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FURAN RING AS MASKED 3-ACYLACRYLATE MOIETY. 

PRACNCAL SYNTHESIS OF RACEMIC 1E~4,4iETHYlENEDiOXYI-7-HYURUXY 

Z-OCTENOJC ACID, THE C-8 SUBUNIT OF PYRENUPHURIN. 
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Abutxmot: Furfural end acetone are the starting materiala for a new 
practical eyntheeis of racemic (E)4,4(ethylenedioxy)-7-hydmxy-2~ctenoic 
acid, the protected C-S subunit of Pyrenophorin. Furan ring has been used 
as masked 3-acylacrylate moiety. 

Undiminished efforts are m&ently devoted to search a convenient reagent for the B-acylacrylete 

synthon eince a large number of biologically active natural produete pwseee this moiety ee a 

structural feature.l-g Among them pyrenophorfnl (1) ie a macrocyclic 16nembered dilactide with 

fungicidal end cytoetetic activity produced by the plant pathogenic fungus PFsnqphora amrun and 

by wlfum ndfcima. The eyntheaie of pyrenophorin (1) hae been achieved by several route8 
7-2 

0yqLycH3 

,“L-d, OH OH 

3 
ti 2 

including the "dimerizing cycliaatlon" of ketal protected hydroxyacid 2. 8,12,13,17,19,21,25 

We wish to report here a practical synthesis of racemic (E)4,4(ethylenedioxy)-7-hydroxy-2-ootenoic 

acid (2). the protected building block of the C-6 subunit of pyrenophorin (1). Scheme 1 mmariae6 

our procedure. The more relevant featurw of our Strahgy are the chaise of the furan ring ee 

letent 3acylacrylate moiety and 2-furfural (9) end acetone (4) ae cheap starting materials. 

4-(P-Furyl)-3_buten-2-one (51, prepared from hrrfural and acetone by treatment with eodium 

hydroxide according to a well known prooedure, 26 
wee reduced with lithium aluminium hydride in 

tetrahydrofuran to give 4-(2-furylj-butan-2-01 (6) in 60% yield. Reaction with ecetic anhydride 
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and pyrldlne at room temperature afforded 7 In an almoat quantitative yield. The P-eubetituted 

furan 7 contslned the structural elements of the monomeric unit from which the dlollde system 1 

wae derived, wlth the 3-acylacrylate moiety conveniently masked ae furan ring. The crucial point 

In our sequence wan the regloselectlve oxldatlve ring cleavage of 2-substituted furan 7. To our 

knowledge several procedures have been uesd to perform such a reaction, 
27-28 

however we have found 

that pyrldlnlum chlorochromate (PCC) oxidation 
29 

of compound 7 and subsequent Jones CrGS oxidation 

of enedlcarbonyl compound 8 we4 the more convenient method to aohieve the preparation of racemlc 

(E)-7-acetoxy4-oxo-2~tenolc acid 9. Successive steps to have the protected unit 2 were 

accompllehed readily. In fact, compound 9 was treated with a 3x methanol solution of anhydrous 

ferric chloride at room temperature to give dleeter 10 In a 75% yield. The latter underwent 

ketallzatlon by a standard procedure to produce 11. Finally, the protected pyrenophorln subunit 2 

was obtained by treatment with potassium hydroxide In aqueous methanol. 

Thin eight ateps procedure provides racemlc (B)4,4(ethylenedioxy)-7-hydroxy-2- octenolc acid 

(2) in a 13% overall yield based on starting furfural (3) and acetone (4). Since the Wltsunobu 

reaction 
30 

allow the conversion of 2 Into pyrenophorln by a dl.merlzing cycllzatlon procedure 

8,12,13 
our route conatltutee a formal eyntheale of thle macrodlollde. 

-AL 

Proton Nl49 spectra were recorded at 90 MHz on a Varlan SK390 Instrument. 
1 
H shifts are given in 

parte per million from Me4Sl In C9C13 solvent. IR spectra were recorded with a Perkln EImer 257 

epectrophotometer. Microanalyses were performed by wing C, H, N Analyser model 185 from Hewlett 

Packard Co.. Vwor phee chromatographlc analyses were performed on a Carlo Brba Fractovap 4160 

HRCG l~trument wing capillary column of duran glass (O.ZM.32 xmx25 mt), stationary phase GVl 

