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Research of Triplet Energy Transfer Enabled Radical-Chain
Hydroarylation of Alkenes
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Abstract A radical chain hydroarylation of alkenes enabled by triplet energy transfer using aryl iodides as aryl donor rea-
gents was reported. The reaction is mild and green, displays high reaction efficiency, good functional group compatibility and
substrate applicability, excellent anti-Markovnikov selectivity and could be easily scaled-up to gram scales. Alkynes and com-
plex alkenes were amendable. The halogen-atom transfer (XAT) promoted by in-situ generated silyl radical is crucial for the
transformation. The application of the reaction in the synthesis of pharmceutiacally-relavant tetrahydroquinoline scaffold has
been also demonstrated via rational design of the substrate. When the reaction occurs intramolecularly, relatively inert aryl
bromide could serve as aryl donor. Meanwhile, the feasibility of phenyl xanthate as alternative aryl donor reagent was also

preliminarily probed.

Keywords triplet energy transfer; halogen-atom transfer; hydroarylation of alkenes; radical chain reaction; anti-Markovnikov
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WM TR 3CZMPAIPN, F) S0 Kk B 1
RGN, TR TSI M O R ST R R I A 2
IO, PTG 2 AT DL A Ak s B R AR SRR, T
1E R AR S AR N T 1% 28 ) ¥ (Scheme  1b). 1 4l
2017 4E, Jui ZEI A [Ir(ppy)2dtbbpy |PFs G AAL T, P
Wrlis A B AR A A, SEELT MR RS 5 NEE
7R, X — ] VSRS A N T AR R AR IR &
A DNA Zmldib &P M. Glr 2, AR
2,2.2- =R LN B R, CLEALE AT I, K
YIVu I AT 4 R B E AR R, XR R
W7 36 55 AN BE A FH A8 S i L ARG AR e i 24 T A AR
7. 2021 4, Chiba ZEI LA Z B AL A B T N & AE M
7, ORI R 7O 8 S B () 75 B AR R L, &
Fho7 kAW, HERBNEENENRT B E %S
SN Rk, S MR IR — OB AR R A
AN AR R ZE IS . AR S T B R R A
(K38 L 38 (Ejp=—2.2 V vs SCE), HAHEMET R
W JE N 75 R 1 LT . 2021 4F, Tui ZE0OUR] % 5 0%
il 7 — 105 B AR S IR A0 FAb N, FRiET
BT R E T BE 2 M FIHLEE(Scheme 1¢). Hirsf 2 R

Y (Mesna) & A b4k, XAl R A A i H A T
FHER BN I &5 T 4 #% (Hydrogen atom transfer, HAT)fl —
AR B 7 B e B AR . AR, BEAACRE, AT IO
AL R IR A T AL USRS B IS T — RAHERE, KRR
ﬁfﬁ%{thﬁiﬁﬂﬂﬂ’ﬁirﬁig S B8 FE AR AR (R
PTG U 28t i TR A ) A e A A AN EE SR
b, 2 T *r)ﬂ

ZI—W% W — B30T B R w0, i 5,
L 4CzIPN JAMEALT, PA=(=H RERERE) SR ik A
TR, IE 7 — e WA B R R R SR R
el BERER, =R REE L (Triplet energy trans-
fer, EnT){REfE U3 R AN B B 5E R A7 A o 55 51 &
MOCHE. ST, FRATEAR AL S B P N s AR5 &,
A A B B SR BT S g ST, Rk AR
AR AE A, 3 T 55 A Ja R A e B BB U ) ) P R U
iR B W1 Scheme 1d R, 4 AR D5 & 75 B
PEARI, SR R &AE,  HBEA SUBOK 2 50 L RUAR,
I BRI IE APE . s R, Hor, 6t
FEL PR S e S NV 1 B e, SONE AT E /NI 2 N TE R R
AL J5rb M ) SR AS BT A HL B R ) B R I SR

a) Generation of aryl radical via direct photo-reduction using DIPEA

photocat.

Y

X=F, Cl,Br |

DIPEA, 8 ~24 h

electron-rich and electron-deficient alkenes

b) Generation of aryl radical via direct photo-reduction using Hantzsch ester

i photocat.

‘rL

Hantzsch ester, 16 ~ 18 h

electron-rich and electron-deficient alkenes

c) Generation of aryl radical via carbon dioxide radical anion-mediated reduction

photocat.

‘ R e
cl HAT cat., HCO,Na, 16 h

electron-rich alkenes

PC: 4CzIPN; HAT cat.: mesna

d) Generation of aryl radical via XAT (this work)

it 4CzIPN (3 mol%)

ol

electron-rich and electron-deficient alkenes

O silyl radical-promoted XAT
O redox-neutral reaction nature

(TMS)3SiH (1.2 equiv.)
MTBE, r.t., Ny, 0.5~24 h

33 examples, up to 87% yield

OO metal-free and easy to scale-up

O alkyne is amendable
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O xanthate is effective aryl donor reagents [ high reaction efficiency

BR 1 AT WG R S IR e S5 HE A S
Scheme 1 Anti-Markovnikov photocatalytic hydroarylation of alkenes
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IR TS RTAAEAE BRRAR DT e o5 S AR e b, AT
I R T R ITVEAE 2- R MR 56 24 R0 28 G B 1)
2.

1 &R5ie
ST BB FORR N B, T P R AR R

B (1a) FI TR FH S (2a) A 9B EH, (TMS)sSiH 1EH
JR R, CHRETERER, 24 W ¥t LEDs fEN
RERVE, [Ir{dF(CF3)ppy}2(dtbbpy)]PFs [P1: Er=60.7
keal/mol (1 kcal=4.19 kJ), E=+1.21 V vs SCE|{F N
et BARY T RIMTHIE RNARZR. KRN
1E /N 2 N RIAT SE B (Entry 1, 90%, 3 1), B
I — 2 R B s N DABE SR REMLRIBEAT . 3 A
52 T AN A 6 M AR TR R ORI RE R, R B2

R RMFMA @

Table 1 Optimization of reaction conditions

24 N Blue LEDs, photocat. (x mol%)

MeOQC
\Q +  ZC0o,Me
X

(TMS);SiH (1.2 equiv.), r.t., Ny

CO,Me

1a 2a 3a
Entry X Photocat. Solvent Yield”/% Entry X Photocat. Solvent Yield”/%
1 I P1 (1 mol%) MeCN 90 11 I P7 (3 mol%) MTBE 68¢
2 I P2 (3 mol%) MeCN 72 12 I P7 (3 mol%) MTBE 92¢
3 I P3 (3 mol%) MeCN 23 13 I P7 (3 mol%) MTBE 73"
4 I P4 (1 mol%) MeCN Trace 14 I P7 (3 mol%) MTBE 818
5 I PS (1 mol%) MeCN Trace 15 Br P7 (3 mol%) MTBE Trace
6 I P6 (3 mol%) MeCN Trace 16 Cl P7 (3 mol%) MTBE n.d.?
7 I P7 (3 mol%) MeCN 91 17 I P7 (3 mol%) MTBE Trace’
8 I P7 (3 mol%) Toluene 69 18 I P7 (3 mol%) MTBE Trace/
9 I P7 (3 mol%) DMSO 74 19 I P7 (3 mol%) MTBE Tracef
10 1 P7 (3 mol%) MTBE 91 (87)° 20 1 P7 (3 mol%) MTBE Trace’

9 Reaction conditions: 24 W blue LEDs, 1a (0.10 mmol, 1.0 equiv.), 2a (0.20 mmol, 2.0 equiv.), photocat. (0.001~0.003 mmol, 1~3 mol%), solvent (1 mL),
(TMS);SiH (0.12 mmol, 1.2 equiv.), N, r.t., unless otherwise noted. * Yields were determined by 'H NMR using mesitylene as internal standard. ¢ Isolated yield was

reported. 1.5 equiv. of 2a was used. ¢2.5 equiv. of 2a was used. /1.0 equiv. of (TMS);SiH was used.

