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A, JF B RE R 52 AR H U, 773 62%~86%, ee {H.
15 90%~99%. % N ALEEALEE AL IG5, BRI
BNy AR IR DG SR AL [ AL I EA (B 13).
B AR S AT ER . 75 1T WO IRUR R, Bk fEft
7 Ir(ppy)2(dtb-bpy)* #%Z 1 MGTF IR B S
“Tr(ppy)»(dtb-bpy)*, EMIFAE TAME, 5 =K
TN BT i B pR 266 rh i) 44 2 TR) A2 B L 7 2R A G
J5, W3R 1 AT, EREES Ir(ppy),-
(dtb-bpy). LM S E H P MENLFIC RS EA
BRI R, 25 F = 5 R F e (CRSTD 2 R 1)
BT, K1 AT EAMRMKT Ir(ppy):
(dtb-bpy)*; T = F ML KL (CED AR 2] 1 AN HLF B 1k
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TR el = IR TR A IR = 5 A S T

v
26 W household light
photocatalyst (0.5 mmol) 0

0 organocatalyst (20 mol%)
J\ + CFal -
2,6-lutidine, DMF, 20 °C

T
A
2

o]
79% yield )l\/@k 73% yield
H R 99% ee H T 90% ee
CF; CFy
o] o OMe
)L/\H,OBH 72% yield 61% yield
H™ Y 95% ee H >~ 93% ee

CFs CFy

o}
CO.Et 86% yield 75% yield
HJ\;_/\H; 27 97%ee HJ\E/\Ph 97% ee
CF3 CFy
0] 0O Me .
. 68% yield
JII\/\TTNPhth ?8% yleld Jj\/L =20:1 dr
Y W, 98% ee H g Ph 99% ee
CF3 CFy
X = CH,
0 X 70% yield O Me )
0, H 62% yield
HJ\/Q 99% ee HJ\/\ph >20:1 dr
éF X = NBoc éF 99% ee
3 70% yield 3
98% ee

B 12 ] BOBK S = R

=0 R CCRy). LN TR IR A
BLAN 531~ P A A 700 00K e e 10 RS 40 B 7 T8 e Y A
PIF MM e, TR0 T R 3 1A BE AR A8 A 0
iz Re [HIBE 3 AT 10 = 360 HY 6 H FH JE (- CFs) HURE MM fi
Si MHEY, 153 =50 HEBALIT H A A, %
TF) Ak 3 S8 A 25 10 4k 7 Tr(ppy)a(dtb-bpy)* 4
th, R 1A F IR I &1 Ak, ERZ IE 25
F (AR RE— 20 o i 5 AR A HLAS A T PR AR K
A e R 45 281) e 0 e 326 PP 1 oo, — 9 Y BG4 1) B 4%
FEH).

2012 4, Zakarian 25 PHR0E T A 4L T, =R
e [ FE RGBS 10 SO, SEEL T Tk N- s
J5€ A B 56 o T AN KRR = 560 A (B 14). VE5 =
MRS ALEL R 5%, =% H S B (CRs # —
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‘/ e

f) )

organocata-‘yﬂc

cycle
Hﬁg,f\\
t- Bu"L_f
HJ\rCFg

R

Me,
N
t- BUAN "Me

3

m‘%
O
bl

Ir(ppy)z(dtb-bpy)

. +
ot Ir(PpY)o(ctb-bpy)

oxidant
photoredox catalytic
cycle
CFl
SET
M,
household
. light
anfF Ir(ppy).(dtb-bpy)

F/; ;\F photoredox catalyst

B 13 XUREALAEER SN ATLEE: SRS A IE A WL N9
figtt

WETREALANE ), 38) 1 DT, BT A
HL(-CFy), mtTEfI AL, RE TR T, El=
Prermt. WEY) N-B R Bl 5, {E Lewis 1R
WAL ES (ZeCl) S 2 AFRIERCAL T, AR AE
il = 25 (BN FO A TR SR OS5 T T8 18 1 5 v
[A) A, A0 = 5 T 6 ) el R A T R s e 1 B 770 1) 5

Wi I e AR SEAR e — PR ONE ] B A = U R B
Herp ) 4, FCICHR AP TS 3 1 = #T AL

FTea Ak, 5o 19 3] N- 1k L0 ke i 55 36 o7 (1 ANt
PR =G TR LA 0 77 4. % s o A P B 1) = PP ik
WL e (CRDAE S = 3 F R U8, A5 R R, B RE
ZVER, FRE 48%~T9%, AEXTHLIEFEYE 6.4:1~98:2.
T Tk B A 92 BT R I o IR R 6 B = G R R AL
SN

2011 4E, Buchwald 2E>*Hjeis 7 — BUR A i 475428,
FEMEAL I [MeCN4CulPFq F125 L = 41 HT 3 Ak 18 77
(Togni IRF)AFAE N 1K) = M M A7 19— 960 FF 64 S 1
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o o ZrCl, (1.05 equiv.)

