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Palladium-Catalyzed Direct Acyloxylation of C(sp?)—H and
C(sp®)—H Bonds under the Assistance of Oxalyl Amide
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Abstract A practical palladium-catalyzed direct acyloxylation of C(sp?)—H and C(sp*)—H bonds under the assistance of
oxalyl amide with TBPB as oxidant was developed. Selective acyloxylation of C(sp?)—H bond for oxalyl amide protected
benzyl amine using TBPB or carboxylic acids as acyloxylating reagent was achieved. For oxalyl amide protected
2-alkylanilines, the selective acyloxylation of benzylic C(sp®)—H bond was also achieved. This protocol provided an efficient
and practical method for the synthesis of aryl esters.
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1 ZR5TR
1.1 RMFHRIIFE

T, FRATT AT i B R A0 AR R I (1a)
AR, uLﬁwﬁﬁmﬂT%GMBﬂmﬁﬁwd
FAEBE AN, 5T M. TSR, AR &=
AT &Fm&%l%ﬁﬁ&FMwﬁ,ﬂ%ﬂ
TR 1A SR PR TR, TEA AL PA(OAC),
PITEOLT, ZBR NAREHEAT(ER 1, Entry 1). [FIFEA
AR TBPB, %R BABAGERAT(ER 1, Entry 2). 0
HLL5 mol% Pd(OAc), NHELF, FARIEHT, 2 equiv.
ff) TBPB 1E4E4L 7, 1€ 120 “C/J3i 24 h, 7] LA433] 76%
M EARPI(3 1, Entry 3). £, RATHL 7RI Z
L sEmE, FATDERE TR BT B =M OB, 1,2-
TRACKE . =R IR = R RZ R B, 4
REH=FHEWIRETREALZ. BIBBIRA,
M AL B ERAE RIZ R BRI 1, Entries 3~38).
AV T RS SO RENA, 45 S 2% 0 3 FE BRIk Bk
T SR B L) R B#(3R 1, Entries 3 and 9~
10), AT LAZ S NGE B ISR EE 2 120 °C. feda, A
52T AR B S A TR P R B, 25 R
R, AT EEE A & R, RN R ERH
2R TR(F 1, Entries 11~12). R L L2451k,
FRAT B3 2 T 2 2 AR B A B RO 2 A AR BL S
mol%fH] Pd(OAc), fEMEAT, EIRIEET, 2 equiv. i
TBPB {EE T S BESA LR, 75 120 C R 24 h.

1.2 RYIRARE

1E IR IIR BT, BT 12 N R 1
Y EEMERT T 582, IR 2 s, NFR2 05, — &5
PIARAL AR R AL FRRE R T2 MR R, FF HA#fRe LA
SRR B S E HARCEYI(EE 2, Entries 1~
6). XZNARRINE, KNP ERPRE TR Z
W H RIS R IR AT RE R B R A . HE, X
AR 1) g 45 21 B AR AL 26 11 0 1 AU B AL 2 0 3g), T
TR i ) 32 15 210U A B 40 =0 (3h).

1.3 HRERABEENRAFTINR &

PL TBPB 1 Jyt S Bl R iy R g 51 A\ 2K 1k
5, ATULEAE R RYE. RERE — RN T2 ik
AREMAR, N T LR BIE N, BATLA
R ()TN A AT, WA T B e B R 1R
[l IR AR A R B, S FRATTEL 5 mol%H) PA(OAc), At
B35, L2 equiv.ff] TBPB NEALF, A 1 equiv.[fIiR
TR, KIE Bbrr=Emk, (BfEkH TBPB Bt =)
AR JATH TBPB /> 2] 1.2 equiv., [FIBFRERH
MEF R 2 equiv.hf, 1521/ F L =Y N R A
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Table 1 Optimization of reaction conditions

Sy

2 TBPB
X
d(OAc) 2 solvent
N(Pr-i)
T 24 ©/\
Pd(OA TBPB
Entry d(0Ac)/ Solvent . / 7/°C  Yield/%
mol% equiv.
1 No PhCl 2.0 120 0
2 5 PhCl No 120 0
3 5 PhCl 2.0 120 76
4 5 t-BuOH 2.0 120 45
5 5 CF;CH,OH 20 120 37
6 5 CICH,CH,Cl 2.0 120 50
7 5 Ph-CF; 2.0 120 75
8 5 Mesitylene 2.0 120 63
9 5 PhCl 2.0 110 65
10 5 PhCl 20 130 60
11 2.5 PhCl 20 120 57
12 5 PhCl 1.5 120 60
x£2 EMLRE
Table 2 Scope of the substrates
/@\ﬁ )J\”/ (Pr-i) ©)J\ j<
2 TBPB
Pd(OAc) 2 (5 mol%)
(Pr-i)
“PhCI, 120°C, 241 /@\A /U\ff
Entry R! R’ Product Yield/%

