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Synthesis of 2,2,6,6-Tetramethylpiperidin-1-yl-2-(2-cyanophenyl)-
acetate by Transition Metal-Free Radical Cleavage
Reaction from a-Bromoindanone

Qin, Jiao® Chen, Jie' Su, Yan™
(State Key Laboratory of High-Efficiency Coal Utilization and Green Chemical Engineering, College of Chemistry and
Chemical Engineering, Ningxia University, Yinchuan 750021)

Abstract In this paper, the synthesis of 2,2,6,6-tetramethylpiperidin-1-yl-2-(2-cyanophenyl)acetate from bromoindanone
with sodium azide and 2,2,6,6-tetramethylpiperidine nitrogen oxide was reported. The carbon-carbon bond cleavage of bro-
moindenone was realized with transition metal-free catalysis and a series of aryl 2-cyano-phenylacetate compounds were ob-
tained. This method was an expansion of cyanophenylacetate’ synthesis, and the reaction mechanism was verified by computa-
tional chemistry. The experiment was carried out under mild conditions with transition metal-free catalysis and with broad
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substrate scope.
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Figure 1 Cyano-containing natural product and drug molecu-
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Chiba's work:
N3 ¢
R2 Cu(OAc), (20%), K,CO3 (1 equiv.) 0
R’ R'—=N + L
0 DMF, O, (101 kPa),, 60 °C HO” “R2?

Waser's work:
|2 R‘l RZ
,&(W CuCl, (5%), PIDA (1.8 equiv.), TMSN3 |

R? MeCN, r.t. NZ R®

R3

Jiao's work:

p N
m‘ - TEMPO (15%), TMSNj3 (1.5 equiv.) o
0, (101 kPa), MeCN, 80 °C H
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Figure 2 Carbon-carbon bond fragmentation with azide
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PR IFABEA RGRAT o-BEACTY), HIRSAR R R
AL, EXRS R R, A 2- WO
CIRAN 2-AE IR e PR R SIS 45 KRR, 2R
BB RAE AL T A R, Be AR AR A
RSN E i, A ) Bk PR

MG R HED, = ulAE SR R A I B e 3R
B TEMPO A 3812 S B 1 H 2 a4 R0-21, - PLe
S PRAF Q- FIE L) 4FR-2,2,6,6- 1Y FAEIRIE R (2,2,
6,6-tetramethylpiperidin-1-yl ~ 2-(2-cyanophenyl)acetate).
Bl i o0 B B SR AFEAT 104, IR 1 PR,
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Table 1 Optimization of the reaction conditions

Br //N
TEMPO, NaN; m
_—
(0] solvent OTEMP

1a 2a
Entry TEMPO/equiv.  Solvent Temp./C Yield/%
14 2.5 MeOH 0 75
24 2.5 MeCN 0 80
34 2.5 Acetone 0 55
44 2.5 DMSO r.t. Decompose
54 2.5 ‘BuOH 0 51
6° 2.5 DMF 0 >99
7¢ 2.0 DMF 0 52
84 1.5 DMF 0 47
9b 2.5 DMF 0 72
10¢ 2.5 DMF 0 81

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

“Reaction conditions: 1 (0.1 mmol, 1.0 equiv.), NaNj; (0.12 mmol, 1.2 equiv.),
TEMPO (0.15~0.25 mmol, 1.5~2.5 equiv.), 0.5 mL solvent. Yield of 2a was
determined by '"H NMR spectroscopy using dibromomethane as an internal
standard. 1 (0.5 mmol), isolated yield. ¢ 1 (2.5 mmol), isolated yield.

X RONIE AT T IR, SEIG R IRR TR H
F T HUDMSO)E I A Be3-15 B AR =W 2 4h, TE2 5L
B B NI T H AR DAIRASAR 75 21 R 4 I AZ AU
B 5 B TEMPO &, K I TEMPO [ FH &%)
SR ZIEK, 24 TEMPO A 2.5 equiv. i 7] BA3K7S
BUUFWSCRE. S 5 T 5% B P Bk — b BB 2R ) 3R A I R A
HHEFREHNAD TEMPO 7013k, A 6ef 2GS B s
Y, FEHE— D EAONE A TEMPO B5. 7658 U M
SERIE S, B RNBORE] 0.5 mmol BB, K HL 43 B i
RN R ZBR, LR RRHR LT
TEMPO P&ty ik 2, HENTISREFmrae kK
fREL Y T4, FEUZRBAR. BEH R BEEYK
2] 2.5 mmol(FE )M, K ILAAXT 0.5 mmol B 2 Nl
REFT T, ATLLEH] 81%.