0
Et;N, CFl
O)LNJ\/ [Ph3P]3R3uCI2 (?’3 mol%) OJJ\NILK/

-

‘>—S CH,Cl,, 45°C, 16 h o \)—s CFy

PH PH

ZrCly (supported CF3l
Et;N by NMR) Ru'L,

)—s CFs .)—s CFy
T1% yield 79% yield

9.4:1dr 98:2 dr
kA 1A
OJLN < 0" N” 7Y
.-u)—s CF, )—S CFs
PH 63% yield PH  48% yield
9:1dr 91 dr
Q@ 9 o o :
Ph W
OJLNJK:/\/O OJLN .
" CFS Wy (-:Fa
75% yield 49% yield
PR 9:1dr Ph 6.4:1dr

Bl 14 TR S AR R = 960 T R4

(B 15). I PR A e T B0 52 56 56 UF A ATk 1 El i 1) A7
1, KILLL 56%11) 7= 249 2 7 A FE LR B IR 74,
NSNS R R & S WS v AN S & WEEE SRS R 1 o 2 D A
ST 75 AT RE DU I XURE 25 R4 1 J 1 e A% 1) R AR N Bl
PHATAE A AT T LU NS5, DL N R iR —
LR IR TLCH RIS, 10% I A% 1l ™ %453 2]
5-exo-trig R =G0 HFLAGI 79 LA S 9% A% b
HAFE| 5-exo-trig T BRI O SRR AR ke 1) =
ST B IR 7= 4. X LB S B 45 AN R IR W s Y. A
KB I 240 SR 1 5 7% i R g AR AT R R
e, AR REAE = T R BAL T B T B A B, TR

F2C—I—0

0 5
(Togniisd i)
N2 [MeCN,CUIPF (10~20 mol%) " MCFB
MeOH, 0°C~rt., 24 h

54%~80% yield
94:6 E/Z (average)

HLERB 5 F,C—1—0
(]

Ph Ph

A [MeCN,CulPFg (15 mol%) A

“u s  MeOH, 0°C~rt, 24 h

N CF3
56%, E/Z = 5:1
F:C—lI—0
(o]

EtO,C CO,Et  EtO,C CO,Et

EtO,C CO,Et [MeCN,CulPFg
))(\L (15 mol%)

—_—l- +
o N MeOH 0°%C~t o oF oFs

48h 3
63% conversion 10% (*°F NMR) 9% ("9F NMR)

&l 15 Buchwald 540 Cu@fEAX 13 = 5 ek

BEUH BT 24 N AL — HUHF B4 0 7= (B 16). {H A&
FEIX BT PIAN o) 8 — 2 PELVH B 1 DX el iz £ 1) 15
B TR A7 = PP A0 P 7= ) T A 2 O 2 = o PR i
YT, & R[Cul" YR BE bR — M LR R M, 1M i
TAREIRE 25 S, e A TR . PR
BUBRAIF T34 15 B2k — 20 R S0 e .

X F P R RS T A S, SR
=4 3R 77 (Yagupolskii-Umemoto ik 7), [Al#EH
SEHL T R S A 8 R0 AN LB — R AR (B 17).
TAER W T A LRI R T &) U
e = b R A LB, T BT R B = HUF R O
FHIEALE, 761X AN PEGI 41,

[FI4E, BATPOURIE TS T — M~ o
IR (Togni AN S 51, — B K 3 4
$ N IR a4 I LA B I 8 1 — 96 B A S
BT T = BT AR % O A A R

R‘\/:'"\/CF:*
R\/‘j"&\ RN or —_— RWCF:}
[Cu]”
"CFs R ACFs

B 16 W RER ML
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M 1 AT (CuCl) A AT, N AR AN, FRE
VN 52 PR 4 (P 18). T8 7E PR UE SN 4 AN S5 55 e
R SR A S R E R SRR IR 2,2,6,6-D0
FEURE Z A (TEMPO), SV LT 58 g4, 2
BETE GC-MS WM& RS 4. il ""F NMR 447
1 GC-MS 7341, LA 79% 1% M= %43 %] T TEMPO-

CF; nndy, el 2eid 7 =90 &L Bt RE gl .

