ‘NS <1 (nd)
TMEDA MeN~-NMez <1 (n.d)
Et,N 77 (80:20)
Et,NBu 37 (78:22)
EtNPr, 6 (73:27)

aDetermined by 'H NMR. 2 n.d. = not determined.
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