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Recent Advances in the Synthesis of Arylstannanes
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Abstract Arylstannanes are highly valuable synthetic intermediates in constructing aryl carbon-carbon bonds and car-
bon-heteroatom bonds in functional molecules. These compounds have demonstrated great applications in medicinal chemis-
try, materials science and organic synthesis. Due to the synthetic value, development of efficient and novel methods to syn-
thesize arylstannanes is of significant importance. According to the type of reaction mechanism, this content will illustrate the
methods for synthesizing arylstannanes in recent years including (1) stannylation of aromatic nucleophiles; (2) stannylation of
aromatic electrophiles; (3) transition-metal-catalyzed stannylation coupling reactions; (4) stannylation reactions mediated by
aryl radical intermediates; (5) cyclization of alkynes and tandem stannylation. Finally, we further provide a perspective on the

development direction of the synthesis of arylstannanes.
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Scheme 1  Application of arylstannanes in the synthesis of natural products®?® and functional materials®*!
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Scheme 3 Synthesis of arylstannanes with aryl Grignard reagents and
tributyltin chloride under ultrasonic condition
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up to 100% yield
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Scheme 4  Synthesis of arylstannanes with aryl Grignard reagents and
bis(tributyltin) oxide under ultrasonic condition
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Scheme 5 Cobalt-catalyzed one-pot synthesis of arylstannanes from
halobenzene and tributyltin chloride
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Scheme 6 Stannylation reaction of aryl zirconium reagent
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Scheme 7  Stannylation reaction of 2,5-bis(trimethylsilyl)thiophene
1,1-dioxide with bis(tributyltin) oxide
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Scheme 8 Stannylation reaction of aryl electrophiles
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Scheme 9 Stannylation of aryltriazenes mediated by boron trifluoride
diethyl etherate
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Scheme 10 Transition-metal-free stannylation of aryl ammonium salts
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Scheme 12 Transition-metal-catalyzed stannylation of aryl halides with
ditin compounds
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R PdCl,(PhCN), (5 mol%)
PCyj; (10 mol%)

R
X
e TN + (SnBuy), BusSn—- N
L~ Z N
N
N H

dioxane, 110~120 °C

6 examples

R =H, CHO, CH,NMe, up to 97% yield

CHO
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N

H Bu3Sn H H

92% 0% 82%
N
N
BusSn
A\
N
H
82%

B 13 RTS8 T 3 B I A R
Scheme 13 Palladium-catalyzed stannylation of indole derivatives with
hexabutyldistannane
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IR S b A

MW, 100 °C, 6 min

H,0, MW, 100 °C, 4 min

22 examples
up to 92% vyield
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up to 91% yield
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Scheme 14 Palladium-catalyzed stannylation of aryl halides under
microwave irradiation by one-pot cross-coupling and solvent-free
stannylation
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MW, 100 °C, 5~8 min
(X =Br, )
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R
=

29 examples
up to 99% vyield
up to gram-scale
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A
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Scheme 15 Palladium-catalyzed desulfitative coupling reaction of so-
dium arylsulfinates with distannanes
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(PR A AT EC AR, T BLAEREAT SR AL, g T
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CsF (2.0 equiv.)
[Pd;Cla(n-CaHs)l/L

TMS (5 mol% of Pd, Pd/L = 1)
R-SnBuz +
oTf MeCN, 50 °C

: A\N/\/Ph
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L
Ph 'Bu
= = =
L
SnBuj SnBuj SnBujs SnBuj

54% 53% 51% 47%

CL,
SnBuj

12 examples
up to 54% yield

Bl 16 AEAEALIY 2-(= A ATk ik ) = 55 PR R A IR 1 B 883 10 e L
Scheme 16 Palladium-catalyzed carbostannylation of 2-(trimethylsilyl)
pheny! trifluoromethanesulfonate
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i AL IR .
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KF (2.4 equiv.)

™S
X . ~ .
R-SnBus + R—:()i 18-crown-6 (1.2 equiv.)
Aot THF, 65 °C

(R =CN, alkynyl)

I A R
SnBujg

30 examples
up to 50% vyield

F—SnBuj
@ S]
K [R-CuCN] |©

A

Mechanism

5 Step B

@

) '|: Step D
K™ | R-SnBuj4

€]
CN N R
CuCN K @[
CuCN

KF SnBug
B
Step A NC—SnBuj
R=SnBug Step C F—SnBug
KF

K [F-cucny

"L
SnBujy

B 17 A 2-(= BTk ) = 55 PR R R I 1 B B9 1 = L
Scheme 17 Copper-catalyzed carbostannylation of 2-(trimethylsilyl)-
phenyltrifluoromethanesulfonates