12 REERYAR
EMHE a-TRAR-2-EiH . SE P2 equiv.)-
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TEMPO (2.5 equiv.)7E N,N-— H % H i £ (DMF) (0.2
mol/L)&RIF 0 CF M ABmMFMNIE, HE T a4
-2-efifiE 1a AN[E] 55 BRI SR (GR 2). B 78 KI5
WEARA L IR, W 5-FEHE. 5-/6-FIE. 4-
HKIE2b~2d)EELL 62%~69%IIUCRAT BIFH N H brfb &
W, 5 REURCAR T BRI, T 4-/6-54K(2e 26).
5-/6-/7-1R4%(2g~2i, 50%~75%) B BEMAAI S B, {H 224
TN A-BERIEYIN (2§), RBCENCN 38%, F&
BT R R, 2R SRR ER = Fe e PR, &
oy B .

E 58 i 2- BHBR A9 e I 23 1 RAR 1- B 3 AR
ARAZHER 5 1 s S (F 3), 78 FiRbRdE R B4 1F T A RETS
FIEFR, ZNALRESRAT B — I B B, FEAR
RAE TIAR (R B — i S BT 2R I B, i 88 S ikl o A A M R
TR AT {3k 12 J vi. @it 26 1 ik, R ILLELL DMF
TS, IINEA BB ER A AT DA 1-26 0 3 TR
W RZEFREE ) 4, (HWCRACE 42%. RACHENNER 6
SR T ZMOANE SR S, R RRTS B H bR, AR
BEE).
1.3 HEAFEREIIEHRR

MR L6 25 SR I 2 I SCER[22], $2 i T AT RE A S M

x2

WL, FRIE % B2 R BB 7R M06-2X/6-311g(d,p) 117K
PR HHT T IAE(E 4. RN AT REA T T BN
/U UL PR R 3 AR — T e ) 2l B 3 — 0 i XL | 3
(44, BEJEHE TEMPO Hfi3k A4 pi(2- AL IR 5L SRR I R
N FARRY, S RAREIEA 1a 78S 5L EME ] R AR 1-
BR-2-ElH 7, BEG B EAENER 7 FEBR o RT3

FIGIEER 8. T SEMRAB TN, RAESTFHHBET
RS A 80.4 kl/mol, 2l TS8-9 i it b & Ui
195.5 kJ/mol, 152 o~V 9 Hhlafa. 1F R S S i B2
B IR, - TFR A 143.6 kI/mol, {FRE—H
B RLEATELS TS9-10 15300 H HFERH & e 44
10. )5 H—4F TEMPO #EUL % H HIER LA AE
R, 75— F TEMPO St B kA4 B R Bk
BRI AT) 2-F IR L BRIE, X—HBEMRYRES
SONARRTFTFEINAN 2 equiv.bA_E TEMPO A ik 2%
mIR.

2 i
LR R 6 S B LA A TEMPO 4t A1 F

T, BRI T RACETERE R B R R N, AR
T —RI55H EAFRBACK 2-F k-2 2R EEL &),

T BT A ) 2%

Table 2 Preparation of cyanophenylacetate derivatives

Br N
TEMPO, NaN3 N 0
RI_\ o 0 R_/
L DMF, 0 °C OTEMP
1 2

m q)f\ ©/\)‘\OTEMP m ; \/ “OTEMP
OTEMP OTEMP OTEMP

b (62%) 2c? (69%)

d (62%)

2e (50%) 2f (63%)

©1)LOTEMP OTEMP OTEMP

g (75%) h (50%)

Br

2i (54%) 2j (38%)

“@Reaction conditions: 1 (0.5 mmol, 1.0 equiv.), NaN; (0.6 mmol, 1.2 equiv.), TEMPO (2.5 mmol, 2.5 equiv.), 5 mL solvent. ” The substrate is a 1 : 1 mixture of
1-bromo-5-methyl-2-indenone and 1-bromo-6-methyl-2-indenone, the molar ratio of the productisalso 1 © 1.

