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Abstract Rh-catalyzed enantioselective spiroannulation of 2-alkenylphenols with alkynes was developed. In the presence of
5 mol% BINOL-derived (BINOL: 1,1'-bi-2,2"-naphthol) cyclopentadiene-Rh complex [(R)-CpRhl1] and 2 equiv. of Cu(O-
Ac)z, the C—H activation/annulation reaction proceeded smoothly to afford a wide range of enantioenriched spirocyclohex-
enones in up to 84% yield and 81% ee. This reaction features mild reaction conditions and good functional group tolerance.
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(a) Dearomative annulation of naphthols (previous work)

(b) Dearomative annulation of phenols (this work)
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Figure 1 Enantioselective oxidative cyclization of naphthol/phenol with alkyne

WiEAT S AE AL (EE 1), 7E 5 mol%I[¥] Cramer 2425454
(CpRhD)P!, A 2K FBE(BPO)MI 2 equiv. i ik 7 (1)
TEAEN, 20525 C—H 54/ BRI 5wz T AR
BT, DL 48% IR A 74% ee XMLk MRS H
FRr=) 3aa (Entry 1). IS 7 XEYPEER)E, #—0
57 HAFE 1,11 28 (BINOL)fITAE 3R 1 — )
% Rh %% &%) (CpRh2 ~ CpRhS) (Entries 2~5). fE
BINOL ‘B 42 3,3'-fif 5| N & FHHUREELEAE Cp 31 BB AN
IR AR SR NG R, MHFE -8 A B AT
Rh 25541 (SCpRh1~SCpRI2)!NMERELL T, s I )
A6 2850 2 R X6 Bl 39 456 A1 428 1) F AS 4 N = (Entries 6, 7,
18%~60% % HEUR, 38%~54% ee). HAFTERMIEZ, 1F
A BPO WIS BL T, & S ANRRIEEAT, I LA 52%[H)
I RGN 76% ee X WL FEVETS 2] 3aa (Entry 8). [FlU,
CpRh1 &y S Al A Ak 7% s B 2% AR 04T 8 — 2B AR 4k,
f# A ‘AmylOH. 1,4- %N, DUEMEIE(THF) A1
N,N-— W J FH % i (DMF) 72 Y 19 %% #7555 (Entries 9~
12), M ARREREAT, HAEH ‘AmylOH 1E 9 B 77
B, 5 RE SR A5 B v 1 US04 90 %o I e 38 P 4 o
(Entry 9, 60%IZHENR, 75% ee). 2BATH MM, X4
i IR A 7557 DMF/AmyOH (V/V=1/1)i, 1% N Aess
HH AR AT SR R i 38 1k 4% 1 (Bntry 15, 81%A% RGN
K, 81% ee) (ST HAIAT L VR A7 Ll A8 Ak 77 1
e R ES R R ER). &E, A e
F: L DMF/AmyOH (V/V=1/){E¥#7, 5 mol% CpRhl
PEMEALT, 2 equiv.BERRHAME AL, 7E 60 C FHHTR
JV.

TEBAMR BT, AR 2-EEKE 1a 1ER
SN SR RIS 73 14T T #5%%(Scheme 1), 45 R 2R,
TV 5 5 LR ) 55 A K AT TR A7 ) B 366 F e e
SN LUREF 2 2L, For, 4-F, 4-C1 Al 4-Br BUR )
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T HEZIRBELL 54%~T3%IUCR AT 65%~T7% ee Xif
e i P Hh A3 2 U8R UG R 2R 729 3ab~3ad, H 7=
HHR R T e AR, IR B P A R T T
e, MIEA GNP AMAIEH(Me, MeO I Bu)al, =%
FREREE, SOREm] BLIRASAH 24 i 5046 (43% ~ 84%) AN it
P (70%~T9% ee). AN, 75 FR AL EU I —
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YIRh V ARLER . SNEIR VO I8 SR PR AL
C—C #, B52 HFsr=Y) 3aa. FFBEAE Rh), B
Cu(OAc), AMAFF] Rh(IID), 5 MMEALIER.

2 i

BEMEAN 1) 2-05 5 2K T 5 o R WO 6 PE C—HL Vg
A B IR 2 55 R Ak SR AT DATE SRR 2% 4 T IR AT . {3
HFMHER ) Rh #4655 CpRh1, AT AL =

http://sioc-journal.cn/ 2927



¥ Rit
A AR
1 C—HIENIMER AR «
Table 1 Optimization of the C—H activation/annulation reaction conditions
OoH Ph [Rh] (5 mol%) o™ pn
Me . / BPO (5 mol%) —
B Cu(OAc), (2 equiv.) "
2a Ar, solvent, 60 °C, 36 h Me
1a (1.5 equiv.) 3aa
,,,,,,,,,,,,,,,,,,,, e i
(R)-CpRh1, R'= OMe, R?=H
—,—R2 (R)-CpRh2, Rj = OMeZ, R?=Me (S)-SCpRh1, R = H
LJR.h (R)-CpRh3,R'=H, R?= H (S)-SCpRh2, R = OMe
X 7  (R-CpRh4, R'=0OPr, R?=H
R! (R)-CpRh5, R'= Ph, R?=H
Entry [Rh] Solvent Yield?/% ee!%

1 (R)-CpRh1 CH3CN 48 74
2 (R)-CpRh2 CH;CN 60 40
3 (R)-CpRh3 CH3CN 50 60
4 (R)-CpRh4 CH3CN 39 56
5 (R)-CpRh5 CH3CN 8 39
6 (S)-SCpRh1 CH3CN 18 54
7 (S)-SCpRh2 CH3CN 60 38
84 (R)-CpRh1 CH;CN 52 76
94 (R)-CpRh1 ‘AmylOH 60 75
104 (R)-CpRh1 1,4-Dioxane 14 83
114 (R)-CpRh1 THF 21 80
124 (R)-CpRh1 DMF 31 70
134 (R)-CpRh1 1,4-Dioxane//AmylOH 42 77
144 (R)-CpRh1 THF/'AmylOH 52 76
154 (R)-CpRh1 DMF//AmylOH 81 (77%) 81

4@ Reaction conditions: 1a (0.1 mmol), 2a (1.5 equiv.), [Rh] (5 mol%), dibenzoyl peroxide (BPO) (5 mol%), Cu(OAc), (2.0 equiv.), solvent (1 mL), argon, 60 C, 36
h. » Determined by '"H NMR of the reaction mixture using 1,3,5-trimethoxybenzene as an external standard. ¢ Determined by high-pressure liquid chromatography

(HPLC) analysis. ¢ Without BPO. ¢ Isolated yield.

