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Synthesis of 10-Phenanthrenol Derivatives via Visible Light
Catalyzed Itramolecular Cycloaromatization
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Abstract Phenanthrene derivatives play an important role in pharmaceutical chemistry and material science. Due to its ad-
vantages of green, mild reaction conditions and great application potential, visible light catalysis has become a powerful tool in
organic synthesis. In this paper, under the catalysis of photocatalyst Ir[dF(CF3)ppy].(dtbbpy)PFg, a series of 10-phenanthrenol
derivatives were synthesized from 2-arylbenzoyl acetate derivatives in moderate to good yields through intramolecular
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cycloaromatization. In addition, the plausible reaction mechanism was also proposed.
Keywords visible-light photocatalysis; radical reaction; intramolecular cycloaromatization; phenanthrenols
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B IR, 7 2 A & A AR RUT S AL
(TBHP). T FATH 3 DASK S 7] 0 ol A6 s 2 g 5%
VERY, FE Sl wT WO AL 2- 05 8 T B ZIRATAEIK
A7 T NI TR RN, R B— R 10-FEm T,

1 HR510R

O, R 2-RER I LR LB (1a) E YR

Y1, LL Ir[dF(CF;)ppyla(dtbbpy)PFs N WOEEALF, O,
AT, N-FR R L ER(NMP) % 7, 7E LED W%
MR R 4T RONE(F 1, Entry 1), BRIIHLSS BI53] H b5
W 2a, REFH A 18%. B H 5 1A F A Wil
FIXT 2N fR 20 (Entries 2~4). 2448 H] Ru(bpy)s(PFe)x+
BEZL Y. Ir(ppy)s TE AW WG AEARIRT, Ji i 2 i
(TLO)AZ I LR A Il >, BEA A =W HE AR, 1 7]
BB AT 0 Ak 7P BGRB8 S B
NI Refe m i, AT [ R 264 L NayCO;,
7'\75)32, Na,S,04 jﬂ’fm%ﬁu, N,N-— Eﬁ%Eﬁmﬁﬂﬁ(DMF)j‘j{g
#1

7, RS N7 B, L 20%CR A3 2 B brre
¥) 2a (Entry 5). 7EFERIR—IERH, DLR KSR
BT USRS . 2 R B R N AR N A R, IR
ETIRBER, MFR/ LW V=S5 HAERFIN,
SNEBA 33% ISR 5 374 2a (Entries 6~10). {2
N7 H R SRR B KoS208 BU(NH),S,05 1, SR I35
3232 &= (Bntries 11~12). Wang S5 #RIEH) T/ER /D&
[f) NBS A LA 2-05 58 H Bk S RRATAE M SE 4 1
IR, HTE R IR B NBS, SRS G
PTHE 41% (Entry 13), NBS 7E 0] WG ffb ik & F IR
AREFPRR. S AHERE, AL ER KI
i, SN PL 75%HIUHR 3RS 2a (Entries 14~16). Bl )5 Xt
BlEAT Tk, 45 RRI] KoHPO, 78 N H 250 R e i,
2a UCE AT LLIA R 79% (Entries 17~19). %5256 3%
B s NTE SRS 26 1E R T2 2a AR RR, TIEBA AT L6 XEZ
SN FE AT D ) (Entry 20). 24 52 BEAK B2 AN A] L6
AT, 74 2a MR FE 2 22% (Entry 21). 20

SN PEAL

Table 1 Optimization of the reaction conditions

I o O

PC, Blue LEDs o
O 0" NayS,0g, KoHPO,, KI
toluene/EtOH = 5:1
1a
Entry Photocatalyst Oxidant Base Additives Solvent Yield’/%
1/¢ PC(1) 0, — — NMP 18
2°fe PC(2) 0, — — NMP —
3 PC(3) 0, — — NMP Trace
4¢re PC(4) 0, — — NMP —
58 PC(1) Na,S,05 Na,CO; — DMF 20
6° PC(1) Na,S,04 Na,CO; — Toluene 22
78 PC(1) Na,S,05 Na,CO; — EtOH 25
8¢ PC(1) Na,S,05 Na,CO; — Toluene/EtOH (V @ V=1 : 1) 27
98 PC(1) Na,S,05 Na,CO; — Toluene/EtOH (V : V=2 1) 25
108 PC(1) Na,S,05 Na,CO; — Toluene/EtOH (V © V=5 : 1) 33
118 PC(1) K,S,05 Na,CO; — Toluene/EtOH (V © V=5 : 1) 25
128 PC(1) (NH,),S,054 Na,CO; — Toluene/EtOH (V © V=5 : 1) 18
13¢ PC(1) Na,S,05 Na,CO; NBS Toluene/EtOH (V © V=5 : 1) 41
14 PC(1) Na,S,05 Na,CO; Nal Toluene/EtOH (V © V=5 : 1) 35
15 PC(1) Na,S,05 Na,CO; KI Toluene/EtOH (V @ V=5 : 1) 75
16 PC(1) Na,S,05 Na,CO; NH,I Toluene/EtOH (V © V=5 : 1) 56
17 PC(1) Na,S,05 K,HPO, KI Toluene/EtOH (V @ V=5 : 1) 79
18 PC(1) Na,S,05 K;PO, KI Toluene/EtOH (V @ V=5 : 1) 37
19 PC(1) Na,S,05 NaOAc KI Toluene/EtOH (V © V=5 : 1) 49
20% PC(1) Na,S,05 K,HPO, KI Toluene/EtOH (V © V=5 : 1) —
21 — Na,S,05 K,HPO, KI Toluene/EtOH (V © V=5 : 1) 22

