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Abstrnct An efficient four-step synthesis of g+xabicyclo 
co-2,9~ionss 18 described, together with a suaimary 

of additions1 chemistry that provides key Intermediates for 
poeeible elaboration into pseudoguoiooolides. 

The p~eudoguaionolldee are eeequiterpenoido that are mainly confined to the 

Compoeltoe, but nonethelese compr1e.e a family of at least five hundred 8tNcturee. 

Helenalln 2 Is a good example of thie clas8 - it haa a typical peeudoguaiano- 

llde structure coupled with a diverse array of biological activities: it 

exhibits potent anti-inflmtory activity (in rate)’ at around 2.5 mg.gg 
-1 ; 

and anti-tumour activity’ 8t 3.0 mg.Hg -’ (increase of lifeepm by 200% In rats 

bear in 

( 

the P388 leukaemla). Furthermore, it hae a long association with folk- 

lore:’ or example Its use by the Comnonche Indians (extracted from sneezeweed - 

Helenium mlcrocepholypl) to Induce sneezing following childbirth, with resultant 

rapid expulsion of the afterbirth. 

Numerous synthetic approaches to the pseudogualanolidee have been explored. 
5 

but moat 8re complex and involve many stages. Our overall strategy Is illuetra- 

ted in FIGURE ONE, md should allow acceaa to both pseudoguainnolides and 

guaianolides. In addition it providee opportunities for the assessment of the 

minirmm structures necessary for biologicnl activity. tir Initial studies 

in both areaa are the subject of this paper. 

We’ rsd others' have reviewed the oheristry a8d emthetic potential of 

oxyallyl cubocations, aDd for our initial model studlee the oxablcycle 2 wae 

employed l inq?.thie CM be easily prepued on the 100 g scale from 2,4- 

dlbromopentan-3-ooe and furan. 9 Catalytic hydrogenation (10% Pd on charcoal) 

yielded 2 , and alkylation with methyl bromoethanoate (LDA/TB?) yielded 
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FIGUBE ONE 

primarily the stereoisomer 4 in good overall yield (96 $ from 2 ). Treatment 

of this with trlwtbyl8llyl iodide’ (YeCN,BT), or better with a mixture of 

KI/CfIcl3 end 5’3.0EtZr lo (followed by addition of DBU for the 

‘NSI method) provided the B-oxabicycloC5.S.O3decn-3-en-2,9-dione 2 in 

good yield (up to 65% from 5 g. of 4. ). The lotennedlate p could be 

Isolated if the DBU ~88 omitted, nod tbe mecbani8m shorn in PIG. Tm thus seem8 
reasonable for the reaction TYSI. 

FIGURE TIO 

I DBU 

Conversion of 2 ihto the a-methyleoe lactooe 1 -8 achieved (olheit lo 

lor overall yield) vlr the sequence methylation (YeI/IllA, 65-70%). pheoylseleoeo- 

ylatfoo (PbBeCl/LDA) nod oxtdative elimination (EaOz, BoAc, O”, 18% for the 

tW 8t6fjWf. IO tbie conversion a mixture of tbe S-aelenenophenyl species g 

and the desired compound 8 wa8 obtaioed (ratio CP. 1:4). - Upon oxidation, 

the desired a-methylerm lactooe ~8 obt&loed from g., and the tertiary 



FIGURE T- 

Ea,b oh 11 - 

PIGURK FOUR 
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alcohol Lp (rearrangement and hydrolysis 19% yield) and diene (u) 

(~5% yield) from & . This whole sequence is Illustrated in PIG. TEMP. 

An X-ray crystallographic adalysis was carried out on 7, , and the ORTBP plot 

is shown in FIG. POUR. Intereatlngly, this a-methylene lactone had modest 

cytotoxic activity in vitro against the LI210 tumour line, whilst the lo-methyl 

compound L2 was devoid of activity. 

Another a-methylene lactone 13 was prepared via the sequence shown in 

FIG. FIVE. Reduction of compound 2 with sodium borohydride In ethanol 

yielded lactone 2 and alcohol 15 in a ratio of 1:4, and the lactone g 

was then converted into 1-3 via the method described previously. This compound 

exhibited no significant anti-tumour activity. 

