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Development of Novel C-O and C-C Bond-forming Photochemical Reactions

Lei CUI, Akichika ITOH

Abstract: Recently, environmentally friendly chemical teologies, classified under ‘green chemistry,” hawerb the focus of
increased attention. It is imperative for us to sidar environmental concerns. Among others, enetmply for reactions is a
significant factor in practical applications. Ligistan important factor in many reactions; therefar can be described as a type of
reagent. Because this clean reagent leaves bebindsidue and has neither shape nor weight, inigmgportant component in
examinations of environmentally benign processeshik paper, we report our recent work using l@ht reagent in reactions. As a
result, we have developed a series of reactionemiby light.
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) BRIV A XS MG OBEERPHEE LTHER
ERTVWEY =2 F Pk RerXrtx v R
(gem-dihydroperoxide: gem-DHP)? £ 5% & K 5l & il 1% 0
BH %

i)y 7 VAT AMEE MO IALFBUGIZ 1T 2 B

2. Dx3FMPE FARLIFL FOFREREDRTE
2. 1. BRREKRIZKDDIIFILSE FarLLtxy
F oo fE {E At X & R

T =7 IV = EERIME~ T ) TS AR KR
Thbd, IZOIEEEMNIT Y RV AF Y RiETH D
EEZDLNTERY | Flchka RER~LVA > MEEEZ A
TGO~ 7 U TERDHER SN TWD, 20 XD
R E O, BRIV A XY MEAMOEELRPEIETH
% gemDHP MUFEEH ZEDTHY | ZOHERMIEIZ OV
TEL ORFB R IN TN D, IgemDHP 17 h 07 L
TERETVE R~ d % b L THERT D OO0 K1
THDHIN, TNETICHE SN TV AERIEDITE A EN
R EE DR RE AL B TR B IR 7L & Ofil
BRNETHD WO BESREFA LTS, 22T, &Y
i iz HiE L. £ 9mmbkFE 2 M5 gemDHP
D RS B A BE LTz,

— R EER LK R & DERKIT, W DR IEF TR
NI ERHONTND Y Z I TETWEMF 21T 72
(Table 2.1), FHAEFE & L T 4-tert-butylcyclohexanone16)
Z 0.3 mmolHvy, 7 /L= SRR R & L (3 mL) 12
35% ALK FE K EIN % | SIS TR L, A L2,
AH =), Yrana XL TEEREL (entries 1 and
2, VZFAT—T )b, ML TIEHREOIETHP
@ gemDHP 23§ H 7= (entries 3 and 4) & 512, FifE=
F, tert-TFLAF L —T) T = IV, AV
TasX ) — )L TIL R/ IEET gemDHP #4535 Z &3 T
X 7= (entries 5 - 8) FME L IEBE D P TIXFRIC
1,2-dimethoxyethane (DMB}fx b I ETEMNW % 5. % %
TN hoT(entry 9) —RRICHRMEESELIT B VIR AR
LTHY., £/, WHEOBMEE S R E S MUSITEL TW
B R OUKEREAHEN B O IRBEE L B < gem-DHP
BEHZTNWDZENGnd, ST entry 9705 11I13EME
{LAKRFEDOYEIZ DOV TRFT LR 2R T8, IS & 30
PTEITSED72DI1T1T 5 BEDOBRILKELPLETH
5T ENGyInol,

U EofEboOFERE L LI bR F 21T 7=
(Table2.2), —#xHIRANERYT b 2 WEICHWZEE1T,
TR T 5 gemDHP 2455 Z L A3 T& 7= (entries 1
- 4), 2-Methylcyclohexanonel€) TIIILKEEDZH,
FREDIRL 257 (entry 5) £7-. FDMMDBRKA” F o
BLXOEHOIENESY b B0 TH RIS A L — X
EITL, WIN OB REREGZ DR ol

(entries 6 - 1Q) IRIZT LT b R, HHEES F OV TH
FEToIE A, HEHET AT B RTIERAFRIET
gemDHP #4532 Z LN T&E =2, IBIFET VT & RTIX
gemDHP Tid/e< b Fuf it Rr ULt % RAERK
TBHZENynoTo (enties 11, 12) £72, FEES b
D—2>THBTE M7=/ (Am) IZJEMEDE < *HS
9% gemDHP I3 KIETE - 7= (entry 13)

