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Abstract Under the treatment of P(NMez)s, benzoylformates bearing an a.f-unsaturated ketone unit readily underwent an
intramolecular cyclopropanation reaction, producing the corresponding cyclopropa[c]coumarins in moderate to good yields.
Under the optimized conditions, the reaction exhibited a wide scope of substrates and excellent stereoselectivity, thus provides
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a facile and efficient method for the synthesis of cyclopropa[c]coumarins.
Keywords benzoylformates; cyclopropanation reaction; cyclopropa[c]coumarins; phosphorus reagent
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Scheme 1 Synthetic methods of cyclopropa[c]coumarins
(a) Formation and carbene-like reactivity of the Kukhtin-Ramirez adducts E\\-// o R!
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(b) The first K-R adduct-mediated intramolecular cyclopropanation
reaction (Our previous work)
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(c) An extension of intramolecular cyclopropanation

reaction (This work)
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Scheme 2 Reactivity of K-R adducts and intramolecular cyclopropanations
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ATk IE AH G BB 745 S (Scheme 2, ¢).

1 FRitie
1.1 RRMEHHL

FERTII ARG b, BATRAIFER T 2T HEH
o - AN VLR i 45 ) B0 (1 2 R I PR IR B A IR 1a

(Table 1). fE—78 CHZESLRY T, A 1a (0.20 mmol)
=S EE(2.0 mL)ER A A P(NMes); (0.24 mmol),

PP N 30 min 5, RMNIBGPIFE ST NS 4 h
TERBREF G, M= MAERAEEN 05, BL 45%IK
KA RN HHAIA S [c]F Z & 2a (Table 1, Entry 1).
TEIL S B b, Xz R S HEAT T 220 1% (Table 1).
SRR BERGRREAT 1. JEE T LR LA = A i
5, 41 P(OMe)s~ PPh; #11 PBu; (Table 1, Entries 2~4), 4
RER, 4 H P(OMe); A1 PBus i, P28 FF%; 24
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i PPhs B 58 AN REAE A H bR =4, Rtk P(NMes)s 1
NAZ NI B AR, B R ORXTE AT T i IE. R
AR =G e DUSBRIEAN 1,2- 40 2 8 T 2 RE A 2t
17, 1EFEYCR A X BK (Table 1, Entries 5~7); 41 H
FORAEIE AT, 724 2a IR R ER S 2 65% (Table 1,
Entry 8), PRI LA SRAE N AR 10 S A 7). 32 R R
LS TEEEAT T %2, & MK R ST, H bR e e
HHRE. 4N HEAT 6 h AT LA 71%U0 %45 3 H b5~
V) 2a (Entry 10); 44kEEEK S BN E], H AR =207 3
BHWRENSE. 206 FIRGR, Bz = N %
2 RN, BEAFIY P(NMeo)s, BT TEA 6
h.
R1 PR

Table 1 Optimization of the reaction conditions

o .
PR3 (1.2 equiv.) 0
o O conditions )

O
b Crrds

2a

Entry PR3 Solvent ~ Time/h Yield”/%  dr¢
1 P(NMe2)s CH:Ch 4 45 >20:1
2  PPhs CH2Cl2 4 NR¢ —
3 P(OMe); CH:Ch 4 35 >20:1
4 PBus CH2Cl2 4 15 >20:1
5 P(NMez); CHCl 4 40 >20:1
6 P(NMez); CICH.CH:Cl 4 37 >20:1
7 P(NMe):; THF 4 35 >20:1
8 P(NMez); Toluene 4 65 >20:1
9 P(NMez); Toluene 2 48 >20:1
10 P(NMe2); Toluene 6 71 >20:1
11 P(NMez); Toluene 8 70 >20:1
12 P(NMe2)s  Toluene 10 71 >20:1

9 Reaction conditions: a mixture of 1a (0.20 mmol) and PR3 (1.2 equiv.) in
solvent (2.0 mL) was stirred under N, from —78 ‘C to r.t. ®Isolated yield.
¢NR=No reaction. ¢ Diastereomeric ratio (dr) values were determined by 'H
NMR analysis.

1.2 R¥SeE

TEMfE T LR P FEAR IS, BT 12 L A&
FHVEEIET 7 % 8%(Table 2). 458 Boni% RN RV &
PR, BV TS I EXT Mg B AR il — R A B g ]
RS () B 3 2. FRATTE e K30 b R HUAR A
AT T %5, Lt R' 2 T RURE IS & hr TR
B, NI R A B H AR ) 2b~2g (25%~81%);
H 2 BRI i TS A R I, PRCR I R
K% (2e 1 2g). HE— D XA B b R2BEHHAT 1552, K
B R? TCISE A T I B i B R S el
RS, NS DA U 1WA AR BCRR TR AR R )
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2h~2n (49%~79%); 4 R? NHIEERS, MR EE LSS
IS A R DI B AL 2 20 1 2p. Be)E 52 T 2K H
FERHS b o5 REUIRSEE R A& AV L, I R3 9
FAAEE . I B AR 5 BRI, e B34 DA b 46 21 [ 47
KA RIMEF=) 2p~2v (38%~85%). [AINf, AT i#k—
WA PRI EERE, REFRIEIE T 75 2a ISR EhEEH
(CCDC: 2059818, Table 2).
1.3 FYIRITEX

