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Abstract Visible light-mediated 1,5-hydrogen atom transfer and radical coupling reactions have been accomplished using
N-fluoro-substituted benzamides. This method exhibits a broad substrate scope and high functional group tolerance, giving the
corresponding bibenzyl products with generally good yields. Furthermore, this strategy could also be used to N-fluoro-substi-
tuted aliphatic amides.
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Figure 1 Representative natural products and biologically active compounds that contain a bibenzyl core
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EREEE % N e SZNSE- S =TI R A A Sl S REER- N iR
SN, 133 T =S BB PR R A P (Scheme 1,
a). BN X L VRS B TR AL G, H i RE
MG SRR B TR FIRERR =R IR
KAEFE ERR® T HZ M. 2012 4F, O'Shea ¥R
HIATF R T — Mo 8 1) & )84 i 7] BuLi/KO'Bw/TMP
(LiNK), FFHZ A ST se il 7 W 2K R HATAEI & )8
WARR| TR T, MA@ 1,2- 2R AR EAE
H AR 8] T — KAV R AY)(Scheme 1, b). I
Ab, FH AR5 A 7E ks ORI AEE R I Csp?)—
C(sp®) E BB S M OB AT ARt vz —
(Scheme 1, o)) {HZ AR EAE 5B INNEEY) R B &)
A LA R Lil3) Cule, Mgl3dag Nil'*, & 2]
W SR I & R AL I BL(Rh T Co)l4151, JEF- L)
b SCHRIRIE A BT R BRI, TR B T B =
ORI W TRy Wk

IAESR, AT WG RE e A I JFE AL S T &
2B R B R v, gl iz S A LA . w]
D B8 A Ji A A T DU FH 4 €235 435 14D O REAE Ui AN 11
ZAF IR A OIS T ) R 2 R (A, i i
)4 (1 3E — 20 IR BT DA 58 AR 2 18 G A 2 2640 TR
MESE IR IL, NVF AL B ) R T 08 77 VR R BT
#4200, Hoffman-Loffler-Freytag (HLF)/ 5 HH T Reifiid
ZH HEF AR 1,5-HAT IR EEFE C(sp®)—H ##52
B T HCR B Z 1 DT, R TS B AR TAE
Tl T C(sp®)—H B K. b, J5EMb. =5 F
Bt T LB FACTE RIS I, AT AR R S
Af AR A DGR V-G A B i = 2 i 20 B B AR R AR
1,5-HAT JERGEHE H B2, 400 &R B BT H AR
97 75 1] gk e FE AR PR B 224k & 0 (Scheme 1, d). %77
ERAE AT WG RRES R HEAT, B T B B RS R)
Fe AFIAA NG 8, AR T %7757 S AU
B F.
1 ZR5TR
1.1 RMFHRIIFE

T2, LLN-SARAI R 2R R G fie (1La) PR ASEAR A0t
FC 1,5-HAT FI-E3E B 28 BRI B(ER 1). LA 420 nm
ff) LED fTVE6UE, fac-Tr(ppy)s TEGHEG, = 2%
(BN)PERK, ZJFE(CH;CNY AR, TEmMSMAmRYT T
FEBFE 24 h, S NEIE, ZRAELL 50% MR
B3 H A= B LAY 2a(GE 1, Entry 1). A T i#E—
WA LS A, B8 T AN [ R0 s B PR 5 i,
SZG R 2-F 3L DU SRR (2-Me THF) I R e, [ i
JUT-CLE E AR 7 A 2 1 7= 2a (95%, # 1, Entry
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6). b5, 5T BRI, TEie A AL 1,8-—
AR ZI[5.4.0]F—Bk-7-%(DBU)IE & ALK KoCOs.
K3PO4 F1 NaO'Bu, S N Z # 4 1K(22%~50%, &
1, Entries 7~10). XA e/ H T HAIE EIE AL 2
o, ORI R A4S B A IR S In(ppy )s, = 4K
TEMEAAR &R P REREVE BB RETR AL FE T, R LABAR 4 M g2
HEZ N AT, A, 1% R AE TG = OEAETE
NAIRHET, AR BYREE R 38%(FK 1, Entry 11), 1X
ATRE 2 BT 1,5-HAT I F& T A5 0 A o 1] 4 5 I e
BRI =0 2a HREFRAE AT KRB EIR
XTI ST TR, T SR SR
FUF, [N RE LA SE ISR 15 21 728 2a(3K 1, Entries 12~
14), {B4F A HLCHGH 2,4,5,6- U (9- M3k ) [A] 2% — i
(4-CzZIPN)FIBBLL Y (Eosin Y)Y, SN IR AEH K
1, Entries 15, 16). @i SCERART, X LA GRGR BE R
B39 B fac-Tr(ppy)s (E12™Y™* = —1.73 V vs SCE),[1"!
[Ir(dFCF3ppy)2(bpy)|PFs (£1,"V"=—1.30 V vs SCE),['*!
4-CzIPN (E1/2:_1.04 V),[l%] Fosin Y (E1/2:_1.58
R RSN ZA: @