Table 2.1 Study of reaction conditions

oy
Bu

1a (0.3 mmol) 2a
entry solvent

MeOH
CH,Cly
Et,0

35% H,0,
solvent, rt, 20 h

5
5
5
toluene 5
AcOEt 5
‘BuOMe 5 82
MeCN 5
'ProH 5
DME 5
10 DME 4
11 DME 3

3 TH NMR yields.

OCONOOAWN=

Table 2.2 Syntheses of gem-dihydroperoxides

substrate 35% H,0, (5 equiv) ) )
(0.3 mmol) DVE. 1t gem-dihydroperoxide
entry substrate time (h) product yield®
1 1aR=4Bu 20 2a 99
2 O 1bR=H 10 OOH b 73
3 R—(:/r fcR=4Me 10 R_()LOOH 9
4 1dR=3-Me 15 2d 89
5 1e R=2-Me 15 2e 65

HOO
OOH
2f 81
OOH
OOH
29 57

8 1h 20 @LOOH 2h 84
HOO_ OOH

9 1i 5 ><(~)/ 2 80
7
HOO_ OOH

%5 78

- ROl

5
&
o

=

o
b§<

3
OOH
OOH 2k 85

MeO

=
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Q
) 2
(@]
I
o
=
o

ey
O
o]
o
I

12 )kﬁ/ r 5 ><H/ 2 789
H 0 H 10
°) HOO_ OOH
13 1m 5 2m 13D

.

a) |solated yields. ® "H NMR yields.

Table 2.1 |23 7 K 5 12 ARBUS MBI R TR G RE
DE DME BB W TIFFICREWINEEZ R LTS Z
LR, RSHEA RO L O ICHERI LT\, ETEEET
& 5 DME &R bR FBBKERET 5 2 LI L0 UGS
BED NS, EEL Szl bk, EEDO B LR
SVRFBEHEL, B P ULty R Q)& AT
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%, 3IIBKERT, _AARTHAR=T LA T (4)
W20 Y 9 = T OmBILKEDKLETHZ LICX
D, HBW® gemDHP ~ZEH I b D ELEZHND

(Scheme2.1),
.
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Scheme 2.1

2. 2. BRBIUEICEDBPIESFLPEFORLFXLER
DERL

— 7 TR LK R BN T FBEAITiLd 2 23 & DIES
MR E~DOBEEOENMEIRE LTl b, 22
T, BRI L L CEEbAEZ Vv gemDHP DB A
AR A R 2 B AR L, R R b RS 0 A % st
HZ kT,

FIFEIC 4-tert-butylcyclohexanone 10) # FAA R & L.
Fi%x ORI 21T > 7255 % Table 231277 L7z, Entry 112
AT X9, JERELTE00 WXtk T 7 @k
LC i-PrOH, JEEAIE LCIZ7 v b oy 2 WD &
BIf72 3T gemDHP %2 5- 2. Z E BN oyhodz, Fi-,
entry 3IZ R LET LT, WHEAICT S FTF v
(Anthraquinone: AQN¥ VN5 & JLAE AT 2 Ol
W TH A L—RIZIEDETT D2 RAHE L, &
BRIV TIT -PrOH 28 b LTl v | it LT
% % 0 1Y EMAWTZERRCR DR X IS ETT
L7z (entry 3) Entries 10 - 122/:9° X 9 (2, fRBEASIFAE L
VS LE R LR WIEE R ORI EIE LR WSS,
Table 2.3 Study of reaction conditions

fluorecent lamp, O, OOH

0 catalyst (equiv)
OOH
‘Bu 'Bu

1a (0.3 mmol) 2a

solvent, rt, 20 h

entry solvent catalyst (equiv) yield (%)
1 'ProH anthracene (0.02) 90b)
2 iProH AQN (0.1) 70
3 iProH AQN (0.1) 100
4 ACOEt AQN (0.1) 0
5 MeOH AQN (0.1) trace
6 'ProH AQN (0.2) 76
7 iProH AQN (0.05) 84
8 iProH AQN (0.1) 0
9 iProH AQN (0.1) 09
10 'ProH none 0
11 'ProH 9,10-cyanoanthracene (0.1) 0
12 'ProH methylene blue (0.1) 0

314 NMR analysis. ? Irradiated by 500 W Xe lamp.
©) This reaction was carried out in the dark.
9) The reaction was carried out under Ar.

FOSHAEL T LR T2 2 8, 2RO OERNMLE
EBEZBND,

Lo b g% DT ARRIEO— LI oW TR
L7 (Table2.4), — 727 b A RBEIZHWIZSGE
3. KT 5 gemDHP % BAFRIEE T2 2 L3 T&E 2
(entries 1-1Q) 75 & R¥EIZFv /v T o7 EAVWES
Bk & FERIC, RIS T2 BRIT < B SR s T
RILER & 72572 (entries 11 and 12)F 72, 7B 7=/ v
@Am) IOV TS EER 2 72 BERICHIER L TR 21T
ST, PWERITEE S NL2D o T (entry 13)

Table 2.4 Syntheses of gem-dihydroperoxides

fluorecent lamp, O,
substrate AQN (0.1 equiv)

