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Synthesis of Unnatural Amino Acid Derivatives by Visible-
Light-Catalyzed Decarboxylative Alkylation of
N-Aromatic Glyoxylimines
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Abstract A visible-light-mediated decarboxylative radical alkylation of glyoxylimines for preparing a-alkylated unnatural
amino acid derivatives was developed. Various alkyl radicals generated by tetrachloro-N-hydroxyphthalimide (TCNHPI) active
esters were added to imines in good yields under visible light irradiation. Iridium complex was selected as photocatalyst and
also, Hantzsch ester (HE) as hydrogen transfer reagent was essential. Fluoboric acid (HBF4) significantly improved the yield.
Mild reaction conditions showed wide substrate scopes. In addition, the straightforward and efficient one-pot procotol, in-
volved a multicomponent reaction of ethyl glyoxalate, primary amine and TCNHPI active ester occurred smoothly. This
scheme provides a new method for the synthesis of a-alkylated unnatural amino acid derivatives.
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Figure 1 Examples of unnatural amino acid derivatives or peptides with biological activity
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Scheme 1 Visible-light-catalyzed synthesis of unnatural amino acids derivatives
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A oA, AR JRPIERT, AR 2
FMAERIR o-FIEBRATAEYI(Scheme 1b). 2020 4F Xu
SEISCRIE TR G T S I R AT A 5 R kR
Katritzky 7 TCMEATI KT KA C(sp’)—H H HHE-
B AT SUBIBC R A S 8L, A e R 4% AR R IR a- U JE
R AME M AE R AR a- 2 FE IR Bk 2= IR $R 41t 7 38 FH J7 V%
(Scheme 1c).

BT 08 I Ji e A B el R o R A s B2 U4 ) AT A,
LM TRAT A5 AR I8 Vi (1) 016 S A 38 TR ) b i e R A B 1
A DAR T s R Bl ARl 2151 2019 4 Ye
SEUSOIRE [ DAY BE N G HOR, LI IR e AT IO A
I S A AR B BN B K o, 8- — 2 BE TR V) S5 B 5
W&. 2020 4F Shen SFUSUE FHICHLBRSEIN | £ BERAT A s
AR B 2021 4 Karkds SE2TE 7 1 F4E N-
Vi P i 2 T TR IO g FR) lESF Bk e £V C- B R Tk,
NEMAERIR o- B EERATEMIRME T — MBS 7%
(Scheme 1d).

N-F2 L 40 2% — FE I Jie (NHP) 77 A2 (9 T8 W] LR 25
SRR — 15, (A —FA S E &R CEs
BT TR E AT R AL, PR C—X (X=C. N.
OB & BRI 42 Ja AR AL B Hh 35 S J8g D117,

BT W 6 e B A IR e Ak, DARIRATTN
JeEAL B BB & IR R IR R R S B R R, Rk
T EET A WO S N-J5 5 QR E 5 D& N-F2

A1 2K — I WV s PE S (TCNHP BR) Y [ i 5 e Ak,
fil e T — RIVHAER ARG IERRATAEY). Juoh, KT WOk
5 3 I R Ji S5 A7 A 1T g 1) R D ) =4 2 —
RIS, A SO R R IR BT A SR A UF
HA T :(Scheme 1e).

1 HR5R

%%, LACEEFREIE 1a (1.5 equiv.) 5 TCNHPI ji5 P
I 2a (1.0 equiv.) AR ALY, Ru(bpy)sCly (2 mol%) vt
AALIE FE LT, DORERHE, 1.5 equiv.) NEIR, —&
F%E(DCM, 0.1 mol/L) i, fE# " LED (light-emit-
ting diode)tT IR T = iR 48 h, 152 HFrr=4) 3a,
Y BSUSEY 30%(F 1, Entry 1). SR 55 GEGHHEAT I7i%k,
Ir(ppy)s T H EHGR, W Eosin Y. 4CzIPN Hl
Ru(bpy);Cl,, HAxF=#) 3a 318 41%MERAEBCRE 1,
Entries 1~4). & ZF A5, WREHF KAWL
$Em(E 1, Entry 5), UiBE RX7K 580 AU,
TEH HE BURE ARG B0 N 3% A KR =) 3a3k 1,
Entries 6~7), IESLZ &N EOEEMAREFEE, HIX
s A AR AT D, A, R AR S U
(% 1, Entry 8). Bronsted F2 1] DAWOH W Z 244, (k0 fiz
) E B AR, SR, R T T A IR A N 75 ]
FERT LB A EAEH S HE 44, RoeEdE, Ik
AR THBHRE, T 605, 2R AR
B, BIER NG KoCOs. (NHy)COs LT DA [F) FFE
Rt T RN RA, B3 60%~61%HIE(E 1, En-
tries 9, 10). ‘Pr,NEtsHBF4 fi. T- PhCOOH #1 CF;COOH %5
AL, Wor s R B P (Entries 11~13). ¥ x
NE4EHE A 24 h, WP KGR 1, Entry 14). {E5
[ 52, NHPI fg ) 5o 3 1 Ee TCNHPI B§2(3 1, Entry 15),
HED 5 IR S AL I 22 S AT oG, SRR KR4
FEHGARI A &, WeRE A R 240GER 1, Entries 16, 17).
SN AEAE B S AT R AR, — F I B (DMS O) 25 51
i DCM. N,N-—FH 3 EfZ(DMF)fl CH;CN, i
B =iA F] 85%(F 1, Entries 13, 18~20); 22V Ji% 1a (¥