Table 1 Optimization of reaction conditions

O
_Bu PC (5 mol%)
N
©fj\|': base, solvent
light source, r.t., 24 h
1a
Entry Photocatalyst J/nm Base Solvent Yield’/%
1 fac-Ir(ppy)s 420 EsN  CHsCN 50
2 fac-Ir(ppy)s 420 EsN  DCM 55
3 fac-Ir(ppy)s 420 EsN  DMF 30
4 fac-Ir(ppy)s 420 EsN  DMSO 32
5 fac-Ir(ppy)s 420 EsN  THF 60
6 fac-Ir(ppy)s 420 EtsN  2-MeTHF 95
7 fac-Ir(ppy)s 420 DBU 2-MeTHF 30
8 fac-Ir(ppy)s 420 K2CO3 2-MeTHF 35

420 K3POs4 2-MeTHF 50
420 NaO'Bu2-MeTHF 22

9 fac-Ir(ppy)s
10 fac-Ir(ppy)s

11 fac-Ir(ppy)s 420 — 2-MeTHF 38
12 fac-Ir(p-Fppy)s 420 EtN  2-MeTHF 45
13 [Irf(dFCF3ppy)2(bpy)]PFs 420 EGN  2-MeTHF 65
14 Ru(phen)s;(PFe)2 420 EtsN  2-MeTHF 57
15 4-CzIPN 420 EtsN  2-MeTHF 0
16 EosinY 420 EtsN  2-MeTHF 10
17 fac-Ir(ppy)s 400 EtsN  2-MeTHF 70
18 fac-Ir(ppy)s 365 EtsN 2-MeTHF 90
19¢ fac-Ir(ppy)s — EtN  2-MeTHF 0

@ Reaction conditions: 1a (0.1 mmol), photocatalyst (5 mol%), base (0.2
mmol), solvent (1 mL) under 10 W purple LED and nitrogen atmosphere for
24 h at room temperature. * The yield was determined by crude '"H NMR using
CH,Br; as internal standard. ¢ No light.
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V), 1001 T R N-SUAR 2K F B (1) PR Ji FE 34 — 0.88
V, IR AE ST IR fac-Tr(ppy)s RILH T HBALH
ROR, T8 R A /15 59 11 4-CzIPN FF 35 152 H k5724
e P HC A 9 K 1 5 O6 IR SORE RIS IS R R (ER L,
Entries 17, 18), 7E#EG KM Tz B E#AT (R 1,
Entry 19). J&F Uk, 2H0E M &MN: 420 nm 145
I, 5 mol%H fac-Ir(ppy)s, 2 equiv.f] = f%, 7E 2-HI%E
DY Sk IR v 75 B UL, IR OB 24 h
12 RNEMRRE

1 FR R BLAAPE R, XAl e e N-RARR
FA R M 11 1,5-HAT RIS 5 [ el R 1 AR s B Fr) I A0 3
PEHEAT THEST, S5R 2. HAHE TR LRI
(1 EEL 2050 AR 25 ] 28506 2% S 3ty 1 PR s, E S
JEYII FH N Z 0.2 mmol, A T {3 A [ YT B 5L
TP R, R A OB R ETAE K &2 48 h. seaggh LR
B, 2R E R B IR 12 5 g BA 95% 1143 B iR
BEIB AR 2a; EEENEZ, DERMNIKY) 1a FIH

HIMNZE 1.0 mmol, ZMNAELEK MRS 96 h, fig
DAL IR IS B ) 2a. 2R IN C-2 A5 Al i1 22 4]
(OMe) B B 1 FE [F1(F), 1% M 7P~ R B R R %, (X RE
DL 31%F1 43% 1S 19 B BR L7~ 2b Fl 2d, [FIESIE
W52 31 K B 418 HA B 2 F e Jee ) = A e, R C-2 X
RIEHN OMe B F I, iZ BB 1,5-HAT i FE 4 )
3k B ph 2 A ) T = 2 I AR R AR R
I F I, T R AR R I ) E 2R AR IBR 110 S5 I A R X A
i T S EURIE N FE IR, 2N RELL T0% 6 7E 3 A5 3
PR 2¢. A NEMIE, LWRFHRIAN C-3 il C-4 L a it
HLF(OMe, Me)if & T2 H(F, Cl), i1k RER
I T AR SIS, R MR 4 B R 1S
FUA N I BEE I S 2 (49%~80%, # 3, 2e~2K),
Ho =y 2f G5 X SR ATH FTIESE. BB E ), X
IR C-5 AL A HURIERT, SBA7 )25 B AL BB
SO % SRR S HEAT, ONATY LA i o B R 1S
BB AL AW 21 R 2m (72%F1 89%, % 2). AR,

F 2 N 2-JE B T i 4 RV
Table 2 Scope of N-fluoro-substituted 2-alkylbenzamides

N/tBU fac-Ir(ppy)s (5 Mol%)

Et3N, 2-MeTHF
purple LED, r.t., 48 h

R = OMe, 2b, 31%
R = Me, 2¢, 70%
R=F, 2d, 43%

21, 72%

2n, 49%

20, 42%

2p, 58%, 1:1 dr 2q, 35%

4 Reaction conditions: 1 (0.2 mmol), Et;N (0.4 mmol), fac-Ir(ppy); (0.01 mmol), in 2-MeTHF (1 mL), r.t., under nitrogen atmosphere, purple LED (10 W, 420 nm) for
48 h; Isolated yields. » Gram-scale reaction, 1a (1.0 mmol) and fac-Ir(ppy); (0.05 mmol) were used.
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A B 1n AT 1o PRI, 12 B AR BB LA R 4%
RIS HF=H) 2n Al 20 (49%F1 42%,  2). 2 N LA
A&, M CERER AR S HUR IR B C-6 07 _F 1) HY L,
AR R AR I AR E G B R A B, 4 A
58%H1 35% WS 243 RAH R B ARF=4) 2p Al 2q. BiR
I R R, MR RTE N-FAC K B
1,5-HAT FT A B o B0 2 H A 3 4 1 B R A1 e
1.

