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Abstract

Abstract

The main purpose of this paper is to synthesize new, inexpensive, recyclable and
high-efficient visible light catalytic supported materials. Base on this hypnosis, we
first carried out the research on aerobic photooxidation of triarylphosphines and
arylboronic acids catalyzed by thioxanthone derivative, which served as the model
reaction for the following researches. Then, we loaded the thioxanthone compounds
onto the surface of the nanoSiO> and the branch of the PHEMA, and applied these
two novel photocatalytic supported-materials onto the aerobic photooxidation
reactions of thioanisole, tris(4-methoxyphenyl)phosphine and
(4-methoxyphenyl)boronic acid. The details are showed below:

1. Visible light-induced 4-phenylthioxanthone-catalyzed aerobic oxidation of
organic triarylphosphines.

Firstly, we carefully studied the oxidation of triarylphosphines into
triarylphosphine oxides catalyzed by 4-phenylthioxanthone under visible light
irradiation. We optimized the reaction conditions and found the substrate scope was
broad. Beside aromatic system, this reaction can also be applied to aliphatic system.
Finally, both singlet oxygen and superoxide anion were proved as the key
intermediates in the reaction.

2. Visible light induced oxidative hydroxylation of boronic acids.

We carefully studied the oxidation of arylboronic acids into phenol derivatives
catalyzed by 7H-benzo[c]thioxanthen-7-one under visible light irradiation. We
optimized the reaction conditions and studied the substrate scopes. Finally, both
singlet oxygen and superoxide anion were proved as the key intermediates in the
reaction.

3. Novel thioxanthone-containing nanoSiO2-supported material.

Coupling reagent was firstly attached onto the surface of nanoSiO>. Then
nanoSiO; supported catalytic material, NanoSiO2-TX, was prepared by the reaction of
the functional groups of the coupling reagent and 3-hydroxythiazinone. We
characterized its structure and measured its catalyst loading. Subsequently, the
catalytic activity of aerobic photooxidation of thioanisole,
tris(4-methoxyphenyl)phosphine and (4-methoxyphenyl)boronic acid were studied.

Unfortunately, this catalytic material showed very low catalytic activity.
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4. Novel thioxanthone-containing PHEMA-supported catalytic material.

We developed a method for the preparation of PHEMA-TX with a high catalyst
loading of 64%. We used it as a catalyst to study the catalytic activity of aerobic
photooxidation of thioanisole, tris(4-methoxyphenyl)phosphine and
(4-methoxyphenyl)boronic acid. The results showed that the catalytic activity of this
material was excellent. It can efficiently catalyze the oxidation of thioanisole into
sulfoxide without further oxidation into sulfone; tris(4-methoxyphenyl)phosphine into
tris(4-methoxyphenyl)phosphine oxide; and 4-methoxypenylboronic acid into
4-methoxyphenol. Meanwhile, PHEMA-TX can be recovered by simple precipitation
and reused more than 7 times without reducing the catalytic efficiency. All the above
results indicated that PHEMA-TX is a good photocatalytic material, which is easy to

prepare, recycle and reuse with high catalytic efficiency.

Keywords: Green chemistry, photocatalytic activity, supported catalyst,
thioxanthone.

Category number: 0631



F—E & R
1.1 AT TSR EE A PR 2 o e O P A

ARFTA R, BEIR S ER NRAEAF 5 R I B E A . FiE 2Bk kAL S590
ALHERE R AW HERE, JEHRAA REIR AL, RATT R AT 2] 7 A AT
R Pk, NRSFTIH ARG, RN KR RSO G RER,
LU A NSRS A7 5 R R IR A 75 2

T BAATRR, WEE, @R RNFMFRMEE SR A, AFERF Sl
FHIFEARLZOR, R EEN TG, 3248 T Hngte, HomidmugaoRt
Ao bR M AR B BRI, EREL, HELG% 24
SRFER R e REYR, FATIR M Dok S A A, e ot oR YK BH g
L2 A A S e Bk IR 2 — D,

K H AR IR — AR A KA B K AL S AT B ORIE DG S E TR )
O e RE AN EE R, kR -E R, EROA
SRR AL A A B A4, B IEE SR RRIERLE . MORREE . At
o BRI E Z R BORSIEGEE, I IR s A
Bt St B 7 SCHEAADC T REM RS 1 7 SCARHTIL
Zeegdte BICATBLGE, JefeiE o 5. MRR S, gelERkE. EaRiae,
MR AR T 2 B AT R — 1 SR 22

APV RGN A 58—, T AN THRSEER, LT RS
REMT, R HLEAL A I B RENS IE S 2B Rl REAT AR SE K74 56—, B AL
DTWRER G O B IRER, AT Z MRS R A & DAL 3 e bt
B, B, USRS — ] HERMRIR E T T . 2=, AR
87 LA AR 1 3 P E MR ey 1 S T 4 3 50, 75 I LB 2 e R AS AT Rt
SRR TS, AV RS A B RO AT .

FHN R BRRR AT AL S, AP S BAEAE BE S 4R I B fA
BITE. Bln, SEUT R A TR R A [2+2]- 6 M B R (Scheme
1-D)V, TR — 5 R 1 SRR R A 2 10 D5 oK B BRAIORE 2 AR H R AR

Scheme 1-1 7.7 KEfIE Y,

1



BoE % #

TEA DA, SN TS o E A H A mRE R R/, &
REEMEIMEAT e FBULE Z R E ReRIBIEUK, R MRS AEE B4R AR —
M — B B AR B A R BN T B IR AT, Ak BB, I BSOS RIS R R T SN
AL RN o IXAEFAE A 2R AN CAEAAE Tk b I3 K s R A -

A IO N R TR B AR R E, A BT &M LED 4T, K
PHOGSE . IOV AN 75 225 AR I S AN AR IR I N AR I, ANMEER AN RN
JEM 3T 5 B R E W R Bt L 4]

AT WO A Sl i 7 R A AT WO ARG, DUE AT LA AT W5 5 e R
Az o B AR IE H AE T OGBS T (I Y ] 380-780 nm) A R 47 H BE /R IR
R, HEORASR BABK . A7 WA UK 5 18 B 712 5 )R
Yoy 7 RANER, BB REEALBATRY) 70 TR 21U, TR R 70 1300
Hedr T & AT — B N .

A WG SR — Mo R N IS4, OGRS TAEEATRI 8. A
2008 AELAK, A H T TR SO B IRIE R X — e AR, R AT DG
A —Fr G AEAL TR AE A SN, 6T i RO v i B (R A 2 e A RARE R 51 7
fJ. H Princeton University f) MacMillan #(#%U1F 55 /N4, University of
Michigan [ Stephenson Z(#%! B 5T /N2, University of Wisconsin Madison [
Yoon #4105 5% /N2, Technische Universitit Miinchen ] Bach #(4% ! 7191 ¢
AN EELEIX — U T R TR

L1.1 A LR AT B A e

AT WAL R A S SR 4 i Ak, ATk b 1760 SR S 43 I PR il
DAL, A2 SRATTHE BRI 90 SO 22 I3 5 228 % ik FH IR R o6 A 7] B0 e AU e
B, ORISR BT, DLk T3 A1E BT WG] R 9IX 2851
IR BT B 24 € B DA SONIEE o BT DART IO AR FE SR A N A8 1
JEO T SEBILAIT AR 1) S B T A e E A LR (B R RS T E B E R EEL R
AL R 2 DA — M 2 A o R B R A4, XSRS K ]
AT RIS T3 AR ] WA B RS B BE5E 1 2l T WOt AG ) B R
R W EE AWM RE: SR SVAHIRILYE 7 7 (Figure 1-1). H
Ru(IDP2022, Tr(IIT) 3231, Cu(l) PISHHECAE 28 E1) 2 B AT AT 1 & )8
LGN, A MR 7+ 3 BAFE R IR A VLAE BB 2T (Bosin Y) 2728, B3k
I (Rose Bengal) ?°1, iV H & i (Methylene Blue) B0 & DA F5 #5131, 24 FE il 25034361
ML ZERT, g KOS E L 1.



BoE % #

‘ (PF6)
O Ph,P G
Sy
O Ph,

Ru(bpy)s?* fac-Ir(ppy)s [Cu'(4)-(PAP)][PF6]
A hax =452 nm N max=375nm N max =450 nm

b
O O N(Me),
COO,H
2 002 HN/©/
OO .
+ Cr
HO OH Et ¥ Et

R R NaO
(Me),N
R =Br, Eosin Y
A =524 nm (CH3CN) Rhodamine B Methylene Blue Rose Bengal (RB)
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WK 7 R T A K (R A5 Ru(bpy)s> (1100 ns)*Y, & (IR A BEE N 1.29 eV,
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Figure 1-4 Ru(bpy)s2* 1 Eosin Y [1)3& 25 FIHUR 25 1 AL I8 JE H 34
Ru ZE0] WAL TR 2200 78 384T TRIF 0 1) 5 R ) — 2l i AR 09 42481,
A ZEATE T AT 38 3 A W A A SR SETRARAT T BT 75 ZE AN A 5T . Ru(bpy)3(BFa)2
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COOH

COOH
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O, e
1
R =H or Bror OMe R =H, Br, OMe

100 %
Direct Photolysis

COOH COCH
W, L
Q Q NHAC R
2 R 3
R =H, 20% R = H, Br, OMe
R =Br, 10% 80 %
R = OMe, 20%

Scheme 1-2 Ru(bpy)sCl, i {1 Pschorr 237
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A IRBIDS R A I 5. 1055 AT DLpRE R AR 21 R B R0
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d 1 mol% Ru(bpy)3(PFs)2 G .
\ visible light, 3.5 h
OMe MgSO4, MeN02 H Q
12
13 OMe

MV2+ = Me—NQ—@N+~Me 69% yield, > 10:1 d.r.

Scheme 1-4 Ru(bpy)s(PFe)2 LI 7> F P [2+2]- 634k [ B
2011 4, Yoon™™H M4k Ru(bpz)s(BArF): {4k & M F M5 & 1 70T a1 1
[4-+2]-F 4L [ i (Scheme 1-5). AH LG HIT B # S B 2644, AR I 4T 4% G i
S FAICE I [4+2]- TR US55 5, 2N AT EAK, SN A, AN Fe
BIC/K TGS RAE, AT LA 25 A0 7 (58 R AT WO (0 K FH ') S5 sS4 s B B8 4+F
HaEE.

MeO MeO
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Ru(phen)32+(7»max =

g
422 nm) 1 Ru(bpz)s* (Amax = 443

nm) =7 iz K RIS S AT Ir(ppy)s 1 Ir(bpy)s® 2 5 [ B UK 25 34 i

%%mK—ﬁ@@mLQMO

r(ppy)s Ir(bpy)s®~
15V +0.5V -0.64 V
hv | 25ev 2.81eV

Irppy)s— o Ir(ppy)s <~ Ir(ppy)s”

+1.0V 20V
Ir(ppy)s

Irbpy)s* .

+2.05V

Ir(bpy)s3*<————Ir(bpy)s®*

+2.17V -0.76 V

Ir(bpy)s®*

Figure 1-6 AN [A]BC A FOARES S 1 IO JE A R OR S IO B AL SR HEL 35

Ir K@% G W RE— R TR 2 0a] W6 57 BT,

2009 4F,

MacMillan®%F| A Ir(bpy)2(dtbbpy)PFe #4615 1] o~ — 5, HY JE A0 AT 4 5 e 2 1k

(Scheme 1-6), HAEAL AL L Ru(bpy)sCLP G4 FILF, &

ee ’TE: o
0 20 mol% 21
0.5 mol% Ir(bpy),(dtbbpy)PFg
H)S + CF3|
26 W fluorescent light
19 ¥ 2,6-lutidine, DMF
-20°C
J\/\(\/I )WNPhth
CF3 CF3

77 % yield, 99 % ee 78 % vyield, 98 % ee

B AR 5 = (177 A

Me
OxN
)Krca ) B
Me H TFA
21
61-86 % yield
90-99 % ee
o) O Me
HJ\:/\Ph HJ\:/\Ph
CF,4 CF,

75 % yield, 97 % ee 62 % yield, 99 % ee

Scheme 1-6 Ir(bpy)2(dtbbpy)PFs fELL 1] a- =% F F:1k
2010 £, MacMillan>* X F| F fac-Ir(bpy)s AL SR BT 1) 75 K B 430 55 1R TR
[T BRI B B 1 o= 3840 (Scheme 1-7) . 1N HLAT R AT 7= SRS BRIE B
— KRB RN EA T BRI SR, %7 1A A R B S PR AT I L

SR 8 A AR PR S5 — s R T AR

o 20 mol% 11 o
0.5 mol% fac-Ir(bpy)s
+ B Ar H A
H househould light r
22 R 23 2,6-lutidine, DMSO R

rt 24

61-86 % yield
90-99 % ee

Scheme 1-7 fac-Ir(bpy)s fiE AL - JEAL OB,



BoE % #

2012 F, YoonP®! H[Ir(dF(CFs)ppy)a(dtbbpy)|PFs 1E AMELFIHAL 2 F P 2K
LI [2+2]- 0630 (Scheme 1-8) o W 7T LLEL 1 SR A AL FRIRIAT A0 7000 4 245 1)
T [2+2]- IR S S AL TG o R IVE T R T2 [

M

Ph ;eMe
| Ph Me | Me 1 mol% [Ir(dF(CF3)ppy),(dtbbpy)]PFg 9y 9y
&OJ visible light

DMSO, rt o
25 26

84% yield, > 10:1 d.r.

—+

[Ir(dF(CF3)ppy)(dtbbpy)]*
Scheme 1-8 [Ir(dF(CFs)ppy)2(dtbbpy)]PFs fiE AL 1) 23 F P [2+2]- 634k [ o7
2012 4, Reiser>4RiE T H Cu(dap).Cl 15N —FE i wT W e R, HF
ATRA FI#5 N FE40 [ V. (Scheme 1-9). #F5ERH, M RH CuCl 8% R A dap B,
AT WSS, R NG AKA, HRAREZAL Cu(dap).Cl. RN, 484
MIAEH, NET MR A 1 — M 2 BEm AT I B A

Cu(dap),Cl X
R + R'-X )\/R1
LEDs30, CH,Cl, R
27 28 29

— OMe — ®

Cl

Ar = 4-MeO-Ph

Cu(dap),ClI

Scheme 1-9 Cu(dap).Cl L1 ATRA Fis 74 240 V7
2017 4, EvanolMRI& | —Fh) 32 N T AL s A4 6 S8 A 320 57 2 A 7 4 £
1655)(Scheme 1-10). R WL)%1%5 T, [(DPEphos)(bep)Cu]PFs fEHIAFE T, — &



BoE % #

FNAIEA ) 5 HE R 25 s A W03 I Cu(1)/Cu(D)*/Cu(0) REALTEFR B & 4L, HUR &
HRKAGMwmN . ZIGYIREA RO — R B bR, OiEEE . S EMI;
KefE T R Br T ONECRIET O & R (AR B0 AR A1, IX ORI & H
TOAMIE T A HITRE T B AT

Ar—H R-X

visible
light

Ar—Ar Ar—H + H-Ar'

Scheme 1-10 [(DPEphos)(bep) CulPFe 44 (1A ML s A 40 S Aad i i 4k
2018 4F, Hul& I £AE T 4, 6- — BUAL 2, 2°- Bk nE BE A7 Y
[Cul(NAN)(PP)][PFs] i & 4 (Scheme 1-11). 5% B {4 36 S AL I JR 4 1k 7
[Cu(dap)2]C1 #H L, HgUk & BA BEKE)ZF a5 2 K IEE Cu(ly/Cu( 11)HE LR
18 o F B &P Cul(NAN)(P P)][PFs], SEIL 128 — 11 FH L Ak SR (A R 205
S = RO, R AR B e e A

LED4s0
0.5 mol% [Cul(NAN)(PAP)][PFg] Gl
| T CF4S0,Cl 2 equiv. K,COg4 | X CF;
R// DCM, 40 °C, N, atm R//
30 31 32

O (PFe)
O PhP O

"5
O Phs
[Cul(NAN)(PAP)][PF6]

Scheme 1-11 [Cul(NAN)(PP)][PFe] i A4 1¥1 28 2.4 [ & — . FH 24k e o
1.1.3 % WIES B 7] WG]
AHLGLRIE ] WA 7SN 2 12 B 21 (Eosin Y )[0093), & {8 A1 m]
LRI AE 532 nm A&k, AHECZ BT & @ AR TR, BB LA RO 2 A 75 2L 1 RE

10



BoE % #

ERAR, SR L ek . 2011 4 ZeitlerfS A HLYE} Eosin Y A&
BRI, IR T LB TR AR a-fidkib(Scheme 1-12), X Pzl
AHLIIASS BRI A IE RAT WAL AR HPRE R R e #EAEAT LS B B R S (RN B
LI e R AV R SR B BRPEE N XM I DG AL R
MEACTACR Y e B SR HLGLRL, A B AEVF 2 WU 5 2 Z R H .

20 mol% 11

Q CO,Et 0.5 mol% Eosin Y O COzEt
H)%s/\ i Br)\CozEt ho A =530 nm, LED) M CO,Et
2,6-lutidine, DMF )
33 34 -5°C, 18 h 35
85 % vyield
88 % ee

Scheme 1-12 HHLGH} Eosin Y AL EE FIAXIFR a-fedetl

WL LT 7E ] WG HITR S R B8R, SO A BB LA R AR S A 771
(A S8 o R T 2 J T 2R (RN [ e VR s Br BURIE) (R T ISC iR 5
K& = EAIA ROV, BASLT 8 TR (Figure 1-7)%, 7£1% % it 72
X A LR — R IR SR, S8 A B — R A E 06 A TR, AR
JE I B R TR S R e e 1 b R R o T AR 178 A [ B 7 A 42 e )
BRI T XA [ H S, X P REOE R R H R A AE . AR AL R R
Rkt S AR R, YRR S Bosin Y *RIIE JFUR KSR AL T H
Fo

(e} .
R1”\ Raikyi
visible ’
\N/ light

* R, EosinY*  EosinY B
H alkyl
R _)
Eosin Y
©)
\N/ o)

' |
H)\ H)Y RaIkyI R1ﬂ\
R R Br
\ SN ’(
H
OHC R
OHC™ R 1/

hv ISC o
. Eosin Y —="'Eosin Y* —S3Eosin Y* — > Eosin Y
Eosin Y

alkyl

T oxidant reductant

|
Figure 1-7 BEZLHEALIEANKIFR - SEAL R RT e S S AL
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BoE % #

2011 5, Tan!*HiE T A L1 58 4% (graphene oxide, GO NEALT, IR
(Rose Bengal, RB) NG, ELEHIE S T 7R 1 BUK K =5 24k
(Scheme 1-13). BCHRLLAE A GHEFIELT SOV P ZEANTH 243 2] IR KT
A SR IGAE A H B R AR I NGE H 2he m ROBTE R, $R IS AR . X
77 1538 G A FH 42 B AR AL S B 1 AR S AR D AR s AR A R o 4S8 FH B 2
A NLRRME O GER], A E A .