K1 LRI bR S 5% AL @

Table 1 Optimization of reaction conditions for the decarboxylative alkylation of glyoxylimines

Q cl o

(0]
| Additive
+ N-O —_———
Solvent, r.t.,

N
o,
cl Cl o

o)
oJ\(O EtO,C CO,Et ? o>_<:>
|| N-G
N
HE © 2

HN
blue LEDs \©\
Cl
1a 2a 3a
Entry Catalyst Additive Solvent Yield®/%
1 Ru(bpy):Cla — DCM 30
2 4CzIPN — DCM 16
3 EosinY — DCM <10
4 Ir(ppy)3 — DCM 41
5¢ Ir(ppy)3 — DCM 42
64 Ir(ppy)3 — DCM n.d.
7f Ir(ppy)s — DCM n.d.
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Entry Catalyst Additive Solvent Yield”/%
88 Ir(ppy)s — DCM 27

9 Ir(ppy)s K2COs3 DCM 61

10 Ir(ppy)s (NH4)2C03 DCM 60

1 Ir(ppy)s PhCOOH DCM 56
12 Ir(ppy)s CF;COOH DCM 44
13 Ir(ppy)s iPr,NEtsHBF4 DCM 76
14" Ir(ppy)s iPr,NEtsHBF4 DCM 55
150 Ir(ppy)s iPr,NEtsHBF4 DCM 61
16/ Ir(ppy)s iPr,NEtsHBF4 DCM 75
17 Ir(ppy)s iPr,NEtsHBF4 DCM 73
18 Ir(ppy)s iPr,NEtsHBF4 DMF 78
19 Ir(ppy)3 PraNEt*HBF4 MeCN 52

20 Ir(ppy)s iPr,NEtsHBF4 DMSO 85
21! Ir(ppy)s iPr,NEtsHBF4 DMSO 83
22 — ProNEt*HBF4 DMSO 32

4 Reaction conditions: 1a (0.15 mmol), 2a (0.1 mmol), catalyst (2 mol%), HE (1.5 equiv.), additive (2 equiv.), in the solvent (1 mL) irradiated by blue LEDs strips for
48 h. " Isolated yields. ¢ Add 5A MS. ¢ No HE. ¢ n.d.=not detected./ No light. € No Ar. # =24 h. / 2b instead of 2a./ Ir(ppy)3 (4 mol%). *Ir(ppy); (I mol%). ' 1a (0.2

mmol).
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Entry 22), X WENE T HE HA YGREGH i R,
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AR (1 B 5 T RS . (82% > 47% > 36%). LAk, FROR Mg
Jii % TCNHPI 5 th g8 =R g 2 o-fr b JERIRE
FEBRATAEY(74%~86%, dc~4de).
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% il B IR R AR BB AT LE WD R A 0 B R 7
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3a, 60% yield
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Scheme 2 One-pot protocol for synthesis of 3a
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Table 2 Scope of N-aromatic glyoxylimines
Q ¢ o o Ir 2 mol%), HE (1.5 equi 0
~ H . (PPY)3 (2 mol%), HE (1.5 equiv.) EtO,C CO,Et
oYy PrNELHBF, 2 equiv)  ~ g II
+ N—
N o © DMSO, rt. HN N
blue LEDs, 48 h H
R ci O
1 2a 3a~30 R HE
o) H o) H o) H cl o) H Cl
v, SS4CHRGS § 6!
cl Cl
Cl
3a 85% 3b 78% 3c 82% 3d 87%
~rQ, IR, IOk D
Br | O/kF
3e 84% 3 86% 39 46% 3h 60%
~N
A g g fon f
oy 20 0oUEas @
O/
3i 68% 3j 66% 3k 78% 31 76%
o)
o o o -0
F
£ F
3m 73% 3n 64% 30 60% 3pnd