N T RN R R ARG R LR, X
20 AT T WML IR AL, ARG & T R 2 E
Re AT AEY)(Scheme 3). B %G, 1 = LIRAFAE T, =)
20 1E FAEEA IR 12 h, W SEEE O R 4Rk B
HEERREITIR, DL 84% %Az pie 2 B IR I B AT B9 3,
SRS IR R e B AR R B AR R AN (Scheme 3, a). UK,
N T IR PR AR TR T B AR IR R R IR, ST
7= 20 1E PA/C AL FIEAL RN, SEILT i FE X 4l
PEPEMIR N E 28 C—C AR, Lhaik. mEdE
f ek BN RAER 34- —AFERLEY 4
(Scheme 3, b). tLEW 4 (17T S5 F AT 0 BT i
IN(CCDC: 2059816, Scheme 3).

2 i
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B2, RRINSEIL T P(NMea)s /370 A IR IR AL SN
N BA B MR | B A P Y R AR
AEXT WL FENE, TR IR e I [c] A R T
—MEeEZS. . mAERITE, 2y
JET K-R MEWMZ 555 WAL RN 1A &
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Rt T RATI A RO
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31 B 5H

'H NMR Al BC NMR PAPY F B RELE(TMS) A A B,
FETARE AT V7B B Bruker 400 BUZRESLIRACI 2 =
Y HERELL ESI PHES A, JERA TOF =i 7
M Varian 7.0 T {8 57 AR 45 85 - [] @ HL R 57 1% A Bl
Agilent 6520 Q-TOF LC/MS Sl 5 ; A% JZ #7143 25 LA
200~300 HEERARE e LUAHEPE, 60~90 C)/
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x2 JRYEHE
Table 2 Substrate scope
=
0) \TR3 2
R
o
oo o P(NMey); W =
N “g2  toluene, 78 °Ctort, 6h  gil \ R os
R1'_ ! _— R
L~ oo

2a: 71%; 20:1 dr

R2

(O]

2h (R = Me): 79%; 20:1 dr
2i (R = Et): 66%; 20:1 dr
2j (R = OMe): 68%; 20:1 dr

O OCH,

H): 63%; 20:1 dr
Me): 65%; 20:1 dr

2q (R'=
2r(R'=

2s: 42%; 20:1 dr

2
i:o (0]

O\
o) (0)

R o]
2c (R" = Me): 51%; 2011 dr  2f (R' = Me): 81%; 20:1 dr
(CCDC: 2059818) 2b: 75%; 20:1 dr 2d (R'= )' 53%;20:1dr  2¢ (R = F): 35%; 20:1 dr
2e (R"= F): 25%; 20:1 dr

RZ
% ©
I (O 6]

2k (R =ClI): 67%; 20:1 dr
21 (R = Br): 49%; 20:1 dr

<, 'v

2m: 56%; 20:1 dr

.

o "o

2n: 68%; 20:1 dr 20 (R® = H): 50%; 20:1 dr

2p (R® = Me): 38%; 20:1 dr

2t: 70%; 20:1 dr

2u: 67%; 20:1 dr 2v: 85%; 20:1 dr

a) >:o
= O MeOH, Et;N
_—
O reflux, 12 h
O
20 (0.1 mmol) 3, 84% yield, 20:1 dr
e}
(b)
o H, (505 kPa) )J\
s Pd/C (30 mol%) LW .
O O ethyl acetate, r.t.,, 12 h -
O (O e}
20 (0.1 mmol)
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4, 92% yield, 20:1 dr

CCDC: 2059816

B3 4 20 4L

Scheme 3 Transformations of product 20
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3.2 ZLWAHE
32,1 H5FARARAR AL (—ARITAR)

RS F, B 1 (0.2 mmol, 1.0 equiv.)i& T
FHEFAHZKQ mL)H, FIIAF] 25 mL FJ#1 Schlenk
B, BT —78 CIREAHHAE 30 min, SASEHE
P(NMe,); (39 mg, 0.24 mmol, 1.2 equiv.)f F A% (0.5
mL)7E 30 min P VRS SZBHUIIN, InEe, RERE
YIE—78 CHEH: 30 min, SAETFEERHFE 6 h. JlE
Ji BV R IS, KL A AR 2 AT A4 [ BE ) V(PE)
VEA)=10 : 1115¥) 2.