5 mol% RB
50 wt% GO
~PMP Green LEDS PMP
CH3CN, rt, 72 h CFs
36 37 38

75% yield

Scheme 1-13 BCBLLTMHEALAUIE ¥ = 55 F 4L
2014 4F, ZhoulVF| A HLYRIELL B (Eosin B)YE N —Fi A 2L SE AL,
FAHMENAA, BT OEES T, 2-FRIRPER S PHERM &I T RAE
H IR, Sre 2 A BT — R 6-HUFE(Scheme 1-14), X&) 247
FET &R IR AE DB () — i WS R BTG 55 Bidk . BRSSPl e
REHSI NBIFEM 6 7 b, FP=REHT

R? R?
7 ]
5 mol% Eosin B
N X
R +  PhNHNH, 5 W blue LED RIS
P~ NG K>CO3, DMSO, air, rt = N Ph
39 40 41

O COO,Na
ooccT
NaO (0] O
Br Br

Eosin B
Scheme 1-14 B241 B {1k & Bl 6-BUACIE
2014 £, Scaianol*®158— Yk F IV B 3£ 5 (Methylene Blue, MB)E NG AL,

AL BE A B = 9 FH 40 [ B (Scheme 1-15). % Mg PA R I 872 k4T . R %
PR R BRI TS W P =5 R B A SO, DA S S s R R P — 9 R
WIS o IXFP 7 e 1 VLR A B AT B o Ik U & R AL I AE R, RIS g
RN, BRAK TR R & .
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BoE % #

) @ Q
\

TMEDA

DMF, hu R X
CF,
CF MeO,C
HoN
70 % yield 52 % yield 42 % yield 42 % vyield

Scheme 1-15 F: Wi AL e b i) = 98 FH AL
2013 4F, Chen SV Je | —FheE nl WG HRSS TR R 2 11 C-H B AL A
C-F 1) & 777%(Scheme 1-16). KRR S 150 =77 2LEAE LS. 9-Z1
Wi FEVE AL R 2 B C-H B fl, USRI AR R B C-H Z%fk. %%
RN T IERO & B A C-H 1l A TT X, B A SRAD BN~ C-H &1k, 1
ZS N, AR ARS8 1 05 B R AR, ASTRERR DA
W, RN FAIEE R, RS E IR

5 mol% 9-flurenone >< *

/—Cl
H H (\\7 9-flurenone

N
2BF,
CHs — ¢S |
e
45 5 mol% xanthone ©)< ‘f‘t‘
CH;

/

[NJ

2BF,

xanthone

Scheme 1-16 7% J& i fHE A0 AL S L

2, 3-&-5, 6-WPifs-X AR ER (DDQ)AE A HT JE A A HLEAL TS0, 1
A5 B R AE S R HEAT I e AR NS IE IR HA s, HIE R A 2 DL
WA BIELREY 7, WX, SR, 2013 4, Fukuzumi’W7ER] WOBHE T
T, ¥ DDQ BURBIHAKA, WORARNE UL 1= 2w R HaO FIAEAL AR
(Scheme 1-17). %A R T AT MR 2] DDQ KBRS ZHAE, B—
ANREBEHE T, st SRR B BE. Z%E SR OB pdE—
A ONARE T DDQHa, - EL 93% IS A ™ A E

13



Visible light

© + 120, ———— OH
DDQ, TBN, H,0

48

: i @
TBN . /U—> cl CN
l Ho ¢ CN cl CN o
NO o] CN ,§§—O/ o] CN
N
©)
120, < (DSQ) cl ON
NO

© O (bDQ7)
OH o / H,0
cl CN OH
cl CN H
cl CN ~—— *
o Yy~  c r CN
(DDQH,) ©/0H

Scheme 1-17 DDQ HEAL AL A LBy K 7 ik

1.2 B BRI T WG AT R 3k R

TETR 2% JE B (Thioxanthone, TX)A A #1143+ 45 74 1 (Figure 1-8), BRI E+
A RO T, B CAAT DL 1 F 5 48 A4, T B AT AR O T R 2
o B R TR, EORIF B IRXUBEEAT AL, AT i — AN L Bedk R 72 P,
FH T3 2% BT 225 4 LA R R L 50 A S R0 NI M RSP TD, T AR 4 R 28 4k & 47 L
AR EPDGAER, AT BUE G AL SR

0] (@]
8 1
A0 — LG
.. +
6 S 3 S
5 10 4

Figure 1-8 fifi 2% 12l Fr) JL A 1A 2R

1.2.1 BRZEEH /DI

2014 4, Sivagurul™ & B T — RV ERBE L, R L AAE [F[2+2]-
FEIAL SN, Bt 2 S T LG AR, WSR3 T s X LIk B (>98 %) ATE XS
MG £ (>99:1)( Scheme 1-18). 7E[2+2]- 6L FE o, Bl i) Tk i R 72
SEGEY P MO R IR . ST, PRI AR BRI S DU
AREE R TE 1o B SR Pt S Fri XUBEE 1) BUAR R 0o o0 B ade -1 (ex o/end o) FR 52 M) KT X6k
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BoE % #

Ji 2k AR IR EIRANZEAE T, R R e, FER RGP F Al LA
AR B R NE Y [RIEOCRUS AT, 77 S R A AR TR o

1 3

R o R

R R ~=R
O™ ™N"70 | 30 mol% thioxanthone |\f R' =
Y X - hv (40 W CFL) Y x/

acetone, rt
60-90%
50 51 >98% ee

Scheme 1-18 T 4% JU R {1 . 1) 5 SR IS ) [2+2]- Y6 4K e B
2016 4F, Bach!™V&IN 2, 3- & MERE-5-FRERES 1955 T W [2+2]- 34 & i
(Scheme 1-19)H, —FFPE(IR, 2R)- 2 B30 CUe i A= 0 iR B B 2 AT
FRiBFAER . MTERAL IR BIZEAE T, I 10 mol%fii 4 R 4k 77, 77T I
AT IR, BT I AR T B AN E], A SR 1 € R 45 & o
AfRE, IX SRS BHA 1A .

(0]
COOMe
(0]
COOMe f‘jh\
| 10 mol% thioxanthone N 2

H b
N 50 mol% 54 o)\/' H
OW ho (A =419 nm)

-65 °C, PhCF3:HFX = 1:2 91%, 75% ee

52 53
CF, CF,
FaC NONT N7 N CF,
H H H H

54

Scheme 1-19 i 2% B H (40 1 20 F P [2+2]- 6 A6 [ b
2016 4%, Sivagurul™I & 5 TG EABERE, 75 T W' 5 2% R A b e 1k 7 %
PR, AT L g PR B P e e S T RO S O I R B, AT AR I [2+2] -
FeIRE 2 W (Scheme 1-20)3E4T 1) 77 743 21 H B =4

O
0 R’ H
X f—l=H :
| / 10 mol% thioxanthone o: < (@)
o X

(e}
H
-“H
ALK

N
hv (~420 nm) 0" N 0
O R? N2, 10 min ‘Bu ’Bu\©
u
cis-cis
R2
5 57

N
cis-trans
R2

66-99 %

55 6

Scheme 1-20 fiii A BUAREAL I AR 1L BEIE [2+2] D63 b S
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BoE % #

2017 4£, Bach”TH Cu(Cl04)-6H,0 5 XUCH MR & VAL & BT 1 2-75
WH Er-2- B AT YE I S NI RIS AR A b PRI A A P B SR AN AR,
BLUS N 50 mol Yol 2% R ERAE A Lk Ak 77 SR A 43X AN S B (Scheme 1-21) .

60 mol% 60
0 50 mol% Cu(CIO,) 6H,0
O\Ar 50 mol% thioxanthone \)
ho (A =419 nm)
CH,Cly, rt
58

11-62%, 9-47% ee

o] o)
(0] H H O
H
o O o o)
OMe tBu Br

57%, 30% ee 62%, 29% ee 32%, 46% ee 39%, 30% ee

Scheme 1-21 i A% JEU R kA4, (1) & PR 1) 2-0 S8 - 2-0 B EA T SRR B
SivagurulV& /N 73 -8 4% A AN AT DL A [2+2]- 60 OB, AT BLA
FHEAFLEIH S, 40 Paterno-Biichi [ M (Scheme 1-22). Norrish—Yang 31t
J2 % (Scheme 1-23)A1 6m-Y& 4k 2 ¥ (Scheme 1-24).

O O o o (O
10 mol% thioxanthone S NH;NH,H,0 S
N—N ho (~ 420 nm) > N—N% ,,,,, —_— H2N—N% ,,,,,
v (~ nm
}/.—{ EtOH
0 o MeCN, 5.5 h o O 3
61 62 63

Scheme 1-22 fifi 24 Z 1L 1) Paternd-Bikhi [z v

O O R
>\ /\ 10 mol% thioxanthone >0
-N N—N
2 _0 hv (~ 420 nm) % Ph
@) Ph

MeCN, 2 h
o O
64 65

Scheme 1-23 i 2% 2 {81k [¥] Norrish—Yang ¥4k [ v

(0]
o) i
N 10 mol% thioxanthone NH2NH2H2O HoN—N
hv (~ 420 nm) EtOH
o EA, 40 h
66 68

Scheme 1-24 i 24 B 1AL 1) 6r- Y630 N
2017 &, Ooi & 7 FH 17 B o A B R 2R S W E e A7), 1E T B
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BoE % #

MPZEAE T, RN EZENTTE C-H B I B (Scheme 1-25). 1XFif
B IR A 00— A 2Ry U, B RO AT A AR R IO O S L 1
I JFF, WAL T — AN KA, 3 SR AT 8 7 iR IR 7T T 28 3L E ]

TIX— A
CeF
O ®° NPhth
o 5-10 mol% 72 A 5-10 mol% 73
-— r Ar
Ar 365 nm LED (Het) 365 nm LED (Het)
MeCN:DCE = 1:1, rt MeCN, rt
70 0 69 71
CeFs5-_ O« )J\ Q

N[ 07 CeFs $—3,5-(CFs),CetHs
PhthN—O

(6]
(@] (0]
MeO” ‘ :S: ‘ “H MeO“ ‘S‘OMe
72 73
CFj OMe /
S N | X
O L L A
MeO OMe

98% 69% 80% 61% 69% 75%
Scheme 1-25 i 4% U {40 75 & C-H 8 10 i Ak AR 2 4L
2018 4F, GuolitH 4-ZRFEA A% i VE e, FIHZSSHMESE
REAF, AT U gt B R A Pk 28 A BRI R (Scheme 1-26), 12 8 1T DA R R
15 BA AE AR B A 2 7= A AT AT IR = i o

0.1 mol% 76 o
1/S\R2 S
R Purple LED R TOR2
S

CH3OH, air (1 atm), rt

Ph
74 75 76
o) o) o) Q
I I I
cC oY g0 O
o~
92% 93% 96% 94%

Scheme 1-26 4- 2K JE i 2% B 14 A0 A Bk 1 486 S8 Ak I 7

1.2.2 ThREACHIBR A BRI o7 e AL

2014 4F, Bach HRE SCHR VA A R T —Fh T 1 i 2% BBH 2547 42 90 (Scheme
1-27)BY, 450l T FAE A 1 mo g B T N[22 6 ML R B . BB 77
S SR AL R EUR, TN Friedel-Crafts JCFR T3 B 65 2% BEHIER 78. /Kfdt )G
32079, 719 5 rac-5 ], 193] 81, HH HFAGIE T AN KRN, AR
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BoE % #

R X 81 BEATIA G NI, drJe, TR AR AR o v RO T ik
PR A R AL S 82

O

O.N a) KOH (MeOH)
DO WG L
—_—
O'Pr S
0 RO s
COOMe 37%
7 78 R='Pr c) TFA
79 R =H :l 87%
o}
COOH d) ‘BuOCOCI, ON
" >NH NEt; (CH,Cly); ‘ O
o 79 DMAP (THF) Cco0 s
—_—_—
rac-5 =
93% N rac-6
80 81
e) SnCly(THF) N
f) SOCl,, py(PhH) 2
g) HPLC o
/\
52% o)

Scheme 1-27 A 2% RO {1 AL 751 1) & 1%

X P 0 2% S R 5 e v T 2R AL S DT I E SR I AL 48 S ) 49 B T 1
BCEPAERT WOGHITE 2R, HBR A A 4 o] Ao RRB BB S . Bl S, TR
B Re B R B o TR, ARG AN B — 12 AT [2+2]- 6 FR Ak R R
(Scheme 1-28)8, A g F IR T HEr=. %L F= 25, XTMLUERMELF . X
T Tt A ) A B — N T L SRR TR AT B v R I B A A IR ) T
AT

X\/\ X, H
\II
SN 10 mol% 82 - # oy
hov (A = 400-700 nm)
N6} H o}

H 25°C, 60 min

83 84, 79-97%
up to 94% ee
! — ] f
';_ _____ . ’\N H -0 energy transfer| J:
-H-N D
X =CH,,0O,NTs
H-bonding unit /

Scheme 1-28 i A% RUEHHEAL 73T A [2+2]- e b [ B
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BoE % #

2016 4F, Bach B33 P T At 4 R A0 700 000 B2 9 R 31 1 40T TRT R [2+2]-
FEIL [ B (Scheme 1-29).

IS 10mol% 82
Y hu (A = 400-700 nm)

25°C, 60 min
up to 97% vyield,
up to 94% ee
MeOC MeOC H CHO
H H H CHO
Br H
H H H N6
N~ 0 N~ 0 ” o H
H H
48% vyield, 91% ee 59% yield, 94% ee 44% yield, 91% ee 97% yield, 94% ee

Scheme 1-29 =Vt 4% U (i 44 70 (8] (1) [2+2]- Y6 3L s B
2R K, Bach®H &R T — & 51 B IR - B 2 B 4= 4k 194 A 90 (Scheme
1-30), KL IERALE Y a] CLs SO 2- 55 88 5 -2- Ml 3E 4T 630 8

H
3
0 NH
o 10 mol% 90
CF; O
hv (A =419 nm)
S

88 89 90

26%, 12% ee

Scheme 1-30 fifit Ik -fint 2% U ARE 10 FOO 630 I L
2018 4E, Alemant®14 i 1 — i DLIBK M bk AT A 2% B0 ER S XUET BE 21 AR 2% B8
Hl Y AL 77 (Scheme 1-31) o IZABAL TN EE Y a-J5E 4K 52 I HL A 35 e R ) A i 43¢ r_&;
=,

(0] (0] N O
0 t ),/H
: O‘O + /?*NHMe 15 mol% TsOH ~ BY N O
Bu NH, reflux S
91 92 93
o)
(0] ) 20 mol% 93 1+
1+ R2-X R
R 23 W CFL
2,6-lutidine R?
DMF, 15 °C up to 99%

up to 99% ee
Scheme 1-31 LfjRe A FRIBRE 2% JEL R fHE AL PRI TEE 1) o- e Al s
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1.2.3 S KIE 2 B

SR T 88 1 m AR S, DA S A B R SR s e 4 R
WU RS o 1A HLE 0 AT WG B fe e 454, AR RHIR /A
PARI, 75 G AL BRET, 2 RO S MR e Rl Ab 3 o el Py B B2 1 23 () 7 ¥
W AT BN AR B b, USRI H 2 T BAIEA R . K283
A B A A, SRR MR e, W ERA — MBIk, w7 LLR;
1A IR SR AT RE A8 SEIAE A TR PR AR o 3 P B3R RS . REARL
{72 S =TT a7

2010 4, IREVGEHEGIRRL T 94 5 2-5 LR FHEBR 2% U e i e 1 s IV 47 33
PR T B 95, 95 HR A R RFEE T R R NS B i 2% U 1 40
KL 96 (ASITX) ( Scheme 1-32).

O O (0] (6]
O
() o (o
OH OH

94

95

o
Hycot ™~ OWOH
o)

(@]
Mo
S o
N ASITX
(e o g
o) OCH3
oS
96
Scheme 1-32 ASITX 4 %,
ASITX 5/ FHRERL A7 MGA-TX 5] & PEGDA B& R MNAHEL, 44
KA A% B G AL TR AT N o AR R AL R BE B ROt 51 R R & = BN, HAE,
ASITX 1E 5] & A B f KRG B B I (e AE X e, e R L /N F
BRI R, mARIFERE EW Ny RIS o HH 085 12 S Ak
MBELE 5] & PEGDA B& W NE R
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a

OH CH3; OH OH OH

o)
O\)\/Nm

MGA-TX
b c
1= 1005
W ASITN _ BOq
Fo| ?
|
% fiv | II I'III' % 0
i |.'I '|II T ASITH
= 4'|,' \'l,—una.-rx 2 0
lz W ) 8 MEA-TX
X
24 j \ 20
il (/] -
o L] - 180 L] a0 120 180
Tima {§) Time [sh

Figure 1-9 a: MGA-TX 7> 745 =; b: ASiTX. MGA-TX 5| % PEGDA Jt: % &) Photo-DSC
fi2E86]; c: ASITX. MGA-TX 5|k PEGDA J: 3 & I AL 3R 5] ¢ 4 il 2k (801

ASITX 5/ TR 6 4L 7] TXE/TEA-OH 1F 5| KB4 =N _EAHLE,
ASITX AN FALTL S R BE A RO 5] R R A RN {HA2E ASITX 7E &
HIEAL R _E LN F OB R S A5 .

(0] (0]
a o N HO._~,,~_OH
R,

HO
TXE/TEA-OH
b 100
-
m.
¢
g ASITH
E o
8 Il," TXETEACH
m-/
8
0 B0 120 180

Time (2)

Figure 1-10 a:/N7>F TXE/TEA-OH 73 T-45#4x0; b: ASITX #1 TXE/TEA-OH 5|’k A-BPE-10
TR A ML 5T R] 56 & il 26180

2010 4, Yin P85 B 2 2RO 5 L 51 AR R At 21k R [ S AE Ay 3R T
SRAF R 51 K7 TE F 98 (Scheme 1-31). FT5 3 AUREF 7] 5 & FIE R M5 R
HEE(MMA) DG ER S, A B A 28 B A R T R (PMIMAA) R, SR J5 £E R %
RIAFAETIRRCHEREG, FEEEUMERENFERPEE-RAK LM
(PMMA-PS)Jill . X Fjd FH A7 (1) 77 45 0T F T R RS AL — Je 5B Wl ()
Ho
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BoE % #

o H
2
QO ‘\)f‘
O—< S /Y\
NH2>
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BT MAREERUSUELEI=E
A FLE RN ST

2.1 HIE

BREA SRR AU AR OT L RPRERL 2R, AL A A PIAE AT
WA EEAEM, FFAAAEENLE R E] 7T Z BN o R A A R SRR ) STk
8 AR ZUO H R R SN 7 2K B (A HLECTEH L A AL A7 A2 2% 1
TABEREAT RO P), IXWEIRE R KRB RRAY, WIHEARA KL
BEAh, AT LR RN, T BN B S AL RIS IR, R R 2 AR AR
HHPZIUSOL, AR AH TR .

1999 4, Stecl MRIE 1 F i SR R = 4 B S A0 R A B LA 5 M B
{%(Scheme 2-1). FEIXANTik i BAL KRB EHLSRAMN], KMERE, =
FAERERIN I TS R TR, Ho% S B B R AL 1
KHSO5'KHSO,* K,S0, o

1/I\
R R2

P
R1@W R3

Scheme 2-1 i B R $H 4846 = B 00 7 2%
2004 4, Jenkins!"HRIE 1A Ha02 AN, K =1 Bl AL BRI B4R
WA 7% (Scheme 2-2). IR, 2] T KEN Ha02. AL & 1IH
WHIBIER, BRI AR A AP

Hy Hy H202 Hy H»
Cc —C A Cc —C A

S

=0
P< PZ
Ph”" “Ph Ph”" "Ph

Scheme 2-2 H202 %A = A i (1) 7772

2005 4, Shreevel"FIH 2 MY EFLFRER LNERCEY, ££ CHCL I,
A AP = 0 B S P A A A BORE R ) SE AL B & ) (Scheme 2-3), 1X AN
R ] 1R, A TR E BRI, BAMERAS RN HIE ) T R
T, X G R PR IR AN AT
P HOF - CH5;CN (2 equiv.) ('F)',
R > RI7ORS
CH,Cl,, ~5 min R?