£1.5 equiv. of (TMS);SiH was used. " Not detected.’ Per-

formed in darkness./ Performed in the absence of photocatalyst. ¥ Performed in the absence of (TMS);SiH. / Performed under air.

P2: fac-Ir(ppy)3
E+ =58.7 kcal/mol

1M/ = 0.31 V (vs SCE)

P1: [I{dF(CF3)ppy}2(dtbbpy)]PFg
Et = 60.7 kcal/mol
I/t =1.21 V (vs SCE)

P5:[Ir(ppy)(dtbbpy)]PFs
Et =49.2 kcal/mol
I/ = 0.66 V (vs SCE)

1718 http://sioc-journal.cn/

I/ = 0.97 V (vs SCE)

P6: Me-Acr-Mes
Et =44.7 kcal./mol
PC*/PC*=2.06 V (vs SCE)

© 2025 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

P3: [Ir{dFppy}.(dtbbpy)]PFg  P4: [I{dF(CF3)ppy},(5,5'-dCF3bpy)]PFg

Et =57.1 kcal/mol Et =53.6 kcal/mol

I/ = 1.68 V (vs SCE)

OO

P7: 4CzIPN
Et =59.6 kcal./mol
PC*/PC*"=1.35V (vs SCE)

Chin. J. Org. Chem. 2025, 45, 1716~1728
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Ir(ppy)s (P2: Er=58.1 kcal/mol, E=+0.31 V vs SCE)
RIS, SRS R B (Entry 2, 73%, & 1).
{H 24 { F [Ir(dFppy)2-(dtbppy)]PFs (P3: Er=257.1 kcal/
mol, E*4=+40.97 V vs SCE). [Ir(dFCF3ppy)a(5,5'-dCF;-
bpy)|PFs (P4: Er=753.6 kcal/mol, E*=+1.68 V vs
SCE) . [Ir(ppy)2(dtbppy)]PFs (P5: Et =49.2 kcal/mol;
E*¢=+40.66 V vs SCE)LL X Me-Acr-Mes (P6: Er=44.7
kcal/mol, E*4=+4-2.06 V vs SCE) N ML, ML
HOKME T B (Entries 3~6, £ 1). 1X—&5 LRI [ Bk
FKAMAFI =B E R IEASE, MAEE R
BEWREBER, - BEIE T =& EREEFERE I VL
Hl2, MEHYE P1 AR =LEREERN G/ T
FHEALT] 4CZIPN (P7: Er=59.6 kcal/mol)ff, oM
FEAM Y (Entry 7, 91%, £ 1). BjE, ETa6OibEE
W, & P7T R, XN AT TR ik
(Entries 8~10, & 1), K I 4IRS A U7 AU T &
fif(Methyl tert-butyl ether, MTBE) N IS, S Wi
ANZ R (Entry 10, 91%, % 1). #—PWF7ERH, B
B> 1a FI(TMS);SiH F AN B A 2R =y S BLY%
(Entries 11~14, 68%~92%, 3 1). 24 F xR ()7 F
1% HR 15 9 S I I AN B RO 4E (Entries 15~16, 38
1), BB (BDE=67 kcal/mol)#lf%54# (BDE=281
keal/mol) 8 it K T B fift 5 (BDE =53 kcal/mol), i H H
FHE LS 2 R XAT R FE0, $aseiGR 0, J6. b
109 A B 5 7 A% K R (TMS)sSiH 4B 2 J B 4% 757
(Entries 17~19, & 1). M4b, MRMAEESHEATI R
IR KR N F(Entry 20, % 1), B X&YW T RNH
HHEA. 2T 0L EREA, e TRk O 244
ffF 3 mol%YefiEfksF P7 A1 2 equiv. (TMS);SiH, LA
MTBE ~#%7)(0.1 mol/L), 1 equiv. 1a F1 2 equiv. 2a, 7E
N, fR47 81 24 W i {8 LEDs B85S~ = %M 0.5 h, 7ER
BTN, R BSYLEE N 87% (Entry 10, 3£ 1).

FERf 8 T AL SSE 2% 1 i 0 SRV B HEAT TR R (R
2). 5RFRM, ZFEEBEEE, WNEERRER . N
TR A7 ToE I 32 e DA s B2 A5 B A B P2 ) (3b~ 31, 71%~
84%). TEWNIHIRBRIT o M B AL TI N, SR IEA
TRFF(3g~3h, 72%~79%), SR 51 NZRIE, GIPIEERRE
B 5 S ISR IS AR B (31, 65%). KR B T, Wk
O TR J5 S R B ARAN 2 520 (3, 69%). AT & HL It I
FE RIS AR 55 () S MY 1, T B S N [ AE K
F 4h, RMNAREIRLH R A (3k~30, 57%~86%), 1XH
BATZ AT B 7 — 20, TR R, E IR
PRI SR A A LRI R4 1) B RE I3RS, AR
FRELANGIL B REAR I e 7%, 95 5 C IR R Mt REAR &
25 RN, 5 — 8, BERE DT 0,
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MHERE 20 AN SRR 0 I B MRS =T, 4 h BT JRBE
SEEE(3p~3q, 73%~81%), MiAHX] & HHI 773 40, W
AT~ K ER L5 NS AR AR, 72 24 h 7
A] 58 R N (3r~3w, 64%~75%). IR EHURIE KA B
X I NS FR(3t~3v). 3t — PR ERA T L%,
Wk AR R 200 I BRI DU B 5 PR AR (B, 37%). I
A, BE RSN R S B AR N R SRR, TRREIR
U MR AR I e A 5 B N By, 62%), HE— B EEL T R
N RIFE RERI IR M. BRI, a0 R F g
BEORMIXHE M, BREEREZR N (32, 47%). i,
A RPN R A AR 3 32 (Z7ZE =90 & 10), W] GE VA A
T R I I A OB R AR,

P AR TS R RPE AT 7552, 1% 1a MBS
BB oI Bl SSE IR R R R, ROV
I AR R (5a~5d, 72%~85%), B W3k, T
B ARG T RER], R KIE T (Se~Sg,
37%~54%). FLIJR, PR EAE Bk ST 5
WO AT E AL, TS EEI PR . R
M2, XF OB IEMUOR 2 5 1 s BRI FE b, wT B
E IR 3RS H AR I(5h, 76%). feln, RAEGWCEE
TR, SRR EUEMRE SRR RIS
N(5i~5Kk, 39%~63%), #E—5 EIHH M E AL IS
Ji H P B SR ) R AT R AR

TR0 e Bt xR S HLEREAT TR AT, Sk
WM, NG T 773N @=2.9; JFIIT L6 it
RE T IRNAIR ek SR AT, FRIIZRN EZDIFER
B IS A BEATUSL N B E 4 350 DY H 2 IR i A b
YI(TEMPO), M58 ax#fil; A8 B 284 ghom — oK
LIFNEBARMERIE, BEWS LA S1%MUSCRAS 255 3 3 2
T 4 7a (Scheme 2a). LA_F- 455 FIRHHIE T B (1)
EREEEY NI RNV YIS e RN S = FEEE i ke o D
(= P A 5 TR ot A B AR AR R ), S AN 45 1 AH
NGRS B4 =45 DT B B ARV 7, A AT
I SRAR FE W 2E B (Scheme 2b), 2 BH 5 3% { B3 56 &
0 R A R RS B ER I I S AR RE R HAT, 7593 B Ax
FEY, RIS AR BT OB R RSB T R KD Bk
VEORSZI W], WA (TMS):SiH  BEfg Ve KOk 7), B
TEAS RN A B AT (A s H R RSN T =
LRASVERFITE, KIU SE A M, 6 LM B i
WK, %NATREREAT (Scheme 2¢). X B4 5L DL KOG i
R =S E MR RIEMKEE 1), dt—PiEm T
RS EEL R R LT