FIRBR R, — RS R 4 2E
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o F F R

s

B REAL, 07 RSB AIRIE D, X T A
T 0 B 1) R A it R 2 ol A S B 2019 4, Yoo
shida L BIRE T T HfEAL 2-(= S AR ) — 3 It
PR 2 1 55 FE A0 NE, SR A AR 7 45 38 BIUAR R B 2R 2
L&) (Scheme 18). 1b s B 1A 85 5 IR SR FH G 31
TI BRI 3 =T e, (I ZRE = T R 8 A
KA. % TAE S22 87 Hiyama A5 4 R 777E 7]
FE I, RITE B AT 7R (1 55 R 175 A U SRR I [X S %
PEAGF, DR R R ] — B X FR K 2-(= F L RESE) = 4R
FRE R 2RSSl ey v ml CUB I T 2-(= F JE Rk dE)
=5 R R R R 1) FH s PR S RN R,
AR S BRI B = 0T R OR.

CuTC (5 mol%)
- TMS
Ar—SnBu; + R--
2> oTi

KF (2.0 equiv.)
18-crown-6 (1.0 equiv.)

N Ar
SnBug

23 examples
up to 87% yield
up to gram-scale

[ F F
F Me F F
. F . F F F
o T S o
O F O F SnBug F
SnBuj SnBus Me SnBus

73% 74% 78% 66%

R 18 ML 2-(= FF 3R IE) = 55 R SR i 11 55 SE 10 IS
Scheme 18 Copper-catalyzed arylstannylation of 2-(trimethylsilyl)-
phenyl trifluoromethanesulfonates

B 7 DA R ) 38 T 2R B rR TR ) B 45 e S A
Ab. BRESMEATIAL, BRUT 4R AR AT A TS
FiRER AR L. o AR — MR RS SR,
WG FH R R A AT, SE30 55 ik C—Sn S 4 it
F£. 2010 4F, Johnson 4@ 2H B2 H £ A 75 MR,
fEH T ER OMHE =T B e E AR, 75 Ni(cod), 1
AL, SERL T 05 A i S B B 8 4k & B (Scheme
19). ZS BP0, HAFRA . 7= R
. IR B 5 ) TAR I — R R T AR 458
IEZ VAW Yk A=k 2 L A=Al

Condition A

Ni(cod), (1 mol%)
MeNCsH;NPr (3 mol%)

H ~45 © SnBu
I . SnBus CgDg, 35~45 °C XN 3
Fn —/ L Fo o
Z Condition B =
Ni(cod), (1 mol%)

PPr3 (3 mol%)
Toluene, 80 °C

F F F F F F
7N\
F SnBu; BuzSn SnBusy SnBuz N SnBusy
F F F F F F F
9 9 9

DEE, 130°C, 6 h
(DEE = 1,2-diethoxyethane)

19 examples
up to 99% yield

F
F
98% 9% 8% 8%

B 19 B2 HEMAITE C—H B EEEG LM

Scheme 19  Nickel-catalyzed C—H bond direct stannylation of
polyfluorinated arenes

962  http://sioc-journal.cn

© 2022 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

2015 F, Komeyama Ui EIZH B ] 95 2 s 5 =
T3 SR A e AR AR MR AL T HEAT S SCAR IR B N R A %
753 =T Bkt (Scheme 20). 65 R AIE F MR AF
S5 AFIRAN, AN E AR R AT, HA S
SHBICR A, 57 E A5 55 =0 R R
AT AT SR

NiBr, (10 mol%)
PPh; (30 mol%)

N X Et4NI (20 mol%)
R + BugSn—OMe ——— >
= Mn (2.0 equiv.)

DMF, 25 °C

N SnBug
R
=

23 examples
up to 89% yield

SnBu
SnBu SnBug 8
O e 0 e
N s
F F / \/

Mé
58% (X = Br)

X =Br, Cl, OTf

87% (X = Br) 76% (X = Br)

SnB!
i SnBug SnBuy
T
N
(0]

84% (X = OTf)

88% (X = Br)

66% (X = Cl) 67% (X = Bf)

B 20 SRAKITEE RS =T 5P bS8
Scheme 20 Nickel-catalyzed stannylation of aryl halides with tributyl-
methoxystannane

2017 4, Mart i SR ZHBTR Jg | —Fh LARR IR 75 7F
Be Al = FE O (= T R ) b A R R, fEE ML T &
T S o DT 284 1) 45 07 2854 (1) 75 ¥ (Scheme 21). %7
I Ni(cod), fERMEAT, LAmr=2efG 207 =T 2%
ke, BAEY KR R0 SOV P2 R A k.
SETE F5 B b R A 2 R T A IR A A S R R
PE, AT DR G AR AT AN R 2R B R IR AR BRI B, A
AR IR B AR T — b kAR, (Hitk
SN IE FHVE— M, 5 AR B 1) B e 6 3
HL 7 DA S iy T 2 R 52 AN T, D5 SR AT A 7 A B
SIS H T BH AN = 2R T B

