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. AR (30~60C)FI L TR LB 4w 72808, i
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PUsmemy . ol RS R, 2, 1,2- =5
LA CaH, MR AL L,

(2) XHS. S50 P H BB AR S A iy Al U
RIS R A BR AR X 7K R A3 AU A 7 7R e TR
JG /K TG A Bk AR I S s ek OB 3 il )N Allfa,
Aldrich F1 Acros W4 >%. 44 f: Yanaco #4 £l s A (H A
ZOl R ARl B T R 28 IE). IR % 1 Thermo
Electron Corporation Nicolet AVATAR 330 FT-IR ZL.4}
A 5, % 1 VG-ZAB-HS U AL #F, JT 25 08T
t Elementar Vario 47 176 2 40 #1143 %], "H NMR J]
Varian Mercury 200 F1 300 #% i 3 4% {7 200 MHz
300 MHz /% Brucker ARX 400#%Hi3EHRIXAE400 MHz
W5 VYRR LT (MeySi) i bR, 22478 L ppm 3R
&, B A H BN BLAL O Hz, C NMR ] Varian Mer-
cury 200 A1 300 # L ARAXAE 50 MHz 1 75 MHz LA
J Brucker ARX 400 #% i S 4R AE 100 MHz Il & .
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23 B-BR TR T EMBEEE la~k £ NaH f/ER T
P B8 P ) SR

AP, 25 mL BB S, K AR
NaH(60%, S H ), 0.6 mmol), K T Fish™ ¥ 5
Py BRI 2 mL A A 2 A s, HiFE2 min,
B RIS S, R A R = . I
J5/K THE(10 mL)FEY) 1(0.5 mmol), TLC il J5i K}
HRIE, MREA KR, SRR, &
HA WA, JoKBRRREE T, o uEle T%m, 15200
B AW FE R RE (LA ik A 4 90 20 5 4l fh 15 2k
W =49 2.

2-FHRE-4-FEMENE (2a) 7% 97%. IR (film)
2922, 1127, 909, 746, 734, 692 cm™'; '"H NMR (CDCl;,
300 MHz) & 2.32 (s, 3 H), 6.30 (s, 1 H), 7.20~7.26 (m,
1 H), 7.31~7.37 (m, 2 H), 7.43~7.47 (m, 2 H), 7.58 (s,
1 H); “C NMR (CDCly, 75 MHz) & 13.59, 104.84,
125.65, 126.71, 127.16, 128.70, 132.83, 136.60, 153.24;
EI-MS (m/2): 158 (M", 100), 306 (3), 129 67), 115 1),
77 (11).

2-FIdE-4-3,4- T GURSLEM (2b) 77 E: 90%.
IR (film) 1761, 1555, 1473, 1134, 1029, 800, 652 cm™';
'H NMR (CDCls, 300 MHz) & 2.31 (s, 3 H), 6.22 (s,
1 H), 7.23 (dd, J=2.1, 8.4 Hz, 1 H), 7.38 (d, J=8.4 Hz,
1 H), 7.49 (d, J=2.1 Hz, 1 H), 7.55 (d, J=0.6 Hz, 1 H);
3C NMR (CDCls, 75 MHz) & 13.52, 104.46, 124.80,
125.16, 127.29, 130.26, 130.55, 132.69, 132.97, 137.17,
153.79; EI-MS (m/2): 226 (M, 100), 197 (18), 162 (29),
128 (37). HRMS 141 1ii: C;;HsO”Cl, [M] 225.99522;
SR 225.99545.