84% ISR 81% ee Fof M £ MESRAF 45 40 3 & 1K IRER
AL S, HAh il C—H 354631 R A KTFR 2 25 4
b [ B TR AE HEAT .

3 IEES

B 5

BRREA IS, BT A S S SR R R AT,
B AR 4% IR TG K TE AR HEEAT . BRIRFIR UL B 4F,
T TR R s R85 e b AT IR Al b FE A 2 R
FrUEJ7i:HE4T. 'TH NMR, *C NMR, "“F NMR Al 3'p
NMRi % 3 5 5% v F 400+ 100 A1 377 MHz)#5#E Bruker
o Agilent B REILIRIEEAC_EIE. TH NMR 1 4 b
J9 TMS (6 0.00)8% CDCls (6 7.26), '*C NMR LA CDCl; (6
77.16) N bR, 'F NMR [I4MRA CCLF. 43 HE i i
(ESDfE Agilent 6224 TOF LC/MS _LEilll%E. IR 7£ Perkin-
Elmer 983G mk# Shimidazu IR-400 4T M eiAs bl
. WS EAE X-4 BRRUE S EDE. HE B ([a])7E
Perkin-Elmer 341 Je 64X _Eillwe, YelRE T, X
A1t E(ee)fE Waters 2489 UV/Visible detector, Waters
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1525 binary HPLC pump 1 Waters 2707 auto sampler 5§,
supercritical fluid chromatography (SFC) analysis {3 #%
W 5E .
3.2 XWHE

FETJ%% 10 mL Schlenk EH A 1 (37.7 mg, 0.2
mmol), 2 (1.5 equiv.). (R)-CpRh1l (5.9 mg, 5 mol%).
Cu(OAc), (72.6 mg, 2.0 equiv.). ¥ A RIMHE =K,
SRIGIMA DMF (1.0 mL)Al ‘AmylOH (1 mL). fn#&
60 C/ M, 72 uE(TLC)RES M 5E 45, FlZ/KE
K, LR CERFER, GIAHAM, KE=ZR, B
KB —IR, TOKIRBREAT R I, et HEN4l
CH MY 2R B8, VL V=10 : D=4 3.

(8)-5-F3E-2 3- — KI5 67 8- DU & (- 1'H-UE [ K
BE-2'-251-2,4- —W5-1-fl (3aa): FEOMPRY), 55.9 mg,
£ 77%. [a]f +118.4 (¢ 0.1, CHCL); 'H NMR (400
MHz, CDCl;) d: 7.33~7.30 (m, 2H), 7.25~7.20 (m, 3H),
7.11~7.07 (m, 3H), 7.01~6.99 (m, 2H), 6.52 (q, J=1.6
Hz, 1H), 6.24 (d, J=9.2 Hz, 1H), 5.88 (d, J=9.2 Hz, 1H),
2.41~2.36 (m, 2H), 2.35~2.29 (m, 2H), 1.76 (d, J=
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OH i
R R)-CpRh1 (5 mol%
N (R-CpRh1 (5 mol%)
1 Cu(OAc), (2 equiv.)
R R DMF/AmyIOH, 60 °C, Ar
1a, R = R = -(CH,),~, R®= Me 2

1b,R=R=H,R®=Ph
3aa, R=H, 36 h, 77% yield, 81% ee
3ab, R = 4-F, 36 h, 73% yield, 77% ee
3ac, R = 4-Cl, 48 h, 56% yield, 73% ee
3ad, R = 4-Br, 36 h, 54% yield, 65% ee
3ae, R = 4-Me, 36 h, 64% yield, 77% ee
3af R = 4-MeO, 36 h, 52% yield, 79% ee

3ag, R = 4-1Bu, 48 h, 84% yield, 73% ee 3ai, R=F, 36 h, 73% yield, 74% ee
3ah, R = 4-CF3, 36 h, 43% yield, 70% ee 3aj, R =Cl, 72 h, 70% yield, 72% ee
3ak, R = Me, 48 h, 72% yield, 76% ee

3al, 48 h, 3am, 48 h 3an, 72 h 3ao, 60 h 3ba, 44 h
43% vyield, 67% ee 53 % yield, 65% ee 37% yield, 70% ee 25% yield, 70% ee 51% yield, 38% ee

Reaction conditions: 1 (0.2 mmol), 2 (1.5 equiv.), (R)-CpRh1 (5 mol%), Cu(OAc), (2.0 equiv.), DMF//AmylOH (2 mL), argon, 60 C
B 1 Sl 2-0 M 5 g iR A S R ER AL S R

Scheme 1 Rhodium-catalyzed enantioselective spiroannulation of 2-alkenylphenols with alkynes
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Figure 2 Proposed catalytic cycle for C—H activation/spiroannulation reaction
1.6 Hz, 3H), 1.70~1.62 (m, 4H); '*C NMR (100 MHz, CDCl3) 0: 196.2, 150.8, 146.2, 144.9, 141.6, 136.6, 136.2,
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135.9, 134.7, 133.6, 128.6, 128.42, 128.37, 128.1, 127.4,
127.3, 126.8, 76.0, 30.9, 22.17, 22.15, 22.0, 13.2; IR (film)
vmax: 3053, 2934, 2859, 2362, 2246, 1644, 1600, 1573,
1494, 1440, 1364, 1278, 1253, 1200, 1177, 1136, 1068,
1028, 1003, 971, 910, 840, 797, 759, 731, 696, 647, 616
cm . HRMS (ESI) calcd for Co7Hs0 [M+H]" 365.1900,
found 365.1895. HPLC (1E Wi/ A EE, V@ V=90 : 10,
i 1.0 mL/min, A=254 nm, 25 C), tr(major)=6.07
min, fr(minor)=13.18 min, ee=81%.

