% *]B {t& % DOI: 10.6023/cjoc202406023

Chinese Journal of Organic Chemistry

ARTICLE

A NS B ENIER R - R =R R EMIRRIE R R M

X & i T

WE TR AR IR ) B AL 7R 24

TR ST LA ).

BEST R E
(U LR R 2252

FLMIE S 563000)

YA MPRERLA S SUS A AT 2 RN, RIS B =P R ALY
BTz R, SR, H ORI TR R =9 T A S R TR AR A IR AR Bl o- IR =R
PR KL, PA(PPhs)s NHEALTH, FERT MG T T SRBL 1 Fedk o = 9 B IR AL IR it SR 0E

AL

MR, B RGN =

KR AT AR IR ST RS, I IRIE SR R

Visible Light Mediated Palladium-Catalyzed Hydrodebromination of
Aliphatic a-Bromotrifluoromethyl Compounds

Ou, Jieging"  Qu, Peizhen®  Zhao, Liang™
(School of Pharmacy, Zunyi Medical University, Zunyi, Guizhou 563000)

Abstract Due to its unique physicochemical properties, the trifluoromethyl group has been widely used in medicinal chemis-
try and materials science. Thus, the synthesis of organic compounds bearing trifluoromethyl groups has attracted considerable
attention. However, the current methods for constructing aliphatic trifluoromethyl compounds are still very limited. In this
paper, a-bromotrifluoromethyl compounds were used as raw materials and Pd(PPhs)s was used as catalyst to achieve the
hydrodebromination of alkyl a-trifluoromethyl bromides under visible light irradiation, generating a series of structurally

diverse trifluoromethylated alkanes.
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&%) C—X #(X=Br, Cl, COOH, OH %5)ff) =% H &
MBL K e dae C—H BRI =4 FF A BRItz 4k, 1]
LI I 25 URIER A4 45 3 = g6 R B e S AL P ),

oA = R R S — R E B E E I,
A LLE TV JERE 2-1R-3,3,3- = 485 1 (BTP) Jy fd i
H A 0 I — A AT DU I BRI, R0
S5 SN R R R . BATTAC R B o IR =
0 BEAb A W TROA TR s N R 1) 2% A 77 e — 36 SRk
B — R B W] F1 k. AR, I s
XA AR, A F 48 S (NaBH,)
J R JFEAFAE R MR R =1 (110 °C) B RERIAR A %=
1) 1] JE13)(Scheme  1a). 11 5 FH S [(TMS)sSiH]#I Fh7E
AIBN 5] & F o] SEILE BB IR ER, 5 5 GE
TR R 458904 (Scheme 1a). Kb, K& & s
TG VRS — i R LB, R RS
KR E M T BRI i, FRATIHE ek B2 i
WITAEMIM R KT, R ERE o IR =5 R B &
(OFEE S FA AL N 10 B H R 0 e S B, S IR i Y
JR15 SR T A5 724 2 (Scheme 1b), AL &g 0y 1 =
SR B A PR A — o S

(a) Previous method

R\l/CFa NaBH, (6.0 equiv.) R\l/CFa
Br DMSO, 110 °C H
Ar\l/m:3 (TMS)3SiH, AIBN Ar__CF,
B PhCHa, 80 °C, 12 h h e
H
(b) This work
Pd (0
o . el
Br @D») Blue LEDs b
1 2

B 1 or AR 50 P 35 0 I R S SR
Scheme 1 Recent strategies to hydrodehalogenation of o~ bro-
motrifluoromethyl

1 &R511R

PL 1a NERJEY), PA(PPhs), AL 7L 950 16 5
FR - AR BB R (R 1), RMVAEVIE
BRI (THF) R4 DL 24 W BDERIEST 40 CRit4r, BA
K2COs (2.0 equiv.) b, Pd(PPhs)s (5 mol%) AfAk 7,
18 h, 1a RERSLL 97%M RIS AZ HES LR = R AL A
2a(F 1, Entry 1). BAMEAFIHEZR 2.5 mol%, F=%H
FT R BE, BATSRE LA 76% ) 98 i A% AL 4R 7= R 3145 H b=
W, 24Uk R 2 1 mol%lt, AV AR EE S/ H bR
FEMIIAE (FE 1, Entries 2~3). FHREMEAFIIZ 53
K, BRFAE 2.5 mol% PA(PPhs)s 1 T itk — 2 2l t
LRI, 24K R A TEAL Cs2COs~ KOAc
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K1 RPBGFARARARE LR o0
Table 1 Representative results for the optimization of reaction
conditions

@D») Blue LEDs
BocHN Pd(PPh3)s (x mol%) BocHN
Base, solvent, 40 °C, 18 h _><7‘3‘>7
Br
1a 2a
Ent l{ae) Base Solvent Yield®/%
(x mol%)
1 5.0 K2COs THF 97 (95)
2 2.5 K2CO3 THF 76
3 1.0 K2COs3 THF 7
4 2.5 Cs2C03 THF 63
5 2.5 KOAc THF 92 (84)
6 2.5 K3PO4 THF 64
7 2.5 KHCO3 THF 41
8 2.5 KOAc MeOH 15
9 2.5 KOAc DCM —
10 2.5 KOAc DMSO 19
11 2.5 KOAc 1,4-Dioxane 47
12 2.5 — THF Trace
13¢ 2.5 KOAc THF Trace
14 — KOAc THF —
154 2.5 KOAc THF 72

© 2025 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

4Reaction conditions (unless otherwise specified): 1a (0.1 mmol, 1.0 equiv.),
base (0.2 mmol, 2.0 equiv.), solvent (1.0 mL), Ar. ®°NMR yield determined by
1F NMR using fluorobenzene as internal standard and number in parentheses
is isolated yield. ¢ The reaction was performed without light. ¢ Reacted for 12
h.