2-FHE-4-(4-FRAUR LRI (20) /7% 92%. IR
(film) 2954, 1557, 1504, 1251, 1124, 1031, 835, 805,
756 cm™'; '"H NMR (CDCls, 300 MHz) & 2.30 (s, 3 H),
3.78 (s, 3 H), 6.24 (t, J=0.9 Hz, 1 H), 6.88 (dd, J=2.4,
6.6 Hz, 2 H), 7.36 (dd, J=2.4, 6.6 Hz, 2 H), 7.49(d, J=
0.6 Hz, 1 H); “C NMR (CDCly, 75 MHz) & 13.53,
55.18, 104.84, 114.09, 125.43, 126.73, 135.72, 153.02,
158.50; EI-MS (m/2): 188 (M, 100), 173 (57), 159 (12),
145 (16), 115 (23).

2- WL 4-(A-G I (2d) PP 99%. IR
(film) 2924, 1132, 1096, 908, 832, 800, 735 cm™'; 'H
NMR (CDCls, 300 MHz) &: 2.31 (s, 3 H), 6.23 (s, 1 H),
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7.28~7.36 (m, 4 H), 7.54(d, J=0.6 Hz, 1 H); *C NMR
(CDCls, 75 MHz) & 13.52, 104.65, 126.12, 126.81,
128.82, 131.32, 132.27, 136.72, 153.50; EI-MS (m/2):
192 (M, 100), 163 (21), 149 (8), 129 (48).

2- I -4-(4-J R FE) R (28) 7% 92%. IR
(film) 2924, 1131, 908, 830, 800, 734 cm™'; 'H NMR
(CDCls, 300 MHz) & 2.32 (s, 3 H), 6.24 (s, 1 H), 7.30
(dd, J=2.1, 6.6 Hz, 2 H), 7.46 (dd, J=2.1, 6.6 Hz, 2 H),
7.56 (s, 1 H); "C NMR (CDCl;, 75 MHz) & 13.55,
104.60, 120.31, 126.16, 127.16, 131.76, 136.75, 153.53;
EI-MS (m/2): 236 (M, 100), 207 (15), 128 (56), 111
(23), 71 (39).

2- U E-4-(4- I HR R WRIRG (2) 7% 94%. IR
(film) 2917, 1558, 1129, 909, 805, 732 cm™'; 'H NMR
(CDCls, 300 MHz) & 2.31 (s, 3 H), 2.34 (s, 3 H), 6.27
(s, 1 H), 7.14~7.17 (m, 2 H), 7.33~7.36 (m, 2 H), 7.55
(s, 1 H); *C NMR (CDCl;, 75 MHz) & 13.58, 21.10,
104.87, 125.54, 127.11, 129.03, 129.37, 136.24, 136.36,
153.06; EI-MS (m/2): 172 (M", 100), 143 (27), 129 (40),
115 (14).

2-FE-4-(3-FA R L) RIR (29) 7 %: 90%. IR
(film) 2958, 2835, 1604, 1579, 1228, 1166, 1128, 1043,
920, 831, 823, 779, 690 cm™"; "H NMR (CDCls, 300 MHz)
& 2.30 (s, 3 H), 3.80 (s, 3 H), 6.28 (s, 1 H), 6.76~6.80
(m,1 H), 6.98~7.06 (m, 2 H), 7.23~7.28 (m, 1 H), 7.57
(s, 1 H); *C NMR (CDCl;, 75 MHz) & 13.50, 55.09,
104.87, 111.39, 111.96, 118.17, 127.03, 129.66, 134.17,
136.77, 153.16, 159.85; EI-MS (m/z): 188 (M", 100),
159 (18), 145 (17), 129 (12), 115 (28). HRMS -5 1f:
C1,H 1,0, [M'] 188.0837; SZIGAi: 188.0835.

2-FHE-4-(3-F AR ELEIR (2h)  7=#: 96%. IR
(film) 2921, 1599, 1132, 919, 783, 761, 686 cm™'; 'H
NMR (CDCls, 300 MHz) & 2.32 (s, 3 H), 6.26 (s, 1 H),
7.20~7.33 (m, 3 H), 7.42~7.43 (m, 1 H), 7.58 (s, 1 H);
C NMR (CDCls, 75 MHz) & 13.52, 104.61, 123.68,
125.65, 126.63, 129.03, 129.38, 129.90, 134.54, 137.06,
153.56; EI-MS (m/z): 192 (M", 100), 163 (20), 149 (8),
129 (70), 110 (22). HRMS #l5f: C;;H,0*Cl [M']
192.0342; SLEG{H: 192.0344.

