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Visible-Light-Induced C—C Bond Cleavage of Dihydroquinazolinones
with Trifluoromethyl-Substituted Olefins Defluorinated
Alkylation Reactions

Cao, Xiangxue® Jia, Yahui® Yin, Shiji’ Xu, Liang” Wei, Yu™* Song, Huanhuan®*
(“ Bingtuan Energy Development Institute, Shihezi University, Shihezi, Xinjiang 832003)
(b State Key Laboratory Incubation Base for Green Processing of Chemical Engineering, School of Chemistry and
Chemical Engineering, Shihezi University, Shihezi, Xinjiang 8§32003)

Abstract The visible-light-induced C—C bond cleavage of dihydroquinazolinone to generate alkyl radicals for defluorinated
alkylation reactions with a-trifluoromethyl alkene is reported. The method is featured as transition-metal-free, mild conditions,
base- or additive-free, and has a wide range of substrate applicability, which provides a convenient and efficient new method
for the synthesis of various alkyl-substituted gem-difluoroalkene.

Keywords visible-light catalysis; dihydroquinazolinone; C—C bond cleavage; gem-difluoroalkene; a-trifluoromethyl alkene

BRI G A TR R BT, 2F
WA R B L 5 Fl B, R Joe ik R 3E AT A 280 B e
AR — AN 2 R B T AU, C=0 B SR P DL
PJate s SR A, B AL &) 5 B IR
R EREYICR e 1 I R A B B AT AR R
C=0 BB AMBIKRN. T8 oA 77 7245 1
C(sp®)—C(sp)t, ITEERK, thEFMTCL ke 1T iEe
JrE AR A 2 Jo T ) B s i BT 2R 4R | e A 3 IO BRAT A
P T B Bk D 28 PRI S R 775 SR el T Rk 5
W AT A7 AR5 2 B, B B 5 PR <6 R AR AT FR) 458 PR
HEAREBILIE A, DI AR R SR S a-
ik B R Wb 2R Y e L e AL DD AR — TR A B Bk A

2101 g ir, Zhul'. Martin®l. Sahool®l. Yatham!'%F
Shang!!00155 [F BA 4 18 1 Bl w] DA ] B0 g 250 A o — A
WA AT A2, SR i d I i DL SR A A A AN I A Ak
YA E RIS ST C(sp®)—C(sp®) BT Y, SCILE fE
Fetl, & — Mo L 0 i RO & C(sp*)—C(sp®) Bl C(sp*)—
X B8 772 (Scheme 1, a). IXFf A W A IR IR 777 2E )
H R SEIE R B EH IR I B R A A SRS, FE TR
EUEANE RN, (EHAE—ERRE,
AT R R A B B U 4 AL R
AR, SR T EEFESZ BIRR ). BRI R &5
SR 7R R A R B Mk 4, iR
FEERX.
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T T BAT BN B JE T 2 AR A5 R R 5 K
A RARI AT AR 3, R — e 2R 1 5 AL
A s LD eI A Y 17w <7 A3 S 6 S e <
SRARTE SRR, FERIZ . ARALZ AR R GUR A
FEE E MM R, R U T B0 Ak 5
LT BB AL AR — MR, (E A B
BP0, 8 M I 2 R AT 04 5
BRZRALL, BRI — SR IR & g i, el T o
R B S5 R LEAR M AN 259 1 Fpole 35 B4R ). [
TR A G R 20 1 1 — U0 e AT 75 v R oA B2 X
FEE 2L HAERIBT TR, AT B 53 451 o- =980 2 A )
A, SEHUE — R AL S 252 — R EHEA 2
(ISR, e rb 20 S 5 RO V5 BB AR SR B 2% A T B i
MAENEE G, 5 a- = MK ARG 2
& R S0 AR, S B AL SR PR
K, U R AL B T UL A AL B B T R R
(SET)Id 2 th 4 B ] £ i — 5k A (14 ] 4% 04)(Scheme
1, b). ST, R a- =90 T MR A W e e 2k
Wirikcae s 17— rEtiE, EE, RO Eh
SLRTAR, JF HAETCE IR 2 T & s — s e a2 1%
WU R 2 —.

FE TR S I TR AU S VR I A4 A0 T T %
BB, PR DL S MR AT A B R SRR, A
A o- = 5T I 0 1O B SR e 2 A0 S . AHE 72 18 P
4CzIPN 1E ARG R OLAEALT, Jo/Ha IR As NN
#, A FHRRATAE ) — S KR £ 9 B 2R AT, 5 a-
=R A AR R R ) 25 R T R B R 1 R
SR EY). SR E L SR, T AT
AR a- = 5 I e 24 RE DLOE e ) 7 R SR ik S 4 2

o]

@ )?\ Activation ©\)J\ /Iﬁ
N

H

() F3C/}\ *

Photocatalysts, electroredox or [M]

FERIE RIS~ Y)(Scheme 1, o). ZBFFiHE T —4&
W s AR A O e 2k B R R AR AR T & R T L D
AL TSRS, & —wUR R A& et
T ARSI,