“ Reaction conditions: 1a (0.3 mmol), oxidant (1.2 equiv.), base (1.2 equiv.), iodide (5 mol%), photocatalyst (1 mol%), solvent (3.0 mL), reaction time (12~48 h), 45
W blue LEDs irradiation under N, atmosphere at ambient temperature. PC(1): Ir[dF(CF3)ppyl.(dtbbpy)PFe: 4,4'-di-tert-butyl-2,2"-bipyridine)bis[3,5-difluoro-
2-(5-trifluoromethyl-2-pyridinyl-kN)phenyl-kCliridium(IIT) hexafluorophosphate; PC(2): Ru(bpy)s;(PF6),: tris(2,2'-bipyridine)ruthenium(Il) hexafluorophosphate;
PC(3): Eosin Y: 2',4',5',7"-tetrabromo-3',6'-dihydroxyspiro(isobenzofuran-1(3H),9'-(9H)xanthen)-3-one; PC(4): Ir(ppy)s: tris(2-phenylpyridine)iridium(I1I). * Isolated
yields by silica gel column chromatography. ¢ NBS (20 mol%). ¢ Without light irradiation. ¢ Substrate 1a remained unreacted.” Without base. ¥ Without additive.
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Table 2 Scope of the substrates

Ir[dF(CF3)ppylo(dtbbpy)PFg (1 mol%)

&

EWG

1

NayS,0g (1.2 equiv.), K;HPO,4 (1.2 equiv.)
KI (5 mol %), toluene/EtOH (V:V = 5:1) (3 mL)

@0

2

EWG

OH

OH O
2a,22h, 79%

OH O

o~

H;C

o~

2f, 48 h, 47%
' Cl

OH O

o~
2k, 26 h, 70%
be

OH O

o~

20, 30 h, 59%

0

OH O

2t,5h, 85%

(OGP

o

OH O
2b, 22 h, 77%

OH O

o~

HsCO

o~
29,48 h,47%
¢l

OH O

o~

21,26 h, 64%

OH O
2p, 30 h, 43%

O

OH O

OGP

2u,6 h, 79%

98¢
S

2200
OHO
2y, 48 h, 0%

‘ OCHs

OH O
2¢,20 h, 78%

2h, 33 h, 63%

O e

O\/ OO

F

OH O

o~

' Bu

OH O
2d, 20 h, 83%

‘ COOEt

2i,13h, 77%

o~

o~
OH O

2m +2m’, 22 h, 48%

o~ O

2q, 46 h, 51%

OH O

2v, 16 h, 57%

OH

OH O
2r,°26 h, 33%

o~

o 90
~7  Hyco

OH O

2w, 39 h, 35%

o8

OH O
2e, 20 h, 90%

(7

OH O

o~

o~

2j, 21 h, 30%

‘ SCH4

OH O

o~

2n, 48 h, 30%

¢
L

OH O

O

2s,°48 h, 32%

o I
CN

OH
2x, 48 h, 0%

“Reaction conditions: 1a (0.3 mmol), Na,S,05 (1.2 equiv.), K;HPOy (1.2 equiv.), KI (5 mol %), Ir[dF(CF3)ppyla(dtbbpy)PFs (1 mol%), toluene/EtOH (V. V=5 : 1

(3.0 mL), blue LEDs irradiation under N, atmosphere at ambient temperature. ®Isolated yields by silica gel column chromatography. ¢ KI (10% mol).
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M. 3,5-— FEEHUARHI R AL LA 43% US43 3 2p. H
R, A0 IR IR th TERBHERH RAE
SRR, I+ 0L 63% MR LA NP4 2h. (H15E
B, CMEEECR AR 1§ A1 1n 9 R] DA
FIRAE RN, BILL 30%HINCRIRAG =4, 24 A 3R 1N
] FR L BRI, 753 2m A 2m' (R S 077 25 48%, P
Pl = A, AR E AT A RAR AR T A 36
RNZEFEUR AR 1q AT e KR F5 015 B 2 5155 12 1k
HW 2q B 2r, FEERIFAIN S1%M 33%. TEFRHER N 2%
5N, N-ZEBBURRY) 1s W] AR AU RN, 724 2s
IS 32%. BEAN, 78 Ar' BN [A) A7 B Rl P 4 0k
B 1SR4t BB R S5 S (2t~ 2w),  He A o 7 il BUAR JEe
Y2t WK, N 85%. RIS, FHEEEk IR
A 1x Rl 1y TEIX AN S NAR 22 8 AR 1) B AR =4
AR