2- FRE-4-(1- 28 3K (20) P& 95%. IR
(film) 3046, 1126, 918, 798, 776, 664 cm™'; '"H NMR
(CDCls, 300 MHz) & 2.37 (s, 3 H), 6.29 (s, 1 H),
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7.41~7.49 (m, 5 H), 7.75~7.80 (m, 1 H), 7.83~7.87 (m,
1 H), 8.16~8.20 (m, 1 H); *C NMR (CDCls, 75 MHz) &
13.57, 108.49, 125.42, 125.56, 125.70, 125.75, 126.00,
126.53, 127.50, 128.32, 131.23, 131.71, 133.82, 138.53,
152.33; EI-MS (mV2): 208 (M", 100), 193 (15), 179 (26),
165 (71), 152 (18), 89 (10). HRMS #154f: CsH,0
[M']208.0888; SZIGAi: 208.0887.

2,3- 4R BRI (2) ST E: 81%. IR
(film) 2924, 1758, 1139, 980, 903, 751, 699 cm™'; 'H
NMR (CDCls, 300 MHz) & 2.03 (s, 3 H), 2.26 (s, 3 H),
7.27~7.46 (m, 6 H); °C NMR (CDCl;, 75 MHz) & 9.20,
11.59, 113.09, 126.62, 127.75, 128.46, 128.87, 133.41,
136.65, 148.52; EI-MS (m/2): 172 (M*, 100), 157 (11),
143 (39), 129 (67), 115 (20), 77 (11).

2 1E I -4- A FENRI (2k) RNV EFTE A 1.5 h,
PP 86%. IR (film) 2956, 2928, 2859, 1553, 1451,
1131, 927, 805, 767, 742, 693 cm™'; '"H NMR (CDCl;,
300 MHz) & 0.90 (t, J=7.2 Hz, 3 H), 1.32~1.38 (m, 4 H),
1.62~1.72 (m, 2 H), 2.63 (t, J=7.5 Hz, 2 H), 6.30 (s,
1 H), 7.20~7.51 (m, 5 H), 7.58(d, J=0.6 Hz, 1 H); °C
NMR (CDCly, 75 MHz) & 13.99, 22.41, 27.62, 28.05,
31.36, 103.94, 125.62, 126.65, 126.88, 128.67, 132.90,
136.49, 157.73; EI-MS (m/2): 214 (M", 61), 171 (15),
157 (100), 128 (42), 115 (11), 77 (8).

24 B-BRTIR T AL 3o~ 5K MBI R Y

FAGYTF, 50 mL= Ui, #2K Z440.45 mmol)
T LK THF %570(5S mL)H, Kk R E T-78CTK
N R, TV S 2 il t-BuLi(1.5 M IE b %,
0.36 mmol)Z 1% i Mk ) NAA R rp. PREF-78°C ] [V
30 min 7, FIE s 3 R SH 0 3(0.30 mmol) )
THF %5 mL). %585 & NV47 20 min TLC il R
BHE 2K, GNP ) s AA R H A HMPA(0.90 mmol),
HsA S, RRAARF R RN, TLC Wil F—
SRR I SRR, RN A4 FRFH RN S T A
K, CEEAEE 3 K, JoKBRDET 5, 1 I8 e+,
153 B IR AR WD AL BT (LA A Tk Ry e B0 73 125 24k
73 2RI 1) 4.