I SR 45 24 5 () TEMPO. 55 HL =96 TP AR U] DL

O

CF, OTf
CuTc (20 mol%)

2,4 B-trimethylpyridine (2.0 equiv.
RM ylpy! ( q L R/\\\"/\CF3
DMA, 40°C

32%-~78% yield
B 17 XIEARIE ) CuDEAG R it — 5 A

FiC—1—0

o]

S~

RTNF  MeOH, 70~90°C
10 min~1 h

n
RMCFa
CFs
n

44%~97% yield

CuCl (10~20 mol%)
_—

n

§Fs
FysC—1—0 —_
3 cuycl FiC—1  OCu(lll)Cl
© pathc o o
R
Cu(lCl =
J’ SET :_I‘/\

FiC—I*  OCu(llCl I OCu(lliCl

S5 65 |-

Cu(ll)CICF, .
Cu(l)CICF;
RWCF:, -] seT | patha
pathc
Cu(l)CICF;
-

patha, c
B 18 TSI SEHIE Y CuD) M IR B = 5 T Ak
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R A, £EFEER 70 C /Y 10 min, [AJAERA
A4% ) Kl 7= #4551 TEMPO-CF;y. it B &A% 7 4 mf
DL Jt = A A1) 23 PR = 0 PR S A 5] 7 A = R 3
H . WRNVILG WSS, A R fE ik R &
B, ISR =5 B AGRR (Togni 3R A1), o7
RIAS B — A AR AR W 4t EE T aX— 4

SR AE 1% N I B8 4 3R 2195 T 25 11 bl &%
Kk, ATREMI NV ALEEA 3 Bl i&42—, Togni i
ML T &, HA BRI AT, Bk ST 4
(CuClyi& J&, 93] i 1 36 e 4k, HE— 204y
filf 7= A =R R B Rl 2 QAR R UL B (D
Tl 1) 0 A R DS A 0 08 S I, L AR A A 10 T 3
ENEEE N DSEAERE e Iy e A G NEEE ol i 2y
B &Y (path b). &4, —H T A b
TARSEE 1 DETFER H PN, Fitd
AT A, 8 S T R N S Al SR A
TEF, G0 P IR HL T 3688 T8 i % 1) = 3 S AR
TR TN 3 E S T Ak, BRE 1R B R A&
(path a). &%=, Togni WA B HK &AL 1k,
£33 =M = SR R DI A = )
VER R RA SR d R U W 5, BB S Ak B0 T 36 1
B R R AR, 32 = R RS OB I S A X e A
A=)

2012 4F, Buchwald 2P HE— 0408 gk 4k
', Togni X712 55 [ 3 — JoUNIN MR 0 &5 1) — J6C FF 3%
N, AT =9 TG R (B 19). A=
&, L Z BE e E R HE = SO0 R A A5 ),
#orr LA E, H UL A RS 2 E R — U
TR ). A HERR T 9 JE A0 4 ), i
4 B G A 5 SR A P S H = g R R )
ANB N, BRAERKILS =532 A8 R
ok PR AL (DT 38 5 B A 2 e AR A s R 2 ). A
Wk — D HLE A R S 50 R B, A B O iR
Sn(OTH), ] LASE I iZ 1k, (HIEA/E# A th AN BEHE

F36——0
o)

FeCl, (10 mol%)
—
MeCN, rt, 24 h

RPN BFaK RTX-CFs

34%~79% yield
67:33%~95:5 E/Z
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BR E R LEE, B o = AR ) A Sk
(FeCI)VERIF, i J5 A48 = 366 1 3%, SR &2k
KBS 2410 S 1 3 A 1 Eh R A3 380 1 e 66 v ) 4,
RJG 5 KAEB-BF:K 14 bR A3 25 2 E Y1) — 50 5647
KEr=).