PIGUKB FfVB 

0 

Q & 1111 

E 

LDA/YeI 
LDA/PbSeCl 

HZ02 

Finally, in an attempt to prepare tbe final cyclopentenone ring, lactone 2 

was treated (in the presence of CuBr.Me2S) with the Grlgoard reagent prepared 

from 2-(2-brcxnoethyl)-1,3-dioxolane to produce a mixture of acetals 16 (88%). 

These could be converted into the aldehydes 11 and 8 (ratio 2:l) using weak 

acid, but all attempt8 to effect ring closure via acid- or base-catalysed 

Aldol reactions were unsuioessful, with recovery of the aldehydeo 17 and s. - 
Presumably the retro-Aldol reaction Is more favoured; and alternative successful 

attempts to complete the synthesis will be described elsewhere. 
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merimental 

1.r. spectra were recorded with a Perkln-Elmer 157 double be= grating spectro- 

photometer (all samples were dlseolved in CB2C12): n.m.r. epectrb were recorded 

with a Perkin-Elmer 234 (22OyBz) inotrrtment, or with a Bruker VU400 (4OOMBz) 

inetrumeot (Uolverslty of Warwick) using tetramethylsilane ae Internal standard; 

flash chroaatography was performed uelog Merck elllca gel (250-400 mesh); 

solvents were distilled from calcium hydride when required anhydrous; and 

pet. ether means the fraction boiling between 40 and BOOC. The cycloadduct 

2,4-dlmethyl-8-oxablcycloC3.2.1loct-6-eo-3-one, 1, was prepared as described 

in ref. 8. 

2,4-Diwtthyl-8-oxabicycloC3.2.lloctao-3-one, 2 

A solution of 2,4+ilmethyl-8-oxabicycloC3.2.1loct-6-en~oe (9.8g, 64.5 ml) in 

A.R. ethyl acetate (200 cm3) was placed in a 500 cm3 Parr bottle, followed by 

a slurry of 10% Pd/C catalyst (900 mg) in ethyl acetate (20 cm3). This was 

subsequently hydrogenated for 18h at 3 atm pressure using a Parr hydrogenator. 

Catalyst me then filtered off through Celite, and the mother liquor concen- 

trated to 9.9g (loalb)of a clear oil, Rf 0.33 (light petroleum-diethyl ether 2:3). 

No further purification was necessary. 

" q ax 1707 (C-O), 1381, 1159, 1047, and 951 cm-'. 

6 (CDC13), 0.95 (6H,d,J7He,2xCH3), 1.7-1.9 (4H,m,CH2-6 and CH2-7). 

2.6-3.0 (2E,m,B-2 and H-4). 4.5(2E,m,E-1 and H-S). 

m/e (%) Y+ - 154(15), 98(20), 69(40), 56(100), 41(40). 

2,4-Dlmethyl-2-(methyl-2'-eth~oate)-8-oxabicycloC3.2.1loctoo-3-ooe, 3. 

Lithium diisopropyladde (20.2-l) was prepared from diisopropylamioe 

(2.85 cm3, 2.06g, 20.2 mmol) and n-hutyl lithium (12.65 cm3, 8.65g, 20.2 mmol) 

in dry TtiP (40 cm3) at O°C under nitrogen in 20 minutes. To this was added 

2,4-dlmethyl-8-oxabicyclol3.2.lloctan-3-one (l.QOg, 12.3 -01) in dry TBF 

(40 cm3) at -78'C. The resultant mixture was stirred at -78OC for 90 minutes 

under nitrogen. To the enolate anion thus rormed was added methyl bromoacetote 

(2.60 cm3, 4.2og, 30.75 mmol), and the mixture alloPed to warm to room tempera- 

ture, then allowed to stir for a further 24 hours. The reaction was quenched by 

addltioo of water (60 cm3) and the product extracted into ethyl acetate 

(4x50 cm3), before washing with brine (2x50 cm3), and drying over YgS04. 