TEMPO, NaN; CN
Br e}
NaHCO,, DMF, rt.
o] 42% OTEMP
3 4
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Figure 3 Scope of other bromoindanone substrates
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Figure 4 Mechanism from computation
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3.1 UFESHF

W L3R A Bruker 400 MHz AZREL4R B A
€, L CDCL NI, 2LAMGHER] FTIR S2 #2274k
A E; 15 SGW X-4A TG A g, misy
Bk %5 1 (HRMS) ] LTQ Orbitrap XL Domain35A
(Thermo Fisher) 614, HIME % i B (ESHFHAE RS T
VR, S2IG TSI SE B Acros, Adamas-beta, TCIL, In-
nochem, J&K %, & HiASM S ER 2 h 28H )5
2 F, 2- I BE Y SRR K N, N-— R B e R
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1-1R-2-Efiffd(1a): IRLAREE, IR 66%, R—=0.35
[(M(LFR LR - V(A B =1 5]. mp. 79.9~81.0 C;
'H NMR (CDCl;, 400 MHz) J: 7.55~7.43 (m, 1H),
7.39~7.33 (m, 2H), 7.33~7.28 (m, 1H), 5.40 (s, 1H),
3.79~3.51 (m, 2H); '3C NMR (CDCl;, 100 MHz, plus
APT) d: (up) 207.5, 138.7, 136.8, 40.5; (down) 130.2,
128.5, 126.6, 125.3, 47.0; IR (KBr) v: 1763, 1143, 760,
732 cm '; HR-ESI-MS caled for CoH;O [M — Br]*
131.0491, found 131.0493.

1-P-5- A L 2- Bl (1b): B (O EAA, 0 46%,
Re=053 [N LTE) - V(A MEE)=1 © 5]. mp.
102.3~104.9 C; '"H NMR (CDCls, 400 MHz) J: 7.22 (d,
J=8.4 Hz, 1H), 7.02 (d, J=2.5 Hz, 1H), 6.93 (dd, J=8.4,
2.6 Hz, 1H), 5.39 (s, 1H), 3.84 (s, 3H), 3.70 (d, J=22.3
Hz, 1H), 3.52 (d, J=22.3 Hz, 1H); *C NMR (CDCl;, 100
MHz, plus APT) 6: (up) 207.8, 159.7, 139.6, 128.6, 39.8;
(down) 126.3, 117.5, 110.6, 55.5, 47.6; IR (KBr) v: 1763,
1495, 1293, 428, 424 cm !; HR-ESI-MS calcd for C1oHsO;
[M—Br]" 161.0598, found 161.0596.

, WG A POEAEJZ T (LW B8/ i )
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1-R-5- F 36 2- il /1 -R-6- F 3L -2- Efi i (1¢): ([ 4>
SRR SRR E 1 DB, K 66%,
Re=0.43 [M(EH %) : V(i) =1 1]. mp. 48.3~
49.0 ‘C; 'H NMR (CDCls, 400 MHz) 6: 7.43~7.28 (m,
1H), 7.22~7.10 (m, 2H), 5.36 (d, J=6.3 Hz, 1H), 3.68
(dd, J=22.4, 5.6 Hz, 1H), 3.49 (dd, J=22.3, 2.5 Hz, 1H),
2.38 (s, 3H); *C NMR (CDCls, 100 MHz, plus APT) o:
(up) 207.7, 207.6, 140.4, 138.5, 138.3, 136.9, 135.7, 133.7,
40.3, 40.1; (down) 131.1, 129.3, 126.8, 126.3, 125.7,
125.0, 47.3(2), 21.7, 21.4; IR (KBr) v: 1493, 1149, 564
cm !'; HR-ESI-MS caled for C1oHoO [M—Br]" 145.0648,
found 145.0649.

1--4- 2K BE-2-Bfifld(1d): & GlE Ak, % 83%, Re
=047 [MZEH ) - VCaMmE)=1 5] mp. 84.6~
85.8 ‘C; 'H NMR (CDCls, 400 MHz) 6: 7.55 (d, J=17.5
Hz, 1H), 7.51~7.44 (m, 3H), 7.44~7.36 (m, 4H), 5.33 (s,
1H), 3.66 (q, 2H); '3C NMR (CDCls, 100 MHz, plus APT)
5: (up) 207.0, 139.6, 139.4, 138.7, 134.6, 41.0; (down)
130.6, 128.9, 128.8(2), 128.3(2), 127.9, 125.1, 58.4; IR
(KBr) v: 1768, 1472, 1143, 762, 745, 702 cm ™ '; HR-ESI-
MS caled for C;sH,O [M — Br] ™ 207.0805, found
207.0804.