(8)-2,3- R (4-F K HE)-5- F 2L -5".6',7',8"- VU & - 1' H- 15
[ J5e-1,2'-25]-2,4- —45-1-ld (3ab): & IR, 58.0
mg, 7% 73%. [a]f +144.8 (¢ 0.1, CHCL;); 'H NMR
(400 MHz, CDCl3) d: 7.27~7.22 (m, 2H), 6.99~6.90 (m,
4H), 6.84~6.78 (m, 2H), 6.49~6.47 (m, 1H), 6.25 (d, J=
9.2 Hz, 1H), 5.85 (d, J=9.2 Hz, 1H), 2.45~2.23 (m, 4H),
1.76 (d, J=1.6 Hz, 3H), 1.72~1.59 (m, 4H); 3C NMR
(100 MHz, CDCL3) J: 196.1, 162.1 (d, J=245.6 Hz), 161.8
(d, J=245.1 Hz), 151.0, 146.5, 143.9, 140.3, 136.1, 134.2,
133.7, 131.9 (d, J=3.3 Hz), 131.8 (d, J=3.3 Hz),130.2 (d,
J=7.8 Hz), 130.1 (d, J=7.7 Hz), 127.6, 115.4 (d, J=17.6
Hz), 115.2 (d, J=17.6 Hz), 76.0, 30.9, 22.12, 22.08, 22.0,
13.2; F NMR (376 MHz, CDCls) 6: —114.2, —115.0;
IR (film) vimax: 2932, 1644, 1570, 1484, 1434, 1397, 1363,
1297, 1254, 1201, 1175, 1072, 1007, 909, 824, 791, 763,
730, 650, 630 cm '. HRMS (ESI) caled for Cy7Ha3F,0
[M+H]" 401.1712, found 401.1702. HPLC (1E C\ )¢/ H 4
B, Vi V=955, Jii# 1.0 mL/min, =254 nm, 25 C),
tr(major)=13.80 min, fr(minor)=16.59 min, ee=77%.

(85)-2,3- X (4- G K 52 )-5- H £ -51,6',7'.8'- DU & -1'H-
W [HR Rk -1,2'- 25 1-2,4- — 0% -1'- B 3ac): & (L WDIR Y,
482 mg, M7 56%. [a]y +85.1 (¢ 0.1, CHCL); 'H
NMR (400 MHz, CDCl3) d: 7.22 (s, 4H), 7.10~7.09 (m,
1H), 7.08~7.07 (m, 1H), 6.93~6.92 (m, 1H), 6.91~6.90
(m, 1H), 6.47 (d, J=1.6 Hz, 1H), 6.26 (d, J=9.2 Hz, 1H),
5.83 (d, J=9.2 Hz, 1H), 2.43~2.38 (m, 2H), 2.33~2.25
(m, 2H), 1.75 (d, J=1.6 Hz, 3H), 1.72~1.60 (m, 4H); 13C
NMR (100 MHz, CDCly) d: 195.8, 151.1, 147.1, 144.4,
140.8, 136.0, 134.2, 1342, 134.1, 133.7, 133.4, 132.8,
129.9, 129.7, 128.8, 128.6, 127.7, 76.0, 30.9, 22.2, 22.1,
22.0, 13.2; IR (film) vimax: 3053, 2934, 1735, 1644, 1572,
1488, 1435, 1365, 1274, 1242, 1200, 1174, 1133, 1092,
1012, 972, 916, 828, 795, 764, 735, 703 cm '. HRMS
(ESI) caled for CyyHasCLO [MA+H]" 433.1121, found
433.1105. HPLC (IEC Kt/ AEE, Vi V=955, H#
1.0 mL/min, A=254 nm, 25 C), tr(major)=6.38 min,
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tr(minor)="7.05 min, ee="73%.

(8)-2,3- X (4-1R K H)-5-F 3£-5,6",7,8'- VY & - 1'H- 1%
[R5 bE-1,2"-28]-2,4- —Jd-1'-Fi (3ad): #E MR, 55.7
mg, 7% 54%. [alh +130.4 (¢ 0.1, CHCL;); 'H NMR
(400 MHz, CDCL3) ¢6: 7.38 (d, J=8.4 Hz, 2H), 7.26~
7.23 (m, 2H), 7.15 (d, J=8.4 Hz, 2H), 6.85 (d, J=8.4 Hz,
2H), 6.48 (s, 1H), 6.28 (d, J=9.2 Hz, 1H), 5.85 (d, J=9.2
Hz, 1H), 2.42~2.39 (m, 2H), 2.33~2.30 (m, 2H), 1.76 (s,
3H), 1.73~1.63 (m, 4H); 3C NMR (100 MHz, CDCl) ¢:
195.7, 151.1, 147.2, 144.5, 140.8, 135.9, 134.65, 134.60,
134.1, 133.7, 131.7, 131.5, 130.2, 130.0, 127.7, 121.7,
121.0, 75.9, 30.9, 22.14, 22.07, 21.9, 13.1; IR (film) Vinax:
2923, 2853, 1484, 1435, 1279, 1131, 1072, 1007, 824, 793,
764, 735, 702 cm™'. HRMS (ESI) calcd for Cy7Hp3Br,0
[M+H]" 521.0110, found 521.0105. HPLC (1E &.%¢/5+ A
fE, V2 V=90 :10, #ii# 1.0 mL/min, A=254 nm,
25 C), tr(major)=6.36 min, fr(minor)=7.13 min, ee=
65%.