[Ni(cod),] (10 mol%)

OPiv dcype (10 mol%) SnBuj
RIS + BusSn—SiMe; —— > g
= CsF (1.0 equiv.) =
Toluene, 90 °C 31 examples

up to 92% yield

SnBu; SnBus /“/llSnBu3 “:IISHBUS
“ “ OO MeO,C CO,Me

92% 85% 79% 61%
X e SnBujy DN SnBuj SnBug
3
QU T
89% 90% 59% 77%

B 21 AR R Fle 5 = WA (ST IR e M 8 1L
R

Scheme 21 Nickel-catalyzed stannylation of aryl pivalate with trime-
thyl(tributyltinyl)silane
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F F R

B 7 05 B R LA, 05 A R R I8 A I R AR B A
. 2018 4E, Rueping if @ ZH RO i I 25 H R I 55 — A Ok
(= TR R A N R SR, (R AL 3E AT B Bk
BN, B RS T M I O SRR TR IR B 0T R e 1 B
e 15 1k (Scheme 22). 1Z R R LA X6t 7 A AN R B fe 14
(PR F G S OR BT T R0 e AR, SR iR
WIEME. VB RN X — RIS R R EE R AT RIS
IR, SFEHES. K. LFE. PO RERAE
PR 25 At A0 AT IR L A% b e 05 S5 8 e . 12 S B FE B
— PP R ATk 2R B, JF HSel T U1y & C—C
SKAH C—Sn B, H ) AT FIRE R R, —EfREE L
BEEARR T s S 1A SE FH

Ni(cod), (10 mol%)
o dppp (20 mol%)

. SnBu
KF (2.0 equiv. B 3
RIS TOR? | Byisn—SiMe, _KF(20equv) R1—;<>/
L~ LiCl (2.0 equiv.) =

Toluene, 170 °C
40 examples
up to 96% yield

SnBuj SnBuj; SnBuj - SnBus
| /
Ph  Ph N
90% 7%

50% 53% 87%

0

SnB Me o

nobu
| B 3 SnBuj a’

7 =
N 14 \§ i
S
OMe BuzSn
65% 40% 64%

B 22 BT HERIRES = (ST SRR R 0 8
Scheme 22  Nickel-catalyzed stannylation of aromatic carboxylates with
trimethyl(tributyltinyl)silane

2019 4=, Nishihara P48 41 3713 32 2 B R A S s
JEA, AFH SRR R AR S = (ST AR )
FEREHEAT R B R B, TESH LIEAR BT, AT
FEF B e N AR FT DR G Mk AE, R0 B e FI A 2
P (Scheme 23). 1% AR 4H 38 i 42 1] S 56 R B CsF I
PRV AR Z oG EERER, 51 NE T =
(= TR ) fkbe, RtrEB s, (F18 —MiEpie
JRE T, BEMREIESH C—F AL, R
BRI AR, B RN TG B SR, &
iy

R4, i 560 4% A 2 058V ) o 34 % 2K FR B 1 Ol 5 2
KRR, EBENHIE G ERNEE, 1E SR EL TR B
WA R R AT ICRAF BRI b A S R U R 1 07 2
Bilkt. MR BB AALE, JT T B f8 B 52 1
S A5 16 SN AT DAAE — S8 42 W3 M 43— PP ORI gk AT =
B L TN, MR X e Ak ) Nk AT R — 2B AT
Atk 255 TSI N = RIS ERe ], PR HAL T
Re AL AL RT IR AA, KB 259 7+, dE—DUFs T 1k
JNE [ FH AT 5 (Scheme 24).

R = Me, Et, Cy, Bn, Ph
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o NiCl, (5 mol%)
CsF (2.0 equiv.) SnBuj
R_(j)\': + BusSn—SiMe; — 17 R;—(j/
= Toluene, 140 °C Z
20 examples
up to 90% yield
SnBus /©/Sn5u3 ©3n8u3 /©/Sn5u3
©/ Me Me  FsC
90% 81% 63% 61%
SnBug N SnBu;,
O Do (Y
S N/
82% 62% 84%

Bz 23 RO BB S = (ST R ) b B R B L
R

Scheme 23 Nickel-catalyzed decarbonylative stannylation of acyl fluo-
rides with trimethyl(tributyltinyl)silane

PdCl, (10 mol%)