Scheme 2-3 LSRR £ HC & )AL =N B 7 i
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2016 4, Chen!"™F] %54 &1 Selectfluor 1528 T K =4 n] FL AN B 1)
AL [ N (Scheme 2-4). IXFf Selectfluor JEH & 5t , &= KB EEIK AW
XA A K AT

Selectfluor (1 equiv.) (H) l\é “
_P. u uiv. -
R'” 2R R Re INS/ 2E,
CH3CN/H50, rt R2 F®
Selectfluor

Scheme 2-4 Selectfluor %At =A% 1) 7572
2008 4, Ghammamy "' F| H 4 & 11 8 & B 5 /E N E AT, KH CH.CLAEN
VT, SEBL T ORISR ) = IR B e A (Scheme 2-5). {HFE, RMIRIFEHR
T REXN A0 HF K E e m s, mHAAH s ZRmE A, £ Tk ERXER A .
Pr(Ph)sPCrO3ClI (1 equiv.)

PPhs, ~  PhsP=0
CH,Cl,

Scheme 2-5 <)@ % E AL =M B 75 7%
2005 4, KantamP'MRI& [ AETCEFFAET, FH 3, 5-Z H R PRI IR
EREAMEAT], HO02 AF REAT], FEEIR N =R E B A B — R B B 1B
J71%(Scheme 2-6).  H 4z J&AEALTFIAT HaOo FA 58 F X A58 2 AR (]

cat. [Cr]

PPhs PhsP=0

H,0,

Scheme 2-6 4@ 5 AL S AL =Y 7 7%

2009 4F, Beloglazkin®** 4 J@ 8 hAEMELTT], NoO AEAT, FEAHXTEAN
IR ZAE T, A = R I E A = R I E B (Scheme 2-7). [FIFE, &MNITFE
AR T E & B AE N EALT

cat. [Co], N,O

PPhs PhsP=0 + N,

MeCN, 25 °C

Scheme 2-7 4 )& Bl i fb A A0 = 2R BL 18
1999 4, Jessop!"'Hi& | HHEEIE FL ) N2O H =R FL b U il = 2R AU B 11
S Si(Scheme 2-8). SSi# N 100 °C, J K 77 140 bar, [ RE € LA )
SORFESE S IS R T ORE I R N2O, [RS8 2 A
AewwrZ, AESEhR Tk A A% A R A E
100 °C

PPh3 + Nzo R Ph3P:O + N2
140 bar

Scheme 2-8 &Il 7 N2O AL =AW 0 7 v
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AR —FEER . ARG ERRERIE, 2RI HER2,
2008 £, MacMillan B A AT WG SHHUE S &, R I A LIRSS B b
FARTTIEPY TGS A SN R A B SR S 8, A B GEA S
SEIREREIST S5 A S B e il B e R D P AR A AR SR T
KA RE R R AT T,

2012 4, GoldbergteHiiE | 7E7] WOLEE-F T, FIHEE Mn BC & YIME 9L
A, O NERAH, A = 2R FE B A O = 2R B U I8 772 (Scheme 2-9). #E1X
R BRI R R g th, iy, RIRBIEAG . ERAE R P
ORI T E AR A, R TR B E e R X T S G

cat. [Mn]
PPh; + O, > PhgP=0

hv (> 400 nm)
CeH12

Ar Ar

Ar \\ N*&Ar
N N
NN

N Mal N
/

\ N \N
\
Ar—\\ ! NN Ar
Ar Ar
cat. [Mn]

Scheme 2-9 4 J@ 41k 1k = L%

N TR PN A IR AU SEA BB, A FAT
BATEARWIES ). AR — RS, oI5, RIRMIEAT], RN AR R
M. BIHATCALL, CEA CIRIRIER AL SEAE, F 0B R 941,

2005 4, MajimalURIAE 390 nm JGHEZEAFT, Bl 9,10- i E K (DCA) N
G, B N R RIGR AT Ak = L ) %0 1E(Scheme 2-10). i 7048 FH S SAF
NEMH, ZIEVENER . MR, SAFERN 55, BTSSRI
=, WIEEAUT

CN
0.5 mol% DCA

10 mol% Biphenyl
ArgP Ar;P=0

hv (> 390 nm)
MeCN, air CN
DCA

Scheme 2-10 DCA AL AL = 75 L1k
2006 %£, Fukuzumil* [ & &L 9- = Al 3E-10-H Bt Z([ACR-MES]CIO4) O i
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), Ox AENEAT, mRluls = IR BB SR AL B = R S Bk (Scheme 2-11). X
BT SRS SR A AR R SR 8 LR AT HL s, B, X PR LU AT

cat. [[AcriMes]CIO,]
2PPh; + O,

> 2 PhyP=0

[Aci-Mes]CIO,
Scheme 2-11 F HLGHE A (AL S A =R i
2017 4F, GuolP*F|H Bosin Y 7E 0] WG5S T SLBL 1 =07 B A FOL AL
S Ni(Scheme 2-12), FIH SN Z R AT, w7 — R/5 =055
R RIS, Eosin Y fEREEZ ISR AR 7 OCEIER, A

PR T RS

l COOH
1 mol% Eosin Y Br N Br

ArsP — : ArzP=0
visible light, air (1 atm) HO o o

DCM:CH3OH = 5:1, rt

Br Br

Eosin Y

Eosin Y* EosinY
PAr; PAr;

%0, 0, > Ar;PO, 2 ArsP=0

Scheme 2-12 Eosin Y fi 4510 = 75 F: 6%
2017 4%, Guo™V &R T — RN A2 BEATAEY, R SRR
i B S A0 RSO R s B (Scheme 2-13) . 7RS40 EALTRIZE TT WOB I T T B
BORRBIERSS, 2 HAedfRg e e s s, MRBHRES (10,
B A E MR B AION H 7~ BN, TR R (A AR 280 B B8 1 H FH &,
AR A T B B i — P IR 2 Ja, 55— BN, AL i
A HAR ) IHA
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(0]
Purple LED
s air (1atm) 9 ‘ O
RT7R? 01 mol% cat. g1-S-ge s
CH3OH, rt Ph
cat.
hv
cat.* cat. _S._,
K / R‘l R
%0 ke \ - 5., +0f
2 2 R1/ \RZ 2
(0] O@
9 I o
R R1/ \R2
R1SR?

Scheme 2-13 i A% TR 117 A= P fh A B Pk S0 A0 BRCTEBX

BT Guo MIBHF TAE, FATEAEX T AP F AT B ANEY), ©R
HRERPIHE R, WHFRALFMIER, B e G L BELL(Eosin Y), fE
AT LG5 5 T SR BN =0 BRI = RO FOG R . IR OB AT BUR AR, RIS
IRIFRIEE R, ARG =05 B A S o — P 77 . [FIIE, AT DL
ok 5 (58 PR A, 2 7 3200 B 2% TR F) 5 AL EAT AR, 8 5 L A B B AR R I,
75 21 A 28k B AR SR AT WAL TR T34, BRI TR 2k B e Ak =05 SR
FOCEAIE A ATAT TR IE o 2 T iX — 148, FRATTE B 44 R R S e A
BTN R, JHE T I TAE.

2.2 =FEBREAL 55 BB R M

PAEr 1l = (4- F AR B DR 68 U (2aa) AR S B o (B Z IR SR A S B AU T
7] 100 mL [ Schleck M, KNI = (4-H E A L) (1aa) (70.5 mg, 0.2
mmol), 4-FFFAEEN3 mg, 0.01 mmol)M 30 mL FIEE, 7E 23 W & 4T i HE ST
TN 40 min, J@IT#E EBE(TLC) (BHFF: PE:EA =20: )M MtfE . [
SiNJE, KRBT B R KRR, e A RDGETIN, FERFERE,
T bk, AT ENTOHEER]: PE:EA=2:1—1:1>EA), 53| A {4 2aa
(74 mg, 100%).

=(4-HE A ZER)E B (2aa): 'H NMR (400 MHz, CDCl3) & 7.56 (dd, J = 11.6,
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8.8 Hz, 6 H), 6.95 (dd, /= 8.8, 2.0 Hz, 6 H), 3.83 (s, 9 H).

23 R 5
2.3.1 Bzttt

176 B = (4- FF AR R ) B (Laa) A o b v JEE o0k AR ] IO 5 3 R I 480k
B RN SFAR AT A . FEEIRFAETS, H 23 W ST, RH 4-
KT ARTE I (5 mol%)TE AT, &R HERRAT 755, SEIRETRRN], 4
B NI, 12 B LLR T 99% HIA% G IS 245 21 = (4- FF 48 2L 2R 0L ) S I
(2aa), METIE] 120 2080 (Entry 1, Table 2-1). A T HEE RN AE, NHELETHE
WA SO RIREIR . SR 45 RR W], B IERRR . R, 2RO, —
F[LE. CIEMERIN, RSEFEAPTiem, RO M EERE) 120 708, 485
2|7 90 53%f(Entries 2-6, Table 2-1); 4R H K, LBE. LBHCIIETIN, [V
i [E) 33— 46 78 21 60 434+ (Entries 7-9, Table 2-1); 1M 24K A H BEMHCAE I, =
SIS [R] R OR 4 45 21 40 438, [BIN L DLE & 1955 B8 77 2215 2] H AR =4 2aa (Entry 10,
Table 2-1). T, Wi PEEMOZMN AR TR, BN
N IS BRI EM o 24 [ SE MR B 30 mL 531 3 mL B, O IR RE PE AR,
{H 2 S BEIS [AAH B 2 AT ZEK 2] T 60 73%F (Entry 11, Table 2-1). FTLA, R
SN, 3 ARG BE 1) SN SR AR R HE SR AF o 2 ANV I 4-2R Tt 21k TR 4 g mT W,
SIS, KIZ A KA, LL 99% HIAZ = 2 [a] i 1] 7 KL (Entry 12, Table
2-1), ULEZ R ML IRALE 4- 28 B AR B ) (e A4 ReidkAT . e, XA &N
TETCIEAME T AT, INAS KA, PA 99%HIAZ R = 2 [al Ui 21 5 kL (Entry 13, Table
2-1), IEBZRNAE— MR . &%, BE T RMREFRMEN: 4- KRR
BG5S mol%)VE NfEALF, 30 mL HEF VWA, =AMET, 23 W S4TH00
W, AR TR N T RV

Table 2-1. M AL @

OMe OMe
O
5 mol% cat.
visible light s
air (1 atm)
solvent, rt Ph
1aa OMe 2aa OMe
Entry Solvent Time (min) NMR Yield (%)”
1 Acetone 120 >99
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2 THF 90 >99

3 DMSO 90 >99

4 Ethyl acetate 90 >99

5 DCM 90 >99

6 CH3CN 90 >99

7 Toluene 60 >99

8 Et,O 60 >99

9 EtOH 60 >99

10 CH3;0H 40 >99 (100)¢
114 CH;0H 60 >99
12¢ CH;0H 40 0 (>99Y
13¢ CH3;0H 40 0 (>99Y

“ A solution of 1aa (0.2 mmol) in the tested solvent (30 mL) was irradiated by a 23 W
household lamp at rt under air atmosphere (1 atm). ® Yield determined by 'H NMR analysis of the
crude reaction mixture using dibromomethane (0.2 mmol) as internal standard. ¢ Isolated yield. ¢ 3
mL of CH3OH was applied. ¢No catalyst was applied. / NMR recovery yield. € The reaction was

carried out without light.

2.3.2 RMNEFE R

BTk, BATER T — RINAFIRH 7 ZEBE LAY, FFXT 2% S R A
SRS TANEURE AL o o 1 — 3 TAE R A 338 T B A A6 TR 22 2= 1
ANEZFER C&E: U AR ZEIRAVN Y 2], MM T PRI
KEAE, M2 5 757 TE). Hrf, S2IG%HE(2ab-2am, 2ao-2ap)
U T M ARSI HIENY . TR A [F A A A B i S B O &
MIRIR RN, B REMIGRA IS, PrUMEX A EEOR, RE XA AR K
B EAT S . SRIREE R, X T 2R P KA B = 07 B L, XN ROBIAR
FE e FEAT 1) (2an, Table 2-2); [F] i A1 & A T~ 2R 32 b g ik s B R B8 PA 91%
(PIU 15 2] H A7~ (2aq, Table 2-2).
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Table 2-2. J5 3B SRV E R 7L @
(e}
5 mol% cat.
23 W household lam = =
ArgP p ArzP=0 cat. O O
air (1 atm) 2 S
1 MeOH, rt Ph
OEt

MeO—QP=O

2aa, 40 min, 100%

Y

2ae, 1 h, 97%

2,

.
¥ot

2ai, 1 h, 92%

F3C

43

F
2am, 5 h, 94%

heie
Lo
3O

JIECL

1

EtO—@P=O

o]

OEt
2ab, 1 h, 93%

Me Me

QL
0
.

1re

2af, 1 h, 98%

¢
Iotio

2aj, 1.5 h, 95%

2an,®5h, 93%

.,

3
we—{ H—sco
2.

2ad, 1 h, 100%

o
5

2ah, 40 min, 97%

Ph
2ag, 4 h, 91%

COOMe

&

MeOOC—QP=O

&
)

Q

COOMe
2ak, 5 h, 95% 2al, 6 h, 89%
_ o J
@“on MF:O /" N—r=0
S Vi S - =N
- o

2a0, 1 h, 90% 2ap, 4.5 h, 98% 2aq,2h, 91%

“ A solution of 1 (0.2 mmol) and 4-phenylthioxanthone (5 mol%) in MeOH (30 mL) was

irradiated by a 23 W household lamp at rt under air atmosphere (1 atm). Isolated yield was

reported. ® Reactions were carried out in a mixed solvent of CH>Cl, (5 mL) and CH;OH (25 mL).

Tk, AT E A e B = A A AL AR & AT TR AT, IR
75 54 WL (3aa, Table 2-3), XUtdd B 75 HEA 1L (3ab, Table 2-3), — bt LAk
(3ac, Table 2-3)EBREMS EFRAE S AF N AR Wt 2R B AT A LB A ALY . IX UL XA
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S NS T 97 BB 59, RIFERIE T IR R 0 =Bkt &4 .

Table 2-3. JIE 7 & = A0k () JEE 0 s 3 PR T 7

(0]
5 mol% cat.
R4P 23 W household lamp R;P=0 cat. = O O
3 air (1 atm) 4 S
MeOH, rt Ph
Substrate Product

O

I

3aa 4aa, 80 min, 99%

JOR oI

0

=0

%
O O

3ab 4ab, 1 h, 98%

3ac 4ac, 1 h, 98%

@ A solution of 3 (0.2 mmol) and 4-phenylthioxanthone (5 mol%) in MeOH (30 mL) was

irradiated by a 23 W houschold lamp at rt under air atmosphere (1 atm). Isolated yield was

reported.

2.3.3 HERMNEIBTAR

BRR, CRRBEY K 20 1, SONYITCRHEIAE] 7GR, RN AR
RIRIBE] T L F5 (Scheme 2-14). 52ETLHR NI AALL, A BRI . Y
e T S SR B S v, R BV ST HCR T o, I AN AU S S 8] 47 T 3E

K. X8RN, ZRNAEG A R B0 R R
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(0]
5 mol% cat.
Q 23 W household lamp Q _ O O
P P=0 cat. =
air (1 atm) S
MeOH, rt, 9 h, 95% Ph

1ah 2ah
1.049 g (4 mmol)

Scheme 2-14 To.2% [ N

2.3.4 RMHEGR

N T FCZI LIRS B EE K S (Scheme 2-15). H %G, [A]
PRAE SR R TP 3 R SRS AN FI(5)), SRR =KLk 1ah /£
SHIERT, A=) =R A ah) ARG AN LA 94% 1 7 B =2 [l T
JFORL, NIRRT e, WAE R NS R TP AR, IR
RIS AZ SN [ — A et R T k. BEJE, SCRARHE RN AR RN T 3 &M
HARTE T B A KGO, THREAEEAM Y 2ah ZERL, ULEIC T 85%
IR, S NA2 B T 5e i), XK R PR AU B 1 B BRI RS,
B SR &1 B 2R R RN — A RBRE P AL o S I X AN RS, IESK
TR A SR AU B T B PR AR XA e L ) S T A

{ e
"N N
©\ /@ [NJ (3 equiv.) ©\ /@ >‘/+ (3 equiv.) @\ /@
P 5 =S (i P
10, quenching 0O, quenching
Condition A, 40 min Condition A, 40 min

1ah 1ah 1ah
94% recovered 85% recovered

Scheme 2-15 4K S5

AR LA SE6RIAH 50 SCRRFRE PO 4748 991 JRATTHHEIN 1 — AN 7T BE 1) S SLATL 3L«
FER] WOCHIEOR S, AT WOGHEAG] 4- KB 2% R (PC) RSO 7 Je ik BIUR A
(PC*), WRATH PC*REEIAEH &, Aetgilid mlsE )k U pe AL id sy =2
(02, HERBEKMBLEE(0), BAKEAME I RERS, EE%
PR =57 e B IR T IO B 7 B — AT, e R TR, AT AE K
SRERIRHE T E 3 7 AR E R, SRR PR T E H R 7 N A B
T ARt —D [ N T AR A BB T AlA 8, 8 TR 0 T =05 B
i, ARG 2 T HI RS BARPE) =05 BB AL A 2 (Scheme 2-16).
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visible Ilght PAr3 =
\ )
30 v Ar” I Ar + o2

energy transfer smgle electron transfer

Q
o)
NS S
Ar” 1 Ar A_\ A/||D\A
Ar oA r Ar r
r
2 1 3 8

Scheme 2-16 7] (8 S WAL

24 AENG

FERX—HR W FC AR, R T — R R A WL 1 ] WO, E
A =B BIA P B R S e k. AR R,
Xt I N R AFHEAT T VEAIARAL, SRAG 12 S LR AR (1R o S L 2k A o A SR DR A B

SRAETT, B, RBUEAGT JeRE N AR A BRI B, IR A
R — AN A] WG S AL SR o

ZJa s ARSI N REYIE & PEREAT T WTIT, 12 SR BRI XL
PLRFEMIANK s S RERI AR AR Ji4h, XA OBIRRE 07 & ik & 4h,
I FIFEE T HER A AR e mT W, 3 B AR T o Al 4 1

TSR A RRY], 2N KE S AT, PR ORF AL, LT
IR NAE A A b B ARG N T 5

f )i, SCHEIESCIRIER] 1 2 A8 A A AU B 88 1 B 2 A s I ) 56 B v 1)
A o MR S8 45 RAAH R SCIRIRE , HE 1 — > AT B 25 A A B & 1 B

th 2 55 1 S S LER,
SXEHT I T A6 S J5 BT 96 T4 205 T 560,
2.5 SEER
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B=F REERI ST TR
A FLE RN ST

3.1 B

IR S A AT R B BE KA &) O R 2 B SR IRE 0 Hodr e T 05 B g
Z 5T iRz, I BAR R G R e A4 2R iy A e 240 TRk A 28807
(781, A2 53 A1 32 BRI F AR S R 2 W R B 2R S W ) ek 5
AN EAFE SN S KRB EYO 12, LRI, LA N-Eepis)
o SR, RETTVEIFAIR, BN T REREY. Hiln:

2013 4F, Rozen!"F|FH 45 1 & [ = N A1 X% LAY HOF-CH3CN fE %L
A, AT DU R I R S8 AL A3 (Scheme 3-1). NS TR 5, AL TCIE L,
EEE A REWNIEFY), XNHEA KL

HOF-CH,CN (1 equiv.)