(0.3 mmol) gem-dihydroperoxide

j-PrOH (5 mL)
entry substrate time (h) product yield®
1 1aR=4-tBu 20 2a 90
2 O 1bR=H 20 POH 2 8
3 R—(:/r 1cR=4-Me 10 R_OLOOH 2c 97
4 1dR=3-Me 15 2d 76
5 1eR=2-Me 20 2e 58

0 HOO
OCH
6 11 48 2 72
0 OOH
OOH
7 19 24 2g 81
o) OOCH
8 g 1h 12 @LOOH 2h 77
°] HOO_ OOH
9 )kﬁ/ 1n 15 ><H/ n 90
7 7
Q HOO_ OOH
10 W 1j 10 W 2] 73
3 3 3 3

OOH
CHO

1k 15 O0H 2k 250

Q

MeO
MeO

$s

HO_ OOH

1 )‘\H/ 10 5 ><H/ 20 409
H 0 H 10
°) HOO_ OOH
13 1m 72 2m 18"

S

3 Isolated yields. ® "H NMR yields.

WA BSOS HERE & fif B3 2 72 O ICRFH 21T o 72,
eFERERT, A YT a)— EmL) T TRy
(0.006 mmol) H»HMET > 7% /> (0.03 mmol) %
Z.ENENF | T T ERITAOEOET I S AR
R LTz, ZO®RISREWIZA Y 7 s —/L (10 mL),
HEEE (1 mL), fafn= o bl U 2K (3 mL) & EGRIN
Z CSOMINEGETT L%, 0.1 MFAHileT U w7 Ak
WRIZE D3 — KA N —l{EEITo Tz, FO/RER, ¥k
2T TG 10 RSN L 723551 4.62 mmol @
FAHET N T ARKLETH Y LHOEINET S 20
HEANER RS L 7= 8550%. 6.57 mmoldF A fifeT kU v
LBMBETH -7, Scheme22 1779 K 91T, AEEICE
WTC— T ORI L AKF IR L, 25 FOF A hiEET ~ Y
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T LANMETH S, Eo T OMEHE R, @i kkFEDH
HWVWEE Rt % Y RRZRHFTRAELTWDLZ L%
ARLTWD,

217+ H0, + H — I + 2HO0

I, + 28,0, —= 21 + S,08

Scheme 2.2

EHC, HAERLETHS 1a (0.3 mmol) A Y sl
—VICEEME L RS AR A EOT o N T D N
E7 RN TX ) CEMZ ENENXE ) VT T E T
W OHEIT > S FMEBERET L 7= %%, 'H NMR #4247 - 7=
LA FHICHANBRIEDO T P UBNRPUISEEL T
DT NG oT,

ZZTa—FA M) —DOfER L BRI X UL

‘%f%é*k%%%L,$&W@fﬁ~fA%&@i

I\ x 7= (Scheme 2.3), BAFRIRFHS ., Ml & ot K
%'JfET\ WeZIBBEHTHZ LT, A YT a8 — T
JIDHE AV IR L 0 AKEE B & i, ROYT P v
i (5) #52%,513b 5 101D L7 YA X
D, T bhr~EEREIND, — T, KFEFEHEE 2T

STOHEAITmEL N T vy L, TUNNLE (B)F 5 R,

FIBELKEZAERT O DO EEZLND, RHPTHRE
L7 bR BN EE DO AN R = /b EMEUE L, B R
oXxvk Re~ L4 Fv K7 %K T, gemDHP # 5.2 %
HOHER LTV D,

hv, O
2 o

OH . OH T
1) )\ photosensitizer [photosensitizer-H] . /I\ photosensitizer /u\

5
Joz
[ photosensitizer-H ]

HOO ————— > H,0,
6

OH OOH

Hz0,
OOH OOH

7
Scheme 2.3

O H,0,
2) —

3.7»15x#=zhu—tiﬁ<ﬁﬁﬁmwﬁ%
RIS DTEMEALIE, k% 72K 03 8 5 08,
FTH, ARETHIRRT2 L DI, {eﬁiiﬂﬁ%k%b\%@m
—2 &R D, 7VAT A (fluorous) &I 7 VA w1 —
RtV ) BROGET, 74T ZMbEH L3~
N d =R EBREER T 226G ERT, TORIZE
W, TVA T AL, BER OWIRE N & < BRI L
BOSIZHE LT E IR C& %, 9 LL, 2 b ORH
ERIH LI EF NI EZEOMBR Y EETHY 7L
A F ZALE W O HALF B~ D B IX B 22 i D JA 5y
BThdEXOLND,

HETNFT AWM D TN T RIS £, < »