1 OCH3; H 3a 76

2 CH; H 3b 68

3 F H 3c 90

4 Cl H 3d 80

5 Br H 3e 67

6 CF; H 3f 72

7 H CN 3g 40°

8 H H 3h 75°

© 2017 Chinese Chemical Society & SIOC, CAS

“mono-, 40%; di-, trace. b mono-, 15%; di-, 60%.

ey, B2 R IEARAES . AT #1657
Pd(OAc), [ & H1 5 mol%1¥ i £ 10 mol%l, A LA 5
WREMGER, R TERIP. NRITUEL, LK
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e EA T R R A WG] L R A O R R e
R HUI 0 H AR 1. B2 IR MR AT I S R
JSZR, 77 ELERAR(SE). WETCRM, FE %S A & i e] A
LR FVRBR AT B S R AL BGHUHEAT B A B A S B

®3 RRNBEAEL R C(sp )—H BB AL S

Table 3 Acyloxylation of C(sp®)—H bond using carboxylic
acid as acyloxylating reagent

N(Pr-) Pd(OAc), (10 mol%)
2 TBPB (1.2 equiv.)
+ R—CO,H
OCH3 Z' PhCl, 120°C, 24 h

1a 4
X
O R O
@\/\ H J\ﬂ/ N(Pr-i),
OCH; ©
5
Entry R Product Yield/%
1 2,4,6-(CH;);C¢H, 5a 81
2 4-CH;0C¢H4 5b 72
3 3,4,5-(CH30)3C6H2 5¢ 42
4 3,4-(CH30),C¢H3 5d 62
5 2-O,NCg¢Hy Se 68
6 2-CH;0C¢H,CH,CH, 5f 45

1.4 BEENREAIYIE

FRAE AL ) BRI T M C—H BT RE L X
JOLFRIHLEREA 20 JR AT B2 S ) W] BEHLEE 201 T (Scheme
1): BN S 1a ) C—H 8E AL, Tt
WHEC SR A, TEIN#SAE iS4k TBPB ¥
FURHUT A B SRR B B B, R R R R A
A FAC AR R 1a4A B, ), IR B kA R T
Bk I N A BFE ) 3a, RIS R T AR K PA(IT).
1.5 SEEAVIEHR

RIEFA T B T LA L, FERS
171 [ B Y0 [ 9 25 0 0l T 24280 RAT T P4
3a 7 K DU S (THF )R S VE AR N 6 equiv. [
NaOH [FILR 12 h, FHBSERER 1L, 305t i B A
B[R] IR DI, 5348 23k 2 B i 6a (Eq. 1), iX—
7 THI Ut A B e 5 ) R [ 2 By VOB, S — 0T, @i
L e B R 1 1) O SR R A s SRR 1 K A, mT A
T HE S ARSI NFR 3L, A AR RS 2Rk
HUIRAE T — M RO
1.6 FEAL C(sp’)—H BMBLEELK K

BTz A AL s B I IR 2% A W v ]
RHEAT 0, BRATTE AR 0 SR F AR A LA PP 356 ) e e o
R4 AR 2K B AE N R Y, A Wl e R A2 2 A 1)
C(sp))—H BN IL. ALk, FRATLAFEE i 3 AR 7 i B
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Scheme 1 Proposed reaction mechanism
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F 4 WHN C(spd)—H BB R ELAL R
Table 4 Acyloxylation of benzylic C(sp>)—H bond

2
H RH o
XN N
L (Pr-ip +
R T o
7

TBPB
Pd(OAc), (10 mol%) \n/u\
N(Pr-i),
PhCI, 120 °C, 24 h
Entry R R? Product Yield/%
1 H H 8a 65
2 3-CH; H 8b 60
3 4-CH;, H 8c 80
4 5-CH; H 8d 53
5 4-F H 8e 70
6 5-F H 8f 55
7 H CH; 8g 65

HD-400 MHz #Z i L3R4 i 52, CDCls A, TMS N
MR, B P ZE Bruker MicrOTOF-QII _E3lIE. Fr
FARF I A pr i sl tb 2 at, i AT R & 4k

32 &AM 3mEamEE

7E 15 mL TR 1 5 B4 poim N B I i S AR
) BAS  E (1) (0.20 mmol) . i AL 2K FH R AL T B
(TBPB) (2) (0.40 mmol). Pd(OAc), (5 mol%)f 2 mL &
X, RNIREYITE 120 CIiEHHidE M. 24 h, [RBigh
e, BRI R A B IR, IR e 2% R 4
R, HP=i AT 20 SR ait &4 3.

