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Abslrul : Starting fro enolizing 1.2~diketones 1 and (2,2dlathoxyvinyli- 
dene)triphenylphosphorane (1) or from 2 and (2.2-dlethoxyvlnyl)triphewl- 
phosphonlu tetrafluorohorate (a) the orthoesters 2 are prepared. 9 can be 
hydrolyzed under acldlc conditions to glve 5-alkylldene-2(SH)-furan%es lo. 
Reaction of 1,2-hydroxyketones 11 and (2,2-dlethoxyvlnylldew)trIphenyl- 
phosphorane (2) vla Nlchael addition and Ylttlg reaction ytelds orthoesters 
2. which can be hydrolyzed to give 2(5H)-furanones 16 and P-ethoxyfuranS 
17 respectively. 
rconslderable variation of the substltuents (R') can be achieved starting 
from 11 and (2.2-d1ethoxyvlnyl)trlphenylphosphonlu tetrafluoroborates 2. - 

In numerous cases the Intramolecular Wlttlg reaction has proven to be an 

excellent method for the synthesis of cyclic compounds /2/. In thls connection 

the phosphacunulene ylides 1. /3/ and phosphdallene yllde 2 /4/ are of special 

Interest, since. 1 and 2 with H-acidic compounds contalnlng an extra carbonyl 

group, yield phosphoranes which subsequently undergo an Intramolecular Yittlg 

reaction. 1 1s suitable for the preparation of 5-alkylldene-2(5H)-furanones 

f1.57. whose Parent compound, protoanemonln (3) /6/, has antiblotlc activity. 

In addition, z Is a good precursor for the synthesis of anellated S-alkyll- 

dene-2(5H)-furanones /7/, which shou the saae connectlvlty as the well know 

antiblotlc. patulln (a) /8/. Ihls paper reports a conslderable simpllflcatlon 

and expanslon of the procedure described earlier. 
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Reaction of the enollzlng 1,2-dlketones 5 and (2,2-dlethoxyvlnylldene)trl- 

phenylphosphorane (1) forms the corresponding phosphonlum enolates 1. In the 

presence of sodium hydrlde the intermediates 1 can also be generated from the 

1,2-dlketones 2 and (2,2-dlethoxyvlnyl)trlphenylphosphonlum tetrafluoroborate 

(6). The phosphonlum enolates 7 further react to give the phosphoranes 8 

which, subsequently, In an Intramolecular Ylttlg reaction, yleld the ortho- 

esters 9 _. Actdlc hydrolysis of 2 gives 5-alkylldene-2(5H)-furanones't0. - 
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Phosphonlum alcoholates 13 (R4=H) /9/ are generated from the 1,2-hydroxy- 

ketones 11 and (2.2-dleth~yvlnylidene)trlphenylphosphorane (1). The substl- 

tuent pattern in 13 can be - substantlally enlarged, starting from (2,2-dl- 

ethoxyvlnyl)trlphenylphosphonlum tetrafluoroborates 12 (R4 = H corresponds to - 

6). 1.2-hydroxyketones 11 dnd sodium hydrlde. The phosphonium alcoholates 13 - - 
give the phosphoranes 14 spontaneously. - In an Intramolecular Wlttlg reaction 

the phosphoranes 14 cycllze to 2.2-diethoxy-2.5-dlhydrofurans 15. - - 
Acidic hydrolysis of the orthoesters 15 In aoueous p-toluenesulphonlc acid - 
yields Z(SH)-furanones 16 /lo/. Because of its many properties (phytotoxln, - 
pheromone, analeptlc, use ln perfume industry), (+)-dlhydroactlnldlollde 

((El, overall yleId 72X) is surely the most interesting of the examples 

glven belou /ll/. A concise asymmetrlc synthesis starting from E-2.6-dlnethyl- 

cyclohexanone and chlral lithium camphylanlde yields (5S)-dihydroactlnidlollde 

(166) in 27% overall yield /12/. - Hydrolysls of 15 at pH 7 leads to 2-ethoxy- - 
furans 17 /13/ (data see table 1). - 
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Experimmtrl Section 

General Procedure for the Synthesis of Orthoesters 2 End II; 

&thod A: Orthoesters 2 

To a suspension of 0.3 g (12.5 rmol) sodium hydride and (2.2-diethoxyvinyl)trtphenylphosphonium 

tetrdfluoroborate (6) (12.5 rmol) in 150 ml THF, a solution of the corresponding diketone 5 (12.5 

~1) in 50 ml THF is added. After stirring for 1.5h and refluxing for 3h the solvent is evaporated. 

