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Sc(OTf); Catalyzed Oxo-Michael Addition to o-Quinone

Methides by Alcohols
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Abstract o0-Quinone derivatives are not only a variety of active and important intermediate, but also widely used in the syn-
thesis of natural products and medicinal chemistry. In the present study, the Sc(OTf); catalyzed oxo-Michael addition to
o-quinone methides by alcohols was developed. The products were obtained in moderate to good yields (76%~97%) under

mild conditions. Furthermore, the reaction could be scaled up to multigram scale.
Keywords o-quinone; scandium(III) triflate; oxo-Michael addition; green chemistry
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BIHE W3 fEiR
H XFONLR BEREAT T, PRI N 2 30 CHRY,
1 oy
% R3] 85% I (Entry 9, % 1). )5, fERIPER 5%
R2 B, BEAFIHEEZE 5 mol%ht, PR HE 82%
RH (Entry 10, 3R 1); 432 FHEAFIHE3 S22 20 mol%
cycloaddtion B, 723N 97% (Entry 11, = 1). R, 1% B i
OH |\ \chal addition 0 SRR A EL 10 mol% Sc(OTH); AT, DCM A
Nu xR #). 40 CTF M 2h.
R oxa-61r-eIectrocyclisationJ R = CH=CH, R P
Table 1 Optimization of reaction conditions
o}
e ® ®
Catalyst
+ CH3CH,OH —
BIR 1 A0 AR I R SR O OH e Solvent O o™
. . 2a
Scheme 1 Reaction type of o-quinone OH OH
1a 3a
R2 RZ
catalyst Entry Catalyst Solvent Temp./C Time/h Yield”/%
LN OH (5 mol%) L OBu-n
R'—— + n-BuOH —— R'—/— 1 Ga(OTf); DCM 40 6 0
= OH DCM, r.t. = OH
48h 2 In(OTf)3 DCM 40 6 0
3 Sc(OTf); DCM 40 6 95
O\P// 4 Sc(OTf); Toluene 40 6 88
calalyst: “OH 5 Sc(OTo); DMF 40 6 32
6 Sc(OTf); THF 40 6 82
7 Sc(OTf); DCM 40 2 95
R = 9-phenanthryl 8 Sc(OTH), DCM 40 1 88
—t J ‘ 9 Sc(OTf); DCM 30 4 85
BIR 2 A LB I A 5 AR IR S 1 SeoTh  DOM 40 ) o
Scheme 2 Organophosphorus acid catalyzed oxo-Michael addi- 119 Se(OTh; DCM 40 b 97

tion
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PR RO JRORE, SRR e AT, TR = R R e
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B2 L 2-[FRIECRIE) LK) (12) F1 22 (2a) 1 R
Bl 24Pl S BE(DCM) AT, 43 51LL Ga(OTf); Fl
In(OTH); 1E AL, 740 “C RN 6 h J5 ¥ A 315
H A5 77 ¥ (Entries 1 A1 2, & 1). 4202 L7 N
Sc(OTh); Bf, W3k 95% U = )(Entry 3, % 1). &
MM, 24LL Sc(OTH; ARET, 75 LLH 2K (Toluene) N,N-
. HR L R i (DMIF) F1 DY &M IR (THIF) i 77 B, 72 [F)
FERR AT, PR A fr B MK (Entries 4~6, &
). ZJa, fERFERIZAET, ¥R R4EH 2 2 h )5,
FPEPIR S A AR (Bntry 7, 1), {H S 24 S S I E) 45
A 1 h, PEYIRICE R4 88% (Entry 8, & 1). 85,
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“ Reaction conditions: 2-(hydroxy(phenyl)methyl)phenol (1a) (2.0 mmol),
ethanol (2a) (2.4 mmol), solvent (1 mL); ®Isolated yield; “5 mol% Sc(OTf);;
710 mol% of Sc(OTH);.