K3PO, F1 KHCOs #EAT 11, Hd KOAc FHsT i 42 i
LIRS ZHE 122 92%, 43 B9 77 % 84%(3K 1, Entries 4~
7). B XA FIEAT IR E, {54 MeOH. & H 5E(DCM)
J Z R HY(DMSO) & e THF, KILH =% KiEE T
R, HEA0ETE DCM 1 LF- AR M S22 H brr= 20 i A2 (&
1, Entries 8~10). TERASRIEF 1,4- 5 3, WUH
47%0) BRRF0(F 1, Entry 11). f)5, EEIETCGE
AT RBL, AR ERE H bR, S
FEIS, AA =5 0K SR TR 18 h 46 H6 %2 12 h,
FEERE R 72%(3K 1, Entries 12~15).

I FIRFARIRIE, AT oI AR =5 2
AW 1 (1.0 equiv.)7E KOAc (2.0 equiv.) i, Pd(PPhs)s
(2.5 mol%) AL T THF V7], 4HLL 24 W EGIE
SIFRLERE 40 C, @A TN R 18 h 2 SEIUBLER =)
2 A B B I 2 A

TES R 6 R it — 205 SR IE F 7 LA R (3R 2).
TERT 2R BRI, AR B (9 s i e e AL S 0 1 R
PP B IS i e R AT e (2a~2f). = JuIARARY)
RECRFFRGE, AL RATTI(2g~2i). [FIRF, TLocIpAlH
BT BN U R R I BT 1) s 3% M (2§ ~21).
I 2 Ik R a0 a: NIbe 45 i AR I R S50, tRg
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Table 2 Study on the substrate scope

@) Blue LEDs
CF3 Pd(PPh3), (2.5 mol%) CF3
R Br KOAc (2.0 equiv.), THF (0.1 mollL) R H
40°C, 18 h

2

CF CF
BocHN/\/\/\l/ 3 BocHN/\/\l/ 3

BocHN CF; BocHN CFs3 BocHN CF;

H H
2a, 84% 2b, 86% 2¢, 90% 2d, 88% 2e, 83%
H H
M802C\/\/\|/CF3 BocHN CF3
O
H K\I!I/ CF3 F>< CFs3 CF3
F" o H
2f, 85% 29, 90% 2h, 88% 2i, 83% 2j, 85%
H
CF; CF; @\/H'\ MeO,C H
CF
Bocm BocN H CFs3 CFs ’
2k, 90% 21°, 92% 2m, 83% 2n, 93% 20, 93%

PhO H H c H
BocHN F3
CFs cF, 0O or, Y BocHNY\)\CFB
< COBn  H
H Ph o) CO2Bn

2p, 90% 2q, 86%

H [
COZMe H CF3 QYO\/\l/CFs NH
PPN | cl o) CFs
BocHN CFs Mo NN H Y
Bn O

2u®, 91% 2v, 94%

2r, 89%

2s, 95% 2t°, 93%

Cl

H

2w¢ 95% 2x°, 93%

@Reaction conditions (unless otherwise specified): 1 (0.2 mmol, 1.0 equiv.), Ar. *Isolated product. ¢ Pd(PPh;)4 (5 mol%).

TE A OB 26 R IR R A= 55 40(2m, 2n). ZF0aEH 55
R BI e 2 5 R M. (20~2r). FHI{ES — 212,
GBETRAT HEMAEAZ S LS5 A T R I H A0 53 0 S 2 e,
FEEREIE 95%, NRFERI = F B4t T3 1
BROREIE (2s~2u). BRILZ AL, 259050 T R AP G M
TRIEMTEZ R LA T RERE e th. 2884k, 7%
IR RN S BR AT A= 53 I A 94% - 95% 1 93% 11U
RARAFAH L IR =) (2v~2x).

R R TR BN, B 5T T LB SIS IR T
(Scheme 2): B, fEAZRFMA 2,2,6,6-V4 F HE IR 4
HAHI(TEMPO) (100 mol%), [ 584, 7o HArfk
HW0 2a AR R, 12ROV AT REVS I H R, B S, (6
THF-d® &, 152] 68%[1 D bridik /=4 2a-d' Fl
22%01 2a, ULHIVEF THE & H R 7k, 2T DL RS
S I T G SCHRHR BTS00 B tH AT RE A IR SEATLEE: AN
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PA(O)FE W EIE S TR, G KA BT, ol
=TT ENAW 15 754 5 BB & e A
I St A S PADILEY T, kit H
F A EUA T THE HHEJE T, AR B A=) 2. %5
THF JE 1% B HEEY R IV, 4 PA(D)P0F I %46 % THF
IEETV, [N PADBEEE A PA(0), LG,

2 i

TERT —FhHTH) a-VR AR =50 H HeAL S W0 i IR e
JEITIE, BRI S R = AR e A . %
TIESRATIRAN, A R G 7 4R = 98 P A R G B,
HAT R HE e HIFRAIE, IR =5 P AL S0
IR AL TR R, [N, ZIERAT AN A AT
Or T RTAE D B A% D L A 25 ) A 2 A5
Rt 7 YAt
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(a) Radical inhibition experiment

@)") Blue LEDs
TEMPO (100 mol%)

CF CFy |
BocHN Y e PAPPhgk (25 o) gocy NN O

' (c) Proposed plausible mechanism

X FaC
% LPd(0) N’\ —Br
Y R,

\

A}

Br KOAc, THF, 40 °C, 18 h § FC
1a 2a, not observed +(j LPd(0) R>—Br + LPd(l)
e r :
LoV ™
5 (7
@ o)
(b) D-labeled experiment \\_/ v
! F3C
@) Biue LEDs | PA()LBr Y+ Pd()LBr
CF3  Pd(PPh3)4 (2.5 mol%) CF3 | m Il
BocHN/W — BocHN/\MS/\( : \ HAT /
Br  KOAc, THF-d% 60 °C, 18 h 1 / \
1a 2a, 22% + 2a-d’, 68% FaC H_(j
H o)
R, THF
B2 MHLEET AR