The residue IS starred with 70 ml of n-hexane for 3h. Filtration and bulb-to-bulb distillation (SO- 

100°C/0.05 lorr) yield the orthoesters 9 as colourless. air-sensitive liquids. (Oat8 see table 1). 

Method B: Orthoesters 15 - 
70 a stirred suspension of 0.3 g (12.5 ml) sodiun hydride in 120 ml THF, is added d solution of 

the corresponding 2-hydroxyketone 11 (12.5 ~1) in 50 ml THF. After stlrrlng for 0.5h the corres- 

ponding (2.2-diethoxyvlnyl)triphenylphosphoniun tetrafluoroborate 5 or 12 is added. The mtxture is 

stirred for 1.5h at room tee@erdture and refluxed for 3h (work-up: details see procedure A). Bulb- 

to-bulb distllldtion (50-lOOWO.05 Torr) yields the orthoesters 15 as colourless. air-sensitive - 
Ilqutds. (Data see table 1). 

General Procedure for the Synthesis of 5-Alkylidene-2(5H)-furanones E and 2(5H)-Furanones 2: 

A solution of 10 rrnol of the corresponding orthoester 9 or 15 in 25 ml of dichloraethane is stirred - - 
uith 20 ml of 1X aqueous p-toluenesulphonlc acid for 2h. The organic phase is dried with sodiun sul- 

Phdte. Bulb-to-bulb distillation gives lactones 3 or 16 as colourless liquids. (Data see table 1). 

General Procedure for the Synthesls of 2-Ethoxyfurans 17: 

A solution of 10 nnol of the corresponding orthoester 2 in 25 al of dlchloranethane is stirred 

vigorously with 1 ml of water for 24h. The organic phase is dried with sodlu~ sulphate. Bulb-to- 

bulb distillatlwr gives 2-ethoxyfurans 2 as colourless, air-sensitive liquids. (Data see table 1). 
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Table 1: Compounds prepared 2, E, s, 16, rod 11 - 

Pro- Yield b.pPCl/Torr H5 IR (KEr/lOOS) 'Ii-NMR '3c-WI 

duct o(1 m.pPCl m/z [cm-'] 

w+1 

(CDCl,/lw (coc13/ms) 

(Solvent) (PPI. [pprrl 

2 71 53 

WeOH) 

322 l& (C-C). 

i?!? 69 .00~0.5 274 '665 (C=C). 

106 83 - 1'4 

(CleoH) 

248 1760 (C=O). 

'Ob 82 - 86 

(Ether) 

200 1755 (C=C). 

153 76 - 76/0.01 284 1744 (C=O). 

15b 67 - 60/0.01 1% 

(H-46) 

1640 (C=C). 

15c 83 - 70/0.8 240 1675 (C=C). 

1.26 (t, 6H, CH31; 15.28 -(Cy3); 59.4!.(OCl$k 

3.73 (t, 4H. CcH2); 102.65 (Cq); 124.i9,' 

5.56 (s, IH, =CH2);' 124.73. 126.43, '20.54, 

6.03 (s, lH, =CH);' 128.55 (aron. C); 131.66. 

7.26 (m, 2H, CH); ‘135.32, 144.30, 153.30, 

7.43 (s, 6H, CH); 

7.66 (n, 2H, CH). 

153.30 (=C). 

1.28 (t, W, CH2); 15.38. 18.44. 19.41 (CH3); 

1.43 (s, UC. CH3); 

I:89 (I. 3H, CH3); 

58.75 (oCH2); M8.93 (Cq); 

121.40, 135.64,' '43.12. 

3.73 (9. 1H, CcH2): 143.73 (=C); 116.25, 

5.85 (s, IH, =CH); 128.10. 128.34, 129.01 

7.40 (s, 5H. CH). (arorn. C). 