ZMEAAR R AN F R N-FARIR B R I T
IRUF MG, 5Tk, BT A N- AR I %
FERZ 1,5-HAT F1H B EABECR M. 2 NEHERE, 4
FABERERTAE ) N-3 AR 3a VRN, 2/ B RENT
FIHEAT, FERELL 57%I1 7 B U215 2 H AR =) 4a. 48
FAARREK ) N-SACEE R 3b~3d 15, [ RifE L2k
RISH P ) db~4d (33%~42%, £ 3); WJa, HE T
(1) g 255 A 71 %o R G e I PR S, I A 24 Y g 5 1) SR 3R
At (OMe) b 2 i HL 15 1 (CF3), % s B 1) 5 e
HRIL/IN96% A 50%, K 3, 4e 1 4f).

RNT DR RPN T, Bz R E T
KBHA TR 24 h )5, M AREELL 42%01) 70 2R 13 31
724 2a (Scheme 2, a), APHYGRENE NIZ RS U5 12
By RN AV, 8RR, U FET N-
FARTE LR 1a A0 1r 7[RI T2 b, AW TR
YABBER =) 2ar (Scheme 2, b), HIT =R =Mk

e e, IRMEEE AR E AT 7 A5 BN AR i 22 X
BEC=4) 2ar, {HiZSie st B L ESms T Tk
MR A G K, XERARRE 35 1%k
IR, BFR, KA RMECRE =Y 2a dE—SH74
Ak, ) ST Y U0 e 56 02 10 B Je /K A ) Semgs, 7381 T
BRI R AL &4 50O, A5 A, 1% /KA B AT L
TPV K I A — AN B B BE ] (Scheme 2, ¢), B E
BRI, NPT BRI B 2R A R W] AN 22 e e (1)
TR0 (L] Rt SR e 45 ) e 3 1 SR P 48 5 ek
1331 — e HA & BB 1k &4
1.3 RRNHIE

NT BRI, BEAT TR S S, SEIR
25 9L W, Scheme 3. 24 4 equiv.f) 1,1- 7 204 H &
TRV, AE Fe M S B SRR I3 15 B R P-4
2a, {HIEI & o PRSI S TR A RS 1,1- 0K
ZIERIINR ) 6 (Scheme 3, a), 1%L 45 R 1%
NABUR T 0 EH EEEDIRE. BEJS, PR T 1,5-HAT 1)
A ZE R X SR PR SRS, MR s BRI A SR BE AT
THEWIERE Csp’)—H B, 318 T HIR E RSB
747 A8 (Scheme 3, b). AR AL, 2% 8 5 W) T4
RIS IEA B 7, XA RER T 1,5-HAT (i 72 5 i
i) T A2 Aa s 1R 3 i 3£(72%, Scheme 3, b). B4R,
N-FEARELZ 1a F N—F ## /72 f# 58 (bond-dissociation

R3N-FACE TR I R A
Table 3 Scope of N-fluoro-substituted aliphatic amides

o} !
IQ 3@3 R2
RTINS
F H

Et3N, 2-MeTHF

o ¢
R3
fac-Ir(ppy)s (5 mol%) R1JJ\N></\:[ R?

H

\>|/\§ R2

purple LED, r.t., 48 h HN\H/R1
o)
3 4
o)
e} (6]
)J\ ) 0
Ph™ °N )J\ 'Pr j )J\ "Pr
H Ph H Ph)LN Pr Ph H
. H .
O<NH Fr Pr "
Y HN\n/Ph HNTPh HNTF’h
Ph o) S o)
4a, 57% 4b, 42%, 1:1 dr 4c, 33%, 1:1 dr 4d, 36%, 1:1 dr
o) o)
N
/@)\H /@)\H
MeO F4C

: _OMe
H
N

O
4e, 96%

w
ZT

O E

o

1

w

4f, 50%

9 Reaction conditions: 3 (0.2 mmol), Et;N (0.4 mmol), fac-Ir(ppy); (0.01 mmol), in 2-MeTHF (1 mL), r.t., under nitrogen atmosphere, purple LED (10 W, 420 nm) for

48 h; Isolated yields.
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(a) Sunlight driven experiment

e}
N}Bu fac-Ir(ppy)s (5 mol%)
|': Et3N (2 equiv.), 2-MeTHF (1 mL)
sunlight, r.t., 24 h
1a, 0.1 mmol 2a, 42% yield

(b) Radical cross-coupling experiment

O O
Bu !Bu 0
N . l}l fac-Ir(ppy)s (5 mol%) ;
||= cl F Et3N (2 equiv.), 2-MeTHF (1 mL) R
purple LED, r.t., 24 h
O
1a, 0.1 mmol 1r, 0.1 mmol total yield: 96% vyield, 2a: 2r: 2ar=2:1:11 R1_R2= H, 2a

R'=R2=Cl, 2r

(c) Synthetic application
R'=H, R?=Cl, 2ar

OH
NOBF, (4 equiv.)
CH3CN, 50 °C, 30 min H O
Bu”

