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Oxidative addition reactions mediated by metal saltsl,3-dicarbonyl compounds with a variety of vinyl sulfides
Mn", ce&, cd", and V) have received considerable were investigated. Reactions that were carried out with
attention in organic synthesis for the construction of carboneyclic vinyl sulfides were also successful. When 1,3-cyclo-
carbon bond$.Among these, manganese (lll) acetate anchexanedione1) was treated with vinyl sulfid®, cyclo-
ceric (IV) ammonium nitrate (CAN) have been used mostadductll was obtained in 57% vyield (entry 1). Treatment of
efficiently. CAN-mediated oxidative cycloaddition of 1,3- 1 with the vinyl sulfide7 afforded cycloadduci2 in 81%
dicarbonyl compounds to alkerfeginyl acetates,enol silyl  yield. In large-sized ring systems, cycloaddition reaction was
ethers® and enol ethetshas been studied extensively. also successful. Treatment bfwith vinyl sulfide 8 gave
Although these reactions have aroused great interest in
reactions for the synthesis of heterocyclic frameworks, thereable 1 Reaction of 1,3-dicarbonyl compounds with vinyl sulfides
is little information available on the CAN-mediated oxidative
cycloaddition to vinyl sulfides. We have been interestedEntry
in Ag(l)/Celite-mediated cycloaddition of 1,3-dicarbonyl
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cycloadductl3 in 80% yield. The stereochemistry bf-13 0 0

is assigned agis by spectroscopic analysis and by the /:SPh
analogy with the earlier reported d&t@n the other hand, O‘ v O‘ 5 SPh
OH

reaction of2 with phenyl 1-propenyl sulfid® with a 3: 2

ratio of stereoisomers, demonstrates a moderate solve 40 i © 20
dependence. Whehiwas treated in acetonitrile {C, 6 h), o
cycloadduct14 was obtained in 50% vyield as a 32:68

mixture ofcis- andtransisomers (entry 4). When THF was ﬂ, O‘ N

used, the yield was increased to 68%, but the stereosele CH,Cl, 0

tivity toward transisomer was decreased (entry 5). The O 21

stereochemical assignment of- and transisomers was
made by observation of coupling constants between vicine
protons of the dihydrofuran ring. Similarly, reaction of
dicarbonyl compound with vinyl sulfides 5-8 gave the
expected dihydrofurank5-18 in 58-77% yields. The results provides a simple and efficient synthesis of substituted
are summarized in Table 1. dihydrofurans, and has also been applied to the synthesis of
Next, we turned our attention to the synthesis of evodonegvodone and furonaphthoquinone natural products.
a furanomonoterpene isolated fr&wodia hortensié Fischer
reported that evodone exhibited strong germination inhibitory Experimental Section
activities and stimulatory effects toward@chizachyrium
scopariumseeds? Our conversion to evodone was carried All experiments were carried out under a nitrogen
out by thesynelimination of sulfidel4 (Scheme 2). The atmosphere. Merck precoated silica gel plates (Art. 5554)
adductl4 was first treated with sodium periodate in aqueouswith a fluorescent indicator were used for analytical TLC.
methanol at room temperature for 24 h to form the correFlash column chromatography was performed using silica
spondingcis- andtrans-sulfoxide, which upon refluxing for gel 9385 (Merck). Melting points were determined with
3 h with pyridine and active alumina in carbon tetrachloridemicrocover glasses on a Fisher-Johns apparatus and are
gave evodond9 (63%, 2 steps). This similar epimerization uncorrected. Proton nuclear magnetic resonalttNMVR)
of cis-sulfoxide had been reported by YoshikoShiThe  spectra were recorded on a Bruker Model ARX (300 MHz)
spectroscopic properties of our synthetic material agreedpectrometer. IR spectra were recorded on a JASCO FTIR
well with those reported in the literatufe. 5300 spectrophotometer. Mass and high resolution mass
Another application of this methodology to the total spectra were obtained with a JEOL JMS-700 spectrometer at
synthesis of avicequinone-B was next examined. Recentlfthe Korea Basic Science Institute.
avicequinone-B21 was isolated from the stem bark of General Procedure To a solution of 1,3-dicarbonyl
Avicennia alba?® It has been shown to have a great canceccompound (1.0 mmol) and vinyl sulfide (2.0 mmol) in
chemopreventive activity against Epstein-Barr virus earlyacetonitrile (20 mL) or THF (20 mmol) was added CAN
antigen (EBV-EA) activation, without showing any cyto- (1.206 g, 2.2 mmol) and NaHG@20 mg, 5.0 mmol) at 0
toxicity.X* The synthesis of avicequinone-B was started fronC or room temperature. The reaction mixture was stirred at
the commercially available 2-hydroxy-1,4-naphthoquinone0 °C for 6 h in acetonitrile or for 12 h at room temperature in
(4) (Scheme 3). Reaction dfwith phenyl vinyl sulfide (2- THF. The mixture was diluted with water and extracted with
fold excess) in the presence of 2.2 equivalents of CAN aethyl acetate (3 50 mL). The combined organic extracts
room temperature for 12 h in THF afforded dihydro- were washed with brine, dried (Mg@Qand evaporated
furonaphthoquinon@0 in 53% yield, without formation of under reduced pressure to give the residue. The residue was
any other possible regioisomers. Treatment26f with purified by flash column chromatography on sillica gel to
mMCPBA in CHCI, at room temperature for 24 h afforded give product.
avicequinone-B 21 in 85% vyield. The spectroscopic 2-Phenylsulfanyl-3,5,6,7-tetrahydro-2-benzofuran-4-
properties of our synthetic materidll agreed well with  one (10§°. Reaction of 1,3-cyclohexanediorig (112 mg, 1
those reported in the literatute. mmol) with phenyl vinyl sulfideg) (272 mg, 2 mmol) in
In conclusion, CAN-mediated oxidative cycloaddition of acetonitrile (20 mL) affordedO (158 mg, 64%) as a liquid:
1,3-dicarbonyls to vinyl sulfides is described. This method"H NMR (300 MHz, CDC}) 6 7.54-7.33 (5H, m), 6.09 (1H,
dd,J = 9.9, 5.9 Hz), 3.25 (1H, dd,= 15.5, 9.9 Hz), 2.83
(1H, dd,J = 15.5, 5.9 Hz), 2.45 (2H, m), 2.32 (2H, m), 2.02

