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Triphenylamine-Based Ordered Mesoporous Polymer as a
Metal-Free Photocatalyst for Oxidation of Thiols to Disulfide
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Abstract Disulfides are widely present in biologically active natural products and pharmaceuticals, and they also have a
wide range of applications in life sciences. The visible light-induced oxidative coupling of two thiols is one of the most
efficient, atomically economical and green method for the preparation of symmetric disulfides. However, the photocatalysts
used in these reactions (metal complexes, small organic molecules and inorganic semiconductors, etc.) are facing problems
such as expensive, poor photostability, limited visible-light absorption and photocorrosion. Thus, it is still highly desirable to
develop efficient heterogeneous photocatalysts that are free of precious metals, inexpensive, stable and recyclable, to decrease
the processing costs in large-scale synthesis. Herein, a triphenylamine-based ordered mesoporous polymers (TPA-MPs) as a
metal-free photocatalyst for oxidation of thiols to disulfide was reported. This protocol provides a facile means for the rapid
synthesis of a series of disulfides at room temperature under air atmosphere. TPA-MPs can be easily recovered with good
retention of photocatalytic activity and reused at least six times. This approach is operationally simple, mild, green, and
scalable, providing a facile and efficient access to disulfides.
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TSR, LR, DRI A T A FLIEAS P 4 5
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TPA-MPs {7512 42 HEFRATT Lk iy iy i o), BAZK
My P B Iy R AR = 2R i (TPA) M K, S P ABEAR 711
SIS0 “HERIER BT HALE” ke k. Eidast
Je itk | A% 1PC BTG R /W KA TPA-MPs 1k
ORISR, TPA-MPs J TPA [IZLAMERESSTE 1506
em A Cay— N HIGHRBNIE, TG TPA B IA 5
FLEEW(FDU-15)MLAMEIETo g, X R I = R4
P B T b 51 N LB HR1201 2T ARl i o 2 R B i
FIHRFAEIE(3357 em '), R I TPA-MPs H ) = F ik 451y
KA BNZENE. AR BC i 6 149 Ab Cary—N $F4E
s th 2 I = K e gE Ml N TPA-MPs [ 42, dlid oo
EOTEIC RIS EITH 1 TPA-MPs 1 TPA 3N &
4 0.93 mmol/g. FTWRIBEFRAER B TPA-MPs H/-fL
##l, H BET (Brunauer-Emmett-Teller) b F ALl 502
m%g, fLIEA 4.2 nm. /NH-XRD i i H85 R AL R 0
TPA-MPs R EA & EA PN FLEE . XM &R
¥ B FLIE 25 P38 3 5 A BOR T E R AN iz
BRI -3, RIS A R T s S IR 3
KALFULFE. | f-XRD FRAEEK B TPA-MPs # %} 1) FLEE
NICE TR

PR FH AR AR I (1) M B D SR AR 2R 1
TR FAARIR R S SRR (R 1), Gad R R I, 1E
24 W Rt R 6 W (LED)JT IR ST =i A2 SR T,
2.5 mol% TPA-MPs B ] =2l fix — B, BL 95%7
RAZFHERY) 2a. & RGP EE. PIERE . &
FRIGERN 2,5 S5 450 2 A 18 1) S ¥ 77 (Entries 1~4, 3 1),
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N Fe A AT R SR H T A AT % X RO IR U6 (B (460 nm)
gt LED 4] ek K u B (450-465 nm)Y) &, 7EES
ST, RIS A 6 h, P2 LU R AL (Entry 6,
1), XIS BN, K TPA-MPs 4L (Entry 7, %
1), #G(Entry 8, & 1)8UE U HE F(Entry 9, % 1), 3
I RE B 2 @ (TLO) M 22 2R |74, KW TPA-
MPs. A W J 2 S R AU A R R 8 O B 22
YER.
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Table 1 Optimization of reaction conditions for the oxidative
cross coupling of 4-methoxythiophenol catalyzed by TPA-MPs

SH
OMe
/©/ S\s/©/ * H0,

TPA-MPs (2.5 mol%)
24 W blue LEDs, r.t.