Scheme 2 Reaction mechanism research

3 IEES
3.1 XFES5HF

Wi 3ERICH Agilent-400MHz DDZ #, Ll CDCly
NIEFIAI N FR; =5 PR TS XN Waters Premier GC-
TOF MS. Thermo Scientific Q Exactive HF Orbitrap-

FTMS. JEOL-AccuTOF-GCv4G-GCT MS. F RN
SIHTARG, RTFIE BT, Raifk.
3.2 ZLWAHE

fEFERT, WK T8 A )8R W
Schlenk (25 mL)HF &K XIMALAEY 1 (0.2 mmol, 1.0
equiv.), KOAc (0.4 mmol, 2.0 equiv.) % Pd(PPhs), (2.5/5.0
mol%). FJE AT THF 2.0 mL), H&/5E T 24 W
Blue LEDs fTH7HEST N, 261 EL 40 C, $id: 18 h
MR G, DR N AR, F NMR il & A r= .
IR e 4 25 bR R, R AT SR SR B, FE
JEMT o AR R 2.
3.3 EMRIEHIE

(7,7,7- =PI B H IR U T s (2a): Jo iRl
1K, 45.0 mg, =% 84%. 'H NMR (400 MHz, CDCl;) 6:
4.52 (br, 1H), 3.13~3.07 (m, 2H), 2.11~1.99 (m, 2H),
1.59~1.46 (m, 4H), 1.43 (s, 9H), 1.39~1.32 (m, 4H); 13C
NMR (101 MHz, CDCls) 6: 155.9, 129.9 (q, J=277.5 Hz),
79.1, 40.4, 33.6 (q, J=28.3 Hz), 29.8, 28.4, 28.3, 26.3,
21.8 (q, J=2.8 Hz); 9F NMR (376 MHz, CDCl;) §: —
66.46 (t, J=10.9 Hz, 3F). HRMS (ESI) caled for
CsH 50,NF3 [M+H—C4Hg]" 214.1049, found 214.1047.

(5,5,5- =5 EE) & BT Big(2b)' 7 e AR

Chin. J. Org. Chem. 2025, 45, 1334~1341
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WK, 41.5 mg, 7% 86%. 'H NMR (400 MHz, CDCls) :
4.62 (br, 1H), 3.15~3.10 (m, 2H), 2.14~2.02 (m, 2H),
1.60~1.52 (m, 4H), 1.42 (s, 9H); '*C NMR (101 MHz,
CDCls) 6: 155.9, 127.0 (q, J=277.5 Hz), 79.2, 39.9, 33.3
(q, J=28.8 Hz), 29.2, 28.3, 19.1 (g, J=2.9 Hz); '9F NMR
(376 MHz, CDCl3) §: —66.48 (t, J=11.3 Hz, 3F).

(6,6,6- =3 -2-F 2-3- ) B EF RN T BE(2e): H
E AR, 48.5 mg, P& 90%, m.p. 60~62 C. 'H NMR
(400 MHz, CDCl3) §: 4.33 (br, 1H), 3.48~3.41 (m, 1H),
2.22~2.06 (m, 2H), 1.78~1.64 (m, 2H), 1.49~1.42 (m,
1H), 1.43 (s, 9H), 0.89 (dd, J=6.8, 10.4 Hz, 6H); 13C
NMR (101 MHz, CDCls) 8: 155.9, 127.2 (q, J=277.1 Hz),
79.3, 54.8, 32.5, 31.2 (q, J=28.8 Hz), 28.3, 25.2, 19.0,
17.6; '°F NMR (376 MHz, CDCls) §: —66.54 (t, J=10.9
Hz, 3F). HRMS (ESI) calcd for CsH;s0,NF; [M—+
H—CHg]" 214.1049, found 214.1047.

(6,6,6- = 9-2,2-  F L3005 ) & R AL T T
(2d): Fa[EK, 49.9 mg, 772 88%, m.p. 82~84 C.'H
NMR (400 MHz, CDCl;) 0: 4.33 (d, J=10.8 Hz, 1H), 3.34
(t, J=11.2 Hz, 1H), 2.20~2.06 (m, 2H), 1.87~1.82 (m,
1H), 1.42 (s, 9H), 1.34~1.24 (m, 1H), 0.89 (s, 9H); '*C
NMR (101 MHz, CDCls) 8: 156.2, 127.3 (q, J=277.2 Hz),
79.3, 59.7, 34.7, 31.6 (q, J=28.7 Hz), 28.3, 26.2, 23.1 (q,
J=2.7 Hz); YF NMR (376 MHz, CDCls) §: —66.48 (t,
J=10.8 Hz, 3F). HRMS (ESI) calcd for CoH;,0,NF; [M—+
H—C,Hg]" 228.1206, found 228.1203.

(5,5,5- = -2-FR -2 [ k) 2 5 R R R T i (2e): T
EIIRBAA, 42.2 mg, 83%/“3%. 'H NMR (400 MHz,
CDCls) 0: 4.39 (br, 1H), 2.11~2.00 (m, 2H), 1.97~1.91

http://sioc-journal.cn/ 1337
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(m, 2H), 1.42 (s, 9H), 1.25 (s, 6H); 3C NMR (101 MHz,
CDCly) §: 154.0, 127.4 (q, J=277.3 Hz), 79.0, 51.3, 31.6,
29.6, 29.2 (q, J=28.9 Hz), 28.3, 27.3; 9F NMR (376
MHz, CDCly) 6: —66.29 (t, J=10.5 Hz, 3F). HRMS
(ESI) caled for C7H;30,NF; [M+H—C4Hg]" 200.0893,
found 200.0892.