1 ER5HIE

T ek IR O LR 2- U3 2 R I e R A
AR BT B A IR ERATAE D) 1a. BEJE DL AR
WRER T A 1a F155 5 a- =50 BE 07505 2a 1E N BAREY)
HATIRER. &It — RPN KAFTRE, HZIRTZR PR
25 AT 0.1 mmol 75 o- =36 FH AL 42 2a (1.0 equiv.),
1.5 equiv. i) —E EPEIRERT A4 1a, A 2 mol% 4CzIPN
RCHEACT, {5 A — H R H0.1 mol/L)fFE A, 1
ST, 10 W 450 nm (GRS, SRS 12 h,
L 80% )73 25 7= 2645 2 H AR =4 3a. 25| SLISERT, b
BOAAYECF R LB (R 1, Entries 2, 3), ZMEIF
SBERA EARRERE(E 1, Entry 4). FET-IRA RS
I M 55 ZE I (AQDAB) 1 A WL M 4k 5751 5 1 1)
WFFES), 2446 F AQDAB 1E AL AL &N F- A RER
LA T, HAELL 40% )7 2645 2 H AR~ ¥)(3 1, Entry
5). BENRXEFITHIER I, HH RS NN-ZH
JE B i (DMF) Al N- FE i i S B (NMIP) 2= 2 #1542
FB#(3% 1, Entries 6, 7), ZE(MeCN). HiE(MeOH). 2.
1% Z.BE(EtOAC) PUS Wi (THE)/E NV FIIN: S B TE 45
FIHAREDY), JFEHE KERR(E 1, Entries 6~13).
AERNEVE T R FE(DCM) FHEERUT B ¥ (MTBE)
VAT RN AR TGVENR3EAT (3% 1, Entries 12, 13). B
JEFOGIEHL 455 nm B, PRER TR 74%((GK 1, Entry
14). 1E3R18 T BRI B &AM G, 5T IR RY)E

Photocatalysts, [Ir], or base

Peroxide

FF

I

Cross-coupling

G = Organozinc reagents, Boronic acid, Hantzsch ester, alkanes, tetrafluoroborate salts, etc.

(e}

NH
(c)
‘ H/k ’ Fsc/g

Transition-metal-free Additive-free

F_F
Visible light )l/\/
Base-free Mild conditions

B 1 (a) A i — M R 15 Dy B R B AT SR (b) (8 30 e S B M 1) B BT YR (o) AT A Y — S v ek i 1 1

HFE HI A4 1 5 A — Rk

Scheme 1 (a) Ketone-derived dihydroquinazolinone radical precursor, (b) method for synthesizing gem-difluoroalkenes, and (c) use of
ketone-derived dihydroquinazolinone derivatives for providing radicals for synthesizing gem-difluoroalkenes
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FYVEREI(FR 2). B ex =R S BRE RIR T 7%
8, NSLIRZE BRI LA H, 2R FRRA 5 G AN A B HUAR
Bemt, R BIHEREE DL R B AT 05 S5 2 H AR &)
(3b~3h), XJ {77 4 H T 4 (Me, -Bu, OMe, SMe,
OPh)S}, F=#BEH T F, vIREE T IR ik
SRS T B (A e B RS IR R
S A iR IR EL(CL, By, SR AT DR R Hb %
A RIR AL A AN TR AR, R AT LTS 2 AR B
(11 H As i & 90(3i~3k), HA sl f 7 2R H(CN) A R T
ST, RERE DL 95% M= R 15 2 H AR =4 3k. 10%
7RI IR EUR IR, RS 2 H R MR
B, BEfZLL 75%M =245 2 HARF=4) 31, T BH S RS2 M
F b s (A BRSNS e AN B . e Ah, 552 T HiAhk
R, W 2-Z8 MR AR B A R SR T IR IR . 2R
FEREE M et R I R AP 32, BE L 52%~95%
(77 A5 3 B AR Y(3m~3p). SR A kR
RICWIAT T E M2, T W23 7 A 1) — e ik
HHEERE: FREABE. RREE R, PO
F H 35 B 0% IR Hh 753 21 H A5 7= 20(3q~3s). Bk
P = b R H AR DL 72% 1077 R 1G 2 H bR
A 3t B R y— R TR A R, 153 227%™ %
(1 B AR 3u. MAEFRESRAE T, 4 RUAZREER,, AE
R3 N HIE & R (Iv~12), #BICIERAT M5 H bR

FEY). M RIAZEIE, RUNIET 5 1aa 5 =5 F 5 1ab Y,
= AR B =W, AT ReAE RO — 2 B LI ) R
BRI A IR S 2.

B J5 0] e SR REAT 7RI, TEARAESRA T 1R
MBI 2.0 equiv. VY H EEIRIE S AL ¥ (TEMPO), X
A SE A, P N R T RESE DT T H AR
FE. AT UEBA G RS2 36 (0 5 B, T — SR ORAT R
5 (1) 3 h (P23 22%; ()45 3 h G 5 SO
BT B  F4kEN 3 h (725 23%; (3) % 9 h
72 RN 68%; (443t 9 h J6IE )5 oK B T B &1k
YRR 3 h PSRN T1%. LR RE, RN
FEHRAEAE T BB IR AT OB, Toe 2 T B 0
], kLR RN 4RSI T, B T RESR IR R R
NEEAT L EEAC PR, fE— R BN T A R R
MR REME. MR SEI6 25 R S SCHRIS- ke, SR T
— M A] RE ) S N AL R (Scheme 3): B 26 GHGR] 4CzIPN
TEARE AR U A GG 4C2ZIPNY, BEJG 5IRY) 1a
R TR RS (SET) L A2, 6500 w0 IR 3 K 159 3
4CzIPN™, W) 1a #5808 B L PHE Tk AL
R A FEVKS I B I BREN 1) R R A B-TR AR BT 2L AN
R IR Y B AR A H R B, MiEH A
FHHE B 555 = H T REAE 22 KA H HIEINRA
B H MEAE C, kM 4CZIPN B HL 138 JFUNTR £t