Concentration under reduced pressure yielded a yellow oil. Any remaining traces 

of methyl brcnaoacetate were removed on a high vacuum pump, After flash chromato- 

graphy (light petroleum:diethyl ether - 2:3) 2.69g (98%) or a pale yellow 011 

was obtained. Pound: C 63.77%, H 8.07%; C131i1604 requires C 63.69%, F 8.01%. L 
V max 1738 (ester C-O), 1705 (ketone C-O), 1155, 1055, 1028, 953, 930, 902 cm-'. 

6 (CDC13) 0.95 (3H,d,J7Ba,CH3-4), 1.03 (3A,s,CE3-2), 1.70-1.90 (4H,m,CE2-6 and 

CH2-7), 2.57 (lH,d,J14Ex,H-2'a), 3.20 (lH,d,J14.5Hz,H-2'b), 3.00-3.30 (lH,m,H-4), 

3.65 (3H,s,0CH3), 4.20-4.40 (lE,m,ii-l), 4.42-4.60 (lH,m,H-5). 

m/e ($) 226.1195 (la), 195(19), 158(44), 128(88), lZS(lOO), lOO(SQ), 86(19), 

59(19), 57(15), 55(44), C12B1804 requires 226.1205. 

1,3-Dimethyl-8-oxobicyclo-C5.3.0l-dec-3-en-2,9-diooe,~, and 

l,3-Dlmethyl-4-~odo-8~xabicyclo-l5.3.Ol-decan-2,9-dione, 5. 

To ester i (6.674g, 29.5 ml) dissolved in benzene (3Oml) was added IodotrimethyL 

eilane (Q.soll, 66.5 mol). The mixture was then stirred for 4 hours at a temper- 

ature of 50+60°C under N2 and in the absence of light. The products were 

isolated by the addition of Na2S203 (50101 of a 0.5M eolution) and extraction with 

CH2C12 (x3). The organic extracts were combined and then washed with brioe 
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before drying over YgSQ4 and evaporating down to a pale yellow solid. This 

represents impure c from which an analytical sample could be obtained by flash 

chromatography (eluent ethyl acetate:ether 1:l). Rorever normally S was not 

isolated but carried through to 2. Thus the pale yellow solid me taken up in 

Tm (20 ml), DHIJ (4.6 ml, 31 oxnol) added and the mixture stirred for 10 minutes 

at room temperature. The solvent was revved under pressure and the remidue 

purified by flash chromatography (eluent ether) to give 2 4.5Olg as a clear oil, 

pure by t.1.c. (ether Ef 0.38) analysis. Yield 79%. 

V mpx 1790 (C-O, lactone), 1682 (C-O, conjugated ketone), 1381, 1352, 1210, 1200, 

1185, 1130, 1040, 1030, 978, and 952 cm-l. 

6 (lOOUiz, CDC13), 1.42 (3H,s,CH3-l), 1.9 (31i,m.CE3-3), 1.8+2.5!3 (4H,m,CH2-5 and 

CH2-6) and superimposed 2.3 (lH,d,J18Bz, H-lOa), 3.35 (lE,d,JlBHz,E-lob), 

4.4 (lH,dd,JlO and 3 5Hz,H-7), 6.2 (lH,m,H-4); 

m/e (Z) 194.0940 (Y+, 83), lSO(22), 111(35), 108(30), 99(16), 98(36), 96(18), 

95(100), 82(99), 71(17). 67(SO), 54(25), 53(26); C11E1403 requires 194.0943. 

Physical and spectroscopic details for S; white crystalline solid decoQp. pt. 

114’+6’C; found C 67.87%. H 7.37%; CllE1403 requires C 68.02%, R 7.26%. 

V max 1800 (C-0, lactone). 1707 (C-O, ketone), 1351, 1300, 1226, 1199, 1182, 1021, 
-1 

and 1011 cm . 
6 (loouHz, CDC13), 1.13 (3B,d, J’IHz, CH3-3), 1.43 (3H,s,CR3-I), 1.8e2.5 (4R,m, 

CH2-5 and CH2-6), 2.36 (lB,d,J18Az,E-lOa). 2.46 (lH,dq,J’I and 3.5Hz,E-3), 

3.18 (lH,d,JlBEz,H-lob), 4.45e4.6 (2H,m,E-7 and E-4). 

m/e (S). 195.1019 C11H1503 (U+- I, loo), 177(51), 153(20), 113(24),107(18), 

71(16), 69(38), 55(65); CllH1503 requires 195.1017. 

