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Abstract The synthesis of organosilicon compounds has attracted considerable interest, especially the allyl silanes, which
are regarded as ideal building blocks in the synthesis of small molecules and polymers. The traditional synthetic method for
allyl silanes relies on the cross-coupling of Grignard reagent and chlorosilane (Silyl-Kumada reaction), transition metal cata-
lyzed silylation of allylic alcohols with disilanes or silylboranes, and regioselective silylation of conjugated alkenes or al-
lenes. Although some other methods were also developed, the using of transition metal catalysts has resulted in disadvantages
such as contamination of desired allyl silanes and high production costs. Therefore, a mild and metal-free practical method is
highly desired. We herein describe a metal-free difluoroallylation of silanes with a-trifluoromethyl alkenes in the presence of
quinuclidine as hydrogen atom transfer (HAT) reagent under the irradiation of 30 W blue light-emitting diode (LED) (460~
470 nm) at room temperature. To an oven dried Schlenk-tube, trifluoromethylpropene (0.1 mmol), silane (0.3 mmol), KHCO3
(0.1 mmol), 4-CzIPN (1,2,3,5-tetrakis(carbazol-9-yl)-4,6-dicyanobenzene) (0.002 mmol) and MeCN (1 mL) were added un-
der argon atmosphere. The reaction mixture was stirred under the irradiation of 30 W blue LED (460~470 nm) at room tem-
perature. After completion of the reaction, the reaction solution was removed by reduced pressure and the residue was puri-
fied by silica gel chromatographic column to obtain gem-difluoroallylation products. A wide range of aromatic and heterocy-
clic a-trifluoromethyl alkenes were successfully applied in the difluoroallylation of silanes to afford difluoroallylsilanes. And
all of the tested silanes, including trimethylsilane, sterically more demanding silanes as well as dimethylphenylsilane all par-
ticipated in the present transformation readily to afford the corresponding difluoroallylsilanes in excellent yields. The present
methodology has provided an efficient and cost-effective gram scale synthetic method for the preparation of difluoroal-
lylsilanes under blue light irradiation in the presence of 4-CzIPN as organic photosensitizer. The scalability in large scale and
excellent functional group compatibility of this transformation ensures broad applicability to a variety of difluoroallylsilanes.
The proposed reaction mechanism showed that the reaction proceeded through the radical addition of a-trifluoromethyl al-
kene with silane free radical and subsequent S-fluoride elimination.

Keywords o-(trifluoromethyl)styrenes; silane; photocatalysis; difluoroallylsilane; quinuclidine
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(a) Cross-coupling of Grignard reagent and chloride silane
(Silyl-Kumada reaction)
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(b) Silylation of allylic alcohols by transition metal catalysis

transition metal
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(c) Silylation of conjugated alkenes or allenes
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Figure 1 Recent advances of allyl silanes preparations
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Table 1 Reaction condition optimizations®

CF;

PC, Blue LED
+ EtSiH ——— >
HAT, MeCN

1a

CF,
/@)K/SIEQ

3aa’ (by-product)

Entry  Photocatalyst Additive Solvent Yield®/%

1 fac-Ir(ppy)s quinuclidine THF NR

2 Eosin-Y quinuclidine THF NR

3 DDQ quinuclidine THF NR

4 Riboflavin quinuclidine THF NR

5 Acridine quinuclidine  THF NR
Orange

6 Ru(bpy);Cl, quinuclidine THF NR

7 Methyl Orange quinuclidine THF NR

8 4-CzIPN quinuclidine THF ?3033')