NT WIS IRERE R PMLEE, AT T — RIVRF LK
(Scheme 1). HZEAERMNAKRTIMA 2 equiv. 2,2,6,6-M4
B LR g -1- %8 35 (TEMPO), H RS 2R =754 2a,
RKUNZN VTR & H IR RE. FEARIT Na,S,04-
KI FHJGHEAGTI 264 T, A2 SIAA & A I NS5 420 ) (1)
1 L, PL 61%MUEE 7 BT 2157 2a. 4R, %
RNATRERAE T RALIAL. A BRI, AT
FRECFRAE e NI FE A BT BEAFAE AL A7 Hh ) k.

standard condition O‘
o™ TEMPO (2 equiv.), 24 h OH

I o O

KoHPO, I, O
blue LEDs ‘ o
—_—
o/\ toluene/EtOH O OH

Ny, r.t., 24 h
2a, 61%

B 1 HLERRIT
Scheme 1 Mechanism exploration

AR bR 2 AR OGSO IE ), $ T AT RE
S ALEE (Scheme 2). Muniz 522 TAEIESE T e 1)
KRS BA SR 53 7 UK A2 B SORE, BRSEE AR BB
[t Ishihara 5512 HROE IOAR G TAE R B IR B A
MEACPER]. Hrdt, FRATHENAEA N rh, (A& Y KT B
Na,S,05 AN L, L AL BFEAL Y HOT A HIL i
TR IR 5 51 RJEY) 1a RAEJEALHUE, A B Ak
A. fEBD6 LED JUH N, A KB C—1#ERER B,
51K H BHEIER. B K457 W H B33 C. C
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Synthware MS-H-Pro 1 /3 #:#% . Heidolph ML/HB/G3
L2 KA. 25 mL Schlenk tube.

B A R0 350 0 T 1 o B AR, B,
. REREREN. RLRRERET. RLARERE: . WERR =80T
HE 2 B G IR A R, ToKBRERNE T K 361k
A RAF, N-BRAT BRI T _ L2l R
T HERL LA T, ke . BRRRA B TR 4 T,
AL BN T AT | AL A BR A ], oK Z RN T
TMIE A TS A R . A E TR (200~300 H)E
T BRI A T, eI E 28 T A
fit(PE)AI R ZLBR(EA). 2-75 52K Il 2 AT AE (b &
W 1)da BTk i % T,

3.2 &M 2a~2w AR

ERAEP T, BEY 1 (0.3 mmol). K,HPO,
(0.36 mmol). Na,S,05 (0.36 mmol). KI (0.015 mmol, 5
mol%) + Ir[dF(CF;)ppy]a(dtbbpy)PFs (0.003 mmol, 1
mol%)~ 1 28(2.5 mL)FI ZF#(0.5 mL) 73 AN 25 mL -+
1) Schlenk KM, ¥ RMIREYHEIEHE 45 W
Blue LED %J#) 5 cm &, FEZER FHiH: 5~48 h, A
TLC HRIE RN 1 SN 25 B FH e e 78 R AN B 25 15 771,
VR SRR A TE Ak DUA B SR L BR(V/
V=20/1) A%, fERER(200~300 H) Libfrk: il
afith, 1334679 2a~2w.

10-¥2 3 3E-9-FR R 2. FiE(2a): 62.8 mg, /=& 79%. [
A, mp. 103~104 COCEMERY 109~110 C); 'H
NMR (500 MHz, CDCls) 6: 13.40 (s, 1H), 8.82~8.80 (d,
J=8.5 Hz, 1H), 8.59~8.54 (m, 3H), 7.77~7.74 (m, 1H),
7.67~7.57 (m, 2H), 7.51~7.48 (m, 1H), 4.64~4.60 (q,
J=17.2 Hz, 2H), 1.59~1.56 (t, J=7.1 Hz, 3H); *C NMR
(126 MHz, CDCl;y) 6: 172.78, 162.63, 133.52, 130.21,
129.34, 127.40, 126.63, 12591, 125.84, 125.11, 124.81,
124.02, 122.67, 122.25, 101.39, 61.86, 14.21; MS (ESI)
m/z: 289.1 [M+Na]".

