Journal of the Korean Chemical Society
2014, Vol. 58, No. 4

Printed in the Republic of Korea
http://dx.doi.org/10.5012/jkes.2014.58.4.418

CHAL (Notes)

2-EFRLEUEMHOZHE MO[2IEHE=2| ME1 CHISH

OlxHQl*
Yol xbeheta setat
(4= 2014. 4. 8; A= 2014. 5. 20)

A New and Versatile Synthesis of Thioflavanones from 2-Fluorobenzoic Acids

Jae In Lee*
Department of Chemistry, Duksung Women’s University, Seoul 132-714, Korea.
"E-mail: jilee@duksung.ac.kr
(Received April 8, 2014; Accepted May 20, 2014)

FHI0f: spo] o Eeutes, £ 14-47), a1ef 5}

Key words: Thioflavanones, Condensation, 1,4-Addition, Cyclization

Thioflavanones (2-phenylthiochroman-4-ones)-> flavanones
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Table 1. Preparation of 1-(2-fluorophenyl)-3-(hetero)aryl-2-propen-1-ones 3 and thioflavanones 5 from 2-fluorobenzoic acids 1

Entry R R Reactilizn time, Isolated yields, %"

3 5
ah H 4-CL-C4H, 7 86 81(61)
20 H 3-pyridyl 3 82 75(54)
bl 3-F 3 4-(CH30)-CoHs 4 9 86(63)
ck 4-Cl 4-CH;30-CsH4 3.5 77 85(52)
en 4l 2-thienyl 1.5 86 88(57)
dg 4-CH;0 2-Cl-CeHa 12 83 90(65)
dj 4-CH;0 2-CH30-C¢Ha 10 87 89(67)
dm 4-CH:0 2-furyl 12 90 72(56)
ei 5-Br 4-CH3-CeHy 12 76 82(41)
fk 5-CH; 4-CH;30-C¢Hy 36 82 63(49)

“Reaction time indicates the conversion of 3 to 5. *The numbers in parentheses indicate the overall yields from 2-fluorobenzoic acids 1.
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4'-Chloro-2'-fluoroacetophenone (2c¢)

4-Chloro-2-fluorobenzoic acid (1¢, 873 mg, 5.0 mmol)&

THF (15 mL)o] %91 3, 0°Col| 4] CH;Li (1.5 M in Et,O,
7.0 mL, 10.5 mmol)S A A3] A 7}stal 158 =oF wwtst
At g2 e Ao vk Z3kES 1 N HCl 8- 94(5
mL)° 2 aAskal 49t sto A THF 8vlS 1A zich
g £¥=2 0.5 N HCl 89430 mL)o]] F-o] CHCL
(320 mL)& F&3}aL F4= MgSO.&2 A x%-ojutalo] &
Z3k9lth #4ES Kugelrohr A2 &2 2F ZH7alo] &
43} 2¢ (682 mg, 79%) = A T} 'H NMR (300 MHz, CDCls)
3 7.82-7.88 (m, 1H), 7.16-7.24 (m, 2H), 2.63 (d, Jur = 5.0
Hz, 3H); °C NMR (75 MHz, CDCl;) § 197.9, 165.5 (d, Jcr
= 256.5 Hz), 143.7, 135.1 (d, Jor = 3.4 Hz), 128.5 (d, Jor =
3.4 Hz), 127.7, 120.8 (d, Jcr = 27.3 Hz), 34.7 (d, Jcr = 7.0 Hz);
FT-IR (film) 1667 (C=0) cm™'; Ms m/z (%) 174 (M'+2, 40),
172 (M*, 86), 157 (100), 129 (87).