6.15 (s, ZH, =CH); 

7.36 (m, 2H, CH); 

7.50 (s. 6H, CH); 

7.76 (m, 2H. CH). 

113.63, 114.30 (=CH); 

128.28, 128.58. 129.07, 

130.32, 130.59. 132.77 

(atom. C); 147.59, 158.58 

(=C); 168.51 (GO). 

1.60 (s. 3H, CH3); 

2.10 (s, 3H, CH3); 

6.03 (s, lH, 0); 

7.40 (s, 5H, CH). 

19.22, 20.55 (CH3); 

117.80 (=CH); 152.64, 

127.55. 128.29, 129.08 

(aran. C); 132.86, 144.31, 

156.71 (=C); 168.08 (C=O). 

1.17 (t, 6HH, CH3); 

1.37-2.09 (In, w. 

CH2); 3.06 (s. 2H, 

CH2); 3.43, 3.56 

(q, 2H. 0CH2); 3.70 

(s, 3H, 0CH3); 4.30 

(m. 'H, CH). 

14.92 (CH3); 22.72, 25.05. 

25.84, 28.63, 34.09 (CH2); 

51.50 (OCH3); 53.51, 58.24, 

(KHZ); 81.60 (CH); 

118.51. 144.68 (=Cl; 

125.31 (Cq); 170.56 (C=O). 

1.20 (t. 6H. CH3); 

1.30 (d. JH, CH31; 

1.70 (s, 3H, CH3); 

2.80 (d, 2H. CH2); 

3.35 (q, 2H, MHZ); 

3.50 (q, 2H. 0CH2); 

4.55 (q, lH, CM); 

5.05 (m. ZH, =CH2); 

5.80 (m. lH, =CH). 

9.86, 14.89. 19.08 (CH3); 

28.45 (CH2); 57.46, 58.12 

(OCH2); 80.48 (CH); 

115.12 (.CH2); 125.47, 

126.95 (=C); 134.77 (=CH); 

139.84 (Cq). 

1.3 (t. 6H, CH3); 11.61, 15.13 (CH3); 21.87. 

1.58 (m. IOH, CH2); 24.90, 33.91 (CH2); 

1.73 (d, 3H, CH3); 57.78 (@IHE); 87.45 

3.59 (q, 4H, KHz); (Spiro-C); 119.2' (=CH); 

5.36 (d, lH, =CH). 122.49 (Cq); 149.85 (=C). 
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Table 1: Continued 

Pro- Yield b.pPCl/Torr MS IR (K&/100X) 'H-MR '3C-UWt 

duct (II m.pPCl m/z km-'1 (COCI3/THS) (cDCl3/Tm) 

(Solvent) @+I [PPl IPPII 

'Sd 83 - 

16a 81 - 

16b 70 - 

16c 92 - 

16d 07 - 

'7a 75 - 

J7J 66 

56/0.01 

51 

(Ether) 

55/0.01 

51 

(Ether) 

63/0.01 

75lO.15 

45/O-O' 

239 

(n-15) 

210 

152 

166 

'80 

238 

180 

1655 (C-C). 

1730, '745 

(C=O). 

1640 (WI; 

'740 (C=O). 

1634 (IX), 

1735 (Go). 

1625 ('Xl; 

1745 (C=O). 

1620 (C=C). 

1740 (C.0). 

1615, 1660 

(C=C). 

1.13 (5, 3H, CH3); 

1.22 (t, 6H, CH3); 

1.50 (5, 3H, Cli3); 

1.40-2.33 (m, 6H, 

CH2); 3.52, 3.70 (q. 

2H, OCH2); 5.35 (5. 

'H, mCH). 

0.9-3.07 (m. 8H, 

CH2); 3.30 (s. ZH, 

CH2); 3.70 (s, 3H, 

OCH3!; 4.75 (t, 'H, 

CH). 

1.45 (d. W, CH3); 

2.05 (s, UC. CH3); 

3.00 (d, 2H, CH2); 

4.90 (a. 'H, Cli); 

5.05 (d, 2H, =CH2); 

5.90 (m, lH, =CH). 