1-32-6--2- il (1e): B B[4, UE 66%, Ri=
046 [P Ht) - V(A WEH=1:1]. mp. 93.8~
95.1 ‘C; 'H NMR (CDCls, 400 MHz) ¢: 7.52 (d, J=2.0
Hz, 1H), 7.36 (dd, J=8.1, 2.1 Hz, 1H), 7.28 (d, J=8.1 Hz,
1H), 5.22 (s, 1H), 3.62 (q, 2H); 3C NMR (CDCl;, 100
MHz, plus APT) §: (up) 206.4, 139.9, 134.9, 134.2, 40.7;
(down) 130.5, 126.6, 126.5, 57.7; IR (KBr) v: 1763, 1474,
1176, 820, 808 cm !; HR-ESI-MS calcd for CoHsClO
[M—Br]" 165.0102, found 165.0105.

1-98-3-5-2- Bl (16): 2E AR, 10 66%, Ri=
049 [M(LMRER) © V(A MEE)=1 5] mp. 51.8~
53.0 “C; 'H NMR (CDCl;, 400 MHz) o: 7.43 (d, J=7.4
Hz, 1H), 7.35 (dt, J=15.3, 7.7 Hz, 2H), 5.26 (s, 1H), 3.63
(g, 2H); 3C NMR (CDCl;, 100 MHz, plus APT) &: (up)
205.5, 140.0, 135.6, 131.2, 40.6; (down) 130.0, 129.8,
124.4, 58.3; IR (KBr) v: 1774, 1460, 1088, 766, 744 cm !;
HR-ESI-MS caled for CoHsCIO [M —Br]" 165.0102,
found 165.0102.

1,7- IR -2-Efifl (1g): AR, R 77%, Re=
0.42 [N WEE) - V(A ME)=1:1]. mp. 1043~
105.4 °C; '"H NMR (CDCls, 400 MHz) 6: 7.53 (d, J=7.3
Hz, 1H), 7.34~7.25 (m, 2H), 5.13 (s, 1H), 3.93 (d, J=
22.4 Hz, 1H), 3.61 (d, J=22.4 Hz, 1H); *C NMR (CDCl,

Chin. J. Org. Chem. 2023, 43,2171~2177
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100 MHz, plus APT) ¢: (up) 204.7, 139.5, 138.0, 121.9,
41.5; (down) 132.0, 131.7, 124.2 , 58.2; IR (KBr) v: 1768,
1458, 1236, 776, 75.8 cm™'; HR-ESI-MS calcd for CoHe-
BrO [M—Br]" 208.9597, found 208.9598.

1,6- —IR-2-Efifli(1h): A A, IE 61%, Re=
0.51 [N =& Hke) - VCaMEH=1:1]. mp. 111.1~
112.4 “C; 'H NMR (CDCl;, 400 MHz) §: 7.66 (d, J=1.9
Hz, 1H), 7.50 (dd, J=8.2, 2.0 Hz, 1H), 7.21 (d, J=8.2 Hz,
1H), 5.21 (s, 1H), 3.73~3.50 (m, 2H); '*C NMR (CDCl;,
100 MHz, plus APT) §: (up) 206.3, 140.2, 135.4, 122.0,
40.7; (down) 133.3, 129.4, 126.7, 57.5; IR (KBr) v: 1769,
1472, 1188, 817, 807 cm !; HR-ESI-MS calcd for CoH¢Br-
O [M—Br]" 208.9597, found 208.9600.

1,5--2- Bl (10): A, UE 68%, Rr=0.47
=& WL - vamEE)=1:1]. mp. 100.6 ~
102.9 C; 'H NMR (CDCls, 400 MHz) §: 7.49 (d, J=8.7
Hz, 2H), 7.38 (d, J=8.1 Hz, 1H), 5.17 (q, 1H), 3.79~3.52
(m, 2H); 3C NMR (CDCls, 100 MHz, plus APT) 4: (up)
206.2, 138.6, 137.1, 124.1, 40.9; (down) 131.8, 128.4,
127.8, 57.5; IR (KBr) v: 1765, 1472, 1178, 884, 837 cm !;
HR-ESI-MS caled for CoH¢BrO [M —Br]™ 208.9597,
found 208.9593.

