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Efficient N-Heterocyclic Carbene-Catalyzed Cascade Synthesis of
Functionalized Naphthopyranone

Li, Sha Xu, Jiayu Luo, Xian Yang, Wenhan Yao, Changsheng*
(Jiangsu Key Laboratory of Green Synthetic Chemistry for Functional Materials, School of Chemistry and Materials Science,
Jiangsu Normal University, Xuzhou 221116)

Abstract An efficient N-heterocyclic carbene (NHC)-catalyzed “Michael-Michael-Lactonization” cascade process involving
chalcone derivatives and a-bromoenals for the syntheses of functionalized naphthopyranones was disclosed. This approach was
qualified with good yields, readily available starting materials and mild reaction conditions.
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Scheme 1 Syntheses of functionalized naphthopyranones
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Table 1 Reaction optimization for the synthesis of multi- func- Table 2  NHC-catalyzed syntheses of multi-functionalized
tionalized naphthopyranone naphthopyranones
Os_Ph Ph._0_0 N % R ool 0
Ph  Base (200 mol%) \ Mes~ NN ~Mes .
XN Cat. (20 mol%) Ph (20 mol%) R2
+ \ B cho3 (200 mol%)
CH3 0 Solvent, r.t., N, Br oM. 0 °C N
H 2
O,N NO, O2N NO; O,N NO,
1a 2a 3a 3
Entry Cat. Solvent  Base Yield’/%  dr</% Entry R' R’ Product Yield"/% dr‘/%
1 A DCE K,CO; 65 56 : 44 1 Ph Ph 3a 94  80:20
2 B DCE K,CO; 37 53147 2 Ph 4-CICgH,4 3b 92 81:19
3 C1 DCE K,CO; N.D _ 3 Ph 4-FC¢Hy 3¢ 87 80 : 20
G35 DB KCO ND - - SV
6 A DCE  Cs,CO; 54 51:49 > o 4'M"06C | ; o oc: s
. -MeULgHy g .
A DCE NaOA 4 o4
; N DSE ;0012 4? 2; : 43 8§ 4-CICH, Ph 3h 89 93:7
(-Bul : 9 4BrCgH, Ph 3 91 91:9
o A DCE ~ DABCO  Trace — — 10 4-MeOC¢H, Ph 3 8 81:19
10 A THF  K,CO;  Trace — — 11 3-MeCeH,  4-MeCeH, 3k 78 75:25
1A ACN - KCO; 36 65 . 35 12 4-CICH,  4-CIC¢H, 31 70 95:5
12 A Toluene  K,CO;  Trace - 13 4-MeOCeH; 4-MeOCeH;  3m 85  76:24
13 A DCM  Ky,CO; 76 72128 14 Ph Me 3n 52 73:27
149 A DCM K,CO;, 82 69 : 31 “ All reactions were performed in a 10 mL Schleck tube on a 0.15 mmol scale
15¢ A DCM K,CO; 87 59 : 41 with 1 (0.15 mmol, 1.0 equiv.), 2 (0.18 mmol, 1.2 equiv.), A (1‘0‘2 mg, 0.03
16’ A DCM K,CO, 94 80 : 20 mmol, 20 mol%) and K,CO; (41.4 mg, 0.30 mmol, 2.0 equiv.) in DCM (2.0

“ All reactions were performed in a 10 mL Schleck tube on a 0.15 mmol scale
with 1a (46.8 mg, 0.15 mmol, 1.0 equiv.), 2a (38.0 mg, 0.18 mmol, 1.2 equiv.),
cat. (0.03 mmol, 20 mol%) and base (0.30 mmol, 2.0 equiv.) in an anhydrous
solvent (2.0 mL) at 25 ‘C under N,. *Isolated yields based on 1a. DABCO=
triethylenediamine; N.D.=not determined. ¢ Diastereomeric ratio was deter-
mined by "H NMR analysis of the crude product.  Reaction was performed at
15 “C.“Reaction was performed at 5 C.”Reaction was performed at 0 °C.
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mL) at 0 ‘C under N;. *Isolated yields. © Diastereomeric ratio was determined
by '"H NMR analysis of the crude product.
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FHVESH 284 2.0 mL T8 DCM V£ Schlenk & . K v
WRET 0 °C, Hife =N, FIHEZ @ik (TLO) M EE,
W B S NS, F TR 28 RAXBR 25350, RAAEZ
WTERAL =it V(AmES) @ CRR ZBR)=10 @ 1],
1323 8 44 3a~3n.