1- 2 P ik - 1a- 5 3k -1, 7b- — S0 3R 75 X652 [e] 2 it
W-2(1H)-fi(2a): HEFEE, =2 71%. dr>20 1, m.p.
216~217 °C; 'H NMR (CDCls, 400 MHz) &: 7.95 (d, J=
7.4 Hz, 2H), 7.62 (t, J=7.4 Hz, 1H), 7.56~7.45 (m, 3H),
7.38~7.26 (m, 6H), 7.20 (t, J=7.3 Hz, 1H), 7.13 (d, J=
8.1 Hz, 1H), 3.97 (d, J=5.1 Hz, 1H), 3.43 (d, J=5.1 Hz,
1H); 3C NMR (CDCls, 101 MHz) 6: 191.9, 165.1, 150.4,
137.4, 133.8, 132.0, 130.9, 128.9, 128.7, 128.6, 128.4,
128.3, 128.0, 124.9, 120.5, 117.1, 41.2, 36.8, 30.3; HRMS
(ESI) caled for CyHi70; [M+H]" 341.1172, found
341.1177.

1-2K I -4 H AR - 1a- 25 9 - 1a, 7b- AR A B[]
R FEMEAE-2(1H)-FR(2b): EEEA, 722 75%. dr >20 :
1, m.p. 198~199 ‘C; 'H NMR (CDCls, 400 MHz) 6: 7.93
(d, J=7.3 Hz, 2H), 7.61 (t, J=7.4 Hz, 1H), 7.49 (t, J=7.3
Hz, 2H), 7.28 (m, 5H), 7.36~7.21 (m, 2H), 6.92 (d, J=
7.9 Hz, 1H), 3.94 (d, J=5.3 Hz, 1H), 3.92 (s, 3H), 3.45 (d,
J=3.4 Hz, 1H); '3C NMR (CDCls, 101 MHz) §: 192.0,
164.4, 147.5, 139.6, 137.4, 133.8, 132.0, 130.9, 128.9,
128.6, 128.4, 128.3, 124.8, 121.5, 119.4, 111.3, 56.1, 41.3,
36.8, 30.5; HRMS (ESI) caled for CaqHi9Os [M+H]"
371.1278, found 371.1283.

1-2K B 3 -5- F - 1a- A - 12, 7Tb- A I 5[] 2K
FEME-2(1H)-i(2¢): BEEEAER, 7% 51%. dr>20: 1,
m.p. 198~199 ‘C; 'H NMR (CDCls, 400 MHz) 6: 7.93
(d, J=7.2 Hz, 2H), 7.60 (t, J=7.4 Hz, 1H), 7.48 (t, J=7.7
Hz, 2H), 7.39 (d, J=7.7 Hz, 1H), 7.32~7.23 (m, 5H),
7.00 (d, J=7.7 Hz, 1H), 6.94 (s, 1H), 3.92 (d, J=5.1 Hz,
1H), 3.38 (d, J=5.1 Hz, 1H), 2.37 (s, 3H); *C NMR
(CDCls;, 101 MHz) &: 192.1, 165.4, 150.2, 139.1, 137.4,
133.8, 132.1, 130.9, 128.9, 128.6, 128.3, 128.3, 127.7,
125.6, 117.5, 117.4, 41.2, 36.8, 30.1, 21.2; HRMS (ESI)
caled for CosH1903 [M+H]" 355.1329, found 355.1334.

1-25 F L -5-50- 1a- A5 3k - 12, 7b- AR A K[]RI
ML AR -2(1H)- il (2d): 38 (b 44, P23 53%. dr>20 1,
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m.p. 194~195 ‘C; 'H NMR (400 MHz, CDCl;) §: 7.94
(d, J=7.4 Hz, 2H), 7.62 (d, J=7.4 Hz, 1H), 7.50 (t, J=7.3
Hz, 2H), 7.45 (d, J=8.0 Hz, 1H), 7.27 (s, 5H), 7.18 (d, J=
8.1 Hz, 1H), 7.14 (s, 1H), 3.94 (d, J=3.8 Hz, 1H), 3.42 (d,
J=3.3 Hz, 1H); '*C NMR (CDCl;, 101 MHz) d: 191.6,
164.5, 150.7, 137.2, 134.0, 131.6, 130.9, 129.0, 128.9,
128.8, 128.4, 128.4, 125.1, 119.1, 117.5, 40.8, 36.6, 29.7;
HRMS (ESI) caled for C3HisClOs [M+H]" 375.0782,
found 375.0780.