KR 2-(Q-( =57 N B fa 58 2- AR o = ) H
$)-3-F A R R AL FE(3a): B EIR. "H NMR (400 MHz,
CDCly) d: 8.23 (dd, J=5.2, 3.3 Hz, 2H), 7.67~7.60 (m,
1H), 7.51 (dd, J=10.6, 4.7 Hz, 2H), 7.33 (t, J=8.3 Hz,
1H), 6.98 (s, 1H), 6.86~6.79 (m, 2H), 4.54~4.46 (m,
3H), 3.89 (s, 3H), 3.44 (dt, J=13.6, 6.8 Hz, 1H), 1.38 (d,
J=6.8 Hz, 6H), 1.13 (d, J=6.7 Hz, 6H); *C NMR (101
MHz, CDCls) 6: 165.5, 163.5, 162.8, 159.2, 150.1, 133.8,
130.5, 129.4, 129.3, 128.7, 118.5, 115.1, 108.4, 56.1, 49.7,
46.5, 32.6, 20.9, 20.2. HRMS calcd for Co3HyoN,Os [M+
H']413.2076, found 413.2060.

KR 2-(2-( 7 R HR)-2- AR O B )
$6)-3-F 2R IE R (3b): HAA. 'TH NMR (400 MHz,
CDCly) 8: 8.22 (dd, J=8.3, 1.2 Hz, 2H), 7.65 (dd, J=10.6,
4.4 Hz, 1H), 7.52 (dd, J=10.7, 4.8 Hz, 2H), 7.30 (d, J=
7.8 Hz, 1H), 7.15 (d, J=7.5 Hz, 1H), 7.03 (d, J=8.0 Hz,
1H), 6.87 (s, 1H), 4.54 (dd, J=13.4, 6.7 Hz, 1H), 4.48 (d,
J=5.4 Hz, 2H), 3.46 (dt, J=13.6, 6.8 Hz, 1H), 2.43 (s,
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3H), 1.39 (d, J=6.8 Hz, 6H), 1.15 (d, J=6.7 Hz, 6H); "*C
NMR (101 MHz, CDCly) d: 165.7, 163.0, 150.2, 139.7,
134.0, 130.5, 129.2, 129.1, 128.8, 128.7, 127.8, 120.3,
49.8, 46.6, 35.4, 209, 20.2, 19.5. HRMS caled for
Ca3HaoN,O4 [M+H'1397.2127, found 397.2123.

KR 2-(2-( = 7 A e JR)-2- S A & Tt 2 2k )
F)-3-F K FAE3e): AL, 'TH NMR (400 MHz,
CDCly) 0: 8.26~8.19 (m, 2H), 7.69~7.62 (m, 1H), 7.52
(dd, J=10.7, 4.8 Hz, 2H), 7.36 (td, J=8.3, 6.4 Hz, 1H),
7.04 (dt, J=8.3, 4.2 Hz, 3H), 4.59 (dd, J=13.3, 6.7 Hz,
1H), 4.54 (dd, J=5.9, 1.0 Hz, 2H), 3.46 (dt, J=13.6, 6.8
Hz, 1H), 1.38 (d, J=6.8 Hz, 6H), 1.13 (d, J=6.7 Hz, 6H);
C NMR (101 MHz, CDCl;) §: 165.1, 162.7, 162.6, 161.9
(d, Jep=247.0 Hz), 150.4 (d, Joy=7.0 Hz), 134.1, 130.5,
129.7 (d, Jor=10.0 Hz), 128.8, 118.7 (d, Jor=3.0 Hz),
118.2 (d, Jerp=18.0 Hz), 113.5 (d, Jor=22.0 Hz), 49.6,
46.6, 32.1, 32.0, 20.8, 20.1. HRMS calcd for C,,Ha6FN,O4
[M+H"]401.1877, found 401.1864.

IR 3-F-2-((2-( = e N B i dk ) - 2- AR 2 2 i)
L) 2R LR (3d): 85 /A, "TH NMR (400 MHz, CDCl;)
5: 8.33~8.24 (m, 2H), 7.74~7.67 (m, 1H), 7.58 (t, J=7.7
Hz, 2H), 7.45~7.35 (m, 2H), 7.20 (dd, J=7.4, 1.9 Hz,
1H), 7.07 (s, 1H), 4.68 (d, J=5.8 Hz, 2H), 4.58 (dt, J=
13.3, 6.7 Hz, 1H), 3.50 (dt, J=13.6, 6.8 Hz, 1H), 1.43 (d,
J=6.8 Hz, 6H), 1.18 (d, J=6.7 Hz, 6H); C NMR (101
MHz, CDCl3) 0: 165.3, 162.9, 162.6, 150.6, 136.0, 134.1,
130.5, 129.7, 128.8, 128.76, 128.3, 127.6, 121.7, 49.7,
46.5, 35.6, 20.8, 20.1. HRMS calcd for C,,H,4CIN,O4 [M
+H"]417.1581, found 417.1577.