1.2 RYIRIT R

TEIRTF B AL IR SIS A fa, FRATTRT IR LA i 3 FH
BT T E AR 2). /TR, NEPAREFHEE, L
R, LEE. IENEE. IET R IEPIRE. PRREEER T
DR - J e A B8 4430 o R I R, WAL I R 2 B4R 55
ANEE(88%~9T%, T 2). Mg M br LA Ik J5 12
H R, P a TR T 2-0R R R F
F R RUAED), BURE N etk | e ki
SR L T D 1 2 5 R AR M % A A8 %30 7 SR I R
SN AF BN F R4, 55 38 AR R B A BRI F 2L
IR A Pt e S Rebred i} = AL FEC b 2 Nl o P N K VA= A
XL, ZEIESAd TP, AR E R BRI
(91%~98%, & 2). MEURIE BTN, KR T,
AT LTS 3] Fh S5 ISR (1) 77 0 (82% ~ 88%); 24 HUAR 3k
FEL T 250N B SR IR U, P S R gt — 25 16 BRE ATy
A H S5 RS 15 1A B 1 P2 0(76%~ 86%).
1.3 REMERE

N TR AR RIS, BRATHAR T 2-
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Table 2 Exploration of substrate scope

Sc(OTf); (10 mol%)

DCM,40°C, 2 h

NOTE
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3g, 95% 3h, 88% ° ), 0% 3k, 76% °
A A% Cree
OH OH ~o OH OH
3m, 90% 3n, 83% 30, 88% 3p, 78%

“ Reaction conditions: o-hydroxybenzyl alcohols 1 (2.0 mmol), alcohols 2a (2.4 mmol), DCM (1 mL), 40 ‘C, 2 h. Isolated yield..
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Sc(OTf); (1.97 g, 10 mol%)

DCM (40 mL)
+ CH3CH,OH
O 40°C, 6 h
OH
1a,8.0g
O o
OH

3a, 90%,8.21¢g

Sc(OTf); (0.98 g, 10 mol%)
DCM (20 mL)

40°C,6h

;: + CH3CH,OH
OH

1b,4.3g
O/\
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3e, 88%,4.26 g

B3 KRR

Scheme 3 Scale-up reactions
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Scheme 4 Proposed reaction mechanism

3 IS
3.1 UE5HF

Bruker AV400 BUZHEILIRIX, CDCL; NI, TMS
N HR; Agilent Q-TOF 6510 B i 43 H i il A, FRLIBE 25 25
TACER(ES), BEEFEEERE. JoKIEFIR AR E T
. RN 200~300 H R
3.2 ZWHE

7E 10 mL A FEBIE N E PRI 2-[FREECOREE) H
HEIEMELEY 1 (02 mmol). FEALEY 2 (0.24
mmol). “HH % (1.0 mL)F1 Sc(OTf); (9.8 mg, 10
mol%), PRJE1E 40 Ci B FHiHE RN 2 h. MAF IE)E,
REEHIIN 3 mL K, FEH & EEG mL X 3)AHY,
AP TEIK MgSO, T4, el il J it 28 77, R
i ZAEENTIR AR B B AR LAY, el AN 2
TR ZER(VIV=101). T Bt G 2t Sz LR
Atk B LR o R R AL

2-[AFECRIL) KT (3a): P2 95%. 'H NMR
(400 MHz, CDCly) 6: 8.32 (s, 1H), 7.36~7.29 (m, 5H),
7.28~7.27 (m, 1H), 6.90~6.87 (m, 2H), 6.82~6.78 (m,
1H), 5.54 (s, 1H), 3.66~3.59 (m, 2H), 1.30 (t, J=7.2 Hz,
2H); *C NMR (CDCl;, 100 MHz) J: 155.68, 140.30,
129.26, 128.78, 128.61, 128.13, 127.30, 127.27, 127.25,
125.16, 119.76, 117.24, 84.89, 65.33, 15.21; HRMS (ESI)
calcd for C;5H;70, [M—l—H]+ 229.1223; found 229.1220.

2-[ AR JECREE) L1 KB (3b): 774 97%. 'H NMR
(400 MHz, CDCl) 6: 8.06 (s, 1H), 7.35~7.29 (m, 5H),
7.24~7.18 (m, 1H), 6.91~6.88 (m, 2H), 6.88~6.79 (m,
1H), 5.44 (s, 1H), 3.47 (s, 3H); *C NMR (CDCl;, 100
MHz) d: 155.54, 139.82, 129.35, 128.88, 128.63, 128.23,
12731, 124.74, 119.80, 117.13, 86.71, 57.23; HRMS (ESI)
caled for Ci4,H 50, [M+H]" 215.1067; found 215.1071.