2-2K LM EE-3-ORFE-S- LW (da) R
62%. IR (film) 3060, 2196, 1482, 1158, 958, 755, 764,
690 cm™'; 'H NMR (CDCls, 300 MHz) & 2.34 (d, J=
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0.9 Hz, 3 H), 6.34 (d, J=0.9 Hz, 1 H), 7.27~7.44 (m,
6 H), 7.51~7.54 (m, 2 H), 7.80~7.84 (m, 2 H); *C NMR
(CDCl;, 75 MHz) & 13.87, 80.85, 95.89, 106.71,
122.66, 126.67, 127.38, 128.38, 128.43, 128.55, 130.70,
131.17, 132.26, 153.80; EI-MS (m/z): 258 (M", 81), 232
(20), 215 (45),123 (100), 77 (21), 45 (46). HRMS -5
fii: C1oH 40 [M']258.1045; SEZHAE: 258.1047.

2- 0K Lo -3-(4- R 2R O )-5- B R R (4b)
FEE: 61%. IR (film) 2918, 2200, 1554, 1485, 1442,
1156, 958, 823, 805, 754, 689 cm™'; "H NMR (CDCl;,
300 MHz) & 2.33 (d, J=0.9 Hz, 3 H), 2.36 (s, 3 H),
6.31 (d, J=0.9 Hz, 1 H), 7.20~7.23 (m, 2 H), 7.32~7.36
(m, 3 H), 7.51~7.54 (m, 2 H), 7.70~7.73 (m, 2 H); *C
NMR (CDCly, 75 MHz) & 13.84, 21.20, 81.00, 95.88,
106.69, 122.74, 126.54, 128.34, 129.23, 129.34, 130.74,
131.10, 137.17, 153.67; EI-MS (m/2): 272 (M*, 100),
257 (4), 229 (54),145 (16). HRMS #H51H: CyH;0
[M']272.1201; SEEG4H: 207.1203.

2-4 L FE -3-(3- W AR A JE )-5- BRI IR (4c)
FEE: 62%. IR (film) 2953, 2204, 1603, 1465, 1284,
1266, 1233, 1166, 1048, 1014, 780, 755, 688 cm™'; 'H
NMR (CDCls, 300 MHz) & 2.35 (s, 3 H), 3.82 (s, 3 H),
6.34 (s, 1 H), 6.84~6.88 (m, 1 H), 7.30~7.55 (m, 8 H);
5C NMR (CDCls, 75 MHz) & 13.85, 55.16, 80.82,
96.10, 106.75, 111.97, 113.24, 119.16, 122.59, 128.03,
128.38, 128.47, 129.52, 130.56, 131.16, 133.54, 153.79,
159.73; EI-MS (mVz): 288 (M*, 100), 273 (16), 245 (75),
202 (24), 105 (24), 77 (12). HRMS 81l : CyH;60,
[M']288.1150; SE4G1H: 288.1150.

2-TK LB -3-(2-WE Wy KL )-5- FH LR IR (4f) 77
#: 66%. IR (film) 2919, 1608, 1565, 1484, 1442, 1257,
1226, 1158, 802, 754, 689 cm™'; 'H NMR (CDCl;,
300 MHz) & 2.34 (d, J=0.6 Hz, 3 H), 6.31 (d, J=0.6 Hz,
1 H), 7.06~7.09 (m, 1 H), 7.25~7.30 (m, 1 H), 7.36~7.41
(m, 4 H), 7.58~7.61 (m, 2 H); >*C NMR (CDCl;, 75 MHz)
& 13.83, 80.34, 98.32, 106.33, 122.63, 124.48, 124.57,
125.74, 127.25, 128.42, 128.53, 130.38, 131.11, 134.74,
153.83; EI-MS (m/2): 264 (M', 100), 235 (5), 221
(58),176 (9), 129 (10). HRMS it 51E: C;H,08 [M']
264.0609; SLHH: 264.0603.