7,9- " HH%E-2,5- " K 3 -44,5,6,106- P F-4H-F I [f]
SR IF-4-T (3a): FHEAEREE 622 mg, 7% 94%. m.p.
56~57 “C; '"H NMR (400 MHz, DMSO-ds) J: 8.69 (d,
J=2.3 Hz, 1H), 8.63 (d, J=2.3 Hz, 1H), 8.04 (d, J=7.7
Hz, 2H), 7.56 (q, J=17.8, 7.4 Hz, 5H), 7.45~7.32 (m, 3H),
7.24 (s, 1H), 5.66 (dd, J=7.9, 3.6 Hz, 1H), 4.60 (t, J=6.8
Hz, 1H), 4.01~3.82 (m, 2H), 3.26 (s, 1H); *C NMR (101
MHz, DMSO-d;) &: 197.30, 149.31, 146.21, 142.57,
137.26, 136.23, 134.95, 133.85, 129.97, 129.36, 129.35,
129.17, 128.78, 128.75, 124.74, 124.49, 118.56, 77.10,
73.86, 44.68, 31.77; IR (KBr) v: 1684.3, 1554.0, 1345.3,
1102.8, 754.5, 691.6 cm '; HRMS (APCI) caled for
C,sHoN,O [M+H]" 443.1243, found 443.1242.

5-(4- SR HE)-7,9- —fiE HE-2- K 3 -4a,5,6,100- VU A -
AH-ZE I [1 R HIF-4-F(3b): FHEOEE 657 mg, 7%
92%. m.p. 67~68 °C; '"H NMR (400 MHz, DMSO-dj) d:
8.69 (s, 1H), 8.62 (s, 1H), 8.04 (d, J=6.5 Hz, 1H), 7.68~
7.50 (m, 6H), 7.45 (d, J=8.3 Hz, 2H), 7.22 (s, 1H), 5.73~
5.61 (m, 1H), 4.58 (t, J=6.7 Hz, 1H), 3.98~3.78 (m, 2H),
3.32 (d, J=6.1 Hz, 1H); °*C NMR (101 MHz, DMSO-d;)
5 196.86, 148.89, 145.82, 142.16, 136.87, 135.78, 133.45,
133.02, 130.74, 128.81, 128.77, 128.44, 128.38, 128.35,
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125.22, 124.11, 118.16, 76.68, 73.50, 4431, 31.34; IR
(KBr) v: 1712.6, 1617.2, 1400.8, 1224.9, 1146.5, 849.3,
670.5 cm '; HRMS (APCI) calcd for Co5HgCIN,Og [M+
H]" 477.0853, found 477.0832.

5-(4-T AR FE)-7,9- A HE-2- 4 HE F 3 -44,5,6,105- 1Y
R -4H-ZEFF [ 7 AR I -4-F (3e): #EOEA 60.0 mg,
FEE 87%. m.p. 66~67 ‘C; "H NMR (400 MHz, DMSO-
dg) 6: 8.70 (d, J=2.2 Hz, 1H), 8.64 (dd, J=8.7, 2.3 Hz,
1H), 8.11~8.00 (m, 2H), 7.64 (td, J=5.6, 2.4 Hz, 3H),
7.54 (t, J=17.6 Hz, 2H), 7.28~7.19 (m, 3H), 5.70~5.62
(m, 1H), 4.59 (dd, J=7.5, 5.9 Hz, 1H), 4.09~3.75 (m,
2H), 3.33 (d, J=6.8 Hz, 1H); “C NMR (100 MHz,
DMSO-dg) d: 197.23, 162.18 (J=1246.5 Hz), 149.27,
146.19, 142.55, 137.24, 136.20, 133.81, 131.56 (J=8.4
Hz), 131.37 (J=3.4 Hz), 129.14, 128.93, 128.72, 125.42,
124.48, 118.52, 115.71 (J=24.1 Hz), 77.10, 73.86, 44.71,
31.75; IR (KBr) v: 1706.5, 1616.3, 1463.9, 1146.6, 1019.1,
783.1, 668.5 cm '; HRMS (APCI) caled for CosH sFN,Og
[M+H]" 461.1149, found 461.1144.