5, 58% yield

B2 KFDESLIANE M I WFFE

Scheme 2 Sunlight experiment and synthetic application

(a) Radical trapping experiment with 1,1-diphenylethylene

O
NfBu standard conditions
)
F Ph
\I/ (4 equiv.)
Ph
1a 2a, 0% vyield delected by ESI-HRMS)

(b) Chemo- and regioselectivity experiment

(0}
O 5
3 ><)<\H "
standard conditions

3

5 N
" TR
(e}
1s, 0.2 mmol

7
total yield: 72% vyield, 7:8 = 3.2:1

IZ

-z -

(c) Plausible mechanism

o

Et Itl * By p Q radical
8 \/ Ir(ppy)s(1V) N 1,5-HAT N-BU tBU\N homo-coupling
H + H
SET
EtN, I, N
]

or2a SET

lr(ppy) (lll) \
(ny*

PPY
(')

v

‘Ci’z

B3 MHLE T

Scheme 3 Investigation on the reaction mechanism
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free energy, BDE) KZ1°A 264 J/mol", 4[5 1,5-HAT
R AR B B N—H #8 ) BDE {511 460 kJ/moll!$), it
TR R 1a N—F 81 BDE, 3R 8 N-SUA Bk g i
L FERS(SET) R 1,5-HAT It P2 55 B Hh 2R 1 0K
B IR, AR DL b S 8 BURAH DS SCIR B RY, %)%
AT BE R B I FE(Scheme 3, ¢). B 4G, FEASHIEEGH
Ir(ppy)s 15 VEIES N UK TE BB 25 10 Tr(ppy)s*, N-
AR 2 (12) 5 4 TR A BIFEBGR In(ppy)s* KA
SET A= Rt fiz B A A a4k 1. S0 BT M &1t
BRI, B HEA T ORA 1,5-HAT ARCR3EH H3E 1,
WM TR A R O k4B BEERE=Y) 2a,
M = AN A S BGR T e A LR OISR AR RS Ir(ppy)s
a2 52050, —Miga Rt ik = 2 rie
JE A FH IR A B = R R IR B 1 E R &, 1% H 5
A B 24 5 RS 45 A R P2 S —Fhig e i
AREE E LR A A T B 2a BIBERG E RE HE 5 A
R, BT AR TG = S N 26 T B R
17, XABAUESE Tz FE AT Re .

2 g

38 7 ] WG E N-RAREE IR T A 1,5-HAT
FE 2 AR, AT — R E B L U
R RIRUE I B & . 1% T
{81 F G (B35 v B R AR IR, kS B H R 5] R
FENLE IR, RNAFRM, B RITRYEE
PE, B IEAT AN G AR T — % VI SE T AT )
FEWE.

3 LS
3.1 X5

'"H NMR #1 3C NMR 7£ Bruker Ascend™ 400 1%
JLPRAC B, DUTRAREVE R, TMS IR bR; ESI
15 53 R U R R A ) YRR R/ DY AR A R AT B ) SR
TEAYI 5E (Waters Acquity UPLC/Xevo TQD MSMS); /&
PR SO S SE AL MP450 _EINAS; BT G R N AE A
KEHE WP-TEC-1020SLC Y& PAT AL _EHEAT. Jex
B it V77 2. (CH3CN) . — S 5%(DCM). N,N-—H
5 9t 2 (DMF) DY &0 Wk FRd (THF) A 2- 25 DY &0 Pk g
(2-MeTHF) 35 Ay T8 55, T 22 35 A0 2% 6 PR ).
el o s 224, Re itk B M. fr
A N-TARBE AR )35 2 SRk 7 723 25 1),

3.2 ZWHE

EFRIHE AN FERM T, RIEIEY 1 803 (0.2
mmol). fac-Ir(ppy)s (5 mol%)F1 EtN (0.4 mmol) I A Z
— AN E BT A R B R, SRS N
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2-MeTHF (1 mL)FFR I B % 4. K3 I SR &)
(1) A IR T4 o B HE TR0 B P AT IROBEAY
WEIZE N 10 W BK AN 420 nm KGR, 78 = IR
FEFRRL 48 h. RMZEWE, TIAIKG mL)A &
U3 mLX3), AHLEH TR T, T
BRVER. FTSH=MEE BT 3 52 2 B AR a9
2a~2q Ml 4a~4f.

1,2- Z2-(N-BU T ZEBE G SE) K I ) . (2a): 21 IR 3%
EAK, P75 95%. mp. 210~211 ‘C; 'H NMR (400
MHz, Chloroform-d) ¢: 7.30~7.24 (m, 4H), 7.17 (td, J=
7.9, 7.0, 2.0 Hz, 4H), 5.66 (s, 2H), 3.11 (s, 4H), 1.47 (s,
18H); *C NMR (101 MHz, Chloroform-d) 6: 169.8, 139.5,
137.9, 130.5, 129.4 126.6, 125.9, 51.7, 35.1, 28.8; HRMS
(DART—TOF) caled for C24H33N202 [M+H]+381.2537,
found 381.2543.