OMe O, in air MeO
1a 2a
: @é;)@ P
TPA-MPs
Entry Photocat. Solvent Yield”/%

1 TPA-MPs CH:CN 95
2 TPA-MPs CH:Cl 90
3 TPA-MPs MeOH 91
4 TPA-MPs THF 89
5¢ TPA-MPs CH:;CN NR-40
6! TPA-MPs CH;CN 95
7 — CH;CN Trace
8¢ TPA-MPs CH3CN Trace
9 TPA-MPs CH3CN Trace

@ Reaction conditions: 1a (0.2 mmol), TPA-MPs (2.5 mol%), solvent (0.5 mL),
24 W blue LED light irradiation under air at room temperature for 10 h. ¢ Yield
of the isolated product. ¢ Other light instead of a blue LED. ¢ O, atmosphere.
¢ Reaction was carried out in the dark./ Reaction was carried out under Ar.

By SIS L DL, IR (2a~26) . [AIHZELAR(2h,
2K) FI R AR oy I ZE 0 My (2m) 2 BE AR 3 Hb R 1T b S8 AL A 1R
R, DA AR F5 077 245 B A R 8. 4547
AR (2g, 2i~2j, 2D 2R BB E YRS 72, AT RE = AL BRAECR
MIEE. BE, SmERIRMEI TR, —R/RIEAR
FHAREE R EE(2n~2r) BRIGEEAREE(2s) A FEREE
(24)25 55 7 W I 480 RS AR I M0 3dE 47 L0 S T G e ot
(Qu~2w) AT BRI EAT RN T s 82 b s
A, B N R ARG I B RE R A, — RINEMEE
Rl Fha s, B, BRER KRG SRR Z
SO, X R BE H RO S R A A
RE R, R N IE T2 B R T AR A (2x) BA B A
B 7 (2y-1) N- LBE-L-F- R E R (2y-2) « RHEEF(2y-3)
LR T I EA AR, REIFRA T IR AR &
T T AT AR AT 5. AN, BATE R T AR
i /Wy 2 18] ()28 AR B [ 8L, DA &5 7= R A9 31— R B 9E
YRR B EPI(3a~3c).
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W] TPA-MPs HEALFIEATIRIFIefee vt ZURWML
Bt FAE R IEFA 5 TPA-MPs #4711 BET Eb % HiFH
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Figure 1 Evaluation of the recyclability of TPA-MPs
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Table 2  Substrate scope of oxidative cross coupling reaction of thiophenols and thiols catalyzed by TPA-MPs

TPA-MPs (2.5 mol%), CH3CN
R-SH + HS—R' — R-S—S—-R'
24 W blue LEDs, O, in air, r.t.
1 1 2