10-F255-7- FHHL 3E-9-FR R £ (2b): 64.5 mg, ;=%
77%. EEE A, mp. 101~102 °CCCHAEY 106~
107 “C); 'H NMR (500 MHz, CDCl;) &: 13.28 (s, 1H),
8.61 (s, 1H), 8.56~8.52 (m, 2H), 8.46~8.44 (d, J=8.4
Hz, 2H), 7.77~7.73 (m, 1H), 7.63~7.60 (m, 1H), 7.33~
7.31 (m, 1H), 4.64~4.60 (q, J=7.3 Hz, 2H), 2.56 (s, 3H),
1.60~1.57 (t, J=7.1 Hz, 3H); “C NMR (126 MHz,
CDCl3) 6: 172.87, 162.69, 137.20, 133.72, 130.29, 129.53,
126.33, 125.95, 125.67, 124.90, 124.86, 123.87, 122.69,
122.19, 101.37, 61.91, 22.11, 14.25; MS (ESI) m/z: 303.1
[M~+Na]".
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10-F2d8-7-H S L HE-9- R IR L FE(2¢): 69.4 mg, /™~
K 78%. AMEA, mp. 144~145 COCHRMEEY 138~
139 ‘C); 'H NMR (500 MHz, CDCl;) &: 13.46 (s, 1H),
8.52~8.50 (m, 1H), 8.45~8.44 (d, J=89 Hz, 2H),
8.32~831 (d, J=2.6 Hz, 1H), 7.74~7.71 (m, 1H),
7.58~7.55 (m, 1H), 7.11~7.09 (m, 1H), 4.62~4.57 (q,
J=17.1 Hz, 2H), 3.94 (s, 3H), 1.58~1.56 (t, J=7.1 Hz,
3H); “C NMR (126 MHz, CDCl3) d: 172.95, 163.62,
159.05, 133.84, 130.97, 130.49, 125.74, 124.99, 124.23,
124.16, 121.89, 120.20, 113.54, 108.06, 101.13, 61.90,
55.11, 14.31; MS (ESI) m/z: 319.1 [M+Na]".

10-F22-7-50 T 2 HE-9-R R 4 lE(2d): 80.7 mg, 7=
K 83%. AWM, mp. 127~128 COCHREPY 130~
131 “C); 'H NMR (500 MHz, CDCl;) §: 13.43 (d, J=1.2
Hz, 1H), 8.92 (d, J=1.9 Hz, 1H), 8.59~8.51 (m, 3H),
7.78~7.75 (m, 1H), 7.65~7.58 (m, 2H), 4.66~4.62 (q,
J=7.1 Hz, 2H), 1.64~1.61 (t, J=7.1 Hz, 3H), 1.51 (s,
9H); “C NMR (126 MHz, CDCl3) d: 173.14, 162.89,
150.22, 133.61, 130.31, 129.24, 126.37, 124.99, 124.81,
123.82, 122.53, 12231, 12221, 101.66, 61.88, 35.18,
31.46, 14.38; MS (ESI) m/z: 345.1 [M+Na] .

10-#255-7-1E T 2L 3E-9-FR R £l (2e): 86.7 mg, /™~
2 90%. F O E A, mp. 61~62 COCERERY 63~
64 C); "H NMR (500 MHz, CDCl3) §: 13.32 (s, 1H), 8.65
(s, 1H), 8.57~8.53 (m, 2H), 8.48~8.47 (d, J=8.4 Hz,
1H), 7.77~7.73 (m, 1H), 7.64~7.61 (m, 1H), 7.35~7.33
(m, 1H), 4.65~4.60 (q, J=7.1 Hz, 2H), 2.85~2.82 (t, J=
7.6 Hz, 2H), 1.81~1.75 (m, 2H), 1.61~1.58 (t, J=7.1
Hz, 3H), 1.51~1.46 (q, J=7.4 Hz, 2H), 1.05~1.02 (t, J=
7.3 Hz, 3H); “C NMR (126 MHz, CDCl3) d: 172.91,
162.70, 142.05, 133.72, 130.24, 129.46, 126.27, 125.34,
125.05, 124.88, 124.85, 124.05, 122.63, 122.17, 101.43,
61.84, 36.06, 33.39, 22.35, 14.20, 13.97; MS (ESI) m/z:
345.1 [M+Na]".

10-F2J5-5-H B 5E-9- R R £ R (2): 39.2 mg, f=%
47%. W FE AR, mp. 52~53 COUERERY 53~
54 ‘C); '"H NMR (500 MHz, CDCly) &: 12.91 (s, 1H),
8.66~8.61 (m, 3H), 7.75~7.72 (m, 1H), 7.67~7.64 (m,
1H), 7.49~7.45 (t, J=7.8 Hz, 1H), 7.38~7.37 (d, J=7.1
Hz, 1H), 4.64~4.60 (q, J=7.2 Hz, 2H), 3.05 (s, 3H),
1.57~1.54 (t, J=7.2 Hz, 3H); C NMR (126 MHz,
CDCly) d: 172.59, 161.32, 135.07, 134.37, 130.78, 129.02,
128.73, 127.61, 126.57, 126.43, 126.33, 126.16, 124.47,
123.85, 102.57, 61.98, 27.19, 14.34; MS (ESI) m/z: 303.1
[M~+Na]".