IR FR 3-1R-2-((2-( = T B i Jk)-2- AR R = 2% )
FIE) 2R LB (3e): #BIRAA. "TH NMR (400 MHz, CDCl;)
5: 8.27~8.19 (m, 2H), 7.70~7.61 (m, 1H), 7.56~7.49
(m, 3H), 7.26 (t, J=8.1 Hz, 1H), 7.18 (dd, J=8.2, 1.2 Hz,
1H), 7.06 (s, 1H), 4.65 (d, J=5.8 Hz, 2H), 4.52 (dt, J=
13.3, 6.7 Hz, 1H), 3.45 (dt, J=13.6, 6.8 Hz, 1H), 1.38 (d,
J=6.8 Hz, 6H), 1.12 (d, J=6.7 Hz, 6H); *C NMR (101
MHz, CDCly) 8: 165.2, 162.9, 162.6, 150.5, 134.1, 130.9,
130.5, 130.1, 129.8, 128.8, 128.7, 125.9, 122.4, 49.7, 46.5,
38.0, 20.8, 20.1. HRMS calcd for C»,H,sBrN,O, [M+H ']
461.1076, found 461.1062.

KRR 2-((2-(= 5 T8 B e Bk )-2- AR S 1o 2 2 ) HH
B3 (ZF PR ZE IR GEN: FHEOMAA. "H NMR (400
MHz, CDCly) 6: 8.23 (dd, J=8.3, 1.1 Hz, 1H), 7.66 (ddd,
J=7.4,2.6, 1.4 Hz, 2H), 7.56~7.48 (m, 2H), 7.45 (d, J=
7.8 Hz, 1H), 7.01~6.94 (m, 1H), 4.70 (d, J=5.6 Hz, 1H),
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4.47 (dd, J=13.3, 6.7 Hz, 1H), 3.42 (dt, J=13.6, 6.8 Hz,
1H), 1.36 (d, J=6.8 Hz, 4H), 1.05 (d, J=6.7 Hz, 4H); °C
NMR (101 MHz, CDCLy) d: 165.1, 162.5, 162.3, 151.2,
134.2, 131.2 (q, Jer=230.0 Hz), 130.6, 129.5, 128.8, 128.1
(d, Jer=2.0 Hz), 127.4, 124.1 (q, Jor=6.0 Hz), 123.9 (q,
Jer=272.0 Hz), 49.6, 46.7, 34.5, 20.8, 20.1. HRMS calcd
for Co3HpeF3N,O4 [M+H '] 451.1845, found 451.1835.

FHER 5-FHE-2-(Q-(Z R A 2- AR L FR
FE) I BE) KBS (3g): B iliiA. 'H NMR (400 MHz,
CDCls) &: 823~8.16 (m, 2H), 7.72~7.64 (m, 1H),
7.59~7.50 (m, 5H), 7.42 (t, J=5.9 Hz, 1H), 4.65 (dt, J=
13.3, 6.7 Hz, 1H), 4.51 (d, J=6.3 Hz, 2H), 3.50 (dt, J=
13.6, 6.8 Hz, 1H), 1.39 (d, J=6.8 Hz, 6H), 1.17 (d, J=6.7
Hz, 6H); *C NMR (101 MHz, CDCly) &: 164.5, 163.3,
162.4, 149.1, 135.9, 134.5, 130.5, 130.3, 130.2, 129.0,
128.3, 126.5, 117.8, 112.8, 49.8, 46.8, 38.2, 20.9, 20.1.
HRMS caled for Cy3HaN;O4 [M+H'] 408.1923, found
408.1920.

TIRHER 2-(Q-( N A )-2-E AR OB E S B
3)-1,3- K HEFEGh): HOWAE. 'H NMR (400 MHz,
CDCly) &: 8.28~8.20 (m, 4H), 7.65 (t, J=7.4 Hz, 2H),
7.52 (t, J=7.6 Hz, 4H), 7.47 (t, J=8.2 Hz, 1H), 7.20 (d,
J=8.2 Hz, 2H), 6.98 (s, 1H), 4.52 (d, J=5.7 Hz, 2H), 4.29
(dt, J=13.3, 6.6 Hz, 1H), 3.39 (dt, J=13.6, 6.8 Hz, 1H),
1.35 (d, J=6.8 Hz, 6H), 0.98 (d, J=6.6 Hz, 6H); "*C
NMR (101 MHz, CDCl3) d: 165.2, 162.8, 162.6, 150.7,
134.1, 130.6, 129.5, 128.9, 128.8, 123.1, 120.7, 49.7, 46.5,
33.1, 20.7, 20.1. HRMS caled for CyH3N,0g [M+H']
503.2182, found 503.2170.