o Nl MO o (2H, m); IR (neat) 2943, 1640, 1481, 1440, 1394, 1222,
oo 2)) CaC| 4:P A2OT /@L/\é 1178, 1058, 1021, 900, 870, 839¢m
g MRS g 8a-Phenylsulfanyl-1,2,3,3a,5,6,7,8a-octahydro-8-oxacyclo-

(cis:trans = 43:57) 19 pentafalinden-4-one (11) Reaction of 1,3-cyclohexanedione
14 evodone (1) (112 mg, 1 mmol) with vinyl sulfidé (352 mg, 2 mmol)
Scheme 2 in acetonitrile (20 mL) affordetil (163 mg, 57%) as a solid:

avicequinone-B

Scheme 3
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mp 42-43°C; *H NMR (300 MHz, CD) 67.59-7.56 (2H,  hydro-8-oxacyclopentag]inden-4-one (16) Reaction of
m), 7.35-7.26 (3H, m), 3.52 (1H, d,= 9.1 Hz), 2.41-1.48 5,5-dimethyl-1,3-cyclohexanedion8) ((140 mg, 1 mmol)
(m, 12H); IR (neat) 3057, 2946, 2868, 1638, 1476, 1439with vinyl sulfide 6 (353 mg, 2 mmol) in acetonitrile (20
1399, 1364, 1258, 1213, 1181, 1138, 1055, 1003, 908 cm mL) afforded16 (182 mg, 58%) as a solid: mp 731 *H
HRMS m/z (M) caled for G/H1g0,S: 286.1028. Found: NMR (300 MHz, CDCJ) o 7.58-7.56 (2H, m), 7.36-7.22
286.1025. (3H, m), 3.56 (1H, dJ = 8.3 Hz), 2.27-1.91 (6H, m), 1.82-
5a-Phenylsulfanyl-3,4,5a,6,7,8,9,9a-octahydrd-2di- 1.75 (2H, m), 1.60-1.45 (2H, m), 1.02 (3H, s), 0.85 (3H, s);
benzofuran-1-one (12) Reaction of 1,3-cyclohexanedione IR (neat) 3059, 2959, 2870, 1640, 1472, 1400, 1350, 1302,
(1) (112 mg, 1 mmol) with vinyl sulfid@ (381 mg, 2 mmol) 1250, 1208, 1163, 1142, 1034, 912" EnRMS m/z (M)
in acetonitrile (20 mL) affordeti2 (243 mg, 81%) as a solid: calcd for GoH220,S: 314.1341. Found: 314.1337.
mp 96-97°C; *H NMR (300 MHz, CDX) §7.58-7.53 (2H, 3,3-Dimethyl-5a-phenylsulfanyl-3,4,5a,6,7,8,9,9a-octa-
m), 7.37-7.29 (3H, m), 3.16 (1H, ddi= 6.7, 5.9 Hz), 2.41- hydro-2H-dibenzofuran-1-one (17) Reaction of 5,5-
2.37 (2H, m), 2.27-2.18 (2H, m), 1.98-1.89 (4H, m), 1.60-dimethyl-1,3-cyclohexanedion&)((140 mg, 1 mmol) with
1.41 (6H); IR (neat) 3057, 2946, 2866, 1638, 1474, 1454yinyl sulfide 7 (381 mg, 2 mmol) in acetonitrile (20 mL)
1439, 1399, 1248, 1181, 1136, 1061, 999%cHRMS m/z  afforded 17 (253 mg, 77%) as a solid: mp 81-82; H
(M™) calcd for GgH200,S: 300.1185. Found: 300.1185. NMR (300 MHz, CDCY) & 7.56-7.52 (2H, m), 7.38-7.22
9a-Phenylsulfanyl-1,2,3,4b,5,6,7,8,9a-decahydro-10-oxa- (3H, m), 3.16 (1H, dd] = 6.1, 6.0 Hz), 2.27 (2H, m), 2.13