(0]
dcypb (12 mol%) SnMe;
X X
R%:j/mF-f(%M%b* R
= o-xylene, 140 °C =
19 examples

up to 92% yield

SnMe; )
Febuxostat s Probenecid

SnM
NC \/Ng\Me Me/ﬁ /©/ s
N
Me Me” > o8¢
Y\O O/\O Q
Me
sor Y S
Me Me
Me SnMej; N Me
$oye T
Cr-O
N

Me M
e e CH, Telmisartan
Bexarotene
84% 53%

B 24 SEARALIODT B REI S 7S H3E B e L S b
Scheme 24 Palladium-catalyzed decarbonylative stannylation of acyl
fluorides with hexamethyldistannane

I, 1B WAL R SR I T W R, &k
FEBE /N B L R Y R AT M B AN SR A,
B i B AR E] C—F B MR R A,
TR R R A HNFIE &4 RE R 0
talfk B, Hhilalfk B Zid — S ALBKRIV B 215 307 R4
Pt C. fEARFCSLIG U R I, PEARIRFE T LAT 21 )
T B 1 E B JE W BRI F=4). 75 FAR YR C Gid ik R i
B2, DUEFRIENM S S E T — IR
HEALAEFA 24 71 (Scheme 25).

gi b, TR IR AE AL 10 05 3 s AR I B AL
JS2, AR i A 5, YR R BCA Bt (K /N 42
B ORNE NG, B RAR T =R 7
PERUIRE, 323 KERE, ERAANETERI, ¥
I IR FE — . AR SR TE R IR AL B B 4 S
SR MRS B, FO AU AT DO IR 55
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o F F R

e

PA(I1)Cl,

deypb Me3zSnSnMe;
SnMeg 2 Me;SnCl

@ (dcypb)Pd(0)

Ar)J\
reductive oxidative
elimination addition

(0]
F
nhacone Ofe)
_/ \_/

Cc A

co transmetalation

decarbonylation Me3SnSnMes

7 B
SnM
SnMe3._ Pd(Pn es
\_/
B

BIzK 25 ST R 5 & I RGO 0 B B2 1 S JRE AL R
Scheme 25 Mechanism of palladium-catalyzed decarbonylative
stannylation of acyl fluorides

TRALHEF &R, EEE, TUHT C—O #
EFEAEVIWT, JF BB, HERMEIRG S K
gE, Xz IR R AR SRS, T AR AT

MezSnF

B\l BRI B S BRI LA B 1 A N A
24 BHENSHNHURK

2 1 97 FE 1 ER s o ] A 1 % D AR b i — T [
BB, BT —K, &5 Sanl MAL
RN RR SR IR B TR 5 B (1) kA
() SET 12, £33 =48 [ e A 75 B (30 i 404 B
HEAE T, BEE, BHEAE @ C—X Mk,
FEA T A B R R % A R =R T
SR, 133075 = RIS T R SR
HE 570 B 0 0k (40L) e A I i B H A RS (SET) i AR,
BE=Y), HFHEAEFEO)RYAHERET,
Y J5 B A% 1 2 (Scheme 26).

o Srn1

e A RsSne

Ar—X + R3Sn Ar—SnRj3

(X = halogen)

Mechanism
S}
Ar—X + R3Sn

Ar—X_I

©
Are + R3Sn

—— A o+ x®

_ Ar—SnR3_|

Ar—X + Ar—SnR?I Ar—SnR; + Ar—X_I

Bl 26 35 %5k i dk b (R 1) Spnd WL % 55 e84
Scheme 26 Sgyl mechanism towards the synthesis of arylstannanes
involving aryl radicals
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SR b, T R g R A A £ T R T
R =S IR T IR &1l DS i DUyt S - 3 E |
3 5810 I S A 45 £ (36, 2001 4, Chopa i
AR IE T 350 nm (IRAMT IS T, DRGSR
L, B TG ) A8 I 5 3 = R A 5 = R SR N TE R
QAP HAT AR NE, Z SIT AR, AT ARG & R
B2 W), AR RN R Be B S2 EAME, &A X
e OWIEUR I E ReF S AR B B AR ). T
TEAE P N, HFREAE 250 W KA T RS, #
VR 2, ARMEREAT KAUBL R . e F = F L4
WESR, S REXFE—SELHXN, NS H B
BB o R R B e 4, 33 ORI b 2 AR
JE, 153 U R) 5 B e B I T3 A AR .
2011 A, iz 2H BN b e N34T IR — P AR R,
TR e R E, R BIRAE, BT
T AUGER =5 5K 1A Hi(Scheme 27).

