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Abstract A metal-free catalytic system for the esterification reaction of N-benzyl-N-z-butoxycarbonyl-amides with unsatu-
rated alcohols was reported. With the assistance of catalytic amounts of lithium fert-butoxide, the highly reactive N-t-butoxy-
carbonyl-amides were able to act as electrophiles and undergo esterification reactions with unsaturated alcohols to produce a
series of unsaturated esters in excellent yields. Furthermore, this metal-free reaction system allowed relatively mild reaction

conditions, making it a suitable choice for late-stage modification of natural products and drug molecules.
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C(O)EIWT I3 2 B AR 5W. Z N B & T &8
Z 5. ERE R LR RYE AV SR L FAE, Y
LR A PR GE T DL AL O AL, Al AT L 4
PR AE () N-AL T FEBRFE(Boc) Ml N-%t Y 2 R ik L ik e 5
SRR RSE, AR B P PR T R (04, 4 T 50 R I f
B A (B2 0Z 5 N 1) S PR P 7 B AE il R
7. 2019 FRATRBAPV R J& 7 —FhEm IR L T
N-Boc BbR&HIERIL N, Z kBB RE N &
JE 2% A il AT S5 U (Scheme 1).

Garg's work:
o Ni(cod), (cat.), ligand O
1JLN/Me + HO-R 1Jk _R
R A Toluene, 80 °C R" 7O
RZ
R? = CgHs
Zeng's work:
(0] . (0]
CsF (0.2 equiv.)
AR+ Hor ————— (R
R" N CH4CN,100°c  R" 7O

RZ
R2=Boc or Ts, R® = CgH5 or R? = Boc, R® = Boc

Szostak's work:

(0] ; (0]
K3POy4 (3 equiv.)

JL ,R3 + HO-Ph —— JJ\ _Ph

R "N THF, rt. R 7O
R2
R2 = Boc or Ts, R® = CgH5 or Me
This work:
(0] . ’ (0]
t-BuOLi (0.2 equiv.)

A, B+ pogp U2 EQUN, R

RN © DMF, rt. R1JLO

Boc
BIR 1 BMls i SR 0 BT T 5
Scheme 1 Previous studies on esterification of amides
BT IRATATHI R T RRIRER AL N-"F FE-N-UT S
LM R A R B A SR, DA K e e i U 4 JE AL R
N-7 JE N AUT S B TG i T Mk A S L FR F T ik
Bl 123240, I A 48 A0 N R 38 1) — 28 P fi 0 A - B 4K SR
W& 2531 FRATTa%e 48 S TG PR i 1) N-"R B -N-RUT 48k
FBE O IRY, RIT T HALRUT BEARAE T S A A
AR AL S L. 12 S 2 RT DA A BIAT B0 Ve R B e e L P
TR, I ELIR AT 5 R 26 A X6 T RAR =M ) & A 245 4)
7311 JE B B A AR R R A

1 GR5vHe
1.1 RMEBHKE

PL N-FJE-N-RUT SR Bk (1a) 5 2-T Jk-1-
I (2a) i e N AE AR AR e B, DL N, N- B 3 FE R i
(DMFP)E RV, MR E NI, 3T AT S 4 A
T Cs2COs 1AL N-Boc FhIZHEAL IR T, ATk
Cs:COs TE MM TR TE AL RE, B 5 U6 — &R 1
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TS A MURGEAT T W TRE(GR 1), LR RE
B, BL 0.2 equiv.f] Cs;COs 1E NPT, S B2
A 81%. MAHFEMEMER CsF. K,COs 18 Cs,CO;
B, BRI ARG, Hd, Y E R
R P T R [ 42 SRS A5 3] 9% 1) 3a(3 1, Entry 2).
BATHAT T — RAIRIREARAL, 2 ~BuOLi 1E R M
AT, SN 77 2R B AL Rk 94%(3R 1, Entry 4); #%,
t-BuOK 1E AR BT, R ZE R, Ht, #E
B AR50/ BB B 8 15 SR A% 58 A R Tk 1
P i (5 FL T Y, A JE Sl B AR o T IO A k. BkAbh, %
BT R PLEFIRNZ SN 5, BFFLR I, BE DMF 4h,
HetAE R TR, 0 NN-—HE ZBE(DMA). —
FH I EIR(DMSOY A T-1% I AR R [RIFFE & . FERE SR
A, WY A AN, 3a 7 234 i BRI R
53%F1 36%. % MNAE CH;CN. & H KE(DCM)AI
CHCLs H R BiE, 3a 17228537118 59%- 69% 1 72%. 1E
Huw WA NLER, 0 CH;0H. ZFR ZBES(EA)F 1,2-
& CIE(DCEYF, SAH S BT R BRI B RS =
MG 5. HAh, EASWMEITEOLT, 28
AR A BRER 2 B AR =4, R, #E 1siA x
MBS N PL 0.2 equiv. +-BuOLi AL, B
DMF M, 7= TR 12 h
R1 AR ©

