
T~*voL44No.4.pp. 11591210.1990 
RintsdinChMBfifh 

BEi ASPECTS ID TDE SYNTEESIS OF HDWO- AND DIA-S 

Inge Bock, Hans Bornoveki*, Andreas Ranft and Reinz Theie 

Institut far Organische Chemie der Technischen UnivereitBt Berlin 

Strabe des 17. Juni 135, D-1000 Berlin 12 

(Received in Get-many 2 August 1989) 

Sumary- 3-substituted furan eysteur can be obtained by alkylation of 3-lithium furans 
vith various electrophiles in the presence of hexawthylphosphoric acid triamide 
in good yields. The 2- or 5-position of &methyl furan is blocked vith high 
regioselectivity by silylation. After ntalation and alkylation of the remaining 
free a-position and subsequent desilylation the 2,3- and 2,4-disubstituted furans 
are obtained. These methods are used to synthesize the naturally occuring cow 
pounds ursinanolide (2) and longifolin (41. 

INTRODUCTION 

Alkyl substituted furan systems, especially 3-alkyl furans, 2-alkyl-3- and 2-alkyl-4- 

methyl furans are part of some naturally occurring compounds such as furospongin-2 (11, 

ursinanolide (2). lasiosperman (11 and longifolin I-’ (41 (Scheme 11. 
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Alkyl furanr are of increaring interest in organic eyuthesis, since the furan system is au 

important intermediate a*. and easily can be converted into open chain or cyclic 

functionalized etructures by means of oxidizing or dienopbilic reagents. x*v 

We herein report eimple synthetic routes to 3-alkyl furane v*la and 2-alkyl-3- resp. 2- 

alkyl-4-methyl furane, exemplified by the syntheses of the natural occurring compoundr 

ureinanolide (2). longifolin (4) and three isomer8 thereof 2 - 1 (see Scheme 1). 

3-ALI[YL FURANS 

The synthetic scheme is baaed on the preparation of )-lithium furan (23, which vas 

obtained by lithiation of )-brow furaa (&I II vith u-butyl lithium (BuLi) in tetra- 

hydrofuran (TBF) at -78 OC.** Further alkylation vith alkylhalidee or aldehydes as 

electrophilee led to 3-alkyl furane. The alkylation of 3-lithium furan (9) is limited to 

very reactive electrophiles, such ae aldehydes and allylic halides, if carried out in TBF 

(Scheme 2). To achieve a regioepecific metalation it is important to vork at temPerattIre 

belov -40 V, because at higher temperatures 2-lithium furan (lo) is formed frm 3-lithium 

furan (9) by tranmetalation. Hovever it vas found, that in the presence of 

hexamethylphoephoric acid triamide (iMPA) as cation-coaplexing agent *a, primary alkyl 

halide6 also reacted in good yields (Table 1). 

Scheme 2 

a)BuLi/TBF/-78 W2h; b) electrophile (see Table 1) 
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Teblc 1: Alkyletion of 9 with various electropbiler 

tcactton Elcctrophile 3-Alkylfuran fi Conditions Yields 

a 

b 

d 20h/-70’C/ 82% 
THP/mPA 

6Oh/-78V- 
fl 1_1. /& 26% r t /TrnP/ 

0 

48h/-70’C/ 74% 
THP/HUPA 

1 
(-j-- 

60h/-78’C- 
r.t./THP/ 79% 
HMPA 

1 ,/\PT”P 
c 

THP 
II 11% 

k 48h/-70’C/ 54% 
TifP/lMPA 

l mainly bisadduct; l * mainly trisadduct: l ** crude product 
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The poor result8 of reaction j (Table 1) can be explained by steric hindrance caused by 

the tetrahydropyranyl group in the a-position to the reaction center. Comparing satorated 

halide8 (h and i) vith homoallyllc halide8 (f and g), the latter give lov rerultr due to 

their higher tendency to elimination reactions. 

Products like l lcrocionin 14 (12) and perillene Iv (13) are naturally occurring corpounde. _ 

The natural aldehyde perillenal 1’ (14) vas obtained by oxidation of perillene (u) vith _ 

selenium dioxide in the presence of t-butylhydroperoxide. 17 Reduction of 2 vith 

lithium aluminiumhydride, folloved by etherificatioa vith I-hydroxy-3-methyl-2-butenolide 

(Id)l’ and dicyclohexylcarbodiimide (DCC) as vaterbiading agent, gave the naturally 

occuring compound ureinanolide * (2) (Scheme 3). 