@ Reaction conditions: 1 (0.15 mmol), 2a (0.1 mmol), Ir(ppy); (2 mol%), HE (1.5 equiv.), ‘Pr,NEt*HBF, (0.2 mmol.), in the DMSO (1 mL) were performed under

blue LEDs irradiation in an argon atmosphere for 48 h at room temperature. ” Isolated yields.

3 TCNHPI iF LS K P & o0
Table 3 Scope of TCNHPI activated esters

(e} Cl o o Ir(ppy)3 (2 mol%), HE (1.5 equiv.)
o~ oJ\/H cl >\—R iPr,NEt-HBF, (2 equiv.) /\OJ\(R
N * N-O DMSO | rt. HN
\©\ cl blue LEDs, 48 h \©\
c ©
cl
1a cl 2 4a ~ 4f
0 o) o)
/\o /\O/U\H\ /\O
4a 36% Cl 4b 47% Cl 4c 86% Cl
(@] 0 (0]
HN HN HN
4d 82% c de 74% : cl 4F82% c

@Reaction conditions: 1a (0.15 mmol), 2 (0.1 mmol), Ir(ppy); (2 mol%), HE (1.5 equiv.), ‘Pr,NEt*HBF, (0.2 mmol.) in the DMSO (1 mL) performed under blue

LEDs irradiation in an argon atmosphere for 48 h at room temperature. © Isolated yields.

http://sioc-journal.cn/

4288

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

Chin. J. Org. Chem. 2023, 43, 4284~4293



Chinese Journal of Organic Chemistry

1E CETR .18 5+ AR % 6 1 TCNHPI 35 14 I 2a
TR H, BL 52% W23k 15 H A5 7= 3a (Scheme
3), RUNZ— LR B — e s M.

N TR T RE R BIHLE], 3T T —ANEH
FEAH IR SLEG (Scheme 4). Y4 BRI B S N o &
() B H 34 3575 TEMPO (2,2,6,6- V0 F 3L IR e S8 AL 20) B
S5 A g .3 i g #E B B (HRMS) A ) 3
TEMPO Hi3R/™=4) 3x. HT I, $#2H 7 — Dl Rl
(Scheme 5): 7EWEYEHRS R, M In(ppy)s BIIABUR
A*Ir(ppy)s, Ja &AM RK A RANER 1Y, @i
T (SET) R Bl AL 25 TCNHPI BS 2, [AR ARk E

/\OJI\/O+ O m@

HIEHE T 1, BES7E S HE il FEBSED)E AT
BORE RS, e — AN AR RIERR. T RS,
FHNE ek B HH2E 11 5 4% HBF, if%iﬁﬂﬁmﬁ?%%s%ﬁs gk
&, P4 N-HO E TR TV, B S SR T
o (HAT)II PR e 23/ 18 H bR =9 3.

2 g

FEAT WOGIEST R, BL In(ppy)s NOGEGH, HBF, 1E R
B AL HE Y IE B i3 03] Brensted FRES DA, SLEL T
N-75 2 Z BE TR W IR B 32 B PR 0 i s 7 il 4 - o
T HE R ARG L BT A, AR LA TCNHPI 15 7

Ir(ppy)s (2 mol%) 0
Pr,NEt-HBF, (2.0 equiv.
2 4 (2.0 equiv) o
HE (1.5 equiv.)
HN
DMSO, rt. \©\
Cl

blue LEDs, 48 h
3a, 60% yield

B3 3a i Hkw Bk

Scheme 3 Gram-scale preparation of 3a by one-pot protocol
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HRMS: [M+H]*
calcd: 240.2322

~ALT LK

(¢]] o o
/\OJ\(“ cl >_<:>
N + N-O
0,
cl Cl 0
1a 2a
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found: 240.2322

",

3a, nd.
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Scheme 4 Control experiments of imine with TCNHPI esters
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Scheme 5 Possible reaction mechanism of imine with TCNHPI esters
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BRIV EA RAF R L, SO mnlik 87%. HE /E
SRR RN R R E. eAh, SEPL T AT UL A
N ZBEWR £ A AT TCNHPI 3 1 g (1 = 20 73 )5 il
FHAERREIERATEY) — WL R, H5 TR, %%
LN AT MR B AE AR B A IR AT AR T A
RSO B A5 %, 26 SCIUE W] % R N2 B i &
N2, FF T AR SSALER, 3 AT 1O R N AR,