5-(2-TR K E)-7,9- R 3L -2- KA F 2 -44,5,6,105- 1Y
S -AH-ZEIF [ 57 A IR -4-Bd (3d): FEAE K 58.6 mg,
FH 75%. m.p. 65~66 ‘C; "H NMR (400 MHz, DMSO-
dg) 6: 8.64 (d, J=2.2 Hz, 1H), 8.58 (d, J=2.3 Hz, 1H),
8.04~7.96 (m, 2H), 7.63~7.56 (m, 2H), 7.54~7.44 (m,
3H), 7.36 (t, J=7.6 Hz, 1H), 7.23 (td, J=7.7, 1.8 Hz, 1H),
7.13 (s, 1H), 5.63 (dd, J=8.1, 3.5 Hz, 1H), 4.62 (dd, J=
10.4, 3.0 Hz, 1H), 4.00~3.71 (m, 2H), 3.26~3.20 (m,
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1H); “C NMR (101 MHz, DMSO-d;) J: 197.31, 149.28,
146.24, 142.58, 137.25, 136.04, 135.85, 133.84, 132.84,
131.25, 130.57, 129.26, 129.21, 129.17, 128.75, 128.06,
127.95, 124.50, 123.22, 118.61, 76.22, 73.91, 44.62, 31.88;
IR (KBr) v: 1683.3, 1596.5, 1523.4, 1084.5, 754.3, 689.1
cm '; HRMS (APCI) caled for CpsHisBrN,Og [M+H]"
521.0348, found 521.0349.

5-(3- G K 3E)-7,9- A FE-2- K 3 -4a,5,6,10b- U & -
AH-FE I [ 5 7K FF-4-H 3e): #H A [E K 48.5 mg, 773%
68%. m.p. 71~72 °C; '"H NMR (400 MHz, DMSO-dj) o:
8.64 (d, J=2.3 Hz, 1H), 8.60 (s, 1H), 8.13 (d, J=6.5 Hz,
1H), 7.70~7.49 (m, 6H), 7.43 (d, J=8.1 Hz, 2H), 7.20 (s,
1H), 5.69~5.57 (m, 1H), 4.49 (t, J=6.6 Hz, 1H), 3.97~
3.78 (m, 2H), 3.34 (d, J=6.0 Hz, 1H); *C NMR (101
MHz, DMSO-ds) o: 196.86, 148.70, 145.79, 142.15,
136.87, 135.76, 133.45, 129.96, 130.70, 128.81, 128.78,
128.45, 128.38, 128.35, 125.22, 124.10, 116.50, 75.68,
73.50, 44.31, 31.24; IR (KBr) v: 1636.2, 1534.5, 1490.0,
1402.8, 1345.6, 1084.8, 749.8, 689.2 cm™'; HRMS (APCI)
caled for C,sH;3CIN,Oq [M~|—H]+ 477.0853, found
477.0841.

7,9- A Jik -2- 2R Hk -5-([A] F 2R 5k )-4a,5,6,106- U & -
AH-ZRFF[f] 7 (LU -4-T (3F): & A [E 4R 58.2 mg, 7%
85%. m.p. 63~64 ‘C; 'H NMR (400 MHz, CDCl;) o:
8.74 (t, J=3.2 Hz, 1H), 8.33 (d, J=2.3 Hz, 1H), 8.06~
8.01 (m, 2H), 7.66~7.57 (m, 1H), 7.54~7.48 (m, 2H),
7.36 (d, J=8.8 Hz, 1H), 7.29 (s, 1H), 7.14 (t, J=6.4 Hz,
1H), 7.02 (s, 1H), 5.72 (t, J=5.6 Hz, 1H), 4.39 (t, J=6.8
Hz, 1H), 3.85 (dd, J=16.6, 6.6 Hz, 1H), 3.55 (dd, J=16.5,
4.6 Hz, 1H), 3.51~3.43 (m, 2H), 2.34 (s, 3H); *C NMR
(101 MHz, CDCL) J: 196.56, 149.32, 146.11, 142.35,
137.81, 136.73, 136.50, 134.51, 133.82, 129.88, 129.27,
129.22, 128.83, 128.51, 128.07, 126.11, 123.50, 122.49,
118.58, 77.89, 74.23, 44.95, 32.27, 21.43; IR (KBr) v:
1635.9, 1540.3, 1339.7, 1084.3, 668.8 cm™'; HRMS (AP-
CI) caled for CysH;N,Og [M—}—H]+ 457.1399, found
457.1387.