Scheme 3 

a) SeChlt-BuOOW 582; b) LiAlS~/ether/92%; c) fi/CHrClr/DCC/ 278 of 2, 59b educt retained 

2-ALKYL-3- AND 2-ALKYL-4-UEI’HYL FURANS 

Starting with the easily obtainable J-methyl fUran I* (u), the furan building blocks 

m and 21a were prepared (Scheme 4). 
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c-c lo’ a) 
75% 

12 

b) _ 

75% 

1 
cl 

98% 
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dl 

87% 

20 ?Ir 

Scheme 4 

al NBS/AIBN/ether/reflux/lh; b) 1. n-BuLi/TBF-ether/-78Wlh; 2. Cl6iNea/-78X; 

cl 1. LDA, 2. ClSiRea (eame cond. aa in b) 1; dl 1. n-BuLi, 2. BaO/TEF/-78°C/lh 

Broaination of n with N-bromoeuccinimide (1 eql gave u in high regioselectivity flR 

NNR, 90 lftlz, in ether: d 7.4 (2 Hz)= a-furyl-8, d 6.3 (2 llzl = 8-furyl-El. After bromine- 

lithium exchange with n-butyllithium in ether/tetrahydrofuran and further reaction vith 

chlorotrimethylsilane at -78OC, reagent 194 vas obtained. 

The reaction of u vith lithium diisopropylamide under the same conditions exclusively led 

to a-deprotonation. I0 The silylated bromide 20 van too unstable for purification by 

means of dietillation or chromatography, and therefore further reacted to give a. 

The first step in the synthesis of 4 - 1 vaa the preparation of the E-allylic alcohols *I 

22 and 3 (Scheme 51. B and 2& vere lithiated by action of n-butyllitbium in tetra- 

hydrofuran at OY, the solutions of the furanolithium reagents vere dropped into a stirred 

suspension of copper(I)iod in ether at -4OY and 1,2-ieoprene oxide (201 vas added. 

The E/Z ratio of 22. and a vas 85 : 15 in both cases, indicated by IA NBR (400 REz. 

CDC13; 4.02 ppm (El and 4.23 ppm (21, HO-@a-C= 1. Furthermore, pyridinium dichromate oxi- 

dation of 22 and 23 gave the corresponding E- and Z-aldehydee vith the same E/Z ratio 

(‘R NIIR. 90 HEZ. CDCll: 9.3 ppm (El and 10.3 ppm (21, O&-l. 
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4-1 (see Scbem 11 

Scheme 5 

al l.n-BuLi/TBF/O°C/lb; 2. CuIfetherl-40°C/30 min.; b) -4OW20h; cl PhaP/Brr/ether/ 

-20°C - r.t./20h; dl m resp. m/ether-TBF/-40W20h el p-TsOB/BeOU/r.t./6h 

The bromination of 22 and 23 gave only poor yields of the extremely unstable halidee 24 

and 2. The second furaa system vas introduced by coupling of 21 and 22 with the cupratea 

m and &@ (Scheme 5 and Table 21. After thin layer chrcaatography of the crude products 

only the E-iaomere of the bisfuryls a - 29 vere isolated. 

The desilylation of 23 - 2 vas performed under mild conditions by stirring in 58 

aethanolic solution of para-toluenesulfonic acid at room temperature for 6 hours.** 

Longifolin (41 and its isollers 5 - 7_ were purified by thin layer chromatography in yields 

of 592 (4 f ram s), 54% (2 from 221, 602 (5 from 31 and 658 (7 f ram 291. 
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Table 2: klkylation of turaaa &sr_ and 2.l.. (according to Schtmr 51 

EXPERIMENTAL 

‘II NUR spectra were obtained on Bruker WI 400, YA 270 and Varian EH 390 SpectrolleterS 
(tetramethylsilane as internal etandard). XS spectra were recorded on a Varian MT 711 
and 445, (EI: operating vith an ionization potential of 70 eV, CX: chemical 
ionization with isobutane, DI = direct inlet). IR spectra were measured on a Beckman IR 9 
spectrometer. Tetrahydrofuran (TRFf and ether uere distilled from sodiua benzophenon ketyl 
before use. All reaction vessels used iu reactions with aetalated compounds were dried in 
vacua and filled with dry nitrogen. Thin layer chromatography vas performed on silica gel 



1206 I. BocKctal. 

or alumiaiw oxide plates (20x20 cm) vith visualization by GV (254 am), KNllo*- or HrSOI- 
spray reagent. Column chromatography vas performed with glass columns packed vith silica 
gel 60 (150-300 and 32-63 pm) or alwinium oxide 60 (neutral, 63-200 um, cont. 7% of 
vater) . 