1-2K B 3 -5-F- 1a- 7K - 1a, 7b- A IR A BE[c] A
ML R -2(1H)- i (2e): 38 (o [E 4K, 7238 25%. dr>20: 1,
m.p. 188~189 ‘C; 'H NMR (CDCls, 400 MHz) J: 7.94
(d, J=8.2 Hz, 2H), 7.63 (t, J=7.4 Hz, 1H), 7.53~7.45
(m, 3H), 7.37~7.26 (m, 5H), 6.93 (td, J=8.3, 1.4 Hz,
1H), 6.87 (d, J=8.9 Hz, 1H), 3.95 (d, J=5.0 Hz, 1H), 3.41
(d, J=5.0 Hz, 1H); *C NMR (CDCls, 101 MHz) 6: 191.7,
164.1 (d, Jer=248.5 Hz), 161.0, 151.0 (d, *Jer=12.1
Hz), 137.3, 133.9, 131.7, 130.9, 129.1, 129.0, 128.8, 128.4
(d, *Jcr=2.0 Hz), 116.4 (d, *Jcr=3.0 Hz), 112.0 (d,
2Jer=22.2 Hz), 105.0 (d, 2cr=26.3 Hz), 40.7, 36.6,
29.6; HRMS (ESI) caled for CyHiFO; [M + H] '
359.1078, found 359.1081.

-2 B R L -6- HH JE-1a- K - 18, 7Tb- AR B[] 4
ML -2(1H)-Fi2f): A EREE, 2% 81%. dr>20: 1,
m.p. 244~245 ‘C; 'H NMR (CDCl;, 400 MHz) 6: 7.91
(d, J=7.6 Hz, 2H), 7.58 (t, J=7.2 Hz, 1H), 7.46 (t, J=7.4
Hz, 2H), 7.36~7.20 (m, 6H), 7.09 (d, J=8.3 Hz, 1H),
6.99 (d, J=8.3 Hz, 1H), 3.89 (d, J=4.5 Hz, 1H), 3.37 (d,
J=4.5 Hz, 1H), 2.34 (s, 3H); 3C NMR (CDCls, 101 MHz)
8: 192.1, 165.3, 148.2, 137.4, 134.6, 133.8, 132.1, 131.0,
129.2, 128.9, 128.6, 128.4, 128.4, 128.3, 120.1, 116.8,
77.4,77.1,76.8, 41.2, 36.8, 30.3, 20.8; HRMS (ESI) calcd
for Ca4sH 1003 [M+H]" 355.1329, found 355.1331.

1- 2K H B 3 -6-F- 1a- 7K - 1a, 7b- A IR A BE[c] A
W -2(LH)- i (2g): H EE &, 7% 35%. dr>20: 1,
m.p. 233~234 ‘C; '"H NMR (CDCls, 400 MHz) J: 7.94
(d, J=7.2 Hz, 2H), 7.62 (t, J=7.3 Hz, 1H), 7.50 (t, J=7.4
Hz, 2H), 7.34~7.21 (m, 6H), 7.14~7.06 (m, 1H), 7.02 (t,
J=8.4 Hz, 1H), 3.93 (d, J=3.3 Hz, 1H), 3.43 (d, J=3.2
Hz, 1H); 3C NMR (CDCls;, 101 MHz) 6: 191.5, 164.9,
159.2 (d, Jcr=244.5 Hz), 146.3 (d, *Jc.r=2.0 Hz), 137.3,
134.0, 131.6, 130.9, 129.0, 128.8, 128.4, 126.4, 122.0 (d,
3Jer=8.1 Hz) 118.5 (d, *Jcr=9.1 Hz), 115.4 (d, Jecr=
23.2 Hz), 114.7 (d, 2Jcr=22.2 Hz), 40.7, 36.6, 29.9;
HRMS (ESI) caled for CpHisFOs [M~+H] " 359.1078,

Chin. J. Org. Chem. 2021, 41, 4066~4074
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found 359.1079.

1-(4- 1 35 2 i 3 )-1a- 45 3 - 12, 7b- A3 A i [c]
ARIFMEE-2(LH)-BH (2h): A, 7223 79%. dr>20 :
1, m.p. 189~190 °C; 'H NMR (CDCls, 400 MHz) J: 7.83
(d, J=6.5 Hz, 2H), 7.51 (d, J=7.4 Hz, 1H), 7.32~7.21
(m, 8H), 7.18 (dd, J=10.6, 4.3 Hz, 1H), 7.11 (d, J=7.8
Hz, 1H), 3.95 (d, J=2.5 Hz, 1H), 3.39 (d, J=2.8 Hz, 1H),
2.42 (d, J=1.1 Hz, 3H); *C NMR (CDCls, 101 MHz) ¢
191.3, 165.1, 150.4, 144.8, 135.0, 132.1, 130.9, 129.6,
128.6, 128.5, 128.3, 128.1, 124.8, 120.7, 117.1, 41.0, 36.7,
30.1, 21.8; HRMS (ESI) caled for CaHisO3 [M+H]"
355.1329, found 355.1334.