Ar—B(OH), Ar—OH
CH2C|2, rt, 1~5 min

Scheme 3-1 HOF CH3CN EALIERER AL [
2013 4, HelVRIH 5 AN 245 10U /K e R 3 K 5% 36 0 R S8 AL B 1y
(Scheme 3-2). M EH)E, EEMIE KM IAEALL, AFFEONLERT

Ko
. B(OH), H,0, (5 equiv.) ~OH
L [
R ©/ ChCliurea (10 mol%), H,0 (2 mL) R U___

rt, 5~15 min
Scheme 3-2 H202 AT R 724k J 8
2015 4F, Sadashival! | H O3 -l R A AL BB 2R B EE 254 A4 (Scheme 3-3).
GITERTR . M ARELESRENT], ZFE RIS, (HEFERHK
I RE, WA —EhE.

O3
R-OH

R-B(OH >
(OH), ethanol:H,O = 9:1

20~30 °C, 25~42 min

Scheme 3-3 Oz AW 24 B
2012 4F, Falck!"F|Hd &1 N-EAMIERNELF], RIS &Rt T
(Scheme 3-4). {Hi&, [FIAFEIE 2 BN 5y v5 G in) @l
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|-

e

R-B(OH), R-OH
open flask

Scheme 3-4 N-E AV AN ER R AL [ B

5 R EA ARG, £ 2 e RS E R, TosE R sk Ty
o BTRL, A8 2 A AR AL TS B R A B AMME R« Rul!®2l,
Pd?, Fel®l, CulP*2O &4k Cul?”l, Fel?®), AulPIghRpi 745 1k 4 J8 Ak 55
CL B IE BH 23X — S8 1) 5t 7

2011 4%, Xiao'RIH & JBET 4 GME RN, Er] WS FSE 15
FEONER Y 84k [ Bi(Scheme 3-5). fEIZKR MY, RN CEEMAIEAEER, =
AL

B 2 mol% Ru(bby)zCly 6H,0 OH
. " TOH visible light N
RT ) > R P
Z Pr,NEt (2 equiv.)

DMF, air
Scheme 3-5 %7 {4k 1) 75 FE AR A0 S B
2011 4, Lahiriz P& T — M-S LRI S0, ¥R T 05 200 ER (1) 4
b [ B (Scheme 3-6). FH 1 mol% ARG, FEE/TAME T, AT LA AR —
YN T5 FENIR E A ORIy AT AR, HRILH TR = R & e

OH : wh
B oH | (\N’P\Ph
R@/ “OH 1 mol% cat. [Pd] oLl A ;P D Ph
A 0,, NEts, CHCl,, rt F | PhoP<Ph
2y 3y K !
cat. [Pd]

Scheme 3-6 AL 175 S0 IR S840 S
2014 4, Vishwakarmal?dILL o-Fe,O; NHEALF], 7ETECARFI IS T,
TERBHICHS T, a-FexOs AL 7 FEER i S AL iy, 72 %A 90-95% (Scheme

3-7),
~_B(OH), a-Fe0; ~OH
R_()/ hv, THF R
Scheme 3-7 A Ak 14 77 FEB R S0 R S

Hul®IfE 2010 4F 15 JCHRGE 18 35 15 D9 10 700 e Ak 10 55 B B R 480 AL J
(Scheme 3-8). 1% N HH 10 mol% M EER I A AL ], 10 mol%HH) 1,10-3EM 0k
N, 3 HEREEABON, EKER T RN . %N B ARG 1))
PEFE RS M, J5 50N . IR £ AN R BE A e AT % N, DA R I ISR
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330 7 AR IR RS . SR, AR A R E AR, ISR X PR
fE,
OH
N B\OH 10 mol% CuSO, , 10 mol% Phen 7 OH

R-+ R+
= KOH (3 equiv.), H,0, rt, 1-10 h =

Scheme 3-8 Hil {141 75 FE A IR S AL S B
2014 4F, Pitchumanil®” DL £F 4 3 (EA) 38 J 77 A A2 5 7, i A7 38 J5
CuSO4-5H20 4% T 4K KL T-(CuNPs), LEAS G0 AR Bl o B 42 1) 475 190 5 2
TR S AL B K ) (Scheme 3-9). fEBLRBH, CuNPS-EA E-& R T EE A .

B(OH), CuNPs-EA OH
+ Oy >
CH5OH

Scheme 3-9 AL T AL 1) 057 LR S A S L
2016 4F, BoraDAFE5e AR, AR S AARER 2 Ru(I) LA & 916
55 FETN IR I B B AR A S B, 12 S5 NPT A 28 38 ol 2% A T AT, B SR [A) 4,
SR JTRIKAR, P27 255 (Scheme 3-10). IXFh 22 A AL 77 AT 3 & A FH 2155 754
P, ARG

B(OH), Ru@imine-nanoSiO, OH

i T
R air, PrOH:H,0 = 1:1 R

999

:

?I ’N\
Cl=Ru_ “C—CH;,

°N

Cl N
Ru@imine-nanoSiO,

Scheme 3-10 %7 7 Ek4 BHEEAL 857 FETR A AL S
8 FH IV < e R AL D SO AT AT AN TR N, OB LR AT . AR
SFE T A FIE IR TR &R, PRI MR A Lo T4k, R
PR IR B G T AT 32 50 o A2 SATTAN I 3R A e 1 s A )
o4 JE AL AP0, 2013 4, ScaianolY A HLALEFIE F 2 1 (Methylene Blue, MB)
VERCHEATR, Ak 55 BB RR X Ak S B (Scheme 3-11). Sid S @AAHLL, &4
B PR HARAS . % B ] DASRAS IR = 7 2R
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hv, Oy, MeCN:H,0 = 4:1

B-on 1 mol% MB OH /@:"k:@\ )
iPr,NEt (5 equiv.) ~N S SN
I I
MB

'ProNEt  /Pr,NEt Y \’/
MB*\/ fast
\ X ArB(OH),
) —
mgt ——

o, hydrolysis ArOH

slow

Scheme 3-11 MB {4k [ 75 FE I R AL S B
2014 5=, George!™H A HLYLEI I A (Rose Bengal, RB) Ui AL 71 1% 35 I
Vi (Scheme 3-12). i 2 SARE 80U BB BEIUR]FEAT

C|)H
©/B\OH 2 mol% RB ©/OH
'ProNEt (2 equiv.)
hv, air (0.1 MPa), EtOH:H,O = 1:1
Scheme 3-12 RB A4 ¥ 75 HE B HR E A S B
FERT I —Z i, ] 4-ZR 000 % R A ] DL e A7), #5 23 W S 4T N T
2157 e AE S ) R S R R SR T A L AN B B L AN B A
Fetl o AR A I EESCHRIGE , AT WOGHEA AL T, XTEIRR A O EAL
R 2 I T ER R S T BIMy B ) et . o, AEIR - EE R TR AR R AR
AT GHEAT, 200 W T R I AR SEBLA] WO S A FOL R RN . T 2%
Tt 2% AT AL I R AT S0 A SO (0 T DG AR o AR AN I RE AR, Ot
WFITTRERS S T RS I L . B T REGE A A D A & 1 B ik i sE 3
FAL FeTRX— B, BT ST AR

3.2 BBREM NI EY R L

N T BRI — VAR AT, DL 4-R R (2aa) fE B IR HEAT T 25
7] T4 25 mL Schlenk i+ 4K N 2aa (70 mg, 0.5 mmol), it 4% B (1aa) (5
mg, 5mol%), ProNEt (165 uL, 1 mmol)F1 DMC (5 mL). fE&/S 4, H%% LED
SHREVHATIRG . TLC W SRR, R M a, F/KIEREH R, &
W8 R, FRERR PUEAE EHT GHRE ] : PE:EA = 8:1—-5:1), 13 3] 3aa [&/4(54 mg,
96%);

X 2K W (3aa), 'H NMR (400 MHz, CDCl3) & 6.96-6.88 (m, 2 H), 6.80-6.73 (m,
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2 H), 5.18 (brs, 1 H).
33 ER 5
3.3.1 M F&HFRAL

3.3.1.1 AEALFRIRT I B TR M

T 5, HEHL 0.5 mmol X SRR RE (2aa) A R B bR ALY , B 2% B (1aa)
YENMEALF], DMC (5 mLYYE¥# 5, PraNEt (2 equiv)fE N T4, EESAT,
KA LED eI T 9250 . J6IE 8 /NG, FIF 1°F NMR St [ B VR &k T
M, RIS L 84%HIMZHEF= 3 49 3| X} 5 2K 93 (3aa) (Entry 1, Table 3-1). 7E1t
SRR b, ORI ) 5 R 3R AT S DL R R S IR R 4K 25 6 (Entries 1-6, Table
3-1). fEBAEEIA F A E F 5] N—A LI 4] (Entries 2-4, Table 3-1), Hr A
A Y 4- W AR 2R AR 9 AR, I R 15 2] 91% (Entry 4, Table 3-1).
Table 3-1. LTINS S S50 @

(0]

| (o]
| 1
i X 2
purple LED ! | +R
Catalyst (1) i s Z3 S
F—Q—B(OH)z F—Q—OH | 1aa,R=H

i-ProNEt (2 equiv) ' 1ab, R =2-MeO 1af
2aa DMC, rt, O (1 atm) 3aa i 1ac, R =3-MeO
! 1ad, R =4-MeO
1ae, R = 4-Ph
Entry 1 (mol%) Time (h) Yield (%)’
1 laa (5) 8 84
2 1ab (5) 12 70 (8)°
3 lac (5) 12 41 (56)°
4 1ad (5) 5 91
5 lae (5) 6 94
6 1af (5) 3.5 >99

“ The reactions were carried out using 2aa (0.5 mmol) in DCM (5 mL), irradiated by purple
LED under O, (1 atm) atmosphere at rt. ° Yield determined by 'F NMR analysis using
trifluoromethylbenzene as internal standard. ¢ Recovered yield of 2aa determined by '’F NMR

analysis using trifluoromethylbenzene as internal standard.
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M4 TE 4 AL E5IN—ANIRIEILF I, A REYSE S A 12 =i (Entry 5, Table 3-1). %
H, NERHAZEIRE T ARy RILYIR R, 7£3.5 h NN, %
FERELL 99% (Entry 6, Table 3-1). [Klit, EFERIFMAET 1an)/E AE— B
1 H S FE AR AL o

3.3.1.2 HFIXS R DA

TER T B EEIEAGR G, 32 T SR SRVE NS [ LTSI o 43 e | —Le 4
AFIBEAT T AR AG(Table 3-2). 4% FH AR ISR T ZEBE(MTBE)/E RTINS, SR 7=
$jy 85%(Entry 2, Table 3-2), @zt ik FikER — F BE(DMC) ;=3 5 1M 2435 F H i
AR RVETI, P e R AHZA K (Entries 3 and 4, Table 3-2), {H/& &M
AT DMC ZEREK—2; Y 48R CFRTEE RN, RN HRAN 97%
(Entry 5, Table 3-2). Z¢& %5 8 [ M (B FI =34, %, HH DMC N AR N
WA
Table 3-2. ¥ 75 S W 1) 50 @

purple LED

: L
|=4<i>—s(om2 5 mol % 1af FOOH s
i-ProNEt (2 equiv.)

Solvent, rt, air (1 atm)

2aa 3aa 1af
Entry Solvent Time (h) Yield (%)°
1 DMC 3.5 >99
2 MTBE 4.5 85
3 MeOH 6 93
4 Acetone 4.5 94
5 EtOAc 5 97

“ The reactions were carried out using 2aa (0.5 mmol) in solvent (5 mL), irradiated by
purple LED under O, (1 atm) atmosphere at t. * Yield determined by '°F NMR analysis using

trifluoromethylbenzene as internal standard.

3.3.1.3 L H TN I N TR M

TR I AR 1af, SfEIEFE DMC J5, OSB3
4T 1 5 %2 9 ProNEt{F L 2R R, [)B ™ %K T 99% (Entry 1, Table 3-3);
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T 243 F 55— PG NEG B, NP2 24 97% (Entry 2, Table 3-3); & H —
H e ProNH B, SN =R KRS (Entry 3, Table 3-3); 4k & /KN, KN
Bl—ANEARWEE, &N 8 hE, [HWE] 76%[1) ik Entry 4, Table 3-3). T4,
AR PoNEE MR M R F4a. #1k, Z2ilFK PrNEt &,
FEN IR SIRIFEN . ANSEEREE AT LLE Y, K ProNEt &, WA LA#EAT,
{H [z M I ] £ B 2 ZE K (Entries 5-6, Table 3-3). #xJ&, #i%E PraNEt i &K 2

Table 3-3. 45 714X S ML AR R

(@)
purple LED O O
FOB(OH)z 5 mol % 1af FOOH S
electron donor ‘I
2aa DMC, t 3aa 1af
Entry e-donor (equiv.) Time (h) Yield (%)°
1 "Pr,NEt (2) 3.5 >99
2 NEt; (2) 5 97
3 "PryNH (2) 8 59 (33)°
4 NH;-H,0 (2 mL) 8 22 (76)°
5 "PrNEt (1) 8 87 (10)°
6 "PryNEt (0.5) 8 67 (29)°

“ The reactions were carried out using 2aa (0.5 mmol) in solvent (5 mL), irradiated by purple
LED under O, (1 atm) atmosphere at rt. ® Yield determined by 'F NMR analysis using
trifluoromethylbenzene as internal standard. € Recovered yield of 2aa determined by '°’F NMR

analysis using trifluoromethylbenzene as internal standard.

3.3.1.4 AL IR R BRI

SIS EE R, R AT RREIKE] 1 mol%, 1% M AR LA LARF5 =
FKAFEH bR Y)(Entry 3, Table 3-4). /&, LRI 1 mol%lE N i M
o 1M %MK EAG, 10e BEM S 2SS, RBFRE LR
TS 1= 2453 2] 3aa, (HIE NN RIS H LK (Entry 4, Table 3-4). fx )5 XA 1
PN B SIS . R BR R AR I AR, %R REABEEAT (Entry 5,
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Table 3-4); T 4R % N SCE T BB, KA REIEAT(Entry 6, Table
3-4). ULIHIZ N2 — N WG R AL AR S RN X Rl o7 v 5 AR 4t
(1) Brown S ALBMH T —ASXELG, RIS AR E Y ) ST E] Y Brown AL R B, R
B3] T 71%H97= % (Entry 7, Table 3-4), 1% T & FF5 2% BUERAE 40 0 16 4R
B SN BB L7 R (Entry 4, Table 3-4), X EZ 7, RNAES, RMNE
PR IR AN

BAHE 1% BB EE 254 Condition A: 1 mol%H] 1af, 2 24
DMC, %55, {0 LED %M, RMNIRENER.

Table 3-4. fH 47 FH &0 SR (1) 5200 @

=[] PraNEt,

o]
purple LED O O
FOB(OH)Z _daf FOOH S O
i-ProNEt (2 equiv.)
) DMC, rt
aa 3aa 1af
Entry 1af (mol%) e-donor (equiv.) Time (h) Yield (%)’
1 1af (5) iPr,NEt (2) 3.5 >99
2 1af (3) PrNEt (2) 55 99
3 1af (1) PrNEt (2) 6.5 96
44 1af (1) PrNEt (2) 8.5 96 (96)°
5d . ProNEt 2) 10 0 (96)°
64/ 1af (1) PrNEt (2) 16 0 (99)°
78 -- -- 8.5 71

“ The reactions were carried out using 2aa (0.5 mmol) in solvent (5 mL), irradiated by
purple LED under O (1 atm) atmosphere at rt. ° Yield determined by '°F NMR analysis using
trifluoromethylbenzene as internal standard. “ Recovered yield of 2aa determined by '°F NMR
analysis using trifluoromethylbenzene as internal standard. ¢ The reaction was carried out in the
open air. ¢ Isolated yield of 3aa.” The reaction was carried out without light. € The reaction was

carried out using 30% H>O> aq. (1.2 equiv.) and 3M NaOH agq. (3 equiv.).

3.3.2 JRYIEENER T
e, FERER IR 5 NBRAY o TR R U, R A TR
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(AL A RRALI, SRS RE LAIRIREDLF5 1 7 22459 21 H #5777 (3ab-3ad, Table 3-5),
S i 2% BR R AU AT BN RO R HE R R ORI I 55 45 T R
B, N AR RIS DA F5 1 7= 2 45 21 H A5 7= 4 (3ae-3ai, Table 3-5). K3 A HUR
$£(3aj, Table 3-5)sliEA S5y M TR M &= R TI,  SBE[FFEH LA FS ()77 %45
3| H br 7" %) (3aa, 3ak-m, Table 3-5). 4ZEIF A dh o 125 ] = 40 &
(3an-3ap, Table 3-5), 3L (3aq, Table 3-5), ZMt3L(3ar, Table 3-5), & FrHEE
(3as, Table 3-5), fiE3E(3at, Table 3-5), fi5E(3au, Table 3-5)iF, J v [FIFE LA TS
(7= R A B HAR= ). SEIREE AR, 1% RN TG B S 0 RN, [R]EF H 300 BH 1%
NE Re AR 4 o 1 AR G 5 5 s AR SERZ ARG R 1 5 1, TR
MR E T IEA S, —BRAR TG . FrbL, TSI, ZA4
SONCRT LR TG Y R 2 s B 05 3 b, X TEE R OR I R AT
P—ANEEA . [N, XNMAMRBNT TR B, Bk, Hs. At
LEREBIE AN N E R IR e A, XN RIEEE S S5 5
W24, b S — BT AR T — AL Bk, PR
RYEFIZEH, o1 B-25My(3av-3aw, Table 3-5) = R &R 5. 4 NIBIRIK 2,
I N ANE T BRI (3ax, 3ba, Table 3-5), MEWy(3ay, 3bb, Table 3-5), HtIE(3az,
Table 3-5)1& &

Table 3-5. #fR 2 W6 .4

oH purple LED o

0,
Ar—B/ ' 5 mol % 1af Ar—OH
\OH i-ProNEt (2 equiv.)
DMC, rt, air (1 atm) S

1af
MeO OMe
Me OH
Meo@OH OOH GOH O
3ae
3ab 3ac 3ad
4h,95% 4h,94% 45h, 92% 5.5h, 94%
Me Me
O G oo O
3af 3ag 3ah 3ai ,
55h,91% 6 h, 93% 5h, 93% 4h, 95%
3aj 3aa 3ak 3al
4n,94% 8.5 h, 96% 7 h, 95% 6.5 h, 96%
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F3C, CF,4
o O O
3am 3an 3ao0 3ap
4 h, 96% 4h, 98% 5 h, 93% 5h, 91%
OHCOOH Me(O)COOH MeOOCOOH NCOOH
3aq 3ar 3as 3at
4 h, 92% 4 h, 97% 5.5h, 97% 4 h, 96%
OH o
: OH \ /
OH
3au 3av 3aw 3ax
4.5 h, 95% 4 h, 96% 4 h, 91% 5 h, not detected
S N o) S
Q | ; OHC\Q OHC\Q
OH OH OH OH
3ay 3az 3ba 3bb
4 h, not detected 5 h, not detected 4.5 h, not detected 4 h, not detected

“All reactions were carried out using 2 (0.5 mmol), 1af (I mol%), and ‘ProNEt (2 equiv.) in
DMC (5 mL) under purple LED irradiation at rt under air atmosphere (1 atm). Isolated yield was

reported.