Chin. J. Org. Chem. 2020, 40, 4258~4266



Chinese Journal of Organic Chemistry

ARTICLE

10-F255-5-H AH L JE-9- R R 4 E(2g): 82.9 mg, 7~
R 47%. ABEE, mp. 101~102 CCOCHEERY 100~
101 “C); 'H NMR (500 MHz, CDCl;) &: 13.06 (s, 1H),
9.62~9.61 (d, J=8.7 Hz, 1H), 8.66~8.64 (d, J=8.2 Hz,
1H), 8.41~8.40 (d, J=8.7 Hz, 1H), 7.80~7.77 (m, 1H),
7.68~7.65 (t, J=7.5 Hz, 1H), 7.53~7.49 (t, J=8.2 Hz,
1H), 7.05~7.03 (d, J=7.7 Hz, 1H), 4.64~4.60 (q, J=7.2
Hz, 2H), 4.09 (s, 3H), 1.57~1.54 (t, J=7.1 Hz, 3H); °C
NMR (126 MHz, CDCly) &: 172.60, 161.97, 158.52,
133.21, 131.72, 129.84, 128.43, 127.07, 126.02, 125.40,
124.06, 118.50, 116.77, 106.65, 102.01, 61.93, 55.56,
14.23; MS (ESI) m/z: 319.1 [M~+Na]".

10-F25:-5- 7 N FL 3E-9- R 1R 4.l (2h): 57.9 mg, /=
K 63%. WHEOFE A, mp. 63~64 COCHRERY 55~
56 C); '"H NMR (500 MHz, CDCl3) 6: 13.05 (s, 1H),
8.62~8.57 (m, 2H), 8.35~8.33 (d, J=82 Hz, 1H),
7.71~7.63 (m, 2H), 7.58~7.54 (m, 2H), 4.64~4.59 (q,
J=7.1 Hz, 2H), 4.17~4.12 (m, 1H), 1.57~1.54 (t, J=7.1
Hz, 3H), 1.48~1.47 (d, J=6.7 Hz, 6H); °C NMR (126
MHz, CDCl3) 6: 172.70, 161.64, 146.53, 133.37, 130.19,
128.37, 127.58, 126.76, 126.61, 126.39, 126.26, 125.77,
124.34, 123.50, 122.73, 102.25, 61.94, 31.35, 25.60, 14.34;
MS (ESI) m/z: 331.1 [M+Na]".

9-¥2 % 3E-2,10- ~ W B2 — Z.Fg(2i): 78.0 mg, 7 F
77%. E@E A, mp. 131~132 COCCEMEPY 135~
136 “C); 'H NMR (500 MHz, CDCly) §: 13.45 (s, 1H),
9.56~9.56 (d, J=1.5 Hz, 1H), 8.56~8.53 (m, 3H),
8.08~8.06 (m, 1H), 7.80~7.77 (m, 1H), 7.70~7.67 (m,
1H), 4.64~4.60 (q, J=7.2 Hz, 2H), 4.49~4.44 (q, J=7.1
Hz, 2H), 1.64~1.62 (t, J=7.1 Hz, 3H), 1.49~1.46 (t, J=
7.2 Hz, 3H); “C NMR (126 MHz, CDCl;) J: 172.65,
166.95, 163.24, 132.85, 130.62, 129.00, 128.91, 128.23,
127.79, 126.07, 125.08, 124.27, 123.00, 122.82, 101.42,
101.42, 62.29, 61.03, 14.45, 14.17; MS (ESI) m/z: 361.1
[M~+Na]".

10-F255-7- ORI FE-9- R TR LR (2)): 26.0 mg, =3
30%. E A, mp. 104~105 CCCEREPY 113~
114 °C); '"H NMR (500 MHz, CDCl;) §: 13.38 (s, 1H),
8.84 (s, 1H), 8.54~8.47 (m, 3H), 7.77~7.74 (m, 1H),
7.64~7.56 (m, 2H), 6.93~6.87 (dd, J=17.6, 10.8 Hz,
1H), 5.93~5.90 (d, J=17.8 Hz, 1H), 5.39~5.37 (d, J=
11.0 Hz, 1H), 4.64~4.59 (q, J=7.1 Hz, 2H), 1.61~1.58
(t, J=7.1 Hz, 3H); *C NMR (126 MHz, CDCl;) ¢: 172.87,
163.05, 137.47, 136.56, 133.50, 130.49, 129.66, 126.81,
125.70, 125.22, 125.02, 124.46, 123.09, 122.45, 121.87,
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114.21, 101.46, 62.05, 14.31; MS (ESI) m/z: 315.1 [M+
Na]".

7-A-10- 72 FE-9- R R 4 BE(2k): 63.1 mg, =%
70%. EEEAE, mp. 121~122 COCCHEEY 125~
126 ‘C); 'H NMR (500 MHz, CDCl;) &: 13.46 (s, 1H),
8.74~8.73 (d, J=22 Hz, 1H), 8.47~8.46 (m, 1H),
8.38~8.32 (m, 2H), 7.73~7.70 (m, 1H), 7.62~7.59 (m,
1H), 7.37~7.34 (m, 1H), 4.62~4.57 (q, J=7.1 Hz, 2H),
1.59~1.57 (t, J=7.1 Hz, 3H); C NMR (126 MHz,
CDCly) 6: 172.46, 163.67, 133.63, 133.01, 130.67, 130.53,
126.99, 125.47, 125.03, 124.34, 124.26, 124.09, 122.23,
100.54, 62.29, 14.21; MS (ESI) m/z: 323.0 [M~+Na] .