1-(4-Chloro-2-fluorophenyl)-3-(4-methoxyphenyl)-2-propen-1-
one (3ck)

2¢ (604 mg, 3.5 mmol)?} 4-methoxybenzaldehyde (477 mg,
3.5 mmol)2] &§H=S THF (10 mL)of =91 3, 0°Coj A
0.5 N KOH &28(0.5 N in CH;0H, 7.0 mL, 3.5 mmol)2 &
7Ftlet. g 2R 25 A2 0= A AT 2| HAl
6417 F¢F wHket 2, 1 N HCl 4=8-9(4 mL) & = 535}
At A stoll A S E SPEA Y 0k EdES
Sk NH4Cl 4=-8-94(30 mL)o]| 31 CH,Cl, (3%x20 mL)& 3
=6kl 323} NaHCO; 484 (30 mL) o2 A A8t i)
7] T& F4 MgSO.& Hx-ojisto] 553 IiES
5% EtOAc/n-hexaneol| A T ¥ 2| ZAAS}o] 3ck (783 mg,
77%) 2 At mp 96-97 °C; 'H NMR (300 MHz, CDCls)
6 7.70-7.80 (m, 2H), 7.57 (d, J = 8.8 Hz, 2H), 7.17-7.27 (m, 3H),
6.92 (d, J=8.8 Hz, 2H), 3.85 (s, 3H); >°C NMR (75 MHz, CDCls)
8 187.5, 162.0, 161.0 (d, Jor = 254.7 Hz), 145.2, 139.0 (d, Jcr =

ke
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10.4 Hz), 131.9 (d, Jor = 3.7 Hz), 130.4, 127.4, 125.9 (d, Jer
=54.1 Hz), 125.0 (d, Jor = 3.4 Hz), 123.0 (d, Jer = 6.6 Hz), 117.2
(d, Jor =269 Hz), 114.5, 55.4; FI-IR (KBr) 1661 (C=0) cm™; Ms
m/z (%) 290 (M, 100), 261 (32), 259 (91), 159 (21), 157 (65),
133 (56).

7-Chloro-4'-methoxythioflavanone (5ck)

Sodium hydrosulfide hydrate (~60%, 255 mg, 2.7 mmol)2]
EtOH (15 mL) & & 8-9lof EtOH (15 mL)of &35 3ck
(727 mg, 2.5 mmol)E 7|8}l 80 °Col| A 3.5A]7F F<F
wykshelch 7k holl A BOHS FAlZ) 7, whg &3t
=& E3} NH,Cl 4-8-90(30 mL)oj] 53 CH,CL (3%20 mL)Z
—%—%8]-_1_ 33} NaHCO; =830 mL)S. &2 /\ﬂ 25} 4t}
71 & 7 MgSOs &2 =20 i}ste] 553 iE<
10% EtOAc/n-hexaneo]| A = H A2 A 0}0% 5ck (648 mg,
85%)= At} mp 110-111°C; 'H NMR (300 MHz, CDCls)
6 8.07 (d, J= 8.5 Hz, 1H), 7.33 (d, J = 8.7 Hz, 2H), 7.27 (d,
J=19Hz, 1H), 7.15 (dd, J1 = 8.5 Hz, J, = 1.9 Hz, 1H), 6.91
(d, J=8.7 Hz, 2H), 4.68 (dd, Ji = 12.7 Hz, J, = 3.3 Hz, 1H),
3.81 (s, 3H), 3.28 (dd, J1 = 16.5 Hz, J, = 12.7 Hz, 1H), 3.14
(dd, Ji = 16.5 Hz, J» = 3.3 Hz, 1H); °C NMR (75 MHz, CDCl;)
6 1934, 159.8, 143.9, 140.1, 130.5, 130.0, 128.9, 128.6, 126.6,
125.7, 1144, 55.3, 46.6, 45.1; FT-IR (KBr) 1670 (C=0) cm™';
Ms m/z (%) 306 (M*+2, 45), 304 (M", 91), 172 (13), 170 (38),
134 (96), 121 (100).

4'-Chlorothioflavanone (5ah): o] 3}3t&2] mp, 'H/BC
NMR, FT-IR % Ms glo] gl ¥ 15 g%t o) x|5}ct.