(8)-2,3- W (4- F 3k 2 i6)-5- H1 3k -5',6',7',8"- DU & - 1'H-
TR [R R e -1,2'-281-2,4- — #i-1'"-BF (3ae): 3% LR ¥,
50.2 mg, FE 64%. [alf +258.0 (¢ 0.1, CHCL); 'H
NMR (400 MHz, CDCL3) 6: 7.23 (d, J=8.4 Hz, 2H), 7.05
(d, J=7.6 Hz, 2H), 6.92~6.90 (m, 4H), 6.50 (q, J=1.6
Hz, 1H), 6.23 (d, J=9.2 Hz, 1H), 5.87 (d, J=9.2 Hz, 1H),
2.42~239 (m, 2H), 2.36~2.32 (m, 2H), 3.33 (s, 3H),
2.24 (s, 3H), 1.75 (d, J=1.6 Hz, 3H), 1.72~1.65 (m, 4H);
13C NMR (100 MHz, CDCl3) d: 196.5, 150.7, 145.5, 144.3,
141.0, 137.1, 137.0, 136.3, 135.0, 133.5, 133.4, 133.2,
129.1, 128.9, 128.5, 128.1, 127.1, 75.9, 30.9, 22.2, 22.0,
21.4, 21.3, 13.1; IR (film) vama: 2926, 2855, 1726, 1646,
1574, 1513, 1450, 1364, 1279, 1199, 1121, 1073, 1020,
819, 763, 735, 702 cm™'. HRMS (ESI) caled for CaoHz00O
[M+H]" 393.2213, found 393.2204. HPLC (1E &.%¢/5+ A
iz, Vi V=955, Jitif 1.0 mL/min, A=254 nm, 25 C),
tr(major)=17.05 min, fr(minor)=21.31 min, ee=77%.

(8)-2,3- R (4- F 4 2 2R 2 )-5- /2L -57.6',7",8'- [T & -
1'H-B2[FR IR J5%-1,2'-25]-2,4- —J5-1'-B (3af): # (PR,
44.5 mg, & 52%. [alb +198.8 (¢ 0.1, CHCL); 'H
NMR (400 MHz, CDCls) d: 7.26~7.24 (m, 2H), 6.96~
6.94 (m, 2H), 6.79~6.77 (m, 2H), 6.66~6.64 (m, 2H),
6.49 (d, J=1.6 Hz, 2H), 6.23 (d, J=9.2 Hz, 2H), 5.87 (d,
J=9.2 Hz, 1H), 3.79 (s, 3H), 3.73 (s, 3H), 2.42~2.38 (m,
2H), 2.34~2.32 (m, 2H), 1.74 (d, J=1.6 Hz, 3H), 1.71~
1.62 (m, 4H); 3C NMR (100 MHz, CDCl) &: 196.7,
158.8, 158.2, 150.8, 1452, 143.3, 140.0, 137.1, 134.8,

Chin. J. Org. Chem. 2023, 43,2926~2933
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133.5, 129.8, 129.5, 128.78, 128.75, 127.1, 113.7, 113.6,
75.9, 55.3, 55.2, 30.9, 22.1, 22.0, 13.2; IR (film) Viax:
3349, 2938, 2832, 1642, 1608, 1570, 1508, 1459, 1288,
1248, 1179, 1028, 832, 809, 766, 733 cm”'. HRMS (ESI)
caled for CaoHpO3 [M+H]" 425.2111, found 425.2106.
HPLC (IECke/ R HIE, V2 V=955, Jii# 1.0 mL/min,
A=254 nm, 25 C), tr(minor)=9.77 min, fr(major)=
12.48 min, ee=79%.

(8)-2,3- X (4- 4T e A HE)-5-F 3:-5'6',7',8'- U & -
V' H-BR[FR R bE-1,2'-28]-2,4- —4i-1'-Ff (3ag): 3 (B HAIR
[E4A, 79.8 mg, 773 84%. [a]p +117.6 (¢ 0.1, CHCLy);
'H NMR (400 MHz, CDCl;) 6: 7.32~7.27 (m, 4H),
7.11~7.08 (m, 2H), 6.96~6.93 (m, 2H), 6.48 (d, J=1.6
Hz, 1H), 6.24 (d, J=9.2 Hz, 1H), 5.89 (d, J=9.2 Hz, 1H),
2.42~2.39 (m, 2H), 2.36~2.31 (m, 2H), 1.74 (d, J=1.6
Hz, 3H), 1.72~1.63 (m, 4H), 1.31 (s, 9H), 1.24 (s, 9H);
3C NMR (100 MHz, CDCl;) d: 196.6, 150.6, 150.2, 149.3,
145.0, 144.1, 140.9, 137.5, 135.4, 133.7, 133.5, 132.8,
128.2, 127.6, 127.0, 125.3, 125.0, 75.9, 34.7, 34.5, 31.5,
31.4, 30.9, 22.18, 22.17, 22.0, 13.0; IR (film) vimax: 2958,
2927, 2863, 1648, 1604, 1572, 1494, 1461, 1406, 1363,
1272, 1197, 1111, 1081, 1019, 968, 907, 834, 796, 766,
739, 663 cm'. HRMS (ESI) calcd for C3sHyiO [M+H]"
477.3552, found 477.3152. HPLC (IE e/ HHARE, V
V=90 : 10, #iti# 1.0 mL/min, A=254 nm, 25 C),
tR(minor)—4.18 min, fr(major)=4.82 min, ee="73%.