A DL EES IR UL BATRIRTEARE AT, $2H T AR R
AL = (= R A ) SR e 5 R B AL & A
SRR ERR, 3T EES RS 0 A R B
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Table 2 Scope of alkenes and aryl iodides

24 W Blue LEDs, 4CzIPN (3 mol%)
(A7) 2 (TMS),SiH (1.2 equiv.)
|

MTBE, r.t., N, 0.5h~24 h

1 2 3,5
alkenes & alkynes
(e}
/@/\)\ /@/\/ /@/\)\ /©/\)J\ NHPh
MeO,C MeO,C MeO,C MeO,C MeOQC
3b, 84% W 3c,83% W 3d, 74% W 3e, 76% W 3, 71% W
Meozc/@/\H\ Meozc/d\/”\ - C/;/N\ - C/©/© Meozc/g\/\/
39, 79% W 3h, 72% 3i,65% W 3j,69% B 3k, 86%
CN
/@/\/\/OH /@/\/\NHBOC /@/\/NHBOC
MeO,C MeO,C MeO,C MeO,C
MeOZC
31, 79% 3m, 74% 3n, 62% 30, 57% 3p, 81%
/©/\/© /‘/\/‘ /‘/\/“ /‘/\/‘/ Cl
MeO,C
MeO,C
2 MeO,C MeO,C MeO,C
3q, 73% 3r, 69% [ 3s, 64% [ 3t, 72% 3u, 74% [J
~ N
\z
1 M
MeOZCmOZ e
CO,Me
MeOzC MeO,C 0,C 3y, 62% 3z, 47% O
3v, 75% [ 3w, 66% [ 3x,37% [J from BTK inhibitor Ibrutinib ZIE=90:10
aryl iodides
5a, 85% M 5b, 72% OJ 5c, 73% [ 5d, 74% U 5e, 54% [J 5f,49% O
59, 37% [J 5h, 76% [ i, 54% [J 5j, 63% [ 5k, 39% [
M reaction time : 0.5 h reaction tmie: 4 h [J reaction time: 24 h

4 Reaction conditions: 24 W blue LEDs, 1a (0.20 mmol, 1.0 equiv.), 2a (0.40 mmol, 2.0 equiv.), 4CzIPN (0.006 mmol, 3 mol%), (TMS)3SiH (0.24 mmol, 2.4 equiv.),
MTBE (2 mL), Ny, r.t., 0.5~24 h, unless otherwise noted.

1720 http://sioc-journal.cn/ © 2025 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences Chin. J. Org. Chem. 2025, 45, 1716~1728
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(a) Radical quenching experiment

i COzMe
o/ " /\COOM standard conditions o
I 2.0 equiv. of TEMPO
(0]
12 2a 3a, trace
i Ph
Ph -
o . /j\ standard conditions o I
Ph _
| (6]
1a ba 7a, 51%

(b) Reactions employing deuterated reagent and solvent
(0]

o~ standard conditions

+  Z>Co0Me

(TMS)3SID instead of (TMS)3SiH

\”/©/\|/C02Me

1a 2a 3a’, 45%, D/H =99 : 1
0 CO,Me
- standard conditions
0" + Z>cooMe , _0 H
MeOD instead of MTBE
l 0
1a 2a 3a, 39%
(c) Triphlet photosensitizer quenching experiment and direct excitation experiment with UV light
Q CO,Me
/@J\O/ + > C00Me standard conditions
| perylene (20 mol%)
1a 2a 3a, trace
0 CO,Me
/
/@)\O + /\COOMe 15 W 365 nm LEDs \”/©/\/
| MTBE, Ny, 16 h
1a 2a 3a, 47%
(d) Possible mechanism /\COZMe

® —

Dexter-type

CO,Mé 2a
©/ n orbit-phile
radical addition |

COzMe

TMS EnT transfer TMS ™S
TMSH S"H ™S s.- —TMS~ s| TMS—S:i—I h
MS chain
/ \ 1 chain ™S XAT MeO.C m propogation
PC* initiation COM L2 TMS- s.- 1
! ane HAT ;
! P ! Cozlvle}
= 3 i IMs |
: {TMS-Si+ ! 3
| ' b1 TMS ! 3
| 1a L 1 |
MeO,C 3a

B 2

S SEALER G UE AT B ) S R ATLEE

Scheme 2 Mechanism validation and possible mechanism

M3 T AR, ARSI % B AT SR AR R
TR A AR K97 2 H i E 0, % 2R AR 5k
KA A ik B A L, B S 5 = (= F e S
Bek A HAT ARt 82 H AR = 0 AE i i B i, se
PUBERE K.

FENLERAT FUSE Rl B, JF e 1 S R4 e F 7t (Scheme

Chin. J. Org. Chem. 2025, 45,1716~1728
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3). VUSR] & — S B B 25 W BAZ A5 A0S, DL I
NORARFE, 18I I5 00 S 3 v 45 R AR B R A2 (9a,
71%, Scheme 3a), A — 5 &Rk 2 DU S R 28, 2o
RRBAEDT W RAE, BARITRINGEA B, LI
IRATAEYI R = AE i(11a, 74%, Scheme 3b). IS
ZAFAE T R FI YIS oy -, @i 0 gk Tig
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@) meo,c NH,
\CE + ZCoMe
[

H
MeO,C N__O
24 W Blue LEDs, 4CzIPN (3 mol%) m
(TMS)3SiH, MTBE, r.t., Ny, 4 h

8a 2a 9a, 71%
CO,Me
(b) S_CO,Me 2
(:(\/\/ 24 W Blue LEDs, 4CzIPN (3 mol%)
Br (TMS)3SiH, MTBE, r.t., Ny, 4 h
10a 1a, 74%
©) o) CO,Me
PR N Standard conditi
j\ /©)J\O + 2> COOMe andard conditions /O\’((j/\/
PhS” N0 o}
12a 2a 3a, 53%
o i
(d) _ é g batch synthesis COzMe
: 5 |
O, Z>coowme g seae e
| 24 W Blue LEDs, 4CzIPN (3 mol%)
1a 2a (TMS)3SiH (1.2 equiv.), MTBE, r.t., Ny, 4 h 0 3a, 87%

B3 OB SB SRS LA L S  RLH

Scheme 3  Applications of the new strategy in organic synthesis

et ik B e LA, 2 F BB B (A 280 3L 3R
AT By e B e A 9 B R R, DAHON AT 2
AR b, [FIRE AT DMR AT 3 A AE [ S (3a, 53%, Scheme
3¢), MY FR H BRI A RH B B TR A A SR A 1 T RS )
ST BJE, ARBBORE S g /KPR, AT
1 S B I TR, B LK FR AT SR T AR HF (3a, 87%,
Scheme 3d).

2 #ig

Zi Lpnd, CLHIBAHT T 7o e a;, DARROT
Ji A E AR, KRR RS R A
Bk IR S 07 B R L. 1% R Rk iR A, T R0
RETCRIUE, R m AR RCR, 57 1R &
FVERVE RERHARE, LR S BN B AR DX #4
BB SRM], BIRIRREH RS 5 R 2 RBAE 7
TR RATT RN R AT 05 2 AR AR BRR
R IR AT AR COT RO 757 B R 2 5 Sy, il i
JRAIVCTE, %SRS TR AT N T i B DY S R 2R
. TR BRI, E A T R TR
&SNS BLR A S, R BOR B T B R
It FE IEAE AT 2Z .