R RS SN I

Table 1 Optimization of defluoroalkylation reaction conditions

4CzIPN (2 mol%)

o}
N
H Ph 10 W 450 nm blue LEDs Ph

o™

Fu_F

. O
NC CN< > § CHuCHoPh
B A

|
|
|
|
i
| ZC Ccz
|
|
|
|
|
|
|

DMSO, Ar, rt., 12 h / N 0
cz AN
1a 2a 3a |
%
4CzIPN AQDAB
Entry Variations from the standard condition Yield®/%

1 None 80
2 Without 4CzIPN N.R:<
3 Without light N.R:<
4 Air instead of Ar Trace
5 AQDAB instead of 4CzIPN 40
6 DMF (1.0 mL) instead of DMSO (1.0 mL) 60
7 NMP (1.0 mL) instead of DMSO (1.0 mL) 30
8 MeCN (1.0 mL) instead of DMSO (1.0 mL) Trace
9 MeOH (1.0 mL) instead of DMSO (1.0 mL) Trace
10 EA (1.0 mL) instead of DMSO (1.0 mL) N.R.c
11 THF (1.0 mL) instead of DMSO (1.0 mL) Trace
12 DCM (1.0 mL) instead of DMSO (1.0 mL) N.R.c
13 MTBE (1.0 mL) instead of DMSO (1.0 mL) N.R.c
14 455 nm blue LEDs instead of 450 nm blue LEDs 74

“Reaction conditions: 1a (0.15 mmol), 2a (0.1 mmol, 1.0 equiv.), DMSO (1.0 mL), 4CzIPN (2.0 mol%), Ar, 10 W 450 nm blue LEDs, r.t., 12 h. ? Isolated yields.

¢N.R.=No reaction.
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Table 2 Scope of defluoroalkylations

o}
FuF
NH
Mo LN e 4CZIPN (2mol%) - I R
N ) R0 P DMSO, Ar, rt., 12 h 20
R R
H 10 W 450 nm blue LEDs =
1, 1.5 equiv. 2, 0.1 mmol 3
R'=CHj or Ph
/@F;[F/O FF Fe_F FF
| | QI@ QIQ
Me o s
3a, 80% 3b, 61% 3c, 94%° 3d, 70%° 3e, 60%
L QIQ 0 i i jg
| QL@ Qip |
0 cl Br
3f, 56% 39, 61% 3h, 93% Me 3, 68% O 3779
F ‘ F F ‘ F FF L E
| |
C;kﬁ ;
Me (6]
CN .
3k, 95% 31, 75% 3m, 7% 30, 53%
FuF FF
F‘ F ‘ ‘ 0 F‘ F
[o
© Q
3p, 52% 3q, 76% 3r, 63% 3s, 32%° 3t, 72%
F_F TR

T =0

Q

3u 27%°¢ R
(0] (0]
NH NH NH NH
N N
cl Br
1v, N.R. 1w, N.R. 1x, N.R. 1y, N.R.
(e} (o} (e}
NH NH NH
N CF3
N N
O ’ ’
1z, N.R. 1aa, trace 1ab, trace

“@Reaction conditions: 1a (0.15 mmol), 2a (0.1 mmol, 1.0 equiv.), DMSO (1.0 mL), 4CzIPN (2.0 mol%), Ar, 10 W 450 nm blue LEDs, r.t., 12 h. ? Isolated yields.
¢ Reacted for 24 h.  R3=Ph, ¢ N.R.=No reaction.
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Radical inhibition experiments

0
N Ph

1a 2a
Light-on-off experiments

Standard conditions
TEMPO 2.0 equiv.

—a—-3a (%)
100
Light Light
80
L 60
e g 60
\ g
> 40
Ph 201
0% yield, 3a 0 3 6 9 12

Time/h

B2 HUHEER A LI M ook SEi6

Scheme 2 Mechanism and light on/off experiments

Proposed mechanism

4CzIPN
F

0]

1a

©\)‘\NH
RS

4CzIPN

o]
F’h
4_L NH
+
N/)\R3

B3 e A SR AT AR AL EE

Scheme 3 Proposed mechanism of defluoroalkylation reaction

BTk D, 85RO BT R B &)
3a, JEEGIB AR K 4k T 58 BOG MR
2 Zhip

gy LT, B ERATAE M — S e R R A7 AL 41 A
EERIERTA, DL o- =50 IR IR 0 1 BB ik, sk
BT — RAVGEEE IR AR R A, R T
I R AL S R A %R SIE T 4R T
WA MR JF ARG T BEAT, TCF RIS B e, i
Wi 2 e, HE IR R, M AR R
LA BAR L T — 2505 8 12

3 XIS
31 X5
'H NMR (400 MHz), >*C NMR (101 MHz)#l F

NMR (376 MHz)>¥:F Bruker Ascend-400 MHz #Z i L%
BCE. ST E A E B LA 1) 200~300 H
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fkfe, SEEQET RS AT AR, K& G4l
P Aab .