Chopa, 2001
® e
SnMe
NMe; | NHs (iiq.) 3
N + MegSnNa ——— RS A
RE- i
T 250 W UV L
Chopa, 2011
@ e
NMegj | . SnMe;
NH3 (lig.)
N + MezSnNa @——M X
T 250 WUy MesSnym
=
@
Z =Cl, NMe;

BIZK 27 EAMCHRST 05 5 = R 3 5 = W IR BN K 8 1 S
Scheme 27  Stannylation of aryl ammonium salts with trimethylstannyl
sodium salt under UV light irradiation

2002 4, Chopa B @ ZH OS2I T DAy A 46 SR R,
F0 T 2 ) 45 I 1 R L R — U T v D) A4 7E W P R RE
20k 75 A B 5 SR A% BRI R (Sral) HEAT 185 4E e B
(Scheme 28). 1% J= b7 A IE T2 38 = H ARG e 1 &
B R ZH B IR IR b TR R A R e A
R U 5 340, PRI — 40 A0 =45 3 8t mT DL
GO I AR e A

2021 4F, Uchiyama 5 & 1EE 1w ORI =ik
B T AE G IIOR N AT DA il = 2R A5 (1085 H B 2
R SEBLT 2 R R e AR (1 4 R 4 e 5 5 R e 1)
il . R IR B o T3 R 1 WU B B S 1R V2,
RS = 0E T 3R = IR e N, fERT
DLIEHIBOR R 58 R TT R B U AR BE. 1 Rt
AR T B BRI R IR A AR AT R A, R
AR = A 0 I S LU ZE S BRI
HETEERIFARE, BTETFHN, SHSHETHR
RIEHTIT IR RA AR AR, AxF b I B, iZ4LiE i
ITRTAAL SRS, R —HRikm S BRI &9, TETE
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F F R

SnM
OPO(OEt), NH; (liq.) nMe;
X + Mes;SnNa —————= N

R 250 W UV R~
= =

13 examples
up to 98% vyield

SnMe
: SnMejy : _SnMej II ll SnMey :
MeO OO
85% 81% 98% 93%
SnMe
“ SnMe, SnMe; 3
| X
N7 |
N/ Me3Sn SnMeg
0,
74% 20% 57%

Bl 28 SKAMGHGT T 05 FEBEIR IR 5 = F AL BB B 1k S L
Scheme 28 Stannylation of aryl phosphate ester with trimethylstannyl
sodium salt under UV light irradiation

AR T AN 4- FF BRI AT DA 205 2 DU HRR 2K
WEY), MR EE— D NAT I 1 SRR OB AIAL
BAHRRPIT Send HLHEL B et AR XU A
B 5 AT TR, RIEATTRE At
BT S5=IET RS H M, §E 2R SET i
T2, 1530 HAr 77 2% ke F HBLER #9702 7 (Scheme 29).

Condition A (X=F)

X CsF (2.0 equiv.) SnBu,
DMF, Blue LEDs, r.t.
Xy +  MeSi—SnBug S
R _ Condition B (X =1) R P
KF (2.0 equiv.), 18-crown-6 (2.0 equiv.)
(X=F,1) DMF, Blue LEDs, r.t. 24 examples
up to 88% yield
CN Me
SnBu, /©/SnBu3 /©/SnBu3 /@isﬂgug
Bpin HO,C Me' Me
54% (X =F) 53% (X =F) 82% (X =1) 22% (X =F)
28% (X =1)

BN
N
SnBu,
< " N
(L e N
N/SnBu ‘/ /
3
NN

a
s OMe
o

N SnBug SnBuj
7% (X=F) 84% (X =F) 31% (X =F)
75% (X =1) ) ) Blonanserin
31% (X =F)
Mechanism
=) G
) F 3 h e * S
Me;Si—SnBug “SnBug AN [H SHBU3:| SET Ar . F SET Ar—SnBujg
: ; SnBuj

FSiMes Ar—F £

B 29 W IOGIUR b AR R s 3R B A S
Scheme 29 Visible-light-excited dehalogenation stannylation of aryl
halides

BT LRI Senl RMEFR, FHEEHBEALIEEE
DIWrIBCE5 e (1) Sn—Sn B, Miidd [ b1 5aE UL EE R
BT RS . 2013 4, ESI RS AT 7 —Fh il
75 B Ml S0 R R AL A i 75 F A i, SE
LT 7N I W i R O B R B O B R
Bk, % Sandmeyer LI B A KRN, BEREHIA
DPERUF . P3RS . IR BRI, X Fh
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A R E MG Nt — PR T O e T O
BUER P AR B A AL S, BRI Tl Oy A E AR AR
(1) 75 25 E LA R s B S, SR B E e 2 ]
RHIBT C—Sn EEIRAE TR0 R BE ALY . ad i 2 i) S
550, MEE NI N ER AT RERINLER: B2t &t
THERAUT BRI ERAE AR 7 R A A, BEE RN
NHIE G A B R R, AR RO HEE R
H th2E B A i EEFE B 0 Fh C, B 77 2L B4 3 2
B A 7 HE H A D HH AR, H R T
Wik C 5T BB FER, A=W A 2t
E. &am il D 5S/AFE Gk NS RIE ™
Wt =R E R E, siE S REEHED 5=
RS A I E MEES S4B (Scheme
30).