Table 1 Optimization of reaction condition

/i 0
.Boc HO base
Ph gn + = solvent, r.t. Ph)LO/\
1a 2a 3a
Entry Base Solvent Yield”/%
1 Cs2C03 DMF 81
2 CsF DMF 9
3 K2COs DMF 45
4 t-BuOLi DMF 94
5 t-BuOK DMF 79
6 KF DMF 0
7 t-BuOLi DMSO 91
8 t-BuOLi CH3;0H Trace
9 t-BuOLi THF 53
10 t-BuOLi DCM 69

© 2024 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

9 Reaction conditions: 1a (0.3 mmol, 1 equiv.), 2a (0.45 mmol, 1.5 equiv.),
base (0.06 mmol, 0.2 equiv.) in solvent (1.5 mL), r.t., for 12 h.? Calibrated GC
yield.

1.2 REEYHRE

TR E AR N 26 AE 5, BA 2-T JR-1-F(2a) &
Bl H%2 T N-Boc BRI IR E M (K 2). Seat o 3
R, RN N T 9 S ) NS PR R
W, AT A AL IR (W e, 1d, 1e)id &M H T3
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F1( 1f, 1g, 1h, 1) 25 B BENZ, 88K A BRI N I DA
W e R AR B BARME A Y. Bln, SRR
175 EBENES 5 N, sl L 99% 1 7= 2 159 2] = 1)
3b, IfilE] R S AL 1e 7EFIFEM 260 T thg
PL 1% =183 B Ak &9, B2, ZE b I Nt T
AEBEASONE LB BRURR, Al AL AT R A PR 55 7 Tk e
lc. 1d 733 BA 81%FH 89% 1) 7= 215 2] H AR &4, 14k
A7 FREEUR I 5 B e A% 1b AXRELL 44% 07 243 2] H b
&Y. BRI S, ST E B & 1 R4,
WPEEEL . S FAEFSUT BEEE Re A3 B A BAF e A
PE. BRIRIREUR BRI Ab, 2530 T2 07 2 IR 2K i IR 470,
U 2-ZEMERE (1)) PRIGEEAZ (In) MEWY IBERZ (10) A S R IE
WEWY Bt e (1m) 2 5 ) RIS, 35768 BAAE R ()7 26.(80% ~
89%) 1S B HFr/=4). 1EZATIIWFF TAE R, 2T sp® ¢
AP ot B e S TE PR A, R BT FE A AR BB AR 31 H b
PV, FEARRNAR R, BB RYI(1p Al 1q) 5 A
FIEE 2a VIS, [FIFEREEE HUTH R 4772 26

SERL T N-"R2HE-N-BUT SE B R IR I ),
BE— DR T AR R E TR 3). EF
N-Boc Bt 1a 15 R R BLEY), TEREERM &M T 5 & F
AHOFNRE N, &5 3R I TC 1R 2 B b [ 0 IE B
AT DAL M e s, JF H DA SR AR B 1) A5 2 H br
W&, SeAh, AR B EE b p AL B T AN A
1) JRNE i P Y A S 5 S T, AN TR R AR i A R (1r) S5 bk
B1s), BREZHAUFEEAL Tus 1w, 1x)5HE0AY.

1y), #Bal LUBR) & AR B S BE. [FIRS, 57 PHE KR
DREUAR I S AU R 2 P 35 PR AR VA 52 (3x). R AR,
SUHUAR 2 ok T4 1 2 5 G 4K J 7 B 10 1T DU e e Sl 2
By). BT AR — R EEAS, ZEe AL SN ] B — 5
¥ 8 B B A R 2 AU BEL ) AN AN — 2 B Jes . 3
- AL Q22) 5HE 1a N AT LA 87% 7= 45 5 3z.
Not T 5 A B A AN AN — B2 Y 2aa, FEAH RSO
KT UL 83%MP A i 3aa. KT =, 1% T
=L AN A T AT () SR E
1.3 ARNART

ANEFIEE ) G50 2 AT RIR = 5 2459 5y T
W, N T RRZTT RGN AT, AR SRE DA iR
FEfE R 5kl 5Bl 1a RSN FHET 4521 (Scheme
2). TEFRUERRBLIZEM T, BMERAHCNE 10 mmol Bt
R NRUR H 5 20 v & S P2 ) () 1) £ (3ab, 2.2 g, 81%).
JIE [ e R LB AR ) B R R S B R, R
AT7 i FATER AL OB, B RAL  N 4& 1, 7E HoAth
ZMHATRIBNT, 1 2.0 equiv. /¥ --BuOLi 1] LAFF)
R A B, FF DL 55% 77 #6452 ) 3ac. 1AL, 2 H
UL 7 RN 254 00 TS5 A 25 AR FL DU AT S5 1B 1, 1
DL R 4F = A3 2IRT44) 3ad Fl 3ae.
1.4 HIIBHEN