(film thlcknese 0.4+&45&m). Purfuraldeyde, and acetic anhydride were distilled before use. 
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4-(2-Puryl)-3-huts+ P- (E$26 A 500 ml three necked flask equipped with mectiical stirrer, a 

reflux condenser and dropping funnel was charged with 16.6 ml (19.25 9, 0.2 mol) of 2-furylalde- 

hyde (3), 150 ml of water and 31.57 ml (25.0 g, 0.43 mall oY acetone (4). The mixture vas stirred 

and cooled to 10°C and 3.9% aqueous NaOH solution (3.75 ml) vas slowly added. The solution was then 

stirred 4 h at - temperature, then 10% aqueous H So solution was added until pH=5. The two 

layers which have formed vere separated and the upper%qdous layer vas OXtXWZted with ether (3x60 

ml). The organic extracts and the lover phase were combined, dried (Ng30,) % distilled to give 

19.5 g (70% yield) of compound 5_:1 bp 114-116°C/10 mnHg, mp 37-39V; lit : mp 37-39OC. IR 

(XRr) Y: 1680 (Go); 1615 (C-C) cm . H NNR b : 7.64-7.20 (m,2H); 6.81-6.43 (m.3Hl; 2.31 (s,3Hl. 
Anal. Calcd for C H 0 : 

882 
C. 70.57; H, 5.92. Found: C. 70.41; H, 5.76. 

4-(2-?uryl)-butem- (5,. In a 250 ml three necked flack equipped with mechanical stirrer, 

reflux condenser, dropping funnel and nitrogen flush, a suapenaion of LiAlH4 (0.7 g. 18 mol) in 

dry THF (50 ml) vas cooled at O°C and compound 5 (5.0 g, 36 small dissolved in dry THF (25 ml) YM 

slowly added. The mixture was stirred at room temperature during 1 h and the reaction Progres8 was 

monitored by vapor phase ch-tographic analysis. Water (50 ml) was ad&d and the solution VM 

acidified with 2N HCl until pH=5. The organic layer was then separated end the aqueous phase vae 

Distillation of solvent 

(6#% yield). IR (neat) 

: 7.38-7.25 (m.lHl; 6.33-6.20 (m,lH); 6.09-5.92 (m.lH); 3.98-3.60 (m, 
1H); 2.85-2.61 (m,2H); 2.32 (s,lH, disappeared by treatment with D20); 1.89-1.62 (m.2Hl; 1.16 

(d,3H,J=6.5 Hz). Anal. Calcd for C8H1202: C, 68.57; H, 8.63. Found: C, 68.66; H. 8.51. 

(f)4-(2-yuryl)-but~-2+I Acstata (z). A 50 ml flask equipped vith magnetical stirring and CaC12 

dry tube was charged with alcohol 6 (8.0 g. 56 nun011 acetic anhydride (5.84 g, 56 mnol) freshly 

distilled and dry pyridine (5.40 g, 68 Mel). The mixture was stirred during 1.5 h at room 

temperature and then extracted with ether (2x100 ml). The ethereal soluticn was washed with 10% 

aqueous Na2C0 solution (3x30 ml). 

was evaporat d 

2N HCl (3x30 ml), rater and finally dried (k&60,). The solvent 
at reduced pressure and the ret\duel distilled to afford 7 (10.0 g, 96% yield): bp 

98-100°C/2 nxnHg. IR (neat) Y: 1735 (Cl01 cm . H NNR : 7.55-7.53 (m,lHl: 6.71-6.50 (m,lH); 

6.39-6.20 (m.lH); 5.28-4.87 (m.lH): 2.89-2.57 (m,2H); 2.01 (s.3H); 2.16-1.73 (m,2H); 1.23 

(d,3H,J-6.5 Hz). Anal. Calcd for C10H1403: C. 65.91; H, 7.74. Found: C, 66.05; H. 7.90. 

(~)(g)7-Acetoxy4~o-2-octenal (5). In a 1 It two necked flask equipped with mechanical stirring 

and reflux condenser, compound 7 (3.6 g, 19.7 rrmol) vas dissolved in dichloromethan (400 ml). The 

solution was stirred and PCC (22.5 g, 104 enol) was added. The stirring was continued at - 

temperature during 12 h and then was refluxed 36 h (reaction progress was monitored by vapor phase 

chromatographic analysis). After cooling the mixture was diluted with ether (400 ml) and decanted. 

The residue was washed several times with ether. The organic phases were combined Md filtered 

through Fluoriail. Removing of the solvent under reduced pressure afforded 2.34 g (~_~ie~dl of 

compound 6 (96% pure by vpc). IR (neat) Y: 1730 (C=O esther); 1690 (GO); 1620 (C=Cl cm . H NNR 

6: 10.18-10.08 (m,lH); 7.16-7.00 (mY2H); 5.36-4.85 (m,lH); 3.14-2.75 (m.2H); 2.01 (s,3H) 2.20- 

1.73 (m,2H): 1.24 (d,3H,J=6.5 Hz). 

(d,lH,H,.,) J 

H N.M.R. (C6D ) 6: 9.27 (d,lH,H ), 6.40 (dd.1H.H 'Q;$ 

. 6.40 Ha; J -16.27 Hz; 

Anal.Calcd p orC H 0 

IJ 141.8 He for the ABX s&em CHR II CH,40. 