1,2- = (2-(N-BUT J5 P Jii % )-3- AU R 0 ) &b
(2b): HHFEAOEEK, P2 31%. mp. 147~148 C; 'H
NMR (400 MHz, Chloroform-d) ¢: 7.18 (t, J=7.9 Hz,
2H), 6.78 (d, J=7.6 Hz, 2H), 6.73 (d, J=8.3 Hz, 2H), 5.54
(s, 2H), 3.80 (s, 6H), 2.34 (s, 4H), 1.46 (s, 18H); *C NMR
(101 MHz, Chloroform-d) &: 167.3, 156.0, 136.7, 129.3,
128.0, 122.6, 108.5, 55.9, 51.7, 28.9, 18.9; HRMS (DART-
TOF) caled for CaH3N,O4 [M+H]" 441.2748, found
441.2754.

1,2- Z(2-(N-FUT JE M Jig 52 )-3- FH R 2K 3 ) 208 (2¢0):
WK, PP 70%. mp. 268~269 C; 'H NMR
(400 MHz, Chloroform-d) 6: 7.16 (t, J=7.6 Hz, 2H), 7.03
(dd, J=11.1, 7.6 Hz, 4H), 5.50 (s, 2H), 2.93 (s, 4H), 2.34
(d, J=5.2 Hz, 6H), 1.46 (d, J=5.2 Hz, 18H); *C NMR
(101 MHz, Chloroform-d) J: 169.5, 138.4, 138.3, 134.0,
128.5, 127.8, 126.9, 51.8, 35.8, 28.8, 19.1; HRMS (DART-
TOF) caled for CaH3N,O, [M -+ H] 409.2850, found
409.2855.

1,2- Z(2-(N-BU T BB L )-3- 90K 58 £ 0 (2d): &
FOE K, P 43%. mp. 256~257 C; 'H NMR (400
MHz, Chloroform-d) J: 7.22 (td, J=38.0, 5.7 Hz, 2H),
7.01~6.94 (m, 2H), 6.92~6.86 (m, 2H), 5.67 (s, 2H),
3.02 (s, 4H), 1.46 (d, J=3.7 Hz, 18H); 3C NMR (101
MHz, Chloroform-d) d: 164.4, 158.9 (d, J=245.7 Hz),
141.8 (d, J=2.9 Hz), 130.2 (d, J=8.7 Hz), 125.9 (d, J=
18.0 Hz), 125.7 (d, J=3.0 Hz), 113.3 (d, J=22.4 Hz),
52.2, 349 (d, J=2.0 Hz), 28.8; '9F NMR (376 MHz,
Chloroform-d) 6: —116.9; HRMS (DART-TOF) caled for
Ca4H3 1 FaN,O, [M+H]" 417.2348, found 417.2351.

1,2- Z(Q2-(N-BUT FE Pt e 3 )-4- AR LR L) 052 (2e):
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WHEOBEE, P2F 49%. mp. 207~208 C; 'H NMR
(400 MHz, Chloroform-d) ¢: 7.02 (dt, J=38.7, 1.4 Hz, 2H),
6.80 (d, J=7.4 Hz, 4H), 5.63 (s, 2H), 3.79 (s, 6H), 2.98 (s,
4H), 1.44 (s, 18H); 3C NMR (101 MHz, Chloroform-d) &:
169.6, 157.6, 138.8, 131.7, 131.3, 114.8, 112.4, 55.4, 51.8,
34.4, 28.8; HRMS (DART-TOF) calcd for CisH37N202
[M-+H]" 441.2748, found 441.2760.

1,2- Z(2-(N-BUT F B i 35 )-4- H1 L 2R 0 ) & 02 (21):
WHEOEE, P2F 54%. mp. 252~253 C; 'H NMR
(400 MHz, Chloroform-d) ¢: 7.19~6.98 (m, 6H), 5.62 (s,
2H), 3.04 (s, 4H), 2.33 (s, 6H), 1.46 (s, 18H); 3C NMR
(101 MHz, Chloroform-d) d: 170.0, 137.8, 136.3, 135.4,
130.4, 130.1, 127.2, 51.7, 34.8, 28.8, 20.9; HRMS (DART-
TOF) caled for CaH3/N,O, [M+H]" 409.2850, found
409.2857.

1,2- Z(2-(N-BU T FE B i 38 )-4- R 3% ) 2 bt (2g): 1R
FOEE, 7% 68%. m.p. 257~258 C; 'H NMR (400
MHz, Chloroform-d) ¢: 7.08 (dd, J=8.4, 5.5 Hz, 2H),
7.02~6.92 (m, 4H), 5.65 (s, 2H), 3.02 (s, 4H), 1.45 (d, J=
1.0 Hz, 18H); 3C NMR (101 MHz, Chloroform-d) &:
168.4 (d, J=2.1 Hz), 160.7 (d, J=246.2 Hz), 139.1 (d,
J=5.9 Hz), 135.0 (d, J=3.5 Hz), 132.2 (d, J=7.6 Hz),
116.3 (d, /=20.7 Hz), 113.6 (d, J=22.3 Hz), 52.0, 34.4,
28.8; F NMR (376 MHz, Chloroform-d) J: —116.4;
HRMS (DART-TOF) caled for CasHsFoN,O, [M+H]'
417.2348, found 417.2356.