HRHE BATTI 256 285 F 5+ 52 1 A\ ARIE 1) SCRR 233,
T — R AERIHLIE (Scheme 3). T S AN T A AE 8

K2 BRI «

Table 2 Substrate scope of amides

7 e}
RJLN/BOC HO M )L
én + \% DMF, rt. R O/\
1 2a 3
(0] 0 o o
X
Me@)(o/\ O/\ O/\ /©)LO/\

- -2 cl
3b, o-Me, 44% Io)

3c, m-Me, 81%
3d, p-Me, 89%

3e, 93%

3f, 85% 39, 98%

A
NC O,N

3h, 99% 3i, 93%

3j, 89%

3k, 81% 31, 72%

(o} (0] O (0] (0]

3m, 80% 3n, 81%

30, 81%

3p, 85% 39, 93%

4 Reaction conditions: 1 (0.3 mmol, 1 equiv.), 2a (0.45 mmol, 1.5 equiv.), z-BuOLi (0.06 mmol, 0.2 equiv.) in DMF (1.5 mL), r.t. for 12 h; isolated yield.
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Table 3 Substrate scope of unsaturated alcohols

o)

0.2 equiv. {-BuOLi 0

Ph)LN’BOC + HO-R L R
B DMF, rt. Ph” 0
1a 2 3
(1) Primary
X Lo~ X bl
PR 07 T PhAOM Ph” 0" Ph” Y07 T
3r, 85% 3s, 67% 3t, 79% 3u, 95%

i i I X
Ph)LO/\ Ph)LO Z Phko/\@ " O/\C'
3v, 89% 3w, 99% 3x, 91% 3y, 96%

(2) Second
L0 L)
Ph” O Ph)LO
3z, 87% 3aa, 83%

4 Reaction conditions: 1a (0.3 mmol, 1 equiv.), 2 (0.45 mmol, 1.5 equiv.), #~-BuOLi (0.06 mmol, 0.2 equiv.) in DMF (1.5 mL), r.t. for 12 h; isolated yield.

@ b X
0.2 equiv. t-BuOLi
Ph N’BOC + HO Ph O
Bn DMF, r.t.
1a 2ae 3ab, 87%
10 mmol
(b)
O
)L _Boc 2.0 equiv. t-BuOLi
PR N . .
Bn same to contion a
HO
1a 2af 3ac, 55%
(c) HO 0
2 En s o /
“Boc "
o same to condition a 0
Ph Ph
Ir 3ad, 82%
0 o]
(d) o _Boc HQ o)
(e} /\/©/ E = 0 /\/@/ O/\
/@J\N n same to condition a /@J\N
H H
cl 1s c 3ae, 77%

B2 RS540 T rIE
Scheme 2 Modification of natural products and drug molecules
A +-BuOLi 1 I N R BUR 1, AR 7R L, % —MEALAEI.
PURGTXF N-"RFE-N-FUT R E B I AT Rz g, 2k

WA TR L, R ARG T 2 e
FhILL 40P TUT 5 AN s 87 26 Rl 1, i G N T K T —FI7E BuOLi AL F NS RN T
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R2-0,
H
o A
- —pR2
R1JLN/BOC + szo\' /O,RQ O O—R
b 3 R” O NBee
| /
ytalyst ?I”
R2—OH ; _Boc
R?—0--H-N_
Bn
1
. N/Boc le)
\Bn R'IJJ\ORZ

B3 NN T R f S5 T A L
Scheme 3 Probable mechanism for the esterification of N-
benzyl-N-t-butoxycarbonyl-amides
SAPRIE B S AN BB A SN, 12 TG i e <
B, IF H A SN AFRA HAER R, Bk S
A AN R F A S A AL R NAETBORE] 10
mmol MU, KSRV LS A3 2] H b5 =4, thsh, —1&
HA Tt i AR R 5 g (R 250 73 1 DR SR P D AE e %A
N REMGTR MR AR MR S N, BRIk, AT SEAE 20T
R IR W JE S S S M B S D T R I — e
AT N FH 52

3 IEES
31 E5RH

B RE(HRMS): SalariX 70 FT-Ms; “UH (il
(GC): Shimadzu GC-2030; S AH 1 (GC-Ms): Shi-
madzu GC-MS 2020; #fi3L9R("H NMR): JEOL 400 M
W SERA . SEIG IR R IR T PR LA B AR 4%
— R SE 5 B O W AR, R MITE BRI T
HEAT, 3% F R 00350 SR 5 JLAR 43 B 4 711
32 ZWHE

7 10 mL Schlenk & N Jff H 0 N B iz JiE 42 (0.3
mmol). AEAIEE0.45 mmol), RGN BuOLi (0.06
mmol), FEFEEIA 1.5 mL DMF, £ FHHE 12 h
SN 45 R BB 2 A (TLO)RIN], i\ 10 mL 79
AIErEh/K, F EtOAc (10 mLX3)AHL, 70, T/KBRER
NS TERE IR AT 73 B 45 2 B A=) 3.