General procedure for the alkylatioa of 3-brom foran (see Table 1) 
3-bromo furaa (8) (7.35 g, 50 mall vas added to a-butyllithium (34 ml, 1.6 N solution in 
hexanel in dry TEF (50 ml) during 15 min at -78OC under nitrogen atmosphere. After 
stirring for 2 h, a mixture of IMPA (55 noll, alkyl halide (45 mol) in dry THF (10 ml) 
was added. The reaction mixture vae allowed to stir under the conditions given in Table 1. 
Ether (50 al) vas added, the solution vas hydrolized vith saturated amonium chloride 
solution and the organic layer vas separated. The agneous phase vas extracted vith ether 
and the combined extracts were vashed with water, dried over magnesium sulfate and 
evaporated. The crude product vas purified by flash chromatography (silica gel, 
ether/petroleum ether , gradient eluationl. 

Spectral data 
Ethyl ( 6-(3’-furyl)-6-bydroxy-3-methyl Ihexanoate (e) : 1 R nN# (400 MIz, CDCls) : Z= 
7.36 (sbr, 2H, a-furyl-II); 6.38 (Sbr, 18, P-furyl-II); 4.36 (t, 111, J= 6, -CH_(OH)- I: 
4.09 (q, 28, J= 7, -O-C&-); 2.24 - 2.32 (a, 18. J= 15, 6.5, -Cl&-C=Ol; 2.06-2.16 (m, 
lH, J= 15, 7.5, -ctja-c=Ol; 2.07-2.17 (B, 2E, -CE(ORl-Cijr-l; 1.36-2.04 (m. 3H, -CI_II- 
CIj(CEr)-l; 1.22 (t, 38, J= 7, CB_r-C&-O-); 0.92 (d, 3H, J= 7, C&-l .- m (via CC): m/e= 
222 (1%. (!I - H1O)‘l; 195 (102, (If - OEtI’); 194 (361, (H - EOEtl’); 115 (922, CIHIIOI’); 
97 (100%. furyl-CIMH*).- IR : v = 3600, 3340 cm-1 (0-E): 1735 cm-* (ester). 

1-(3~-Chryl)-5-(2’-(4’-~thyl-5’-tri~thyleilyl~fu~l~-4-~thylpentane-l-o1 (&I : 
JB IOU (400 MM, CDC~JI: mixture of diaetomers; L= 7.38 (Sbr, 111, furyl*-HI; 7.37 (m,lH, 
furyl*-Ill; 6.39 (Sbr, lH, furylA-Hl; 5.80 / 5.79 (a, 18, furyls-II); 4.62 (tbrr lH, J= 7. 
furylA-CB_(OHl-I; 2.55 / 2.57 (dd. 18, J= 15, 6, furylr-CB_r-CE(CHsl-I; 2.43 / 2.45 (dd, 1H. 
J= 15, 7,5, furyls-CI&-CH(CHaI-); 2.04 (8. 3H, furylr-%I; 1.65-1.85 (Q. 1H, -C!!:(CHa)-I; 
1.08-1.53 (a, 4D, -C&-CA_r-l; 0.91 / 0.92 (d, 3H, J= 7,--CE(C&I-l; 0.26 (8, 98,CH,-Sil.- 
IIS (CI): m/e= 321 (2%. (!l+El+): 303 (308, ((h+El - HaO)*I: 231 (100%. ((lf’+H) - %O)+, 
n’: desilylated compound).- II : v = 3600 cm-l (O-HI: 1255, 880, 850 cm-r (furanl. 
1-(3’-Fhryl)-4,4-(2’,2’-dimthyl-1’,3’-pro~cdiox]l)-2-pentene (ml : ‘1 #RX (400 NHz. 
CDCla) : 6= 7.37 (dd, 111, J= 1.5, 1.5, a-furyl-III; 7.22 (Sbr, lH, a-furyl-El; 6.26 (dbr. 

18, J= 7, S-furyl-HI; 5.90 (dt, lH, J=16, 7, furyl-CHr-Cij-CH-l; 5.48 (dt, lH, furyl-CHt- 
CH=CH_-I ; 3.30 - 3.60 (m, 4E. -0-Clj~-,v.~tC-); 3.22 (drr, J= 7, furyl-CIjsl; 1.41 (8, 3H. 
C&-I; 1.17 / 0.72 (2x 8, 2x 31, C&-I .- MS : no molpeak, m/e= 221 (1001, (If - CHal* 1; 
135 (642, furyl-CHI-CH=CE-C=O*) .- II : v = 1505, 1375, 1085, 880 cm-1 (furan). 
llicrocionin III (m, reap. 12) : ‘/iI NNR (400 MHz, CDClrl: 6= 7.35 (dd, lE, J= 1.5, 1, 
a-furyl-HI ; 7.19 (Sbr, 18. a-furyl-II): 6.27 
-CH_=) I 

(Sbr. 18. 8-furyl-HI: 5.39 (t. 1H. J= 7. 
3.11 / 3.22 (2x_dd, 2x lH, J= 17,.7, furyl-Cl$-CH~I;~2.97-(m, lH, -CH_(Cksl-I: 1.52 