Preparation of 5 using Boron Trifluorlde and Potassium Iodide 

To a stirred solution of ester i (1.78g, 8.0 maol) and potassium iodide 

(4.27g, 25.4 axnol) in dry chloroform (30 cm3) under nitrogen at O°C, was added 

distilled boron trlfluoride etherate (3.2 cm3, 3.7g, 25.3 -1) dropwise. The 

reaction was then heated to 55OC and stirred for three days, when all the starting 

material had disappeared (t.1.c. analysis). 

The reaction was arorked-up by quenching with saturated sodium hydrogen carbonate 

(20 cm3) and extracting into diethyl ether (3x15 cm3). The organic extracts 

were then washed with aqueous sodium thiosulphote (20 cm3) and water (20 cm3), 

followed by drying over magnesium sulphate. Concentration gave a red/orange oil 

which was subsequently purified by flash column chromatography (2:l/diethyl 

ether:petroleum ether). Purification gave l.Olg (65%) of 2 at Rf-0.29 and a 

return of 0.59 (33%) of starting material at R, = 0.54. 

~3,lO-Trlmethyl-8-ox8bicyclo-[5.3.O)~ec-3-en-2,9~iOne, u. 

Lithium dlisopropylamide (37.6 raaol) was prepared from diisopropylamine 

(5.30 ml, 37.6 mmol) and n RuLi (22.1 ml of a 1.7Y solution, 37.6 omol) in dry 

THF, with stirring at -78OC under N2 for 20 minutes. To this was added 2 

(g.076 g, 31 -1) in THP (20 ml) and the mixture was stirred at -78O under N2 for 

1 hour. To the enolate was added methyl iodide (3.0 ml, 48 aanol) and the mixture 

was then allowed to warm up from -78OC to room temperature, uhile stirring under 

N2’ 
The reaction was quenched by the addition of Hz0 (2 50ml) and the product 

isolated by extraction of the aqueous phase with ether (x3). The organic 

extracts were combined, then washed with brine (xl) before drying over ggs04 and 

concentrating to an oil. Product purification was carried out by flash chromato- 

graphy (eluent ether) to give 4.37 g of 12 as a white crystalline solid (67%). - 

Physical and spectroscopic properties of ‘2; wbite crystalline solid 
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m.pt. 61+63°c; vmgx 1775 (C-0, lactone), 1676 (C-O, conjugated ketone), 

1350, 1221, 1199, 
-1 1160, 1136, 1026, 1008, and 970 cm ; 6 (lOOYHz, CLXZl), 

1.2 (3H.d.J 7H2, CH3-lo), 1.25 (3H,s,CH3-I), 1.85e2.1 (5H,m,Cli3-3 and (X2-6), 

2.3e2.5 (2H,m,CE2-5), 2.26 (lH,q,J 7Hz,H-lo), 4.25 (lH, dd, J 7 and 5H2, H-7), 

6.1 (lH,m,H-4); m/e ($), 208.1101 (Y*, 2.13), 125(34), 122(21), 108(46), 

97(22), 96(20), 95(66), 84(19), 63(79), 62(100), 66(16), 67(33), 55(37), 

54(24), 53(27); C12R1603 requires 206.1099. 

~,3-Dimethyl-lO-methylene-6~xablCyClo~5.3.O~-d0c-3~n-2,B~iOne I and the 
isomeric l,3,lO-trimethyl-6~xabicycloCS.3.Ol-dec-4-en-3-ol-2,9-dione 10 

Lithium dlisopropylamide (14.3 -1) was prepared from diisopropylamine 

(2 ml, 14.3 amol) and n RuLl (6.5 of a 1.7H solution, 14.4 urnol) in dry THF 

stirring at -78’C under N2 for 20 minutes. To this was added 12 2.OOg, - 
9.6 ml) in THF (11 ml) and the mixture stirred at -76OC under R2 for 50 minutes. 