3.3 A5 NARIEE

76 15 mL TGP 11 s A Fpofin N B e e 2 AR
B S HZ(1) (0.20 mmol). B UL R (4) (0.40 mmol).
i E AL HE R AU T BiE(TBPB) (0.24 mmol). Pd(OAc), (10
mol%) M 2 mL &, RPIRAYITE 120 Cils ik
RIS 24 h. RIEEHRE, $ B RA R, FiE
FITE e 25 4 LA LR, M=k B o s 15
it B9 s.

2,4,6- = FIIL R 2-(Q-( R IKIL)-2- A2
Pk Ik ) F 6)-3- AR S 2R B iR (Sa): B34, "H NMR
(400 MHz, CDCL) 8: 7.35 (t, J=8.3 Hz, 1H), 6.96 (s, 1H),
6.92 (s, 2H), 6.85 (t, J=8.6 Hz, 2H), 4.57 (dt, J=13.4, 6.7
Hz, 1H), 4.51 (d, J=5.5 Hz, 2H), 3.89 (s, 3H), 3.45 (dt,
J=13.6, 6.8 Hz, 1H), 2.49 (s, 6H), 2.31 (s, 3H), 1.38 (d,
J=6.8 Hz, 6H), 1.15 (d, J=6.7 Hz, 6H); *C NMR (101
MHz, CDCls) 6: 168.7, 163.4, 162.9, 159.4, 150.2, 140.4,
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136.3, 129.6, 129.4, 129.0, 118.4, 114.7, 108.5, 56.1, 49.7,
46.4, 33.1, 213, 20.9, 20.5, 20.2. HRMS caled for
Ca6H3sN>Og [M+H '] 455.2546, found 455.2535.

4-FARFEFIR 2-(Q-(Z 57 R 2- AR 2.1
L) 5L )-3- AR L 2R LR (Sb): B B34k, 'H NMR
(400 MHz, CDCl3) 6: 8.21~8.16 (m, 2H), 7.32 (t, J=8.3
Hz, 1H), 7.01~6.91 (m, 3H), 6.81 (d, J=8.3 Hz, 2H),
4.54~4.46 (m, 3H), 3.88 (d, J=2.3 Hz, 6H), 3.44 (dt, J=
13.6, 6.8 Hz, 1H), 1.38 (d, J=6.8 Hz, 6H), 1.13 (d, J=6.7
Hz, 6H); *C NMR (101 MHz, CDCly) 6: 164.3, 163.1,
162.6, 161.8, 158.1, 149.2, 131.6, 128.3, 120.6, 117.5,
114.2, 113.0, 107.2, 55.0, 54.6, 48.7, 45.4, 31.6, 19.9, 19.2.
HRMS caled for C,4H3N,Oq [M+H+] 443.2182, found
443.2174.

3,4,5-= HAE LA R 2-(Q-( = S HEedt)-2- 248
OB B ) B )-3- F SR R R L i (Se): B (i ik, 'H
NMR (400 MHz, CDCl5) d: 7.56 (s, 2H), 7.33 (t, J=8.3
Hz, 1H), 7.16 (s, 1H), 6.83 (t, J=7.9 Hz, 2H), 4.65 (dt,
J=13.3, 6.6 Hz, 1H), 4.51 (d, J=6.0 Hz, 2H), 3.95 (d, J=
9.0 Hz, 9H), 3.90 (s, 3H), 3.45 (dt, J=13.6, 6.8 Hz, 1H),
1.38 (d, J=6.8 Hz, 6H), 1.14 (d, J=6.7 Hz, 6H); "*C
NMR (101 MHz, CDCl3) d: 165.0, 163.2, 162.6, 159.2,
1532, 149.9, 142.9, 129.3, 1242, 118.4, 1152, 108.3,
107.8, 61.1, 56.5, 56.1, 49.6, 46.6, 32.7, 20.9, 20.2. HRMS
caled for CogH3sN,0g [M+H '] 503.2393, found 503.2393.

34- T HSEEIRHIR 2-((2-(Z R A SRk )-2- A AR
ORI ) H 3k )-3- AR BE PR SE K (5d): 3 (k. 'H
NMR (400 MHz, CDCl;) 8: 7.90 (dd, J=8.4, 2.0 Hz, 1H),
7.77 (d, J=2.0 Hz, 1H), 7.32 (t, J=8.3 Hz, 1H), 7.05 (s,
1H), 6.96 (d, J=8.5 Hz, 1H), 6.83 (t, J=8.5 Hz, 2H), 4.58
(dt, J=13.3, 6.7 Hz, 1H), 4.51 (d, J=5.9 Hz, 2H), 3.97 (d,
J=17.2 Hz, 6H), 3.89 (s, 3H), 3.45 (dt, J=13.6, 6.8 Hz,
1H), 1.38 (d, J=6.8 Hz, 6H), 1.14 (d, J=6.7 Hz, 6H); *C
NMR (101 MHz, CDCl3) d: 165.1, 163.4, 162.7, 159.1,
153.8, 150.1, 148.9, 129.3, 124.9, 121.7, 118.5, 115.2,
112.7, 110.6, 108.2, 56.2, 56.2, 56.1, 49.6, 46.5, 32.7, 20.9,
20.2. HRMS caled for CysHy3N,O; [M+H'] 473.2288,
found 473.2294.