t-BuONO, TsOH
RQNHZ + (SnMeg)y — = ¢ HsnMey

DCE, 0 °C or rit. R A\—
35 examples
up to 86% yield

Mechanism
® o SET ® o
Ar-N, Ot-Bu + (SnMes), ——= Ar-N,- + (SnMes), | + OBu
A B C

B ——= Ar- + N,
D

C)
C + tBuO — Me3SnOt-Bu + MezSn-®
E

Ar- + (SnMes); —— Ar-SnMe; + MesSn-
D E

Ar+ + -SnMe; —> Ar-SnMeg
D E

BIK 30 5 &Mk b 05k 1 b o )R HEAT (¥ AR IR B 40 S B
Scheme 30 Sandmeyer-type stannylation of aromatic amines via aryl
radical intermediates

e, T 8pa a2 eE H tt Sandmeyer T4 10 5
W&, SRR O B e 4 it Sandmeyer Z4HlI1E
RS A R FE AR 1 5% B R I, o b e SR AR ) 05
A R T E O 2 A OR BRI AT T, s A A A A R
LI BRI R AN i S R B 05 B BRI 55 R H
Ik Sandmeyer B85 44 S SR I A A R T EUAR 1) 5 245
Bt. Z 255 G LGP T DR S B2 e B ) — Bk
Suzuki [R5 Stille 22 XARBE Y, EFEPEHET & R
PRI =R E W1 E i (Scheme 31).

B 7 5 E AR LASN, 2016 4, ZE KiRI4IAR
FHE AN T o 72 A2 07 5 AR R 7, BRI
ANHIE LN Sn—Sn B, mRkh oy 5k = IR
(Scheme 32). Hrpr, SOMHAINT NN-Z RN E 2%
(DIPEA) KA 2% & B o 2 1) b i R S4B =4, %07
PARAERIE . RSO =2, B R B e AN 52 4.
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o F F R

‘BUONO (1.5 equiv.)

|‘Q BPO (2 mol%) F‘{
B,Pin, (1.0 equiv.)
OZN/* MeCN, r.t. O,N =
11 examples
49%~86% vyields Pd/C (5 mol%)
H, (0.101MPa)
MeOH, r.t.
(SnMeg), (1.1 equiv.)
'T 'BUONO (1.2 equiv.) F‘e
- QBP"‘ TsOH (1.2 equiv.) @Bpm
€S0 DCE, 0°C HN =
9 examples
36%~88% yields

ArBr (1.0 equiv.) Ar'Br (1.05 equiv.)

@Bpin Pd(PPhg)s (5 mol%) K,COj3 (2.0 equiv.) @A
et v
MezSn"\— Toluene, 110 °C Ari=

Veton /Vhao = 1:1

°C,12h
90°°C, 10 examples

50%~72% yields

OMe

Ph
. &
CN
w e 00

57%

Bl 31 A SEHUR R i B = A B AR 1) 07 B I i
Scheme 31 Synthesis of trimethylstannyl arylboronates from nitro-
substituted anilines

[ IS 0 B KT 35 7 A R R B A R G & 1k, AT LA
E R IR RIFIELY | MEBE L LG B e AT . A
FIEHUE S, RN R RADEE S 555 E
FEAA R, BT EE B AR Y)ET Sn—Sn g, HEsE
BRI N AT B F AR, I fE AR = F BRI )
7= A

DIPEA (1.0 equiv.) SnMes
AN hv (UV) AN
R + (SnMej3), R
= MeCN, r.t. =
(X=1,Br, Cl) 26 examples

up to 83% yield

NH, N
ij/smwe3 ©/S”M63 HOZC\©/SHM63 HO\©/SnMe3
47%

46% 68% 73%
L. O™ oo™
- \
N SnMejz N/ O/©/ O
72% 86% 70% 64%

B 32 SRAMDGIE TF 05 2 s AU A /S e — B 48 05 B e
Scheme 32 Synthesis of arylstannanes from aryl halides and hexame-
thyldistannane under UV irradiation