(8)-2,3- W (4- = H FE R 5 )-5-H1 65,6/, 7".8'- DY &L -
V' H-BR[FR - 1,2'-281-2,4- —Jfi-1'-Bi(3ah): v SR AR
Y, 42.8 mg, FF 43%. [alb +46.0 (¢ 0.1, CHCL); 'H
NMR (400 MHz, CDCLy) 6: 7.53 (d, J=8.0 Hz, 2H),
7.42~7.36 (m, 4H), 7.08 (d, J=8.4 Hz, 2H), 6.51~6.50
(m, 1H), 6.31 (dd, J=9.2 Hz, 1H), 5.87 (d, J=9.2 Hz,
1H), 2.48~2.38 (m, 2H), 2.36~2.27 (m, 2H), 1.78 (d, J=
1.6 Hz, 3H), 1.73~1.65 (m, 4H); '*C NMR (150 MHz,
CDCls) d: 195.3, 151.2, 148.2, 145.5, 141.7, 139.3, 139.0,
135.5, 134.0, 133.9, 129.7(q, J=21.5 Hz), 128.9, 128.5,
128.0, 125.6, 125.4 124.2 (q, J=180.3 Hz), 76.1, 30.9,
222, 22.1, 21.9, 13.2; F NMR (376 MHz, CDCl;) ¢:
—62.57, —62.59; IR (film) vmax: 3671, 2971, 2920, 1645,
1616, 1573, 1408, 1324, 1254, 1165, 1121, 1069, 1018,
841, 803, 766 cm '. HRMS (ESI) caled for CaoHasFs0,
[M+H]" 501.1648, found 501.1639. HPLC (1E C\)5e/F 4
B, Vi V=955, Jii# 1.0 mL/min, =254 nm, 25 C),
tr(major)=8.28 min, fr(minor)=10.98 min, ee="70%.

(8)-2,3- XU (3- 9 < 5k )-5- FH 3 -5'6',7',8'- WU & - 1'H- 12
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(3R R e -1,2-281-2,4- — f5-1'- T (3ai): 3% 4% (R4,
58.2 mg, 7 F 73%. [aly +119.8 (¢ 0.1, CHCL); !
NMR (400 MHz, CDCls) d: 7.26~7.21 (m, 1H), 7.09~
7.06 (m, 2H), 7.04~6.98 (m, 1H), 6.93~6.92 (m, 1H),
6.83~6.70 (m, 3H), 6.46 (s, 1H), 6.26 (d, J=9.2 Hz, 1H),
5.83 (d, J=9.2 Hz, 1H), 2.42~2.37 (m, 2H), 2.35~2.29
(m, 2H), 1.75 (s, 3H), 1.72~1.64 (m, 4H); *C NMR (100
MHz, CDCl3) d: 195.7, 162.8 (d, J=244.0 Hz), 162.6 (d,
J=244.0 Hz), 151.1, 147.2, 144.7, 141.1, 137.9 (d, J=7.9
Hz), 137.6 (d, J=8.0 Hz), 135.8, 134.1, 133.8, 130.0 (d,
J=8.3 Hz), 129.7 (d, J=8.4 Hz), 127.8, 124.4 (d, J=3.1
Hz), 124.3 (d, J=3.0 Hz), 115.3 (d, J=21.9 Hz), 115.0 (d,
J=22.0 Hz), 114.6 (d, J=21.0 Hz), 113.9 (d, J=21.0 Hz),
75.9, 30.9, 22.2, 22.1, 21.9, 13.2; F NMR (376 MHz,
CDCly) 8: —113.1, —113.4; IR (film) vima: 2923, 2853,
1726, 1645, 1571, 1484, 1435, 1279, 1131, 1072, 1007,
824, 793, 764, 735, 702 cm '. HRMS (ESI) caled for
Cy7Hp3F,0 [M+H]" 401.1712, found 401.1714. HPLC
(IEC/3AEE, Vi V=90 : 10, #i# 1.0 mL/min, 1=
254 nm, 25 C), tR(major)—5.93 min, fr(minor)=28.34
min, ee=74%.

(8)-2,3- XU (4- F A I )-5- F 3E-5',6",7,8'- VU - 1'H- 12
(3R e -1,2-251-2,4- — Hi-1'- i (3aj): & &% R,
60.7 mg, 77H 70%. [aly +96.0 (¢ 0.1, CHCl3); 'H NMR
(400 MHz, CDCl3) 6: 7.33~7.31 (m, 1H), 7.23~7.18 (m,
2H), 7.17~7.13 (m, 1H), 7.10~7.07 (m, 1H), 7.05~7.00
(m, 1H), 6.00~6.98 (m, 1H), 6.86~6.83 (m, 1H), 6.48~
6.47 (m, 1H), 6.29 (d, J=9.6 Hz, 1H), 5.82 (d, J=9.6 Hz,
1H), 2.42~2.39 (m, 2H), 2.35~2.33 (m, 2H), 1.77 (s,
3H), 1.70~1.66 (m, 4H); 3C NMR (100 MHz, CDCl;) §:
195.8, 151.1, 147.6, 144.7, 140.9, 137.5, 137.2, 135.7,
134.4, 134.03, 133.99, 133.9, 129.8, 129.5, 128.5, 128.1.
127.9, 127.8, 127.2, 126.85, 128.82, 75.9, 30.9, 22.2, 22.1,
22.0, 13.3; IR (film) vmax: 2933, 2857, 1645, 1593, 1564,
1472, 1432, 1365, 1278, 1202, 1163, 1081, 996, 974, 936,
884, 845, 817, 787, 759, 735 cm™ '. HRMS (ESI) calcd for
Co7HxCLO [M~+H]" 433.1121, found 433.1120. HPLC
(ECk/RAEE, V: V=955, #ii# 1.0 mL/min, 1=
254 nm, 25 C), tr(major)=5.76 min, fr(minor)=7.34
min, ee="72%.