9 4-CzIPN quinuclidine ~ MeCN 85

10 4-CzIPN quinuclidine ~ Toluene ND

11 4-CzIPN quinuclidine DMF 23

12 4-CzIPN quinuclidine DCE Trace

13 4-CzIPN quinuclidine 1,4-dioxane 21

14 4-CzIPN DABCO MeCN NR

15 4-CzIPN Pyridine MeCN NR

16 4-CzIPN DIPEA MeCN NR

17¢ 4-CzIPN quinuclidine MeCN 95

18¢ — quinuclidine MeCN NR

19¢ 4-CzIPN — MeCN NR

204 4-CzIPN quinuclidine ~ MeCN NR

© 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

4 Reaction conditions: 1a (0.1 mmol), 2a (0.3 mmol), additive (0.02 mmol),
and photocatalyst (0.002 mmol) in solvent (1 mL) was allowed to stirred for a
certain time under blue LED irradiation. ® Isolated yields. ¢ 0.1 mmol of
KHCO; was added. ¢ Performed in the dark; NR: No reaction; ND: No detect-
ed; DMF: N,N-dimethylformamide; DCE: dichloroethane; DABCO: triethy-
lenediamine; DIPEA: N,N-diisopropylethylamine.
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CF; 4-CzIPN, Blue LED CF;
+  Et;SiH SiEt
Ar/Het/J\ quinuclidine, KHCO3, MeCN  Ar/Het 3
1a~1v 2a 3aa~3va
CF
CF, CF, 2 GF2
SiEt, SiEts SiEt, =l Et SiEts

3aa, 5 h, 95% vyield 3ba, 5 h, 85% yield

Et CF,

CF,
SiEts ,PFQ)HSiEta

3fa, 5 h, 79% yield

CF,
Q)i‘Et
F =8

3ka, 6 h, 74% yield

CF,
Q)KéEt
NC =

3pa, 6 h, 98% yield

3ga, 5 h, 85% yield

CF,
Cl | t3

3la, 6 h, 93% yield

CF

3ca, 5 h, 95% yield

CF,
By /©)iiEt3

3ha, 5 h, 86% yield

3qa CF, sqa CFs cF,
SiEt SiEt -
MeO,C =8 Meo,c =5 S SiEts

n(3qa):n(3ga')=4:1, 6 h, 93% yield

3ea, 5 h, 82% yield

CF,
Q)E'Et
BnO =

3ja, 6 h, 90% vyield

3da, 5 h, 87% yield

CF,

Q)i'E
MeO 'Ets

3ia, 6 h, 79% yield

Cl CF, CFs

CF,
Cl
SiEts SiEts FiC SiEts

3ma, 6 h, 88% vyield

3na, 6 h, 84% yield 30a, 6 h, 92% yield

Yy cR
N
SiEts

3ra, 7 h, 89% vyield 3sa, 7 h, 83% yield

CF,

2
CF,
O SiEt, OO SiEty CF,
O SiEty ,0 SiEts

3ta, 5 h, 88% yield 3ua, 5 h, 81% yield

3va, 6 h, 89% yield

3wa, 12 h, ND

@ Reaction conditions: 1a (0.1 mmol), 2a (0.3 mmol), quinuclidine (0.02 mmol), KHCOj3 (0.1 mmol), and 4-CzIPN (0.002 mmol) in MeCN (1 mL)
was allowed to stirred for the time indicated under blue LED irradiation; ? Isolated yields.
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Figure 2 Substrate scope for a-trifluoromethyl alkenes
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quinuclidine, KHCO3, MeCN
1a 2a~2g 3aa~3ag
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3aa, 5 h, 95% yield 3ab, 5 h, 98% vyield 3ac, 5 h, 85% yield 3ad, 5 h, 98% yield
CF, CF, CF,
Q)iinBU3 /Q)iITM83 /Q)iiMezPh
3ae, 5 h, 95% yield 3af, 5 h, 98% yield 3ag, 5 h, 90% vyield

@ Reaction conditions: 1a (0.1 mmol), 2a (0.3 mmol), quinuclidine (0.02 mmol), KHCOj3 (0.1 mmol), and 4-CzIPN (0.002 mmol) in MeCN (1 mL)
was allowed to stirred for the time indicated under blue LED irradiation; ? Isolated yields.
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Figure 3 Substrate scope for silanes
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Figure 4 Gram scale synthesis of difluoroallylsilanes
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Figure 5 Proposed mechanism for the difluoroallylation of silanes
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