K ER-2- T flig(3a): LB, 475 mg, 77K
91%. 'H NMR (500 MHz, CDCls) J: 8.10~8.05 (m, 2H),
7.61~7.53 (m, 1H), 7.45 (t, J=7.8 Hz, 2H), 4.89 (q, J=
2.4 Hz, 2H), 1.88 (t, J=2.4 Hz, 3H); '*C NMR (100 MHz,
CDCls) 6:166.2, 133.3, 129.92, 129.89, 128.5, 83.4, 73.4,
53.4, 3.8; HRMS (ESI) caled for C;H;;,0, [M+H]"
175.0754, found 175.0748.

A H LK HR-2- T MR EE (3b): TGt il f4, 24.8 mg,
P72 44%. '"H NMR (400 MHz, CDCls) 6: 7.96 (dd, J=

Chin. J. Org. Chem. 2024, 44, 1293~1300
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8.1, 1.5 Hz, 1H), 7.41 (td, J=7.5, 1.5 Hz, 1H), 7.24 (dddt,
J=7.2,3.5,14,0.7 Hz, 2H), 4.87 (q, J=2.4 Hz, 2H), 2.61
(s, 3H), 1.88 (d, J=4.8 Hz, 3H); *C NMR (100 MHz,
CDCls) 6: 167.0, 140.7, 132.3, 131.8, 130.9, 129.2, 125.9,
83.2, 73.5, 53.1, 29.8, 21.9, 3.8; HRMS (ESI) calcd for
C1H 130, [M+H]" 189.0910, found 189.0902.

() 0K H R -2- T R BB (3e): oA, 45.7 mg,
P27 81%. 'H NMR (400 MHz, CDCl;) d: 7.87 (dtd, J=
9.2, 1.7, 0.8 Hz, 2H), 7.40~7.28 (m, 2H), 4.88 (q, J=2.4
Hz, 2H), 2.40 (s, 3H), 1.88 (t, J=2.4 Hz, 3H); 3C NMR
(100 MHz, CDCL3) ¢6: 166.3, 138.3, 134.1, 130.4, 129.8,
128.4, 127.1, 83.4, 73.4, 53.4, 21.4, 3.8; HRMS (ESI)
calcd for Cj,H 130, [M+H]" 189.0910, found 189.0903.

X B R R -2- T Rl (3d): E A4k, 50.2 mg,
7 89%. 'H NMR (400 MHz, CDCls) d: 7.99~7.92 (m,
2H), 7.25~7.20 (m, 2H), 4.87 (q, J=2.4 Hz, 2H), 2.40 (s,
3H), 1.87 (t, J=2.4 Hz, 3H); 3C NMR (100 MHz, CDCl;)
5:166.2, 144.0, 129.9, 129.2, 127.1, 83.3, 73.5, 53.2, 21.8,
3.8; GC-MS m/z: 188.0.

XPRCT R ER-2- T Bl (3e): oA, 64.2 mg,
722 93%. '"H NMR (500 MHz, CDCL) §: 8.03~7.97 (m,
2H), 7.49~7.42 (m, 2H), 4.88 (q, J=2.4 Hz, 2H), 1.87 (t,
J=2.4 Hz, 3H), 1.34 (s, 9H); 3C NMR (100 MHz, CDCl;)
5:166.6, 157.0, 129.8, 127.1, 125.5, 88.6, 83.2, 53.2, 35.3,
31.3, 3.8; HRMS (ESI) caled for CisHisNaO, [M+Na]®
253.1199, found 253.1174.

4- HIIR W iR 2% YR -2- T bR s (31): 3 (il 44, 59.2
mg, 773 85%. '"H NMR (500 MHz, CDCL) d: 8.16~8.08
(m, 4H), 491 (q, J=2.4 Hz, 2H), 3.95 (s, 3H), 1.89 (t, J=
2.4 Hz, 3H); 3C NMR (100 MHz, CDCls) 6: 168.5, 165.8,
134.2, 134.0, 133.8, 133.6, 129.9, 129.7, 85.3, 73.6, 54.2,
522, 4.7; HRMS (ESI) caled for C;3sH;30, [M+H]"
233.0808, found 233.0814.

W G R -2- T Fhlis(3g): #aiifk, 61.1 mg, 7=
% 98%. 'H NMR (400 MHz, CDCls) J: 8.05~7.97 (m,
2H), 7.46~7.38 (m, 2H), 4.88 (q, J=2.4 Hz, 2H), 1.88 (t,
J=2.4 Hz, 3H); 3C NMR (100 MHz, CDCl3) J: 165.3,
139.8, 131.3, 128.8, 128.3, 83.6, 73.1, 53.6, 3.8; HRMS
(ESI) caled for C;;H;oClO, [M+H]" 209.0364, found
209.0356

X SRR R R -2- T FRER(3h): Bk, 59.1 mg,
772 99%. 'H NMR (400 MHz, CDCls) 0: 8.21~8.14 (m,
1H), 7.79~7.72 (m, 1H), 4.92 (q, J=2.4 Hz, 1H), 1.89 (t,
J=2.3 Hz, 2H); '3C NMR (100 MHz, CDCls) J: 164.5,
133.7, 132.4, 1204, 118.1, 116.8, 83.1, 72.8, 54.2, 3.8;

http://sioc-journal.cn/ 1297
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HRMS (ESI) caled for C;oHioNO, [M—+H]" 200.0706,
found 200.0740.