3 SKEERS

3.1 FEHHF
FITA A& I HIAZ SRS 8 ] Bruker Avance 11
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400 HD B4R ILHRA(CDCLs A F, TMS P B8 )5 ;
blue LED (420~456 nm)X] 5 Al ELL FEIEIE SE T 4R M 52
TR R AR, FE O R (200~300 H)
VST & HE MR AR B IR AR Al 21 2
B ) 3K T b i 2 0 B4 4 A R A A (General-rea-
gent®), oAtk 70 W I T _E i 2R 4 R BB A TR A
(General-reagent®) 1 % fiif 7 £} £ i 13 4 B 22 7 (Energy
Chemical®). FrA 7305 Hr 4k
32 SLWHE
321 AFANREEF4hEkie

BRI oA E K, 0.4 mmol, 2.0 equiv.).
PRI A 44, 0.2 mmol, 1.0 equiv.)Fil 4CzIPN (4.6
mg, 0.006 mmol, 3 mol%) N BIAC 4B Wi S hiHE 71 15
mL Schlenk &, HAEH =K. FESEFREXION
MTBE (2.0 mL). BRJEYI(UE K, 0.4 mmol, 2.0
equiv.). MKW WA, 0.2 mmol, 1.0 equiv.)FHl
(TMS);SiH (59.7 mg, 0.24 mmol, 1.2 equiv.). K25 % )2
NHE T 24 W 0 LED(5 KK 438 nm) 5 iR RS
0.5~24 h. MG, F AN S8 7K 7 W (20
mL X 3) Pk, ToKBREREN T 18, WURIRYERR 2%
N, RPN AR AR E N Ak, AR O
B R S E e, 192 BAsb &9 3 fi S,

4-(3- WA B3-S AN B K R R 3a): A Z M
aifb[VCa s - M GFR O BR)=50 1 1~10 : 1], ot
HORWAA, 38.6 mg, F“F 87%. 'H NMR (400 MHz,
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CDCly) d: 7.78 (d, J=8.3 Hz, 2H), 7.09 (d, J=8.3 Hz,
2H), 3.72 (s, 3H), 3.48 (s, 3H), 2.82 (t, J=7.3 Hz, 2H),
2.47 (t, J=7.3 Hz). HRMS (ESI-TOF) calcd for C12H,404
[M+H]" 223.0970, found 223.0974. FALEE 5 CHkiR
T —F20al,

4-(3-(CREEFL)-3- AR T FE) K R H R (3b): AR EHT
Atk [VCa B - M(CGBR 4 BE)=50 @ 1~10 @ 1], Tt
MR AK, 49.7 mg, F*% 83%. 'H NMR (400 MHz,
CDCly) o0: 7.75 (d, J=8.3 Hz, 2H), 7.07~7.16 (m, 2H),
7.06 (d, J=8.3 Hz, 2H), 3.72 (s, 3H), 3.48 (s, 3H), 2.82 (t,
J=17.3 Hz, 2H), 2.47 (t, J=7.3 Hz). HRMS (ESI-TOF)
caled for CisHis04 [M+H]" 299.1283, found 299.1289.
FAEHHRE 5 SOk TE —F(20),

4-(2-F L) IR iR (3e): AEE T4tk [V T
k) @ (LR ZHE)=60 : 1~40 : 1], T& iRk,
49.7 mg, 773 83%. 'H NMR (400 MHz, CDCl3) o: 8.02
(d, J=8.3 Hz, 2H), 7.32 (d, J=8.3 Hz, 2H), 3.92 (s, 3H),
3.02 (t, J=7.3 Hz, 2H), 2.66 (t, J=7.3 Hz. HRMS
(ESI-TOF) caled for C;;HiNO, [M+H]' 190.0868,
found 190.0874. FAFHHRE 5 STk IE — 20,

4-(3-5 F:-3- S AN 58) 28 W R F R (3d): A= 4l
WIVCH ) @ LR LBR)=5 * 1~3 1 1], LR
Wifk, 30.8 mg, F=Z 74%. '"H NMR (400 MHz, CDCls) o:
7.96 (d, J=8.3 Hz, 2H), 7.28 (d, J=8.3 Hz, 2H), 5.55 (brs,
2H), 3.90 (s, 3H), 3.03 (t, J=7.3 Hz, 2H), 2.55 (t, J=7.3
Hz). HRMS (ESI-TOF) caled for C;;H;42NO; [M+H]"
208.0974, found 208.0967. K fiF £ 4 5 SC R ik iE —
ﬁ[ZOc]'

4-(3-h k-3 -5 AR PN 58 2 FH R Y PR (3e): 1 JE BT 4l
WIVCHMER) @ V(LR LHER)=4 1 1~3 1], TR
Wifk, 42.3 mg, 7=Z 76%. '"H NMR (400 MHz, CDCls) o:
7.89 (d, J=8.3 Hz, 2H), 7.22 (d, J=8.3 Hz, 2H), 3.83 (s,
3H), 3.53~3.58 (m, 4H), 3.47~3.49 (m, 2H), 3.29~3.32
(m, 2H), 2.83 (t, J=7.7 Hz, 2H), 2.52 (t, J=7.7 Hz).
HRMS (ESI-TOF) calcd for CisH20NO4 [M+H]"
278.1392, found 278.1405. FAEHE 5 CkRE —
ﬁ[mc].

4-(3-5-3-CRAHL) N 2E) 8 HT R TP R (3): AEJ=E T
A VCa B © V(GR OB =15 1 1~10 : 1], Lt
WARBAA, 403 mg, F°F 71%. '"H NMR (400 MHz,
CDCl3) ¢: 8.00 (d, J=8.3 Hz, 2H), 7.35~7.38 (m, 2H),
7.35 (d, J=8.3 Hz, 2H), 7.20~7.24 (m, 2H), 7.00~7.02
(m, 2H), 3.92 (s, 3H), 3.13 (t, J=7.6 Hz, 2H), 2.91 (t, J=
7.6 Hz). HRMS (ESI-TOF) calcd for Ci7H1sNO; [M—+
H]' 284.1287, found 284.1296. FAFXE 5 CikikiE—
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ﬁ[ZOd]'

4-(4-(FEEL)-4-5E AT 2- ) K H R H R (3g): 2
rai VA i) @ V(PR CBE)=180 @ 1~120 : 1],
ToEHPIRIBAR, 49.5 mg, F=% 79%. 'H NMR (400 MHz,
CDCLy) 6: 7.91 (d, J=8.3 Hz, 2H), 7.30~7.33 (m, 1H),
7.22~7.24 (m, 2H), 7.19~7.22 (m, 2H), 7.19 (d, J=8.3
Hz, 2H), 5.06 (s, 2H), 3.90 (s, 3H), 3.04~3.09 (m, 1H),
2.72~2.85 (m, 2H), 1.19 (d, J=6.7 Hz, 2H). HRMS
(ESI-TOF) caled for C1oH2,04 [M+H]" 313.1440, found
313.1446. FAEHHRE 5 SCHkARoE — 204,

4-(4- I FE-4-F AR T 2-38) K H R FHER (3h): #E )2
M8tk [V BE) @ V(4R B8) =200 : 1~150 : 1],
To R AAR(34.0 mg, 722 72%). 'H NMR (400 MHz,
CDCL) d: 7.79 (d, J=8.4 Hz, 2H), 7.11 (d, J=8.2 Hz,
2H), 3.72 (s, 3H), 3.43 (s, 3H), 3.13~3.19 (m, 2H), 2.36~
2.48 (m, 2H), 1.13 (d, J=7.0 Hz, 3H). HRMS (ESI-TOF)
caled for Ci3H,04 [M+H]" 237.1127, found 237.1142.
FAEFE 5 SRR TE — 200,

4-(3-(RHEIE)-3-FAA-1- IR IR R H R H BE (3i): AE
ERTAi L[ VA M ER) ¢ (LR 4HE)=200 : 1~150 : 1],
ToEHPIRIB AR, 48.6 mg, =% 65%. 'H NMR (400 MHz,
CDCL) d: 7.96 (d, J=8.1 Hz, 2H), 7.36 (d, J=8.2 Hz,
2H), 7.26~7.31 (m, 5H), 7.06~7.21 (m, 5H), 5.10 (d, J=
12.4 Hz, 1H), 3.91 (t, J=7.8 Hz, 1H), 3.43 (dd, J=13.7
Hz, 8.6 Hz, 1H), 3.05 (dd, J=13.2 Hz, 7.1 Hz, 1H).
HRMS (ESI-TOF) calcd for [Ca4H2304 M+H]" 375.1596,
found 375.1604. FAEEHE 5 SRk iE — 20,