2- T LRI 3-(4- B A I)-5- AL (4g) 77

#: 62%. IR (film) 3050, 2917, 2192, 1550, 1497, 1482,
1093, 1070, 958, 833, 803, 754, 688 cm™'; '"H NMR
(CDCls, 300 MHz) & 2.36 (s, 3 H), 6.31 (s, 1 H),
7.35~7.40 (m, 5 H), 7.49~7.54 (m, 2 H), 7.73~7.76 (m,
2 H); >C NMR (CDCls, 75 MHz) & 13.87, 80.49, 96.28,
106.49, 122.44, 127.90, 128.45, 128.62, 128.73, 130.80,
131.20, 133.05, 154.02;

2-TR LRFE-3-FRFE-4,5- LRI (4k) PR
67%. IR (film) 3063, 2918, 2205, 1483, 1442, 1256,
1169, 1006, 769, 754, 699, 690 cm™'; "H NMR (CDCl;,
300 MHz) & 2.02 (s, 3 H), 2.30 (s, 3 H), 7.21~7.60 (m,
10 H); C NMR (CDCl;, 75 MHz) & 9.40, 11.93, 80.60,
94.52, 114.70, 122.81, 127.21, 128.12, 128.27, 128.72,
131.04, 131.97, 132.59, 149.73; EI-MS (m/z): 229 (M,
41), 145 (20), 77 (8), 43 (11). HRMS #IE1i: Cy0H;60
[M']272.1201; SEEGMH: 272.1201.

2.5 B-BK T T EEGRBERN Sa~e £E PSRt Al
IR PR P9 22

RAGRY T, 25 mL R T, K IE )
5(0.5 mmol), P,Ss (0.3 mmol)iE & T-J5/K FHA(5 mL)
W I 100°C T S, TLC WM 2 1~2 h J& SO 58 BR.
BT TR, 13 2005 R P 2R AT (LA A ik Tk A
VR 77 B8 Al A 15 2K IR 7= 47) 6.

2,5- I3 (41RO (6a) S 81%.
IR (film) 3054, 2918, 1577, 1488, 1221, 1074, 1007,
981, 829, 799, 739, 688 cm™'; 'H NMR (CDCl;, 300 MHz)
8 2.26 (s, 3 H), 2.35 (s, 3 H), 6.05 (s, 1 H), 7.18~7.21
(m, 2 H), 7.45~7.48 (m, 2 H); °*C NMR (CDCLs, 75 MHz)
& 12.92,13.31, 106.59, 119.76, 120.40, 128.81, 131.52,
133.41, 145.92, 149.92; EI-MS (m/z): 250 (M, 100),
207 (10), 170 (19), 128 (60), 43 (85).

2,5- L3R BEE (Bb)  FTE: 88%. IR
(film) 3056, 2919, 1602, 1581, 1440, 1220, 1009, 980,
926, 765, 744, 697 cm™"; '"H NMR (CDCl;, 300 MHz) &
2.28 (s, 3 H), 2.40 (s, 3 H), 6.11 (s, 1 H), 7.36~7.38 (m,
5 H); *C NMR (CDCly, 75 MHz) & 12.94, 13.37,
106.92, 121.40, 126.01, 127.34, 128.47, 134.53, 145.76,
149.69; EI-MS (mV2): 172 (M", 100), 157 (21), 129 (52),
43 (49).

2,5- 7 IHE-3-(4- SRR (B0) P E: 87%.
IR (film) 3064, 2919, 1579, 1493, 1222, 1093, 1007,
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982, 927, 832, 798, 740, 687 cm™'; '"H NMR (CDCls,
300 MHz) & 2.27 (s, 3 H), 2.36 (s, 3 H), 6.06 (s, 1 H),
7.25~7.34 (m, 4 H); *C NMR (CDCls, 75 MHz) &
12.91, 13.32, 106.67, 120.41, 128.50, 128.61, 131.74,
133.00, 145.93, 149.92; EI-MS (m/2): 206 (M', 100),
191 (12), 163 (18), 128 (24), 43 (46).