2,3-Dihydro-2-(3-pyridyl)-4H-thiopyran-4-one (5a0): viscous
liquid; 'H NMR (300 MHz, CDCl;) & 8.69 (d, J = 2.0 Hz,
1H), 8.60 (dd, Ji = 4.8 Hz, J>» = 1.3 Hz, 1H), 8.16 (dd, J; =
7.9 Hz, J, = 1.5 Hz, 1H), 7.76-7.80 (m, 1H), 7.42-7.47 (m,
1H), 7.26-7.36 (m, 3H), 4.75 (dd, Ji = 12.2 Hz, J, = 3.4 Hz,
1H), 3.33 (dd, J1 = 16.3 Hz, J, = 12.2 Hz, 1H), 3.22 (dd, J; =
16.4 Hz, J» = 3.4 Hz, 1H); *C NMR (75 MHz, CDCl;) § 193.3,
149.8, 149.1, 141.1, 134.7, 134.3, 133.8, 130.4, 129.3, 127.2,
125.6, 123.6, 46.1, 42.9; FT-IR (film) 1678 (C=0) cm™'; Ms
m/z (%) 241 (M*, 98), 163 (71), 136 (100), 108 (88).

3'4'-Dimethoxy-8-fluorothioflavanone (5bl): mp 143-145 °C;
'H NMR (300 MHz, CDCl;) 6 7.97 (dd, Ji = 7.4 Hz, J, = 1.8 Hz,
1H), 7.15-7.27 (m, 2H), 6.95-7.00 (m, 2H), 6.87 (d, J = 8.1 Hz,
1H), 4.65 (dd, Ji = 12.9 Hz, J, = 3.1 Hz, 1H), 3.90 (s, 6H,
overlapped), 3.31 (dd, J; = 16.3 Hz, .5, = 13.0 Hz, 1H), 3.20 (dd,
Ji = 16.4 Hz, J, = 3.2 Hz, 1H); C NMR (75 MHz, CDCls)
8 1934, 158.2 (d, Jor = 243.1 Hz), 149.4, 132.2, 130.6, 130.3,
130.0, 125.1 (d, Jcr = 7.3 Hz), 124.6 (d, Jcr = 3.1 Hz), 119.8, 119.6
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(d, Jor = 20.8 Hz), 111.6, 110.8, 56.0 (overlapped CH;O), 46.5,
44.7; FT-IR (KBr) 1683 (C=0) cm™'; Ms m/z (%) 318 (M",
96), 164 (77), 151 (100), 138 (20).

2,3-Dihydro-2-(2-thienyl)-7-chloro-4 H-thiopyran-4-one
(5cn): viscous liquid; '"H NMR (300 MHz, CDCl;) & 8.06 (d,
J=8.5Hz, 1H), 7.26-7.29 (m, 2H), 7.17 (dd, J; = 8.5 Hz, .»
=2.0 Hz, 1H), 7.04-7.07 (m, 1H), 6.96 (dd, J; = 5.1 Hz, J> =
3.6 Hz, 1H), 4.98 (dd, J; = 9.2 Hz, J» = 52 Hz, 1H), 3.26-3.37
(m, 2H); *C NMR (75 MHz, CDCL) & 192.3, 142.7, 141.7, 140.3,
130.5, 128.9, 127.0, 126.8, 126.0 (overlapped), 125.7, 47.3,
40.8; FT-IR (film) 1682 (C=0) cm™'; Ms m/z (%) 282 (M2, 68),
280 (M, 98), 198 (21), 196 (60), 172 (50), 170 (97), 110 (100).

2'-Chloro-7-methoxythioflavanone (5dg): mp 106—107 °C;
'"H NMR (300 MHz, CDCls) § 8.13 (d, J = 9.6 Hz, 1H),
7.51-7.55 (m, 1H), 7.40-7.43 (m, 1H), 7.23-7.30 (m, 2H), 6.73—
6.77 (m, 2H), 5.21 (dd, J; = 11.1 Hz, J» = 4.0 Hz, 1H), 3.85 (s,
3H),3.24 (dd, J; = 164 Hz, J, = 11.1 Hz, 1H), 3.15 (dd, J; = 16 4
Hz, J» = 4.0 Hz, 1H); *C NMR (75 MHz, CDCl;) § 192.8, 163.6,
143.8, 136.2, 133.6, 131.4, 130.1, 129.4, 128.2, 127.4, 124.0,
112.9, 110.6, 55.6, 45.4, 41.7; FT-IR (KBr) 1667 (C=0) cm™;
Ms m/z (%) 306 (M2, 41), 304 (M*, 94), 269 (42), 193 (45),
168 (33), 166 (100).