4-3-FA AR OB K R F G (3)): #EE M aifh
V(A EE) © (LR LTg)=200 : 1~150 : 1], Jotuih
IRWAK, 36.7 mg, 7= 79%. '"H NMR (400 MHz, CDCl;)
: 8.00 (d, J=8.3 Hz, 2H), 7.30 (d, J=8.3 Hz, 2H), 3.91
(s, 3H), 3.04~3.11 (m, 1H), 2.50~2.63 (m, 2H), 2.37~
242 (m, 2H), 2.10~2.17 (m, 2H), 1.81~1.90 (m, 2H).
HRMS (ESI-TOF) calced for C14H;703 [M+H]" 233.1178,
found 233.1186. FRAEHH 5 STk 18 — #1200,

4-(4- KRBT )RR FEEQGK): HEMai[VCa
WK - (28 2 H8)=200 : 1~150 : 1], @O HVIR
&, 46.1 mg, ;%3 86%. 'H NMR (400 MHz, CDCl;) ¢:
7.94 (d, J=8.3 Hz, 2H), 7.18~7.27 (m, 5H), 7.16 (d, J=
8.3 Hz, 2H), 3.90 (s, 3H), 2.67 (d, J=8.4 Hz, 2H), 2.63 (d,
J=8.5 Hz, 2H), 1.67~1.69 (m, 2H), 1.64~1.67 (m, 2H).
HRMS (ESI-TOF) calcd for CisH,0, [M+H]" 269.1542,
found 269.1553. FALHHE 5 Sk HoE — 202,

4-(4-F2 BT B IR R R 3D): AEE AT Al [vCa
W) © (28R 2 HB)=150 © 1~100 : 1], FE@OMHVIR
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1, 37.0 mg, & 79%. 'H NMR (400 MHz, CDCl3) o:
7.95 (d, J=8.3 Hz, 2H), 7.25 (d, J=8.3 Hz, 2H), 3.90 (s,
3H), 3.67 (t, J=6.4 Hz, 2H), 2.70 (t, J=7.6 Hz, 2H),
1.70~1.74 (m, 2H), 1.62~1.64 (m, 2H). HRMS (ESI-
TOF) caled for C;pHi705 [M+H] " 209.1178, found
209.1185. FRALEHE 5 SCHiRkHE —32on.

4-(3-(RUT B AR 2 ) I ) K R R (3m): 4F
EMTAifb [ VA ER) ¢ (LR ZHE)=100 © 1~60 : 1],
Tt ARAR, 43.4 mg, 7% 74%. '"H NMR (400 MHz,
CDCly) d: 7.96 (d, J=8.1 Hz, 2H), 7.25 (d, J=8.1 Hz,
2H), 4.55 (brs, 1H), 3.90 (s, 3H), 3.13~3.17 (m, 2H), 2.70
(t, J=6.4 Hz, 2H), 1.79~1.86 (m, 2H), 1.44 (s, 9H).
HRMS (ESI-TOF) caled for Ci¢H,4NO4 [M+H]"
294.1705, found 294.1723. FAEHE 5 CHRIRIE —
ﬁ[mi].

4-2-(FUTE BRI A L) 47 K F R F R (3n): #F
EMTEEAL VA ) @ V(LR 4BR)=100 : 1~60 : 1],
TR, 39.1 mg, 7% 62%. "H NMR (400 MHz,
CDCly) d: 7.97 (d, J=8.3 Hz, 2H), 7.26 (d, J=8.3 Hz,
2H), 3.90 (s, 3H), 3.40 (t, J=7.1 Hz, 2H), 2.86 (t, J=7.1
Hz, 2H). HRMS (ESI-TOF) calcd for C;sH»NO, [M+H]"
280.1549, found 280.1559. FAEEE 5 Sk RiE —
ﬁ[mi].

4-2-CREFE) ) KR FE30): HENTAL
[VCRME) @ V(LR LBE)=60 @ 1~40 : 1], LIk
WAk, 29.1 mg, 753 57%. '"H NMR (400 MHz, CDCl;) 6:
7.99 (d, J=8.3 Hz, 2H), 7.29 (d, J=8.3 Hz, 2H), 7.19 (dd,
J=17.6 Hz, 7.3 Hz, 2H), 6.72 (t, J=7.3 Hz, 1H), 6.81 (d,
J=7.6 Hz, 2H), 7.30~7.33 (m, 1H), 7.22~7.24 (m, 2H),
7.19~7.22 (m, 2H), 7.19 (d, J=8.3 Hz, 2H), 5.06 (s, 2H),
3.91 (s, 3H), 3.43 (t, J=7.0 Hz, 2H), 2.97 (t, J=7.0 Hz,
2H). HRMS (ESI-TOF) caled for CisH;sNO, [M+H]"
256.1338, found 256.1344. FALHE 5 SRR E —
ﬁ[ZOc]'

4-(4-F K L) KH R 3p): HEMNT itk
VA ME) @ MR AR =150 © 1~120 : 1], Jotiuil
ARIBEAE, 48.3 mg, 7% 81%. 'H NMR (400 MHz, CDCl3)
5: 7.94 (d, J=8.3 Hz, 2H), 7.55 (d, J=8.3 Hz, 2H), 7.22
(d, J=8.4 Hz, 2H), 7.18 (d, J=8.2 Hz, 2H), 3.91 (s, 3H),
2.95~3.03 (m, 2H). HRMS (ESI-TOF) calcd for C1sH;904
[M+H]" 299.1283, found 299.1291. FAFERE 5T ERR
TE—Fo,

4-(2-(MEWE-4-25) 258 K IR H B (3q): A EMT4lifh
(VA ) @ (L8R LTE)=40 © 1~30 : 1], LEHIR
Wifk, 49.5 mg, F*Z 73%. '"H NMR (400 MHz, CDCls) o:
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8.49 (brs, 2H), 7.65 (d, J=8.3 Hz, 2H), 7.20 (d, J=8.3 Hz,
2H), 7.07 (d, J=5.4 Hz, 2H), 3.91 (s, 3H), 2.97~3.02 (m,
2H), 2.91~2.96 (m, 2H). HRMS (ESI-TOF) calcd for
CisHieNO, [M+H]" 242.1181, found 242.1189. FAEHL
Pt 5 ST R E — £ 20K,

4- K OFIE PR EE3r): FEEM A VCA
fit) @ V(4R LER)=200 : 1], JToEHAREAE, 35.1 mg,
P2 69%. 'H NMR (400 MHz, CDCls) 8: 7.75 (d, J=8.3
Hz, 2H), 7.07~7.16 (m, 2H), 7.06 (d, J=8.3 Hz, 2H),
3.72 (s, 3H), 3.48 (s, 3H), 2.82 (t, J=7.3 Hz, 2H), 2.47 (t,
J=17.3 Hz). HRMS (ESI-TOF) calcd for CisH;70, [M+
H]" 241.1229, found 241.1239. RAFEIE 5 ClkifiE—
ﬁ[ma]_

4-(2-(FE-2-F) L E)EH R PR (3s): HENT 2tk
[VCA M) @ (LR ZB8)=200 @ 1~150 : 1], Jtiml
IRWGAK, 49.5 mg, 7= 64%. '"H NMR (400 MHz, CDCl;)
8: 7.95 (d, J=8.2 Hz, 2H), 7.74~7.82 (m, 3H), 7.59 (s,
1H), 7.42~7.46 (m, 2H), 7.29~7.31 (m, 1H), 7.25 (d, J=
8.3 Hz, 2H), 3.90 (s, 3H), 3.09~3.12 (m, 2H), 3.05~3.09
(m, 2H). HRMS (ESI-TOF) calcd for CyH;90; [M+H]"
291.1385, found 291.1392. FRALEE 5 ik iliE —
?&[Zok].