2-[IE A B CREE) F 1R W 3e): 77K 94%. 'H
NMR (400 MHz, CDCls) d: 8.31 (s, 1H), 7.34~7.27 (m,
5H), 7.17~7.15 (m, 1H), 6.90~6.86 (m, 2H), 6.81~6.77
(m, 1H), 5.52 (s, 1H), 3.55~3.48 (m, 2H), 1.69 (q, J=7.2
Hz, 2H), 0.96 (t, J=7.2 Hz, 3H); °*C NMR (CDCl;, 100
MHz) d: 155.71, 140.35, 129.26, 128.80, 128.63, 128.61,

558 http://sioc-journal.cn/

© 2019 Chinese Chemical Society & SIOC, CAS

128.58, 128.11, 127.28, 125.22, 119.73, 117.24, 85.09,
71.55,22.97, 10.69; HRMS (ESI) caled for C,¢H;50, [M+
H]" 243.1380; found 243.1381.

2-[1E THIECEE)FEIZEB 3d): 7% 92%. 'H
NMR (400 MHz, CDCLy) §: 8.32 (s, 1H), 7.34~7.27 (m,
5H), 7.17~7.15 (m, 1H), 6.90~6.86 (m, 2H), 6.81~6.78
(m, 1H), 5.52 (s, 1H), 3.59~3.52 (m, 2H), 1.67~1.44 (m,
2H), 1.44~1.38 (m, 2H), 0.91 (t, J=7.2 Hz, 3H); °C
NMR (CDCl;, 100 MHz) §: 155.70, 140.33, 129.25,
128.79, 128.60, 128.11, 127.31, 127.28, 127.25, 125.21,
119.72, 117.23, 85.13, 69.67, 31.78, 19.41, 13.87; HRMS
(ESI) caled for C;H,,0, [M—|—H]+ 257.1536; found
257.1535.

2-[ LR FE () 2R IR ) RS 1R B (Be): 77K 92%. 'H
NMR (400 MHz, CDCLy) §: 8.36 (s, 1H), 7.23~7.08 (m,
5H), 6.90~6.86 (m, 2H), 6.81~6.77 (m, 1H), 5.50 (s,
1H), 3.65~3.58 (m, 2H), 2.32 (s, 3H), 1.30 (t, J=7.2 Hz,
3H); “C NMR (CDCl;, 100 MHz) J: 155.67, 140.24,
138.29, 129.18, 128.93, 128.78, 128.51, 127.91, 125.25,
124.38, 119.73, 117.23, 85.09, 65.30, 21.54, 15.21; HRMS
(ESI) caled for C¢H;s0, [M+H]" 243.1380; found
243.1382.

2-[ RT3 LR B (36): 7= 90%. 'H
NMR (400 MHz, CDCl;) &: 8.49 (s, 1H), 7.24~7.14 (m,
5H), 6.93 (d, J=8.0 Hz, 1H), 6.77~6.72 (m, 2H), 5.77 (s,
1H), 3.63~3.53 (m, 2H), 2.37 (s, 3H), 1.27 (t, J=7.2 Hz,
3H); *C NMR (CDCly, 100 MHz) 0: 156.40, 137.37,
137.25, 130.95, 129.34, 128.58, 128.44, 128.30, 126.30,
124.23, 119.89, 117.05, 82.55, 65.20, 19.45, 15.31; HRMS
(ESI) caled for C;cH;90, [M—|—H]+ 243.1380; found
243.1380.

2-[ LA IR FRZRIE) L 2R (Bg): 723 95%. 'H
NMR (400 MHz, CDCLy) §: 8.37 (s, 1H), 7.25~7.14 (m,
5H), 6.90~6.87 (m, 2H), 6.86~6.77 (m, 1H), 5.52 (s,
1H), 3.66~3.59 (m, 2H), 2.33 (s, 3H), 1.30 (t, J=7.2 Hz,
3H); “C NMR (CDCl;, 100 MHz) J: 155.66, 137.89,
137.27, 129.28, 129.12, 128.70, 127.25, 125.26, 119.67,
117.19, 84.86, 65.17, 21.14, 15.18; HRMS (ESI) calcd for
Ci6H1900, [M+H]" 243.1380; found 243.1376.

