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Elemental sulfur—catalyzed selective reduction of chalcones to

dihydrochalcones
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FU Ronggeng*

School of Pharmacy, Hunan University of Chinese Medicine, Changsha, Hunan 410208, China

[Abstract] Objective To investigate the synthetic method for preparing dihydrochalcones by selectively reducing chalcones
using water as the hydrogen source under the catalysis of elemental sulfur. Methods Chalcone was used as a model substrate to
investigate the optimal reaction conditions, and the influence of different types of substituents on the reaction yield was examined.
Results The optimal reaction conditions were as follows: 0.5 mmol of chalcone, 125 equivalents of elemental sulfur, 2.5 equivalents
of 14-diazabicyclo [2.2.2Joctane, 400 L of water, and 2.5 mL of N,N-dimethylformamide, with the reaction conducted at 120 °C for
12 h under N2 protection. A series of dihydrochalcones were effectively obtained in the expansion of the substrate scope, and their
structures were confirmed by 'H-NMR, "“C-NMR, and HR-ESI-MS. Conclusion The system of elemental sulfurwater/l, 4 -
diazabicyclo [2.2.2]octane/N, N—dimethylformamide can selectively reduce chalcone to dihydrochalcone. This method features a wide
range of applicable substrates, environmental friendliness, simple operation, and excellent yield.
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600 JE A% M e 4 e 15 A (1 [ A S A
) ; RE-2000B #Jig % 7% B AL (L LT T ARANERA
FRATED) . S8BT AL 2= R it
1.2 EWH*
1.2.1  AREH B A M FREL 20 mmol 2 HI i |
20 mmol LA K 15 mL 95% 2. & T B i b
L, VKBS EE T 12 mL 10%NaOH KA,
RN 4~8 h &, i, eV JCOK O BEE 45 S 2
AR B A . 56~57 C,
122 Hintk &Y 2a=2p WA FREL 0.5 mmol
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Table 1 Optimization of reaction conditions
%' ik sl JK/uL SR IREE/C SR T/ PR %
1 DABCO NMP 400 120 12 11
2 DABCO 1,4-dioxane 400 120 12 0
3 DABCO PhCH; 400 120 12 0
4 DABCO DMSO 400 120 12 0
5 DABCO DMA 400 120 12 25
6 DABCO DMF 400 120 12 72
7 DBU DMF 400 120 12 24
8 DMAP DMF 400 120 12 42
9 Et:N DMF 400 120 12 20
10 CH,COOK DMF 400 120 12 30
11 K,COs DMF 400 120 12 2
12 KOH DMF 400 120 12 14
13 DABCO DMF 400 110 12 64
14 DABCO DMF 400 130 12 68
15 DABCO DMF 250 120 12 67
16 DABCO DMF 0 120 12 0
17 DABCO DMF 400 120 8 51
18 DABCO DMF 400 120 16 70
19 DABCO DMF 400 120 18 70
20 DABCO DMF 400 120 12 67
IS PEEAT T 9256 (18] 1), Ar' BR_E A9 SRR AR 1T -3 (4-FA KL ) - 1-TN I (2b): 67.7 mg,

BT A=, B RS i 2R PP PP AR AR = U
FEIF MCR R MY Ar FRBUR Iy R =
FH AR IS AR A P IR A . N R A e 45
B Art BR L IBUREE Ry W H - o 08 B R X AR S vy
FEAF, A I LA /R IR A, AR
L | ARG = R AU ISR RAF T Y A 36
HUAREE S i R, R B = R AR . A kR
JREEIF , Av? F5 1 B A Ak i P o Ay B Bt
AR BN HAT A o LA AR 25 5043 S AR At Al
A TR W ARIHAT DU& A A F AR Art B R gE
W PREISCRR AR

222 HWTYI BB 1,3- 8- 1-PI
(2a):76.2 mg, =% 72%, 'H NMR (600 MHz, CD-
Cly): 6 7.95 (d, J = 7.2 Hz, 2H), 7.54 (1, ] = 7.2,
1H), 7.44 (t, J = 7.8 Hz, 2H), 729 (t, J = 7.8 Hz,
2H), 7.23-7.26 (m, 2H), 7.20 (t, J = 7.2 Hz, 1H),
330 (, J = 72 Hz, 2H), 307 (, J = 72 Hz, 2H); “C
NMR (151 MHz, CDCL): 8 1992, 1413, 1369, 133.1,
1286, 1286, 1285, 128.1, 1262, 405, 30.2, HR-ESI-
MS m/z [M+H]: BES(H CsHs0: 211.112 3, SZ5601H
211.112 1,