1.4-1.97 (m. 'OH. 

CH2); 2.03 (d. 3H, 

5.70 (n, 'H, =CH). 

1.23, 1.28, 1.55 (s, 

3H, CH3); 1.62-2.44 

(m. 6H, CH2); 5.61 

(s, 'H, =CH). 

1.37 (t, M, W3); 

1.58-2.10, 2.10-2.81 

(m, 4H, CH21; 4.03 

(q, 2H. KHZ); 4.97 

Is, 'H, =CH). 

1.30 (t, 3H, cM3); 

1.80 (s, 3H, CH3); 

2.10 (s. 3H, CH3); 

2.95 (d. 2H, CH2); 

4.05 (4. m. ocH2); 

5.00 (d, 2H, =CH2); 

5.85 (a, 'H. =CH). 

15.07, 15.25 (CH3); 19.83, 

24.75, 25.99 (CH2); 

30.0 (CH3); 34.43 (Cq); 

40.13. 41.25 (CH3); 57.21, 

58.33 (KHZ); 85.8' (Cq); 

116.03 (=C); 121.91 (Cq); 

159.55 (EC). 

22.23, 25.87, 26.36, 

27.99, 33.97 (CH2); 51.84 

(OCH3); 80.08 (CH); 116.48 

(mCH); 166.29 (=C); 169.59 

(C=O); 173.03 (C=O). 

11.59, 18.05 (CH3); 27.36 

(CH2); 79.30 (CH); 115.82, 

124.38 (=C); 133.26 (=CH); 

161.83 (=C); 173.42 (C=O). 

12.61 (CH3); 21.35, 23.93, 

32.70 (CH2); 88.36 (Spiro- 

C); 114.81 (=CH); 171.78 

(SC); 173.03 (C=O). 

19.02, 23.57, 23.78 (CH2); 

29.21. 39.52, 41.01 (CH3); 

35.88 (Cq); 86.51 (C-O); 

111.6 (=CH); 171.09 (=C); 

181.88 (GO). 

14.44 (CH3); 22.11, 22.34, 

22.93 (CH2); 66.52 (MHZ); 

81.08 (=CH); 117.18, 

140.02, 159.07 (=C). 

8.52, 10.98, 15.08 (CH3); 

26.70 (CH2); 69.01 (OCH2); 

98.77, 114.90, 137.20, 

153.59 (=cl; 114.30 

(=CH2); 136.81 (=CH). 
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Tobk 2: Anrlyticol Date of (bmpoundr 2, 16, l-5, 5 and E 

Conpound Formula Found [XI Calc. [%I 

9d 

s 

1Oa - 

lob - 

15a - 

15b T 
t5C - 

1M - 

16a - 

16b - 

16c - 

16d - 

173 - 

17b - 

(322.4) C 

C2,H2203 (274.4) C 

77.97 H 6.85 C 78.23 H 6.87 

C,7F&03 74.28 H 8.12 C 74.42 H 8.08 

(208.3) c al.79 H 4.57 C 82.24 H 4.86 C,7H1202 

Cl3Ul202 (200.2) C 77.09 H 6.01 C 78.07 H 6.03 

C15H2405 (2B4.3) C 62.85 H 8.46 C 63.36 H 8.50 

C13U2205 (258.3) C 60.05 H 8.42 C 60.45 H 8.58 

C,4H2403 (240.3) C 69.50 H 10.11 C 69.69 H 10.06 

C15H2603 (254.4) C 70.46 H 10.29 C 70.80 H 10.30 

Cl,H,404 (210.01 C 62.56 H 6.63 C 62.84 H 6.71 

C9H1202 (152.2) C 70.64 H 7.96 c 71.03 H 7.95 

ClOHl402 (166.2) C 71.96 H 8.87 C 72.25 H 8.84 

C,lU,602 (l80.2) C 73.05 H 8.79 C 73.30 H 8.94 

C10H1404 (198.2) C 60.12 H 7.03 C 60.59 H 7.11 

C,lH,602 (l80.3) c 73.03 H 8.87 C 73.30 H 8.95 
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