benzop]azulen-4-one (13) Reaction of 1,3-cyclohexane- (2H, m), 1.98-1.86 (4H, m), 1.63-1.60 (2H, m), 1.47-1.42
dione () (112 mg, 1 mmol) with vinyl sulfid8 (409 mg, 2  (2H, m), 1.06 (6H, s); IR (neat) 3052, 2955, 2861, 1634,
mmol) in acetonitrile (20 mL) affordetB (252 mg, 80%) as 1439, 1400, 1348, 1298, 1263, 1229, 1167, 1134, 1015, 947
a solid: mp 80-82C; *H NMR (300 MHz, CDC}) §7.55- cmy; HRMS m/z (M) calcd for GoH»40,S: 328.1498.
7.51 (2H, m), 7.42-7.29 (3H, m), 3.21 (1H,X5 9.2 Hz), Found: 328.1499.
2.43-2.38 (2H, m), 2.32-2.16 (2H, m), 2.04-1.89 (4H, m), 2,2-Dimethyl-9a-phenylsulfanyl-1,2,3,4b,5,6,7,8,9a-deca-
1.76-1.35 (8H, m); IR (neat) 3057, 2930, 2853, 1642, 1453hydro-10-oxabenzofiJazulen-4-one (18) Reaction of 5,5-
1439, 1397, 1362, 1277, 1256, 1225, 1179, 1136, 1063, 998jmethyl-1,3-cyclohexanedion8)((140 mg, 1 mmol) with
984 cm?; MS (El) m/z 204 (M-PhSH) (100), 189 (30), 176 vinyl sulfide 8 (409 mg, 2 mmol) in acetonitrile (20 mL)
(63), 175 (46), 148 (43), 125 (20), 105 (17), 91 (20), 77 (14)afforded18 (242 mg, 71%) as a solid: 102-1%3; *H NMR
55 (18). (300 MHz, CDCYJ) & 7.55-7.50 (2H, m), 7.37-7.21 (3H, m),
3,6-Dimethyl-2-phenylsulfanyl-3,5,6,7-tetrahydro-#- 3.21 (1H, dJ = 9.2 Hz), 2.29 (2H, m), 2.16 (2H, m), 1.98-
benzofuran-4-one (14%. Method A: Reaction of 5-methyl- 1.90 (4H, m), 1.66-1.38 (6H, m), 1.10 (3H, s), 1.08 (3H, s);
1,3-cyclohexanedione) (126 mg, 1 mmol) with phenyl 1- IR (neat) 2943, 1640, 1481, 1440, 1394, 1222, 1178, 1058,
propenyl sulfided (308 mg, 2 mmol) in acetonitrile (20 mL) 1021, 900, 870, 839 ch MS m/z 232 (M-PhSH) (81), 204
afforded14 (137 mg, 50%) as a 32 : 68 mixturea and  (10), 176 (33), 167 (5), 153 (24), 148 (15), 110 (27), 97
trans-isomer: cis-isomer; 'H NMR (300 MHz, CDQ) & (230, 81 (20), 58 (33).
7.55-7.30 (5H, m), 6.10 (1H, d,= 9.0 Hz), 3.57 (1H, m), Evodone (19. To a solution ofi4 (137 mg, 0.5 mmol) in
2.53-2.11 (5H, m), 1.36 (3H, d=7.0 Hz), 1.11 (3H, d] = methanol (10 mL) was added a solution of Na(214 mg,
7.1 H2); IR (neat) 2953, 1642, 1439, 1395, 1204, 11381.0 mmol) in water (5 mL) at rom temperature. The reaction
1023, 911, 881, 847 c transisomer:'H NMR (300  mixture was stirred for 24 h at room temperature. After
MHz, CDCk) 6 7.53-7.30 (5H, m), 5.55 (1H, d= 5.6 Hz),  evaporation of solvent, the residue was diluted with water