7,7,7- =5 AR 218 T PIR A, 33.7 mg,
P % 85%. '"H NMR (400 MHz, CDCls) d: 3.66 (s, 3H),
2.32 (t, J=7.2 Hz, 2H), 2.12~2.00 (m, 2H), 1.68~1.52
(m, 4H), 1.42~1.35 (m, 2H); 3C NMR (101 MHz,
CDCly) d: 173.8, 127.1 (q, J=277.5 Hz), 51.5, 33.6, 33.5
(q, J=28.7 Hz), 28.1, 24.4, 21.6 (q, J=3.0 Hz); '°F NMR
(376 MHz, CDCly) §: —66.48 (t, J=10.9 Hz, 3F).

[1-(3,3,3- = L 7A 25 A P9 B 0 6 R L T 16 (2¢):
TotalRIAR, 45.6 mg, 7% 83%. 'H NMR (400 MHz,
CDCls) 6: 4.84 (br, 1H), 2.31~2.18 (m, 2H), 1.76 (t, J=
8.8 Hz, 2H), 1.42 (s, 9H), 0.80 (s, 2H), 0.66 (s, 2H); 13C
NMR (101 MHz, CDCl:) 0: 155.2, 127.1 (q, J=277.8 Hz),
79.7,31.9, 31.0 (q, J=28.7 Hz), 29.6, 28.3, 14.2; °F NMR
(376 MHz, CDCls) 0: —66.04 (t, J=11.8 Hz, 3F). HRMS
(ESI) caled for C;H; ONF; [M+H—CqHg]" 198.0736,
found 198.0735.

[2-(3,3,3- =R N 25) PR T 251 2K (2h): TG (A iH R A4,
37.7 mg, 5% 88%. '"H NMR (400 MHz, CDCl3) §: 7.25
(t, J=7.6 Hz, 2H), 7.14 (t, J=7.2 Hz, 1H), 7.04 (d, J=7.2
Hz, 2H), 2.29~2.16 (m, 2H), 1.70~1.60 (m, 3H), 1.12~
1.03 (m, 1H), 0.97~0.93 (m, 1H), 0.83~0.78 (m, 1H);
13C NMR (101 MHz, CDCl3) 6: 142.9, 128.3, 127.0 (g, J=
277.9 Hz), 125.6, 125.5, 33.6 (q, J=28.5 Hz), 26.8 (q, J=
3.0 Hz), 23.3, 22.2, 15.9; '°F NMR (376 MHz, CDCl;) ¢:
—66.24 (t, J=10.9 Hz, 3F). HRMS (EI) calcd for
C12H 3F3 214.0964, found 214.0968.

2,2- T -5-[(3,3,3- = A 2R R A B A IR [d][1,3] =
AR (20): TCEIHARIAE, 24.4 mg, 772 83%. 'H
NMR (400 MHz, CDCL3) 6: 7.01 (d, J=1.7 Hz, 1H), 6.99
(d, J=1.7 Hz, 1H), 6.98 (d, J=1.7 Hz, 1H), 1.99 (d, J=
21.7 Hz, 2H), 1.77 (d, J=16.7 Hz, 2H), 0.86~0.81 (m,
2H), 0.77~0.73 (m, 2H); 3C NMR (101 MHz, CDCl;) ¢:
143.8, 142.4, 139.8, 131.7 (t, J=256.0 Hz), 127.0 (q, J=
277.6 Hz), 124.2, 110.4, 109.2, 32.8 (q, J=2.8 Hz), 31.7
(q, J=28.6 Hz), 24.8, 13.2; '°F NMR (376 MHz, CDCl5)
5: —50.02 (s, 2F), —66.26 (t, J=10.5 Hz, 3F). HRMS
(FI) calcd for C 3H;10,Fs 294.0674, found 294.0671.

2-(3,3,3- = A 3)-2,3- A -1H-Ei(2§): Lok
Wilk, 42.8 mg, 7% 85%. '"H NMR (400 MHz, CDCls) 6:

1338 http://sioc-journal.cn/
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7.24~7.21 (m, 2H), 7.20~7.16 (m, 2H), 3.11 (dd, J=17.6,
15.2 Hz, 2H), 2.63 (dd, J=7.2, 15.6 Hz, 2H), 2.56~2.45
(m, 1H), 2.25~2.12 (m, 2H), 1.83~1.77 (m, 2H); 3C
NMR (101 MHz, CDCly) 6: 142.7, 127.2 (q, J=277.5 Hz),
126.3, 124.4, 39.0, 38.9, 32.7 (q, J=28.7 Hz), 27.6 (q, J=
2.7 Hz); "F NMR (376 MHz, CDCly) §: —66.41 (t, J=
10.2 Hz, 3F). HRMS (EI) caled for Ci,H3F3 214.0964,
found 214.0969.

4-(3,3,3- = H N 5= )IRIE-1-H AU T BRQ2K)1): TGt
WUR AR, 50.5 mg, 77F 90%. 'H NMR (400 MHz,
CDCLy) 6: 4.15~3.99 (m, 2H), 2.69~2.63 (m, 2H),
2.13~2.00 (m, 2H), 1.65~1.61 (m, 2H), 1.51~1.43 (m,
3H), 1.43 (s, 9H), 1.14~1.04 (m, 2H); *C NMR (101
MHz, CDCly) d: 154.7, 127.2 (q, J=277.2 Hz), 79.3, 43.9
(br), 37.9, 35.1, 33.1, 31.7, 28.7 (q, J=31.0 Hz), 28 .4, 28.3
(q, J=2.7 Hz); "F NMR (376 MHz, CDCl3) §: —66.51 (t,
J=10.5 Hz, 3F).