NT PR E R, OSBRI T 24 (Table 3-6). &
Je, LT CEENIRR (4aa). 4aa AT LUK AEEAL N, LA 64%11 73 B9 77 3
B2 ARV CBE Saa. 2R ZFTLUX 24%, EEEHTHR0IF BRI
FHXT ARG, £ 57 B R, e R AL e e 28 N L8 T B T B s R AR i
FE NS5 R E T TH NMR YEI S8, Saa IR RN 81%. X —BdEtHE6AE T
IR R E R FR A R ARk . BR T IRITIER b, X G-
15-1-3) W2 (4ab) LA K 75 ST B TG (dac, dad)i#EfT 125, EBRINIIRMFEHT,
4ab. 4dac fll 4ad #PREMS IR 47 Hu N H T1Z OB o

Table 3-6. AR 4 F1)% < N.@

purple LED O O
OR' o
R—Bi 1 mol% 1af . R-OH S
OR' i-ProNEt (2 equiv)

4 DMC, rt, air (1 atm) 5
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Substrate Product
O/ B(OH), O/OH
4aa 5aa, 4 h, 64% (81%)°

©M\B(OH)2 @/\/\
ab

4 5ab, 6 h, 58% 82%
/O
\
(@]
4ac 3aj,4 h,91%
B\/O OH
(0]
4ad

5ad, 9 h, 96%

@ All reactions were carried out using 4 (0.5 mmol), 1af (1 mol%), and ‘Pr,NEt (2 equiv) in
DMC (5 mL) under purple LED irradiation at rt under air atmosphere (1 atm). Isolated yield was
reported. > NMR vyield determined by '"H NMR (400 MHz) analysis of the crude reaction mixture

using CH;Br; (0.5 mmol) as internal standard.

3.3.3 WRRMNEFFR

N T REZ R MNAEA R BRI SEE, K ROSAT R B e A (Scheme 3-13).
FEARHESRAE T, F 1501 SRR AT OB, [F PR A A FHE 2 0.1
mol%(JiE K I B2 1 mol%), KMAKSA T DURFIFEE) H b5 =92k %, [F
i PR AT 2 FIR KR M(87% vs 94%) . X 1t 1% I N AE & Ak 22 B 1R 58
(RS2 F

purple LED

@B(OH) 0.1 mol % 1af @
2 i-ProNEt (2 equiv.)
DMC, rt, air (1 atm)

column-free
1.501 g, 12.3 mmol 9h, 87%

23j

Scheme 3-13 77 4% J ) 5256
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3.3.4 RFIHLER

H 2aa (OARMEAEL, EFRHER AR RHIMA 9, 10- = HIER(6)F AL
A EAPHIF(Scheme 3-14)5¢ 37, FIH 'H NMR 4t R NIREY), 7T LAEE
F[4+2]-HF (9, 10- —H3E-9, 10- = 5F-9, 10-%F 4. [FI 7] LAE 3 240
A1 HMEM6 G, N8 /N, JNIAEME, RBR T 9% BAxr=4, i
88% I R M. T4 IIN 2 481 6 Ja, SNBE—BHmfl, 75 8 /N
f, RIFEIT 6%M EART=Y), A 87%MIEARME R . X —S2I0 s R Lk
A RAZ S S FE A A — P O )

R, MR R IR AN () PEE A TEH L B2 A 55(Scheme 3-14).
A1 B8R T 5, RSEHINGE], CF 14%8 BEs=ER, 1A 83%HH)
JREHE RIS, PR RS E IR E, A 2 HERE, RS
— BN, A 10%8 B AE R, TE 87% 0 R FIU . 1X —se5e 4
RAUER T PSSR 1% N R () — P OB v (R 4

X PR AN 2 56 45 SRS U W AE I\ B2 SRR S, RS2 3 1 I A,
B FERAEE PERSE, RS I AR IX AN R ) — A R b (a4

FOOH + FOB(OH)z
soolh AN

dequiv_ g0 88%

6
organic 102 quencher |2 equiv

: OQO detected by :
: 1 o
FOB(OH)Z + ; H NMR analysis :

________________________________

2aa
condgitLon A | < S>_N/nBu
Ni(1) 687 By >2 1equiv_ 440, 83%
inorganic 0, quencher|2 equiv_ 10% 87%

Scheme 3-14 F2E 2SS AMH 5256
PR SCRRARIE , N-FUT He-o- 2K LA T (8) M WA M A& B AL B 25 1 1 ER 2 1R A 2L
7K F(Scheme 3-15)B04, TR, R BifR RN 1 4 &) 8, I 8 /NS,
H 9 % BARF=YIERG, A 89 %M ERME I 2 2 &1 8 i, X
A5 % ER AR T 92% ) JFURME [, 3% 556 45 5 5 W 1% e 3 52 3|
T HLRAE], BRI E A S T H i, AT A BRI
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JRNE R — AN R v a4
FOOH + l:4<i>—3(om2
o 3aa 2aa
NV@ 1 equiv

>‘/ 9% 89%
FOB(OH)z . —8 .
0, Quenching 2 equiv 59, 92%
2aa
condition A
8h

Scheme 3-15 %80 BH &5 -1l S8
BN, AR R A AL IETIER2ab) 5 80 (95% BO) M, 157
180 FRIC =4 3ab (92% '80), 77 B A 94% (Scheme 3-16). X —45REH, =
YRR Ak B S AP AR

MeOOB(OH)Z + —condiion A, 8 h MeO@—OH (92% 180)
180, (95% 180)

2ab 3ab
94%

Scheme 3-16 0 Fric SL 56

ST FIR SIS 25 AN S SCER R E 21 233034 S 7 40 N —FR] BRI ORI
H(Scheme 3-17). 15 %%, fE A WOGHIHUK T, JGEIGH 1 IO 75 1k SO & (1),
OGS I e EARE =, BB SR URE R THER, LGB ER B R 1f
IEHAT R EERS 2L 1f IERAT B R R O 9 BB TR R,
TERMEALTERR . B T H A 2 DA S A R A A 110123, R
[ 11 A BRI & 7 H B3 10 B3] — DA 1A e (a4 131°0, 13 S0t
— B RAEHS R 14, 14 L KR B4 382381,

/OH
R-B
H
\OH R_%’?OH
— 2 \ .
0 ——== - 02 > 0-0
15 1 iPr,NEt 1
9
hv 1 i-Przi\JiEt
10 N\
Et
O-R 12 OH
H,0 /~ " _rearrangement @’,OH
R <———— - R-B
HO-R hydrolysis HO B\ \
3 OH O0=0OH
14 OH@ 13

Scheme 3-17 AJBE 1 /e MATLFHE
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3.4 AENG

FEX B AT AR, R T — R Bl Wi 3 IR AT AE A O A
RN o 1% 759 AR IR 2% LR 9 AR < Jm AL TR, IR — W v s (i 71l 1%
B EA RGP 22 RS . ANTREAE RN, AT DUR S 5 kAT 7o gk
SR o IR AT ARG L AL T SR AL B K

[l G SCAR R 1 R 2R A NS U 15 ) H A S L ) S ] 4,
AR A8 S0 25 SRANAH 5 SCHRARE , HED 1 — > T E AR B 2 25 S8R AU 1 1 B et
25 L

Ko TARPT SRR AT TUas R, N Ja S0t TAFBE 124

3.5 2% 300
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BIE IR AR BT IR
) 1l 2 K DL R 7t 5

4.1 HIE

AT — B AR A D S 7 ) # it gt 2 v ek B0 B
A EY AR A=A AL 2E e A L2 — AN SEE AL N B 1% DL IX
FE—MRRIE: 100%1EFEPEA 100% MRS 2] BEr . 5346, Rt FEid e
BINEIRAE, RE, WINE TSR . KRGO, ATLUUNBLR AN TT
st : HREEREIE, WOKFHAE. e, WBERE. Zeess: TR SR I
[ JEARIEY, SR BRI RS, R R AT IR IR FH (035 v B A AL 7716100,

Al WAL AR R I LA, RN LA N A H . S, mlRFSE
BITIEY, LI BAMITZRER—FOGREER . Ru M Ir i 8
FEAEALFRIA WL R aniE 2T, e, R EEICE R IhN HIE A LA L2
o BN RAE AN TR PS5 R, 8 5 B R B 32 i )ik
PRI B A TEPE o TR S SOV S IS, A DAL SO B A . iR
REEBZEW, B ESBHRE, GEREMTIBRAIR S, ZFEARTH R
A=,

k=R RISy Yk il Rl = o v N i ey L X B S A oK (NP S i B
VPR AL S T P A AR . SRR AR R 2 T2 BN EAR A . K
AR A TGRS, FOR R AR E E, AT RA —E MR,
AT LLB 1E ke A 9L 2 AT 8% SE IR AL 7R FIIE A R FE o 3 I B RL L3S, Bk
RIS 161, g 2y R 200 I g 21 22155

2013 4, YaolMRiE | BUERLLIE S A EREBIM NG b, 15 2] —F0E B 114k
FEME 1L 7] P-Rose Bengal (Scheme 4-1). F FHIX Pl 24 (AL SZE 1 6 Bt Pk 1= &%
P EAL RN . BFFE KB, ] P-Rose Bengal 1 A GAEAL 7RI AN 18 i 175 i Pk
5005 T BEER R AR TS 007 A B B AR = . AIA B0 I BOR AL FIAR LE,
SONEIST (AR SE G — 26 o fH i T A3l n), TARRE A TR RSt O
WA T P RS ), SRS 2R IS A, sk eT AR B4l . T S Al
FIHATEEMEA, HEHRUR R AT RE .
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Rose Bengal (2 equiv.)

.‘QCHzNHz HATU (2 equiv.)
DIEA (5 equiv.)

DMF
rt, 6h
P-Rose Bengal
o
Il
S. o, SN
T R2 10 mol% P-Rose Bengal i Y TOR?
R |_/ 14 W fluorescent R |_/
0.05 M HCl in EtOH
air, rt

Scheme 4-1 i #fE4L7) P-Rose Bengal fif 44 i Bk A AL 52 B
2013 4=, Zhao** MK B A B m] WG IR IR RE 77 B B4R iodo-Bodipy 12k 2]
LA AAREEM B, 153 KIT-1-B FB0GHEAL I (Scheme 4-2), M5 H 5 KK
WK 531 nme. BIFFT 4 SRR IX M A O AR AL 0T DY S SR bR 5 V-2 R
P M A (1) [3+21- 34 0 s S B B A Pt () A A R

COOEt
N
oA o »
©© o _ KT-18 N [ N
Ao @ e g
KIT-1-B
Scheme 4-2 1 #H AL F] KIT-1-B 1&1&5@[3&] R0 R s B
2016 4, LiPIDUREREREN N B REH], i 25 75 3 E AR BE S B Al NaCl &5

TN T TR %EI"J%L%E%(NaSOs-rGO), S RN W= AL R U ALY
S RLHS R WLYEAEALT Ru(bpy)sCl DRI hBEAL I A SRR, 5 3 780 AL
7 Ru(bpy)s-tGO (Scheme 4-3). AAITRE 12 M 157 S F A2 A ML g S B v, A
Ru(bpy)sCla FIEACTEREAR 2, 192 18 AL AR, AT AT DL AR
M 10K

71



FENE FOR-FARER BT IR & KM BT

SO;H

SOzH SO3CIRu(bpy)s

(a) N2+

@ (b) NaCl

ion-exchange

[Ru(bpy)s]Cl>

rGO NaS05-rGO Ru(bpy)s-rGO

O O

Ru(bpy)3-rGO
50 W fluorescent lamp (450 nm)
Br i-Pr,NEt, DMF H

Scheme 4-3 H &AL Ru(bpy)s-rGO HEAL A ML b S
2017 4, Cibulkal®1¥ 7,8- — F 4 J-3- H 3 P S0 mas i [ 2 76 /v FL — S fb ik
(MCM-41)_I, #il4 7 —Fi 426 Flavin YoHEALF](Scheme 4-4). X Fh 57 21618
AT AT AN [R) 2 2 1 U 2B T W55 5 R [2+2]- Y PR A B2 AT DA 1 7= 26 R i
AL REEA IR T e AT, SRBOEAFRIR, FOERERE, A
BRI, IR R A

O

Q)
L Iﬁ

= MCM-41

MeQ,

OMe
(2\ cat. Me Me
N J)\ 400 nm H H
O

Scheme 4-4 HEMEALFIHEAL IR [2+2]- 6314k s B

2017 4F, ZhangPi@it REEHHE AN PDMS iandb T oiot:, i Bt
2L 413 3] E1fi(Scheme 4-5), JFARH T —FRfafE . w24 0 28 BLA HLIE 2 '
&3] PDMS-RB sponge 7772 o 3X At 284 i 4 ' PR A0 51 7T WG RS T 1958 G
SR N FR I R U B G A 14 o W2 R A A 51 T 7 A 52 e (AT 1 7
(LR Eqﬁﬁiﬁﬁﬁﬁ 15 Ko I ] oy WELL R SLAE, ] U7 g KO
TRAL S P RARE . IxX b2t SR B, PDMS 4% /2 A HLG AL TR [ 2 i) — MR A

I A3
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‘ air plasma 'uhnlnson ' .

PDMS sponge

,Né c®
Rose bengal (RB)
PDMS-RB sponge -NaCl %G
2 mol% PDMS-RB sponge N
+ PO > ~
N\A R™ 'NO; green LEDS Ar

r EtOH, rt

Scheme 4-5 PDMS-RB sponge {14 1) Aza-Henry [z 3
2018 4, Cibulkal?81 3K 87 FME A IR 2 23 B R A G it T —
TR B 8 A B (Scheme 4-6), EAITAT T EARGEAL . I EALADGREAL SO .
1&4 Nk, TR B 5] DY AE0E I S e A R SR TR s I R B FH R AT

OX
X0
OX
OX
HsC N N O
XS
= N .0
HsC N \)J\N/\/\,Si = MCM-41
H o "o
° )
cat.
5 mol% cat.
/@/\OH 0O, (1 atm) /@O
R CH30H:H,0 = 95:5 R
CH3COOH, MS
450 nm

Scheme 4-6 S A HEALFRIMEAL (R IE AL S
FERRIEART L, PUREHRIB R AT A BRI EAE, PO EATHEHURE
EAE m R AR, A E SR TR, KRR s R R
it 2% SR AT LG A R PR B AR AR LT, AL NI R A, RS LA
TEA R o A SRAZ AT ) S BLE BEMEARGF (R DRFF R R HoRE FLAT AR A B
(/KIS
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SNE Yok SRR SR AT R CREAADRHKI ] % R SRS
BT A 2R 3RAF I SR T AR A B SRAT A A A ML= Bt Ak 5 2
B EAL I SR AR, BATTHRE A 2053, KA EEE 29K — 1k
fe b, AT ) A L ) S s AR o BRATI TR P A e A PGt 55 Aok — 4k
TR T A FRBE A A SONE, ARG RE R RL b, 2R 5 A F R e A7) o3 —
St ) Y e ] S Bt 2 SR AT AR P 2R L, KRR R RT A S % T 7 R AL R
Ko TR R AR, R TR R A TS ROC AL TEE, AR RER] LA
AL Z RO RN . HAZ MR R AT DU EAREEI [T, AT e 7R A3 o
HFIX BB, JFE 1R EEEE AR,

4.2 SEIFS

4.2.1 LR HREH

Table 4-1 A5 it F 157

A g BERL R

K A ARE NanoSiO» Sigma-Aldrich
cl

A-( G ) R = W A R R It (chO)gsi@ Alfa Aesar

(@)
3L PR SEI AR
S OH

J&K

o
(0]
3-(4- F B2 SR B A 2 TR

oo C Q FigZe v AR

Q HA IR AT

= (4- AR 3 ik

OMe
Xof FH AR L IR B R MeOOB(OH)z J&K
IR K>CO; [ 25 4 [

e A7 E e oA ProNEt & 2654 [4]
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DMF TN o Ef S
DMC S 2545
B A R 2 A gt — B 4k .
Table 4-2 A& A&

SERAY AR AR RS
RLRESEARA AVANCE 111 400
A HLIH AR B 2T A1 A NEXUS470
TR Shimadzu FLS-920
A0 DL 6 EEAX Shimadzu UV-2550
T X Perkin-Elmer TGA7
TR Shimadzu FLS-920
T B PHILIPS XL30

SR NH TR 23 W 4T, BEE N 3-5 em AR T HEAT . D' SN A B
F 21 Purple LED K JE25 8-10 cm &6 — & (1 m strip x 2, Greethink 5050,
12 V/m).

4.2.2 NanoSiO>-TX %

3-FR LI R A NanoSiOﬁ%ﬁE’]ﬂlA}”fﬁ‘ F293 9L Z A 3R (Scheme 4-7):

Qs e (Y Qo L L, 0t

NanoSiO,-BenCl NanoSiO,-TX

Scheme 4-7 NanoSiO»-TX f & i,

F—25: NanoSiO A28k b fill % NanoSiO2-BenClo HARSZIGEEAE S R U -
A1) 250 mL H AR 10 g NanoSiOa (40% in water)~ 1.5 g 4-(5 1 5&) 783
AL 50 mL HEE. 50 mL DMF, fE 60 °C Z&1F FHit: 48 /NN . SRJG
WIS B0 B, AR IR E . DMF Pk, 8O0, BTt
1%, 3% NanoSiO2-BenCl.