1-(4- 2 3L 2K B BE 5L )-1a- HE -1, 7b- A A K[ c]
ZRIEE G -2(1H)-BR(20): EEEAE, 773 66%. dr>20 :
1, m.p. 159~160 ‘C; 'H NMR (CDCls;, 400 MHz) 6: 7.86
(d, J=8.0 Hz, 2H), 7.51 (d, J=7.5 Hz, 1H), 7.33~7.21
(m, 8H), 7.18 (t, J=7.5 Hz, 1H), 7.11 (d, J=8.1 Hz, 1H),
3.94 (d, J=5.1 Hz, 1H), 3.40 (d, J=5.1 Hz, 1H), 2.71 (q,
J=7.6 Hz, 2H), 1.26 (t, J=7.6 Hz, 3H); *C NMR (CDCl;,
101 MHz) &: 1914, 165.2, 150.9, 150.4, 1352, 132.1,
131.0, 128.6, 128.5, 128.4, 128.3, 128.0, 124.8, 120.7,
117.1, 41.1, 36.7, 30.2, 29.0, 15.1; HRMS (ESI) calcd for
CasH2105 [M+H]" 369.1485, found 369.1491.

1-(4- F 40 2 2 R B 36 )- 1a- 2R 5 -1a,7b- &R TR J5¢
[c] 2K FF ML IR -2(LH)- R (2§): A K, 7% 68%. dr
>20: 1, m.p. 213~214 °C; '"H NMR (CDCls, 400 MHz)
8: 7.99~7.85 (m, 2H), 7.51 (d, J=7.5 Hz, 1H), 7.32~
7.22 (m, 6H), 7.18 (t, J=7.5 Hz, 1H), 7.11 (d, J=8.1 Hz,
1H), 6.99~6.90 (m, 2H), 3.95 (d, J=5.1 Hz, 1H), 3.87 (s,
3H), 3.37 (d, J=5.1 Hz, 1H); 3C NMR (CDCls;, 101 MHz)
d: 190.0, 165.3, 164.1, 150.4, 132.2, 130.9, 130.8, 130.5,
128.5, 128.3, 128.0, 124.8, 120.8, 117.1, 114.1, 55.6, 40.8,
36.5, 29.9; HRMS (ESI) caled for CaHis04 [M+H]"
371.1278, found 371.1281.

1-(4- 508 P I )-1a- 2K H - 1a,7b- A A K [c] 5
FEuE iR -2(1H)-Br(2K): I EFEE, =2 67%. dr>20 11,
m.p. 222~223 ‘C; 'H NMR (CDCls, 400 MHz) 6: 7.88
(d, J=7.7 Hz, 2H), 7.52 (d, J=7.5 Hz, 1H), 7.46 (d, J=
7.7 Hz, 2H), 7.33 (t, J=7.9 Hz, 1H), 7.28 (s, 5H), 7.20 (t,
J=7.4 Hz, 1H), 7.13 (d, J=8.0 Hz, 1H), 3.96 (d, J=3.3
Hz, 1H), 3.36 (d, J=3.3 Hz, 1H); *C NMR (CDCl;, 101
MHz) d: 190.8, 164.9, 150.3, 140.5, 135.6, 131.8, 130.9,
129.7, 129.3, 128.8, 128.7, 128.4, 128.1, 125.0, 120.3,
117.1, 41.3, 36.6, 30.2; HRMS (ESI) calcd for Co3H16C105
[M-+H]" 375.0782, found 375.0788.
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1-(4- VR 2K F L 3L )-1a- 8 3 - 12, 7b- — E I A K [c] K
FEuk iR -2(1LH)-FR2D): HEREAER, =2 49%. dr>20 11,
m.p. 200~201 ‘C; '"H NMR (CDCls, 400 MHz) ¢: 7.80
(d, J=8.6 Hz, 2H), 7.63 (d, J=8.6 Hz, 2H), 7.52 (dd, J=
7.5, 1.4 Hz, 1H), 7.36~7.31 (m, 1H), 7.30~7.24 (m, 5H),
7.20 (td, J=7.5, 1.1 Hz, 1H), 7.13 (d, J=8.1 Hz, 1H), 3.96
(d, J=5.1 Hz, 1H), 3.36 (d, J=5.1 Hz, 1H); 3C NMR
(CDCls, 101 MHz) 6: 191.0, 164.9, 150.3, 136.0, 132.3,
131.7, 130.9, 129.8, 129.3, 128.8, 128.8, 128.4, 128.1,
125.0, 120.3, 117.1, 41.3, 36.6, 30.3; HRMS (ESI) calcd
for C23H16BrOs [M+H]" 419.0277, found 419.0272.

1-(3- VR 2K F L 3L )-1a- 28 3 - 12, 7Tb- A N St [c] K
FEOE R -2(1H)-B(2m): S A, 722 56%. dr>20 1 1,
m.p. 200~201 °C; 'H NMR (CDCls, 400 MHz) ¢: 8.02 (t,
J=1.7 Hz, 1H), 7.88 (d, J=7.9 Hz, 1H), 7.74 (dd, J=8.0,
0.8 Hz, 1H), 7.52 (dd, J=17.5, 1.4 Hz, 1H), 7.40 (d, J=7.9
Hz, 1H), 7.34 (ddd, J=10.3, 4.1, 2.6 Hz, 2H), 7.28 (d, J=
9.3 Hz, 4H), 7.21 (td, J=7.5, 1.0 Hz, 1H), 7.14 (d, J=8.1
Hz, 1H), 3.96 (d, J=5.1 Hz, 1H), 3.37 (d, J=5.1 Hz, 1H);
13C NMR (CDCl;, 101 MHz) d: 190.8, 164.8, 150.3, 139.0,
136.7, 131.7, 131.2, 130.9, 130.5, 128.8, 128.8, 128.4,
128.1, 126.9, 125.0, 123.4, 120.2, 117.2, 41.6, 36.6, 30.6;
HRMS (ESI) caled for Cp3Hi¢BrO; [M+H]" 419.0277,
found 419.0274.