XF il 5 2K H R -2- T JR iR (3i): LAk, 61.1 mg,
F% % 93%. '"H NMR (400 MHz, CDCls) 6: 8.36~8.21 (m,
4H), 4.94 (q, J=2.4 Hz, 2H), 1.89 (t, J=2.4 Hz, 3H); 1*C
NMR (100 MHz, CDCls) o: 164.3, 150.8, 135.3, 131.1,
123.7, 84.3, 72.7, 54.3, 3.8; HRMS (ESI) caled for
CiHi1oNO4 [M+H]" 220.0604, found 220.0610.

ZEHIR-2- T BLBR 3)): ik, 59.8 mg, /7%
89%. 'H NMR (400 MHz, CDCl;) d: 8.65 (dd, J=1.5, 0.8
Hz, 1H), 8.09 (dd, J=8.6, 1.7 Hz, 1H), 7.97 (ddd, J=8.5,
1.4,0.7 Hz, 1H), 7.92~7.85 (m, 2H), 7.57 (dddd, J=20.8,
8.1, 6.8, 1.4 Hz, 2H), 4.96 (q, J=2.4 Hz, 2H), 1.91 (t, J=
2.4 Hz, 3H); 3C NMR (100 MHz, CDCl3) 6: 166.3, 135.7,
132.6, 131.5, 129.5, 128.5, 128.3, 127.9, 127.0, 126.8,
125.4, 83.5, 73.4, 53.5, 3.8; HRMS (ESI) caled for
CisH130, [M+H]" 225.0910, found 225.0963.

KNR-2- T HBEE3k): LEWAE, 49.1 mg, F7F
81%. 'H NMR (500 MHz, CDCl3) 0: 7.32~7.25 (m, 2H),
7.23~7.17 (m, 3H), 4.64 (q, J=2.4 Hz, 2H), 2.96 (t, J=
7.9 Hz, 2H), 2.67 (dd, J=8.5, 7.2 Hz, 2H), 1.85 (d, J=4.9
Hz, 3H); 3C NMR (100 MHz, CDCls) §: 172.3, 140.4,
128.5, 128.3, 126.3, 83.2, 73.2, 52.9, 35.7, 30.8, 3.7;
HRMS (ESI) caled for Ci3sHisO, [M+H]" 203.1067,
found 203.1071.

WEERR-2- T R BE 3D): o ifk, 432 mg, 723
72%. '"H NMR (400 MHz, CDCl;) 6: 7.73 (d, J=16.0 Hz,
1H), 7.57~7.48 (m, 2H), 7.45~7.34 (m, 3H), 6.47 (d, J=
16.0 Hz, 1H), 4.79 (q, J=2.4 Hz, 2H), 1.88 (t, J=2.4 Hz,
3H); 3C NMR (100 MHz, CDCL3) 0: 166.4, 145.7, 134.4,
130.6, 129.1, 128.3, 117.5, 83.4, 73.4, 53.0, 3.8; HRMS
(ESI) caled for C;3sHi30, [M+H]™ 201.0910, found
201.0905.

I WEWy -2-FR R -2- T W BB (3m): o4, 55.2
mg, 7% 80%. 'H NMR (500 MHz, CDCls) 6: 8.11 (s,
1H), 7.87 (ddd, J=7.7, 5.7, 1.2 Hz, 2H), 7.50~7.37 (m,
2H), 4.91 (q, J=2.4 Hz, 2H), 1.89 (t, J=2.4 Hz, 3H); 1*C
NMR (100 MHz, CDCLy) o: 162.4, 142.5, 138.8, 133.1,
1312, 127.2, 125.7, 125.1, 122.9, 83.9, 73.0, 53.9, 3.9;
HRMS (ESI) calced for C13H;oNaO,S [M+Na]" 253.0294,
found 253.0215.

BRER-2- T BeliE(3n): LA, 39.8 mg, =2 81%.
'H NMR (400 MHz, CDCls) é: 7.60 (dd, J=1.7, 0.8 Hz,
1H), 7.24 (dd, J=3.5, 0.9 Hz, 1H), 6.52 (dd, J=3.5, 1.7
Hz, 1H), 4.87 (q, J=2.4 Hz, 2H), 1.87 (d, J=4.8 Hz, 3H);
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13C NMR (100 MHz, CDCl3) 8: 158.1, 146.7, 144.3, 118.7,
112.0, 83.9, 72.9, 53.3, 3.8; HRMS (ESI) calcd for CoHyO5
[M+H]" 165.0546, found 165.0520.