To the thus formed enolate was added dropwise phenylselenenyl chloride (2.769 g, 

14.5 nxnol) in dry TRF (12 ml). The reaction was then allowed to warm up from 

-78OC to room temperature over 3 hours while stirring under N2. The reaction was 

quenched by the addition of RCl (50 ml of a 0.5Y solution) and the products 

extracted with ether (x3). The organic extracts were then combined and washed 

with brine before drying over YgsO 
8 

and the removal of the solvent to give an oil. 

Tbe t.1.c. (ether:pet. ether 40-60 3:2) analysis of this oil shoaRd the presence 

of phenylselenenyl chloride, tnu major product components (Rf’s 0.46 and 0.39), 

and one minor product component (Rf 0.30). The use of flash chromatography 

(eluent ether:pet. ether 40+60° 3:2) yielded these product components in the 

following quantities: 0.306g (Rf 0.46), 1.469g (Rf 0.39) and 0.3OOg (Rf 0.30). 

Each product component was then submitted to oxidation with hydrogen peroxide. 

Thus for example the product component with Rf 0.39 (1.469g) was dissolved in 

THF (15 ml) and acetic acid (0.6 ml), cooling to O°C. To the solution was added 

hydrogen peroxide (2.9 ml of a 30% l/v solution) and the mixture was stirred for 

1 hour at O°C. The reaction was quenched with saturated NaRC03 solution and the 

product extracted with CH2C12 (x3). The organic extracts were combined and 

washed with brine (xl) before drying over Yg6D4 and concentrating to an oil. 

Product purification by flash chromatography (eluent ether:pet. ether 40+60° 7:3) 

gave 359 mg of 2 (16%) and 300 mg of e (14%). 

Physical and spectroscopic details for 7_; white crystalline solid m.pt. 

llo-r112°c; Vmax 1760 (C-O, conjugated lactone), 1662 (C-O, conjugated ketone), 

1276, 1203. 1152, 1039. 1016, 970 and 959 cm-‘; 6 (lOOYHz, CDCl), 1.46 (3H, s, 

cH3-1). 1.85 (3H, m, CH3-3), 1.9a2.5 (4H, m, CH2-5 and CH2-6). 4.46 (lH, dd, J 9 

and 3112, H-7), 5.46 (lH, 8, 0x0 -C-H), 6.05 (lH, m, H-4), 6.3 (lH, 8, exo -C-R); 

m/e (S), 206.0946 (Y*, 33), 163(45), 136(100), 126(71), 124(20), 110(21), 

95(59), 63(26), 82(63), 81(73), 60(23), 79(37), 66(25), 67(47), 55(27), 54(40). 

53(67); C12H1403 requires 206.0942. 

Physical and spectroscopic details for E; white crystalline solid m.pt. 

51+56’C; v_ 3470 (OH), 1780 (C-O, lactose), 1705 (C-O, ketone), 1350, 1139, 
-1 1102, 1030, and 1007 cm ; 6 (100 MHz, CDC13), 1.3 (3H. d, J 7Hz. CH3-IO), 

1.42 (3H1, 8, CH3-I), 1.56 (3H, Y, (X3-3), 2.35+2.5 (2H. m. CH2-6), 3.45 (lH, q, 

J 7H2, H-lo), 4.2 (lH, 8, D20 exchanges. OH), 4.5 (lH, dd, .J 6 and 5H2, H-7), 

5.7 (2H. m, H-4 and H-5); m/c (S), 196 (Y+ -CO, 1.79). 112(16), 65(4), 

64(100), 63(Q), 69(43), 55(Q). 