(8)-2,3- XU (3- H F& K Fk )-5- 1 -5, 6',7',8"- U & - 1' H-
BRI TR e -1,2'-281-2,4- —0d-1-BH (3ak): 3 (I AR
&, 56.6 mg, 773 72%. [a]y +183.8 (¢ 0.1, CHCl;); 'H
NMR (400 MHz, CDCls) &: 7.19 (s, 1H), 7.15~7.12 (m,
2H), 7.05~7.03 (m, 1H), 7.01~6.97 (m, 1H), 6.91 (d, J=
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7.6 Hz, 1H), 6.82~6.80 (m, 2H), 6.53 (s, 1H), 6.24 (d, J=
9.2 Hz, 1H), 5.88 (d, J=9.2 Hz, 1H), 2.48~2.35 (m, 4H),
2.28 (s, 3H), 2.16 (s, 3H), 1.77 (s, 3H), 1.73~1.63 (m,
4H); 3C NMR (100 MHz, CDCL3) 0: 196.3, 150.7, 145.9,
144.9, 141.5, 137.8, 137.3, 137.0, 136.2, 135.7, 134.9,
133.6, 129.1, 128.9, 1282, 128.1, 127.9, 127.5, 127.1,
125.7, 125.5, 75.8, 30.9, 22.2, 22.1, 21.5, 13.2; IR (film)
vmae: 3037, 2930, 2857, 1643, 1603, 1575, 1486, 1435,
1363, 1279, 1255, 1200, 1135, 1093, 1029, 973, 911, 832,
789, 762, 732 cm . HRMS (ESI) calcd for CaoHpoO [M—+
H]" 393.2213, found 393.2210. HPLC (1E C.%¢/5F A E,
V:iV=95:5 ¥ii# 1.0 mL/min, 1=254 nm, 25 C),
tr(major)=11.41 min, tr(minor)=24.01 min, ee="76%.

(8)-2,3- R (3-1: MR H& )-5- F 2L -5,6',7',8"- U & - 1' H- B3
(AR JE-1,2'-25]-2,4- —Jdi-1'-F(3al): ¥ (IEIK, 29.4 mg,
FEE 43%. [a]dy +51.8 (¢ 0.1, CHCL;); 'H NMR (400
MHz, CDCls) d: 7.56 (s, 1H), 7.38~7.37 (m, 1H), 7.26~
7.25 (m, 1H), 7.18 (s, 1H), 6.47 (s, 1H), 6.38~6.34 (m,
1H), 6.30 (s, 1H), 6.26 (d, J=9.6 Hz, 1H), 5.80 (d, J=9.2
Hz, 1H), 2.45~2.42 (m, 2H), 2.35~2.32 (m, 2H), 1.73~
1.66 (m, 4H), 1.74 (s, 3H); '*C NMR (100 MHz, CDCl;) §:
196.3, 150.9, 145.7, 142.9, 142.6, 141.0, 139.5, 136.9,
135.3, 133.7, 133.2, 132.6, 127.2, 120.8, 120.3, 110.4,
110.2, 75.0, 30.9, 22.09, 22.07, 22.0, 13.0; IR (film) Vinax:
3669, 2972, 2935, 1768, 1643, 1573, 1508, 1434, 1401,
1366, 1277, 1257, 1200, 1162, 1068, 977, 909, 872, 853,
824, 787, 765, 731, 650 cm”!. HRMS (ESI) calcd for
Ca3Hz003Na [M+Na]" 367.1305, found 367.1304. HPLC
(ECke/ AR, Vi V=90 : 10, #i# 1.0 mL/min, 1=
254 nm, 25 C), tr(minor)=7.28 min, tr(major)=7.98
min, ee=67%.

(8)-2,3- KU (2-WE Wy HE)-5- F 2 -5".6',7',8"- VU - 1' H- 15
(AR JE-1,2'-251-2,4- —Jdi-1'-Fi (3am): 3 B IHPIRY, 39.9
mg, F°F 53%. [a]y +76.9 (¢ 0.1, CHCL); '"H NMR
(400 MHz, CDCls) &: 7.26~7.24 (m, 1H), 7.18~7.17 (m,
2H), 6.99 (dd, J=5.2, 4.0 Hz, 1H), 6.89 (dd, J=5.2, 4.0
Hz, 1H), 6.77 (dd, J=3.6, 1.2 Hz, 1H), 6.51 (d, J=1.6 Hz,
1H), 6.26 (d, J=9.2 Hz, 1H), 5.86 (d, J=9.2 Hz, 1H),
2.41~237 (m, 2H), 2.33~2.29 (m, 2H), 1.77 (s, 3H),
1.71~1.60 (m, 4H); 3C NMR (100 MHz, CDCls) §:
195.9, 150.7, 146.6, 138.9, 137.3, 136.7, 135.7, 134.7,
133.5, 133.3, 128.0, 127.10, 127.08, 126.9, 126.7, 126.4,
125.9, 76.0, 30.8, 22.11, 22.08, 22.0, 13.3; IR (film) Vinax:
2023, 2854, 1644, 1493, 1459, 1436, 1412, 1363, 1277,
1234, 1206, 1187, 1080, 967, 827, 762, 699, 662 cm .
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HRMS (ESI) caled for Cp3H 0S8, [M+H]" 377.1028,
found 377.1022. HPLC (IE e/ 5t AEE, V@ V=90 : 10,
JIE 1.0 mL/min, 1=254 nm, 25 °C), fr(major)=6.96
min, fr(minor)=8.60 min, ee=65%.