2019 4F, GRHH. #XFE 5 Protti ZE SR BT 1 @ T
CINAR 7 LY s S N B Si0k A e a9 kvivk o
75 BRI SR —FoE B O 2 B AT, T
AR &R HE AV S5, 0] WoLrI e T
HiEERAE N—S BB AR A RE, P58
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Bim it H oA R NS AL )T A C—Sn B A AR
(Scheme 33). 575 7 & AN 75 FL B 0 EhAH LR, B 20N
RETR R BT RS AN, TR IR
G e B gE R, I BB A MR m e R, 18
EFEHSEL, KT IR N RS B HERAE KR AM.
A BE AL B S 2 I SR R E (0 LED Y6 i IR
T, EARTERBURESYR, BE RS EH N—
S HINR, PR EEE R, AR E BRSO H
TATBE L 1 PR 2P 2R . B S 0% 26 B R 2R N R e
SN, 13 B R = U e = R R H 2 8
W= E R AE I S R H RS =R H B
REEREH RS AL,

O
R N-S—CH R
q “ 3 5o0r24 WBlue LEDs q
@N o) /\Het\ SnMe;
— + MeCN, r.t. =

(SnMe3), 53 examples
up to 99% yield
up to gram-scale
Mechanism
Ar o AR -N, ~
N=N, —> N=N — A m;Sn\T/SnM%
SO,CH; VIS SO,CH;
(')
Ar=SnMe;

Ar
* SnMej;
B 33 H OGRS 7 IR EAR I L S

Scheme 33 Visible-light-driven stannylation of arylazo sulfones

2020 4, MRAAFT Lambert i@ 47 461 i ' Ha $p 5] £
b, I T O S R il 4% 07 8 e 1) i FE (Scheme
34). fEFIERE 9,10- —BUBIE U NG, I8 = B s
W ZETEA A E O (P SR, A3 B A SR ARIE S5 AL 1)
P 1 7 HE E AR BT DUEAT O C—CIL e, M=
TSR E L. SRR G 2 BTN T 2 I SO 2 1R Bk
o AR S RO A, R R R TR A%
P LA A 5 H A P 5 A A I ik S B e B
Wi, NG RE AR R AL T — AN L.
2.5 HUEMIFMLI BB R

XTI 3G R, Al LB E S B S 5k
H BB 5 e B A S R SR SE L. 2004 45, Nakao
SHAEFHWVRRE T — R AL I8 B 28 0 B s B A4
B 34 A I I 1 7 12 (Scheme 35). I s 8 ) FH AL
(= TG ARG IR IE L. R%%
R AN,

2012 4F, XIJCLLREH R H S 1,6- k-
A-J5-3-BE 28 B IR IR AL S N A= B 05 B2 e, Bl e 4ot =
TGRS 5 O SR 4 )R e T BT
A =T RS BE I 4% (Scheme 36). N Afd T 2-= T
S FERIR IR . R R P IMABSMG £ )8 i
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F F R

ne
Ak
H

CN
cl DCA (5 mol%) SnMeg

L pyridine (20 mol%) N 3
R + (SnMe3), R '
= = '

TBAPFg (0.15 mol/L),

MeCN (0.1 mol/L) 5 examples } CN

Zn(+)/C(-), up to 73% vyield ! DCA
Ucell =3.2 V, H-cell

Blue LED (15 W), 22 °C

SnMe3

/©/SHM83 /©/SnMe3 SnMes
EtO,C /©/
73% 50% 44%

B 34 JGHIEL R SN I E RS SN
Scheme 34 Electrophotocatalysis stannylation of chlorobenzene with
hexamethyldistannane

[(n3-allyl)PdCl], (5 mol%)

2
e L (5 mol%) , X
_ maleic anhydride (7.5 mol%) R SnBug
R
\ + (Busn),0
RS THF, 50°C, 24 h R' R!
R
N N,Cy R?
L= 11 examples
PPh, up to 81% yield

Me CH,(CH,),CH=CH,
SnBuj SnBus SnBu3 EtO,C SnBus
EtO,C._~
Me CH,(CH,),CH=CH,
81% 67% 71% 67%

KR 35 HUMRAL BRI HR IREAAL B 10 S8
Scheme 35 Palladium-catalyzed cascade cyclization-stannylation of
enynes

M54, BN AR AL S0 R 5k 2 50
Ik — IR T KT & MBI M &8 i R DK &1k
(10 B A5 S S PRI AAE

2013 4F, KT R UL g T —MIE 2-= T 2
BRI AELE R, B R A A AR R ISR AT A M R Ak
SR L A R (3- 18] W k) = T L) B 1 S S (Scheme
37). MBI R IMABSMICAE, ok Ty
BEIA AR I T — 4B AR, IR FE K B TR
AL AR R IE TR I ML, 1921 3-W5| MR ELRYIFh; B S
AR R B AR AN 4 R I FR AR B = T AR
EET, IR 2 =40 e =T Z 8 .