2011 4F, MacMillan 252858 T 47 AL R 3Tk
FEEAE R T MR E 05 FICARER L NI
Z AT e S B e — R A O (] 20). AERAh
&Wﬂﬂ@?.ﬁTmﬁ%ﬁ%?,&f%&%%%
# Ru(phen);™ #5321 6T B K% 2 Ru(phen);*,
YA TR IRAS, 5 =R R F(CFS0,Cl 2
o) K AR AR AR IR, 2R 25 AN LTI AL 7 (R AL 2
Ru(phen);**; =3 I HALIRFI(CFSO,CHT 3] 1 ANH
A A e S T A TR N Sl 7 K= S 1
(SO FIE B T (CI), 192] =4 3 [ HEE(-CF,), &
Je 6 75 IR REAT A RN, T RO O 4 B B AR
M)A %P AR E AL A B =M 4T Ru(phen)s™ BT 48
AT BN O IR E BT, R LT3 2 B A=),
AL AR = %T Ru(phen)s I 2k 2 1 ML, 54

y
L_)* CF,S0,Cl (1~4 equiv.) ¢ 1(:,:3
©/ photocatalyst (1~2 mol%) X @,CF3
:]’ KH,PO,, MeCN, 23°C B~ 5 CF3
k 26 W light source C/
70%~92% yield
-S0,
-cI FiC-S-Cl
g Ru(phen);*
reductant household
CF3SHOLCI Pars
SET
A
F F
Ru(phen);®* Ru(phen);%*
oxidant photocatalyst

CF,
a

SET
CF3 * CF; /T—H_
R "y RO:H

Bl 20 PRI TSR R D7 C-H BN H i =
ST IEAL

FA AL 77 Ru(phen)s™.

A5 — 4L, 7F 1994 4F Kamigata 252 £ iE
TR TR E T 5 R I = T AR B R AR A
[F) B N 25 A1 R BE Wy, PERHR,  IEE Mgt &5 T 7T 2% B 1) 4 96
FeRAL S N1 21).

R{j+<mmﬂ

R =H, Me, OMe

B 21 EPHEALADT A C-H B L — AT AR

RuCl3z(PPhs); (1 mol%)
pentane, 120°C, 24 h

CF;
- £

36%~71% yield

3 B4ifREY

A SO =90 3 [ 3 e AR R R A ], R
R SR e R S T U N 4y Dk 32K
E%F$¥ﬁ$ﬁ5$ﬁMﬁ&ﬁﬁﬁm%ﬁu&
PLFARN R FA. A5 Wi i = U e (CRsD R 3 24 7=
~ﬁ$%§$%WEMﬂﬁgﬁ%\mﬂi%ﬁﬁ
A, AR AR S R (). R e R
B, (et AET AR, HO IR EEA A LE.
e o A 7 AR R R O, R
aob 5 (1 AR A 7R 2 e ) R R, AR AR 5 T
HARAR . 28 i = A (A Togni K57,
Umemoto iRk )4 24+ +CFs, il & & H i1 IR B
Lewis M2 75 4039 5 020 B itk 5% vl = 950 FH A0 37 T
A3 35 A = 96 P R 46 A 700 10 X0 Ay £ BT
RIS B AR, HidiEeEIC R =
S P A 7 A = P R, T DL S A L
PRI, I I JRU R A, Ho= A = R A
FH 2 (R 2003 B N 77 AR LA v, 5 H = gt T
AR AR TV < S T B 4 A % 2 I B IR OB {HL R
H, = P AL R 57 (B Togni &7, Umemoto 511
R & o, =5 S AR AR 1) R R RN T AR XA

QU R R OC . LIk, ARkl i AR g
()57 IR — 5 RT3 B R 2, SO e 1 Al A e L 9
SO TR TS TR L. (R ARAE A )
PEE BRI, DI B E A ) . B n, =T
FH 2 28 110 e Bt B8 T2 I Y 46 52 16 P A 27 SR TR O
W BRI Tz N, A L e H R E
HIX, RN
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Trifluoromethylation recations through trifluoromethyl radical

WANG Xi, ZHANG Yan, WANG JianBo~

Key Laboratory of Bioorganic Chemistry and Molecular Engineering of Ministry of Education; Beijing National Laboratory for
Molecular Sciences (BNLMS); College of Chemistry and Molecular Engineering, Peking University, Beijing 100871, China
*Corresponding author (email: Wangjb@pku.edu.cn)

Abstract: Organic molecules that contain trifluoromethyl group have found wide applications in diverse areas such as
functional materials, agrochemicals, pharmaceuticals and so on. Consequently, the development of novel methods of
trifluoromethylation has become a hot topic in recent years. In this context, carbon-carbon bond formation through
trifluoromethyl radical is an important strategy. In this review, the recent development of carbon-carbon bond formation
through trifluoromethyl radical has been discussed according to the different approach toward trifluoromethyl radicals.