4-(4-F K L E) K H IR HBR(3¢t): A Zr e[ VCa
EE) © V(R ZHE)=150 : 1~100 : 1], ToOMRE
&, 49.5 mg, F“& 72%. 'H NMR (400 MHz, CDCl3) o:
7.83 (d, J=8.3 Hz, 2H), 7.11 (d, J=8.4 Hz, 2H), 7.08 (d,
J=8.2 Hz, 2H), 6.93 (d, J=8.4 Hz, 2H), 3.80 (s, 3H),
2.82 ~2.86 (m, 2H), 2.77 ~2.80 (m, 2H). HRMS
(ESI-TOF) caled for Ci6HisClO, [M+H]™ 275.0839,
found 275.0847. FRALHEHE 5 SRR E —F0V,

4-(3-F R CH) R H R HBEBu): R aifb[ VA
B @ V(2R ZHE)=150 : 1~100 : 1], LEMHPRK
&, 40.1 mg, & 74%. 'H NMR (400 MHz, CDCl3) o:
7.94 (d, J=8.2 Hz, 2H), 7.23~7.24 (m, 1H), 7.21~7.23
(m, 1H), 7.18~7.21 (m, 1H), 7.04~7.18 (m, 1H), 7.05 (d,
J=8.2 Hz, 1H), 3.90 (s, 3H), 2.82~2.86 (m, 2H), 2.77~
2.80 (m, 2H). HRMS (ESI-TOF) calcd for CiH;6ClO;
[M+H]" 275.0839, found 275.0847. FALHHE 5 kIR
T8 —F0M,

4-Q2-FOR CH) R H IR B BE 3v): FEEMr 4t [ VA
W) © M8 2 B)=150 © 1~100 : 1], FE@OHVIR
&, 49.5 mg, %3 75%. 'H NMR (400 MHz, CDCl;) ¢:
7.88 (d, J=8.3 Hz, 2H), 7.27~7.29 (m, 1H), 7.17 (d, J=
8.3 Hz, 2H), 7.07~7.10 (m, 1H), 7.04~7.07 (m, 1H),
7.01~7.04 (m, 1H), 3.83 (s, 3H), 2.94~2.98 (m, 2H),

Chin. J. Org. Chem. 2025, 45, 1716~1728



Chinese Journal of Organic Chemistry

2.86 ~ 291 (m, 2H). HRMS (ESI-TOF) calcd for
CisH16Cl0, [M+H]" 275.0839, found 275.0847. A%
P55 5 ST R AR E — F 20K,

4-(4- LB FR ) R IR R (3w): #EE T4l
IVCH M) @ V(R 4B8)=150 : 1~100 : 1], It
WARBAA, 49.5 mg, F°F 66%. 'H NMR (400 MHz,
CDCls) 6: 7.95 (d, J=8.2 Hz, 2H), 7.22 (d, J=8.3 Hz,
2H), 7.15 (d, J=8.5 Hz, 2H), 6.99 (d, J=8.5 Hz, 2H), 3.91
(s, 3H), 2.94~2.99 (m, 2H), 2.90~2.93 (m, 2H) 2.29 (s,
3H). HRMS (ESI-TOF) caled for C1sH0O4 [M+H]"
299.1283, found 299.1289. FAF ¥ 5 CHk & —
ﬁ[zok].

4-(4-HEFE R O 5 KW IR H EE(3x): HEEHralifh
VCA MBS @ M LR TR =150 © 1~100 : 1], Jotiui
ARIBEAR, 49.5 mg, 7&K 66%. 'H NMR (400 MHz, CDCl3)
5: 7.95 (d, J=8.2 Hz, 2H), 7.22 (d, J=8.3 Hz, 2H), 7.15
(d, J=8.5 Hz, 2H), 6.99 (d, J=8.5 Hz, 2H), 3.91 (s, 3H),
2.94~2.99 (m, 2H), 2.90~2.93 (m, 2H) 2.29 (s, 3H).
HRMS (ESI-TOF) calcd for CisH 1004 [M+H]" 299.1283,
found 299.1289. FAFHHRE 5 STk — 200,

(R)-4-(3-(4- 1 2k -3-(4- 2K 2k OR 56 )-1H- WL Me JF
[3,4-d] W35 1 - 1- 35 Y IR g - 1- 36 )-3- S04 1A 228 ) 25 HH R Y 7
By): HEMrab[VCa ) @ M(CFE CER)=150 @ 1~
100 © 1], ARE, 71.3 mg, 773 62%. 'H NMR (400
MHz, CDCls) §: 8.34 (brs, 1H), 7.95 (dd, J=11.2 Hz, 7.9
Hz, 2H), 7.61~7.65 (m, 2H), 7.39 (dd, J=10.9 Hz, 7.6
Hz, 2H), 7.27 (dd, J=11.3 Hz, 7.5 Hz, 2H), 7.18 (t, J=8.3
Hz, 1H), 7.15 (d, J=7.8 Hz, 1H), 7.09 (d, J=7.9 Hz, 1H),
5.39 (brs, 1H), 4.80~4.85 (m, 1H), 4.53~4.57 (m, 1H),
4.01~4.06 (m, 0.5H), 3.91 (s, 1.5H), 3.89 (s, 1.5H),
3.81~3.88 (m, 0.5H), 3.63~3.69 (m, 0.5H), 3.27~3.34
(m, 0.5H), 3.01~3.06 (m, 2H), 2.79~2.86 (m, 1H),
2.68~2.73 (m, 1H), 2.58~2.64 (m, 1H), 2.37~2.41 (m,
0.5H), 2.20~2.30 (m, 2H), 1.94~1.99 (m, 1H), 1.59~
1.69 (m, 1H), 1.42 (s, 3H); '*C NMR (100 MHz, CDCl;) §:
170.44, 170.36, 167.06, 165.72, 158.71, 158.63, 157.80,
157.60, 156.32, 156.27, 155.46, 154.99, 154.18, 153.99,
146.84, 146.80, 144.13, 134.44, 130.01, 124.15, 124.10,
123.48, 119.61, 119.14, 53.42, 52.57, 52.05, 52.01, 49.76,
45.84, 45.52, 41.89, 34.72, 34.62, 31.37, 31.31, 30.16,
29.87,29.70, 27.34, 25.04, 23.94. HRMS (ESI-TOF) calcd
for C34H34NsO4 [M+H]" 576.2611, found 576.2623.

(Z)-4-(3- W 48 B -3- S AR TR - 1- 07 - 1- 258 ) 2R HH R IR
(3z): HENTA[VCAME) @ LR LEE)=150 © 1~
100 @ 1], TEEMIRBAA, 25.8 mg, /*% 47%. 'H NMR
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(400 MHz, CDCl3) 6: 8.02 (d, J=8.4 Hz, 2H), 7.59 (d, J=
8.4 Hz, 2H), 7.00 (d, J=12.6 Hz, 2H), 6.06 (d, J=12.6
Hz, 2H), 3.92 (s, 3H), 3.71 (s, 3H). HRMS (ESI-TOF)
caled for C1oHi304 [M+H]" 221.0854, found 221.0906.
FALEE 5 SR —Fom,

3-(4-FAEEIRIE) R T (Sa): A2 M 2046 [V
k) © (R Z.BE)=150 : 1~100 : 1], Jo O MRBAE,
32.1 mg, *% 85%. 'H NMR (400 MHz, CDCls) 6: 7.59
(d, J=8.1 Hz, 2H), 7.33 (d, J=8.1 Hz, 2H), 3.67 (s, 3H),
3.02 (t, J=7.6 Hz, 2H), 2.66 (t, J=7.7 Hz). HRMS (ESI-
TOF) caled for CH;;2NO, [M+H]" 190.0868, found
190.0875. FAFFHE 5 SRR 1E — £ 200,