32 ZWHE

3.2.1 tbdh 3 a9H &

VLAY 3a G NG, (E3AE B HITH Sch-
lenk N HIIN 2-3F L3k -2- FF FE -2, 3- — & W I -
4(1H)-f(33.7 mg, 0.15 mmol). 4-(3,3,3- =% A i-2-
F)-1,1-167£(24.8 mg, 0.1 mmol)LL & 4CzIPN (1.6 mg,
0.002 mmol), [ 5 i XUCHEE B #e il =K, TERUR
FEl NI VE7 DMSO (1.0 mL). #4 S AE =3 R #H 10
W 455 nm blue LEDs {84} 12 h. [ 4E )5, WM
I 10 mL 7KK, SRJE F 1R ZER(10 mL X 3)AH %
NG, G RANUH A& 2 K(S5.0 mLX2)%k
o, FTE/K Na;SOs T ANAMAIRAE . FZEHT ()
i S 2 H b4 3a, BEMBC AR, FRE2iiL S 1)
FEEEECE, TS . . BOE . S ETE
LLAMGE DL R 55 SR ALE.
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3.2.2 A EedohER LA (1a~1aa) by ] &

DL 2-FF CL3E-2- FRIE-2 3= — A5 W IR Ibk-4( 1 H)- i 9 451
BT TN R 50 mL B I 2-G0 52K H
J%(1.36 g, 10.0 mmol) 1-3 3& 2 %e-1-Fi(1.33 g, 10.5
mmol), I (0.13 g, 0.05 mmol)F1 DMF (15 mL). #iB &
BT 50~80 C PN 4~8h. )2 EIG(TLC) MM
SN SE A A, K R N B = B S N K (50
mL) B IREV = A TEY), RSEE S s R A
3B . KR K BRIl IS CREE A e, 15
1) S0 P R
323 2-Z R FA-2-KA-23-= Ak ek ok -4(1H)-ER
(1ab) &) % &

BTN TR 50 mL B N 2-& 3%
FERZ(0.95 g, 7.0 mmol), 2',2',2'- =4 7K ZH{(1.58 g, 9.1
mmol), X FARERR(0.13 g, 1.4 mmol), HZ(34 mL)F!
DMF (4 mL). KiEESMET 108 C FHtHk N 12-48 h.
TLC Ml R 5 b )a, R E R =R, 85 H
LR CBEZERUR RORAY). & A N A& 2K
Belk, B K NapSO, T, A HURSIKRAE . AR
(RERO AR EI H A58 1ab, PN 2.1 2
.

324 FEAZATEMEZGH &

Ph 4-(3,3,3- = 9-1- I #i-2-36)- 1, 1-BR R R a1l 7E ¢
AT 100 mL Schlenk M H, JIA[1,1-BEA]-4-
f%2(0.99 g, 5.0 mmol). (=R MH) FALFE(0.11 g, 0.15
mmol) FIBREREH(2.76 g, 20.0 mmol). B Jim i i XHEE &
el =R, AR A T IO DY &R AR (1515 mL,
0.33 mol/L)f1 H,O (10.0 mL, 0.5 mol/L). ZEHIAN 2-¥1-
3,3,3- =& ANM(1.75 g, 10.0 mmol)J5, TR EVETRAE 60 C
SRR, TLC W B 58 A0 5. A JE A al
TIREY), VEMGBCN AT MBS 8. 208, 15 BIAH R =5
GiE-Y TS
3.3 AR

4-(3-FF 2 IE-1,1- 5N - 1-05-2-38)-1,1-BE K (3a)10):
25.0 mg, 80% yield, LA, 'H NMR (400 MHz,
CDCly) d: 7.62~7.58 (m, 4H), 7.47~7.35 (m, 5H),
2.33~2.30 (m, 2H), 1.73~1.61 (m, 5H), 1.31~1.27 (m,
1H), 1.15~1.13 (m, 3H), 0.99~0.93 (m, 2H); '*C NMR
(101 MHz, CDCL) ¢: 154.1 (dd, J=291.9, 287.4 Hz),
140.6, 139.8, 133.1 (t, J=4.5 Hz), 128.8, 128.6 (t, J=3.3
Hz), 127.3, 127.03, 126.99, 90.8 (dd, J=22.3, 12.3 Hz),
35.7, 35.1, 32.9, 26.4, 26.1; 'F NMR (376 MHz, CDCl;)
5: —90.7 (d, J=43.2 Hz, 1F), —91.2 (d, J=43.2 Hz,
1F).

1-(3- 36 O FE-1,1- = 960 I8 -1- 05 -2- 5 )-4- H R OR
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(3b)"°: 15.5 mg, 61% yield, LA, '"H NMR (400
MHz, CDCl;) §: 7.22~7.13 (m, 4H), 2.36 (s, 3H), 2.27~
2.24 (m, 2H), 1.70~1.64 (m, 5H), 1.27~1.25 (m, 1H),
1.12 (s, 3H), 0.93~0.88 (m, 2H); '*C NMR (101 MHz,
CDCl;) d: 153.9 (dd, J=290.6, 286.7 Hz), 136.8, 131.1
(dd, J=4.4, 2.9 Hz), 129.1, 128.1 (t, J=3.2 Hz), 90.8 (dd,
J=21.8, 13.0 Hz), 35.6, 35.2, 32.9, 26.4, 26.0, 21.1; '°F
NMR (376 MHz, CDCl;) §: —91.9 (d, J=45.5 Hz, 1F),
—92.2 (d, J=45.5 Hz, IF).