Keywords: trifluoromethyl, radicals, carbon-carbon bond formation, organic synthesis

1427



—

& ¥R/ Zyx 35

& A ARG B ) SCIENTIA SINICA Chimica E R BRI 4 )
$£42%F F10H 2012F 10 AHER

st st sfe sk sk sk sk sk s sfeske sk sk st sk st skestesiok sk st stttk i sk sk stttk kol skostoskokolok skoskoskoskokok sk sk sk skostokok kol skotokokokokoskokoskostokokolkokoskoskostokokok sk skotokokolok siotoskokokokokok skoskokokokosiok skokokokolokoskok skokokokokoskok skolokokoiok sk

A R

AT A 2010 A&, PXRALE CPEASE BHE: LEY TEH KPEMFE: LFEY TRYELSE
#H: SCIENTIA SINICA Chimica); 3 XJMRF) %W Science in China Series B: Chemistry % £ SCIENCE

CHINA Chemistty.
% Xk ISSN 5 d ISSN 1006-9240 % £ % ISSN 1674-7224;CN 5 & CN 11-1788/N % £ % CN 11-5838/06.
3% iR ISSN 5y ISSN 1006-9291 % # 24 ISSN 1674-7291;CN 5 dy CN 11-1789/N % £ A CN 11-5839/06.

H3 9.

b bt IEtRERFEHRILE 16 5 HBBIZRAD . 100717

22 o (010) 64016732 (4m%EER) HE{E4E: chemistry @scichina.org (4545 &F)
(010) 64019709 (& 178k sales@scichina.org (& f7&F)
(010) 64008316 (/" &h) ads@scichina.org (I~ 4-&R)

£ H. (010) 64016350

FRILFRA, REVFH, TR

F B e BMo% Kk Ho kR (hERZY & & #

w B F B2 Rk EDRIZEIT JERPRIENRIH R )
(FEMZ) REZRS BRITA EFRHETRH
JER(100717) R EHMARALE 16 5 1T I &b EEEHER

S BERER (PEMZE) REHEITH

ISSN 1674-7224 .., [ 4 BM40B

1SN 1674-7224 . B Ot BMAOB FEIEN: 128.00 7 AESEM: 1536.00 76
CN 11-5838/06 [¥] P4 1 % 80-202 v | =

Tl

IS VRANE: 5URTR) 75 0429 %5



chem.scichina.com www.springer.com/scp ) (HIHRIED Al

52 lIX hix D 25 il 1 &6 2%
53 lIx 0] £5 7z ] hix i 25

hHEBLE: b B ESCIENCE L‘HTITJA

SCIENCE CHINA
Chemistry  Monthly

(EL 3 |

H20105F#E , FXhRFIBH (FERIFBIE:
wE) TEH (FERE: HF) INAIZSZEFR
79: SCIENTIA SINICA Chimica) ; HMhRFJEH
Science in China Series B: Chemistry & & A
SCIENCE CHINA Chemistry,

ER: pENER
Edp: hEMER HEXKARPREESRR2




	fm.pdf
	中文封二-编委会名单.pdf
	2012年中国科学中文版10期目次样式-1.pdf
	2012年中国科学中文版10期目次样式-2.pdf
	12zb1379.pdf
	12zb1381.pdf
	12zb1399.pdf
	12zb1417.pdf
	12zb1428.pdf
	12zb1438.pdf
	12zb1452.pdf
	1452.pdf
	1452fl.pdf

	12zb1461.pdf
	12zb1469.pdf
	12zb1479.pdf
	12zb1487.pdf
	12zb1488.pdf
	12zb1489.pdf
	12zb1490.pdf
	12zb1491.pdf
	12zb1493.pdf
	12zb1494.pdf
	12zb1495.pdf
	12zb1496.pdf
	12zb1497.pdf
	12zb1499.pdf
	中文封三-版权页.pdf
	fd.pdf