2-WEW; FHFR-2- T JR g (30): #H ELilifA, 43.7 mg, 7~
% 81%. 'H NMR (400 MHz, CDCl;) J: 7.84 (dd, J=3.8,
1.3 Hz, 1H), 7.58 (dd, J=5.0, 1.3 Hz, 1H), 7.11 (dd, J=
5.0, 3.8 Hz, 1H), 4.86 (q, J=2.4 Hz, 2H), 1.88 (t, J=2.4
Hz, 3H); C NMR (100 MHz, CDCls) 6: 161.8, 134.0,
133.3, 132.9, 127.9, 83.6, 73.2, 53.5, 3.9; HRMS (ESI)
caled for CoHgO,S [M+H]" 181.0318, found 181.0366.

WO GERIR-2- T HREE3p): Lk, 45.9 mg, 7=
# 85%. 'H NMR (500 MHz, CDCL3) 0: 4.63 (q, J=2.4
Hz, 2H), 2.34 (tt, J=11.3, 3.6 Hz, 1H), 1.96~1.89 (m,
2H), 1.86 (t, J=2.4 Hz, 3H), 1.75 (dt, J=12.7, 3.6 Hz,
2H), 1.68~1.61 (m, 1H), 1.45 (ddd, J=24.5, 12.0, 3.3 Hz,
2H), 1.35~1.16 (m, 4H); '3C NMR (100 MHz, CDCl;) 6:
175.6, 83.1, 73.5, 52.7, 43.2, 29.0, 25.8, 25.5, 3.8; HRMS
(ESI) caled for C;H;70, [M+H] " 181.1223, found
181.1242.

HRERR-2- T Ll (3q): LBk, 70.3 mg, ;=3
93%. '"H NMR (500 MHz, CDCl3) o: 4.64 (q, J=2.4 Hz,
2H), 2.33 (t, J=7.6 Hz, 2H), 1.86 (t, J=2.4 Hz, 3H), 1.64
(q, J=7.4 Hz, 2H), 1.27 (d, J=14.4 Hz, 16H), 0.88 (t, J=
6.9 Hz, 3H); *C NMR (100 MHz, CDCl3) d: 173.4, 83.2,
73.4, 52.7, 34.2, 32.0, 29.7, 29.7, 29.6, 29.5, 29.4, 29.2,
25.0, 22.8, 14.3, 3.8; HRMS (ESI) calcd for C;H2sNaO»
[M-+Na]" 275.1982, found 275.1972.

K BR-3-TIilis3r): KO, 44.8 mg, 7%
85%. '"H NMR (400 MHz, CDCl3) 6: 8.09~8.01 (m, 2H),
7.58~7.52 (m, 1H), 7.47~7.40 (m, 2H), 5.88 (ddt, J=
17.0, 10.2, 6.7 Hz, 1H), 5.23~5.04 (m, 2H), 4.38 (t, J=
6.7 Hz, 2H), 2.53 (qt, J=6.7, 1.4 Hz, 2H); '3C NMR (100
MHz, CDCl3) 6: 166.7, 134.2, 133.0, 130.5, 129.7, 128.5,
117.5, 64.1, 33.3; HRMS (ESI) calcd for C;H 30, [M+
H]" 177.0910, found 177.0915.

K R-3-T Befig(3s): 6 (ilifk, 349 mg, =%
67%. "H NMR (400 MHz, CDCl;) 6: 8.10~8.03 (m, 2H),
7.61~7.53 (m, 1H), 7.45 (dd, J=8.4, 7.1 Hz, 2H), 4.43 (t,
J=6.8 Hz, 2H), 2.68 (td, J=6.8, 2.7 Hz, 2H); *C NMR
(100 MHz, CDCls) J: 166.5, 133.2, 130.1, 129.8, 128.5,
80.2, 70.1, 62.7, 19.2; HRMS (ESI) calcd for C;H;,0;
[M+H]" 175.0754, found 175.0761.

oK R e R R (3t): Lt Ak, 45.0 mg, 7E
79%. '"H NMR (400 MHz, CDCl;) 6: 8.09~8.01 (m, 2H),
7.59~7.50 (m, 1H), 7.47~7.38 (m, 2H), 5.47 (ddp, J=
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8.6,5.7, 1.4 Hz, 1H), 4.82 (dt, J=7.3, 0.9 Hz, 2H), 1.79 (s,
3H), 1.78 (s, 3H); 3C NMR (100 MHz, CDCl;) d: 166.8,
139.3, 132.9, 130.7, 129.7, 128.4, 118.8, 62.0, 25.9, 18.3;
HRMS (ESI) caled for C;H;s0, [M+H]" 191.1067,
found 191.1071.

R -2- 1A EE(Bu): LEBE, 541 mg, F=&
95%. '"H NMR (500 MHz, CDCl3) 6: 8.08~8.02 (m, 2H),
7.59~7.51 (m, 1H), 7.43 (t, J=7.8 Hz, 2H), 5.75~5.59
(m, 2H), 4.88 (dd, J=6.8, 1.1 Hz, 2H), 2.19 (pd, J=7.5,
1.2 Hz, 2H), 1.03 (t, J=7.5 Hz, 3H); '*C NMR (100 MHz,
CDCly) d: 166.7, 137.3, 133.0, 130.5, 129.7, 128.5, 122.9,
60.9, 21.1, 14.3; HRMS (ESI) caled for C,His0, [M+
H]" 191.1067, found 191.1054.