T-5-10-F2 FFE-9- R R 4 B8 (21): 54.7 mg, 73
64%. EMEAE, mp. 122~123 CCCHAEEY 125~
126 “C); 'H NMR (500 MHz, CDCl;) &: 13.53 (s, 1H),
8.51~8.40 (m, 4H), 7.75~7.72 (m, 1H), 7.62~7.59 (m,
1H), 7.20~7.17 (m, 1H), 4.64~4.59 (q, J=7.1 Hz, 2H),
1.59~1.57 (t, J=7.1 Hz, 3H); *C NMR (126 MHz,
CDCl3) 6: 172.61, 163.95, 163.14, 161.20, 133.25, 131.16,
131.07, 130.66, 126.52, 125.03, 124.77, 124.69, 122.48,
122.14, 112.52, 112.34, 111.51, 111.31, 100.89, 100.87,
62.23, 14.25; MS (ESI) m/z: 307.1 [M+Na] .

10-F2 55 -6- H B JE-9- R R 4. /10-F2 5 -8- HI L 5E-9-
RIR 2 =4/12m)P%: 40.0 mg, 773 48%. A [E,
m.p. 88~89 ‘C; '"H NMR (500 MHz, CDCl;) d: 13.28 (s,
1H), 10.92 (s, 0.25H), 8.70~8.68 (d, J=8.7 Hz, 1H),
8.58~8.55 (m, 1.8H), 8.58~8.55 (m, 0.45H), 8.49~8.47
(m, 0.25H), 8.43~8.41 (m, 0.25H), 8.36 (s, 1H), 7.78~
7.73 (m, 1H), 7.78~7.73 (m, 0.25H), 7.66~7.62 (m, 1H),
7.66~7.62 (m, 0.25H), 7.47~7.40 (m, 1.2H), 7.47~7.40
(m, 0.3H), 4.64~4.60 (q, J=7.1 Hz, 2H), 4.50~4.46 (q,
J=17.2 Hz, 0.5H), 2.58 (s, 3H), 2.55 (s, 0.75H), 1.59~1.56
(t, J=7.1 Hz, 3H), 1.41~1.38 (t, J=7.2 Hz, 0.75H); "°C
NMR (126 MHz, CDCly) &: 172.92, 171.69, 162.06,
158.22, 134.15, 133.75, 133.59, 133.44, 130.42, 130.20,
129.98, 129.15, 128.78, 127.20, 127.12, 126.82, 126.69,
126.15, 125.88, 125.35, 124.93, 124.52, 124.51, 122.72,
122.39, 120.27, 103.64, 101.54, 61.92, 61.74, 22.92, 21.45,
14.34, 14.11; MS (ESI) m/z: 303.1 [M+Na]".

10-F25E-7- i 2L 3E-9- 2 IR £ R (2n): 28.5 mg, /™~
K 30%. A, mp. 141~142 C; 'H NMR (500
MHz, CDCly) 8: 13.46 (s, 1H), 8.66~8.65 (d, J=11.8 Hz,
1H), 8.53~8.48 (m, 2H), 8.43~8.42 (d, J=8.7 Hz, 1H),
7.76~7.73 (m, 1H), 7.62~7.59 (m, 1H), 7.37~7.35 (m,
1H), 4.63~4.59 (q, J=7.2 Hz, 2H), 2.62 (s, 3H), 1.59~
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1.56 (t, J=7.1 Hz, 3H); °C NMR (126 MHz, CDCl;) ¢:
172.85, 163.47, 138.18, 133.52, 130.55, 129.96, 126.48,
125.00, 124.77, 123.32, 123.09, 122.80, 122.20, 122.08,
100.82, 62.08, 15.57, 14.39; MS (ESI) m/z: 335.1 [M+
Na] *; HRMS (ESI) caled for C;sH;0sS [M + Na]*
335.0718, found 335.0712.

5-5-10-F2 HEHE-9-FR IR 4T (20): 50.3 mg, 77 #
59%. MG, mp. 89~90 ‘COCHMEPY 93~94 C);
'H NMR (500 MHz, CDCl5) J: 13.26 (s, 1H), 9.03~9.01
(m, 1H), 8.60~8.54 (m, 2H), 7.80~7.77 (m, 1H), 7.68~
7.65 (t, J=17.5 Hz, 1H), 7.49~7.44 (m, 1H), 7.22~7.17
(m, 1H), 4.63~4.59 (q, J=7.2 Hz, 2H), 1.57~1.54 (t, J=
7.1 Hz, 3H); “C NMR (126 MHz, CDCl;) d: 172.51,
162.83, 162.53, 160.53, 132.00, 131.97, 131.36, 131.31,
130.75, 130.73, 127.58, 127.38, 127.35, 127.29, 127.03,
127.02, 125.64, 124.61, 121.67, 121.64, 115.67, 115.60,
111.46, 111.26, 101.49, 101.46, 62.22, 14.30; MS (ESI)
m/z: 307.1 [M+Na]".