1-AUT H-4-3-FF -1, 1- A -1-0-2- 25 %
(Bo)l"l: 27.5 mg, 94% vyield, LA, 'TH NMR (400
MHz, CDCI3) §: 7.37~7.35 (m, 2H), 7.25~7.23 (m, 2H),
2.27~2.24 (m, 2H), 1.70~1.64 (m, 4H), 1.60~1.59 (m,
1H), 1.32 (s, 9H), 1.30~1.26 (m, 1H), 1.15~1.11 (m,
3H), 0.96~0.88 (m, 2H); 3C NMR (101 MHz, CDCI3) ¢:
154.0 (dd, J=291.1, 286.5 Hz), 149.9, 131.0 (t, J=3.4
Hz), 127.8 (t, J=3.4 Hz), 125.3, 90.7 (dd, J=21.9, 12.4
Hz), 35.6, 35.2, 34.5, 32.9, 31.3, 26.4, 26.1; '°F NMR (376
MHz, CDCI3) §: —91.4 (d, J=45.1 Hz, 1F), —91.9 (d,
J=44.7 Hz, IF).

1-(3-FA L 2E-1,1- A - 1- M -2- 28 )-4- A R R
(3d)!'°: 18.6 mg, 70% yield, LA, '"H NMR (400
MHz, CDCl3) d: 7.24~7.22 (m, 2H), 6.90~6.87 (m, 2H),
3.82 (s, 3H), 2.25~2.22 (m, 2H), 1.69~1.60 (m, 5H),
1.26~1.22 (m, 1H), 1.14~1.09 (m, 3H), 0.95~0.86 (m,
2H); *C NMR (126 MHz, CDCl5) §: 158.5, 153.9 (dd, J=
290.1, 286.5 Hz), 129.4 (t, J=3.2 Hz), 126.2 (dd, J=4.3,
3.0 Hz), 113.8, 90.5 (dd, J=22.0, 12.9 Hz), 55.2, 35.6 (d,
J=2.3 Hz), 35.3, 32.8, 26.4, 26.1; F NMR (376 MHz,
CDCly) 9: —92.3 (d, J=47.0 Hz, 1F), —92.7 (d, J=46.6
Hz, 1F).

(4-3-3 LB -1,1- B0 - 14 -2- 38 ) 2R 58 (2% ) il
$i(3e)'7: 16.9 mg, 60% yield, ¥ A, 'TH NMR (400
MHz, CDCl;) §: 7.23~7.20 (m, 4H), 2.49 (s, 3H), 2.26~
2,23 (m, 2H), 1.67~1.61 (m, 5H), 1.26~1.25 (m, 1H),
1.19~1.10 (m, 3H), 0.95~0.86 (m, 2H); '*C NMR (101
MHz, CDCls) d: 153.9 (dd, J=291.3 Hz, 281.1Hz), 137.2,
130.8 (t, J=4.4 Hz), 128.6 (t, J=3.3 Hz), 126.4, 90.6 (dd,
J=21.0 Hz, 11.2 Hz), 35.7, 35.07, 32.8, 26.4, 26.0, 15.7;
F NMR (376 MHz, CDCls) §: —91.1 (d, J=44.0 Hz,
1F), —91.6 (d, J=44.0 Hz, 1F).

1-3-FF L5 -1,1- A - 1- 0 -2- 58 -4 SR | R R
(3H'%: 18.4 mg, 56% yield, L. '"H NMR (400
MHz, CDCls) d: 7.38~7.32 (m, 2H), 7.27~7.25 (m, 2H),
7.13 (t, J=7.2 Hz, 1H), 7.06~7.03 (m, 2H), 6.99~6.96
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(m, 2H), 2.27~2.24 (m, 2H), 1.69~1.61 (m, 5H), 1.28~
1.24 (m, 1H), 1.16~1.11 (m, 3H), 0.97~0.88 (m, 2H); *C
NMR (101 MHz, CDCl) d: 156.8, 156.4, 154.0 (dd, J=
289.2, 286.9 Hz), 129.8, 129.6 (t, J=3.3 Hz), 128.8 (dd,
J=4.5, 3.1 Hz), 123.5, 119.2, 118.4, 90.4 (dd, J=22.4,
12.6 Hz), 35.7 (t, J=2.2 Hz), 35.3, 32.8, 26.4, 26.1; F
NMR (376 MHz, CDCL3) §: —91.6 (d, J=47.7 Hz, 1F),
—92.0 (d, J=45.1 Hz, IF).

1-50-4-3-H O 2 -1,1- 5 - 1-J -2- 5 ) K (3g) 6.
16.5 mg, 61% yield, L. 'H NMR (400 MHz,
CDCl;) d: 7.33~729 (m, 2H), 7.25~7.23 (m, 2H),
2.27~24 (m, 2H), 1.67~.60 (m, 5H), 1.26~1.19 (m,
1H), 1.17~1.12 (m, 3H), 0.95~0.87 (m, 2H); '*C NMR
(101 MHz, CDCly) §: 154.0 (dd, J=291.8, 287.7 Hz),
132.9, 132.6 (dd, J=4.8, 3.3 Hz), 129.6 (t, J=3.3 Hz),
128.6, 90.3 (dd, J=22.9, 12.5 Hz), 35.7, 35.1, 32.8, 26.3,
26.0; 'F NMR (376 MHz, CDCl;) 0: —90.5 (d, J=42.5
Hz, 1F), —91.1 (d, J=42.5 Hz, IF).