1-(2-25 W Bt )- 1a- 4 FE-1a, 7b- — S T B[] 2 3F
MRS -2(1H)-B(2n): 35 EHPRYD, 72 68%. dr>20 @ 1;
'H NMR (CDCls, 400 MHz) ¢: 8.43 (s, 1H), 7.91 (d, J=
8.0 Hz, 1H), 7.88~7.76 (m, 3H), 7.57~7.52 (m, 1H), 7.50
(d, J=7.8 Hz, 1H), 7.46 (d, J=7.6 Hz, 1H), 7.29~7.20
(m, 3H), 7.18~7.10 (m, 4H), 7.07 (d, J=8.2 Hz, 1H),
3.94 (d, J=5.0 Hz, 1H), 3.50 (d, J=5.0 Hz, 1H); *C
NMR (CDCls, 101 MHz) 6: 191.7, 165.2, 150.4, 135.9,
134.8, 132.5, 132.1, 131.0, 130.3, 129.8, 129.0, 128.9,
128.7, 128.6, 128.3, 128.1, 127.9, 127.2, 124.9, 123.8,
120.6, 117.1, 41.3, 36.8, 30.3; HRMS (ESI) calcd for
Co7H 1905 [M+H]" 391.1329, found 391.1330.

1- 2Bk R -1a- 28 3 - 1a,7b- — E 3K 3 BE [c] 2K FF ML 1R -
2(1H)-Hd(20): AMEAK, 7235 50%. dr>20 .1, m.p.
217~218 ‘C; '"H NMR (CDCl;, 400 MHz) J: 7.46 (dd,
J=175, 1.1 Hz, 1H), 7.38~7.28 (m, 6H), 7.19 (t, J=7.5
Hz, 1H), 7.09 (d, J=8.1 Hz, 1H), 3.69 (d, J=5.2 Hz, 1H),
2.77 (d, J=5.2 Hz, 1H), 2.28 (s, 3H); '3C NMR (CDCl;,
101 MHz) J: 199.8, 164.9, 150.2, 132.0, 130.8, 128.7,
128.6, 128.4, 127.9, 124.8, 120.2, 117.1, 40.9, 39.7, 32.0,
30.4; HRMS (ESI) caled for C;sH;s0; [M + H] '
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279.1016, found 279.1017.

1- £k 5 - 1a-([8] 2K 36)-1a,7b- SRR Kt [c] 2K I
eI -2(LH)- B (2p): R, 723 38%. dr>20: 1,
m.p. 205~206 ‘C; 'H NMR (CDCls, 400 MHz) &: 7.46
(dd, J=7.5, 1.5 Hz, 1H), 7.30 (td, J=8.0, 1.6 Hz, 1H),
7.22 (d, J=7.4 Hz, 1H), 7.19 (dd, J=7.5, 1.0 Hz, 1H),
7.16~7.11 (m, 3H), 7.08 (d, J=8.1 Hz, 1H), 3.67 (d, J=
5.2 Hz, 1H), 2.74 (d, J=5.2 Hz, 1H), 2.34 (s, 3H), 2.27 (s,
3H); 3C NMR (CDCls, 101 MHz) 6: 199.8, 165.0, 150.3,
138.1, 131.9, 131.4, 129.6, 128.6, 128.3, 127.9, 127.9,
124.8,120.3, 117.1, 77.4,77.1, 76.7, 40.9, 39.7, 32.0, 30.4,
21.4; HRMS (ESI) calcd for C1oH;705 [M+H]" 293.1172,
found 293.1169.

1- 28 A i - 1a-(3- F 28U 2R 0 )- 1a,7b- A PR I b
[c]ZE I -2(1H)-B(2q): AEBREAE, 2% 63%. dr>
20 : 1, m.p. 237~238 “C; 'H NMR (CDCl;, 400 MHz) o:
7.96 (d, J=7.4 Hz, 2H), 7.61 (t, J=7.4 Hz, 1H), 7.54~
7.46 (m, 3H), 7.36~7.28 (m, 1H), 7.23~7.09 (m, 3H),
6.87 (d, J=7.7 Hz, 1H), 6.84~6.75 (m, 2H), 3.95 (d, J=
5.2 Hz, 1H), 3.60 (s, 3H), 3.40 (d, J=5.2 Hz, 1H); 1*C
NMR (CDCls, 101 MHz) 6: 191.8, 164.9, 159.3, 150.4,
137.4, 133.8, 133.4, 129.3, 128.9, 128.7, 128.4, 128.1,
124.9, 123.2, 120.5, 117.1, 116.6, 114.5, 55.0, 41.1, 36.8,
30.2; HRMS (ESI) caled for CyHisNaO; [M + Na]*
393.1101, found 393.1097.