4-F Kk -4-(3,3,3- = G TN 25 ) IR IE - 1- FH R BT iR (21):
Tt RIEAR, 54.3 mg, 7= 92%. '"H NMR (400 MHz,
CDCly) d: 3.60~3.75 (m, 2H), 3.21~3.14 (m, 2H),
2.09~1.97 (m, 2H), 1.52~1.48 (m, 2H), 1.44 (s, 9H),
1.35~1.28 (m, 4H), 0.94 (s, 3H); *C NMR (101 MHz,
CDCLy) §: 154.9, 127.5 (q, J=277.3 Hz), 79.4, 39.6 (br),
36.3, 33.3, 30.5, 28.4, 28.2 (q, J=28.9 Hz), 22.6; '°F NMR
(376 MHz, CDCl3) §: —66.52 (t, J=10.5 Hz, 3F). HRMS
(ESI) caled for CioH;70,NF; [M+H—C4Hg]" 240.1206,
found 240.1203.

1-(3,3,3- = A )& NI (2m): To IR AR,
38.6 mg, “F 83%. 'H NMR (400 MHz, CDCl;) o:
2.08~1.96 (m, 5H), 1.72 (d, J=12.0 Hz, 3H), 1.62 (d,
J=12.4 Hz, 3H), 1.47 (d, J=3.2 Hz, 6H),1.33~1.29 (m,
2H); '3C NMR (101 MHz, CDCls) d: 127.9 (q, J=277.3
Hz), 41.9, 36.9, 34.5 (q, J=2.5 Hz), 27.6 (q, J=28.4 Hz);
F NMR (376 MHz, CDCl3) 6: —66.51 (t, J=10.9 Hz,
3F). HRMS (EI) caled for Ci3HioF3 232.1433, found
232.1432.

1-(3,3,3- =9 A 38 DA [2.2.2] 2 Ji-4- FH R Y BS (2m):
ToEHPIRIBAR, 49.2 mg, 7= 93%. 'H NMR (400 MHz,
CDCl) 8: 3.62 (s, 3H), 2.02~1.90 (m, 2H), 1.77 (t, J=8.0
Hz, 6H), 1.40~1.33 (m, 8H); 3C NMR (101 MHz,
CDCLy) d: 178.2, 127.5 (q, J=277.3 Hz), 51.6, 38.7, 32.4
(q, J=2.6 Hz), 29.9, 29.6, 28.7 (q, J=28.6 Hz), 28.2; '°F
NMR (376 MHz, CDCl3) 9: —66.65 (t, J=10.9 Hz, 3F).
HRMS (ESI) caled for Ci3HyO0.F; [M+H]" 265.1410,
found 265.1407.
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2-(4,4.4- =5 T F)ZE(0) 2 AR WK, 44.5
mg, 773 93%. '"H NMR (400 MHz, CDCl3) d: 7.85~7.81
(m, 3H), 7.64 (s, 1H), 7.52~7.45 (m, 2H), 7.34 (dd, J=
1.6, 8.4 Hz , 1H), 2.88 (t, J=7.6 Hz, 2H), 2.20~2.08 (m,
2H), 2.05~1.97 (m, 2H); 3C NMR (101 MHz, CDCls) §:
138.1, 133.5, 132.1, 128.5, 127.6, 126.6, 126.1, 125.8,
125.4, 127.2 (q, J=277.4 Hz), 34.7, 33.1 (q, J=28.8 Hz),
23.3 (q, J=2.8 Hz); F NMR (376 MHz, CDCl;) §: —
66.09 (t, J=10.5 Hz, 3F).

A-(RFEFE)-1-(4,4,4- =8 T F)ZEQ2p): LR
Wifk, 50.5 mg, 7*Z 90%. '"H NMR (400 MHz, CDCls) o:
7.35 (t, J=7.6 Hz, 2H), 7.17~7.10 (m, 3H), 7.00 (dd, J=
7.2, 18.0 Hz, 4H), 2.69 (t, J=8.0 Hz, 2H), 2.17~2.05 (m,
2H), 1.95~1.87 (m, 2H); 3C NMR (101 MHz, CDCl;) ¢:
157.4, 155.5, 135.6, 129.7, 129.6, 127.2 (q, J=277.4 Hz),
123.1, 119.1, 118.6, 33.9, 28.8 (q, J=33.0 Hz), 23.6 (q,
J=2.7 Hz); YF NMR (376 MHz, CDCl;) §: —66.14 (t,
J=10.9 Hz, 3F). HRMS (FI) calcd for C;¢H;sOF;
280.1070, found 280.1074.

4- TR B -1-(4,4.4- =T ) K [ Ak,
45.2 mg, % 86%, m.p. 62~64 C. '"H NMR (400 MHz,
CDCLy) d: 7.62 (d, J=7.2 Hz, 2H), 7.57 (d, J=8.4 Hz,
2H), 7.47 (t, J=7.2 Hz, 2H), 7.37 (t, J=7.2 Hz, 1H), 7.28
(d, J=7.6 Hz, 2H), 2.76 (t, J=7.6 Hz, 2H), 2.21~2.09
(m, 2H), 2.00~1.93 (m, 2H); '*C NMR (101 MHz,
CDCls) &: 140.9, 139.7, 139.2, 128.78, 128.74, 127.3,
127.1, 127.0, 127.2 (q, J=277.5 Hz), 34.2, 33.1 (q, J=
28.6 Hz), 23.5 (q, J=2.9 Hz); “F NMR (376 MHz,
CDCl) 8: —66.09 (t, J=10.9 Hz, 3F).