(S)-3- 2 HE-5-H B2 2R 3 -51,6',7',8'- DU & - 1' H- B [ 34
[ E-1,2'-251-2,4- ZJf-1'-Fd (3an): KLk CliRY), 23.4
mg, FF 37%. [a]s +155.7 (¢ 0.1, CHClL;); 'H NMR
(400 MHz, CDCls) §: 7.24~7.20 (m, 2H), 7.16~7.12 (m,
1H), 7.09~7.06 (m, 2H), 6.32 (s, 1H), 6.18 (d, J/=9.2 Hz,
1H), 5.78 (d, J=9.2 Hz, 1H), 2.45 (q, J=7.6 Hz, 2H),
2.39~2.35 (m, 2H), 2.33~2.28 (m, 2H), 1.70 (s, 3H),
1.68~1.62 (m, 4H), 1.16 (t, J=7.6 Hz, 3H); 3C NMR
(100 MHz, CDCls) d: 196.8, 150.7, 148.2, 145.8, 140.3,
137.4, 136.1, 134.1, 133.5, 128.13, 128.11, 126.9, 126.5,
75.3, 30.8, 22.2, 22.0, 21.8, 13.9, 13.1; IR (film) Vi
3040, 2925, 2855, 1646, 1597, 1574, 1493, 1437, 1349,
1276, 1247, 1201, 1161, 1132, 1001, 842, 803, 772, 756,
696, 625 cm ™ !. HRMS (ESI) calcd for Cp3H4ONa [M—+
Na]" 339.1719, found 339.1726. HPLC (1E C.k¢/ 5 N B,
V:iv=95:5, {iti# 1.0 mL/min, A=254 nm, 25 C),
tr(major)=9.52 min, tr(minor)=14.94 min, ee="70%.

(8)-3,5- . H £ 2- 756" 7, 8- T & - 1'H-WR [ 3 K
Fi-2'-251-2,4- " J-1-F (3a0): IREEEIIRY), 15.1 mg,
FEE 25%. [a]f +98.8 (¢ 0.1, CHCL;); 'H NMR (400
MHz, CDCl3) d: 7.25~7.20 (m, 2H), 7.16~7.08 (m, 3H),
6.22 (s, 1H), 6.20 (d, J=9.2 Hz, 1H), 5.77 (d, J=9.2 Hz,
1H), 2.42~2.38 (m, 2H), 2.35~2.32 (m, 2H), 2.12 (s,
3H), 1.73~1.62 (m, 4H), 1.72 (s, 3H); *C NMR (100
MHz, CDCl:) 0: 196.8, 150.8, 145.5, 142.0, 140.9, 137.7,
136.5, 136.0, 133.5, 128.2, 127.8, 126.8, 126.3, 75.1, 30.9,
22.2,22.1, 15.1, 12.8; IR (film) vaax: 3077, 2931, 2859,
1646, 1598, 1572, 1493, 1438, 1366, 1278, 1253, 1199,
1163, 1072, 913, 843, 808, 759, 730, 697, 646 cm .
HRMS (ESI) caled for CH3:0 [M+H]" 303.1743, found
303.1750. HPLC (IECkt/mAEE, V@ V=955, itk
1.0 mL/min, A2=254 nm, 25 C), tr(major)=11.76 min,
tr(minor)=18.25 min, ee=70%.

(8)-1,2,4- =K HL W2 [4.5]11-1,3,7,9- V4 I -6- i (3ba):
HEMIRY, 37.8 mg, PF 51%. [aly +4.9 (c 0.1,
CHClL;); 'H NMR (400 MHz, CDCly) §: 7.47 (s, 1H),
7.31~7.27 (m, 6H), 7.24~7.16 (m, 7H), 7.12~7.07 (m,
3H), 6.49 (dd, J=9.2, 6.0 Hz, 1H), 6.28 (d, J=10.0 Hz,
1H), 6.23~6.20 (m, 1H); 3C NMR (100 MHz, CDCl;) ¢:
196.6, 148.2, 145.7, 143.1, 142.3, 141.5, 135.0, 134.9,
134.2, 133.6, 129.4, 129.2, 128.8, 128.6, 128.4, 128.1,
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127.8, 127.7, 1258, 1232, 75.5; IR (film) via: 3058,
2921, 2360, 1660, 1624, 1598, 1574, 1548, 1492, 1444,
1409, 1367, 1245, 1182, 1134, 1071, 1025, 963, 909, 869,
756, 731, 695, 637 cm '. HRMS (ESI) caled for CosH,10
[M-+H]" 373.1587, found 373.1580. HPLC (1E &%¢/ 54
fE, Vi V=95:5, ¥ii& 1.0 mL/min, =254 nm, 25 C),
tr(minor)=19.02 min, tr(major)=24.19 min, ee=38%.

45 BB (Supporting Information)

H stk &%) 3aa~

3ao0, 3ba 1] '"H NMR, '3C NMR, 'F NMR 3% R0V AR £33

B 3 LR aT DL A 2 AR T 19 35 (http:/sioc-journal.
en/) B ER.
References

(1

[2]

[3]

Chin. J. Org. Chem. 2023, 43,2926~2933

For reviews on transition-metal-catalyzed C—H activation/annul-
ation reactions, see:

(a) Satoh, T.; Miura, M. Chem.-Eur. J. 2010, 16, 11212.

(b) Ackermann, L. Acc. Chem. Res. 2014, 47, 281.

(c) Yang, Y.; Li, K.; Cheng, Y.; Wan, D.; Li, M.; You, J. Chem.
Commun. 2016, 52, 2872.

(d) Duarah, G.; Kaishap, P. P.; Begum, T.; Gogoi, S. Adv. Synth.
Catal. 2019, 361, 654.

(d) Kuang, G; Liu, G.;; Zhang, X.; Lu, N.; Peng, Y.; Xiao, Q.; Zhou,
Y. Synthesis 2020, 52, 993.

(e) Saha, A.; Shankar, M.; Sau, S.; Sahoo, A. K. Chem. Commun.
2022, 58, 4561.

Selected reviews on transition-metal-catalyzed C—H functionaliza-
tions, see:

(f) Ji, Y.; Zhang, M.; Xing, M.; Cui, H.; Zhao, Q.; Zhang, C. Chin.
J. Chem. 2021, 39, 391.

(g) Liu, X.; Kuang, C.; Su, C. Acta Chim. Sinica 2022, 80, 1135 (in
Chinese).

K&, EHFE, HKe, EFR, 2022, 80, 1135.)

(h) Gu, H.; Jin, X.; Li, J.; Li, H.; Liu, J. Chin. J. Org. Chem. 2022,
42,2682 (in Chinese).