P2 59%, 'H NMR (600 MHz, CDCly): 6 7.94 (dd,
J =84, 12 Hz, 2H), 7.56 (1, J = 7.2, 1H), 745 (,
J = 7.8 Hz, 2H), 7.19-7.21 (m, 2H), 697 (1, J =
8.4Hz, 2H), 3.28 (1, J = 7.8 Hz, 2H), 3.04 (1, J =
7.2 Hz, 2H); “C NMR (151 MHz, CDCL): 8 199.0,
1622, 160.6, 136.9, 136.9, 136.8, 133.2, 1299,
129.8, 128.6, 128.0, 1153, 115.2, 40.4, 29.3, HR-
ESI-MS m/z [M+H]"#i2{H CsH,FO: 229.102 8, 5L
Hr{H 229.102 1,

1=K -3 (4-F KL ) -1-TN i (2¢): 80 mg, =
£ 65%, 'H NMR (600 MHz, CDCly): 8 7.94-9.95
(m, 2H), 7.56 (1, J = 7.8 Hz, 1H), 745 (i, J = 7.2
Hz, 2H), 7.24-7.26 (m, 2H), 7.18 (d, J = 8.4 Hz,
2H), 3.28 (1, J = 7.8 Hz, 2H), 3.04 (1, J = 7.8 Hz,
2H); ®C NMR (151 MHz, CDClLy): 6 198.9, 139.8,
136.8, 133.2, 131.9, 129.9, 128.7, 128.6, 128.0,
402, 294, HR-ESI-MS m/z [M+H]: ¥i{ECsH,,C10
245.073 3,5:5%(H 245.073 6,

1- R K -3 (4-H S R L ) -1 - i (2d) . 73.4
mg, 7% 61%, 'H NMR (600 MHz, CDCL): & 7.95
(d, J = 84 Hz, 2H), 7.55 (, J = 7.2 Hz, 1H), 7.45
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Fig.1 Expansion of reaction substrates

(t, J = 7.8 Hz, 2H), 7.17 (d, J = 8.4 Hz, 2H), 6.84
(d, J = 84 Hz, 2H), 379 (s, 3H), 327 (t, J = 7.8 Hz,
2H), 301 (t, J = 7.8 Hz 2H); “C NMR (151 MHz, CD
Cly: 6 199.5, 158.1, 137.0, 1335, 1332, 1295, 128.7,
128.2, 114.1, 55.4, 40.8, 29.4, HR-ESI-MS vz [M+
HJ: FE(H CoH,,0, 241.122 8, 5L56{H241.122 9,
1= HE -3 (4-F H R )~ 1- TN (2e) : 79.4 mg,
72 70%, 'H NMR (600 MHz, CDCl): & 7.94-
7.96 (m, 2H), 7.54 (, J = 7.2 Hz, 1H), 744 (1, ] =
72 Hz, 2H), 7.14 (d, J = 7.8 Hz, 2H), 7.11 (d, J =
7.8 Hz, 2H), 327 (, J = 7.2 Hz, 2H), 3.03 (1, J =
7.8 Hz, 2H), 232 (s, 3H); “C NMR (151 MHz CDCL,)
8 1994, 1382, 1369, 1357, 133.1, 1292, 1286,
1283, 128.1, 406, 297, 210, HR-ESI-MS m/z [M+HJ;
FRBE CH 0 225127 9, 5E{E225.127 2,
1-FEHE -3 (4 T F R EIEIE ) — | R (26) :
37.8 mg, 7% 30%, 'H NMR (600 MHz, CDCly): &
795 (d, J = 72 Hz, 2H), 754 (, J = 72, 1H), 7.45
t, J =72, 2H), 7.13 (d, J = 9, 2H), 6.70 (d, J =
84, 2H), 3.26 (1, J = 7.2 Hz, 2H), 297 (, J = 7.2
Hz, 2H), 291 (s, 6H); "C NMR (151 MHz, CDCl):
8 199.7, 149.3, 137.0, 133.0, 129.3, 129.0, 128.6,

128.1, 113.1, 41.0, 40.9, 29.3, HR-ESI-MS m/z [M+
IS CHuNO 254.154 5, 5256(H 254.154 1,
1-REE-3-(4—( = P IR EL ) -1- TN i (2g) .