10-#22E-6,8- — L FE-9-F2 1R L B (2p): 37.6 mg, /=
K 43%. RO E AR, mp. 100~101 C (3 ik 48 2
119~120 C); 'H NMR (500 MHz, CDCl;) J: 10.79 (s,
1H), 8.54~8.53 (d, J=8.3 Hz, 1H), 8.43~8.41 (m, 1H),
8.19 (s, 1H), 7.71~7.68 (m, 1H), 7.60~7.57 (m, 1H),
7.23 (s, 1H), 4.45~4.40 (q, J=7.1 Hz, 2H), 2.51 (s, 3H),
2.47 (s, 3H), 1.35~1.33 (t, J=7.2 Hz, 3H); °C NMR (126
MHz, CDCl3) 6: 171.74, 157.61, 133.94, 133.54, 132.03,
129.81, 127.31, 126.70, 126.53, 124.66, 124.49, 122.73,
120.32, 103.65, 61.69, 22.77, 21.43, 14.12; MS (ESI) m/z:
317.1 [M+Na]".

S-FRFEEDVIZK-6-FRIR 41K (2q): 482 mg, =% 51%.
BEOE AR, mp. 124~125 COCERERY 103~104 C);
'H NMR (500 MHz, CDCl;) 6: 11.15 (s, 1H), 8.64~8.63
(d, J=8.3 Hz, 1H), 8.58~8.51 (m, 2H), 8.03~8.01 (d, J
=8.4 Hz, 1H), 7.94~7.93 (d, J=7.8 Hz, 1H), 7.89~7.88
(d, J=8.8 Hz, 1H), 7.82~7.79 (m, 1H), 7.70~7.67 (m,
1H), 7.58~7.48 (m, 1H), 4.40~4.36 (q, J=7.1 Hz, 2H),
1.18~1.15 (t, J=7.1 Hz, 3H); “C NMR (126 MHz,
CDCly) d: 172.46, 158.53, 133.21, 133.00, 130.05, 129.54,
128.93, 127.80, 126.73, 126.03, 125.91, 124.66, 124.27,
123.99, 122.94, 120.19, 103.78, 61.65, 13.75; MS (ESI)
m/z: 339.1 [M+Na]".

S5-I [c]FE-6-RIR LT (2r): 31.2 mg, =%
33%. W E A, mp. 95~96 C(CCEAAERY 102~
103 “C); 'H NMR (500 MHz, CDCly) §: 13.01 (s, 1H),
8.91~8.85 (m, 2H), 8.78~8.76 (d, J=9.1 Hz, 1H),
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8.67~8.65 (m, 1H), 7.99~7.97 (m, 1H), 7.90~7.77 (m,
1H), 7.76~7.67 (m, 1H), 7.66~7.56 (m, 2H), 4.67~4.63
(q, J=7.2 Hz, 2H), 1.59~1.56 (t, J=7.1 Hz, 3H); "°C
NMR (126 MHz, CDCly) &: 172.62, 161.70, 133.21,
131.76, 129.93, 129.35, 128.44, 128.34, 127.91, 127.85,
127.50, 126.20, 125.95, 125.69, 125.29, 124.51, 123.97,
122.74, 102.68, 62.18, 14.37; MS (ESI) m/z: 339.1 [M+
Na]".

10- 52 B -N- 2K 5 JE-9- P iz (2s): 29.8 mg, =&
32%. E @A, mp. 193~194 COCERMEPY 111~
112 °C); "H NMR (500 MHz, DMSO-dq) &: 10.57 (s, 1H),
10.11 (s, 1H), 8.88~8.86 (d, J=8.0 Hz, 1H), 8.81~8.79
(d, J=8.1 Hz, 1H), 8.43~8.41 (d, J=8.2 Hz, 1H), 7.86~
7.85 (d, J=7.8 Hz, 2H), 7.80~7.72 (m, 3H), 7.62~7.54
(m, 2H), 7.40~7.37 (t, J=7.8 Hz, 2H), 7.14~7.11 (t, J=
7.4 Hz, 1H); °C NMR (126 MHz, DMSO) ¢: 165.99,
147.19, 139.58, 130.95, 130.00, 128.66, 127.87, 127.40,
126.78, 126.10, 125.52, 124.33, 124.19, 123.45, 123.17,
123.01, 119.63, 116.73; MS (ESI) m/z: 336.1 [M~+Na]".