3.21 (1H, m), 2.53-2.04 (5H, m), 1.31 (3H,X5 6.8 Hz),  and extracted with ethyl acetate{30 mL). The combined
1.10 (3H, dJ = 6.2 Hz); IR (neat) 2945, 1641, 1397, 1205, organic extracts were washed with brine, dried (MgSO
1022, 890 crtt. and evaporated under reduced pressure to give residue. The
Method B: Reaction of 5-methyl-1,3-cyclohexanedioneresidue was dissolved in CC{10 mL) containing active
(2) (126 mg, 1 mmol) with vinyl sulfidé (308 mg, 2 mmol)  Al,Oz; (500 mg) and pyridine (300 mg) and the mixture was
in THF (20 mL) affordedl4 (188 mg, 68%) as a 43:57 stirred at reflux for 3 h. Removal of solvent gave an oil
mixture ofcis- andtrans-isomer. which was purified by flash column chromatography on
6,6-Dimethyl-2-phenylsulfanyl-3,5,6,7-tetrahydro-#- silica gel to givel9 (52 mg, 63%) as a solid: mp 70 (lit.
benzofuran-4-one (15¥. Reaction of 5,5-dimethyl-1,3- mp 70-71°C); *H NMR (300 MHz, CDCJ) 6 7.06 (1H, s),
cyclohexanedione3j (140 mg, 1 mmol) with phenyl vinyl 2.92-2.21 (5H, m), 2.18 (3H, s), 1.14 (3HJd&; 6.3 Hz); IR
sulfide 6) (272 mg, 2 mmol) in acetonitrile (20 mL) (KBr) 3000, 2966, 1662, 1603, 1560, 1456, 1440, 1430,
afforded15 (165 mg, 60%) as a liquidd NMR (300 MHz, 1410, 1390, 1324, 1242, 1139, 1080, 1045, 100%.cm
CDCly) 67.54-7.31 (5H, m), 6.11 (1H, ddi= 10.0, 6.1 Hz), 2-Phenylsulfanyl-2,3-dihydronaphtho[2,3-b]furan-4,9-
3.27 (1H, ddJ = 15.5, 10.0 Hz), 2.82 (1H, ddi= 15.5, 6.1 dione (20) Reaction of 2-hydroxy-1,4-naphtoquinor® (
Hz), 2.31 (2H, s), 2.20 (2H, m), 1.08 (3H, s), 1.07 (3H, s); IR(174 mg, 1 mmol) with phenyl vinyl sulfid®) (272 mg, 2
(neat) 2953, 1644, 1400, 1304, 1273, 1213, 1167, 1043, 91&ymol) in THF (20 mL) afforde®0 (163 mg, 53%) as a
877 cm™. solid: mp. 151-152C; *H NMR (300 MHz, CDCJ) 68.15-
6,6-Dimethyl-8a-phenylsulfanyl-1,2,3,3a,5,6,7,8a-octa- 8.02 (2H, m), 7.73-7.64 (2H, m), 7.59-7.57 (2H, m), 7.34-
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7.31 (3H, m), 6.26 (1H, dd,= 10.0, 6.1 Hz), 3.63 (1H, dd, References and Notes
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combined organic extracts were washed with brine, dried 38 5671. (c) Lee, Y. R.; Kim, B. Setrahedron Lett1 997 38, 2095.
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