3 XIS
3.1 X5

SIS AT AR T B, BRIER AW, &
MITE T — DAL AT B, BT 5 B R 2 A 1)
B B, BRI S84 T 5 SR E A AL
HEE M2 B, R N ERAE R NI N 34 W 5K
KA 450 nm FIEEE LED fTHRSHEE LA 3 em (1)
Schlenk & K5LHL. 7 F0fi: 5 A, /NEK, 2.5~3.5 mm, 1
HFT$z T ; NMR it ('H NMR F1 3C NMR)#iE it
Bruker 600 MHz J6#EAX 3RS, BV HRZ CDCl, Wik
Ve — B RE B (TMS). K73 8 25 R 51 43 F 6 T i
FH A5 A W 25 H B (EST) BIOK S Ak 2% HL BS (APC) YL [1)
TOF Jikik1e. Hid#E Gi(TLO) Wi R B, HIEE
Ah (254 1 365 nm) TS HE R A, PR AT 2 AT H
200~300 H e, el i Ak 208 L.

3.2 ZWHE

R 9 A1 55 SCHR 1) 4% T [Ru(bpy)s]Cls6H,0M1 ., [Ru-
(bpy)3]1(PFe)2 2 F1 4CZIPNRUZE S 5, 2 B8 2 30 i A
"Pr,NEt-HBF, il % 27 SC#k[15d], TCNHPI & VEER T
il £ 27 iR [22].

H N — M7 AR W S T8 10 mL
Schlenk & HINA ZEERR K 1 (0.15 mmol, 1.5 equiv.)-
TCNHPI 51ERE 2 (0.1 mmol, 1.0 equiv.). Ir(ppy)s (2
mol%). Pr,NEtsHBF, (0.2 mmol, 2.0 equiv.)A1 HE (0.15
mmol, 1.5 equiv.). BHZEMTIHA Ar FIE =R, K5
PR B ZE RN A i s 8, i i 7 B FH S 2 N — R
MEAR(0.1 mol/L). K 2% B[] 72 7E R 55—~ 34 W[5
4 LED 414 3 em HINLE, 7R TS 48 h. RM5E
B, NS mL /K, R ZER(S mLX3)AEHL. A
ARG mL)BERE AN, K NaSOs T
HE AR, W R PO (s 2 [VCR M) © (2
g 2.B8)=30 & 1 BEMLISRAFAH BL =)

LWL RN AT RS T 10
mL Schlenk EH A 4-5 7% 6 (0.1 mmol, 1.0 equiv.)+
TCNHPI % £ 2a (0.15 mmol, 1.5 equiv.). Ir(ppy)s (2
mol%). Pr,NEtsHBF, (0.2 mmol, 2.0 equiv.)F1 HE (0.15
mmol, 1.5 equiv.). 72 RMNEHHH Ar FHE=K, %
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Fi SERT A i s 3, o S S B P VE S 2SN 2B R 2 i
5 (0.1 mmol, 1.0 equiv.)f1 DMSO (0.1 mol/L). K sz %
HE e R B 4 LED /T4 3 cm &b, 752 TIEST 48
h. RMSERUE, TIN5 mL /K, F L8R ZB8(5 mLX3)#
. AR EKG mL)sikSIRAENLZ, REH T
K NaySOy T I H 23 28 k. 38 b ek fise skt €0 3 ki £
[VCF ) @ V(LR CER)=30 1 Pelli] 33 /=) 3a.

2-[(4-FRIE) HIE-2- 38 I 4R 4. TiE(3a): il
R, W 85%. 'TH NMR (600 MHz, Chloroform-d) o:
7.10 (d, J=8.8 Hz, 2H), 6.55 (d, J=8.8 Hz, 2H), 4.17 (q,
J=17.1 Hz, 2H), 3.80 (d, J=6.1 Hz, 1H), 1.88~1.61 (m,
7H), 1.24 (t, J=7.1 Hz, 5H), 1.19~1.07 (m, 3H); '3C
NMR (150 MHz, Chloroform-d) &: 173.3, 146.0, 129.1,
122.7, 114.7, 62.2, 60.9, 41.2, 29.6, 29.1, 26.1, 26.0, 26.0,
14.3. HRMS (ESI) caled for CisHnCINO, [M+H]'
296.1417, found 296.1411.