2-5-10- 2 FE FE-9-FR R L BE (2t): 85.3 mg, 77 H
85%. FIAEK, mp. 94~95 CCCHRE 97~98 C);
'H NMR (500 MHz, CDCly) 6: 13.21 (s, 1H), 8.75~8.74
(d, J=8.4 Hz, 1H), 8.47~8.39 (m, 2H), 8.11~8.09 (m,
1H), 7.56~7.53 (t, J=7.7 Hz, 1H), 7.48~7.42 (m, 2H),
4.64~4.59 (q, J=7.1 Hz, 2H), 1.59~1.56 (t, J=7.1 Hz,
3H); *C NMR (126 MHz, CDCly) &: 172.62, 162.44,
161.43, 161.41, 160.48, 130.02, 128.80, 127.27, 126.68,
126.61, 125.95, 125.58, 124.78, 124.72, 124.36, 122.50,
119.06, 118.87, 109.68, 109.50, 102.31, 62.14, 14.26; MS
(ESI) m/z: 307.1 [M+Na] .

3-5-10- 72 FE-9-FR IR 4. E (2u): 67.6 mg, =3
79%. AGEAAK, mp. 111~112 CCCHAEPY 97~
98 ‘C); 'H NMR (500 MHz, CDCLy) 6: 13.37 (s, 1H),
8.75~8.73 (d, J=8.6 Hz, 1H), 8.48~8.45 (m, 1H),
8.31~829 (d, J=8.2 Hz, 1H), 8.06~8.04 (d, J=11.1
Hz, 1H), 7.57~7.54 (t, J=7.7 Hz, 1H), 7.45~7.42 (t, J=
7.6 Hz, 1H), 7.32~7.27 (m, 1H), 4.63~4.58 (q, J=7.2
Hz, 2H), 1.59~1.56 (t, J=7.2 Hz, 3H); °C NMR (126
MHz, CDCly) 6: 172.78, 165.12, 163.13, 162.33, 135.84,
135.77, 129.93, 128.11, 127.83, 127.75, 125.99, 125.18,
125.15, 124.13, 122.92, 121.78, 115.62, 115.44, 107.79,
107.61, 100.88, 62.02, 14.29; MS (ESI) m/z: 307.1 [M+
Na]".

1-30-10- 32 2 35 -9- R R LR (2v): 483 mg, 77 %
57%. AMGEAK, mp. 117~118 CCCERERY 121~
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122 “C); "H NMR (500 MHz, CDCl3) 6: 13.46~13.45 (d,
J=3.2 Hz, 1H), 8.70~8.68 (m, 1H), 8.50~8.48 (d, J=
8.1 Hz, 1H), 8.36~8.35 (d, J=8.4 Hz, 1H), 7.69~7.64
(m, 1H), 7.59~7.56 (m, 1H), 7.49~7.46 (m, 1H), 7.30~
7.26 (m, 1H), 4.64~4.60 (q, J=7.2 Hz, 2H), 1.57~1.54
(t, J=7.2 Hz, 3H); *C NMR (126 MHz, CDCl;) 6: 172.52,
162.16, 162.12, 160.08, 136.18, 130.66, 130.58, 129.57,
128.09, 125.76, 125.21, 124.45, 123.31, 118.45, 118.41,
114.71, 114.65, 113.91, 113.72, 102.63, 102.61, 62.13,
14.26; MS (ESI) m/z: 307.1 [M~+Na]".

10-F25L-2- A FEFE-9-FR IR 4R (2w): 30.7 mg, /™~
# 35%. AMGFEE, mp. 121~122 COCEMERY 111~
112 “C); '"H NMR (500 MHz, CDCl;) §: 13.35 (s, 1H),
8.81~8.79 (m, 1H), 8.50~8.48 (d, J=9.2 Hz, 2H), 7.90
(d, J=2.8 Hz, 1H), 7.55~7.47 (m, 2H), 7.40~7.38 (dd,
J=9.1, 2.8 Hz, 1H), 4.65~4.61 (q, J=7.2 Hz, 2H), 4.01
(s, 3H), 1.59~1.56 (t, J=7.1 Hz, 3H); *C NMR (126
MHz, CDCl3) 6: 173.04, 162.02, 158.64, 128.36, 127.95,
126.61, 126.48, 126.19, 125.94, 124.25, 124.18, 122.33,
121.10, 104.65, 101.98, 62.05, 55.54, 14.36; MS (ESI) m/z:
319.1 [M+Na]".
3.3 RHMELE

HERSESF, BikEY 1 (3 mmol). K,HPO, (3.6
mmol). Na,S,0g (0.36 mmol). KI (0.15 mmol, 5 mol%)-
Ir[dF(CF;)ppy].(dtbbpy)PF, (0.03 mmol, 1 mol%). HI#
(25 mL) A1 ZEE(5 mL) 7 S0 50 mL 4811 Schlenk J
N, B RNR AP E TR 25 45 W Blue LED 4749 5
em Ab, FFESIE THEE 48 h J5, FiEEE 28 AR 220
A, K ikl SRR A TE LA, DA ihEk/ 2R 2B
(V1 V=20 : 1) NEEMF, £ 200~300 H) T
FEEEAith, PL40% RIS EI407=4) 2a.

¥ Bh#4 £t (Supporting Information) Fii & /% H it &
PIff) 'H NMR A1 °C NMR #. X 26444 ) LL 6 5 A AT
WX 3k (http://sioc-journal.cn/) I T %%,
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