P P gV g

2a, 95% (90%)?, 10 h 2b, 90%, 10 h 2¢, 83%, 10 h 2d, 92%, 10 h

) /©/S\S/©/ | F /@S\S/@ ©\/S/S/\© \©/S\S/©\

2e,70%,10h 2f, 88%, 10 h 29, 40%, 10 h 2h, 79%, 10 h

@Br NH2

S< ’S /©\ @ -

/@( S s Bf\©/3\s Br s Sj@
Br HoN

2i,68%, 10 h 2j, 86%, 10 h 2k, 80%, 10 h 2l,74%, 16 h

M o N o e

2m, 99%. 16 h 2n, 81%, 12 h 20, 58%, 12 h 2p, 92%, 12 h

cl CF3
or Lrx D NS
P .S o) P N
/@/\S S /©/\S <\J/\S O ©/\/S S
cl F4C
2q, 85%, 12 h 2r, 90%, 12 h 2s, 77%, 20 h 2t, 88%, 12 h
/O NHBoc 0
_S_CyH N
S\S C "'23/\S N Ho\/\S’S\/\OH Meo\n/k/s S/\‘)LOMe
(0] NHBoc
2u, 77%, 10 h 2v, 95%, 10 h 2w, 99%, 12 h 2x, 21%, 16 h
0 CO,H HO,C O
HO,C N s AcHN s .S N
N~ s” N” > CO,H Y s NHAC N S
o) H COH O COMH
2y-1, 86%, 24 h 2y-2,85%, 24 h 2y-3, 90%, 24 h
MeO\©\ \/© Me\©\ O\ \/©
S .S
oS S \I/ S
3a,°50%, 12 h 3b,°35%, 10 h 3c,942%, 12 h

Reaction conditions: 1 (0.2 mmol), TPA-MPs (2.5 mol%), CH3CN (0.5 mL), 24 W blue LED light irradiation under air at room temperature. Yield of the isolated
product is given. For 2y-2, 0.5 mL of EtOH was used as the solvent. ¢ 5 mmol of scale. * 1n (0.2 mmol), 1a (0.4 mmol); ¢ 1¢ (0.2 mmol), tert-butyl mercaptan (0.4
mmol); ¢ 1n (0.2 mmol), 1u (0.4 mmol).
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F S MALEEAN Scheme 1 Fizs. 7EA] WOBHEG R, TPA-
MPs # ] WOEHK, A NS TCHEL T TPA-MPs*.
14 48000 A 25 A6 ), TPA-MPs* i 3 fi B % £
(ET)R =2 SH BN RS E 10,20 In STk
TEI 10, n i lE 1 E NI E mEEP ik T KEE
A3 PR L TP A T B 5 R A2 R 2. i
P T BRI 1 R A SR TR (HAT)A3 2 (a4 1 X
S RO AT A s AN T 54T

TPA-MPs*

02 R—=SH —>=R—S' + HO;
1 [ [
3 ET HATl1
P l
TPAMPS R—S;S—R I + Hy0,

B 1 UL

Scheme 1 Proposed reaction mechanism
2 #Hig

28 FATR, PL TPA-MPs 1E~FE4 8 2 MG AL,
SR T AT D' R I I ) T SRR A B R N
RO A R T — RV A, 1% LA S AR
NEEATH, BT PAROR 2 s Ass, I B AR 28 2 [l
FMAGIMEH, HESAEH 6 RJFafEiErE o & TR
L5 O HRE 1T L A 3 P T/ I ] 11 A AR K S 9
()22 A G AL 7R L1131 TPA-MPs HIEAGPERERIRZ 2
PO A, X —F TN AN ZaA I S =L
UL & R T i T A.

3 X
3.1 UES5HF
'H NMR Al BC NMR 7E Bruker Avance III (400
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MHz) B AZ AR B, F TMS (6 0.00). CDCl; (6
7.26)8% CDsOD (6 3.31)/E4 'H NMR BN 5, CDCls (6
77.16 B CD;0D (5 49.00)fF 4 3C NMR A br; A H
AL AR FT-170SX JEiE AT E, FE A AE
FTEACRACHR AT IR 7 Ab B8 3% 59 B R A 36 [H FET 2
¥ Talos F200s 1% & H 1 A . A E T8 A 300~
400 HfEfle; )2 (il H GF-254 MRERAR. B ik
WA AL it SRR, PRERER
B2 4b, WA B TGS R8T RN
Gyiral, AIEEEA. SR SRR 24 WO
4, LED /7.