Product component with Rf 0.46 on oxidation and product purification gave 
rise to 101 mg of a 106 (5%) as a white crystalline solid m.pt. 106-112°; - 
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” max 3480 (OH), 1780 (C-0, lactone), 1704 (C-O, ketone), 

1006, and 730 cm-l; 

1348, 1200, 1138, 1101, 

6 (100 NHZ, CDcl), 1.26 (3R,d,J 7H2, CH3-IO), 1.48 (3H,s, 

cB3-l), 1.52 (3H,s,CH3-3), 2.2-2.6(2E,m,CH2-6), 3.3 (lE,q,J 7Ht,H-lo), 

3.4(1P,br.s,D20 exchanges,O?i), 4.85(lH.dd,J 9.5 and 5Hz), 5.8 (2B,m,H-4 and 

H-5); m/e (%), 196 (Y+ -CO, l-a), 112 (17), 85 (17). 84 (loo), 83 (6), 69 (37). 

55 (10). 

2,7-Dimethyl-5,ll-dioxatricyclo-I6.2.1.02’6l-undecan4-one, 2, and 

and 2,4-dimethy1-2-(carbowthoxymethy1)-8-oxab1cyc1o-C3.2.13~ctan-3~1. 15 

To ketone i (S.SlOg, 24.4 axnol) dissolved in fsopropanof (25 ml) at 50-55OC 

was added NaBH4 (O.QSg, 35.0 mmol) stirring at 50-5S°C for 3 hours. Products 

were isolated by removing the isopropanol under reduced pressure, adding 

NH4Cl solution (5% soln. 50 ml) to the residue and extracting with ethyl 

acetate (x4). products were purified by flash chromatography (eluent CH2C12: 

ether 4: 1) to give 1.072g of E, 1.888g of Ei, 0.86Og of the isopropyl ester 

analogue of 15 and 0.2OOg of a mixture of products in yields of 22%, 34% and - 
14% respectively. 

Physical and spectral properties oili; white crystalline solid m.pt. 

84-86’C; vaax 1770 (lactone C-O), 1160, 1041, 1032, 997, and 926 cm-‘; 

6(22OYHz, CDC13), 1,0(3H, d, J 7H2, (X3-7), 1.08 f3E. 8, CH3-2), 1.6-2.0 (58, in, 

cE2-9, csi2-10, and H-7). 2.08 (1H. d, J 17Ha, H-3~). 3.13 (lH, m, B-l), 

4.2 (lH, m, H-8); m/e (S), 196 (Y’) (17), 128(11), 98(33), 81(17), 80(18), 

71(100), 70(32). 69(33). 68(15), 67(29), 55(31); CllH1603 requires C 87.32, 

E 8.22; found C 87.11 and H 8.26%. 

Physical and spectral properties of Is; white crystalline solid m.pt. 

73-74Oc; vmpx 3450 (-OH), 1730 (ester C-O), 1241, 1207, 1190, 1145, 1040, 1009, 

989, and 964 cm-l; 6 (100 MHz, CDC13), 0.92(3B.d,J 7Ez,CH3-4), l.O5(3R,e, 

‘X3-2), 2.46(lfi,d,J 14Hz,CIi2C02)r 2.63(13,d,J 14Ha,Cff2C02), 3.@(IH,d,J ‘IIfz,h-l), 

Q.OS(lH,dd,J 7 and 4Hz,A-5); m/e, 228 (Y+), 

2,7-Dimetbyl-3-methylene-5,ll-dioxatricyclo-[:6.2.1.02’6lunde~an-rl-one 13 

This was prepared as described for compound 1, and had the. followfog 

physical and spectral properties: wbite crystalline product m.pt. 130-132’C; 

V lDpx 1755 (lactone C-O), 1668 (C-C), 1381, 12B6, 1111, 995. and 945 cm -1 
; 

6 (220 MHZ, CfK313), 1.02(3H,d.J 7Hz,CH3-7). 1.12(3H,s,CH3-2). 1.65~2.1(5H,m, 

CH2-9, Cli2-10 and H-7 ), 3.88(lH,d,J QHa,H-6), 4.15(1H,m,H-8), 4.45(1H,m,H-I), 

5,53(1H,s,C-C-H) and 6.33(lH,s,C-C-H); m/e, (%), 208.1097 (g+, 0.52). 111(11), 

116(100), 98(6), 80(5), 71(41). 55(e). 54(S), 53(5). C12H1603 requires 208.1099. 