110 mg, ;** 79%, 'H NMR (600 MHz, CDCly): &

7.95 (d, J = 7.8 Hz, 2H), 7.54-7.58 (m, 3H), 7.46

(t, ] = 7.8 Hz, 2H), 7.37 (d, J = 7.8 Hz, 2H),

333 (i, J = 7.2 Hz, 2H), 3.14 (1, J = 7.2 Hz, 2H);

BC NMR (151 MHz, CDCly): 8 198.7, 145.6, 136.8,

133.4, 128.9, 128.8, 128.1, 125.6 (g, J = 3.8 Hz),

400, 299, HR-ESI-MS m/z [M+H]: BHE(ECoH k0

279.099 6,5:55{H 279.099 1,
1R HE-3-(3,4,5- = HLIRIL) - 1-TN (2h) .

66.7 mg, 1“3 44%, 'H NMR (600 MHz, CDCly): &

796 (d, J = 72 Hz, 2H), 757 (t, J = 72, 1H), 7.46

(t, J = 7.8, 2H), 647 (s, 2H), 3.85 (s, 6H), 3.82 (s,

3H), 3.30 (i, J = 7.8 Hz, 2H), 3.02 (1, J = 7.8 Hz,

2H); ®C NMR (151 MHz, CDCL): & 199.3, 153.2,

137.1, 1369, 136.3, 133.1, 128.6, 128.0, 1054,

60.9, 56.1, 40.6, 30.6, HR-ESI-MS m/z [M+H]": Ff

B CisHy0, 301.144 0, 5C50{H 301.143 6,
1= (4-FoRFE ) -3 -FK I 1-TN T (2i) : 23.6 mg,

P2 20%, 'H NMR (600 MHz, CDCly): & 7.99-8.02
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(m, 2H), 7.33 (1, J = 7.8, 2H), 728 (d, J = 3.6, 2H),
724 (d, J = 7.2, 1H), 7.12-7.16 (m, 2H), 3.30 (i,
J = 78 Hz 2H), 3.09 (, J = 72 Hz 2H); “C NMR
(151 MHz, CDCL): 6 197.6, 166.6, 164.9, 141.1,
133.3, 133.3, 130.7, 130.6, 128.6, 128.4, 1262,
115.8, 115.6, 404, 30.1, HR-ESI-MS m/z [M+H]: 3
WIH CsHLFO 229.102 8, 5256{E229.102 6,

1-(4-H AR RE) 34— 1PN (2§) :97.3 mg,
=% 81%, 'H NMR (600 MHz, CDCly): 6 7.93 (d,
J =178, 2H), 729 (t, J = 7.2, 2H), 7.25 (d, J =
7.2, 2H), 7.20 (d, J = 7.2, 1H), 6.92 (d, J = 9.0,
2H), 3.85 (s, 3H), 3.24 (t, J = 7.8 Hz, 2H), 3.05
(t, J = 7.8 Hz, 2H); "C NMR (151 MHz, CDCl,):
8 197.8, 163.5, 141.5, 130.3, 130.0, 128.5, 128.5,
126.1, 113.7, 55.5, 40.1, 30.3, HR-ESI-MS m/z [M+
HJ: FHS(H C6H 10, 241.122 8, S2EH 241.122 4,

1—(4-F HEIRHE) -3 TR HE -1 - T (2k) :92.3 mg,
FEH 82%, 'H NMR (600 MHz, CDCly): & 7.85 (d,
J =78, 2H), 729 (t, J = 7.2, 2H), 7.23-7.25 (m,
4H), 720 (, J = 7.2, 1H), 327 (t, J = 7.2 Hz, 2H),
306 (i, J = 72 Hz, 2H), 240 (s, 3H); “C NMR (151
MHz, CDCly): 6 198.9, 143.9, 141.4, 134.4, 129.3,
128.5, 128.5, 128.2, 126.1, 40.4, 30.2, 21.7, HR-
ESI-MS m/z [M+H[": ¥gfH C\,H,0 225.127 9,5
U618 225.127 6,

1-(3,4,5- = WA HIR I ) -3 2R - 1- A (21) .
769 mg, % 51%, 'H NMR (600 MHz, CDCLy): &
731 (t, J = 7.2 Hz, 2H), 726 (d, J = 54 Hz, 2H),
722 (t, J = 7.2, 1H), 7.20 (s, 2H), 3.91 (s, 3H),
390 (s, 6H), 327 (t, J = 7.2 Hz, 2H), 3.07 @, J =
7.2 Hz, 2H); “C NMR (151 MHz, CDCly): 8 198.0,
153.1, 142.6, 141.4, 1322, 1286, 128.5, 126.2,
105.5, 61.0, 56.3, 40.4, 304, HR-ESI-MS m/z [M+
HJ: FHS(E CgH,0, 301.144 0, 5250H 301.143 6,