1- 28 g B - 1a-(3- AR 2R 2R 6 )-6- F - 1a,7b- =&
KL 2R ML -2(LH)-B (2r): F B, 72232 65%.
dr>20:1, mp. 206~207 C; 'H NMR (CDCls, 400
MHz) §: 7.95 (d, J=7.6 Hz, 2H), 7.60 (t, J=7.2 Hz, 1H),
7.49 (t, J=7.4 Hz, 2H), 7.32 (s, 1H), 7.20~7.06 (m, 2H),
7.00 (d, J=8.2 Hz, 1H), 6.86 (d, J=7.4 Hz, 1H), 6.83~
6.75 (m, 2H), 3.90 (d, J=4.8 Hz, 1H), 3.59 (s, 3H), 3.37
(d, J=4.8 Hz, 1H), 2.36 (s, 3H); 3C NMR (CDCls;, 101
MHz) 6: 191.9, 165.1, 159.2, 148.2, 137.4, 134.6, 133.8,
133.5, 129.2, 129.1, 128.9, 128.4, 123.2, 120.1, 116.8,
116.6, 114.5, 55.0, 41.0, 36.8, 30.2, 20.7, HRMS (ESI)
caled for C,sHyNaO; [M + Na] = 407.1254, found
407.1258.

1-75 Bk 3 - 1a-(4- &K 3L )- 12, 7b- A B[] 4
FENE AR -2(1H)-Hr(2s): B EAE R, 722 42%. dr>20: 1,
m.p. 255~256 ‘C; '"H NMR (CDCls, 400 MHz) 6: 8.00~
7.86 (m, 2H), 7.62 (t, J=7.4 Hz, 1H), 7.57~7.43 (m, 3H),
7.33 (td, J=7.9, 1.4 Hz, 1H), 7.27~7.18 (m, 5H), 7.12 (d,
J=8.1 Hz, 1H), 3.93 (d, J=5.1 Hz, 1H), 3.43 (d, J=5.1
Hz, 1H); 3C NMR (CDCl;, 101 MHz) &: 191.8, 164.8,
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150.2, 137.2, 134.7, 134.0, 132.2, 130.5, 129.0, 128.8,
128.6, 128.3, 128.1, 125.0, 120.2, 117.2, 40.4, 36.7, 30.3;
HRMS (ESI) caled for Cy3Hi6ClOs [M+H]" 375.0782,
found 375.0780.

1-7 Bk 3 - 1a-(4- U OK 25 )- 12, 7b- A A BE[c] 4
kiR -2(1LH)-Br(2t): AR, F=% 70%. dr>20: 1,
m.p. 206~207 °C; '"H NMR (CDCls, 400 MHz) 6: 8.00~
7.87 (m, 2H), 7.63 (t, J=7.4 Hz, 1H), 7.57~7.45 (m, 3H),
7.38~7.27 (m, 3H), 7.21 (dt, J=7.5, 3.7 Hz, 1H), 7.13 (d,
J=8.1 Hz, 1H), 7.02~6.87 (m, 2H), 3.95 (d, J=5.1 Hz,
1H), 3.43 (d, J=5.1 Hz, 1H); 3C NMR (CDCl;, 101 MHz)
5: 191.9, 165.0, 162.6 (d, 'Je.r=248.5 Hz), 150.3, 137.2,
134.0, 132.7 (d, “Jcr=8.1 Hz), 129.0, 128.8, 128.3, 128.0,
127.8 (d, *Jcr=4.0 Hz), 125.0, 120.2, 117.1, 115.4 (d,
2Jer=22.2 Hz), 40.4, 36.7, 30.4; HRMS (ESI) calcd for
Cy3H 6FO; [M+H]" 359.1078, found 359.1083.

1R FE I B - a-(4-F R 22 )-5-F 5 -1a,7b- A A A
B[] 28 LR -2(LH)-B (2u): 3K, P5E 67%. dr
>20 : 1, m.p. 235~236 ‘C; '"H NMR (CDCls, 400 MHz)
5:7.93 (d, J=7.3 Hz, 2H), 7.62 (t, J=7.2 Hz, 1H), 7.50 (t,
J=7.3 Hz, 2H), 7.38 (d, J=7.5 Hz, 1H), 7.32~7.24 (m,
2H), 7.01 (d, J=7.6 Hz, 1H), 6.98~6.88 (m, 3H), 3.90 (d,
J=2.7 Hz, 1H), 3.38 (d, J=2.7 Hz, 1H), 2.38 (s, 3H); 1*C
NMR (CDCls, 101 MHz) §: 192.1, 165.3, 162.6 (d, Ucr=
249.5 Hz), 150.1, 139.3, 137.3, 133.9, 132.7 (d, 3Jcr=8.1
Hz), 129.0, 128.3, 127.9 (d, “Jcr=3.0 Hz), 127.7, 125.7,
117.5, 117.1, 115.4 (d, 2Jer=22.2 Hz), 40.4, 36.8, 30.3,
21.2; HRMS (ESI) caled for CpH;sFO; [M + H] ©
373.1234, found 373.1234.