2,5- I HE-3-(3,4- AR R (6d) R
76%. IR (film) 2920, 1596, 1578, 1477, 1224, 1135,
1028, 799, 739, 687 cm™'; 'H NMR (CDCls, 300 MHz)
& 2.27 (s, 3 H), 2.37 (s, 3 H), 6.05 (s, 1 H), 7.15~7.18
(m, 1 H), 7.39~7.43 (m, 2 H); *C NMR (CDCl;, 75 MHz)
& 13.00, 13.32, 106.43, 119.49, 126.49, 128.93, 130.35,
130.44, 132.48, 134.66, 146.44, 150.21; EI-MS (m/z):
240 (M', 100), 225 (12), 197 (16), 162 (31), 141 (23),
43 (91).

2,5- R -3-(3-F LR L) R IR (Be) 7 A
85%. IR (film) 2920, 1608, 1222, 845, 784, 702 cm™';
'H NMR (CDCls, 300 MHz) & 2.28 (s, 3 H), 2.37 (s, 3 H),
240 (s, 3 H), 6.10 (s, 1 H), 7.04~7.07 (m, 1 H),
7.15~7.29 (m, 3 H); *C NMR (CDCl;, 75 MHz) &
12.94, 13.38, 21.48, 106.99, 121.44, 124.45, 126.81,
128.11, 128.38, 134.47, 138.01, 145.70, 149.60; EI-MS
(MV2): 186 (M", 100), 171 (30), 143 (35), 128 (26), 115
(16), 43 (40).

3 R
31 R A

B-106 M T IERR AR 1 0 AR . AT
K lam Fe 2t B B wRe B N R IR, 7F
NaH MERF, 7 THF F =i W 1 h GERAH S
MIIRAL, L 97% W 2643 21— AN IR J 35 25 1) R IR
PR 2. WLER AT RE R IXFER: NaH L BRIEY) 1la itk
M B A2 807, A B0 kBSOS v TR) R B O B, R
T A B e s Toe IR R [aA 8, Pk A AR 1 2
R 2, B AR AR R R
PhSSPh(/ 4).

LR, AT B AR B0 R T A T
WM T AN 0 #52 SR i L A gk . AR FRATT I 1k &R
rh, BRI OB OCHR, R 5 25 AT AR g A AL
U R R AT AR ) RN R AR R SR B

RIRIESE — MR AP 1 85 L HE ], Tsay /M E L
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Ph

Ph OH
>< L Zﬂ\ +  PhSSPh
PhS THF,RT, 1 h CH,

97, 0
1 10 2

NaH l T
ph_ —02 —
by R
PhS) H™ N H
7

Bl 4 B-BX_JH T EAGRBEREAE NaH 15 T A BURg
A B B- R 9 EHCL, AE T, FRAEXT

WM P03 1 SRR, 28 v )4 10, B K
W =) 10, He R AR T R R 1 5 2 (] By

MeO
MeO SPh . S}
HeCl, — )
—_— ‘} R:
R! R? CH,CI,, RT R o N
2~ SPh
OH k
9 10
MeO
-PhSH
- 7\
R! R?

O
11
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Synthesis of furan from allenic sulfide derivatives

PENG LingLing, ZHANG Xiu, MA Jie, ZHONG ZhenZhen, ZHANG Zhe, ZHANG Yan &
WANG JianBo

College of Chemistry, Peking University; Key Laboratory of Bioorganic Chemistry and Molecular Engineering of Ministry of Education,
Beijing National Laboratory of Molecular Sciences, Beijing 100871, China

Abstract: In this paper, we report the synthesis of furan derivatives from allenic sulfides. By the reaction with NaH,
[B-Hydroxyl allenic sulfides were found to generate furan products in excellent yields with the removal of phenylthio group.
[-Aldehyde allenic sulfides were found to give similar furan products with one more substituent when treated with

additional nucleophilic reagents. B-ketone allenic sulfides can also cyclize to give furan derivatives with the promotion
of P205.

Keywords: furan, allene, synthetic method, nucleophilic reaction
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