1-R-4-(3-3 L2 -1,1- 50 A -1- M5 -2- 35 ) K (3h) 170
29.3 mg, 93% yield, LA, 'H NMR (400 MHz,
CDCly) d: 7.49~7.46 (m, 2H), 7.18 (d, J=7.2 Hz, 2H),
2.26~2.23 (m, 2H), 1.67~1.55 (m, 4H), 1.60 (s, 1H),
1.22~1.20 (m, 1H), 1.12~1.06 (m, 3H), 0.95~0.86 (m,
2H); 3C NMR (101 MHz, CDCls) 6: 153.9 (dd, J=291.9
Hz, 287.7 Hz), 133.1 (dd, J=4.7 Hz, 3.2 Hz), 131.6, 129.9
(t, J=3.3 Hz), 121.0, 90.4 (dd, J=22.8 Hz, 12.4 Hz), 35.7
(t, J=2.2 Hz), 35.0, 32.8, 26.3, 26.0; '°F NMR (376 MHz,
CDCl;) 6: —90.4 (d, J=42.1 Hz, 1F), —90.9 (d, J=42.1
Hz, IF).

1-3- 38 2 -1,1- = 80 A -1- M -2- 3 )-3- T 2R R
31 17.0 mg, 68% yield, LA, "H NMR (400
MHz, CDCl3) d: 7.26 (t, J=6.8 Hz, 1H), 7.13~7.09 (m,
3H), 2.38 (s, 3H), 2.29~2.26 (m, 2H), 1.72~1.62 (m,
5H), 1.31~1.25 (m, 2H), 1.15~1.12 (m, 2H), 0.99~0.89
(m, 2H); C NMR (101 MHz, CDCl3) J: 154.1 (dd, J=
290.7, 286.9 Hz), 138.1, 134.3 (dd, J=4.2, 2.7 Hz), 129.2
(t,J=3.1 Hz), 128.4, 128.1, 125.6 (t, J=3.0 Hz), 91.3 (dd,
J=21.7, 13.2 Hz), 35.8 (t, J=2.3 Hz), 35.5, 33.1, 26.6,
26.2, 21.7;"F NMR (376 MHz, CDCls) §: —90.6 (d, J=
44.7 Hz, 1F), —90.9 (d, J=44.7 Hz, IF).

1-(3-FF C 5 -1, 1- 50N -1- M -2- 25)-3- H A 2 O
(3l 20.5 mg, 77% yield, LB . 'TH NMR (400
MHz, CDCl;) 0: 7.28~7.24 (m, 1H), 6.89 (d, J=8.0 Hz,
1H), 6.85 (s, 1H), 6.82~6.80 (m, 1H), 3.81 (s, 3H), 2.26~
2.23 (m, 2H), 1.69~1.59 (m, 5H), 1.29~1.22 (m, 1H),
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1.14~1.09 (m, 3H), 0.96~0.83 (m, 2H); *C NMR (101
MHz, CDCl;) d: 159.5, 154.0 (t, J=289.2 Hz), 135.4,
129.4, 120.7 (t, J=3.1 Hz), 114.4 (t, J=3.3 Hz), 112.24,
91.0 (t, J=17.5 Hz), 55.2, 35.7, 35.3, 32.9, 26.4, 26.0; '°F
NMR (376 MHz, CDCl3) §: —91.1 (s, 2F).

3-(3-FF O3 -1, 1- U -1- 075 -2- 8 ) 25 B RS (3K)[4b:
24.8 mg, 95% yield, LA, 'H NMR (400 MHz,
CDCls) d: 7.59 (s, 1H), 7.57~7.53 (m, 2H), 7.48~7.44
(m, 1H), 2.94~2.63 (m ,2H), 1.68~1.60 (m, 5H), 1.22~
1.18 (m, 1H), 1.14~1.06 (m, 3H), 0.97~0.87 (m, 2H);
13C NMR (101 MHz, CDCLs) 6: 154.3 (dd, J=293.3 Hz,
289.2 Hz), 135.6 (dd, J=5.2 Hz, 3.3 Hz), 132.6 (t, J=3.3
Hz), 131.7 (t, J=3.4 Hz), 130.7, 129.3, 118.6, 112.8, 89.9
(dd, J=23.9 Hz, 11.9 Hz), 35.7 (t, J=2.2 Hz), 34.8, 32.8,
26.2, 25.9; 'F NMR (376 MHz, CDCl;) 5: —88.7 (d, J=
38.7 Hz, 1F), —89.8 (d, J=39.1 Hz, IF).

1-(3-FF O 5E-1,1- =5 A -1- 0 -2- 38 ) -2- R OR
3D 18.8 mg, 75% yield, LK. '"H NMR (400
MHz, CDCl;) d: 7.26~7.22 (m, 2H), 7.21~7.18 (m, 1H),
7.15~7.13 (m, 1H), 2.28 (s, 3H), 2.18~2.15 (m, 2H),
1.73~1.67 (m, 5H), 1.22~1.14 (m, 4H), 1.00~0.89 (m,
2H); '*C NMR (101 MHz, CDCl;) d: 153.0 (dd, J=288.3,
285.6 Hz), 136.8, 133.7 (d, J=4.7 Hz), 130.3, 129.7 (d,
J=32 Hz), 127.6, 125.7, 89.7 (dd, J=21.9, 17.0 Hz),
36.8, 35.5 (t, J=2.5 Hz), 33.2, 26.4, 26.1, 19.5; ""F NMR
(376 MHz, CDCly) §: —89.7 (d, J=45.5 Hz, 1F), —94.4
(d, J=45.5 Hz, 1F).