CHED (R F K ]-2-F O 2R EE(3b): B fh
HIRBAE, W 78%. 'TH NMR (600 MHz, Chloroform-d)
8:7.06 (s, 1H), 6.70 (d, J=7.5 Hz, 1H), 6.64 (s, 1H), 6.53
(s, 1H), 4.18 (d, J=7.1 Hz, 2H), 3.83 (s, 1H), 1.89~1.63
(m, 7H), 1.31~1.08 (m, 8H); '*C NMR (150 MHz, Chlo-
roform-d) 0: 173.0, 135.0, 130.3, 118.4, 113.7, 112.2, 62.1,
61.1, 41.1, 29.6, 29.1, 26.1, 26.0, 26.0, 14.3. HRMS (ESI)
caled for CisHyCINO, [M + H] © 296.1417, found
296.1414.

2-[(2-FARI) FE-2- I LR 4R 4 BK(3e): #H B
R, W 82%. 'H NMR (600 MHz, Chloroform-d) o:
725 (d, J=7.7 Hz, 1H), 7.09 (t, J=7.1 Hz, 1H), 6.68~
6.54 (m, 2H), 4.80 (s, 1H), 4.18 (q, J=7.2 Hz, 2H), 3.89
(d, J=6.1 Hz, 1H), 1.95~1.65 (m, 6H), 1.34~1.09 (m,
8H); '*C NMR (150 MHz, Chloroform-d) &: 172.9, 143.3,
129.3, 127.7, 119.8, 117.8, 111.7, 61.8, 60.9, 41.1, 29.6,
29.2,26.1,26.0, 26.0, 14.2. HRMS (ESI) calcd for CjsHas-
CINO, [M+H]" 296.1417, found 296.1411.

- LI -2-[(2,4- SRR I E I 2 2R (3d): #
IR A, E 87%. 'H NMR (600 MHz, Chloro-
form-d) d: 7.26 (d, J=2.7 Hz, 1H), 7.06 (dd, J=8.7, 2.5
Hz, 1H), 6.52 (d, J=8.7 Hz, 1H), 4.75 (s, 1H), 4.18 (q, J=
7.1 Hz, 2H), 3.84 (d, J=6.0 Hz, 1H), 1.91~1.66 (m, 6H),
1.32~1.11 (m, 8H); '3C NMR (150 MHz, Chloroform-d)
5 172.6, 142.1, 128.9, 127.7, 121.9, 120.1, 112.3, 61.9,
61.1,41.1,29.6, 29.1, 26.1, 26.0, 26.0, 14.3. HRMS (ESI)
caled for C;gHnCLNO, [M + H] " 330.1028, found
330.1022.

2-[(4-IRIRF) R I ]-2- 38 O 41 Z.TK(3e): BT

Chin. J. Org. Chem. 2023, 43, 4284~4293
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R, R 84%. "H NMR (600 MHz, Chloroform-d) 6:
7.23 (d, J=8.3 Hz, 2H), 6.51 (d, J=8.3 Hz, 2H), 4.17 (q,
J=7.1 Hz, 2H), 3.80 (d, J=6.1 Hz, 1H), 1.87~1.63 (m,
7H), 1.30~1.06 (m, 8H); 3C NMR (150 MHz, Chloro-
form-d) &: 173.2, 146.3, 132.0, 115.3, 109.9, 62.2, 61.0,
41.2,29.5,29.2, 26.1, 26.0, 26.0, 14.3. HRMS (ESI) calcd
for C1sHx3BrNO, [M+H]" 340.0912, found 340.0910.

LFE-2-FR CFE-2-[(A-PIR R B Z 3 | IR IR (3M): 3
R BAE, R 86%. 'H NMR (600 MHz, Chloro-
form-d) 6: 7.40 (d, J=8.7 Hz, 2H), 6.41 (d, J=8.6 Hz,
2H), 4.17 (q, J=7.1 Hz, 2H), 3.80 (d, J=6.1 Hz, 1H),
1.85~1.64 (m, 7H), 1.25 (t, J=7.1 Hz, 5H), 1.20~1.11
(m, 3H); C NMR (150 MHz, Chloroform-d) &: 173.2,
147.0,137.8, 115.7,78.9, 61.9, 61.0, 41.2, 29.5, 29.1, 26.1,
26.0, 26.0, 14.3. HRMS (ESI) calcd for CisHxINO, [M+
H]" 388.0774, found 388.0766.