1=(5-2EFF[d][1,3] R I FR R HE) -3 - A -1 -
N (2m):71.7 mg, ;7% 56%, 'H NMR (600 MHz,
CDCly): & 7.55 (d, J = 7.8 Hz, 1H), 7.44 (s, 1H),
730 (t, J = 7.2, 2H), 7.24 (d, J = 7.2, 2H), 7.20
t, J =72, 1H), 6.82 (d, J = 7.8, 1H), 6.03 (s, 2H),
322 (1, J = 7.8 Hz, 2H), 3.04 (1, J = 7.8 Hz, 2H);
BC NMR (151 MHz, CDCly: & 1973, 1517, 1482,
1413, 131.8, 1285, 1284, 1284, 126.1, 1243, 1079,

107.9, 1018, 402, 304, HR-ESI-MS m/z [M+H]": 3
B CiH 505 255.102 1,52560{H 255.101 6,

1R F -3 (2-WEW} 3 ) —1-N T (2n) :27.3 mg,
FEHR 25%, 'H NMR (600 MHz, CDCly): 8 797 d, J =
72 Hz, 2H), 7.57 (t, J = 7.2 Hz, 1H), 746 (1, J =
7.2 Hz, 2H), 7.13 (d, J = 5.4 Hz, 1H), 6.92-6.93
(m, 1H), 6.86 (d, J = 3.0 Hz, 1H), 3.35-338 (m,
2H), 3.29-332 (m, 2H); “C NMR (151 MHz, CDCL):
5 198.6, 143.9, 136.8, 1332, 128.7, 128.1, 12609,
1247, 1234, 406, 242, HR-ESI-MS m/z [M+H]": 3
BMH CsHR0S 217.068 7, 525H 217.068 6,

1-(2-Z5H)-3-FEF-1-N T (20):91.7 mg, /"
& 70%, 'H NMR (600 MHz, CDCly: 6 845 (s, 1H),
8.02-8.04 (m, 1H), 7.92 (d, J = 7.8 Hz, 1H), 7.85-
7.88 (m, 2H), 7.57-7.60 (m, 1H), 7.52-7.55 (m, 1H),
7.28-732 (m, 4H), 7.20-723 (m, 1H), 3.43 (t, J = 7.8
Hz, 2H), 3.13 (t, J = 72 Hz, 2H); “C NMR (151 MHz,
CDCL): 6 1992, 1414, 1356, 1342, 132.6, 129.7,
129.6, 128.6, 128.5, 128.5, 128.5, 127.8, 12628,
1262, 123.9, 40.6, 30.3, HR-ESI-MS m/z [M+H]: Hil
181 CoH,,0 261.127 9, 5286{E261.127 5,

1-([1,17 - IR -4 -3k ) -3 -FK I -1 A (2p)
99.6 mg, ;=¥ 70%, 'H NMR (600 MHz, CDCL): 6
8.03 (d, J = 7.8 Hz, 2H), 7.67 (d, J = 84 Hz, 2H),
7.62 (d, J = 7.8 Hz, 2H), 7.46 (1, J = 7.8 Hz, 2H),
739 (i, J = 72 Hz, 1H), 731 (1, J = 7.2 Hz, 2H),
727 (d, J = 72 Hz, 2H), 721 (t, J = 6.6 Hz, 1H),
333 (1, J = 7.2 Hz, 2H), 3.09 (1, J = 7.2 Hz, 2H);
BC NMR (151 MHz, CDCL): 6 198.8, 145.8, 141.3,
139.9, 135.6, 129.0, 128.7, 128.6, 128.5, 128.3,
1273, 127.3, 1262, 405, 302, HR-ESI-MS m/z [M+
HJ: FISME CyHsO 287.143 6, 5056{H 287.143 1,

3 RMHLFHITIE

AR SCHIRR T8 LA B A BB, 26 1 RIS, 4
A SN SN AILAR A ET 2 Bz B S B BT AR E B 1Y
ERITT IR S; 081 [ i 250 SR 5 5 A 7K 1
KA F RN JE R A A B AS 2 BT A
BLREMA B, A B 5 DMF FERS: 5548 R 7= AR 1
HRRAS S P A C 335 AP B P RIA D, i
Je PR3] — S AR 2,
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