% 30 NanoSiOz-BenCl 45 3-8 A2 B (TXOH) KA, il
i 4% 1L NanoSiO2, HJ NanoSiO»>-TX. HEARSLIGPIRI . [ 250 mL #.Jf
FR AN 2.0 g NanoSiO2-BenCl, 110 mg TXOH, 52 mg K>COs ¥ K, 50 mL DMF,
SR TE AR THEHE 48 /NI o B 5 B B O/ B 728, [EAR = Ak R 52
DMF. HIEESEE, B00E, H2TEE15 2] NanoSiO-TX ¥ K.
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43 R 5

AT, BRI ADEHEEM LY NanoSiO-TX M RHEEAT T VE4H %R
ik, UER 3-FR i o T DI I AL A AR TR 0 R B 1 oK SR REAT LR I
FERI S A0-T WO G E 1 TX IR - I B bR A B 2, IR 5
T AR A B B EA E] 0.72%. %4 RS A AT AT 4 RO
ZJa, XWHIC T M RHERBROE AL, BB, BRSSO 1 AL
i

4.3.1 NanoSiO>-TX 7T 5

HA RGBT o 7 b 205 A LR ], A Be e SCR Ah-ml It 5
RO, HILHUR SRR, o i 7 B, A 5 gk A9 i
ARREERATEM A, TR T ERE IS R, BT LURT DAREE B 11
25T, Bk T 22 v A U T DA ol P RS2 A, FL 1 R 7 K
2 ORI R AT AR, TR T — A e BRI B A 2 (Figure 4-1). K9
FLEE R FATWIE -1 T AR IR HEAR &, Py ARG 2% AR AT A R A IR W 1
RIEIR

s O o
e —Cr0
6 s 3 s¥

5 10 4

Figure 4-1 fifi 2% U R JL AR K R

N T BRAE NanoSiO-TX M RH IHid b 22 B 8k S B EE —ii, &
SR I BRI B ) 7 A A SR AE S, FRATIE I ) AR B B G AT
T Hl& U FFAFES: (1) NanoSiOx-TX ¥&#Hi: 15 mg NanoSiOx>-TX #2754
T4 mL HEEH; (2) 3-FRFEAR 2% B W (TXOH): 2 mg TXOH ¥ f# T 4 mL H .
Ul Figure 4-2 ()ffi7~, B0 70 & BTN LA BB TR . A5
MREAT B0 B, AT LUK B Figure 4-2 (b), TXOH VEBATRE W B 52 IS
il NanoSiOx-TX i, C&EA ARG, X ULV 75 A 2 1)
TXOH, MTARE SRR AILGR s e B0 RS, BIEAF A B R 1 2%t
MG . BT CAHERT Y, TXOH AN 293 M 7E NanoSiO, |, T2 is it fh 225
¥ TXOH H1(#) TX #8735 NanoSiOy AL —i#2, FrllAMRET TX Bl /5
] NanoSiO FA B E 28 e %
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Figure 4-2 a: B O AT R, biE O fF 2GR

4.3.2 NanoSiO2-TX 4ZLAMNR G 4 Fr

{8 LI AR S 2T A3 7T DU WAL AP B 0 B BE 1S S, Figure 4-3 WoR T
TXOH, NanoSiO»-BenCl, NanoSiO»-TX ] FTIR Yit

A LLUAE H, NanoSiOz-BenCl, NanoSiO»-TX AL 7E 3457 cm™! iz Bl T
NanoSiO, K #2442 = A (1) 9E 06 7 1108 em™ b HIL T Si-O-Si &
SRR SR Sh 51 AL A SR, 958 emy 967 em! B4R I Si-O-Si
SRR MGG IR BN 51 AL H s 76 809 cm™ HABN Si-O 25 f IR 5 . YA Si0, R AF LRI .
PABHRIAMEHE 1647 cm™ HEIZRRHEIEIALE T TXOH ERZEIFHZEIRSNE .
FTIR i &EoR, NanoSiO»-TX H& 745 TXOH HIHFEE fEld, #ilk T TX @idik
SRR PR EAB R .

156

Transmitance (%)

96;¥

809

3457
— TXOH
NanoSiO,-BenCl

NanoSiO -TX

1108

4000 3500 3000 2500 2000 1500 1000 500

Wavenu mber(cm")

Figure 4-3 NanoSiO,-BenCl, NanoSiOx-TX, TXOH (4L 4M i
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4.3.3 NanoSiO:-TX FJ &40 IR W% #E 43

T THE NanoSiOx-TX HA i EEH & &, RAE -7 W G RETHxT
NanoSiOx-TX #EFFEAT T Killl (Figure 4-4).

BB : 43 30 %€ NanoSiO2-BenCl. NanoSiO»-TX. 3-(4-F L4 5E) F
SRS 2% B (TX) 7E DMF 355751 H (1 45 b= ml DL IR 1% T 28 - NanoSiO2-TX, 3-(4-
LR B S L 24 R 7 309 nm Ab#SA R BRI U, 17 NanoSiO»-BenCl
TE LA A B W UG o R It ) 3-(4- PP 356 25 O ) PP S S 2% 80 {00 o o4 282
SRJE AR 3-(4- B ORI S B 2 R IR At 42, 4R NanoSiOo-TX HH i % B
[[EUEER e

NanoSiO,-TX

== NanoSiO,-BenCl

Absorbance (a.u.)

—

300 350 400 450

Wavelength (nm)

Figure 4-4 2 Ah-0] LI 61
WA R BT B 1 3-(4- F R ORI ) F AR L 7% RV T DMIF P ECHi] 25 mL IR
FEPRA Y 309 nm AL INFEAE SLAN-FT WG A R fSc g e, AR Hm 3 R WA Ui
(Table 4-3)2z il hrifE i £& (Figure 4-5).
Table 4-3 < 5 -MR IS

& (g/in 25 mL DMF) W E (mg/mL) WS E (309 nm)
0.00027 0.0108 0.337
0.00031 0.0124 0.359
0.00060 0.024 0.671
0.00085 0.034 0.823
0.01140 0.056 1.322

SRIG¥ 32 mg NanoSiO»-TX 73 #8 T DMFE HC & 25 mL &, @i & 4h-ar
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FE PRk SRS ERT RGO R % & SRR
DL T F A O8I BE o« 7R3 KN 309 nm KEWR IS (I(E N 0.438. 1R y =
21.723x + 0.1063, A HNZIE IR 3-(4-H A I ) B A St 2% R 3R 8 0.01526
mg/mL. 7F 25 mL & & A 0.38 mg [ 3-(4- F 3 2K 358 ) FE AR A 2% BRI, [R1 0L,
NanoSiO2-TX H I 3-(4-F 3 E I A B E 8N 1.12%, &Lt ERHmAE
Hil & 8N 0.72%.

154

~ 12}

S

©

N—r

g 09f

c

(58]

o]

[

S o6f

) y=21.723x + 0.1063

< R?=0.9959
03}

0.01 0.02 0.03 0.04 0.05 0.06
C (mg/ml)

Figure 4-5 < 5 - MR WA Ueg B b A 1 2
4.3.4 NanoSiO2-TX I E ST

Figure 4-6 ~J NanoSiO,-BenCl F1 NanoSiO»-TX M % iif F| 800 °C 2 [a] ff)# i
k. MWEHRTLLE H, WEEREF RS 100 °C B, BifFiARHERE y H R
Wy BB K 25 K POV S B & PR AR . P R R R BT & A R 1 B B
NanoSiO»-BenCl F1 NanoSiO»-TX /T A 30, & B & LR AR 3G i
FEOK A W B =1 0

NanoSiOz-BenCl £ 100-680 °C Z [AIH — MBI R EFUIRE . X—J7H
NI PIIRAT S, B R KON A R E A A AT S 8. R
680°C If, JFiEAfEE, LI M E AR AR, HElER 88%.

NanoSiOx-TX (#4543 NP AN 7 o 55— 70 I Jog B 401 2k R A AE
100~200 °C Z[a], XA HIBTERS, —T7 A2 H T RIMNE R AR ) i
Iy J7 T 2 Wi K A R AR — A, R AR — 24 5%; 200-680 °C Z[AJ) 4k
HX M APK AAAEER TR AW 0, 205 SR 10%, R SRR 14
MARL 85%. HApFR&AEME = Al & I (10%:85% = 1:8.5)5
NanoSiO,-BenCl #F 43 H7 AT 5 B0 (10%:88% = 1:8.8)FE A AR o RN EE—HK 4>
HR AR ASE TSy, B DLGVETS BIMER A SRR s e, KECR<
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BT FJOR-FMRERBRT ORI # XM HBTR

5%, 55 A ARG 28 Ah- ] RS T S A SRR

100
—— NanoSiOy-BenCl
—— NanoSiO,-TX
9Bk
o
S
— 90
=
=
()
; 85
80

200 400 600 800
Temperature (°C)

Figure 4-6 8 i 2k

4.3.5 NanoSiO2-TX ¥ TEM

W A R 2 BOCE R B R, TR O B TR g . A
Figure 4-7 F1 7] LAZ H} NanoSiO2-BenCl. NanoSiO»-TX F4H K — AL T ks 7 Bk
B AT I H w7 DL IR B s O0 I 2R 13k R AT #E RR . 3 4 NanoSiOz-BenCl .
NanoSiO>-TX HIEE KZIN 10-16 nm, ¥i 7 K/N5G R LBIURHI 9Kk — Al Bk
B4 12nm £ 4 (Sigma-Aldrich SR H£4E), FEAWIE

Nano$iQ: BenCl '+

(¥ NanoSiO>TX -

Figure 4-7 NanoSiO,-BenCl Al NanoSiO-TX [1] TEM &}

4.4 NanoSiO>-TX # BT WG TE AT 7T

FERI% T NanoSiOxTX fEALHRIBUR, ARIB2ZATRIBIICIER, AR
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A OGS 2N AT RE R — e AL SOSIEAT T VRBIIBIT IE - 2 T GuolP I ART # 4
I8, s BEHSRA S AL AT LAAE W] IG5 5 R s AR B SR S
SEOCEA S, eI £ v WS bt 2 BRI (R S BIG40s i T DAEE ) it 2 S
AW o AT D65 5 54 TR 1 = 07 B 00 S8R Ak DL 5 SR R 1
FOLEM R AR . X FET AL NanoSiOx-TX HEALAEL, 727 WoGiE &
NMEACBREE R A, =57 TR A DL K 5 SR IR ) SR A A = A S BREAT T T
I

4.4.1 T WAFER T NanoSiO:-TX #EATREFA FOLE A R BL
AR

HCIERE A2 AT WG S 56 T NanoSiOx-TX ALK 1A 40 AL
S0 ARAESTHRARIE R, ABIDLSCHIR 0 B S L 2 A L4 N FH T o) % PR S A
RIS RE NanoSiO2-TX KA A 2 FRL K (1A 406 S84 [ Mi(Scheme 4-8). SE3:
SRR W], NanoSiOx-TX AL KL (i 2 U A3 R0 70 & AR T 1 mol%,
i RS AE 1 mol% 3 RUEALFIFH BT, BREE 49 h A RE5e X HE— AL,
DETERMIAAT 83%. IXFEAI LIRSS R SRR IE B EA LE (AL 0.1 mol%
() 4-ZR BB SR U, OB TR) 5 hy 23 BS 7728 93%), W SRIXAMEAARL, FEIXHE
—AGI RS R, TR R MEATE T, IR A R ER AR T ORI 1) N o T
EALTI . B BL, SRATIBGE 1 4R SRR AR SO R ALK RE — N8 S B 9]
I A8 .

O
|

©/S\ 1 mol% NanoSiO,-TX ©/S\
Purple LED

CH3OH, air, 1t, 49 h 83%

Scheme 4-8 NanoSiO,-TX AL fi ik 1) 6 Ak [ B2

4.4.2 T W EHERT NanoSiOx-TX L =T EBEH EtE M
RNHFF

R RWE A BZ AT WS 24 T NanoSiOx-TX AL A R AL = 75 JE 1)
HROCEMRNL . 7R3 5, CAVEAIRETT | 4- 2R B0 A% RO R £ = 05 JE i)
HEOCHEMIN . 7E = (4- A LRI A FOCE s R N AT, N
NanoSiO2-TX SRAE A = (4- F 5 2 2K ) i A SO A L S (Scheme 4-9) . S5 25
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RERW, EMAEFEAIEEAEZE T, 2B RSN TRAFINSGEREAZ,
# LA 5 B = 245 2 B AR =4, {H 218 H NanoSiOx-TX [ B ] 75 2 48 h A4
BESE X BE— AL . AR NanoSiOo-TX XAMELLFTRL, EXFE— AN B it
FEH, A TE I R TN TR BT BTLA, B T 4R SRR N 7L % 4
PRI A =55 JE i 1R A5 A0 S S S IR A AR

OMe OMe

; 5 mol% NanoSiO,-TX ;
MeO e

R MeO RP=0
23 W household lamp
CH3OH, air, rt, 48 h
OMe 95% OMe

Scheme 4-9 NanoSiO,-TX £k = 7% F: i (1) 6 S AL [ B2

4.4.3 T TR T NanoSiOx-TX LT EEEH EE M
R BLR 5

5, BERERT WOGE ST NanoSiOx-TX HEAL T RHME 1L 55 K R 1)
BEIENRNL . fEHE =, CEVRAINET T B 2% B AT AE YA 55 FE R 1
B EOCEAI . 7555 IR FOC R B A B 25 E R, B NanoSiO»-TX
KA AL X F AR SRR R 1 SO A Ak SR (Scheme 4-10) . SEEG 45 KRB, 7EAH [H]
BREUFIBEFMT, SRNFE 47 h FRERR, DB EERE 82%. X5
55 = BT T 45 AR (1 mol% IR 2% B AT AR, IS A] 4 h, 43 B 725 95%),
BARIXAMEATRE, TEXFE— AP, o1 R ih M & AL R AR
FEAR TN FHEACHIRT . BTRL, JBEE T 4RSI N T Z AR LAk 55 FE0 R ()
A AR B IR AR S .

1 mol% NanoSiO,-TX
MeO B(OH), > MeO OH
Purple LED

Pr,NEt (2 equiv.)
DMC, rt, O, (1 atm), 47 h

82%

Scheme 4-10 NanoSiO2-TX H#EAL 75 FERIER 1) 6 S AL S v

4.5 FE/NG

FERX — BB TAED, #1451 NanoSiOx-TX HEALATEL, XM HEAT 1 RALE,
WA R EIAT TIE. R, AR NanoSiOo-TX AL AT B>
IR A LA, =R, X SRR IR (A O A OB AL e PR AT
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SNE Yok SRR SR AT R CREAADRHKI ] % R SRS
THETE . ARH BRI, Bl X AR, BEARRES AL = H AR
B2, H 2 E AR PRI AR T AR RL 1N AR, A1 2] ML PERE
INCS AR RL . 95 93 B Rl RESE HH T IXFMEAAT B 180T NanoSiOa, MK
REAR Tz R 73 BchE - DR A5 FLAE A P RE SR IR B TR ACR -
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PFRHE PHEMA HE 0] LG EAAE B H]
% K SRR

5188

=7 F B DGR R /N 73 T B AL 7R A7 3 T v 20 1 B 3 B
k2 BT 2 —ME SR BDG DRI 2o SR AR A AR R RF m fe e 1k
A A 1 ) BTl _E s e 8 7 (5 e Ae, HLAHEAL SR B R FRAIS, AR E T BA
HEMAHIRZ RS, ZXRIER & T HEATIRRESE, b 7RG,
[FI 52 7 sAs o BRI, A2 SRATTHE S QR AU K 0 98 o AN BT 38 (0 ke AL A4
WP R HIK

2011 4, Lin®G 7 —384 [Ru(bpy)s > A Ir(ppy)2(bpy)] kA H H1 (1 2 1L
LW E T F AW Ru-/Ir-PCP (Scheme 5-1). 'EATAI LU F Aza-Henry v, J
MEALTE T 5 /5 F[Ru(bpy)s ]2 A [Ir(ppy)2(bpy) | Fe AL AU SE A4k 77 AT (=]
e, = BM A T e T REORFFAR S A T 1

Ru-PCP: M(Xpy), = Ru(bpy),
Ir-PCP: M(Xpy), = Ir(ppy)

@i)\‘ R Ir-PCP or Ru-PCP N R
\©: R3CH,NO, \O:
3

R2 visible light O,N” "R R?

Scheme 5-1 &> 7R &Y Ru-/Ir-PCP 4L Aza-Henry v
2012 4F, Lin 3K [Ru(bpy)s ]2 Bl TN —F0JC 2= A2 A R T 3R A —Fh 25
KB #U Ru-CP (Scheme 5-2), %A% 16 AL FIAE AT WO HE SR T RES A R fE
t— RPN ENEEAS, I Aza-Henry S i I A A AR IR S 0 38 T i o< S . 5
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Ru-CP

@ 0.2 mol% Ru-CP, CH3NO, N
\©\ air, visible light \©\
H R N02 R

Scheme 5-2 Ru-CP fi#: L[] Aza-Henry < Jvi
2014 4, Kobayashi™F|H & TR A 771244 Ir(ppy)2(dtbbpy)PFe £t 2531 5 14 4
Mels b, 192G PS-Ir B, FHR HAR AN m AUl 7 = A n] WL
SN BRI S5 X AB B [ M (Scheme 5-3). SEORZE KB, ZfE k5 n] BB {H
H 4 T A R Rid .

AIBN (70 mol%)
OBn >~ PS-IrA
PVA, BTF:H,0(1:2)

monomer 90°C, 12h

AIBN (70 mol%) PS-Ir B
PS-IrA * OBn
PVA, BTF:H,0(1:2)

monomer 90°C,12h
o) 1 mol% PS-Ir B
Il
/P\ . N\
m\m H 1 "R air (1 atm) Ar
R white LED _P=g
MeOH, rt &Q'/

Scheme 5-3 PS-Ir B 14k 1 = 2 Jli i &858 SAB IR S
& 7 E—E R TAEZ G, OB FT T ) B 2 B 2 N 31 155 70
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TREM o 2 LIX Ak $F, FERH RN R &0 7 #RbR AT O i T
SN, AT S NanoSiO»-TX FRVISFE,  HH 70 HUHEAN G 110 i Bl feE A i
PEARF AR FRATIA B — Tl v RO 1 2k REC D 3 B vy 1 R B A (B 1 7
%, IR X RN & DGR R A & — R FIRDCHEAL SOB, SR A
JCIEAEARL 22 U B i AR, DT 5 Je BE It (¥ e fiE Ak S

5.2 SEWED
5.2.1 &5 WEHA

Table 5-1 A& filf 57

=il ZRR VA

SH

S\
% P [:j/ J&K
4TI R |@<:OOH i

Mw%c>_§§ g R A AL R

Q HA IR AR

(4RI

OMe
o B4R L 2R R nmo{tj}ammz J&K
TRER AT K>COs3 [ 24 4E [4]
O
MZRLE oA B i 1
(0]
R AR B 2 Yj\o/\/OH i 2

N~ o \
DMF | ] 24 4 4]
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N=
Bby / _': \ J&K

DCE o I 24 4 1]
(@]

2T Y 244

RAL A CuBrn J&K

Fr W AR ot — DAtk
Table 5-2 A filT A%

IO AS AR5
R FEHRAX AVANCE 111 400
BB IE B AGILENT 1100

SR NH TR 23 W G AT, BEE N 3-5 em AR T #EAT . D' SN A B
F 21 Purple LED N JE25 8-10 cm &6 — 4 (1 m strip x 2, Greethink 5050,
12 V/m).

5.2.2 PHEMA-TX &%
5.2.2.1 TX-COOH & &

(1) SEERRZE.
COOH

0
COOH COOH
L, - O e oy, e S
.
SH ! DMF COOH S

TX-COOH

Scheme 5-4 & % TX-COOH
(2) LD IR:

TERA BRI BE I 250 mL = DR DO A BRAK %R (4.622 g, 29.9
mmol), T DMF (100 mL), RGN 4-BK R (7.443 g, 30.0 mol),
K>COs(12.494 g, 90.4 mmol). i3 (384 mg, 6.0 mmol). IN5¢)5, [N 36 he
AHEIE =, NN 300 mL 7K, 3 R FLH0RY o JEM AR TRBR (37%) 1T £ pH < 1,
FETTE R . KR ITIE e, OB i E AR R I o 7R s R T4 B
100 °C BT, BEIAEHAIR, MM 2, 4- R KRB (6.995 g, 85%).
Tt —alith, B REAT T — 2R

BB 2, 42- "R E — FHiEK4.002 g, 14.6 mmol)IN A\ 2T 250 mL =
A, SRIE AN 76 mL RER A Vs il . 7RSI FHFERM 33 h f5, A
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90 mL 7K, 7E 100 °C [f1 ) N 45 F F 4R 8e8i HE 1 ho i IR AR 1 2 =0
¥ SR AL, FKBE=R (150 mL x 3), ZEE— (120 mL x 1), #33# 2-
FRER AR, EERTRAE R 100 °C T K 2-FRILRT 2 B I 214 1)
250 mL fY[EJE B S, IoN 32 mL ) 2 M NaOH ¥, =i T+ 30 min, 4%
KA 46 mL 1) 2 M HCl RIS FRAGTR G . =R FHcHE 30 min 5, [E1AE
SRS B, KIEFHIR(150 mL x 2), LS —R(120 mL x 1), 753 E 4472 5
2-FRIEH 4 B (TX-COOH) (1.792 g, 48%).
(3) FEIRAE:

TX-COOH: 'H NMR (400 MHz, DMSO-ds) 6 13.37 (s, 1 H), 8.96 (s, 1 H), 8.46
(d,J=6.4Hz, 1 H), 8.19 (d, J= 6.0 Hz, 1 H), 8.02-7.73 (m, 3 H), 7.61 (s, 1 H).