2-(3-F L 3E-1,1- A - 1-45-2-25) 2 (3m) 0] 22.0
mg, 77% yield, LA, 'TH NMR (400 MHz, CDCl;) 6:
7.85~7.77 (m , 4H), 7.52~7.44 (m, 3H), 2.40~2.38 (m,
2H), 1.74~1.71 (m, 2H), 1.67~1.65 (m, 2H), 1.59~1.55
(m, 1H), 1.33~1.27 (m, 1H), 1.15~1.08 (m, 3H), 1.00~
0.92 (m, 2H); '3C NMR (101 MHz, CDCl;) 6: 154.2 (dd,
J=291.5, 287.3 Hz), 133.3, 132.4, 131.6 (dd, J=4.4, 3.0
Hz), 128.0, 127.9, 127.6, 127.3 (t, J=3.3 Hz), 126.2 (t,
J=3.1Hz), 126.2, 126.0, 91.2 (dd, J=22.4, 12.5 Hz), 35.7
(t, J=2.3 Hz), 35.3, 32.9, 26.4, 26.0; '°F NMR (376 MHz,
CDCly) 0: —90.9 (d, J=43.6, Hz, 1F), —91.5 (d, J=
43.6 Hz, 1F).

A4-(3-FF -1, 1- 5N - 10 -2-38) — 2K I [b,d] Wk IR
Bm)'7: 31.0 mg, 95% yield, LA, '"H NMR (400
MHz, CDCLs) d: 7.98 (d, J=7.6 Hz, 1H), 7.93~7.90 (m,
1H), 7.62 (d, J=8.0 Hz, 1H), 7.51~7.47 (m, 1H), 7.39~
7.35 (m, 3H), 2.52~2.47 (m, 2H), 1.78~1.58 (m, 5H),
1.25~1.94 (m, 1H), 1.15~1.06 (m, 3H), 1.00~0.95 (m,
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2H); *C NMR (101 MHz, CDCls) ¢: 156.06, 153.8 (dd,
J=296.4 Hz, 288.3 Hz), 127.8 (t, J=2.4 Hz), 127.3,
124.5, 124.2, 122.8, 122.7, 120.6, 119.9, 118.7 (dd, J=5.3
Hz, 2.2 Hz), 111.8, 87.0 (dd, J=25.3 Hz, 14.7 Hz), 35. 9
(t, J=2.2 Hz), 35.2, 32.8, 26.4, 26.0; '°F NMR (376 MHz,
CDCly) 9: —87.9 (d, J=39.5 Hz, 1F), —91.4 (d, J=39.5
Hz, IF).

5-3-F O -1,1- A - 108 2- ) K IE[D][1,3]1 =
AR (30)1): 14.8 mg, 53% yield, LK. H
NMR (400 MHz, CDCls) 6: 6.81~6.75 (m, 3H), 5.97 (s,
2H), 2.22~2.19 (m, 2H), 1.68~1.60 (m, 5H), 1.26~1.19
(m, 1H), 1.14~1.11 (m, 3H), 0.92~0.83 (m, 2H); 1*C
NMR (101 MHz, CDCls) 6: 153.9 (t, J=288.6 Hz), 147.6,
146.6, 127.8 (d, J=1.7 Hz), 121.8 (t, J=3.2 Hz), 108.8 (t,
J=3.3Hz), 108.2, 101.1, 90.8 (dd, J=19.0, 16.7 Hz), 35.6
(t, J=2.2 Hz), 35.5, 32.8, 26.4, 26.1; '°F NMR (376 MHz,
CDClL;) 6: —92.1 (d, J=1.1 Hz, 2F).

6-(3-FF B3 -1,1- RN -1- M -2-38)-2,3- “ &K IF
[p1[1,4] —FEKE3p)RY: 15.3 mg, 52% yield, ¥ A, 'H
NMR (400 MHz, CDCls) d: 6.85~6.77 (m, 3H), 4.27 (s,
4H), 2.22~2.19 (m, 2H), 1.68~1.65 (m, 4H), 1.26~1.11
(m, 5H), 0.89~0.85 (m, 2H) 3C NMR (101 MHz, CDCls)
d: 153.9 (dd, J=290.2, 286.8 Hz), 143.2, 142.6, 127.3 (dd,
J=3.7, 2.1 Hz), 121.5~121.4 (m), 117.13~117.07 (m),
90.4 (dd, J=21.5, 13.6 Hz), 64.4, 35.6, 35.2, 32.8, 26.4,
26.0; F NMR (376 MHz, CDCly) 0: —91.9 (d, J=45.5
Hz, 1F), —92.1 (d, J=45.5 Hz, 1F).