R -2- KR8 (3v): LBk, 502 mg, F5&
89%. '"H NMR (400 MHz, CDCls) &: 8.12~8.02 (m, 2H),
7.62~7.53 (m, 1H), 7.49~7.40 (m, 2H), 4.92 (t, J=2.2
Hz, 2H), 2.26 (qt, J=7.5, 2.2 Hz, 2H), 1.16 (t, J=7.5 Hz,
3H); 3C NMR (100 MHz, CDCl3) 0: 166.2, 133.3, 129.9,
128.5, 89.2, 53.5, 30.3, 13.7, 12.6; HRMS (ESI) calcd for
Ci2H 130, [M+H]" 189.0910, found 189.0973.

KR -2-PHRTE(3w): MK, 64.7 mg, F73%
99%. '"H NMR (400 MHz, CDCl3) 6: 8.10~8.02 (m, 2H),
7.60~7.51 (m, 1H), 7.48~7.39 (m, 2H), 5.86 (dtt, J=
15.6, 6.6, 1.2 Hz, 1H), 5.68 (dtt, J=15.5, 6.4, 1.4 Hz, 1H),
4.76 (dg, J=6.4, 1.0 Hz, 2H), 2.14~2.00 (m, 2H), 1.45~
1.30 (m, 4H), 1.27 (d, J=12.0 Hz, 1H), 0.90 (t, J=7.2 Hz,
3H); 3C NMR (100 MHz, CDCls) d: 166.6, 136.8, 133.0,
130.6, 129.8, 128.5, 123.9, 65.9, 32.1, 31.2, 22.4, 14.1;
HRMS (ESI) caled for CisH190, [M+H]" 219.1380,
found 219.1357.

R R-Q-I I ) - H ER(3x): LR AE, 55.1 mg,
P 91%. '"H NMR (400 MHz, CDCl3) 6: 8.10~8.01 (m,
2H), 7.60~7.50 (m, 1H), 7.49~7.40 (m, 2H), 5.76~5.66
(m, 2H), 4.25 (d, J=7.2 Hz, 2H), 2.84~2.69 (m, 1H),
2.64~2.50 (m, 2H), 2.29~2.17 (m, 2H); '*C NMR (100
MHz, CDCl;) 0: 166.9, 133.0, 130.6, 129.7, 129.6, 128.5,
68.8, 36.2, 36.0; HRMS (ESI) caled for Ci3H;s0, [M+
H]" 203.1067, found 203.1061.

IR R-4-5-2- TR By): Tk, 59.9 mg, 77
# 96%. '"H NMR (400 MHz, CDCl;) ¢: 8.11~8.03 (m,
2H), 7.59 (tt, J=6.9, 1.3 Hz, 1H), 7.52~7.41 (m, 2H),
4.98 (t,J=2.0 Hz, 2H), 4.19 (t, J=2.0 Hz, 2H); 3C NMR
(100 MHz, CDCls) §: 165.9, 133.5, 130.0, 129.5, 128.6,
81.1 (d, J=96.4 Hz), 52.7, 30.2; HRMS (ESI) calcd for
CiH1ClO, [M+H]" 209.0364, found 209.0359.
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KHIR-2-IF Ol (3z): LEBAA, 52.7 mg, F2%K
87%. '"H NMR (600 MHz, CDCl;) §: 8.08~8.03 (m, 2H),
7.57~7.50 (m, 1H), 7.43 (td, J=7.7, 1.5 Hz, 2H), 6.04~
5.98 (m, 1H), 5.87~5.81 (m, 1H), 5.51 (dtq, J=5.4, 3.7,
1.7 Hz, 1H), 2.14 (dddt, J=15.4, 5.8, 3.9, 1.8 Hz, 1H),
2.09~1.93 (m, 2H), 1.93~1.79 (m, 2H), 1.71 (dddd, J=
11.1,7.9, 5.6, 2.7 Hz, 1H); '*C NMR (100 MHz, CDCL;) §:
166.4, 133.0, 132.9, 131.0, 129.7, 128.4, 125.9, 68.7, 28.6,
25.1, 19.1; HRMS (ESI) caled for Ci3H;s0, [M+H]"
203.1067, found 203.1062.

oK ER-2-2K P i Fis(3aa): 3 EUBAA, 53.8 mg, F7F
83%. '"H NMR (600 MHz, CDCl;) §: 8.08~8.03 (m, 2H),
7.57~7.50 (m, 1H), 7.43 (td, J=7.7, 1.5 Hz, 2H), 6.04~
5.98 (m, 1H), 5.87~5.81 (m, 1H), 5.51 (dtq, J=5.4, 3.7,
1.7 Hz, 1H), 2.14 (dddt, J=15.4, 5.8, 3.9, 1.8 Hz, 1H),
2.09~1.93 (m, 2H), 1.93~1.79 (m, 2H), 1.71 (dddd, J=
11.1,7.9, 5.6, 2.7 Hz, 1H); '*C NMR (100 MHz, CDCL;) §:
165.9, 133.5, 132.8, 132.0, 130.8, 129.6, 128.3, 74.7, 32.8,
28.6, 26.7, 26.6, 23.0; HRMS (ESI) calcd for C4H;70;
[M+H]" 217.1223, found 217.1225.