1-2K A e 5L -6- F 2k - 1a- (25 -2-2)-1a,7b- A A S
[cIZE I -2(1H)-F (2v): AR, 72% 85%. dr>
20 : 1, m.p. 213~214 ‘C; 'H NMR (CDCls, 400 MHz) &:
7.93 (d, J=7.9 Hz, 2H), 7.80 (s, 1H), 7.75 (d, J=7.6 Hz,
1H), 7.69 (t, J=8.3 Hz, 2H), 7.60 (t, J=7.1 Hz, 1H), 7.48
(t, J=7.3 Hz, 2H), 7.45~7.31 (m, 4H), 7.12 (d, J=8.3
Hz, 1H), 7.03 (d, J=8.3 Hz, 1H), 4.04 (d, J=4.9 Hz, 1H),
3.52~3.37 (m, 1H), 2.38 (s, 3H); 3C NMR (CDCls, 101
MHz) 6: 191.9, 165.4, 148.3, 137.5, 134.7, 133.8, 133.2,
133.0, 130.4, 129.7, 129.2, 128.9, 128.4, 128.4, 128.3,
128.0, 128.0, 127.7, 126.5, 126.2, 120.2, 116.9, 41.3, 36.9,
30.5, 20.8; HRMS (ESI) caled for CosHaoNaO3; [M+Na]"
427.1305, found 427.1310.

322 Aubdh 3 e9H1&

#4520 (0.1 mmol, 28 mg, 6.0 equiv.)i& T 6 mL Jo/K

v, A A i N = 2 8% (0.6 mmol, 61 mg, 6.0
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equiv.), SRJEMNFIEIRE 12 h. JEMERER R, =Y
2 AT AL [ BER V(PE) @ W(EA)=3 : 1113 2-Z.0%
Fe3-2-FRH IR E)-1- R bE-1- R ER@3), B
[E4A, 26 mg, 7% 84%. dr>20: 1, m.p. 174~175 C;
'H NMR (DMSO-ds, 400 MHz) d: 9.72 (s, 1H), 7.49 (d,
J=17.5 Hz, 2H), 7.38~7.17 (m, 3H), 7.15~7.03 (m, 2H),
6.81 (d, J=8.0 Hz, 1H), 6.74 (t, J=7.4 Hz, 1H), 3.72 (dd,
J=17.,1.5 Hz, 1H), 3.47 (d, J=7.4 Hz, 1H), 3.24 (d, J=
1.8 Hz, 3H), 2.28 (d, J=1.7 Hz, 3H); '*C NMR (DMSO-
ds, 101 MHz) d: 202.7, 169.6, 157.2, 136.6, 130.9, 129.8,
128.6, 128.5, 127.8, 121.3, 118.7, 114.9, 52.5, 47.1, 38.0,
32.3, 32.1; HRMS (ESI) calcd for C1oH;sNaO4 [M+Na]"
333.1097, found 333.1102.
323 fubdh 4 6981 &

# 20 (0.1 mmol, 28 mg, 6.0 equiv.)i& T 2 mL /K2
IR CBEH, A SRS, FEIA 20.0 mg Pd/C (w=
10%), ARJGAIZEHFFEN Hy (505 kPa), 7E%iR FHiHE 12
h. {5 1R OB, s R R i B, BEE A 2R 2B
(10 mL X 3)Peik, G HIEM, BIEBERER, Heme
FEEMraifb[#kBE57 V(PE) @ M(EA)=5 © 11158 4-Q-%A A
F)-3-FEEF IR -2-FF (4), A @A, 2E 26 mg,
92%. dr>20:1, m.p. 155~156 ‘C; 'H NMR (CDCl;,
400 MHz) 6: 7.42~7.20 (m, 7H), 7.12 (d, J=6.5 Hz, 2H),
4.22 (d, J=4.5 Hz, 1H), 3.79 (d, J=5.5 Hz, 1H), 2.69 (d,
J=6.2 Hz, 2H), 1.99 (s, 3H); *C NMR (CDCl;, 101 MHz)
5: 205.7, 168.1, 151.0, 134.1, 129.5, 128.9, 128.8, 128.1,
128.0, 126.5, 124.6, 117.0, 49.0, 43.2, 36.8, 30.8; HRMS
(ESI) caled for CsHigNaO; [M+Na]" 303.0992, found
303.0996.
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