5.2.2.2 B4 PHEMA HI& K%

(1) SERELRT,

(6]
O Br
o OH CuBr,, Bpy, SnOct, ~o n
/\o)%r A o
2-Butanone/Methanol (v/v = 3:2), 60 °C Io)
HEMA PHEMA > ~OH

Scheme 5-5 &% PHEMA
(2) EEDIR:

H 2-1R5% TR B8 A1 L PRI R ¥2 2. TiE (HEMA ) i) 4 3% FF R TR A IR 42 2L TR
(PHEMA). 2B F: % HEMA (40.0 mL, 330 mmol), 2-JR% T Rk
(0.1602 g, 0.8 mmol), KNI 250 mL Schlenk ¥, FFIEMEAE 2- T Bi(1 mL)
A mL)FVEAERIF . SRJEIIN CuBr2 (0.1682 g, 0.8 mmol), 2, 2’-FEutne
(Bby) (0.2587 g, 1.6 mmol), 2-] (58 mL)/& T FHEE(38 mL). TS H N, AR
T 2- T Hi(1 mL)ATH EE( mL) B4 77 H 5938 I 575 SnOct (0.2844 g, 0.7 mmol)
JEN Schlenk #iH 51 & A RN, 7E 60 °C B HERE 40 ho ¥ = MK HITTE,
£ 60 °C HA AR TR S,

(3) FARAL

PHEMA: 'H NMR (400 MHz, DMSO-ds, 6, ppm, TMS): 0.78 (m,
-CH2C(CH3)-), 1.23-2.13 (m, -CH>C(CH3)-), 3.42-4.05 (m, HOCH,CH>-); MnGpc =
27,800, Myw/M,=1.55.

5.2.2.3 PHEMA-TX 184t 41 B &Rk

i3t PHEMA 5#iZ% B SN, 19 8RB 2% U 2 ] =4 48 170 7 PHEMA



FHE PHEMA S8 7] WG EALARHI ) & & SRR 5U

M%E_ ) PHEMA-TX . FH LA B A7 71 % PHEMA-TX: 777 A: 5644 TX-COOH
5 SOCL &M, fill% TX-COCl. ZJ5, H4H5 PHEMA EMFEEKA RN,
N i) £ HH B b2 i 2 B R [T 1) /& 4 7 A4 KE PHEMA-TX; 777 B: LA 4-
R LI E (DMAP)FI 3 R — W Z (DCC) AL TR, 4 PHEMA 5
TX-COOH H#: gt % .15 %] PHEMA-TX.

HRTE A
(1) SREGPEL::

Q o}
COOH SOCl, cocl
O DCE, reflux ‘ ‘
S S
TX-COOH o TX-COCI
Br
~o n Et;N, DMF, rt
o}
O\/\
PHEMA OH

PHEMA-TX

Scheme 5-6 PHEMA-TX ()& g2k A

(2) LI IR:

¥ 100 mL Schlenk JiAE 120 °C s RBLFE RS 2 he AERURE T, KK
[ H i\ TX-COOH (0.343 g, 1.34 mmol). JE7K 5 Z4E(10 mL)F1 SOCL» (0.3 mL),
Inse e MAR T FEHERE 4 ho SON VA HE 2 505, K TR S iU 25 1Bk 2 2 R,
FTE/K & £ 56 (10 mL)EAT B GE Ve SR 54 [R50 % T DMF (5 mL)H, #%
33 —A~57% PHEMA (0.3487 g)ff] 100 mL Schlenk i, i 30 mL H 2Kt
AT SREKTK = & mLyE NEH, fENRES AT BiZERET
VKZKIR(0 °C)H, R 60 h &, K =4 KA FE TR A IS TR0 ok, BTl A3 1)
PHEMA-TX 7£ 60 °C 52 HEAH TR 21 H
(3) FHIARALE:

PHEMA-TX-1: '"H NMR (400 MHz, DMSO-ds, 6, ppm, TMS): 0.78 (m,
-CH,C(CH3)-), 1.23-2.13 (m, -CH,C(CH3)-), 3.47-4.16 (m, TXOCH,CH>-),
7.58-9.01 (m, Ar-H); Mngrc = 84,800, My/My = 1.47.
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E TV B
(1) SEZI6 M2k,
(0]

/\O Er O
o) o ”O)><\|i'~3r
COOH O ~0oH OO O S O
O O PHEMA ~"0
S g o) o)

DMAP, DCC, DMF, rt
TX-COOH PHEMA-TX

Scheme 5-7 PHEMA-TX {1 & £k B
(2) LD IR:

FET 12 250 mL Schlenk i+, A H ZK(50 mL)F PHEMA (0.3490 g)idk47 3t
FBRIK, ROV 584 Ja ¥ F 31 Z R o [ HHP AR i N TX-COOH (0.343 g, 1.34 mmol),
4-— FRBLE F e (DMAP) (0.033 g, 0.3 mmol) Al ¥R c3&fik — W HZ(DCC) (1.117
g, 5.36 mmol)#{K I Schlenk Jii, #AJ5 A 20 mL N, N-— F B I e i e . TR
HRAE I TR 36 ho JREZMRBREVER], H~=% PHMEA-TX H K& KK A
HER A YITTE, 1E 60 °C A AP TR EHE,

(3) FHIFRALE:

PHEMA-TX-2: 'H NMR (400 MHz, DMSO-ds, 3, ppm, TMS): 0.78 (m,
-CH,C(CH3)-), 1.23-2.13 (m, -CH>C(CHj3)-), 3.47-4.16 (m, TXOCH>CH>-),
7.58-9.01 (m, Ar-H); MyGec = 63,100, My/My= 1.52.

53 ZR5WR
5.3.1 PHEMA-TX HIRAE

ARAE SR, DABRAC/K AR AN 4-BI0R R 9 JlEURLS B T TX-COOH.. '"H NMR
HEUESE T TX-COOH 4514 (Figure 5-1), MAZHLEE 0T LLEMTHLVE 2R3 1) H
1T 6.96-9.10 ppm. HRHECHAT), FIH CuBryBby. SnOct, f1 HEMA &% 1
PHEMA . PHEMA £ W4 T8 LL PMMA MbsEFrdE, H SEC Uhr:E Ny 27800
g/mol (Figure 5-2). M PHEMA ff] '"H NMR & & rh ] S A, 7F 3.42-4.05
ppm JEE N, WHIMHOCH,CH»-) b H FIRHE LIRS 5 AT gy it iR ), FR 3
(-CH2C(CH3)-)_I H KJ&A7F 0.78 ppm.

ERRZ: A ', PHEMA-TX J2H PHEMA 55 S0k BB 2% 120 i s 1 1) 46 1D
T S RO TRE 2 T % 2 ) v PR ARAIE T R e e 3% . 5 PHEMA 1) GPC ihi 4%
FHEG, PHEMA-TX ] GPC 125 BH & 7] = 73 £ [X (84800 g/mol)#% 5)j(Figure 5-2).
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TN 64%.

FHE PHEMA S8 7] WG EALARHI ) & & SRR 5U
T I X AN [X (8.18-8.22 ppm) Al 3.58 ppm AbFIFR 73 AR AT L, T8 etk R%

0] h
a [¢]
Cc
2 s ef H,0
(TX-COOH) a9 DMSO
\ |k
A . R
b 9 d N
/\O%ij
a
[} [+ (o]
g h g a,cd.e
o —
(PHEMA) Y “OH hl fj
J\__Al 1
[e] e
akof&{:\ﬁ ‘ : - 9 a,c,d,e
S; Kk 6,4,
SN e | | 2
o " o m
(PHEMA-TX-A) | l .‘
I L] L] L] L] L] L] L]
14 12 10 8 6 4 2 0
Chemical shift (ppm)

Figure 5-1 TX-COOH(DMSO-ds). PHEMA(DMSO-ds)
A1 PHEMA-TX(DMSO-ds) 1] *H NMR i &
FH T 2% R 1) IOt LA P o o B A AR 2, R B ER A, DRIR A T 59—
4 B, XH DMAP #1 DCC fE AT, 4 PHEMA-TX. HIXF077 k£ 1)
PEHMA-TX [ GPC M4k &8 175 701 & X (63100 g/mol) &5l (H XU 2RI,
N 18.5%. A& HT-Hi 4% B R i KA BEATRFLVEPE RIS . I, 76 )5 4R 7T

TAE, RHEA R A #ill% PHEMA-TX #1 %} .
PHMEA-TX-A

PHMEA v
M = 27,800 M, = 84,800
M /M =155 M,/M, =147
N
PHMEA-TX-B

M =63,100
M /M =152

1E7

1000 10000 100000 1000000
Molecular weight

Figure 5-2 PHEMA £l PHEMA-TX ] GPC
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5.4 PHEMA-TX #7181 0] WG EALTE R 5L

FEE K T PHEMA-TX AR RILLSS , XHZATEHE AT OG5 556 Al REf
AL S NIREAT T PR RORIE T o J T T PR A AR A RIE Bk RO SR AL
AR LAAE R WG5S R s AR B SR AL S B A O B SN, i I
ST A AR L ) S B 420 5 i T MR [ Bt 2% SR SR AL 50 0 A T IO 5 3 2%
PEN B =57 B R4 06 SR DU 57 R 1A SO S AR BE AT FE 45 A o X X R
M PHEMA-TX EAEFRL, 72 R W53 T EAHREN AL, =7 B Atk
DA S 55 BRI IR 1) B A XA = AN S N HEAT T PRSI 7T

5.4.1 AOLHER T PHEMA-TX EAUHREBA EO6E MR
BT

BT WOGHE S 4T PHEMA-TX (LB A EO6EAL R .
R SCRRFRTE O, ASLADL SRR ) s £ S S 2% 1, B4 R P oo 8 £ 3 P 7 Y e Ak,
8L PHEMA-TX SR AR A6 25 H B Bk 1A 280G A O, (Scheme 5-8) . SRS 45 SR B,
TEAR [ AR 2 R, PHEMA-TX {4k (50 587 B 1) BEAH I 4 784912
AT 0.1 mol%[) 4- K IERE AL R, JMIIE S h, 73 B~ 93%) [ M
I TR 2, MBS A 12 h, (ES2# DM TS /=215 20 7 HAR=. mit
A LA RL, TEIXFE— AR SR A, A5 13 2 v LRI/ IN G Tk
FIRIARGESE o BTLL, 4RERHEAT T AR RIE AR A SE58 . HARSEIHE I T 1
25 mL [HJEEEHH A, KN ZE AR (124 mg, 1.0 mmol), PHEMA-TX (0.52
mg), CH3;OH (5 mL). 7E 2555, FI 4% LED KT 78 S 355 A % s i3k A7 HEH o
fE TLC MM T, SN T 12 h 45 M. s B BRI, IRE ISR
T 1 mL LR TR, 7E LR LB UTHE T PHEMA-TX, HK B B T1% 25 mL
BN A H, T AP T —AE . WE/T L8R CBR 0= Sl 7
27— 25 mL BB B o, WE = m = % . £ 25 mL RREH A
NN ZE AR EE (124 mg, 1.0 mmol), CH;OH (5 mL), DMF (0.2 mL)#47 T
— AMEIEI . Qb E S ERAE 7 IR, HEARCRIE A R P (Figure 5-3).

SIS AE R, AR TR TR AR IR, BRSO AR R S AL
BRI, A2 13— S8 N, AR T LR I WOFE SR,
ATE A BB B, 17T EZ A PRI & D7 (8, AR, & — Rl B g
Al LSRR .
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O
I

S PHEMA-TX, Purple LED S
CH30H, air (1 atm), rt, 12~ 16 h

Scheme 5-8 PHEMA-TX 4B Bk i) 6 2 AL ) v

3 Numberf cycles >
Figure 5-3 PHEMA-TX fif J i A Fik 6 54 R UBE
PHEMA-TX AL EMEILIERS 7 5, WA RIEAT T 2 A (Figure
5-4)F1 GPC (Figure 5-5)%AE. MIZREE G 45 R 7T LUE H, I BRHIEIE 5 JR AR AL
MR —F; GPC G TR WA AR AR A o I 3 B kA I R v A 52 i) 814
WAL S5H, AT RME S I 2 I E IR I A% T S50 DRFFANEE

100
9
8
7
6
5
4
3
2
1

Yield( %)
© o6 oo oo oo

o

[¢]
C fb acde
(PHEMA- TX A) lll A II
a)’\ow g
O\/\OY‘;;‘ _hn f,b a,cd,e
(PHEMA-TX- A-after 7 cycles) le /lL I
14 12 10 6 4 2 0

Chemlcal shift (ppm)

Figure 5-4 fEALIEIL 7 k)5 PHEMA-TX(DMSO-ds) ) *H NMR i %]
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PHMEA-TX-A PHMEA-TX-A
(aftre 7 cycles) M, = 84,800
M, = 84,700 M /M =1.47

M /M =1.47 /

/

1000 10000 100000 1000000  1E7
Molecular weight

Figure 5-5 fEALTEH 7 I J5 PHEMA-TX ] GPC

5.4.2 AIILHER T PHEMA-TX B =F5EBEEFLEL
R BLHFT

Bk, WA IGE S 44T PHEMA-TX {1k = 5 8 106 EOLA L
SN RS E R, CATEARRETT 1 4- R F At I B 1 A =05 JE B (1) 20 UL
Lo E =75 5 A E A B R R N AR, SR PHEMA-TX K
fHE A = (4- F UL 2R 38 i O 540 B (Scheme 5-9). 78 100 mL [FJEIHE A H
TN =(4-H E IR ) (352 mg, 1.0 mmol), PHEMA-TX (0.52 mg), CH;O0H (30
mL). £ T, A 23 W BRI E SR T %04 N ST . 7£ TLC 1)
WIR, ZRMNT 8 h G4 . WUERZBRERN, REBEHT 1| mL LK
LB, 2B B iiE T PHEMA-TX, JKH B B T1% 100 mL FJERIM A
TR B N — AN BT L8R CERI P s % 2 5 — A 100
mL FJEBE B, DE 7 i A% 238 . E 100 mL [FEESR A A
=(4- P EIEE (352 mg, 1.0 mmol), CH;OH (30 mL), DMF (0.2 mL), #47 T
—AMifl . W E S ERAE 7 IR, AR T B (Figure 5-6). SEn 45 R IR
B, AR AR R AR E LRI, Ref8 = bR O S B S A s 0 R AU
ZMEACARERT DUR TG SO B R, e s e W SRS, T HLiZ gl
MR & T8, A RR, 2 — s B Sk U m] LG AL K .
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OMe OMe
Q PHEMA-TX, 23 W household lamp Q
M R=0
Meo‘@‘? CH3OH, air (1 atm), t, 8 ~ 11 h eo@ Q
OMe OMe

Scheme 5-9 PHEMA-TX 4k = (4- A8 L 5 50 e FO L EAb S B

100

99 99 99 97 9% 9% o

90

80

70
60
%’ 50
< 40
30

20

10

0

1 2 7

3 Numberf cycles ° 6

Figure 5-6 PHEMA-TX {E M fk = (4- F S B 2K 38k B S Ak e

5.4.3 AIGEHER T PHEMA-TX LT EMEREFOLEL
R LT

e, W AT IG5 S 464 F PHEMA-TX 4L 75 JE 8 BR (1) 45 S0 AL
RN R =T H, CATEAIRETL 1 i 2% B AT AR P A0 i 05 SRR R (1) A 20 4
R P 575 FE R A SO A I S R I B 264, LA PHEMA-TX KA AL
FH A8 R R 10 A B Ak S B (Scheme 5-10). X FF AR & XA 82 (152 mg, 1.0
mmol), PHEMA-TX (5.16 mg), ProNEt (330 uL, 2 mmol), F5#ER —Hf&(5 mL)
TN 25 mL 254 REPER RS R R A e 7RS0T, G LED /T =
WA X N REAT I . 7E TLC IR, e T 12h G455 %
HABRER, BAWABMRT 1| mL WLRLEET, £2BRLEFIE T
PHEMA-TX, ¥ E T1% 25 mL RKEFH A F, H T AR T—A )
Wl AT CIR SR Va2 20 75— 25 mL BEJRRKER B 4, ilE =
i ARG 26 . #F 25 mL KK A S F IR AR TIER (152 mg, 1.0
mmol), ProNEt (330 uL, 2 mmol), BEZ —H (5 mL), DMF (0.2 mL), #4T7F—
AMEATEIR . dn itk B S AR 7 X, ARG T B (Figure 5-7). S50 25 KB,
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MBS TR AR R AP0, BENS = ROk 77 B IR A ARy, AN
BE— B RN, ZAE TR AT LR DT (R RIOF E SR, TS RCH B &
BEAG, T Haz AR 26 7 158, AR, 2 — M B R SR Cn] WOGHEA AT R o
< > PHEMA-TX, Purple LED
MeO B(OH) > —< >—
’ i-ProNEt, DMC, air (1 atm) MeO on

rt, 85~12h

Scheme 5-10 PHEMA-TX i 4k, 16 H 48U il 8 A 4806 S8k S v

100

99 9% 9 95 95 o %
90
80
70
K 60
S 50
= 40
30
20
10
0

1 2 7

3Numberf cycles> 6

Figure 5-7 PHEMA-TX JEHHE A H A8 BE 2RI R A S

5.5 RE/NG

Zi PR, BUYpRER AR R 7 R = 7y T PHEMA b, 4% 7O B AR
PHEMA-TX. A | ¥t 4 B = e th 5] N PHEMA, S50 7 IR OOMERR 26, 4
i FH IR AL OB 28 BRI, COME AR B s, 1k 64%. 1 LA DMAP Al DCC 9/
HFIH B AR, SRR, R 185%. FAE—F ikl T
PHEMA-TX #8}, FEAE AT BB FC T HE R R BREE . = 75 FERE AN 55 0
PR AT G SR S S R AT P o SIS, A R A AL T 1 A R
TP, e R ks 28 FR AR Bk A ORI A 23— 2D AL RN = 1
A R = ORI U s 0] F AR R R S AL O FR AR Ry . [FIR, PHEMA-TX
A e % 3 I TR B BT I CARI, FREE AT 7 IRBA L, HLAEAL AR B B
fik. XELLERERY, PHEMA-TX % Fil&, @ FE, mTEEMAH, Hfiha
R, &M RS R
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5.6 2% 3CHR
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BANE LW
6.1 R LHHS

6.1.1 SEIRIEM

B et N5 23 W ST, BEBS OV 3-5 em ALHRYS B A 1 'TH NMR
(400 MHz)¥J72& EL CDCI 1 4 mARGIAGFIFE AVANCE 111 400 2 3E 4R A F il
SE 6
BB R AR AT 4k

6.1.2 SEISPRAVE RRAE

W —. AL Tris(4-methoxyphenyl)phosphine oxide (2aa) X HATEY)
OMe OMe

5 mol% cat. 0
23 W household lamp
o o2 = QL
CH3OH, air, 40 min, 100% 0O
Ph
OMe OMe
1aa 2aa

P = (@-FHEZER) (70.5 mg, 0.2 mmol), 4-ZKFEA% 4% B (3 mg, 0.01 mmol),
(30 mLYIK UM i 45 #ERE T (9 100 mL ) Schlenk Jirf, =R, EEX
o RRBIET 23 W R AT N EATOEI, A TLC RIS, 40 min J5
PLASH o Y7280, 28 TR, AR ENT (RS 28R ZFE = 10:1-EA) 7> & 4lifl.
23| [E A7 5 2aa (74 mg, 100%).