LR EN TS, LLERL, TNETOI AL T A
& JEANEOIFE A, REIC e P U E R Y
LT H70Rx TV U TRIGTHoT, 8 L0 FEE
PENIE < BREAMKEE /DS NEOHBEREEN D,

3. 1. AIRAESTFREBRZAVIHBRAF LSV Y
bRt DERSE
—RIZT 7 BRI EBIEE AT Dk ke
WIRS RONDEEREETH D, 2O, MfE T
WDHDT7 7 M BREOHENEETHY . ZNETIC
e REOSHBR S NCE T, D ZOH T, A% Y HAR
VEEEFEE T AR Y T b OEREE LT, 2009
2 K. Ishiharabid, 2 ¥ 7 v w7 B4 E(m-chloroper
oxybenzoic acidm-CPBA)% BEE{L.Al & 35 2 & THE &
D= FRB U EAWDBEA X T 7 b ARG
ERELTCND, 9
T 2T B TS O T R SR R RO IS
DLW EINZ 72O E ROGIRETT L7 Do 728
(Scheme 3.1, (1)), ¥ & LCHEAK U 7vA4 v lilg
(TFAA) Nz b &, L&D T 7 by Q)b
ERFEIC, = /=T 7 by (10Q)DERNPFED T
(Scheme 3.1, (2)).

o o fluorescent lamp, O,
AQN-2-Cl (0.1 equiv) _
Ph OH————————— > no reaction (1
3 cyclohexane, 1 h

8a (0.3 mmol)

fluorescent lamp, O,

o e} AQN-2-Cl (0.1 equiv)
)I\M)L TFAA (3 equw
Ph 3 OH = dihexane, 1h cyclihexane, 1h

8a (0.3 mmol) 10a
32 / 29%

Scheme 3.1

T/ —=NVT 7 bUbBIENAF YT 7 N UALKIEDH
FEHE L L THIHTER, 200 ORISNEY &L Eoem
T — ADHEHRLEIN R ME R L T L BRI E
Lb\%@ EIEFE AR, VET, FOEHMEL TN &

. FRAREAMKEA S 0 AORENLEEND, Z
_T/\IEI BB XA, BT 2 D O AR IR T R
Z1ToT,

EPFMHERE L L T4V A EERE (8a)% 0.3mmol
M. 34 ED TRAA AFE T, ILHOEEAT 72 b DAL
RS L, flix OBRBIZOWTHRMNZ{TR -7z, FORER
% Table 3.1I1Z7°7, ARG TIX, HAYD 9allStiz, 10a
b8 b NMRAHTIZE VARSI TWD Z &35
7eo Bifg—IF v, TR h=RFUA, T RIERRTT UK
Q7 AL, RIECTHRO 9a % 5-27- (entries 1 - 4)
VA== W1V VN /\%47“/ v a~F%H% . HFE-7200 K&
O FC-77 # WA, BRGRINEEGD Z LN TEZ
(entries 5 - Q)%ODEPT U’Fff entry 10lZ7~9 & 9 12 FC-72
EHWESAITRD BWIETHMO 9a 21525 2 &3 H



IR 2 LA 240 2 ol 64, 37-45 (2015) 41

Setz, FTo, EREESMCIINERME o 72 (entry 11)

Table 3.1 Study of solvent

o O fluorescent lamp, O,
)‘\(\/)J\ TFAA (: 3equw)
Ph s OH onentGmL) 150 solvent (5 mL), 15 h

23a (0.3 mmol)

ents solvent yield (%)H)

v 24a 2%5a
1 AcOEt 17 24
2 CH;CN 32 17
3 THF trace 38
4 acetone 1 trace
5 CHCl3 53 trace
6 hexane 43 10
7 cyclohexane 47 16
LR HFE-7200 39 1
99 FC-77 40 0

109 FC-72 71 0

11 neat 19 35

@ TH NMR yields.
E

vHFE-7200. | R S RF afFc72. g R FRF .
F o~ AKX AL
doF FOOF £OF

F F

F

arc77. g RO FRFRF
F and
PSR
F

F Fe FFF

FELF

WIT, W OREHE R % Table 3.2 1C7 T, FEH MM
B LZF TR TRFAA 2 WO LIS EIT L (entries
land2) E£72, entry 2IZ5-F £ 91T, 2 &E0D TFAA & H
WA BME T L2 2 £ h . TRAA (34072< &% 3
WMENETHD 2 EMNnoT=, TFAA ZIIKSfiE L T
bLd MY 7 A afiE (TFA) 2 W6 T 6 KIS
HEAT L7220y o 72 (entry 3)

Table 3.2 Study of additives

o o fluorescent lamp, O,

additive (3 equiv)
Ph 3 OH———— —>

FC-72 (5 mL), time
23a (0.3 mmol)

A L

ents time (h) yield (%)

v 24a 25a
1 1 trace 89
2 10 50 24
3 15 71 0
4 20 69 trace
5b) 15 21 31
69 15 9 59
79 15 0 0
8e 15 0 65
91 15 45 0

109 15 41 0

2 TH NMR yields. ® This reaction was carried out under Air . © This reaction
was carried out under Ar. ¢ This reaction was carried out without TFAA .
©) This reaction was carried out in the dark. " This reaction was irradiated by
500 W Xe lamp. 9 This reaction was irradiated by 400 W Hg lamp.