32 ZLWHE

TPA-MPs {44 B AT WL A2 a3k 1) Bt i 75 S B AL AR B
R ERAE DB, DA (4- F AR L 2R ) Wi ik (22) 1) &
BCAE: fE 10 mL S H AR KA TPA-MPs (2.5
mol%). 4-F A FERARE 1a (28 mg, 0.2 mmol)FITE/K 4
(0.5 mL), 7E=iR TUAE 24 W i (0 LED T IR
FHFERFL 10 h. TLC MR B4 R )E, ¥R MIREY)
B NE DA, B0 B TPA-MPs 467, H 2.1 2,85 vk
& TPA-MPs flEALFI(6 ¥R). & IFA NI, J80EZEBRIAH,
FEENTA A R OB CER(V 0 V=50 @ D) BRI,
153 R 2a01% 26.6 mg, 2% 95%. 'H NMR
(400 MHz, CDCls) 6: 7.40 (d, J=8.8 Hz, 4H), 6.84 (d, J=
8.8 Hz, 4H), 3.80 (s, 6H); *C NMR (101 MHz, CDCls) ¢:
160.0, 132.8, 128.5, 114.7, 55.5. FALEE 5254 Clk—
.

TR HREE(2b): A 1b (22.1 mg, 0.2 mmol, 1.0
equiv.), VEMLAIAAMEE, HEA%, fEGEE 197
mg, 7% 90%, m.p. 61~62 C (lit.'% 58.9~59.3 C); 'H
NMR (400 MHz, CDCls) d: 7.56~7.41 (m, 4H), 7.39~
7.27 (m, 4H), 7.26~7.03 (m, 2H); *C NMR (101 MHz,
CDCls) 0: 137.1,129.2, 127.6, 127.3.

Xt B R THREF(2e): IO 1e (24.9 mg, 0.2 mmol, 1.0
equiv.), VEMLAIAAMEE, HEA%L, {EGEAE 205
mg, 7% 83%, m.p. 45~47 C (lit!'% 45~46 C); 'H
NMR (400 MHz, CDCl3) 6: 7.39 (d, J=8.3 Hz, 4H), 7.11
(d, J=8.0 Hz, 4H), 2.33 (s, 6H); 3C NMR (101 MHz,
CDCls) 0: 137.6, 134.0, 129.9, 128.7, 21.2.

W (4-FFEFL) ~milFd): A 1d (28.9 mg, 0.2
mmol, 1.0 equiv.), FEBAAAMES, HEAE, HHE
4k 26.5 mg, 773 92%, m.p. 70~71 C (lit.'%! 70.6~
71.2 “C); 'H NMR (400 MHz, CDCl3) 6: 7.40 (d, J=8.6
Hz, 4H), 7.27 (d, J=8.6 Hz, 4H); *C NMR (101 MHz,
CDCls) 0: 135.3, 133.8, 129.4.

W (4- VR F ) R ik (2e): M 1e (37.8 mg, 0.2
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mmol, 1.0 equiv.), Vel vAMEE, HEALE, [EG
44 26.0 mg, 773 70%, m.p. 92~94 C (lit."%] 92 8~
93.4 “C); '"H NMR (400 MHz, CDCl;) 6: 7.43 (d, J=8.6
Hz, 4H), 7.33 (d, J=8.6 Hz, 4H); 3C NMR (101 MHz,
CDCl;) 6: 135.8, 132.4,129.5, 121.7.

U (4-F AT “HiBFRHI): i 1f (25.6 mg, 0.2
mmol, 1.0 equiv.), Vel A M, HEAL, HE0
Tk 22.4 mg, 7= 88%. 'H NMR (400 MHz, CDCl;) 6:
7.45 (dd, J=8.8, 5.1 Hz, 4H), 7.01 (t, J=8.7 Hz, 4H); 1*C
NMR (101 MHz, CDCl;) d: 164.0, 161.5, 132.33, 132.30,
131.5,131.4,116.5, 116.3.

(2-F H K ) —hi Bk (2g: M 1g (24.8 mg, 0.2
mmol, 1.0 equiv.), Vel vAMEE, HEALE, [EG
&4 10 mg, 772 40%, m.p. 34~35 C (lit.'% 324~
32.7 “C); '"H NMR (400 MHz, CDCl;) 0: 7.56~7.43 (m,
2H), 7.22~7.04 (m, 6H), 2.43 (s, 6H); *C NMR (101
MHz, CDCl;) 6: 137.5, 135.5, 130.5, 128.7, 127.4, 126.8,
20.2.