14- R -2-Efilid (1): 3 A, IR 68%, Re=
047 [M(ZFFHt) - V(A MEH=1:1]. mp. 645~
66.1 ‘C; 'H NMR (CDCl;, 400 MHz) ¢: 7.49 (d, J=8.7
Hz, 2H), 7.38 (d, J=8.1 Hz, 1H), 5.17 (q, 1H), 3.79~3.52
(m, 2H); '3C NMR (CDCl;, 100 MHz, plus APT) J: (up)
206.2, 138.6, 137.1, 124.1, 40.9; (down) 131.8, 128.4,
127.8, 57.5; IR (KBr) v: 1770, 1460, 1094, 788, 740 cm ™ ';
HR-ESI-MS caled for CoyHgBrO [M —Br]" 208.9597,
found 208.9592.

Q-FIHHHL) 4F2-2,2,6,6- V0 H FL IR BE K (22): B0
AR, R 81%, Ri=0.29 [M(ZFRZHE) @ V()=
1:5]. mp. 54.5~55.1 “C; 'H NMR (CDCls, 400 MHz)
8: 7.63 (d, J=7.8 Hz, 1H), 7.53 (t, J=7.7 Hz, 1H), 7.44
(d, J=7.8 Hz, 1H), 7.35 (t, J=7.6 Hz, 1H), 3.89 (s, 2H),
1.66~1.38 (m, 5H), 1.32 (d, J=11.1 Hz, 1H), 0.98 (s,
6H), 0.93 (s, 6H); '*C NMR (CDCls, 100 MHz, plus APT)
d: (up) 169.0, 137.7, 117.6, 113.4, 60.2, 39.0(2), 38.8,
16.8(2); (down) 1329, 132.8, 130.5, 127.8, 31.7(2),
17.8(2); IR (KBr) v: 2936, 2226, 1764, 1128 cm™!; HR-
ESI-MS caled for C;gH,sN,O, [M~+H]" 301.19105,
found 301.19089.

(3- FH AR F-6-F -5 55 2.8 -2,2,6,6- T H LR e i
(2b): BRI, IR 62%, R=0.28 [W(LBR

http://sioc-journal.cn/ 2175
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fig) © V(¥ =1 : 5]; '"H NMR (CDCls, 400 MHz) 6:
7.35 (d, J=8.6 Hz, 1H), 7.53 (t, J=7.7 Hz, 1H), 7. 44 (d,
J=17.8 Hz, 1H), 7.12 (d, J=2.8 Hz, 1H), 7.07 (dd, J=8.6,
2.8 Hz, 1H), 3.82 (s, 2H), 3.80 (s, 3H), 1.67~1.53 (m,
3H), 1.45 (d, J=11.5 Hz, 2H), 1.34 (d, J=11.4 Hz, 1H),
1.02 (s, 6H), 0.94 (s, 6H); 3C NMR (CDCls, 100 MHz,
plus APT) d: (up) 169.5, 158.6, 129.8, 117.6, 114.0, 60.2,
39.0(2), 37.9, 16.9(2); (down) 131.7, 119.5, 117.1, 55.7,
55.6, 31.8(2), 20.4(2); IR (KBr) v: 2937, 2227, 1764, 1506,
1265, 1125 cm™!'; HR-ESI-MS caled for C;9H,7N,O;
[M+H]" 331.20162, found 331.20090.

(2-F I -4- 1 3 - 3k 2R -2,2,6,6- I FH L MR g i
Qe)([A 5 FFIRTREYIREREEL B 12 1) T EHeRIA,
2 69%, Ry=0.43 [W(LIRER) @ V(s =11 5];
'H NMR (CDCls, 400 MHz) d: 7.61~7.15 (m, 3H), 3.89
(s, 2H), 2.39 (m, 3H), 1.72~1.38 (m, 6H), 0.97 (s, 6H),
0.91 (s, 6H); *C NMR (CDCls, 100 MHz, plus APT) o:
(up) 169.3, 143.8, 137.9, 137.6, 134.8, 117.9, 117.8, 113.2,
110.4, 60.2, 39.0(2), 38.7, 38.3, 16.8(2); (down) 133.8,
133.0, 132.7, 131.3, 130.4, 128.6, 31.8(2), 21.7, 20.8,
20.4(2); IR (KBr) v: 2935, 2225, 1765, 1380, 1365, 1130
cm '; HR-ESI-MS calced for CjoH,7N,0,Na [M+Na]®
337.18865, found 337.18793.