3-ZKFE N R W BE (Sb): A JE M ik [V )
V(LR ZTiR)=180:1~150 : 1], FToEiHIRIBAR, 26.5 mg,
P 74%. 'H NMR (400 MHz, CDCls) d: 7.18~7.30 (m,
2H), 7.01 (d, J=8.2 Hz, 2H), 3.65 (s, 3H), 2.94 (t, J=7.9
Hz, 2H), 2.62 (t, J=7.8 Hz). HRMS (ESI-TOF) calcd for
C1oH14NO,; [M+H]" 180.1025, found 180.1034. FAE%L
Pt 5 SRR A — i 20n,

3-(4- LB R EL) IR IR (5¢): AEEMT2lifb
[VCA M) @ MR ZE8)=150 : 1~120 : 1], JSil
IRWAK, 33.8 mg, =% 76%. '"H NMR (400 MHz, CDCl;)
8: 7.20 (d, J=8.3 Hz, 2H), 7.00 (d, J=8.3 Hz, 2H), 3.67
(s, 3H), 2.94 (t, J=7.8 Hz, 2H), 2.62 (t, J=7.7 Hz), 2.28
(s, 3H). HRMS (ESI-TOF) caled for Ci;H;504 [M+H]"
223.0907, found 223.0922. FAEHHE 5 kR iE —
ﬁ[ZOn]'

3-CF 2R3 TR R R IR (5d): A JZ BT 24k [V T
k) V(R Z.8)=200 : 1~150 : 1], T MRRBAK,
17.8 mg, F*% 54%. 'H NMR (400 MHz, CDCl;) ¢:
7.09~7.14 (m, 4H), 3.69 (s, 3H), 2.93 (t, J=7.9 Hz, 2H),
2.61 (t, J=7.8 Hz), 2.34 (s, 3H). HRMS (ESI-TOF) calcd
for C;;H;50, [M+H]" 179.1072, found 179.1075. AL
s 5 SRR aE — 2o,

3-(4-(GRUT ) 2RI N IR H B (Se): AEJEMT 4L V(A
B @ V(28R Z.H8)=200 : 1~150 : 1], LEMPRK
&, 21.6 mg, “& 49%. 'H NMR (400 MHz, CDCl3) o:
7.23 (d, J=8.3 Hz, 2H), 7.05 (d, J=8.3 Hz, 2H), 3.59 (s,
3H), 2.84 (t, J=7.9 Hz, 2H), 2.54 (t, J=8.0 Hz) 1.22 (s,
3H). HRMS (ESI-TOF) calcd for C14H20, [M+H]"
221.1542, found 221.1549. FALHE 5 SCHRRE —
?&[Zoi].

3-(4- AL ORI N R Y BR (SF): AR ZE A alifb [V Ch
B @ V(2R Z.H8)=200 : 1~150 : 1], LEMPRK
&, 14.4 mg, 7% 37%. 'H NMR (400 MHz, CDCl3) o:
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7.12 (d, J=8.5 Hz, 2H), 6.83 (d, J=8.3 Hz, 2H), 3.78 (s,
3H), 3.66 (s, 3H), 2.89 (t, J=7.3 Hz, 2H), 2.60 (t, J=7.3
Hz). HRMS (ESI-TOF) calcd for C;H;505 [M+H]"
195.1021, found 195.1030. FALHE 5 CHRIRE —
ﬁ[mn].

3-(4-F I TN R B (Sg): A JZ M 2l Ak [V (A T
k) @ V(2R Z.18)=200 : 1~150 : 1], TR AL
26.2 mg, F“F 72%. 'H NMR (400 MHz, CDCl) o:
7.12~7.17 (m, 2H), 6.94~6.99 (m, 2H), 3.66 (s, 3H),
2.92 (t, J=7.7 Hz, 2H), 2.61 (t, J=7.8 Hz). HRMS (ESI-
TOF) caled for CioH;,FO, [M+H]" 183.0821, found
183.0829. LAFHHE 5 SOk E — 20,

3-(4- G A ) R HF EE (Sh): B JZ M4k V(A i
i) @ (PR Z1)=200 : 1~150 : 1], Jo ek
35.3 mg, ;& 79%. '"H NMR (400 MHz, CDCl3) J: 7.25
(d, J=8.3 Hz, 2H), 7.13 (d, J=8.3 Hz, 2H), 3.66 (s, 3H),
2.92 (t, J=7.7 Hz, 2H), 2.61 (t, J=7.8 Hz). HRMS (ESI-
TOF) caled for CioHClO, [M+H]" 199.0526, found
199.0533. FAEFHE 5 STk IE — F((200),

3-(4-F2HE I ) IR IR (5i): A = A 44k [V
k) © (LR HE)=80 : 1~50 : 1], &t Rk,
28.3 mg, F=# 73%. 'H NMR (400 MHz, CDCl;) J: 6.98
(d, J=7.8 Hz, 2H), 6.63 (d, J=7.8 Hz, 2H), 3.66 (s, 3H),
3.23 (brs, 1H), 2.84 (t, J=7.8 Hz, 2H), 2.57 (t, J=7.8 Hz).
HRMS (ESI-TOF) calcd for C1oH;305 [M+H]" 195.1021,
found 195.1030. FAFHHRE 5 STk E — 20,

4-(3- A B3-S AR 2R R IR (5): A= 4lifh
(VA ) @ MO8 LTE)=60 © 1~40 : 1], TLEHIR
Wik, 22.5 mg, 72% 54%. '"H NMR (400 MHz, CDCL;) ¢:
7.97 (d, J=8.2 Hz, 2H), 7.28 (d, J=8.2 Hz, 2H), 3.91 (s,
3H), 3.01 (t, J=7.8 Hz, 2H), 2.71 (t, J=7.8 Hz). HRMS
(ESI-TOF) caled for C;1H;304 [M+H]" 209.0814, found
209.0822. FALHHE 5 STk ARE — 20,

3-(4-FHE A FE) IR TR (SK): AEE A4 [ V(A
k) @ V(ZBRZEE)=60 : 1~40: 1], TEOMHIRBAE,
14.0 mg, 773 39%. 'H NMR (400 MHz, CDCl3) d: 7.01
(d, J=8.2 Hz, 2H), 6.75 (d, J=8.2 Hz, 2H), 6.21 (brs,
1H), 3.66 (s, 3H), 2.86 (t, J=7.7 Hz, 2H), 2.60 (t, J=7.8
Hz). HRMS (ESI-TOF) caled for C;oH;4NO, [M+H]"
180.1025, found 180.1034. FAEHHE 5 kR E —
ﬁ[mi].

2-56A-1,2,3,4- DY S W K -7-F2 R 7 156 (9a): FEE AT
Atk [VCa B - M(CGBR CTE)=30 1 1~20 1 1], Tt
MR AK, 324 mg, P53 79%. 'H NMR (400 MHz,
CDCl) 6: 8.69 (brs, 1H), 7.68 (d, J=7.8 Hz, 1H), 7.24 (d,
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J=17.8 Hz, 2H), 7.07 (d, J=5.4 Hz, 2H), 3.92 (s, 3H), 3.03
(t, J=7.5 Hz, 2H), 2.67 (t, J=7.5 Hz, 2H). HRMS (ESI-
TOF) caled for CH;;2NOs [M+H]" 206.0817, found
206.0833. FAEHHE 5 SRR E — 3200,

2-(2,3- A -1H-Bli-1-%5) 2.1 F g (11a): F:ZE Hral
W VCRMER) @ (R CTE)=200 : 1~150 © 1], of
MR A, 28.3 mg, F*% 74%. 'H NMR (400 MHz,
CDCly) §: 7.14~7.23 (m, 4H), 3.71 (s, 3H), 3.56~3.61
(m, 1H), 2.86~2.96 (m, 2H), 2.75~2.84 (m, 1H), 2.40~
2.47 (m, 1H), 2.34~2.39 (m, 1H), 1.69~1.78 (m, 1H).
HRMS (ESI-TOF) calcd for Ci,H;50, [M+H]™ 191.1072,
found 191.1077. FRAEHHE 5 SR ARE — 20,
3.22 TEMPO A & A FREE

o X LR B R FR S (104.8 mg, 0.4 mmol, 2.0 equiv.)-
TEMPO (62.5 mg, 0.4 mmol, 2.0 equiv.)Fl 4CzIPN (4.6
mg, 0.006 mmol, 3 mol%) N\ BIiC & #E /1 HE 711 15
mL Schlenk &, A E =k, FEFSKKIIA
MTBE (2.0 mL). /& HEE(17.2 mg, 0.2 mmol, 1.0
equiv.)fI(TMS);SiH (59.7 mg, 0.24 mmol, 1.2 equiv.). ¥
I ZMHE T 24 W i LED =i NS 4 h, H
FE LR R AL RGREAT 08T
323 ZRCUMHAGEAMKRER