XU(3- L 2K ) Rl (2h)%): i\ 1h (24.8 mg,
0.2 mmol, 1.0 equiv.), FEMA A4 MEE, HEAE, 15
AR 19.3 mg, 773% 79%. 'H NMR (400 MHz,
CDCls) d: 7.41~7.27 (m, 4H), 7.20 (dd, J=8.5, 7.5 Hz,
2H), 7.08~6.99 (m, 2H), 2.33 (s, 6H); *C NMR (101
MHz, CDCl3) d: 139.1, 137.0, 129.0, 128.1, 124.7, 21.5.

(2,4 F LRI i BE (2028 N 1i (27.6 mg,
0.2 mmol, 1.0 equiv.), BEMA A4 MEE, HEAE, 15
O 18.8 mg, 77% 68%. 'H NMR (400 MHz,
CDCls) d: 7.38 (d, J=7.9 Hz, 2H), 7.00 (s, 2H), 6.96~
6.87 (m, 2H), 2.38 (s, 6H), 2.30 (6, 3H); *C NMR (101
MHz, CDCly) 0: 138.4, 137.9, 132.4, 131.3, 130.6, 127.5,
21.1,20.3.

A (2- AR FL) “Hi B (2§): TN 1j (37.8 mg, 0.2
mmol, 1.0 equiv.), ¥EMiANAMES, HEAE, H{E6
44 32.3 mg, 7% 86%, m.p. 88~89 T (lit.>” 88.2~
89.5 “C); '"H NMR (400 MHz, CDCl3) o: 7.50 (ddd, J=
8.0, 2.7, 1.5 Hz, 4H), 7.24 (td, J=7.7, 1.3 Hz, 2H), 7.05
(td, J=7.6, 1.5 Hz, 2H); *C NMR (101 MHz, CDCl;) ¢:
136.3, 133.1, 128.4, 128.1, 127.1, 121 2.

W(3-IRAIE) k2K A 1k (37.8 mg, 0.2
mmol, 1.0 equiv.), FEBAAAMES, HEAE, 13K E
AR 30.1 mg, 7% 80%. 'H NMR (400 MHz, CDCl;)
9: 7.63 (t, J=1.9 Hz, 2H), 7.42~7.34 (m, 4H), 7.23~7.14
(m, 2H); *C NMR (101 MHz, CDCls) §: 138.8, 130.6,
130.6, 130.1, 126.0, 123.3.

M(2-F FAFE) —miEkQL: A 11 (25.1 mg, 0.2
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mmol, 1.0 equiv.), ¥&Bi7 N Ak 2R 28 =

Vi p), HEA, FEAREAE18.4 mg, 7% 74%, m.p.
80~81 ‘C (lit."] 76~81 C); 'H NMR (400 MHz,
CDCls) 6: 7.16 (td, J=17.3, 1.5 Hz, 4H), 6.71 (dd, J=8.5,
1.4 Hz, 2H), 6.59 (td, J=7.5, 1.3 Hz, 2H), 4.34 (s, 4H);
3C NMR (101 MHz, CDCl3) §: 148.8, 137.0, 131.8, 118.9,
118.4, 115.4.

2-Z8 i fF(2m): A 1m (32.1 mg, 0.2 mmol, 1.0
equiv.), VEMLFI AR, HEAL, B A 31.5
mg, 773 99%, m.p. 137~139 C (lit.'% 141~142 C);
'H NMR (400 MHz, CDCl3) 6: 8.00 (d, J=1.9 Hz, 2H),
7.86~7.77 (m, 4H), 7.77~7.70 (m, 2H), 7.63 (dd, J=8.7,
1.9 Hz, 2H), 7.56~7.37 (m, 4H); 3C NMR (101 MHz,
CDCls) J: 134.4, 133.6, 132.6, 129.1, 127.9, 127.6, 126.9,
126.7, 126.4, 125 8.