1,2- . (2-(N-FUT FE B i L )-4- R 5L £ (2h): %
HOE R, 2% 80%. m.p. 262~263 °C; 'H NMR (400
MHz, Chloroform-d) d: 6.34 (dd, J=11.2, 3.2 Hz, 4H),
6.15 (d, J=8.1 Hz, 2H), 4.76 (s, 2H), 2.13 (s, 4H), 0.55 (s,
18H); 3C NMR (101 MHz, Chloroform-d) J: 168.2, 139.1,
137.7, 132.0, 131.7, 129.5, 126.7, 52.0, 34.4, 28.8; HRMS
(DART-TOF) caled for CaHs;CLN,O, [M + H] *
449.1757, found 449.1758.

1,2- Z(2-(N-BUT et g B )-5- WA B 2R 4 ) £ e (21):
W EE, P7F 56%. mp. 213~214 C; 'H NMR
(400 MHz, Chloroform-d) ¢: 7.25~7.22 (m, 2H), 6.69 (dq,
J=4.6, 2.7 Hz, 4H), 5.62 (s, 2H), 3.75 (s, 6H), 3.09 (s,
4H), 1.44 (s, 18H); '*C NMR (101 MHz, Chloroform-d) ¢:
169.7, 160.2, 141.8, 130.5, 128.2, 115.4, 111.7, 55.2, 51.6,
35.4, 28.9; HRMS (DART-TOF) calcd for CycH37N204
[M-+H]" 441.2748, found 441.2757.

1,2- 7 (2-(N-BUT BE 1 e 3 )-5- F B R 0L ) 20 8¢ (2)):
W B, P2 53%. mp. 238~239 C; 'H NMR
(400 MHz, Chloroform-d) J: 7.19 (d, J=7.7 Hz, 2H),
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7.02~6.96 (m, 4H), 5.62 (s, 2H), 3.03 (s, 4H), 2.29 (s,
6H), 1.45 (s, 18H); '*C NMR (101 MHz, Chloroform-d) ¢:
170.0, 139.6, 139.3, 135.1, 131.2, 126.6, 126.5, 51.6, 35.3,
28.8, 21.2; HRMS (DART-TOF) caled for CysH37N20»
[M+H]" 409.2850, found 409.2861.

1,2- Z(2-(N-BU T BB HL)-5- 90 R 58) £ 02 (2K): R
PEE R, P23 74%. mp. 240~241 C; 'H NMR (400
MHz, Chloroform-d) ¢: 7.33~7.24 (m, 2H), 6.88 (d, J=
9.0 Hz, 4H), 5.67 (s, 2H), 3.08 (s, 4H), 1.45 (s, 18H); 13C
NMR (101 MHz, Chloroform-d) o: 168.9, 163.0 (d, J=
249.0 Hz), 142.4 (d, J=7.7 Hz), 133.9 (d, J=3.2 Hz),
128.6 (d, J=8.7 Hz), 117.1 (d, J=21.1 Hz), 112.9 (d, J=
21.4 Hz), 51.9, 34.8, 28.8; '9F NMR (376 MHz, Chloro-
form-d) o6: — 111.3; HRMS (DART-TOF) calcd for
C24H31FaN,0, [M+H]" 417.2348, found 417.2360.

1,2- . (2-(N-BUT BB e 2k )-6- F A JE ) 205 (21):
WHE OB, P2F 72%. mp. 151~152 C; 'H NMR
(400 MHz, Chloroform-d) ¢: 7.10 (t, J=7.9 Hz, 2H), 6.87
(dd, J=7.6, 1.1 Hz, 2H), 6.69 (dd, J=8.3, 1.1 Hz, 2H),
6.18 (s, 2H), 3.48 (s, 6H), 3.08 (s, 4H), 1.38 (s, 18H); 13C
NMR (101 MHz, Chloroform-d) &: 169.9, 157.8, 140.1,
127.2, 126.8, 119.0, 110.5, 55.1, 51.7, 28.7, 26.9; HRMS
(DART-TOF) caled for CasH3yN2O4 [M+H]" 441.2748,
found 441.2763.

1,2-Z(2-(N-BUT F: P e 58 )-6- R ) b (2m): 7%
HOEE, 772 89%. mp. 198~199 C; 'H NMR (400
MHz, Chloroform-d) d: 7.33 (dd, J=5.4, 3.9 Hz, 2H),
7.15~7.12 (m, 4H), 6.05 (s, 2H), 3.28 (s, 4H), 1.27 (s,
18H); *C NMR (101 MHz, Chloroform-d) 6: 169.1, 140.4,
136.9, 135.8, 130.4, 127.2, 125.5, 51.9, 29.8, 28.5; HRMS
(DART-TOF) caled for CxH3CLN,O, [M + H] *
449.1757, found 449.1764.

1,2- 2 (5-(N-BU T B 1 i 36 )-2-E 0y ) £ bt (2m): ¥R 35
OEE, P23 49%. mp. 172~173 ‘C; 'H NMR (400
MHz, Chloroform-d) d: 7.06~6.97 (m, 4H), 5.77 (s, 2H),
3.48 (s, 4H), 1.42 (s, 18H); '3C NMR (101 MHz, Chloro-
form-d) 6: 164.3, 145.9, 134.5, 126.4, 122.7, 51.6, 30.4,
28.9; HRMS (DART—TOF) calcd for ConngzOzSz [M+
H]" 393.1665, found 393.1673.