5-(4,4,4- =5 T 3R IE[d][1,3] S A3 M (2r):
T ARAR, 41.1 mg, =% 89%. 'H NMR (400 MHz,
CDCLy) ¢: 6.75 (d, J=8.0 Hz ,1H), 6.67 (d, J=1.6 Hz ,
1H), 6.62 (dd, J=1.6, 6.4 Hz, 1H), 5.94 (s, 2H), 2.62 (t,
J=17.6 Hz, 2H), 2.12~2.01 (m, 2H), 1.89~1.81 (m, 2H);
13C NMR (101 MHz, CDCly) 8: 147.7, 145.9, 134.4, 127.2
(q, J=277.5 Hz), 121.2, 108.7, 108.2, 100.8, 34.3, 32.9 (q,
J=28.7 Hz), 23.7 (q, J=2.8 Hz); '°F NMR (376 MHz,
CDCls) 8: —66.19 (t, J=10.5 Hz, 3F). HRMS (FI) calcd
for C11H10,F; 232.0706, found 232.0705.

7,7,7- = 5-2-[OBUT S 5: ) U Ak B R 2L 1 (2s):
Tt RIAR, 73.9 m, %% 95%. 'H NMR (400 MHz,
CDCls) 6: 7.39~7.32 (m, 5H), 5.22 (d, J=12.0 Hz,1H),
5.14~5.08 (m, 2H), 4.38~4.33 (m, 1H), 2.06~1.92 (m,
2H), 1.87~1.79 (m, 1H), 1.69~1.59 (m, 1H), 1.57~1.47
(m, 2H), 1.43 (s, 9H), 1.38~1.25 (m, 2H); '3C NMR (101

Chin. J. Org. Chem. 2025, 45, 1334~1341

© 2025 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

MHz, CDCly) 0: 177.4, 155.3, 135.3, 128.6, 128.5, 128.3,
126.9 (q, J=278.9 Hz), 79.9, 67.0, 53.1, 33.4 (q, J=28.7
Hz), 32.3, 28.2, 24.3, 21.4 (q, J=3.1 Hz); "F NMR (376
MHz, CDCl) 6: —66.41 (t, J=11.3 Hz, 3F). HRMS
(ESI) caled for CisH19O4NF; [M+H—C4Hg]" 334.1261,
found 334.1256.

6,6,6- = F-2-[(BU T S Fk Ik ) 2 B ] IR B R (20):
ToEHARAE, 68.3 mg, =2 91%. 'H NMR (400 MHz,
CDCly) §: 7.38~7.32 (m, 5H), 5.21 (d, J=12.4 Hz, 1H),
5.14~5.12 (m, 2H), 4.40~4.34 (m, 1H), 2.15~2.06 (m,
2H), 1.98~1.84 (m, 1H), 1.74~1.49 (m, 3H), 1.44 (s,
9H); 3C NMR (101 MHz, CDCl3) d: 172.1, 155.3, 135.1,
128.6, 128.5, 128.3, 126.8 (q, J=277.6 Hz), 80.0, 67.1,
52.9, 33.1 (q, J=28.9 Hz), 31.6, 28.2, 17.8; '°F NMR (376
MHz, CDCl) 6: —66.35 (t, J=10.9 Hz, 3F). HRMS
(ESI) caled for C14H704NF; [M+H—C4Hs]" 320.1104,
found 320.1197.

7,7,7- =5 -2-[(BUT Ak S ) S R ] PR R R L 1R (2u):
Tt RAR, 58.3 mg, 7= 93%. 'H NMR (400 MHz,
CDCL) o: 5.08 (br, 1H), 4.30~4.25 (m, 1H), 3.70 (s, 3H),
2.09~1.97 (m, 2H), 1.84~1.75 (m, 1H), 1.65~1.58 (m,
1H), 1.57~1.45 (m, 2H), 1.45~1.38 (m, 1H), 1.40 (s,
9H); '*C NMR (101 MHz, CDCls) 6: 173.1, 155.3, 126.9
(q, J=277.6 Hz), 79.8, 53.0, 52.2, 33.4 (q, J=28.6 Hz),
32.3,28.2.24.4,21.4 (q, J=3.0 Hz); '°F NMR (376 MHz,
CDCLy) 0: —66.46 (d, J=10.9 Hz, 3F). HRMS (ESI)
caled for CoH;504NF; [M+H—C4Hg]™ 258.0948, found
258.0943.

2-FAE BE-6-(5,5,5- = 9 bE-2-55) 25 (2v): o tadiiik
Wik, 53.1 mg, 753 94%. '"H NMR (400 MHz, CDCl;) 6:
7.72 (t, J=8.4 Hz, 2H), 7.55 (s, 1H), 7.31 (dd, J=2.0, 8.4
Hz, 1H), 7.18~7.14 (m, 2H), 3.93 (s, 3H), 2.92~2.85 (m,
1H), 1.96~1.92 (m, 4H), 1.37 (d, J=6.8 Hz, 3H); *C
NMR (101 MHz, CDCl3) &: 157.4, 140.6, 133.4, 129.05,
129.01, 127.3 (q, J=277.4 Hz), 127.2, 125.7, 125.2, 105.6,
55.3,39.0, 32.1 (q, J=28.4 Hz), 30.0 (q, J=2.6 Hz), 22.4;
F NMR (376 MHz, CDCls) 6: —66.24 (t, J=9.4 Hz,
3F). HRMS (EI) caled for CisH7OF; 282.1226, found
282.1230.

1-R5E-3-[(4,4,4- =50 T 28 A L I (2w): TG i
RWAE, 63.5 mg, 773 95%. 'H NMR (400 MHz, CDCl3)
8: 7.65 (d, J=8.4 Hz, 1H), 7.33~7.21 (m, 4H), 7.17 (t,
J=5.2 Hz, 3H), 7.04 (t, J=7.2 Hz, 1H), 5.38 (s, 2H), 4.44
(t, J=6.0Hz, 2H), 2.40~2.27 (m, 2H), 2.15~2.08 (m,
2H); 3C NMR (101 MHz, CDCly) d: 155.6, 141.5, 137.3,
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128.6, 127.5, 126.9, 127.1 (q, J=277.1 Hz), 119.9, 119.8,
119.2, 112.8, 108.9, 67.1, 52.33, 52.27, 52.22, 30.8 (q, J=
29.3 Hz), 22.1; '°F NMR (376 MHz, CDCl;) 6: —66.38 (t,
J=10.9 Hz, 3F). HRMS (ESI) calcd for C;sHisON,F;
[M+H]" 335.1366, found 335.1357.