2-[(4-F L) (L 58I AL PRI (3h): 723 88%. 'H
NMR (400 MHz, CDCLy) §: 8.10 (s, 1H), 7.30~7.16 (m,
5H), 6.90~6.87 (m, 2H), 6.83~6.79 (m, 1H), 5.49 (s,
1H), 3.65~3.57 (m, 2H), 1.29 (t, J=7.2 Hz, 3H); "°C
NMR (CDCl;, 100 MHz) §: 155.53, 138.97, 133.89,
129.51, 128.75, 128.70, 128.59, 124.79, 119.94, 117.36,
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83.92, 65.45, 15.20; HRMS (ESI) calcd for C;sH;¢CIO,
[M-+H]" 263.0833; found 263.0837.

452 [ LRI IR 3i): 72K 82%. 'H
NMR (400 MHz, CDCls) J: 8.34 (s, 1H), 7.34~7.28 (m,
5H), 7.11 (dd, J=8.8 Hz, 2.4 Hz, 1H), 6.86 (d, J=2.4 Hz,
1H), 6.81 (d, J=8.8 Hz, 1H), 5.47 (s, 1H), 3.63~3.57 (m,
2H), 1.28 (t, J=7.2 Hz, 3H); *C NMR (CDCl;, 100 MHz)
5:154.29, 139.59, 129.05, 128.78, 128.44, 128.34, 127.24,
126.83, 124.48, 118.65, 84.32, 65.48, 15.15; HRMS (ESI)
caled for C;sH;(ClO, [M + H] * 263.0833; found
263.0833.

2-[ LA B-HAR L) LR (3)): 7o% 86%. 'H
NMR (400 MHz, CDCL3) §: 8.06 (s, 1H), 7.25~7.15 (m,
2H), 7.10~7.07 (m, 2H), 6.93~6.86 (m, 3H), 6.82~6.80
(m, 1H), 5.50 (s, 1H), 3.65~3.55 (m, 2H) 1.28 (t, J=6.4
Hz, 3H); *C NMR (CDCl;, 100 MHz) &: 163.03 (d, J=
200.4 Hz), 155.50, 143.18 (d, J=6.7 Hz), 130.11 (d, J=
8.1 Hz), 129.55, 128.75, 124.84, 122.74 (d, J=2.8 Hz),
119.98, 117.34, 114.93 (d, J=21.1 Hz), 114.08 (d, J=22.1
Hz), 83.78 (d, J=1.8 Hz), 65.53, 15.18; HRMS (ESI)
caled for C;sH,sFO, [M+H]" 247.1129; found 247.1130.

2-[ LA (- IL) AL PR (3K): 773 76%. 'H
NMR (400 MHz, CDCL3) §: 8.18 (s, 1H), 7.32~7.22 (m,
2H), 7.21~7.17 (m, 1H), 7.03~6.99 (m, 2H), 6.91~6.80
(m, 3H), 5.51 (s, 1H), 3.66~3.58 (m, 2H) 1.30 (t, J=6.8
Hz, 3H); *C NMR (CDCl;, 100 MHz) &: 162.50 (d, J=
245.2 Hz), 155.57, 136.17 (d, J=3.1 Hz), 129.42, 129.03,
128.83 (d, J=23.6 Hz), 124.90, 119.85, 117.33, 115.45 (d,
J=21.3 Hz), 84.1, 65.35, 15.17; HRMS (ESI) calcd for
CisHicFO, [M+H]" 247.1129; found 247.1127.

2-[ FH AR JE (R 3 ) FH L -4- L 2R R (3D): 723 92%.
'"H NMR (400 MHz, CDCl;) §: 7.83 (s, 1H), 7.35~7.25
(m, 5H), 6.99 (dd, J=8.0 Hz, 1.6 Hz, 1H), 6.80 (dd, J=
8.0 Hz, 1H), 6.71 (dd, J=1.6 Hz, 1H). 5.38 (s, 1H), 3.46
(s, 3H), 2.21 (s, 3H); *C NMR (CDCl;, 100 MHz) o:
153.14, 140.00, 129.84, 129.24, 128.92, 128.59, 128.16,
127.28, 124.32, 117.01, 86.79, 57.24, 29.72, 20.48; HRMS
(ESI) caled for C;sH;0, [M+H] " 229.1223; found
229.1122.