1,2- 2 (2-(N-BUT S Bk e 55 )-3-ME Wy ) £, e (20): R 3%
EAK, P23% 42%. mp. 170~171 ‘C; 'H NMR (400
MHz, Chloroform-d) ¢: 7.19 (d, J=5.1 Hz, 2H), 6.77 (d,
J=5.0 Hz, 2H), 5.75 (s, 2H), 3.26 (s, 4H), 1.44 (s, 18H);
BC NMR (101 MHz, Chloroform-d) &: 162.5, 143.8,
132.9, 130.7, 125.5, 51.9, 30.0, 28.9; HRMS (DART-TOF)
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caled for CyHxnN20,S, [M + H]*
393.1674.

2,3- (2-(N-BUT BB R 8 55 T e (2p): 3 th
44, 773 58%. m.p. 218~219 °C; 'H NMR (400 MHz,
Chloroform-d) 6: 7.39~7.25 (m, 4H), 7.22~7.15 (m, 2H),
7.04 (dd, J=7.7, 1.6 Hz, 1H), 6.98 (t, J=7.4 Hz, 1H), 5.45
(d, J=107.1 Hz, 2H), 3.50 (ddd, J=63.1, 4.2, 2.4 Hz, 2H),
1.50 (d, J=4.3 Hz, 18H), 1.39 (d, J=6.2 Hz, 3H), 1.02 (d,
J=6.3 Hz, 3H); '*C NMR (101 MHz, Chloroform-d) d:
170.1, 170.0, 1452, 143.9, 138.6, 137.4, 129.7, 129.3,
127.3, 126.7, 126.2, 126.1, 125.8, 125.2, 51.8, 51.7, 41.6,
41.0,28.9, 28.8, 22.0, 21.3; HRMS (DART-TOF) calcd for
CaH37N,0, [M+H]" 409.2850, found 409.2855.

1,2- =T AR-1,2- = (2-(N-0 T JE ot i 8 ) o k) & e
(2q): W EEAE, 77K 35%. mp. 208~209 C; 'H
NMR (400 MHz, Chloroform-d) ¢: 7.33~7.22 (m, 4H),
7.22~7.12 (m, 4H), 5.63 (s, 2H), 3.37~2.89 (m, 2H),
1.45 (s, 18H); *C NMR (101 MHz, Chloroform-d) J:
169.8, 139.4, 137.9, 130.5, 129.4, 126.6, 125.9, 51.7, 34.8
(q, J=20.2 Hz) 28.8; HRMS (DART-TOF) calcd for
Ca4H3D:N,0, [M+H]" 383.2662, found 383.2673.

N,N'- 2K F Bk 3£ 2,4,4,7,7,9- /5 H 3£ -2,9- 3% — i
(4a): WREOER, P7FR 57%. mp. 162~163 C; 'H
NMR (400 MHz, Chloroform-d) ¢: 7.72~7.68 (m, 4H),
7.45~7.41 (m, 2H), 7.38 (d, J=17.6 Hz, 4H), 6.06 (s, 2H),
1.82 (s, 4H), 1.51 (s, 12H), 1.30 (s, 4H), 0.97 (s, 12H); '*C
NMR (101 MHz, Chloroform-d) J: 166.6, 136.2, 131.0,
128.5, 126.7, 55.5, 49.6, 38.2, 34.0, 29.5, 28.6; HRMS
(DART-TOF) caled for C3HysN,O, [M+H]" 465.3476,
found 465.3483.

NN- K B E-2,9- —HIHE-5.6- — P H-2,9-%
% (4b): IRFE IR, PR 42%. '"H NMR (400 MHz,
Chloroform-d) 6: 7.72~7.64 (m, 4H), 7.57~7.28 (m, 6H),
5.96~5.58 (m, 2H), 2.05~1.64 (m, 9H), 1.40 (d, J=2.1
Hz, 4H), 1.36~1.28 (m, 3H), 1.28~1.11 (m, 3H), 0.93~
0.69 (m, 17H); '*C NMR (101 MHz, Chloroform-d) J:
166.9, 166.8, 136.3, 136.1, 130.9, 130.9, 128.5, 128.4,
126.7, 126.6, 57.2, 54.3, 43.7, 40.8, 30.0, 27.1, 26.9, 23.9,
22.9, 22.5, 20.8, 19.8, 19.2, 18.9; HRMS (DART-TOF)
caled for C3HeN,0, [M + H] © 493.3789, found
493.3785.

N,N'- 2K F ik %E-3,10- — F3L-6,7- — R P %£-3,10-
+ i (de): HRIE A, 7% 33%. 'TH NMR (400 MHz,
Chloroform-d) 6 7.67 (dt, J=7.6, 2.1 Hz, 4H), 7.55~7.31
(m, 6H), 5.98~5.59 (m, 2H), 1.98~1.65 (m, 9H), 1.40 (d,

393.1665, found
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J=2.1 Hz, 6H), 1.36~1.29 (m, 3H), 1.29~1.12 (m, 6H),
0.97~0.73 (m, 16H); 3C NMR (101 MHz, Chloroform-d)
J: 166.9, 166.8, 136.3, 136.2, 131.0, 128.5, 128.5, 126.7,
126.7, 126.6, 57.3, 54.3, 43.8, 43.4, 40.8, 38.2, 30.0, 29.7,
29.2, 27.1, 26.9, 24.0, 23.9, 22.9, 22.6, 22.5, 20.84, 19.2;
HRMS (DART-TOF) caled for Cs3HssN,O, [M+H]"
521.4102, found 521.4114.