2-FF O BE-2-((4-( =0 F USRS ) 4R O T
(3g): AR, BE 46%. 'H NMR (600 MHz,
Chloroform-d) d: 7.01 (d, J/=8.4 Hz, 2H), 6.59 (d, J=38.5
Hz, 2H), 4.18 (q, J=7.1 Hz, 2H), 3.81 (d, J=6.1 Hz, 1H),
1.90~1.60 (m, 7H), 1.33~1.08 (m, 8H); '*C NMR (150
MHz, Chloroform-d) d: 173.4, 146.2, 140.9, 122.4, 113.8,
62.3, 61.0, 41.2, 29.6 (d, J=13.5 Hz), 29.1, 26.1, 26.0,
26.0, 14.3. HRMS (ESI) caled for Ci7H3F3NO; [M+H]"
346.1630, found 346.1628.

- CIE-2-CRE L) 4T BB (3h): 35 (PR A,
% 60%. 'H NMR (600 MHz, Chloroform-d) d: 7.16 (t,
J=7.7 Hz, 2H), 6.72 (t, J=7.4 Hz, 1H), 6.64 (d, J=8.0
Hz, 2H), 4.17 (q, J=7.1 Hz, 2H), 3.86 (d, J=6.1 Hz, 1H),
1.90~1.65 (m, 7H), 1.32~1.11 (m, 8H); *C NMR (150
MHz, Chloroform-d) d: 173.6, 147.3, 129.3, 118.2, 113.6,
62.1, 60.8, 41.3, 29.6, 29.2, 26.2, 26.1, 26.0, 14.3. HRMS
(ESI) caled for CigHaNO, [M+H]" 262.1807, found
262.1804.

2-FR L HE-2-Cnf R FL L) O R Z TR (3i): 3 (I
R, W 68%. "H NMR (600 MHz, Chloroform-d) o:
6.97 (d, J=8.2 Hz, 2H), 6.56 (d, J=8.2 Hz, 2H), 4.16 (q,
J=7.1 Hz, 2H), 3.82 (d, J=6.1 Hz, 1H), 2.22 (s, 3H),
1.87~1.65 (m, 7H), 1.29~1.21 (m, 5H), 1.22~1.10 (m,
3H); 3C NMR (150 MHz, Chloroform-d) J: 173.8, 145.1,
129.7, 127.4, 113.8, 62.5, 60.7, 41.3, 29.6, 29.2, 26.2, 26.1,
26.0, 20.4, 14.3. HRMS (ESI) calcd for C7HyNO, [M+
H]" 276.1964, found 276.1960.

2-FF CLAE-2-(A0 R ) TR 4 W8 (3j): # AR
Witk W 66%. 'H NMR (600 MHz, Chloroform-d) o:
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7.14~7.02 (m, 2H), 6.67 (t, J=7.4 Hz, 1H), 6.58 (d, J=
8.0 Hz, 1H), 4.17 (q, J=7.1 Hz, 2H), 3.91 (d, J=6.1 Hz,
1H), 2.22 (s, 3H), 1.94~1.65 (m, 7H), 1.31~1.22 (m,
5H), 1.22~1.10 (m, 3H); 3C NMR (150 MHz, Chloro-
form-d) 8: 173.7, 145.2, 130.3, 127.0, 122.8, 117.8, 110.7,
62.0, 60.8, 41.3, 29.6, 29.3, 26.2, 26.1, 26.1, 17.5, 14.3.
HRMS (ESI) caled for C17H,NO, [M+H]" 276.1964,
found 276.1961.

L HE-2-I8 OB -2-[(4- F AR B R L) 1 B | L R BB (3K):
HOHPIRBAE, W 78%. '"H NMR (600 MHz, Chloro-
form-d) &: 6.75 (d, J=8.8 Hz, 2H), 6.63 (d, J=8.4 Hz,
2H), 4.15 (q, J=7.8, 7.1 Hz, 2H), 3.74 (d, J=12.4 Hz,
4H), 1.92~1.62 (m, 7H), 1.31~1.08 (m, 8H); *C NMR
(150 MHz, Chloroform-d) &: 173.8, 152.8, 141.2, 115.5,
114.8, 63.6, 60.7, 55.7, 41.2, 29.6, 29.2, 26.2, 26.1, 26.1,
143. HRMS (ESI) caled for C7HxNO; [M + H] *
292.1913, found 292.1907.