"H NMR (400 MHz, CDCl3) § 7.56 (dd, J = 11.6, 8.8 Hz, 6 H), 6.95 (dd, J = 8.8,
2.0 Hz, 6 H), 3.83 (s, 9 H).

THEHHIR IR PR —RTERE A .

1) Tris(naphthalen-1-yl)phosphine oxide (2an)
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CO 5 mol% cat. Q o
23 W household lamp
() (Crdem, = QLT
O CH30H:CH,Cl, = 5:1 O o
O O e O O -

1an 2an

2an (80 mg, 93%): 'H NMR (400 MHz, CD,Cl,) & 8.90 (d, J = 8.8 Hz, 3 H),
8.08 (d, J=8.4 Hz, 3 H), 7.99 (d, /= 8.0 Hz, 3 H), 7.60-7.42 (m, 6 H), 7.35-7.18 (m,
6 H).

2) Diphenyl(pyridin-2-yl)phosphine oxide (2aq)

Q 5 mol% cat. Q O
23 W household lam
@P d @P=O cat. = O O
=N @ CH3OH, air, 2 h, 91% —N @ o
Ph

1aq 2aq

2aq (51 mg, 91%): 'H NMR (400 MHz, CDCl3) § 8.78 (d, J = 4.8 Hz, 1 H),
8.37-8.25 (m, 1 H), 7.95-7.76 (m, 5 H), 7.54-7.27 (m, 7 H).
3) Cyclohexyldiphenylphosphine oxide (4aa)

5 mol% cat. o
23 W household lamp
s O
@ CH,OH, air, 80 min, 99% @ .
Ph
4aa

3aa

4aa (56 mg, 99%): 'H NMR (400 MHz, CDCl3) § 7.82-7.55 (m, 4 H), 7.50-7.44
(m, 6 H), 2.29-2.19 (m, 1 H), 1.82-1.69 (m, 5 H), 1.61-1.51 (m, 2 H), 1.35-1.22 (m, 3
H).
4) Dicyclohexyl(phenyl)phosphine oxide (4ab)

%:::> 5 mol% cat. §::2> Q
23 W household lamp
P=0 R=0 cat. =
@ CH3OH, air,1 h, 98% @ o

3ab 4ab
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4ab (57 mg, 98%): 'H NMR (400 MHz, CDCls) § 7.67 (t, J = 8.4 Hz, 2 H),
7.54-7.45 (m, 3 H), 2.17-1.98 (m, 4 H), 1.84-1.58 (m, 8 H), 1.33-1.10 (m, 10 H).
5) Tricyclohexylphosphine oxide (4ac)

5 mol% cat. O
23 W household lamp
CH30H, air, 1 h, 98%
(@)
Ph
4ac

3ac

2at (58 mg, 98%): 'H NMR (400 MHz, CDCl3) 8 2.03-1.68 (m, 18 H), 1.55-1.22

(m, 15 H).

6.1.3 =it

=]
mmmmm Mmoo ~ O wn =1
RRERIESIT o 8
NMNNNMNG 668 o <@
N RS
( | |
[ | |
| |
| |
| |
OMe
OMe
2aa
.
JJL_\__ L A . - ) -
N T N
(=] ~ o
] ] S
w n L=
T T T T T T T T T T T T
55 45 4.0 35 3.0 25 2.0 15 1.0 05 00

5.0
11 (ppm)

K 6-1 2aa [t] 'H NMR
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4ac

K 6-6 4ac ] 'TH NMR

6.2 F=FELIWH
6.2.1 SZIEE

B B BB H BT F B DGR 9K FE N 8-10 em 19K 6 A% (1 m strip x 2,
Greethink 5050, 12 V/m).

B ) "TH NMR (400 MHz)#1 "F NMR(376 MHz)¥J& LA CDCl /E ARt
FITE AVANCE 111 400 A% H 34 54 e 1.

5kl 1ab, 1ac, 1ad, lae, laf SZH =& k.

HIFELI T

FEB =BRGP LRSS E LED CROG—HE) KT8t
JEHEAT ). PAR RS LED CROGTARED AT HDGIRIE 2.
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1.0] iE=EMEAEE R=0.2%,6=0.5%,B=99.3%,

380 460 5¢IIO 6%0 '?(IJ-O ?'Jéo
6-7 L0 LED (ROE M) T GURIE 2k

6.2.2 SEIOHRAE RRAL

S B—. Bk 4-fluorophenol (3aa) X FEATEY)

purple LED

E B(OH 1mol% 1af
OH):2 — 5 NEt2equiv) F OH
DMC, rt, air (1 atm)
2aa 8.5 h, 96% 3aa

B A EZ (70 mg, 0.5 mmol), 1af (1 mg, 0.005 mmol), ProNEt (165 uL, 1
mmol), DMC(5 mL){K KNI A i FE 0+ ) 100 mL [#) Schlenk JiEH, Z i %4 T,
HEFRA, ¥RMNETHE LED AT P LR, (4 TLC A, 8.5h &
RIS T IR 25N, ZETIE R, AR MR 2R B =8:1-5:1)7 B 4lifk.
53 [E 4477 F 3aa (54 mg, 96%). 'H NMR (400 MHz, CDCl3) § 6.96-6.88 (m, 2 H),
6.80-6.73 (m, 2 H), 5.18 (brs, 1 H).

THYHRIZE PR —RTERE B .

1) 4-Methoxyphenol (3ab)

purple LED

MeO B(OH 1mol%tal 1o OH
© (OH):2 5 NEt @ equiv) . V©

DMC, rt, air (1 atm)
2ab 4 h, 95% 3ab
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3ab (59 mg, 95%): 'H NMR (400 MHz, CDCl;) § 6.81-6.72 (m, 4 H), 5.44 (brs,
1 H), 3.76 (s, 3 H).
2) 3-Methoxyphenol (3ac)

MeO MeO

purple LED
B(OH 1 mol% 1af N oH
(OH), i-ProNEt (2 equiv.)

DMC, rt, air (1 atm)
2ac 4 h, 94% 3ac

3ac (58 mg, 94%): '"H NMR (400 MHz, CDCls) & 7.11 (t, J = 8.2 Hz, 1 H),
6.53-6.36 (m, 3 H), 3.74 (s, 3 H).
3) 2-Methoxyphenol (3ad)

OMe OMe

purple LED
1mol% 1af
B(OH), i-Pr,NEt (2 equiv.) OH

DMC, rt, air (1 atm)
2ad 4.5h, 92% 3ad

3ad (57 mg, 92%): 'H NMR (400 MHz, CDCls) § 6.97-6.82 (m, 4 H), 5.65 (brs,
1 H), 3.88 (s, 3 H).
4) p-Cresol (3ae)

purple LED

1 mol% 1af OH
B(OH). i-Pr,NEt (2 equiv.)
DMC, rt, air (1 atm)
2ae 5.5 h, 94% 3ae

3ae (51 mg, 94%): 'H NMR (400 MHz, CDCls) 6 7.02 (d, J = 8.4 Hz, 2 H), 6.73
(d, J=8.4 Hz, 2 H), 2.26 (s, 3 H).

5) m-Cresol (3af)
purple LED
1 mol% 1af OH
B(OH) 7 pr NEt (2 equiv.)

DMC, rt, air (1 atm)
2af 5.5h,91% 3af

3af (49 mg, 91%): 'H NMR (400 MHz, CDCls) & 7.11 (t, J = 7.6 Hz, 1 H), 6.74
(d, J=17.6 Hz, 1 H), 6.68-6.60 (m, 2 H), 5.49 (brs, 1 H), 2.29 (s, 3 H).
6) o-Cresol (3ag)
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purple LED
1 mol% 1af OH
B(OH), i-Pr,NEt (2 equiv.)

DMC, rt, air (1 atm)
2ag 6 h, 93% 3ag

3ag (50 mg, 93%): '"H NMR (400 MHz, CDCls) § 7.15-7.04 (m, 2 H), 6.85 (t, J
=7.4Hz,1H),6.77 (d,J=8.0 Hz, 1 H), 4.79 (brs, 1 H), 2.25 (s, 3 H).
7) 4-Ethylphenol (3ah)

purple LED

B(OH 1 mol% 1af OH
(OH), i-Pr,NEt (2 equiv.)

DMC, rt, air (1 atm)
2ah 5h, 93% 3ah

3ah (57 mg, 93%): 'H NMR (400 MHz, CDCls) § 7.05 (d, J= 8.4 Hz, 2 H), 6.75
(d,J=8.4Hz,2H),2.57(q,J=7.6 Hz, 2 H), 1.19 (t, /= 7.6 Hz, 3 H).
8) [1,1'-Biphenyl]-4-ol (3ai)

purple LED

O~Orsom 25 )
2 " iPro,NEt (2 equiv.)

DMC, rt, air (1 atm)
2ai 4 h, 95% 3ai

3ai (81 mg, 95%): "H NMR (400 MHz, CDCl3) 6 7.53 (d, J = 7.6 Hz, 2 H), 7.47
(d,J=8.8 Hz, 2 H), 7.41 (t,/J=7.6 Hz, 2 H), 7.30 (t,/J=7.4 Hz, 1 H), 6.90 (d, /= 8.4
Hz, 2 H), 5.00 (brs, 1 H).

9) Phenol (3aj)
purple LED
1 mol% 1af
B(OH >
Q (OR)2 —5rNEt 2 equiv) @OH
DMC, rt, air (1 atm)
2aj 4 h, 94% 3aj

3aj(44 mg, 94%): '"H NMR (400 MHz, CDCl3) 6 7.28-7.19 (m, 2 H), 6.93 (t, J =
7.2 Hz, 1 H), 6.83 (d, J= 7.6 Hz, 2 H), 4.99 (brs, 1 H).
10) 4-Chlorophenol (3ak)

purple LED

1 mol% 1af
Cl B(OH
<:> (OH) IPr,NEt 2 equiv.) C < > OH
DMC, rt, air (1 atm)
2ak 7 h, 95% 3ak

3ak (61 mg, 95%): '"H NMR (400 MHz, CDCl3) 6 7.18 (d, J = 8.8 Hz, 2 H), 6.76
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(d, J=8.8 Hz, 2 H), 5.68 (brs, 1 H).
11) 4-Bromophenol (3al)

purple LED

1 mol% 1af
B B(OH
' <:> (OHl2 — 5 NEt 2 equivy) Br@OH
DMC, rt, air (1 atm)
2al 6.5 h, 96% 3al

3al (83 mg, 96%): 'H NMR (400 MHz, CDCl3) ¢ 7.31 (d, J = 8.8 Hz, 2 H), 6.71
(d, /J=8.8 Hz, 2 H), 5.83 (brs, 1 H).
12) 4-Iodophenol (3am)

purple LED

| B(OH) 1 mol% 1af - H
<:> 2 [Pr,NEt (2 equiv.) o
DMC, rt, air (1 atm)
2am 4 h, 96% 3am

3am (106 mg, 96%): 'H NMR (400 MHz, CDCl3) § 7.49 (d, J = 8.8 Hz, 2 H),
6.61 (d, J=8.8 Hz, 2 H), 5.60 (brs, 1 H).
13) 4-(Trifluoromethyl)phenol (3an)

purple LED

1 mol% 1af
FsC B(OH
3 @ OM)2 — b NEt 2 equiv) F3C@OH

DMC, rt, air (1 atm)
2an 4 h, 98% 3an

3an(79 mg, 98%): 'H NMR (400 MHz, CDCls) 6 7.51 (d, J = 8.8 Hz, 2 H), 6.90
(d, J=8.8 Hz, 2 H), 5.46 (brs, 1 H).
14) 3-(Trifluoromethyl)phenol (3a0)
F3G purple LED F\C
1 mol% 1af
B(OH). i-Pr,NEt (2 equiv.) @OH
DMC, rt, air (1 atm)
2ao 5h, 93%

3ao
3a0(75 mg, 93%): 'H NMR (400 MHz, CDCls) & 7.35 (t, J = 7.8 Hz, 1 H), 7.20
(d,/J=7.8Hz, 1 H), 7.08 (s, 1 H), 7.01 (dd, J = 8.4, 2.2 Hz, 1 H), 5.40 (brs, 1 H).
15) 2-(Trifluoromethyl)phenol (3ap)

CF3 CF;

purple LED
1mol% 1af OH
B(OH), i-Pr,NEt (2 equiv.)

DMC, rt, air (1 atm)
2ap 5h,91% 3ap
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3ap(74 mg, 91%): 'H NMR (400 MHz, CDCl3) & 7.52 (d, J = 8.0 Hz, 1 H),
7.46-7.37 (m, 1 H), 7.01 (t, J=7.6 Hz, 1 H), 6.95 (d, /= 8.2 Hz, 1 H), 5.59 (brs, 1 H).
16) 4-Hydroxybenzaldehyde (3aq)

purple LED

1 mol% 1af N
OHC BOH):2 7 prNEt 2 equivy CHC OH

DMC, rt, air (1 atm)
2aq 4 h, 92% 3aq

3aq(56 mg, 92%): ' H NMR (400 MHz, CDCl3) § 9.84 (s, 1 H), 7.83 (d, J = 8.8
Hz, 2 H), 7.51 (brs, 1 H), 7.01 (d, J= 8.8 Hz, 2 H).
17) 1-(4-Hydroxyphenyl)ethan-1-one (3ar)

purple LED

Me(0)C B(OH 1mol%elal _ \eo)c OH
e(©) (OH)2 75 NEt 2 equiv.y . Me(©)

DMC, rt, air (1 atm)
2ar 4 h, 97% 3ar

3ar(66 mg, 97%): '"H NMR (400 MHz, CDCl3) 6 8.04 (brs, 1 H), 7.92 (d, J= 8.8
Hz, 2 H), 6.96 (d, /= 8.8 Hz, 2 H), 2.59 (s, 3 H).
18) Methyl 4-hydroxybenzoate (3as)

purple LED

1mol% 1af MeOOC OH
MeOOC B(OH), i-ProNEt (2 equiv.) ©

DMC, rt, air (1 atm)
2as 5.5h,97% 3as

3as (74 mg, 97%): '"H NMR (400 MHz, CDCl3) § 7.95 (d, J = 8.8 Hz, 2 H), 6.89
(d, J=8.8 Hz, 2 H), 6.48 (brs, 1 H), 3.90 (s, 3 H).
19) 4-Hydroxybenzonitrile (3at)

purple LED

NG B(OH 1 mol% 1af N H
(OH) i-ProNEt (2 equiv.) C o
DMC, rt, air (1 atm)
2at 4h, 96% 3at

3at (57 mg, 96%): 'H NMR (400 MHz, CDCl3) § 7.55 (d, J = 8.4 Hz, 2 H), 6.94
(d, /J=8.4 Hz, 2 H).
20) 4-Nitrophenol (3au)
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purple LED

ON B(OH 1 mol% 1af
2 (OH), i-Pr,NEt (2 equiv.) OaN OH
DMC, rt, air (1 atm)
2au 4.5 h, 95% 3au

3au (66 mg, 95%): 'H NMR (400 MHz, CDCl3) 6 8.17 (d, J= 8.8 Hz, 2 H), 6.93
(d,/J=8.8 Hz, 2 H).
21) Naphthalen-2-ol (3av)

purple LED

B(OH), 1 mol% 1af OH
i-Pr,NEt (2 equiv.)

DMC, rt, air (1 atm)
2av 4 h, 96% 3av

3av (69 mg, 96%): 'H NMR (400 MHz, CDCls) 6 7.76 (t, J = 8.0 Hz, 2 H), 7.67
(d,J=8.4Hz, 1 H), 742 (t, J=8.0 Hz, 1 H), 7.32 (t, J= 8.0 Hz, 1 H), 7.16-7.05 (m,
2H),5.13 (s, 1 H).

22) Naphthalen-1-ol (3aw)
B(OH), OH
purple LED
1mol% 1af
i-ProNEt (2 equiv.)
DMC, rt, air (1 atm)
2aw 4h,91% 3aw

3aw (66 mg, 91%): 'H NMR (400 MHz, CDCl3) 0 8.20-8.14 (m, 1 H), 7.83-7.76
(m, 1 H), 7.51-7.40 (m, 3 H), 7.29 (t, J= 7.8 Hz, 1 H), 6.79 (d, J= 7.2 Hz, 1 H), 5.49
(s, 1 H).
23) Cyclohexanol (5aa)
purple LED
BOH): 1 mol% 1af oH
i-ProNEt (2 equiv.)
DMC, rt, air (1 atm)
4aa 4 h, 64% 5aa

Saa (32 mg, 64%): '"H NMR (400 MHz, CDCl3) 6 3.65-3.56 (m, 1 H), 1.90-1.83
(m, 3 H), 1.76-1.71 (m, 2 H), 1.58-1.50 (m, 1 H), 1.32-1.12 (m, 5 H).
24) 3-Phenylpropanal (5ab)

purple LED

= B(OH)2 1 mol% 1af \O
i-ProNEt (2 equiv.)
DMC, rt, air (1 atm)

4ab 6 h, 58% 5ab
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5ab (39 mg, 58%): 'H NMR (400 MHz, CDCl3) § 9.79 (s, 1 H), 7.32-7.24 (m, 2
H), 7.23-7.15 (m, 3 H), 2.94 (t, /= 7.6 Hz, 2 H), 2.76 (t, J=7.4 Hz, 2 H).
25) Phenol (3aj)

o) purple LED
éJ§< 1 mol% 1af OH
"0 i-ProNEt (2 equiv.)
DMC, rt, air (1 atm)
4h,91%

4ac 3aj

3aj (43 mg, 91%): '"H NMR (400 MHz, CDCls) 6 7.28-7.20 (m, 2 H), 6.93 (t, J =
7.4 Hz, 1 H), 6.83 (d, J= 7.6 Hz, 2 H), 4.94 (brs, 1 H).
26) Benzyl alcohol (5ad)

purple LED
@ 1 mol% 1af OH
i-ProNEt (2 equiv.)
DMC, rt, air (1 atm)
9 h, 96% 5ad

5ad (52 mg, 96%): '"H NMR (400 MHz, CDCI3) 6 7.29-7.16 (m, 5 H), 4.43 (d, J
=5.5Hz, 2 H), 3.83 (t, J= 5.0 Hz, 1 H).
BB, 8% 3aj FIRE RN

purple LED

@B(OH) 0.1 mol% 1af @OH
2 iPr,NEt (2 equiv.)

DMC, rt, air (1 atm)
9h, 87%

2aj 3aj

P ZRWAEZ(1.501 g, 12.3 mmol), 1af (3 mg, 0.1 mol%), ProNEt (4.1 mL, 24.6
mmol), DMC(IOO mL) KN BERERE T TR0 250 mL 1 = I Beiffh, =iisk
R, ERKS, BRNETEE LED 4T N7, /] TLC &l s 8, 9
h G RVAER . PR Z818, 22T, HIEMAE 20 mL IR OER, REH 1

N SEALZERL (20 mL x 3), AN 1M EERIHT PH £ 1-2, IIA LR EE%E
B (20 mL x 3). &IFAVUHE, FHTKBRREE T8, BRZEWH, H45 6 (EA/PE)
SrESaift. 152 B4 5 3aj(1.012 g, 87%).
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