A-(1,1- B -4- F 1 - TR -2-36)-1, 1= BB 2 (31441
20.7 mg, 76% yield. H A, mp. 54.1~59.7 C
(1it." 53.8~54.2 °C); 'H NMR (CDCls, 400 MHz) o:
7.62~7.55 (m, 4H), 7.46~7.42 (m, 2H), 7.41~7.38 (m,
2H), 7.37~7.33 (m, 1H), 2.33~2.30 (m, 2H), 1.68~1.60
(m, 1H), 0.92 (d, J=6.8 Hz, 6H); *C NMR (CDCl;, 101
MHz) 6: 154.1 (dd, J=291.5, 287.5 Hz), 140.6, 139.9,
1329 (t, J=3.2 Hz), 128.8, 128.6 (t, J=3.3Hz), 127.3,
127.1, 127.0, 91.4 (dd, J=22.1, 12.6 Hz), 36.5, 26.5 (t,
J=2.3 Hz), 22.1; 'F NMR (CDCl;, 376 MHz) 6: —91.0
(d, J=43.6 Hz, 1F), —91.5 (d, J=43.2 Hz, 1F).

4-(3- B I -1,1- R A -1- 0 -2- R )-1L1- B OR
(3r)l4dl: 18.8 mg, 63% yield. HEIEA, mp. 572~
580 C (1lit'! 56.8~57.3 ‘C); 'H NMR (400MHz,
CDCly) d: 7.63~7.59 (m, 4H), 7.48~7.40 (m, 4H),
7.38~7.35 (m, 1H), 2.46~2.43 (m, 2H), 1.91~1.84 (m,
1H), 1.73~1.62 (m, 4H), 1.53~1.48 (m, 2H), 1.23~1.17
(m, 2H); 3C NMR (101 MHz, CDCl;) §: 154.0 (dd, J=
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291.2, 287.2 Hz), 140.6, 139.9, 133.0 (dd, J=4.4, 3.1 Hz),
128.8, 128.7, 127.3, 127.0, 127.0, 92.0 (dd, J=21.9, 12.3
Hz), 38.3, 33.4, 32.1, 25.0.; '°F NMR (376 MHz, CDCl)
d: —91.5 (d, J=44.7 Hz, IF), —91.9 (d, J=44.4 Hz,
1F).

4-(2-([1,1'- IR |-4- 52 )-3,3- — 550075 74 32 ) DO S -2 H- i
I (3s)4d): 10.1 mg, 32% yield, JoBAE. 'H NMR (400
MHz, CDCl3) §: 7.62~7.59 (m, 4H), 7.45 (t, J=7.2 Hz,
2H), 7.40~7.34 (m, 3H), 3.95~3.91 (m, 2H), 3.32~3.25
(m, 2H), 2.41~2.38 (m, 2H), 1.61~1.53 (m, 3H), 1.38~
1.26 (m, 2H); '3C NMR (101 MHz, CDCl;) 6: 154.2 (dd,
J=292.0, 288.1 Hz), 140.4, 140.1, 132.6 (dd, J=4.3, 3.3
Hz), 128.8, 128.5 (t, J=3.2 Hz), 127.4, 127.2, 127.0, 90.1
(dd, J=22.0, 13.1 Hz), 67.8, 34.6, 33.3, 32.6; ""F NMR
(376 MHz, CDCl3) 6: —90.1 (d, J=41.7 Hz, 1F), —90. 1
(d, J=42.1 Hz, 1F).

A-(1,1- — o -4,4- — F I -1 0 0 -2- 38)-1,1- Bk 2R
(314l 20.6 mg, 72% yield, JLA. '"H NMR (CDCls,
400 MHz) &: 7.63~7.61 (m, 4H), 7.47~7.39 (m, 4H),
7.37~7.33 (m, 1H), 2.40~2.38 (m, 2H), 0.85 (s, 9H); 1*C
NMR (CDCls, 101 MHz) 6: 154.5 (dd, J=291.5, 288.9
Hz), 140.6, 139.7, 134.6 (dd, J=4.7, 2.9 Hz), 128.78,
128.76, 127.3, 127.0, 126.9, 90.8 (dd, J=21.7, 12.8 Hz),
41.0, 32.8 (t, J=2.4 Hz), 29.8; '9F NMR (CDCls;, 376
MHz) §: —89.3 (d, J=40.2 Hz, 1F), —90. 9 (d, J=40.6
Hz, 1F).

A-(1,1- T F-4-FF FE -1 T -2-0)-1,1- B 2 (Bu)21;
8.6 mg, 27% yield, Lt A&. 'H NMR (CDCls;, 400
MHz) J: 7.58~7.55 (m, 4H), 7.43~7.39 (m, 2H), 7.36~
7.30 (m, 3H), 7.24~7.21 (m, 2H), 7.18~7.11 (m, 3H),
2.72~2.65 (m, 4H); *C NMR (CDCl;, 101 MHz) §: 153.8
(dd, J=292.3, 288.6 Hz), 141.0, 140.5, 140.1, 132.4 (t,
J=4.4 Hz), 128.8, 128.6 (t, J=3.4 Hz), 128.41, 128.38,
127.4, 1272, 127.0, 126.1, 91.5 (dd, J=11.7, 8.9 Hz), 34.1
(t, J=2.1 Hz), 29.6 (d, J=1.0 Hz); '°F NMR (CDCl;, 376
MHz) §: —90.4 (d, J=41.4Hz, 1F), —90.9 (d, J=41.7
Hz, 1F).

4 Bh#4 %] (Supporting Information) it i k¢ 3E 4L [ b7
() H FRP=0 60 TH NMR A1 13C NMR %4, ix gehREay b
G B WAST R 36 (http://sioc-journal.cn/) . T %,
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