- AL -2-[(2- A LRI J I | LR 4 FRQ): B
IR, % 76%. '"H NMR (600 MHz, Chloro-
form-d) &: 6.82 (t, J=7.7 Hz, 1H), 6.77 (d, J=7.9 Hz,
1H), 6.67 (t, J=7.7 Hz, 1H), 6.56 (d, J=7.8 Hz, 1H), 4.17
(q, J=7.1 Hz, 2H), 3.86 (s, 4H), 1.96~1.63 (m, 7H),
1.33~1.08 (m, 8H); '3C NMR (150 MHz, Chloroform-d)
5: 1737, 147.1, 137.3, 121.1, 117.1, 110.2, 109.8, 61.8,
60.7, 55.5, 41.2, 29.7, 29.6, 29.3, 26.2, 26.1, 26.1, 14.3.
HRMS (ESI) caled for C7H,NO; [M+H]™ 292.1913,
found 292.1909.

2-((4-GRUT 28) R I8 & 58)-2-3F L 4R Z. TR (3m):
T OGHRIBAE, U 73%. 'TH NMR (600 MHz, Chloro-
form-d) &: 7.19 (d, J=8.2 Hz, 2H), 6.59 (d, J=8.1 Hz,
2H), 4.17 (q, J=7.2 Hz, 2H), 3.84 (d, J=6.0 Hz, 1H),
1.88~1.62 (m, 7H), 1.31~1.08 (m, 17H); '*C NMR (150
MHz, Chloroform-d) J: 173.8, 144.9, 140.8, 126.0, 113.2,
62.3, 60.7, 41.3, 33.8, 31.5, 29.6, 29.1, 26.2, 26.1, 26.0,
143. HRMS (ESI) caled for CyH:NO, [M+ H] '
318.2433, found 318.2437.

L HE-2- I OB -2 (= W R B SR B (3n): B8 (i
IRV, W 64%. 'H NMR (600 MHz, Chloroform-d) o:
6.75 (s, 2H), 4.03 (dd, J=10.5, 7.2 Hz, 2H), 3.73 (d, J=
6.6 Hz, 1H), 2.28 (s, 6H), 2.19 (s, 3H), 1.86~1.59 (m,
6H), 1.35~1.03 (m, 8H); *C NMR (150 MHz, Chloro-
form-d) &: 174.4, 141.3, 130.8, 129.7, 128.3, 65.0, 60.4,
41.9, 29.7, 29.4, 26.4, 26.2, 26.1, 20.5, 18.8, 14.1. HRMS
(ESI) caled for Ci9H3NO, [M-+H]" 304.2277, found
304.2276.
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2-FF O BE-2-(Z5-1- R E B O R (30): B (IR
WA, R 60%. '"H NMR (600 MHz, Chloroform-d) o:
7.95~7.90 (m, 1H), 7.79 (dd, J=6.7, 2.7 Hz, 1H), 7.49~
7.43 (m, 2H), 7.30 (t, J=7.8 Hz, 1H), 7.27~7.23 (m, 1H),
6.58 (d, J=7.4 Hz, 1H), 4.20 (qd, J=7.1, 2.9 Hz, 2H),
4.06 (d, J=6.2 Hz, 1H), 2.05~1.64 (m, 7H), 1.36~1.15
(m, 8H); C NMR (150 MHz, Chloroform-d) 6: 173.7,
142.5, 134.4, 128.6, 126.4, 125.8, 124.8, 123.8, 120.1,
118.1, 105.2, 62.0, 60.9, 41.4, 29.7, 29.5, 26.2, 26.2, 26.1,
14.3. HRMS (ESI) caled for CyHyNO, [M + H]*
312.1964, found 312.1961.

2-[(4- AR F) R T R LTk (4a): 35 Tl IR BAA,
% 36%. 'H NMR (600 MHz, Chloroform-d) : 7.11 (d, J
=8.8 Hz, 2H), 6.55 (d, J=8.8 Hz, 2H), 4.19 (q, J=7.1
Hz, 2H), 3.96 (t, J=6.2 Hz, 1H), 1.94~1.73 (m, 2H), 1.25
(t, J=7.1 Hz, 3H), 0.99 (t, J=7.4 Hz, 3H); *C NMR (150
MHz, Chloroform-d) 6: 173.7, 145.4, 129.1, 122.8, 114.6,
61.1, 57.9, 259, 142, 9.8. HRMS (ESI) calcd for
C12H7CINO, [M+H]" 242.0948, found 242.0940.