2-FH IR R 2-((2-(= e A Rl ) -2- AR S B R
B F3E)-3- AR R R L iR (Se): B (iBifR. "TH NMR (400
MHz, CDCl3) §: 8.21 (dd, J=7.6, 1.2 Hz, 1H), 8.06 (dd,
J=8.1,0.8 Hz, 1H), 7.79 (td, J=7.6, 1.0 Hz, 1H), 7.69 (td,
J=8.1, 1.4 Hz, 1H), 7.36 (t, J=8.3 Hz, 1H), 7.00 (d, J=
7.8 Hz, 2H), 6.84 (d, J=8.2 Hz, 1H), 4.51 (d, J=6.1 Hz,
2H), 4.42 (dt, J=13.3, 6.7 Hz, 1H), 3.89 (s, 3H), 3.44 (dt,

Chin. J. Org. Chem. 2017, 37, 2066~2072



Chinese Journal of Organic Chemistry

J=13.6, 6.8 Hz, 1H), 1.38 (d, J=6.8 Hz, 6H), 1.12 (d, J=
6.7 Hz, 6H); *C NMR (101 MHz, CDCl3) J: 164.6, 163.6,
163.1, 159.1, 149.3, 147.5, 133.8, 131.9, 130.7, 129.7,
127.9, 124.1, 118.5, 114.6, 108.7, 56.1, 49.8, 46.4, 32.3,
20.8, 20.2. HRMS caled for CpHpN;O, [M+H ']
458.1927, found 458.1915.

AR 2-((2-(Z N FE e 2 )-2- AR 4Bk
Sk ) AL )-3- F AR L R LR () 3 Bliik. 'H NMR
(400 MHz, CDCl5) 6: 7.27 (s, 1H), 7.22 (t, J=8.0 Hz, 2H),
6.95 (s, 1H), 6.91~6.85 (m, 1H), 6.77 (d, J=8.0 Hz, 1H),
6.61 (d, J=8.0 Hz, 1H), 4.66 (dt, J/=13.2, 6.4 Hz, 1H),
4.41 (d, J=6.0 Hz, 2H), 3.86 (s, 3H), 3.85 (s, 3H), 3.47
(dt, J=13.6, 6.8 Hz, 1H), 3.10~3.03 (m, 2H), 3.00~2.91
(m, 2H), 1.40 (d, J=6.8 Hz, 6H), 1.19 (d, J=6.8 Hz, 6H);
C NMR (101 MHz, CDCl;) d: 172.2, 163.5, 162.8, 159.1,
157.7, 150.0, 130.3, 129.9, 128.6, 127.9, 120.6, 118.5,
115.1, 110.4, 108.2, 56.0, 55.3, 49.7, 46.5, 34.2, 32.4, 31.1,
26.1, 21.0, 20.2. HRMS calcd for C,sH34N,NaOg [M—+
Na '] 493.2315, found 493.2310.

34 MEEBRREARIFE

7E 15 mL TR R B AL &) 3a (0.2
mmol). NaOH (1.2 mmol). HE¥ 0.5 mL /% THF 1.5 mL,
RIREYITE 120 CE iR M 12 h. T3
PL3ES, BN HOAc (1.2 mmol), FIEHFERN 0.5 h,
= AT R BT 2 B 18 N-(2-F2 Jk-6- H AR 5 38 2 Tk
Ji#(6a), ¥ EIRAK. "H NMR (400 MHz, CDCl;) 6: 7.15 (t,
J=8.0 Hz, 1H), 6.62 (d, J=8.0 Hz, 1H), 6.41 (d, J=8.0
Hz, 1H), 6.36 (s, 1H), 4.37 (d, J=8.0 Hz, 2H), 3.81 (s,
3H), 2.00 (s, 3H); °C NMR (101 MHz, CDCl;) §: 173.0,
158.4, 157.1, 129.7, 113.7, 111.3, 101.9, 55.7, 33.6, 22.8.
HRMS calcd for CoH;3NNaO; [M+Na ‘] 218.0793, found
218.0796.
3.5 A8 MARIEE

7E 15 mL TR 1 s B A FpOIm N B I i S AR

AR IR B AR £ B 2K (T) (0.20 mmol), i ALK

B AU T 5 (TBPB) (2) (0.40 mmol). Pd(OAc), (10
mol%) &% 2 mL &K, REEEYITE 120 Cimig i
B 24 h. REERJE, ¥R RA B ER, $iE
FIHE e 28 K A AR R, M=t AT i B o B 15
aitk &) 8.