TR TEEE(2n): JIA 1n (24.9 mg, 0.2 mmol, 1.0
equiv.), VEMLAI A HEE, HEAE, HEaAEA 199
mg, 7=F 81%, m.p. 69~70 C (lit.' 69.1~70.5 'C); 'H
NMR (400 MHz, CDCl3) d: 7.39~7.19 (m, 10H), 3.59 (s,
4H); C NMR (101 MHz, CDCl3) 6: 137.4, 129.5, 128.5,
127.5,43.3.

W (4-FAE LR IR il (20): A 10 (30.8 mg, 0.2
mmol, 1.0 equiv.), Vel A A Bk R RV - V=

1), AT, B A6EK17.8 mg, 7% 58%, m.p.
90~92 °C (lit.2”? 90.2~91.1 ‘C); 'H NMR (400 MHz,
CDCls) 6: 7.17 (d, J=8.6 Hz, 4H), 6.85 (d, J=8.8 Hz,
4H), 3.80 (s, 6H), 3.59 (s, 4H); *C NMR (101 MHz,
CDCls) 0: 159.2, 130.7, 129.5, 114.0, 55.4, 42.9.

W(4-FUT FEH L) ik (2p): IO 1p (36.1mg, 0.2
mmol, 1.0 equiv.), FelltF A MEE, HEA L, FEEG
B4k 32.8 mg, 773 92%, m.p. 63~65 C (lit2" 63~
64 C); "H NMR (400 MHz, CDCl3) 6: 7.35 (d, J=8.4 Hz,
4H), 7.18 (d, J=8.3 Hz, 4H), 3.60 (s, 4H), 1.32 (s, 18H);
13C NMR (101 MHz, CDCls) 6 150.6, 134.4, 129.3, 125.6,
43.1,34.7,31.5.

A (4-F %) “HifkQq): A 1q (31.7 mg, 0.2
mmol, 1.0 equiv.), FelitAAAMEE, HEA L, FHEGO
[ 14 26.8 mg, 773 85%, m.p. 62~63 C (lit.?"): 62~
64 C); "H NMR (400 MHz, CDCl5) 6: 7.30 (d, J=8.4 Hz,
4H), 7.16 (d, J=8.4 Hz, 4H), 3.57 (s, 4H); 3C NMR (101
MHz, CDCl3) d: 135.9, 133.5, 130.8, 128.8, 42.6.

W(4- = F BRI Bk (2r): M 1r (38.4 mg,
0.2 mmol, 1.0 equiv.), PeMA A MEE, HEAE, 15
HEEA 34.6 mg, PF 90%, mp. 65~66 C (lit.>":
65.6~67.5 C); 'H NMR (400 MHz, CDCls) o: 7.59 (d,
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J=8.0 Hz, 4H), 7.32 (d, J=7.9 Hz, 4H), 3.64 (s, 4H); 3C
NMR (101 MHz, CDCls) d: 141.5 (d, J=1.5 Hz), 130.0 (q,
J=32.6 Hz), 129.8, 125.6 (q, J=3.9 Hz), , 124.2 (q, J=
273.3 Hz), 42.7; F NMR (376 MHz, CDCl;) 6: —62.5.

TR T RRER(2s)1%): N 1s (22.8 mg, 0.2 mmol,
1.0 equiv.), ZEBEFI A MES, HeA4, 5I0ER K
17.6 mg, ;=% 77%. 'H NMR (400 MHz, CDCl;) §: 7.39
(d, J=1.0 Hz, 2H), 6.34 (dd, J=3.2, 1.9 Hz, 2H), 6.23 (d,
J=3.2 Hz, 2H), 3.68 (s, 4H); *C NMR (101 MHz, CDCl;)
5:150.3, 142.6, 110.9, 109.1, 35.8.