(2-F Fh-6- K H - ) 2,2 -2,2,6,6- V0 H1 3£ R i i
(2d): FEECRBAR, R 62%, Re=0.44 (LR L
fig) © V(AhEF)=1 : 5]; '"H NMR (CDCls, 400 MHz) o:
7.68 (d, J=7.6 Hz, 1H), 7.50 (d, J=7.7 Hz, 1H), 7.46~
7.33 (m, 4H), 7.29 (dd, J=6.7, 3.0 Hz, 2H), 3.86 (s, 2H),
1.76~1.41 (m, 5H), 1.07 (s, 6H), 1.02 (s, 6H); 3C NMR
(CDCls, 100 MHz, plus APT) o: (up) 169.7, 144.2, 139.2,
135.2, 117.9, 114.7, 60.1, 39.1(2), 36.0, 16.9(2); (down)
134.4, 131.9, 129.0(2), 128.4(2), 128.0, 127.7, 31.8(2),
20.4(2); IR (KBr) v: 2935, 2226, 1766, 1461 cm™'; HR-
ESI-MS caled for C,HyoN,O, [M+H]" 377.22235,
found 377.22153.

(2-FF-4-F K FE) 4 1R-2,2,6,6- VU H FENRIE I (2e):
O, WE 50%, Re=0.64 [M(ZTRZHER) @ V(A M
Bf)=1:5]. m.p. 72.0~72.8 ‘C; '"H NMR (CDCls, 400
MHz) 6: 7.66 (s, 1H), 7.55 (dd, J=8.3, 2.2 Hz, 1H), 7.44
(d, J=8.3 Hz, 1H), 3.90 (s, 2H), 1.70~1.47 (m, 5H), 1.38
(d, J=10.4 Hz, 1H), 1.06 (s, 6H), 0.99 (s, 6H); *C NMR
(CDCls, 100 MHz, plus APT) o: (up) 168.6, 136.2, 133.7,
116.3, 114.9, 60.2, 38.9(2), 38.0, 16.8(2); (down) 133.2,
132.3, 131.8, 31.7(2), 20.4(2); IR (KBr) v: 2936, 2230,
1766, 1247, 576 cm™'; HR-ESI-MS calcd for C;gH,,Cl-
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N,0, [M+H]" 335.15208, found 335.15192.
(2-F-6-F I T ) 4 FR-2,2,6,6- VU FH FL IR ¢ K (2f):
O, IR 63%, Re=0.64 [W(LFRTER) @ V(A
Bf)=1: 5]. m.p. 37.3~37.8 C; '"H NMR (CDCls, 400
MHz) §: 7.62 (dd, J=12.3, 7.9 Hz, 2H), 7.35 (t, J=7.9
Hz, 1H), 4.10 (s, 2H), 1.77~1.38 (m, 5H), 1.38~1.30 (m,
1H), 1.05 (s, 6H), 0.93 (s, 6H); 3C NMR (CDCl;, 100
MHz, plus APT) d: (up) 167.5, 136.2, 135.9, 116.9, 115.7,
60.4, 39.1(2), 37.0, 16.9(2); (down) 134.0, 131.3, 129.1,
31.9(2), 20.3(2); IR (KBr) v: 2937, 2229, 1767, 1130, 633
cm '; HR-ESI-MS caled for C,sH,,CIN,0, [M+H]"
335.15208, found 335.15210.
(Q-FIE-3-1R-FE I 2. 182-2,2,6,6- VU FH IL IR IE FiE (2g):
FAOEAR, R 75%, Rr=0.24 [W(ZIRZER) @ V(A
Bf)y=1 : 5]. m.p. 142.0~143.0 ‘C; 'H NMR (CDCls, 400
MHz) 6: 7.56 (p, J=4.2 Hz, 1H), 7.38 (d, J=4.7 Hz, 2H),
3.90 (s, 2H), 1.66~1.49 (m, 3H), 1.49~1.39 (m, 2H),
1.32 (d, J=9.1 Hz, 1H), 1.0 (s, 6H), 0.94 (s, 6H); *C
NMR (CDCls, 100 MHz, plus APT) 6: (up) 168.6, 140.4,
125.7, 116.8, 116.0, 60.2, 39.1, 39.0(2), 16.8(2) J: (down)
133.5, 131.8, 129.1, 31.8(2), 20.4(2); IR (KBr) v: 2936,
2231, 1765, 1132, 625 cm !; HR-ESI-MS calcd for
C1sH,4BrN,O, [M+H]" 379.10157, found 379.10172.
(4-1R-6-F F-FK3E) 2.182-2,2,6,6- V0 H FE DR BEiE (2h):
FEATIRIBAE, W3 50%, Ry=0.25 [(ZBRLBR) @ V(A
MEf)=1:5]. m.p. 81.8~83.3 ‘C; '"H NMR (CDCls, 400
MHz) 6: 7.80 (s, 1H), 7.69 (dd, J=8.2, 2.2 Hz, 1H), 7.36
(d, J=8.3 Hz, 1H), 3.87 (s, 2H), 1.78~1.43 (m, 5H), 1.37
(d, J=10.6 Hz, 1H), 1.05 (s, 6H), 0.98 (s, 6H); 3C NMR
(CDCls, 100 MHz, plus APT) o: (up) 168.7, 136.9, 121.4,
116.3, 115.3, 60.4, 39.1(2), 38.3, 16.9(2); (down) 136.3,
135.3, 132.2, 31.9(2), 20.6(2); IR (KBr) v: 2935, 2229,
1765, 1131, 642 cm™!; HR-ESI-MS calcd for C;gH,4Br-
N,0, [M+H]" 379.10157, found 379.10141.
(3-1R-6-FF K I ) 2. 12-2,2,6,6- VU H 3L IR g i (2i):
TEEHARIBAE, U 54%, Re=0.44 [V(LIR LTR) © V(A
HEF)=1:5]. mp. 125.5~126.3 ‘C; 'H NMR (CDCl;,
400 MHz) o: 7.67 (s, 1H), 7.54 (s, 2H), 3.89 (s, 2H),
1.72~1.42 (m, 5H), 1.41~1.34 (m, 1H), 1.05 (s, 6H),
1.00 (s, 6H); *C NMR (CDCls, 100 MHz, plus APT) §:
(up) 168.6, 139.6, 128.0, 117.0, 112.4, 60.4, 39.1(2), 38.4,
16.9(2); (down) 134.0, 133.9, 131.4, 31.9(2), 20.5(2); IR
(KBr) v: 2940, 2225, 1766, 1131, 568 cm™'; HR-ESI-MS
caled for C;sH,yBrN,O, [M+H]" 379.10157, found
379.10092.