KR 2-Q-( 55N EENG)-2- A B ) R 5B
(8a): FOIAK. "H NMR (400 MHz, CDCl;) J: 9.85 (s,
1H), 8.13~8.05 (m, 2H), 8.01 (d, J=8.0 Hz, 1H), 7.55 (t,
J=7.4Hz, 1H), 7.48 (dd, J=7.6, 1.2 Hz, 1H), 7.45~7.36
(m, 3H), 7.20 (td, J=7.5, 0.9 Hz, 1H), 5.41 (s, 2H), 4.93
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(dt, J=13.3, 6.7 Hz, 1H), 3.58 (dt, J=13.6, 6.8 Hz, 1H),
1.49 (d, J=6.8 Hz, 6H), 1.27 (d, J=6.7 Hz, 6H); °C
NMR (101 MHz, CDCly) d: 166.7, 162.3, 161.2, 136.1,
133.4, 131.1, 130.0, 129.9, 129.7, 128.5, 127.1, 125.6,
1232, 64.1, 49.8, 47.1, 21.0, 20.2. HRMS caled for
C»,Ha6N,NaO, [M+Na '] 405.1790, found 405.1794.

KR 2-Q-(Z R NEN)-2- AR AR E H)-6-H %
IR (8b): B EOA. 'TH NMR (400 MHz, CDCL3) o:
10.12 (s, 1H), 8.06 (dd, J=8.3, 1.2 Hz, 2H), 7.71 (d, J=
8.1 Hz, 1H), 7.57~7.51 (m, 1H), 7.41 (t, J=7.7 Hz, 2H),
7.27 (dd, J=11.0, 4.7 Hz, 1H), 7.06 (d, J=7.5 Hz, 1H),
5.45 (s, 2H), 4.88~4.77 (m, 1H), 3.64~3.54 (m, 1H),
2.54 (s, 3H), 1.52 (d, J=6.8 Hz, 6H), 1.28 (d, J=6.7 Hz,
6H); *C NMR (101 MHz, CDCLy) d: 167.1, 162.9, 161.8,
139.5, 136.2, 133.3, 129.9, 129.6, 129.4, 128.4, 127.8,
126.2, 122.1, 60.6, 49.9, 46.8, 21.0, 20.1, 19.7. HRMS
caled for Cy3H,3N,NaO, [M+Na+] 419.1947, found
419.1934.

K 2-Q-(Z R NEN)-2- AR AR E HE)-5-H %
IR (8e): FOWA. 'TH NMR (400 MHz, CDCls) o:
9.73 (s, 1H), 8.12~8.06 (m, 2H), 7.85 (d, J=8.2 Hz, 1H),
7.54 (dd, J=10.5, 4.3 Hz, 1H), 7.42 (t, J=7.7 Hz, 2H),
7.28 (s, 1H), 7.19 (dd, J=8.3, 1.5 Hz, 1H), 5.37 (s, 2H),
4.93 (dt, J=13.3, 6.7 Hz, 1H), 3.58 (dt, J=13.6, 6.8 Hz,
1H), 2.34 (s, 3H), 1.48 (d, J=6.8 Hz, 6H), 1.26 (d, J=6.7
Hz, 6H); °C NMR (101 MHz, CDCl3) &: 166.6, 162.4,
1612, 135.4, 133.3, 131.5, 130.3, 129.9, 129.7, 128.4,
127.1, 123.3, 64.0, 49.8, 46.9, 20.9, 20.9, 20.1. HRMS
caled for Cy3H,3N,NaO, [M+Na+] 419.1947, found
419.1941.

K 2-Q-(Z R NEN)-2- AR AR )-4-H %
IR (8d): FEOA. 'TH NMR (400 MHz, CDCL3) o:
9.82 (s, 1H), 8.12~8.02 (m, 2H), 7.85 (s, 1H), 7.54 (t, J=
7.4 Hz, 1H), 7.41 (t, J=7.7 Hz, 2H), 7.36 (d, J=7.8 Hz,
1H), 7.01 (d, J=7.7 Hz, 1H), 5.37 (s, 2H), 4.93 (dt, J=
13.3, 6.6 Hz, 1H), 3.58 (dt, J=13.6, 6.8 Hz, 1H), 2.36 (s,
3H), 1.49 (d, J=6.8 Hz, 6H), 1.27 (d, J=6.7 Hz, 6H); "*C
NMR (101 MHz, CDCls) d: 166.7, 162.4 161.2, 140.1,
135.9, 133.3, 131.1, 130.0, 129.8, 128.5, 126.4, 124.2,
123.7, 64.0, 49.8, 47.0, 21.6, 21.0, 20.2. HRMS calcd for
Ca3HpsNoNaO, [M+Na']419.1947, found 419.1953.