5-(4- H AR 3 R JE)-7,9- TR 3k 2- A R O3 -
4a,5,6,10b- VY -4 H- 28 FF [f] 7 2K FF ML g -4- T (3g): 3 (1
B4k 61.6 mg, 723 87%. m.p. 87~88 ‘C; 'H NMR (400
MHz, DMSO-ds) J 8.71 (d, J=2.2 Hz, 1H), 8.61 (dd, J=
9.6, 2.3 Hz, 1H), 8.07~8.04 (m, 2H), 7.66 (dt, J=7.4, 1.7
Hz, 2H), 7.31~7.23 (m, 4H), 7.19 (t, J=7.1 Hz, 2H), 5.65
(d, J=6.5 Hz, 1H), 4.58 (t, J=6.8 Hz, 1H), 3.98 (d, J=3.4
Hz, 2H), 3.33 (d, J=6.6 Hz, 1H), 2.32 (s, 3H); *C NMR
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(101 MHz, DMSO-ds) 6 197.32, 149.30, 146.20, 142.56,
137.91, 137.27, 137.11, 136.25, 133.84, 133.67, 130.00,
129.87, 129.18, 129.11, 128.77, 128.66, 128.40, 126.37,
124.51, 77.09, 73.90, 44.65, 36.26, 31.80, 21.42; IR (KBr)
v: 1684.2, 1605.1, 1534.5, 1509.9, 1345.7, 1251.9, 1179.0,
755.2, 689.9 cm '; HRMS (APCI) caled for CaH, N0,
[M+H]" 473.1349, found: 473.1721.

2-(4-F A HE)-7,9- R FE-2- 3 H 3 -4a,5,6,106- U
S -AH-ZE I3 AR IR -4-BA(3h): FEAE K 63.6 mg,
P2 89%. m.p. 78~79 ‘C; '"H NMR (400 MHz, DMSO-
dg) 6: 8.69 (d, J=2.2 Hz, 1H), 8.62 (d, J=2.3 Hz, 1H),
8.03 (d, J=8.3 Hz, 2H), 7.64~7.52 (m, 4H), 7.37 (dt, J=
14.2, 7.2 Hz, 3H), 7.21 (s, 1H), 5.64 (dd, J=7.6, 3.5 Hz,
1H), 4.58 (t, J=6.7 Hz, 1H), 4.02~3.71 (m, 2H), 3.33 (t,
J=8.6 Hz, 1H); C NMR (101 MHz, DMSO-d;) o:
196.42, 149.28, 146.18, 142.39, 138.80, 136.25, 135.94,
134.90, 130.70, 129.91, 129.34, 129.26, 128.91, 128.76,
124.63, 124.53, 118.59, 77.11, 73.89, 44.68, 31.78; IR
(KBr) v: 1683.6, 1648.7, 1539.9, 1346.3, 1084.9, 827.4
cm '; HRMS (APCI) caled for CasHsCIN,Og [M+H]"
477.0853, found 477.0837.