1,1- "2 2 A0 i 1t (27.6 mg, 0.2
mmol, 1.0 equiv.), Felli A MEE, HEAE, [FIE
Witk 24.2 mg, 77 88%. 'H NMR (400 MHz, CDCl;) o:
7.36~7.16 (m, 10H), 3.04~2.89 (m, 8H); *C NMR (101
MHz, CDCl;) d: 140.1, 128.7, 128.6, 126.5, 40.3, 35.8.

T EE CHRAQWI: I 1u (232 mg, 0.2
mmol, 1.0 equiv.), Vel vAMEE, HEAL, /L0
AR 17.8 mg, =% 77%. '"H NMR (400 MHz, CDCl;) 6:
2.69 (dd, J=7.2, 3.3 Hz, 2H), 2.04 (dt, J=8.2, 4.6 Hz,
4H), 1.78 (dt, J=6.9, 3.1 Hz, 4H), 1.61 (dd, J=10.5, 4.5
Hz, 2H), 1.45~1.12 (m, 10H); *C NMR (101 MHz,
CDCls) d: 50.1, 33.0, 26.2, 25.9.

+ A TR A2V I 1v (40.5 mg, 0.2
mmol, 1.0 equiv.), Felli A MEE, HEAL, [FI6
Witk 38.3 mg, 7% 95%. 'H NMR (400 MHz, CDCl;) o:
3.12~2.42 (m, 4H), 1.67 (t, J=7.6 Hz, 4H), 1.52~1.34
(m, 4H), 1.27 (d, J=4.4 Hz, 32H), 0.88 (t, J=6.8 Hz, 6H);
3C NMR (101 MHz, CDCl) &: 39.4, 32.1, 29.8, 29.8,
29.8,29.7,29.5,29.4,28.7,22.8, 14.3.

2-¥2 2 FE AW N 1w (31.2 mg, 0.4
mmol, 1.0 equiv.), AHAHREKYAE, I EOBEAE 30.5
mg, 772 99%. "H NMR (400 MHz, CDCl;) 6: 3.89 (t, J=
5.8 Hz, 4H), 2.87 (t, J=5.8 Hz, 4H), 2.59 (s, 2H); 13C
NMR (101 MHz, CDCL3) d: 60.5, 41.4.

3,3 hR ke L HEQR2'R)- M Q-((R T AE IR
FYFER FEE)(2x)27: I 1x (47.1 mg, 0.2 mmol, 1.0
equiv.), VEMLFIA A ME LR LBV - V=2 1), K&
AAE, ARTEEHAE 10 mg, 773 21%; 'H NMR (400
MHz, CDCl;) 0: 5.38 (d, J=8.1 Hz, 2H), 4.60 (d, J=7.1
Hz, 2H), 3.76 (s, 6H), 3.16 (d, J=5.3 Hz, 4H), 1.45 (s,
18H); 3C NMR (101 MHz, CDCl;) d: 171.3, 155.2, 80.5,
52.8,41.4,29.8,28.4.

2,2'-((2,2'- B RSB (A e 2 ) ) WL (RUAR ) — 4R
(2y-1)P%: I 1y-1 (32.6 mg, 0.2 mmol, 1.0 equiv.),
H R RV AR, A MU R iRk 4, 18Tt liik 27.8
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mg, 7% 86%. 'H NMR (400 MHz, CD;0D) J: 3.96~
3.77 (m, 4H), 3.62 (ddt, J=15.9, 14.0, 6.6 Hz, 2H), 1.34
(dd, J=8.7, 7.0 Hz, 6H); 3C NMR (101 MHz, CD;OD) ¢:
175.1,175.0, 172.9, 172.8, 50.1, 42.1, 42.0, 17.2, 17.1.
- OB -L- R E R (2y-2)B: N 1y-2 (32.7 mg,

0.2 mmol, 1.0 equiv.), FFEEBREAMEILT, AHFHEE
Wi, BIIEOWAE 27.5 mg, 77% 85%. 'H NMR (400
MHz, CD;OD) 6: 4.63 (dd, J=8.9, 4.6 Hz, 2H), 3.23~
2.74 (m, 4H), 1.98~1.86 (m, 6H); 3C NMR (101 MHz,
CD;0D) §: 173.5, 171.9, 53.0, 40.8, 22.4.