1,3-dimethyl-4-formylethyl-B-oxlbicycloCS.3.0ldeca-2,Q-diones 17 and 18 

Dry magneskum turnings (0.54g, 23 ml) were placed in a three-neck 8.8. 

flask with dry THF (40 cm3) and a crystal of iodine. A condenser and solids 

rdditlon tube containing dimethyl sulphide-copper bromide complex (1.120, 

5.4 -01) were attached and the system placed under nitrogen. One tenth OS a 

solution of 2-f2-bromctethyl)-1,3-dioxolane (2.40 cm3, 3.7lg, 21 nxaol) in dry 

TBP (20 cm3) was added to the magnesium turniogs, and the flask placed in a 

hot water bath to initiate the reaction. Once started (10 mins.) the remainder 

of the bromoacetal wls added dropwise, and the reaction allowed to attr tor 

1 hour. 
The flask was subsequently cooled to -78OC and the Ye2S.CuBr complex added. 

The mixture was then placed in a -24’C bath (CC14/dry ice), and stirred for 
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10 minutes. During this period a grey-green colour developed. The ketone (2) 

(0.830, 4.2 mmol) in dry Trip (20 cm3) was added slowly and the reaction mixture 

allowed to warm to O°C over a period of 90 minutes, whereupon the reaction was 

uijudged complete. 

Work-up was performed by quenching with saturated mnium chloride 

(30 cm31 and the product extracted into diethyl ether (3x30 cm3). After whing 

with brine, the organic extracts were dried over Y&IO4 and concentrated to a 

yellow oil. Purification by Zlash column chromatography (ether:petrol/4:1) 

gave a mixture of two stereoisaners E (opprox. 2:l) in a total yield of 

88% (l.lOg). 

This mixture of the stereoisomers (400 mg,, 1.35 nmolf was placed in a 

R.B. flask with A.R. acetone (15 cm3) and 2Y HCl (2 cm3), and the mixture stirred 

at roam temperature for 18 hours. Analysis by t.1.c. revealed a slower-running 

product (Rf 0.23 cf. 0.33; ether). The reaction was worked up after 36 hours 

by addition of saturated sodium bicarbonate solution (30 cm3), before extraction 

of products into ether (3x20 cm3). The combined organic extracts were washed 

with brine before drying and concentrated to give a yellow 011. Purification by 

flash column cbrapatogrrphy fetber:petrol/4:1) produced a co-chromatographing 

mixture of two aldebydes E and 2 in a ratio of 2:l respectively. Yield =s 

76% (258 mg.). 

V _,(neat) 2940, 1780, 1710, 1670, 1455, 1360, 1200, 1015 and 955 cm-l; 

For compound II: 6 (CBC13, 400 YIIz) 1,15(d,J 7Hz,3H,3-Ye), 1.32 (8, 3H,l-Ye), 

1.50-1.65 (m,2B.4-II and S-H), 1.65-1.85 (m, 2H,&H and l'-H),1.85-2.0(m,2H,S-II 

and 6-H), 2.40 (m,2H,2'-R2), 2.52 (d,J 18.5Bz,lH,lO-R), 2.70 (d, J 18.5Hz,lH. 

10-H), 2.83 (m,lB,3-II), 4.50 (m,lB,?-H), 9.23 (t,lH.CHO) ppm; 

For compound Is: 6 (cDc13, 4OOYBz), 1.1-1.2 (m.lH,l' -I), 1.14 (d, J 6.8X2, 3H, 

3-Ye), 1.39 (s,JH,l-Ye), 1.50-1.60 (m,lH,6-H), 1.68-1.78 (m,28,4-H and 5-H), 

1.78-1.80 (m, lH, S-H), 1.80-1.95 (m,2H,6-H and 1.-H), 2.27 (d,J 18.2Hz,lH,lO-Ii), 

2.35-2.50 (m,2H,2'-H2), 3.00 (m,lB,3-II), 3.10 (d,J 18.2Hz,lH,lO-H), 4.38 (dd, 

J 2.1 and 11.4H2, lH,7-Ii), 9.85 (t,lH,CHO), ppm; 

for the mixture of 11 and 2: found C 66.68, H 7.9%; 

C14H2004 requires: C 66.63%; H 7.99%. 
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