(4-E I HE B L F5(4b): F ORIk, ek
47%. '"H NMR (600 MHz, Chloroform-d) 6: 7.11 (d, J=
8.6 Hz, 2H), 6.57 (d, J=8.4 Hz, 2H), 4.18 (dd, J=7.1, 3.6
Hz, 2H), 3.79 (d, J=5.8 Hz, 1H), 2.17~2.07 (m, 1H),
1.25 (t, J=7.2 Hz, 3H), 1.03 (dd, J=17.6, 6.8 Hz, 6H);
3C NMR (150 MHz, Chloroform-d) §: 173.2, 145.7,
129.1, 123.0, 114.9, 62.8, 61.0, 31.4, 19.0, 18.7, 14.3.
HRMS (ESI) caled for Ci3H9CINO,; [M+H]" 256.1104,
found 256.1098.

2-[(4- TR E) ZH)-2- 3 T £ O IR LR (de): B0
R, U 86%. "H NMR (600 MHz, Chloroform-d) o:
7.11 (d, J=8.7 Hz, 2H), 6.55 (d, J=8.7 Hz, 2H), 421~
4.08 (m, 2H), 3.91 (d, J=8.1 Hz, 1H), 2.67 (q, J=8.2 Hz,
1H), 2.11~1.76 (m, 6H), 1.23 (t, J=7.1 Hz, 3H); '3C
NMR (150 MHz, Chloroform-d) d: 173.0, 145.8, 129.1,
123.0, 114.7, 61.2, 61.0, 382, 25.4, 24.8, 18.0, 14.3.
HRMS (ESI) caled for CisH;9CINO; [M+H]" 268.1104,
found 268.1096.

2-[(4-FUREL) A HE]-2- 30 [k TR T (4d): 35 A
ARIAE, W 82%. 'TH NMR (600 MHz, Chloroform-d) o:
7.10 (d, J=8.8 Hz, 2H), 6.56 (d, J=8.6 Hz, 2H), 4.16 (q,
J=7.1 Hz, 2H), 3.80 (d, J=7.9 Hz, 1H), 2.23 (q, J=8.2
Hz, 1H), 1.86~1.79 (m, 1H), 1.89~1.37 (m, 8H), 1.23 (t,
J=7.1 Hz, 3H); *C NMR (150 MHz, Chloroform-d) &:
173.7, 145.8, 129.1, 122.9, 114.7, 60.9, 43.1, 29.4, 29.0,
253, 25.1, 14.3. HRMS (ESI) caled for C;sH»CINO,

4292 http://sioc-journal.cn/

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

[M-+H]" 282.1261, found 282.1250.

2-[(4-F AR HL) Z AL -2- I Pk 4R LTk (de): B A3
R, W 74%. 'TH NMR (600 MHz, Chloroform-d) o:
7.10 (d, J=8.6 Hz, 2H), 6.54 (d, J=8.5 Hz, 2H), 4.17 (dd,
J=172, 3.7 Hz, 2H), 3.83 (d, J=5.8 Hz, 1H), 2.00~1.33
(m, 13H), 1.24 (t, J=7.2 Hz, 3H); 3C NMR (150 MHz,
Chloroform-d) 8: 173.4, 145.9, 129.1, 122.7, 114.7, 62.5,
60.9, 42.5, 31.0, 30.0, 28.4, 27.8, 26.6, 26.5, 14.3. HRMS
(ESI) caled for Ci7H,sCINO, [M+H]" 310.1574, found
310.1574.

2-[(4-F R I) R FHE)-3,3- H TR L HRdh: 153
IR A, E 82%. 'H NMR (600 MHz, Chloro-
form-d) d: 7.11 (d, J=8.7 Hz, 2H), 6.59 (d, J=8.6 Hz,
2H), 4.15 (dd, J=17.0, 3.6 Hz, 2H), 3.72 (s, 1H), 1.24 (q,
J=17.1, 6.6 Hz, 4H), 1.06 (s, 9H); *C NMR (150 MHz,
Chloroform-d) : 173.0, 146.2, 129.1, 123.0, 115.1, 65.8,
60.7, 53.4, 34.5, 29.7, 26.7, 14.3. HRMS (ESI) calcd for
C1sHyCINO, [M+H]" 270.1261, found 270.1257.

#HBh#1 Bl (Supporting Information) & Yt/ 4k 71 45 14
NEREMINLIE, 1LA Y 3a~30-4a~4f 1] '"H NMR Fl 1°C
NMR K, DL &Y 3d. 3g. 3n Al 30 ILLAMGIE
. IR LG RE AT DL B A T R 35 (hitp://sioc-journal.
cn/) BN #L.
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