LI RE R H IR E (3ab): LMK, 66.8 mg, %
87%. '"H NMR (500 MHz, CDCl;) §: 8.09~8.03 (m, 2H),
7.59~7.52 (m, 1H), 7.45 (d, J=7.9 Hz, 2H), 4.76~4.67
(m, 4H), 2.24~2.15 (m, 4H), 2.06~1.95 (m, 1H), 1.88
(ddt, J=10.7, 4.1, 2.1 Hz, 1H), 1.75 (s, 3H), 1.53 (tdd, J=
12.7, 10.3, 7.7 Hz, 1H); 3C NMR (100 MHz, CDCl;) &:
166.6, 149.7, 133.0, 132.8, 130.5, 129.8, 128.5, 125.8,
108.9, 69.0, 41.0, 30.6, 27.5, 26.6, 20.9; HRMS (ESI)
caled for C;7H»NaO, [M + Na] = 279.1356, found
279.1370.

JIEL ] i 2 HH R 6 (3ac): o LA, 80.8 mg, =%
55%. '"H NMR (600 MHz, CDCls) &: 8.04 (d, J=7.1 Hz,
2H), 7.43 (t, J=7.8 Hz, 2H), 5.42 (d, J=3.8 Hz, 1H),
4.91~4.82 (m, 1H), 2.47 (d, J=7.7 Hz, 2H), 2.06~1.95
(m, 4H), 1.87~1.81 (m, 1H), 1.57 (s, 4H), 1.55~1.46 (m,
5H), 1.38~1.07 (m, 14H), 1.07 (s, 3H), 1.01 (tt, J=12.8,
6.7 Hz, 4H), 0.92 (d, J=6.5 Hz, 3H), 0.87 (dd, J=6.6, 2.7
Hz, 6H), 0.69 (s, 3H); '*C NMR (100 MHz, CDCls) §:
166.2, 139.8, 132.9, 131.0, 129.7, 128.4, 122.9, 74.7, 56.8,
56.3, 50.2, 42.5, 39.7, 36.8, 36.0, 32.1, 32.0, 28.4, 28.2,
28.0, 24.0, 23.0, 22.7, 19.5, 18.9, 12.0; HRMS (EI) calcd
for C34Hs10, [M+H]" 491.3884, found 491.3842.

ISAG IR IR R-2- T IR (3ad): B EIRAAK, 75.3 mg,
P27 82%. 'H NMR (500 MHz, CDCls) 6: 8.08~8.04 (m,
2H), 7.72~7.68 (m, 2H), 7.65~7.61 (m, 2H), 7.50~7.46
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(m, 2H), 7.43~7.38 (m, 1H), 4.70 (q, J=2.4 Hz, 2H),
3.37 (t, J=6.7 Hz, 2H), 2.84 (t, J=6.7 Hz, 2H), 1.87 (t,
J=2.4 Hz, 3H); 3C NMR (100 MHz, CDCls) J: 197.6,
172.5, 146.1, 140.0, 135.4, 129.1, 128.8, 128.4, 127.4,
83.5, 73.2, 53.2, 33.5, 28.3, 3.8; HRMS (EI) calcd for
CaoH1903 [M+H]" 307.1329, found 307.1383.

AL VUK R R -2- T Jelis (3ae): 38 (U4, 95.4
mg, & 77%. 'H NMR (500 MHz, CDCl3) d: 7.61 (d,
J=8.2 Hz, 2H), 7.38 (d, J=8.2 Hz, 2H), 7.09 (d, J=8.2
Hz, 2H), 6.84 (d, J=8.2 Hz, 2H), 6.03 (s, 1H), 4.73 (q, J=
2.5 Hz, 2H), 3.67 (q, J=6.5 Hz, 2H), 2.86 (t, J=6.8 Hz,
2H), 1.83 (d, J=2.5 Hz, 3H), 1.60 (s, 6H); 3C NMR (100
MHz, CDCly) 6: 173.7, 166.5, 154.1, 137.8, 133.1, 132.7,
129.6, 129.0, 128.4, 120.1, 83.7, 79.4, 72.8, 53.8, 41.3,
34.9, 25.4, 3.8; HRMS (EI) calcd for Co3HysCINO, [M+
H]" 414.1467, found 414.1428.

4 B KL (Supporting Information) {L5%) 3a~3ae [
BRI %7, P 'TH NMR. 3C NMR i &%, X
Lk n] DA T 4 33 (http://sioc-journal.cn/) T %K.
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