1. l4 4: C, B.59; H, 7.12. &d: C, 60.42: H, 7.25. 

(~)(K)7-Acetoxy4-~o-2-ootMoic Acid (2). In a 100 ml flank equipped vith a dropping funnel and 

magnetic stirring, compound 8 (2.0 g, 10 ranol) was dissolved in acetone (80 ml). The solutiar was 

cooled (O°C1 and 4 ml of Jones reagent (26.72 g of Cr03 in 23 ml of concentrated sulfuric acid 

than water until a volume of 100 ml) vere added. The mixture was stirred at O°C during 2 h 

(reaction progrese was monitored by vpc analysis) the acetone was removed at reduced pressure Md 

water (80 ml) was added. The mixture wae extracted with ether (4x30 ml) and the ethereal solution 

washed with 10% aqueous Na CC . The basic solution vas acidified with 2N HCl then extracted with 

ether (4x20 ml). Removing2tl?e solvent under pressure afforded 1.7 g (eoX yield) of 

compound 9 (98% pure by vpc): mp 6667OC; lit 

l,$educed 

-1 y-66.5V. IR (XRr) W: 36DC-2400 (CDOH); 1730 

(C=O); 1695 (C-0); 1670 (GO); 1625 (C=C) cm . H NNR 6: 10.06 (s,broad,lH); 7.04 (d,lH,J=16 

Ha); 6.60 (d,lH,J-16 Hz); 5.034.61 (m.lH); 2.90-2.45 (m,2H); 2.01 (s,3H); 2.04-1.59 (m.W); 1.17 

(d,3H,J=6.5 Hz). Anal. Calcd for C10H1405: C, 56.07; H, 6.59. Found: C. 56.21: H. 6.72. 

Uethyl(~((E)7-Acetoxy-4+xo- P-octenoate (10). Acid 9 (1.3 g, 6 mmol) vas dissolved vith a 3% 

methanolic solution of anhydrous ferric chloride (20 ml). After 72 h methanol was evaporated under 

reduced pressure, the residue was dissolved in ether (150 ml). washed with water, saturated 
aqueous NaHCO 

Calcd for CllH1605: C, 57.88: H, 7.07. Found: C. 57.70; H. 7.21. 
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Ib~l~f~~K~7-Acotarrj~,d~e~lsndi~~-2-oc~ (11). Cagound 10 (1.14 g, 5 naol) vae 

dieeolved in dry bensene (35 ml) and ethylene plycol (0.28 bl, 8.0 mmol), triethylorthoformate 

(0.90 ml, 5.4 ~~1011 and 0.2 ml of BF .Et 0. This mixture rue refluxed during 24 h. Then mixture 

WM vaehed with eaturated aqueous hCB3* 
compound 11 (1.2 g, !34% yield) M an oil. 

dried and waporated at mduced prpeeum to give 

IR (neat) Y: 1730 (C-O),1665 (C-0). HNHR d: 6.75 

(d,lH, J-16 Hz); 6.08 (d,lH,J-16 Hz); 5.204.80 (m,lH); 3.85 (e.3H); 2.90-2.65 (m.W); 2.02 

(a,3H); 2.10-1.70 (a,2H); 1.24 (d,3H,J-6.0 Hz). Anal. Calcd for C13H2006: C, 57.34; H, 7.40. 

Found: C. 57.31; M, 7.36. 

(i)(X)4,4-(Ktborl~ia)-7~~-2~~c Acid (2). To a solution of compound 11 (1.0 g, 3.6 

mnol) in methanol (25 ml) vae added 2N aqueous KOH solution (10 ml) and allowed to etand at room 

temperature during 7 h. Then the reaction mixture vae cooled (CI-~~C), 2N H2S0 added until pb3.5, 

and extrrrted with dichloromethane (3x30 ml). The orpanic extracts were co lected, raehed with f 

brine and dried o(ps04). The evaporation of the aolvent at reduced pressure afforded compyd12 

(0.70 g, 95%) ue an oil: IR (neat): Y=3600-2350 (COOH), 1720, 1690 (Cd)), 1625 (GC) cm . H 

NNR b: 6.60 (d.lH,J=16Hz); 6.05 (d.lH.J=lBHz); 5.6 (br e,2H); 4.05 (e.4H); 3.80 (m,lH); 2.25-1.45 

(m,4H); 1.2 (d.3H.J-6.5 Hz). Anal. Calcd for CloHl 05: 

& 

C, 55.54; H, 7.46. Found: C, 55#ld5H, 

7.38. Our sample shoved the eeme epectroecopic charac erietice described in the literature. ’ 
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