UEBon-&bed Lo, £FEAX Y IR e
WTARBE D —EALIZ DWW THiET 21T o 72 (Table 3.3), &
FREREFROE TR EELFTHHOIT L I K OITE
THIET D7 FT 7 b~ EfET- (entries1-5) L
ML, A NSV EZET LG CIIEMREEYE 5 .
BNETLLT VT 7 b aBbl RN TERNPST
(entry 6) F7o, MAKMITIRAG > TWDLEBER S 7F
NEEHET DO T, TFAA DY EZHIC LSRR %2
72 RMICIER T2 Z & ¢, ST 57 b7 7 b BT
RINE TR D Z L3k (entries 7 -9) ikt L, fiE

WiEHERT 8T 7 N AT KORR P LETH Y K
INRIZEE -7 (entry 10) E7-REBERZ 77 F U R
ABBRYT NI 7 No&{GDHZ EIXTE ) o7 (entries 11
and 12)

Table 3.3 Syntheses of ketolactones

fluorecent lamp, O,

TFAA (3 equiv.

substrate Fo72. 1 product
8 (0.3 mmol) -72, time 9
entry product time yield (%)@
o

O,
4 o 20 66
E 9d

o
o,
5 o 15 70
o 249
o
o,
6 o 15 16
of
MeO
o
o,
7 o 72 58
99
o,
g® o 72 58
oh
o
o,
9 o 72 53
9
o
o o,
10 Me)\Efo . 15 13
9j
o
o
119 72 0
0 9%
o
12V W 7 o

) |solated yields. 5) This reaction was carried out with 6.0 equiv of TFAA.
©) This reaction was irradiated by 400 W UV lamp.

KEIED AT = A LEMRRT D201, = /) — VT 7 K
v 10a ZHE L U THWE A RRit &2 T2 o7, 7.
TRAA ZINZT-AICRNEEIM U2 & 26, TRFAA 3K
IR EARE L CWA Z Lo 72 (entries land 2) 72,

AR DIFAE LI WA ROV IR L WA BV 7
NANRUEBEMEE A EERS NPT Z 86 AKX
MR KL OB METHD B2 LD,
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Table 3.4 Study of the reaction mechanism

o o
| fluorescent lamp, O, Ph O,
P o N0 aldditi;les € iqu:\é)h O pn o OH
10a (0.3 mmo  SCvent G.mL), % 8a
. yield (%)
entry solvent additive
9a 8a 10a
1 FC-72 TFAA 60 0 trace
2 FC-72 - 28 9 38
30 FC-72 TFAA 0 1 77
49 FC-72 TFAA trace 28 55

2 1H NMR yields. ® This reaction was carried out under Ar.
© This reaction was carried out in the dark.

F, ﬁyﬁzvzﬁ«\“‘/yﬂv—ﬁbéﬁwt“/é’rwwi)
MAT=HE. =/ =T 7 hoRnEELTELNZZ &0
5. 10a »» 6 9a #AEMRT DKL T VA NMINTHEIT LT
WD EHERITE D,

Wi, =/ =T 7 hr10ad7 a7 4 THEDE
RAEZFHE L, RIS Z BT L7 (Figure 3.1), & Ofk
#.10aiXHOMO £ Y LUMO iz —& 1 it 5% & &, C1C2
Mo " EEAMENSHE Y, CIC3M O —EHREAMEN T2
ENRGNoT,

Figure 3.1 HOMO and LUMO of 25a calculated by HF

/6-31Gd). HOMO: —8.51 e¢V; LUMO: 2.88 eV.