KHR 2-Q-(Z M) 2- 8 B 2E)-5-30F
Hfik(8e): F O, 'TH NMR (400 MHz, CDCl;) §: 9.72
(s, 1H), 8.16~8.04 (m, 2H), 7.88 (dd, J=8.9, 5.2 Hz, 1H),
7.57 (dd, J=10.6, 4.3 Hz, 1H), 7.43 (t, J=7.7 Hz, 2H),
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7.21 (dd, J=8.7, 2.9 Hz, 1H), 7.11~7.04 (m, 1H), 5.36 (s,
2H), 4.94 (dt, J=13.3, 6.7 Hz, 1H), 3.59 (dt, J=13.6, 6.8
Hz, 1H), 1.48 (d, J=6.8 Hz, 6H), 1.27 (d, J=6.7 Hz, 6H);
C NMR (101 MHz, CDCly) ¢: 166.6, 162.2, 160.1 (d,
Jer=245.0 Hz), 133.6, 131.7 (d, Jer=3.0 Hz), 130.0,
130.0, 129.5, 128.6, 125.6 (d, Jer=9.0 Hz), 117.3 (d,
Jer=23.0 Hz), 116.4 (d, Joy=23.0 Hz), 63.2, 49.9, 47.1,
21.0, 20.1. HRMS caled for C,,H,5FN,NaO, [M+Na+]
423.1696, found 423.1692.

R 2-Q-(Z R HERL)-2- AR LR FE)-4- 5%
HLFiE(8f): A, "H NMR (400 MHz, CDCls) 8: 10.09
(s, 1H), 8.13~8.06 (m, 2H), 7.94 (dd, J=10.8, 2.6 Hz,
1H), 7.56 (t, J=7.4 Hz, 1H), 7.43 (dt, J=13.8, 6.9 Hz,
3H), 6.87 (td, J=8.2, 2.6 Hz, 1H), 5.39 (s, 2H), 4.97 (dt,
J=13.3, 6.7 Hz, 1H), 3.60 (dt, J=13.6, 6.8 Hz, 1H), 1.49
(d, J=6.8 Hz, 6H), 1.28 (d, J=6.7 Hz, 6H); *C NMR
(101 MHz, CDCl3) d: 166.6, 163.2 (d, Jer=246.0 Hz),
162.0, 160.9, 137.8 (d, Jer=12.0 Hz), 133.5, 132.6 (d,
Jer=10.0 Hz), 130.0, 129.5, 128.5, 122.0 (d, Jor=4.0
Hz), 112.0 (d, Jor=22.0 Hz), 109.8 (d, Jor=36.0 Hz),
63.4, 49.8, 47.1, 21.0, 20.1. HRMS calcd for Cy,H,sF-
N,NaO, [M+Na*]423.1696, found 423.1687.

AR 1-(2-2-(Z 5 B IR)-2- E AR S B 5 ) R 3
ZME8g): # A, 'TH NMR (400 MHz, CDCL3) d: 9.95
(s, 1H), 8.16~8.02 (m, 2H), 7.93 (dd, J/=8.1, 0.8 Hz, 1H),
7.57~17.51 (m, 1H), 7.48 (dd, J=7.8, 1.4 Hz, 1H), 7.41
(dd, J=10.7, 4.7 Hz, 2H), 7.34 (td, J=8.0, 1.5 Hz, 1H),
7.20 (td, J=7.6, 1.1 Hz, 1H), 6.22 (q, J=6.7 Hz, 1H), 4.94
(dt, J=13.3, 6.7 Hz, 1H), 3.60 (dt, J=13.6, 6.8 Hz, 1H),
1.75 (d, J=6.7 Hz, 3H), 1.52 (dd, J=6.8, 2.0 Hz, 6H),
1.29 (t, J=6.4 Hz, 6H); *C NMR (101 MHz, CDCl;) ¢:
166.3, 162.6, 161.2, 134.6, 133.3, 132.3, 129.9, 129.9,
129.0, 128.5, 127.8, 125.9, 123.9, 70.5, 49.8, 47.0, 21.0,
21.0, 20.8, 20.2. HRMS calcd for C,3HsN,NaO, [M—+
Na '] 419.1947, found 419.1939.

%% B #1 8} (Supporting Information) JiiH H brib &9
AZ AR G A X LeRRL AT LL A 9 AT 19
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