bR 4B AL e B O Bk S B Ak, & H
HIEN S I BEIE BB BT k. 2015 4, 7Eid &
f1) AIBN HIFE7E T, Alabugin 58820 5% i = T 345 1
RN 2-(75 5k IR DR AL & P R AN AR ) 1 P ik
TR, SRSZELT AL E RN, B =R & oy
&, AR EAERT —RIVWRBWFERETEY
(Scheme 38). It S 5B A8 AIBN 151 A& 7B 4
17, RIS B A T 10 H BCEA AL S NSk il 2% B BA 07
KM aT A, I B aT DU fE 22138 ORI, ik
R — D AR AL, SCILE R AL 2 0T R
(1) i 2% 15,
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SnBu
Cat. A (5 mol%) RaL S ’
=

R!
DCE, 80°C, 1.5~3 h

2
1" sbFg R

; u—NCMe
SnBuj; SnBuj; SnBuj;
L. O
| V
O~ "Ph O~ "Ph

18 examples
up to 93% yield

O\SnB%

88% 45% 74%
SnBug F. SnBus O E ‘ SnBuj
‘ !‘ :Ph 0 ‘ ! :Ph
0 & / (0] Ph O Ph
71% 93% 65%

B 36 AL HuR R BB RN

Scheme 36  Gold-catalyzed cascade cyclization-stannylation of diyne

SnBug
0,
AngFe (5 mol%) R3®R2
s B
nBus DCE80°C12h Z N
NHR' R!
18 examples

up to 95% yield

SnBuj SnBuj SnBuj
N—ph N—ph N—ph
N N N
Ts SO,Me Me
91% 79% 91%
SnBujy SnBujg SnBug
Me XN
Mgy N—ph \ N—ph
N N NN
Ts Ts Ts
95% 93% 42%
B 37 ARMEAL AR IR R AT A ) e BRI AL B340 S
Scheme 37 Silver-catalyzed cascade cyclization-stannylation of

o-alkynylaniline derivatives
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et s A% th 2 48 Hh 5 2 5 J Bl R SR R A e 22
ARG BRI SRR A 26 1. bR Tz g ] % 1) 05
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e el

e,
1
R" Toluene, 110 °C R CHyClp, rt.
R

BuzSnH (1.0 equiv.) O
AIBN (1.1 iv. SnBuz 3 mol/L HCI
% (1.1 equiv.) O 3 O
1
RL ] r2 L R
A ! _—

16 examples
up to 90% yield

J 0 U0 T J U
Fosoy

90% 84% 74%

B 38 H N 3 SR BB R B
Scheme 38 Radical-mediated cascade cyclization-stannylation reaction
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HHFEAY ()55 3 C—H #8 3] C—Sn LS. BT
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% T B S
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2020 FF RFIPERFHFFRHEFF EF12. 2020 FHAN
RFMERFAT F IR IRAAHATHRAENES . R
A 22 NF FH B AL

MAEE, REMERXFLEFZRANNSE FLFR A
2021 S F&MIFRFIREMAF EFAL. 2021 FRHANREIFE
KFNFZRIRERBARATHTENEFT. BWEEN
EFAFREARERAGELITEAR

FRE, RAIFIE KPP PREEHI. MEAFIF. 2010
FTARRFRF S, TFIRFRKM[FE P42, 2015 £ T
LT RXRENFE L FIRFREFRESHLEE, Al
Lk, K ES) K HIZATKIEHIZ. 2015 SFHANREIF LR
WFEFRIAE BT ZB2REFTFRG AL BmAGRARL
R R An 5 BRI AT R A 9 LR R

r.

BHE, LFXEFMHARFELE IRFEFBATR. -
A B0, 55T 2004 452006 £ A TR IR HAFES
A (S0 B4y Bl 4%). 2006 £ 2010 £3hik T W K&
55T IRER, KAAMNEFLFA(FIF: Z6)K
#4%). 2010 £ 2011 4 /& £ & Scripps AT 7 B N F H 5 A 7
(50F: 3Kk H403%); 2011 £ 2015 £ 4 £ B 4% 5 E MM K3E R
T HBRNEH L EAAR(FIF: F 7 HH4%), 2015 £= 3] 4L
FREFEB AR, ELERMMI A F LR T ML
YA 0 £ TR BACH A AR AR R A, B F T E
B, FIAFIE R ALH AL AR K, ik A AL 5 A4
K, 1 b RACE LM H R &A= 24 - K F 09 Ik AR R
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