OH —_— —D
o)
(8 N o
¢ YO TFA
E— 9a
00- (6]
12 13
Scheme 3.2

PLEOBRFEREZHE X2 & AKIRICBNTAX VB
VR VEE8alZ TFAAIC L V= ) —)LT 7 h o Qa~& 4L
SNnb, /=77 brr10aldizk v Lizob
I BENFINL BT P HARIEER T N T2 b
9a #EMTHLDOEEZLND (Scheme 3.2), £7-, &
BCTH D FC-72 O\ BB A MRS K O RIS %

R LTV 5
LDOFERITARTZIC
EThD,

bDOEBEROND, 2B, ARIGDA =X
RSN T LT, SR ERDMED L

3. 2. BEAEZEAVSAERRILETHERE Y JILE
A XA FIERIGICET HEAR

MU T e A FOVIETR A REEL R SITER SN
LHEBREHREO—DOTHDL, BERZLIX, 2 OEEZ
DB MNTALE W OEEMEEELBINME & o Te W BRI %
Ez., FEEEE &S, EINEEAENEE 5, 10 £
Wz, INETIZEL D Y 7 Fa A F LRGBS
SNTER, B TH, HFHER~D MY 74 m AF VD
AR ACIFE S CE 20, b 0% I3
NaF RN e REOBEBRIECE N A N LT 5 Y
BRAH TV TS Th Tz, THUTx L, ITFEEAIC
BTSN TWBA DL, HFEESOEEN Y 7vF e 25
METH D, W ZNOLDORISETOEWR I L2 EE % W
HERTREFHATHLN, Z2DL < BEEMIE, FEHER
i < R E T BRI e OSSR B L LTEY | 7
U= 7 IA M) —ORTH T2 b D LITE X2, 12

—J5C, 20114E1Z D. W. C. MacMillan % {3V 7 = o7 A il
WHFEET. N 7 U7 aT4 ReAn-EEEERET
MY 7t a 2F IR ERE Lz, ¥FE, NT
BRI TIAFOAFARLT 0 VBT NY T AEHN
Tos AXNT V=72 R 7uda AFILEREO~T B B~D
BARGEHRELTWD, 4

Lo L, BEEREME K ORZERRIESCBEEIEOH D
REOFEAR L, WETREADDH DL, 22 THEL BIK
THIZER D BTN Y 7 F e A F L RLT ¢
VEEF U T AEAWT, AZ LT Y — A R EER TR
e hY 7F e A FIACROEDBFEIZ OV THRET 21T -
Too BIZ, FVEEOT7 v RRFEEGTDHINAT ALY
DEANZONT BB LT,

FPREREELTCLIVA IR UEY (4a)%
AWV, 48 EBDO N ZAFARATFNANT ¢ VEET N T
LFET. W e LT RY 74 ol (TFA)%Z 0.06
YRz, FLHOEIEIT 2B DTG & R L, 4 Ofil
OV TR 24772 > 7= (Table 35), 7> h 7% /)~
(AQN) HH}(* 9, 107 /7 b Tk (DCA)TITR
WG DA, £ O A3 RIEA TR TH B
MEGH 212, TORELIOT U NTX ) 2-TIVR R
(AQN-2-CO2H) # W =Rl b RWVNEZ G55 Z &2
TX7- (entry 1)
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Table 3.5 Study of catalyst

Ar, hv (fluorescent lamp,
catalyst (0.05 equiv)

)

2

MeO OMe NaSOLCF TFA (0.06 equiv) MeO_ -~ -OMe
¥
aS2tFs T CH,CN @ mL), 20h | s
(4.0 equiv) 4
14a (0.15 mmol) 15a
entry catalyst yield (%) (2-CF3 + 4-CF5) @
1 AQN-2-COH 79 (25 +54)
2 2-Me-AQN 73 (22 +51)
3 AQN 73 (21+52)
4 4-tBu-AQN 71 (21+50)
5 2-CI-AQN 66 (21+45)
6 9,10-DCA 61 (21 +40)
7 anthracene 23 (7 +16)
8 acid red 94 36 (11+25)
9 thionin acetate 30 (10+20)
10 methylene blue 25 (8+17)
@ 'H NMR yield.

WIZwR & LC iax DT LV AT
WEE RO THRETE1T -7 (Table3.6),
AP R )

v NER VA AR,
ZOFER. entry 1

(2 TFA Z W BRI R b 23R K < SOSEIT

L7z, 7o, TFABEL CIIINENME T L2 &6, TFA

DERISEREL TWD Z &2

TN Tz (entry 2)

Table 3.6 Study of additives
Ar, hv (fluorescent lamp)
AQN-2-CO,H (0.05 equiv) 2
MeO. OMe NaSOLCF additive (0.06 equiv) MO~ ~OMe
.
@S2t T CH,CN 3 mL), 20h | Pps
(4.0 equiv) 4
14a (0.15 mmol) 15a
entry additive yield (%) (2-CF3 + 4-CF3) a
1 TFA 79 (25 +54)
2 - 49 (15 + 34)
3 H,SO, 70 (21+49)
4 PhCO,H 63 (21+42)
5 AcOH 60 (20 + 40)
6 AlCl3 56 (17 + 39)
7 HBr aq. 54 (18 + 36)
8 BF 3 Et,0 52 (15+37)
9 NaHCOs 46 (13 +33)
10 Ca(OH), 53 (17 +36)
@ TH NMR yield.