(B, $ofvsn, 25, 28, XI5k, A, 2022, 42,
2682.)

(a) Reddy Chidipudi, S.; Khan, I.; Lam, H. W. Angew. Chem., Int.
Ed. 2012, 51,12115.

(b) Dooley, J. D.; Reddy Chidipudi, S.; Lam, H. W. J. Am. Chem.
Soc. 2013, 135, 10829.

(c) Reddy Chidipudi, S.; Burns, D. J.; Khan, I.; Lam, H. W. Angew.
Chem., Int. Ed. 2015, 54, 13975.

(a) Nan, J.; Zuo, Z.; Luo, L.; Bai, L.; Zheng, H.; Yuan, Y.; Liu, J.;
Luan, X.; Wang, Y. J. Am. Chem. Soc. 2013, 135, 17306.

(b) Han, L.; Wang, H.; Luan, X. Org. Chem. Front. 2018, 5, 2453.
(c) Hao, J.; Ge, Y.; Yang, L.; Wang, J.; Luan, X. Tetrahedron Lett.
2021, 71, 153050.

(d) Li, K.; Bai, L.; Luan, X. Chin. J. Org. Chem. 2019, 39, 2211 (in
Chinese).

(4]

(3]

(6]

(71

(8]

(9]

© 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

(ZHEW, EBE, ZE, AAULE, 2019, 39,2211.)

(e) Li, H.; Cui, X. Chin. J. Org. Chem. 2020, 40, 543 (in Chinese).
(ZEWR, BFER, AHIE, 2020, 40, 543.)

(a) Zheng, J.; Wang, S.-B.; Zheng, C.; You, S.-L. J. Am. Chem. Soc.
2015, 137, 4880.

(b) Zheng, C.; Zheng, J.; You, S.-L. ACS Catal. 2016, 6, 262.

Other examples of enantioselective C—H spiroannulation reactions
with alkynes, see:

(a) Zhang, M.; Huang, G. Chem. Eur. J. 2016, 22, 9356.

(b) Zheng, J.; Wang, S.-B.; Zheng, C.; You, S.-L. Angew. Chem.,
Int. Ed. 2017, 56, 4540.

(c) Duarah, G.; Kaishap, P. P.; Sarma, B.; Gogoi, S. Chem. Eur. J.
2018, 24, 10196.

(d) Li, H.; Gontla, R.; Flegel, J.; Merten, C.; Ziegler, S.; Antonchick,
A. P; Waldmann, H. Angew. Chem., Int. Ed. 2019, 58, 307.

(e) Huang, Y.-Q.; Wu, Z.-J.; Zhu, L.; Gu, Q.; Lu, X.; You, S.-L.;
Mei, T.-S. CCS Chem. 2022, 4, 3181.

(f) Wang, Y.; Huang, X.; Wang, Q.; Tang, Y.; Xu, S.; Li, Y. Org.
Lett. 2021, 23, 757.

(g) Wei, W.; Scheremetjew, A.; Ackermann, L. Chem. Sci. 2022, 13,
2783.

For C—H spiroannulation reactions of phenols with alkynes in a
racemic manner, see:

(a) Seoane, A.; Casanova, N.; Quinones, N.; Mascareiias, J. L.; Gu-
lias, M. J. Am. Chem. Soc. 2014, 136, 7607.

(b) Kujawa, S.; Best, D.; Burns, D. J.; Lam, H. W. Chem. Eur. J.
2014, 20, 8599.

(c) Zuo, Z.; Yang, X.; Liu, J.; Nan, J.; Bai, L.; Wang, Y.; Luan, X. J.
Org. Chem.2015, 80, 3349.

(d) Lin, P.-P; Han, X.-L.; Ye, G.-H.; Li, J.-L.; Li, Q.; Wang, H. J.
Org. Chem. 2019, 84, 12966.

(e) Liu, A.; Han, K.; Wu, X.-X.; Chen, S.; Wang, J. Chin. J. Chem.
2020, 38, 1257.

(f) Liu, T.; Han, L.; Zhang, J.; Lu, G. J. Org. Chem. 2021, 86, 10484.

(a) Pettus, T. R. R.; Inoue, M.; Chen, X.-T.; Danishefsky, S. J. J.
Am. Chem. Soc. 2000, 122, 6160.

(b) Zhan, Z.-].; Li, C.-P.; Shan, W.-G. J. Chem. Res. 2007, 1, 38.

(c) Saito, Y.; Takashima, Y.; Kamada, A.; Suzuki, Y.; Suenaga, M.;
Okamoto, Y.; Matsunaga, Y.; Hanai, R.; Kawahara, T.; Gong, X.;
Tori, M.; Kuroda, C. Tetrahedron 2012, 68, 10011.

(d) Sandargo, B.; Michehl, M.; Praditya, D.; Steinmann, E.; Stadler,
M.; Surup, F. Org. Lett. 2019, 21, 3286.

For selected reviews on Rh-catalyzed C—H functionalizations, see:
(a) Ye, B.; Cramer, N. Acc. Chem. Res. 2015, 48, 1308.

(b) Yoshino,T.; Satake, S.; Matsunaga, S. Chem. Eur. J. 2020, 26,
7346.

(c) Shaaban, S.; Davies, C.; Waldmann, H. Eur. J. Org. Chem.
2020, 6512.

(d) Mas-Rosello, J.; Herraiz, A. G.; Audic, B.; Laverny, A.; Cramer,
N. Angew. Chem., Int. Ed. 2021, 60, 13198.

(e) Davies, C.; Shaaban, S.;Waldmann, H. Trends Chem. 2022, 4,
318.

(a) Ye, B.; Cramer, N. Science 2012, 338, 504.

(b) Ye, B.; Cramer, N. J. Am. Chem. Soc. 2013, 135, 636.

(c) Zheng, J.; Cui, W.-J.; Zheng, C.; You, S.-L. J. Am. Chem. Soc.
2016, 138, 5242.

(Lu, Y.)

2933

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