2-[ LR BRI AL -4-FE2R B (3m): 722 90%.
'H NMR (400 MHz, CDCl5) 0: 8.10 (s, 1H), 7.36~7.28
(m, 5H), 6.99~6.97 (m, 1H), 6.79 (d, J=8.0 Hz, 1H),
6.71 (s, 1H), 5.48 (s, 1H), 3.67~3.59 (m, 2H), 2.21 (s,
3H), 1.30 (t, J=7.2 Hz, 3H); *C NMR (CDCl;, 100 MHz)
5: 153.28, 140.43, 129.74, 129.15, 128.83, 128.57, 128.05,
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127.24, 124.71, 117.02, 84.99, 65.31, 20.49, 15.19; HRMS
(ESI) caled for C;cH;90, [M—|—H]+ 243.1380; found
243.1384.

2-[(IE B IR )RR R 12K (3n): 773 83%. 'H
NMR (400 MHz, CDCLy) §: 8.32 (s, 1H), 7.35~7.29 (m,
5H), 7.21~7.16 (m, 1H), 6.91~6.86 (m, 2H), 6.82~6.78
(m, 1H), 5.52 (s, 1H), 3.59~3.52 (m, 2H), 1.69~1.64 (m,
2H), 1.38~1.34 (m, 6H), 0.89~0.86 (m, 5H); *C NMR
(CDCL, 100 MHz) o: 155.68, 140.29, 129.22, 128.75,
128.57, 128.08, 127.26, 125.15, 119.67, 117.21, 105.00,
85.15, 69.97, 31.73, 29.71, 29.68, 29.04, 26.09, 22.60,
14.07;, HRMS (ESI) caled for CyH,;0, [M + H] *
299.2006; found 299.2009.

5-CAHE -2 [ CEFECR ) B R 8 (30): 77 %
88%. 'H NMR (400 MHz, CDCl5) 0: 7.42~7.40 (m, 2H),
7.27~7.21 (m, 2H), 7.19 (t, J=7.6 Hz, 1H), 6.88 (d, J=
7.6 Hz, 1H), 6.77 (t, J=8.0 Hz, 2H), 6.70 (dd, J=8.0 Hz,
0.8 Hz, 1H), 5.73 (s, 1H), 4.05~3.99 (m, 2H), 3.60~3.52
(m, 2H), 1.39 (t, J=7.2 Hz, 3H), 1.26 (t, 6.8 Hz, 3H); "°C
NMR (CDCl;, 100 MHz) §: 146.34, 143.83, 141.89,
128.33, 127.68, 127.44, 127.07, 119.66, 119.61, 110.97,
79.32, 64.86, 64.49, 15.39, 14.96; HRMS (ESI) calcd for
Ci7H,,05 [M+H]" 273.1485; found 273.1487.

2[R IR AT CR R B R IZK W 3p): 7% 78%. 'H
NMR (400 MHz, CDCl;) d: 'H NMR (400 MHz, CDCls)
5: 8.33 (s, 1H), 7.24~7.18 (m, 5H), 7.12~7.10 (m, 1H),
6.84 (dd, J=12.9, 5.0 Hz, 2H), 6.74 (t, J=7.4 Hz, 1H),
5.51 (s, 1H), 4.07~4.05 (m, 1H), 1.74~1.61 (m, 6H),
1.56~1.49 (m, 2H); “C NMR (CDCl;, 100 MHz) §:
154.86, 139.60, 128.16, 127.82 , 127.48 , 126.90, 126.21,
124.15, 118.5, 116.23, 81.61, 79.22, 31.28, 31.25, 22.46,
22.38; HRMS (ESI) caled for C;sH, O, [M + H]*
269.1536; found 269.1537.

4 Bh A1l (Supporting Information) H Frft &P HIA
T Bk B K . X LR AT DA S B AR T I 35 (hittp://
sioc-journal.cn/) I F %k,
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