BB O W TRE 21T - 72 (Table3.7), 7 b=

UV, BRR=F VRO b &2

%a. BRI

NESHNT (entries1-3) 7 RV AR A S ) —)L T

IR THOILEMEG D Z LR TE Iz (entries 4

and 5) L2L, ~FH KT FTt

ELTHWD E MNY 7uda XF ki 4e < #17

ST,
Table 3.7 Study of solvents

Ar, hv (fluorescent lamp)
AQN-2-CO,H (0.05 equiv)

NA= AR 278
L727

2

MeO. OMe . NaSO.CE TFA (0.06 equiv) MeO. N OMe
3502673 T sowent 3 mL), 20 h | IR
(4.0 equiv) 4
14a (0.15 mmol) 15a
entry additive yield (%) (2-CF3 + 4-CF3) @
1 CH;CN 79 (25+54)
2 AcOEt 46 (14 +32)
3 acetone 45 (15 +30)
4 CHCly 11 4+7)
5 MeOH 9 (3+6)
6 hexane 0
7 THF 0
3 'H NMR yield.

Il ezb i, K7LV RKONT R
wa%mwf$ﬁm®*$m:0wfﬁﬁ%ﬁok

(Table 3.8),

HEEE2HETHT L—UFERIIEN S
BWIRERT F U7t nm XF L ERIRA~ L
(entries 1 -7) £z, ~7T T L—rOHAIC

j“?ﬁéh?‘:
I, B

EERN) AT B AFAANLT 4 EF B 7 LDY
BEECT I ENMNER OO, BAFRINER TRISHEST
L7- (entries 8 - 1Q) ~ U T vFa A F AL E R
B OEF MO AKE LB EZITTRBY  E
TR LD & < SLARAL ’fhb\fb\é%)ﬂ)?ﬁ)@‘fﬁ‘aé@ WS
5265, LPLRRIZOWTIIARHTSH 508,
entry 102777 1-A FL-2-2° R 2EH L L THW=S
B SLTIERLS 3L R Y vt a AF ks, S
512, 1,3,5-h U A RFIA_UP U EIREICH, RS E
HHANT 4 VBT M) U LREEZD Z LT, Faxhs
THINAT AL T OENHKTD LTz (entries 11 - 14)
Table 3.8 Syntheses of perfluoroalkyl compounds (1)

Ar, hv (fluorescent lamp)
AQN-2-CO,H (0.05 equiv)
TFA (0.06 equiv)

— e
substrate + CF3SO,Na CHaCN 3mL), 201 product
(0.15 mmol) (4.0 equiv)
entry substrate product time yield 2
2
1 MeO. OMe MeO. A OMe 30 76
| 5cFs
14a NS 15a

2-CF3:4-CF3=1:2

MeO. MeO. CF3
2 Q @ 0w

OMe 14b OMe 15b
OMe OMe

b OMe OMe

3 14c 15¢ % &
F3C

MeO. MeO. CF3

4 j@\ 14d ]@[ 154 30 73
MeO Me MeO Me

MeO. OMe MeO. OMe

5 30 89
14e CF3 15e
OMe OMe
OMe
OMe

N 40 75

6 MeO. MeO
e
T
MeO
MeO 4

4-CF3:5-CF3=6:5
MeO. CF3
:C[ 20 69
Me 149 MeO' OMe 159

\>—CF3 36 62

15h

CF3
MeO. OMe
WI)\/ 72 82
N

14i \(N 15i

MeO.

~
S
@
Q

’ g

s
By
O>_

(e}

©
=
o
/
4
ot
,Z\/Z

z—
®
=
@
=<
@
=
[

c) MeO.
9

2

P
g—<\
[ zZ
O
<
(4}

>
o
=
D

15 20 55

o]

F;C

3-CF3 was presented in trace yield. © 8 equiv of CF;SO,Na was added.

a) |solated yield. ©)
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Table 3.8 Syntheses of perfluoroalkyl compounds (2)

Ar, hv (fluorescent lamp)
AQN-2-CO,H (0.05 equiv)
TFA (0.06 equiv)

substrate - R{SO,Na T — product
i CH3CN (3 mL), 20 h

(0.15 mmol) (4.0 equiv)
entry substrate product time  yield a)
11 Me OMe Me OMe Rp.=C,Fs 15K 30 79
12 Ri=CsF7 15 60 83
13 14b R; Ri=CeF1z 15m 72 76
14 OMe OMe Ri=CgF1; 15n 50 92

a) Isolated yield.