N,N- 2K i 3-2,9- — HIJE-5,6- —IF & 2,9-%%
Z(4d): R ALK, PF 36%. mp. 144~145 C;
"H NMR (400 MHz, Chloroform-d) §: 7.74~7.61 (m, 4H),
7.50~7.29 (m, 6H), 5.83 (d, J=9.4 Hz, 2H), 1.75 (ddd,
J=13.3, 10.5, 5.9 Hz, 4H), 1.41 (d, J=6.2 Hz, 6H), 1.37
(d, J=5.9 Hz, 6H), 1.35~1.06 (m, 12H), 0.85 (dt, J=
10.8, 7.0 Hz, 8H); '*C NMR (101 MHz, Chloroform-d) ¢:
166.8, 166.7, 136.1, 136.1, 131.0, 128.5, 128.4, 126.7,
126.6, 54.3, 54.3, 39.9, 38.9, 38.8, 33.1, 33.1, 27.01, 27.0,
26.9, 24.8, 21.1, 14.5; HRMS (DART-TOF) calcd for
C3HoN,0, [M+H]" 493.3789, found 493.3795.

NN (4-F SR H 0 )-2,4,4,7,7,9- 78 8E-2,9-
2L [ (de): RFTOIRE, 7% 96%. 'H NMR (400 MHz,
Chloroform-d) o: 7.78~7.43 (m, 4H), 6.88 (dd, J=14.6,
8.6 Hz, 4H), 5.92 (d, J=46.8 Hz, 2H), 3.83 (d, J=6.1 Hz,
6H), 1.85 (s, 2H), 1.81 (s, 2H), 1.51 (d, J=7.9 Hz, 12H),
1.29 (s, 2H), 1.04 (s, 9H), 0.96 (s, 5H); *C NMR (101
MHz, Chloroform-d) 0: 166.2, 166.1, 161.8, 161.8, 128.6,
128.4, 128.3, 113.7, 113.6, 55.4, 55.4, 51.9, 38.2, 34.0,
31.8, 31.7, 31.6, 29.6, 29.4, 28.6; HRMS (DART-TOF)
caled for C3;HeN,O4 [M + H] © 5253687, found
525.3693.

NN~ (4= = 4, P B 2 P 56 )-2,4,4,7,7,9- 7 P -
2,9-%% TR (4f): B O AK, 7E 50%. mp. 198~
199 C; '"H NMR (400 MHz, Chloroform-d) J: 7.80 (d,
J=8.1 Hz, 4H), 7.62 (d, J=8.2 Hz, 4H), 6.14 (s, 2H), 1.83
(s, 4H), 1.51 (s, 14H), 1.03 (s, 2H), 0.97 (s, 12H); '*C
NMR (101 MHz, Chloroform-d) J: 165.4, 139.4, 132.8 (q,
J=30.3 Hz), 127.2, 125.50 (q, J=3.9 Hz). 123.6 (q, J=
272.7 Hz), 55.9, 49.2, 37.9, 34.0, 29.5, 28.6; '"F NMR
(376 MHz, Chloroform-d) o: —62.9; HRMS (DART-
TOF) caled for CiHasFgN2O, [M+H]™ 601.3223, found
601.3232.

1-(2-(N-0 T 26 Pk e 26 ) 2R 5k )-2-(2-(IN- AL T 8 1t i
B)-5-FURIE) Lt (2ar): R E AWK, 77E 24%. 'H
NMR (400 MHz, Chloroform-d) d: 7.33~7.28 (m, 3H),
7.25~7.16 (m, 3H), 7.05 (d, J=8.2 Hz, 2H), 5.74 (s, 1H),
5.60 (s, 1H), 3.18~2.94 (m, 4H), 1.48 (s, 9H), 1.46 (s,
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9H); *C NMR (101 MHz, Chloroform-d) J: 168.7, 167.3,
138.4, 138.3, 136.7, 136.6, 131.0, 129.6, 128.6, 128.2,
125.6, 125.0, 51.0, 50.8, 33.9, 33.6, 27.8, 27.8; HRMS
(DART-TOF) caled for C24H3,CIN,O, [M+H]" 415.2147,
found 415.2149.

2-(2-(N-BU T FEM e 58 2 )R R ER(S): IR (A
Wik, 773 58%. 'H NMR (400 MHz, Chloroform-d) o:
7.92 (dd, J=8.2, 1.5 Hz, 1H), 7.37 (td, J=7.5, 1.5 Hz,
1H), 7.29~7.15 (m, 4H), 7.11 (dt, J=7.4, 1.6 Hz, 2H),
5.57 (s, 1H), 3.42~3.14 (m, 2H), 3.01 (dd, J/=9.4, 6.4 Hz,
2H), 1.39 (s, 9H); '*C NMR (101 MHz, Chloroform-d) &:
176.8, 170.0, 144.4, 139.2, 137.9, 132.7, 131.5, 131.3,
130.4, 129.4, 126.5, 126.1, 125.9, 51.8, 36.2, 35.1, 28.8;
HRMS (DART-TOF) calcd for C2H26NOs [M+CH3;COO ]
385.1816, found 385.1835.

4Bl (Supporting Information) FrH L&Y 'H
NMR 1 °C NMR 3 &, i Skl a] DA G 2 AT 3l
(http://sioc-journal.cn/) . N K.
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