2-(4-YR IR HE)-7,9- —fif B -2- Ik B H HE-4a,5,6,106- U
S -AH-ZE I [ 7 K FE IR -4-F (3i): #EOEE 71.0 mg,
2% 91%. m.p. 82~83 ‘C; 'H NMR (400 MHz, DMSO-
dg) 6: 8.70 (d, J=2.2 Hz, 1H), 8.63 (d, J=2.3 Hz, 1H),
7.99 (d, J=8.3 Hz, 2H), 7.75 (d, J=8.1 Hz, 2H), 7.57 (d,
J=17.5 Hz, 2H), 7.45~7.31 (m, 3H), 7.20 (s, 1H), 5.65
(dd, J=7.8, 3.5 Hz, 1H), 4.59 (dd, J=7.9, 5.5 Hz, 1H),
4.02~3.70 (m, 2H), 3.32 (d, J=7.0 Hz, 1H); “C NMR
(101 MHz, DMSO-dg) 6: 196.66, 149.28, 146.19, 142.37,
136.27, 136.24, 134.89, 132.28, 132.22, 130.81, 129.88,
129.35, 128.92, 128.78, 128.02, 124.62, 124.54, 118.60,
77.09, 73.90, 44.64, 31.78; IR (KBr) v: 1683.6, 1596.1,
1534.0, 1344.8, 1091.2, 752.2, 687.3 cm™'; HRMS (APCI)
caled for C,sH;sBrN,Og [M + H] " 521.0348, found
521.0339.

2-(4- H AR R R KR )-7,9- TR - 2 LR L
4a,5,6,10b- VY E -4 H- 2K FF [1] 7 2K FF ML R -4- 1 (3f): 35 €4
[E1A& 60.7 mg, 773 86%. m.p. 60~61 ‘C; 'H NMR (400
MHz, DMSO-d) J: 8.71 (d, J=2.2 Hz, 1H), 8.59 (d, J=
2.3 Hz, 1H), 8.04 (d, J=8.9 Hz, 2H), 7.57 (d, J=7.3 Hz,
2H), 7.47~7.32 (m, 3H), 7.22 (s, 1H), 7.05 (d, J=9.0 Hz,
2H), 5.62 (dd, J=7.7, 3.7 Hz, 1H), 4.59 (dd, J=8.0, 5.4
Hz, 1H), 3.90~3.72 (m, 5H), 3.33 (s, 1H); *C NMR (101
MHz, DMSO-ds) 6: 195.64, 163.75, 149.30, 146.18,
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142.69, 136.21, 134.93, 131.17, 130.27, 129.88, 129.35,
128.92, 128.78, 124.73, 124.46, 118.53, 114.39, 114.33,
77.08, 74.03, 56.03, 44.27, 31.80; IR (KBr) v: 1688.5,
1540.6, 1457.6, 1083.0, 805.8, 755.0, 690.4 cm '; HRMS
(APCI) caled for CyHyN,O; [M+H]" 473.1349, found
473.1732.

7,9~ FiFf Fk -2-( 8] H 2R 3k )-5-(Cf HE R 3 )-44,5,6,106-
VU -4H- R I[N 7 E)f-4-BR(3K): B B[4 55.0 mg, 7~
# 78%. m.p. 70~71 ‘C; 'H NMR (400 MHz, DMSO-dj)
J: 8.74 (d, J=2.3 Hz, 1H), 8.60 (d, J=2.3 Hz, 1H), 8.05
(d, J=17.7 Hz, 2H), 7.55 (q, J=1.8, 7.4 Hz, 4H), 7.46~
7.30 (m, 2H), 7.26 (s, 1H), 5.64 (dd, J=7.9, 3.6 Hz, 1H),
4.58 (t, J=6.8 Hz, 1H), 4.00~3.81 (m, 2H), 3.23 (s, 1H),
2.55 (s, 3H), 2.43 (s, 3H); *C NMR (101 MHz, DMSO-dq)
5:197.30, 149.31, 146.21, 142.56, 137.26, 136.23, 134.94,
133.85, 129.98, 129.36, 129.35, 129.17, 128.78, 128.75,
124.74, 124.49, 118.56, 77.10, 73.86, 44.68, 31.77, 28.41,
24.76; IR (KBr) v: 1685.2, 1636.3, 1537.7, 1398.1, 1084.1,
734.2, 686.9 cm™~'; HRMS (APCI) caled for Cp7H,3N,0q
[M+H]" 471.1556, found 471.1543.