ABIGED A T = X L E R 5 7212, Table 3.9 |~ T
Rt & T 72, S BE L2 WA RO TcH B 7 > b
TX ) UVENFEELRDEE LGB EIT Lo Tz

NG AR ROT > v TX ) URMETH D
Z W% (entries 1 and 2) S BT entry 3R LD

W T OANAIR D% —ThIANE ) XTI NE LY
BMATEAE, N vt 2T bR e EIT LR
b, KRIRIE T PINVRIETH D EHEETE 5,
Table 3.9 Study of the reaction mechanism

Ar, hv (fluorescent lamp)

AQN-2-CO,H (0.05 equiv) 2
MeO ove NaSO.CF TFA (0.06 equiv) MeO~_ - OMe
@502 T CH,CN B mL), 20 h | R
(4.0 equiv) 4

14a (0.15 mmol) 15a
entry condition yield (%) @

1 the reaction was carried out in the dark 0

2 the reaction was carried out without AQN-2-CO,H 0

3 Galvinoxyl (1.0 equiv) was added. 0
2 "H NMR yield.

PLEDOKRFEHRERE YA 7V v I RVE AN —D
MELY, RRIEDA D= A LEZRDLIITEZD
(Scheme 33), £9°, Kick-THELET FTF%
L RNUTNFaRAFIANT ¢ VERA T DT
BENRZY, TUNAM (16) ZAEKT D, TO% %
fERizE (17) BB 22T, MU AR AFLTY
A (18) BEHND, DT I ANV (18) KT L—v
(19 RO~TuT7L—rehy Y7L, BTl
EAEEICE VAT DO NARITEEICHROERE 2R - T

WD ENDMWoT=DT DR 7 F e AF LT L—
V(1) ARRICBT LRI E LTHIERH T 5 EHERIT

X5, —FT, BLHEET R IR TV HIAT =
Zr (AQN 7)) hEFEZITRAZ LIk, TUb
TX /v (AQN) ~EH S il £ 7 VAR SEREE D
botEZLND,

R CF,

SO0

2

. R 17 S0,

H /@/ A1V
N

R so2 AQN 1.3V AQN >1.5V
("
N - CFs CF380,° CF3S0,
¢ 21 18 16 06V

Scheme 3.3

4.

Pk, 9@t kFEKE R LU DME 2B HW S
iz v, A )G D gemDHP A IR R <
155 2 LT LTz, AR U 7oA BaEIEE D o %
572 35%aBER LK FE K E VIR ISl FETH B,

W, HBEHNE LT b oRyvEAVWSZ LIk,
“%ﬁ&ﬁ%ﬂmTégmﬂmP@ﬁﬁK@%f%%bko

SICHIERET v b T7x ) ARA D2 ETLAD
%%ﬂ#%@ﬁﬁ%%%f%ﬁﬁmﬁxA—XK@ﬁT
LT EaRM LT, REGGIE. RF2EORE WS IREESR
EROWTWS R, BTl B TR Z VT g
RREOBEEZA LT WAR EPAERRKIEEE D Z
ENRTE D,

Fiz, TFAAfFE T, it & LCFC-72% vy, R
PSR O SEAT 22 b O RIFESERIIC LY . A X Y L
RUBEMNETEAF YT 7 b ~IRELS BRI S Z

LTk L7,

BH%IZ. N IAFa AFLALT ¢ VEEF R U ATE
EF, Mt LCT Yy R TH% ) U2- VR RINY
ELT Y 7 ulilize A, LAOESET 235 oA
HRFHZ LD T L= RUONT BT L= ~DEEN
MU ZAFAa AFAFEANCK Lz, £, AVT 4
A2 D ETREILT7 vyRIbEN=T70 4T A X
TEBATDHZ EICHERE Uiz, ARUSIEA X7 Y —73
WFRFERLR T b U 74 1 A F ALK ST, EE 1B
DECH D, A TAEZE VT2 8 ARICHE
ERAEIEEZANTN DR EO/FEERL TN D

IS DORSITRERIEIC A, REAMDER S, 7

V= I 2N —OWlA&ICHEH - - FlsAKR FAE RS
RETHD EVWZ D,
5. HiEE

ABFFEIZEE U CHIZRE 72 2455 L HHiE L 15 0 £ L
7oy B BE R K A R L B R F SR SR - = T R R
(Bl - BRUERL R HR), & MBS SRR 2 o
BERLET,

AFFECHE L CHS 2B S N7 2 T ¢ T #0E

DBEBTFREOHFEROY A7V v ZRLE AN —D
HIE % L CIHE E Uil B EER RS 3E8 A (b A 58
E PR CERICELEI Y BHOBEEELET,

TERIMBL R ZAART FAERE L CWEEE E
U 726 BSRRL RER v & — « WS 7RI, MR T
BT, A EFRRICEHE L ET,

F AR RO 0 EHW HTEE £ L B3ERK
A R RE S TR B AL L £,
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