BT R H S (104.8 mg, 0.4 mmol, 2.0 equiv.)
Fl 4CzIPN (4.6 mg, 0.006 mmol, 3 mol%)INA L% H
WS4 EE T H) 15 mL Schlenk &, FAEH =K. [
VESH KON MTBE (2.0 mL). —- 2K Z.$%(36.1 mg, 0.2
mmol, 1.0 equiv.)FI(TMS);SiH (59.7 mg, 0.24 mmol, 1.2
equiv.). FHE M RIIFE T 24 W € LED =i F g
St 4h JeMNSERESE, FIMATEAL BN KA (20 mL X 3)¥E
ok, JO/KIRBRAN T k8, R IR AR 2 S L 7RI, A
PR G RE AT JE M 4i4 [V ) © (LR 2 BR) =
250 1 1~200 : 11183 4-(2,2- =K ) FKHEE Hfig(7a),
Tt RAR, 32.2 mg, 7% 51%. '"H NMR (400 MHz,
CDCls) 6: 7.07~7.18 (m, 10H), 6.97 (d, J=8.0 Hz, 2H),
4.14 (t, J=17.9 Hz, 2H), 3.77 (s, 3H), 3.32 (d, J=7.9 Hz,
2H). HRMS (ESI-TOF) caled for CyH» 0, [M+H]"
317.1542, found 317.1551.
324 AARER

F X R H R FR S (104.8 mg, 0.4 mmol, 2.0 equiv.)
F1 4CzIPN (4.6 mg, 0.006 mmol, 3 mol%)JIAZ| LA
JIPFEFH) 15 mL Schlenk &, ZAE =k, FE
SRS MTBE (2.0 mL). A58 FFE(17.2 mg, 0.2
mmol, 1.0 equiv.)FI(TMS);SiD (60.1 mg, 0.24 mmol, 1.2
equiv.). B E I NI E T 24 W # 0 LED =il T
U 4nh RMNERSE, FABMEL/KETR Q20 mL X 3)%
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T, TOKBREREN T8 SL I8, YRR 40 o 22 s ML A 7, H
PRI RE R E M ik (VR ) (LR LR =
50 1 1~30 : 1], 3574 4-(3- S IE-3-FAC I HE)
I% i (3a), G PR (19.9 mg, 723 45%). 'H
NMR (400 MHz, CDCL3) 6: 7.78 (d, J=8.3 Hz, 2H), 7.09
(d, J=8.3 Hz, 2H), 3.72 (s, 3H), 3.48 (s, 3H), 2.96 (t, J=
7.3 Hz, 2H), 2.52 (t, J=7.3 Hz, 1H). HRMS (ESI-TOF)
caled for C1oH1sDO4 [M+H]™ 224.1033, found 223.0974.

56 2K 2 P 6 (104.8 mg, 0.4 mmol, 2.0 equiv.)
F1 4CzIPN (4.6 mg, 0.006 mmol, 3 mol%)JIAFIHL %7
W A3 15 mL Schlenk &, A BE#H =K. H
TS AR O N TAR (2.0 mL). PG R FF R (17.2
mg, 0.2 mmol, 1.0 equiv.)fI(TMS);SiH (59.7 mg, 0.24
mmol, 1.2 equiv.). % E 1R FIFE T 24 W ¥  LED
Fin TR 4 b RNVEERE, AEMEABKIETR20
mL X 3)Beisk, JoKBRREN T I8, R IRAERR 2%
REyE ), A= R E S A [ VA ) @ (SR
4ii8)=50 1 1~30 : 1], 193] 4-3-FAHE-3-FARNE)
2K AR (3a) 19.4 mg, YK 39%.
325 =ZAEFRMNFREE

H X PR H BB (104.8 mg, 0.4 mmol, 2.0 equiv.)-
EE(8.1 mg, 0.04 mmol, 0.2 equiv.)fl 4CzIPN (4.6 mg,
0.006 mmol, 3 mol%) I B E A Wk 15+ 15 mL
Schlenk B 1, BB =K. HEHN KN MTBE
(2.0 mL). MR FEE(17.2 mg, 0.2 mmol, 1.0 equiv.)F
(TMS);SiH (59.7 mg, 0.24 mmol, 1.2 equiv.). K55 % 1] )z
MHET 24 W 55 LED =i NI 4 h 1729 ik
REHEAT 7.
32,6 EIKRABBKFER

H R F R H BB (104.8 mg, 0.4 mmol, 2.0 equiv.)
F1 4CzIPN (4.6 mg, 0.006 mmol, 3 mol%)JIA I %4
W6 34 E 71 15 mL Schlenk #&th, HAB#=X. H
TESHEK I\ MTBE (2.0 mL). P82 HA5(17.2 mg,
0.2 mmol, 1.0 equiv.)FI(TMS);SiH (59.7 mg, 0.24 mmol,
1.2 equiv.). & B R SIEE T 15 W 365 nm LED =
IR 16 h. RBSERR)E, FMASILAKIER (20
mL X 3)Feik, TO/AKBRBRA T I8, WRIRARR 2%
REV ), M= SR E ST A [ VA ) @ (LR
ZHE)=50 1 1~30 : 1], HEMLAY 3a 23.4 mg, YK
47%.
327 RRBREEARTHAB AT AR

W A-((CRB ) B EE B AR ) 58025 ) 2K H R HH iR (121.8
mg, 0.4 mmol, 2.0 equiv.)F1 4CzIPN (4.6 mg, 0.006 mmol,
3 mol%) A FIBC & #7145 +E1 1 15 mL Schlenk &
i, BAES IR BTSRRI MTBE (2.0 mL).
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P EE I AS(17.2 mg, 0.2 mmol, 1.0 equiv.)FI(TMS);SiH
(59.7 mg, 0.24 mmol, 1.2 equiv.). ¥ %31 NI E T
24 W it LED = {E TR 4 h. V5SS, HMRE
ENKIET (20 mL X 3)Peik, TC/KBREREN T/, 1L i,
PR WA B 2 OB ), R P W 4 e A 2 A 4l AL
VCAMEE) @ (LR 4BE)=50 @ 1~30 : 1], 1934b&
¥ 32 26.3 mg, WK 53%.
32.8 HAKRFER

o xR H R FR R (5.23 g, 20 mmol, 2.0 equiv.)F
4CzIPN (230 mg, 0.3 mmol, 3 mol%)II A\ 2| % & i 11
BEFEF ) 250 mL PR, FA BB =K. HERS
WY MTBE (100 mL). P8 H (860 mg, 10
mmol, 1.0 equiv.)f1(TMS);SiH (2.98 g, 12 mmol, 1.2
equiv.). B E I NI E T 24 W 0 LED =il T
U4 h RPSERE)E, FMEAEALEKIE (200 mLX3)
Ve, TCKBRBRANT 1. 1, VIR 46 bk 25 S LA 7,
P RE I FE JE T AL VORI @ (LR LBR) =
50 1 1~30: 1], B2MLEY 32 1.94 g, WK 87%.

4 Bh#4 %] (Supporting Information) 3 7 A1 # 56 {IF 52
AL G Y AL . X b k)R] DL 5 2 AR T
(http://sioc-journal.cn/)_I N #.
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