2,5- X (4-FIKIHE)-7,9- HitHE-4a,5,6,10b-DU A -4H-F
HN R ElF-4-BR3D): 2 [E 14 53.4 mg, 72 70%. m.p.
99~100 ‘C; '"H NMR (400 MHz, DMSO-d;) 6: 8.71 (d,
J=2.3 Hz, 1H), 8.64 (d, J=2.3 Hz, 1H), 8.06 (d, J=8.4
Hz, 2H), 7.60 (dd, J=8.5, 3.6 Hz, 4H), 7.46 (d, J=8.5 Hz,
2H), 7.21 (s, 1H), 5.64 (dd, J=7.8, 3.4 Hz, 1H), 4.58 (t,
J=6.7 Hz, 1H), 4.01~3.71 (m, 2H), 3.31 (d, /=6.8 Hz,
1H); *C NMR (101 MHz, DMSO-ds) 6: 196.37, 149.28,
146.19, 142.36, 138.79, 136.16, 135.91, 133.80, 133.40,
131.12, 130.70, 129.27, 128.86, 128.84, 125.58, 124.53,
118.59, 77.03, 73.84, 44.67, 31.69; IR (KBr) v: 1646.6,
1539.9, 1507.2, 1340.5, 1084.1, 755.8, 693.4 cm™'; HRMS
(APCI) caled for C,sH,CLN,Os [M+H]" 511.0463,
found 511.0459.

2,5-3W (4- F A8 FE A8 3E)-7,9- i 3E-4a,5,6,10b-PU & -
AH-ZEIE[f 7 )G -4-FA (3m): FEAE K 64.0 mg, =K
85%. m.p. 75~76 ‘C; 'H NMR (400 MHz, CDCl3) o:
8.72 (d, J=2.3 Hz, 1H), 8.30 (d, J=2.3 Hz, 1H), 8.00 (d,
J=8.9 Hz, 2H), 7.53 (d, J=8.8 Hz, 2H), 7.01~6.82 (m,
5H), 5.68 (t, J=5.6 Hz, 1H), 4.44~4.31 (m, 1H), 3.85 (d,
J=8.3 Hz, 3H), 3.79 (d, J=1.4 Hz, 3H), 3.53~3.32 (m,
3H); “C NMR (101 MHz, CDCl;) §: 195.02, 164.04,
159.61, 149.26, 146.06, 142.56, 136.52, 130.93, 130.75,
130.68, 129.83, 128.67, 126.97, 123.60, 120.70, 118.50,
114.04, 113.94, 113.59, 113.55, 78.05, 74.31, 55.59, 55.30,
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44.70, 32.28; IR (KBr) v: 1649.9, 1540.5, 1339.8, 1084.1,
754.2 cm '; HRMS (APCI) caled for Cy7Hp;N,O [M+
H]" 503.1454, found 503.1436.

5-FJE-7,9- R AL -2- R L F L -44,5,6,10b- VU S -4 H-
I A IR -4-BA (3n): B[R 29.7 mg, 2
52%. m.p. 53~54 C; '"H NMR (400 MHz, DMSO-d;) J:
8.70 (d, J=2.2 Hz, 1H), 8.65 (d, J=2.3 Hz, 1H), 7.96 (d,
J=8.3 Hz, 2H), 7.58 (d, J=7.5 Hz, 2H), 7.32 (s, 1H), 5.67
(dd, J=7.8, 3.5 Hz, 1H), 4.58 (dd, J=17.9, 5.5 Hz, 1H),
4.02~3.70 (m, 2H), 3.32 (d, J=7.0 Hz, 2H), 1.34. (s, 3H);
BC NMR (101 MHz, DMSO-ds) 6: 196.66, 149.28,
146.19, 137.25, 134.90, 132.28, 130.82, 129.88, 128.92,
128.77, 128.02, 124.62, 118.61, 77.09, 73.90, 44.57, 32.78,
20.31; IR (KBr) v: 1717.6, 1607.4, 1214.9, 1015.6, 786.9,
685.5 cm'; HRMS (APCI) caled for CooH{sN,Og [M+
H]" 381.1086, found 381.1079.

$#H B#1 K (Supporting Information) L&) 3a~3n 1
"HNMR 1 °C NMR #% . X2 b ] LA 3% AT 9
¥l (http://sioc-journal.cn/) | N %K.
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