{2-[(2,6- ~FRIL) I R IL ) L FR-4,4.4- =5 T 2k
i (2x): TLtHRBAE, 75.5 mg, 2% 93%. 'H NMR
(400 MHz, CDCl3) 6: 7.35 (d, J=8.4 Hz, 2H), 7.23 (d, J=
7.2 Hz, 1H), 7.14 (t, J=9.2 Hz, 1H), 7.01~6.95 (m, 2H),
6.86 (br, 1H), 6.56 (d, J=6.4 Hz, 1H), 4.21 (t, J=6.4 Hz,
2H), 3.83 (s, 2H), 2.21~2.09 (m, 2H), 1.97~1.90 (m,
2H); 'C NMR (101 MHz, CDCl;) 6: 172.2, 142.6, 137.7,
130.8, 129.4, 128.9, 128.1,126.8 (q, J=277.6 Hz), 124.1,
122.1, 118.3, 63.5, 38.4, 30.5 (q, J=29.6 Hz), 21.5; 'F
NMR (376 MHz, CDCls) §: —66.45 (t, J=9.8 Hz, 3F).
HRMS (ESI) caled for CigHj;ONCLF; [M + H] ©
406.0583, found 406.0576.

HBh# RL(Supporting Information) {54 2a~2x 1
'H NMR. '"9F NMR F1 3C NMR [, X 2epbpla] L4
i A F] 33 (http://sioc-journal.cn/)_E T %K.

References

[1] (a) Miiller, K.; Faeh, C.; Diederich, F. Science 2007, 317, 1881.
(b) Kirk, K. L. Org. Process Res. Dev. 2008, 12, 305.
(c) Purser, S.; Moore, P. R.; Swallow, S.; Gouverneur, V. Chem.
Soc. Rev. 2008, 37, 320.
(d) Wang, J.; Sanchez-Roselld, M.; Aceiia, J. L.; del Pozo, C.; So-
rochinsky, A. E.; Fustero, S.; Soloshonok, V. A.; Liu, H. Chem. Rev.
2014, 114,2432.
(e) Preshlock, S.; Tredwell, M.; Gouverneur, V. Chem. Rev. 2016,
116,719.
(f) Luo, H.; Zhao, Y.; Wang, D.; Wang, M.; Shi, Z. Green Synth.
Catal. 2020, 1, 134.
(g) Ge, C.; Chen, C. Green Synth. Catal. 2023, 4, 334.
(h) Gao, X.; He, X.; Zhang, X. Chin. J. Org. Chem. 2019, 39, 215
(in Chinese).
(R, fTE, SRHNI, A AUk, 2019, 39, 215.)
(i) Zhang, D.; Zhao, H.; Feng, X.; Gu, Y.; Zhang, X. Acta Chim.
Sinica 2024, 82, 105 (in Chinese).
(T KAR, BXUEVE, MEEE, R, TkBN, L3 3R, 2024,
82,105.)

[2] (a) Nair, A. S.; Singh, A. K.; Kumar, A.; Kumar, S.; Sukumaran, S.;
Koyiparambath, V. P.; Pappachen, L. K.; Rangarajan, T. M.; Kim,
H.; Mathew, B. Processes 2022, 10, 2054.
(b) Ali, S.; Zhou, J. Eur: J. Med. Chem. 2023, 256, 115476.
(c) Zhu, W.; Wang, J.; Wang, S.; Gu, Z.; Acefia, J. L.; Izawa, K.;
Liu, H.; Soloshonok, V. A. J. Fluorine Chem. 2014, 167, 37.
(d) Brar, S. S. J. Am. Coll. Cardiol. 2017, 69, 186.

[3] Wang, Y. T.; Yang, P. C.; Zhang, Y. F.; Sun, J. F. Eur. J. Med. Chem.
2024, 265, 116124,

[4] Keam, S.J. Drugs 2023, 83, 547.

[5]1 Syed,Y.Y. Drugs 2023, 83, 1537.

[6] (a) Wallentin, C. J.; Nguyen, J. D.; Finkbeiner, P.; Stephenson, C.

1340

http://sioc-journal.cn/

(71

(8]

(9]

[10]

[11]

[12]

[13]

[14]

© 2025 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

R.J. Am. Chem. Soc. 2012, 134, 8875.

(b) Zhu, L.; Wang, L. S.; Li, B.; Fu, B.; Zhang, C. P.; Li, W. Chem.
Commun. 2016, 52, 6371.

(c) Wang, L.; Ma, Y,; Jiang, Y.; Lv, L.; Li, Z. Chem. Commun. 2021,
57,7846.

(d) Wu, F. P.; Yuan, Y.; Wu, X. F. Angew. Chem., Int. Ed. 2021, 60,
25787.

(e) Ouyang, Y.; Tong, C. L.; Xu, X. H.; Qing, F. L. Org. Lett. 2020,
23, 346.

(f) Mao, T.; Ma, M. J.; Zhao, L.; Xue, D. P;; Yu, Y.; Gu, J.; He, C. Y.
Chem. Commun. 2020, 56, 1815.

(a) Koller, R.; Stanek, K.; Stolz, D.; Aardoom, R.; Niedermann, K.;
Togni, A. Angew. Chem., Int. Ed. 2009, 48, 4332.

(b) Tan, X.; Liu, Z.; Shen, H.; Zhang, P.; Zhang, Z.; Li, C. J. Am.
Chem. Soc. 2017, 139, 12430.