2',7-Dimethoxythioflavanone (5dj): mp 153-154°C;
'H NMR (300 MHz, CDCl;) § 8.11 (dd, J; = 8.0 Hz, o = 12 Hz,
1H), 7.42 (dd, J; = 7.6 Hz, J» = 1.5 Hz, 1H), 7.26-7.32 (m, 1H),
6.96 (t, J = 7.5 Hz, 1H), 691 (d, J = 8.3 Hz, 1H), 6.74 (s, 1H),
6.71 (d, J=2.5 Hz, 1H), 5.20 (dd, J; = 12.0 Hz, J,=3.3 Hz,
1H), 3.84 (s, 3H), 3.83 (s, 3H), 3.25 (dd, J; = 16.5 Hz, J» = 12.0 Hz,
1H), 3.09 (dd, Ji = 16.5 Hz, ., = 3.3 Hz, 1H); *C NMR (75 MHz,
CDCly) & 193.5, 163.5, 156.7, 144.8, 131.3, 129.3, 127.7, 127.1,
1243, 1209, 112.5, 111.0, 110.6, 55.6, 55.5, 45.7, 38.8; F-IR
(KBr) 1666 (C=0) cm™"; Ms m/z (%) 300 (M, 100), 192 (65), 166
(96), 121 (81).

2,3-Dihydro-2-(2-furyl)-7-methoxy-4 H-thiopyran-4-one
(5dm): mp 93-94 °C; 'H NMR (300 MHz, CDCl;) § 8.10
(dd, Ji = 7.9 Hz, J,=1.3 Hz, 1H), 7.36-7.38 (m, 1H), 6.70-6.75
(m, 2H), 6.28-6.31 (m, 1H), 6.23—6.25 (m, 1H), 4.74 (dd, J; =77
Hz, J, = 5.5 Hz, 1H), 3.83 (s, 3H), 3.23-3.27 (m, 2H); 3C NMR
(75 MHz, CDCl;) 8 192.0, 163.6, 151.8, 142.6, 131.2 (overlapped),
1243, 112.8, 110.9, 110.5, 107.6, 55.5, 43.7, 38.6; FT-IR
(KBr) 1669 (C=0) cm™'; Ms m/z (%) 260 (M, 96), 192 (57), 166
(100), 123 (82).

6-Bromo-4'-methylthioflavanone (5ei): mp 108-109 °C;
'H NMR (300 MHz, CDCl;) & 8.25 (d, J = 2.2 Hz, 1H), 7.50
(dd, J = 8.4 Hz, J, = 2.3 Hz, 1H), 7.30 (d, J= 8.1 Hz, 2H), 7.19
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(d, J=8.1 Hz, 2H), 7.15 (d, J = 8.5 Hz, 1H), 4.67 (dd, J; = 12.5 4. Zhang, X.; Ma, Z.; Yang, G;; Zheng, Y. Modern Appl. Sci.
Hz, J» = 3.4 Hz, 1H), 330 (dd, J; = 16.5 Hz, J> = 12.6 Hz, 1H), 2011, 5, 217.

_ _ .13 5. Patonay, T.; Adam, W.; Levai, A.; Kover, P.; Nemeth, M.;
318 (dd, Ji =165 Hz, /=35 Hz, 1H), 2.36 (5, 3H), "C NMR Peters, E.-M.; Peters, K. J. Org. Chem. 2001, 66, 2275.
(75 MHz, CDCl3) 8 193.1, 141.1, 138.5, 136.3, 135.1, 131.8, 6. (a) Ponticello, G. S.; Freedman, M. B.; Habecker, C. N.;
129.7, 128.8, 127.2 (overlapped), 118.9, 46.3, 45.2, 21.1; FT-IR Holloway, M. K.; Amato, J. S.; Conn, R. S.; Baldwin, J.
(KBr) 1682 (C=0) cm™; Ms m/z (%) 334 (M'+2, 96), 332 J.J. Org. Chem. 1988, 53, 9. (b) Bates, D. K.'; L1 KJ Org.
(M*, 95), 242 (52), 240 (50), 216 (74), 214 (72), 118 (96), Chem. 2002, 67, 8662. (c) Cullen, A. Aluminium Triflate-

Mediated Organic Synthesis, Ph. D. Thesis, University of

105 (100). Johannesburg, 2011; p 168.
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