Chin. J. Org. Chem. 2023, 43,2171~2177



Chinese Journal of Organic Chemistry

(2-TR-6-FF K HL) 212 -2,2,6,6- 1Y FH 3L R 1 i (25):
HAOE AR, R 38%, Ri=0.64 [(ZTRZHER) @ V(£ M
Bf)=1:5]. mp. 91.5~92.7 C; 'H NMR (CDCls, 400
MHz) 6: 7.84 (d, J=8.1 Hz, 1H), 7.68 (d, J=7.7 Hz, 1H),
7.29 (t, J=7.9 Hz, 1H), 4.17 (s, 2H), 1.72~1.44 (m, 5H),
1.44~1.28 (m, 1H), 1.09 (s, 6H), 0.97 (s, 6H); '*C NMR
(CDCls, 100 MHz, plus APT) &: (up) 167.5, 137.9, 126.1,
117.1, 115.7, 60.4, 39.8, 39.2(2), 16.9(2); (down) 137.4,
132.0, 129.2, 32.02), 20.4(2); IR (KBr) v: 2976, 2228,
1766, 1443, 630 cm !; HR-ESI-MS calcd for C,gH,4Br-
N,O, [M+H]" 379.10157, found 379.10120.

44 Bh#4 %} (Supporting Information) 7 J&& 4 () B A4
il 735, WARETEE LSS [F] HUAHE 1) UL R LRI )
'H NMR. "C NMR i &, iX2eppaba] L4 3 WA T
¥ (http://sioc-journal.cn/) b T %X,
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