(c¢) Shen, H.; Liu, Z.; Zhang, P.; Tan, X.; Zhang, Z.; Li, C. J. Am.
Chem. Soc. 2017, 139, 9843.

(d) Kautzky, J. A.; Wang, T.; Evans, R. W.; MacMillan, D. W. C. J.
Am. Chem. Soc. 2018, 140, 6522.

(e) Chen, Y.; Ma, G.; Gong, H. Org. Lett. 2018, 20, 4677.

(a) Gietter-Burch, A. A. S.; Devannah, V.; Watson, D. A. Org. Lett.
2017, 19, 2957.

(b) Liu, Z.; Xiao, H.; Zhang, B.; Shen, H.; Zhu, L.; Li, C. Angew.
Chem., Int. Ed. 2019, 58, 2510.

(c) Sarver, P. J.; Bacauanu, V.; Schultz, D. M.; DiRocco, D. A
Lam, Y. H.; Sherer, E. C.; MacMillan, D. W. C. Nat. Chem. 2020,
12,459.

(d) He, J.; Nguyen, T. N.; Guo, S.; Cook, S. P. Org. Lett. 2021, 23,
702.

(a) Ma, B.; Chu, Z.; Huang, B.; Liu, Z.; Liu, L.; Zhang, J. Angew.
Chem., Int. Ed. 2017, 56, 2749.

(b) Du, H. W.; Du, Y. D.; Zeng, X. W.; Shu, W. Angew. Chem., Int.
Ed. 2023, 62, ¢202308732.

(¢) Li, W.; Mao, T.; Yang, J. J.; Shang, M. C.; Li, X.; Wang, A. J.;
Wang, P.; Zhao, L. Asian J. Org. Chem. 2023, 12, ¢202300329.

(d) Qin, T.; Xu, C.; Zhang, G;; Zhang, Q. Org. Chem. Front. 2023,
8, 1981.

Guo, P; Tao, M.; Xu, W. W.; Wang, A. J.; Li, W.; Yao, Q.; Jie, T.;
He, C. Y. Org. Lett. 2022, 24, 2143.

(a) Li, X.; Feng, Z.; Jiang, Z. X.; Zhang, X. Org. Lett. 2015, 17,
5570.

(b) Min, Y.; Sheng, J.; Yu, J. L.; Ni, S. X.; Ma, G.; Gong, H.; Wang,
X. S. Angew. Chem., Int. Ed. 2021, 60, 9947.

(c) Zhou, P.; Li, X.; Wang, D.; Xu, T. Org. Lett. 2021, 23, 4683.

(d) Jin, R. X.; Wu, B. B.; Bian, K. J.; Yu, J. L.; Dai, J. C.; Zuo, Y.
W.; Zhang, Y. F.; Wang, X. S. Nat. Commun. 2022, 13, 7035.

(e) Guo, W.; Cheng, L.; Ma, G.; Tong, W.; Wu, F. Org. Lett. 2022,
24, 1796.

(f) Wu, B. B.; Xu, J.; Bian, K. J.; Gao, Q.; Wang, X. S. J. Am.
Chem. Soc. 2022, 144, 6543.

(g) Zhang, T.; Zuo, Y. W.; Jin, R. X.; Zhang, Y. F.; Wu, B. B;
Wang, X. S. Org. Lett. 2023, 25, 3578.

(h) Zhou, P; Lu, S.; Wu, X.; Zhong, W.; Xu, T. Org. Lett. 2023, 25,
2344.

(1) Guo, P; Pu, G; Wang, G;; Zeng, L. Y.; Li, W. P;; Li, X.; Zhou, P.
P.; He, C. Y. Org. Lett. 2024, 26, 3097.

Gavin, J. T.,; Belli, R. G.; Roberts, C. C. J. Am. Chem. Soc. 2022,
144,21431.

Inoue, K.; Sawada, A.; Shibata, 1.; Baba, A. J. Am. Chem. Soc.
2002, /24, 906.

Liu, C.; Zhu, C.; Cai, Y.; Yang, Z.; Zeng, H.; Chen, F.; Jiang, H.
Chem.-Eur. J. 2020, 26, 1953.

Chin. J. Org. Chem. 2025, 45, 1334~1341



Chinese Journal of Organic Chemistry

[15]

[16]

Chin. J. Org. Chem. 2025, 45, 1334~1341

Zhou, Z. Z.; Zhao, J. H.; Gou, X. Y.; Chen, X. M.; Liang, Y. M.
Org. Chem. Front. 2019, 6, 1649.

(a) Chuentragool, P.; Kurandina, D.; Gevorgyan, V. Angew. Chem.,
Int. Ed. 2019, 58, 11586.

(b) Kancherla, R.; Muralirajan, K.; Maity, B.; Zhu, C.; Krach, P. E.;
Cavallo, L.; Rueping, M. Angew. Chem., Int. Ed. 2019, 58, 3412.
(c) Luo, Y. C.; Tong, F.F.; Zhang, Y.; He, C.Y.; Zhang, X. J. Am.
Chem. Soc. 2021, 143, 13971.

[17]

[18]

[19]

[20]

© 2025 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

Xue, J. H.; Li, Y.; Liu, Y.; Li, Q.; Wang, H. Angew. Chem., Int. Ed.
2024, 63, €202319030.
Kornfilt, D. J.; MacMillan, D. W. J. Am. Chem. Soc. 2019, 141,
6853.
Geniller, L.; Taillefer, M.; Jaroschik, F.; Prieto, A. ACS Catal. 2023,
13, 8624.
He, B.; Pan, Q.; Guo, Y.; Chen, Q.; Liu, C. Org. Lett. 2020, 22,
6552.

(Lu, Y.)

1341

http://sioc-journal.cn/




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