(2'9)-((28,2'S)-3,3"- Tt X (2-FIE LS ) — L-
Jil &R (2y-3)2: I 1y-3 (43.46 mg, 0.2 mmol, 1.0
equiv.), FHEEPRRAMEALT, AR E R YR, 136
A 38.9 mg, 7% 90%. '"H NMR (400 MHz, CD;0D) ¢:
4.43~4.28 (m, 2H), 3.71~3.66 (m, 4H), 3.12~3.08 (m,
2H), 3.00~2.82 (m, 2H), 2.82~2.54 (m, 2H), 2.38~2.12
(m, 2H), 2.10~1.80 (m, 6H), 1.16 (dd, J=6.8, 3.6 Hz,
6H); °C NMR (101 MHz, CD;OD) §: 175.8, 175.4, 60.2,
47.7,42.2,39.0,30.2,25.7, 17.1.

1R 28-2-(4-F AL 2R3 AL (32)53: I 1n
(24.9 mg, 0.2 mmol, 1.0 equiv.). 1a (56.0 mg, 0.4 mmol,
2.0 equiv.), YEBLFI VA HES L8R LER(V - V=50 : 1),
HEARE, BLEEAHREK 262 mg, % 50%. 'H NMR
(400 MHz, CDCls) 8: 7.36 (d, J=8.8 Hz, 2H), 7.29~7.20
(m, 5H), 6.80 (d, J=8.8 Hz, 2H), 3.92 (s, 2H), 3.78 (s,
3H); '3C NMR (101 MHz, CDCl3) 6: 159.7, 136.9, 132.1,
129.6, 128.6, 128.1, 127.6, 114.7, 55.5, 43 4.

1-(GBUT 2)-2-C0 AR 2R3 8 AL (3p)B4: A 1c
(24.9 mg, 0.2 mmol, 1.0 equiv.). X T Z:AiEE(36.1 mg, 0.4
mmol, 2.0 equiv.), YEBAAAMES, HEAE, HI6
Ak 14.8 mg, 7*2 35%. '"H NMR (400 MHz, CDCl;) 6:
7.45 (d, J=8.3 Hz, 2H), 7.17~7.04 (m, 2H), 2.32 (s, 3H),
1.30 (s, 9H); 3C NMR (101 MHz, CDCls) 6: 136.5, 135.5,
129.6, 127.6,49.2, 30.0, 21.1.

1-R 38230 22 AR e (3e)BS: A In (24.9 mg,
0.2 mmol, 1.0 equiv.). 1u (46.4 mg, 0.4 mmol, 2.0 equiv.),
Ve A, A, 1S EMA 19.8 mg, 7%
42%. 'H NMR (400 MHz, CDCL3) 6: 7.32~7.13 (m, 5H),
3.82 (s, 2H), 2.31 (tt, J=10.8, 3.7 Hz, 1H), 1.92~1.82 (m,
2H), 1.73~1.59 (m, 2H), 1.57~1.44 (m, 1H), 1.29~1.03
(m, 5H); *C NMR (101 MHz, CDCls) d: 137.8, 129.4,
128.6, 127.5,49.5, 44.9, 32.9, 26.2, 25.8.

B4 EL(Supporting Information) TPA-MPs [1]4 &
IR, TPA-MPs [0z 0T, LLAMGHE. [ ik °C
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