/ 1.59 (ddd / dbr, 2x lH, J= 13, 5, 4 / 13. -CH_r-, H~XI~I / H.pv.~orl.~I; 1.40-1.48 (m,2H, 
-CH_z-CH_a-, 2x H.q); 1.28 (ddd, 111, -CIjl-. Harl; 1.18 (dddd. lE, J= 13. 13, 4, 4. -C&-. 
H.xl; 1.15 (d, 3H, J= 7,5, c&-l; 1.11 / 1.08 (2x 8, 2x 38, 2x C!!al.- !fS : m/e= 218.167007 
(high resolution, C~BHIXO); 218 (%OI, Wl; 203 (145, (H - CH~)*If 147 (32%,(203 - CIHI)‘); 
137 (33%. (!I - furyl-CHr)*); 81 (1005, furyl-CHr* I.- IR : v = 1505, 1390. 1170, 1075. 
1035, 890 cm-1 (furan); 3050 cm-1 (olefin) . 
5-(3’~Furvll-a-methvl-2-wntene (wrillenel (llf, rem. 131 : ‘iI ulllll (400 MHz. CDC13) : 6= 
7.35 (m, -1H. a-furyl-kj: 7.22 im, lH, a-fus-HI; 6.28(fIbr, lH, S-furyl-H); 5.16 (tg. 
lH. J= 7, 1.5, -cp, ; 2.45 (t, 28, furyl-C&-l; 2.24 (dt, 28, -C&-I; 1.61 / 1.70 (2x 
Sbr, 2x 3H, (CH_r),C=CH-l.- MS : m/e= 150 (281, molpeakl; 135 (9%, (U - CHaI’l; 81 (52%, 
furyl-CHa*).- IR : v = 1505, 1385. 1080, 1040, 890 cm-r (furanl. 
2-(3’-(3”-Furyl)-propyl)oxy)tetrahydro-2H-pyran (-I : ‘IV NNR (90 !fHz, CDClal: 7.3 / 
7.2 (2x Sbr, 2x lE, 2x a-furyl-HI; 6.2 (a, 1H. b-furyl-HI; 4.5 (svr, 18. -0-CA_-0-I; 3.2 
- 3.8 ( m, 4-H, -C&-l; 2.5 (t, 2H. J= 7.5, furyl-CIjt-l; 2.1 (II, 28, -CH_r-I: 1.6 (m. 6D. 
-cH_1-) .- MS : m/e= 210 ((l%, molpeak) ; 126 (18%. (n - pyranyll’ l; 85 (100%. PYranYl’). 
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5-(3~-Ihryl’l)-2-mthyl-2-pemtenal (perillena ffil : t-Elutylbydroperoxide (1.5 ml, 90% 
solutionl vas dried over magnesium sulfate and diluted vith dry methylenechloride to a 
volume of 5 ~1. Selene dioxide (333 mg, 0.3 wll vas added, the mixture vas stirred for 
30 min, cooled to O°C and slovly treated vith 11 (900 mg, 6 roll. Stirring vas 
continued for 20 h (TLC control) and saturated ammonium chloride solution (20 ml1 vas 
added. The organic layer vas separated, the aqueous phase vas extracted with ether 0 
times), the combined organic solutions vere dried over ragneeium sulfate and evaporated. 
The residual crude product vas purified by column chromatography (silica gel, 
ether/petroleum ether, eluation gradient) to obtain 578 l g (58%) of 14. 
‘B RMR (400 MHz, CDClsl: 6= 9.39 (8, lH, -CIM)l; 7.36 / 7.24 (dd / 8br.h Ill, J= 2, 1.5, 
a-furyl-8); 6.29 (svr, lH, S-furyl-II); 6.49 (t, lH, J= 7, -Cl=); 2.63 (0, 4H. -C&-CA_r- 1; 
1.73 (svr, 3H, C&-) .- IIS : m/e= 164 (105, oolpeak): 136 (42, (H - CO)*); 81 (1001, 
furyl-CRa+l.- IR : v = 2700, 1695, 1645 cm-l (conjugated -CHO); 730 cm-l (E -C=C-1 . 

5-(3’~Furyll-2-methyl-2-pentene-l-01 (15) : To a stirred solution of lithium aluminium 
hydride (66 mg, 6 mmol) in dry ether (40 ml), 14 (578 mg, 3.5 mmol), dissolved in dry 
ether ( 10 al),vas added dropvise . The mixture vas stirred at room temp. until the 
reaction vas complete (TLC control). Saturated amonium chloride solution vas added 
carefully to destroy the excess of the hydride reagent. The precipitate of aluminium 
hydroxide vas dissolved by treating it vith 2 N hydrochloric acid. The organic layer vas 
eeparated and the aqueous phase vas extracted with ether (3 times). The combined organic 
phases vere vashed vith saturated sodium hydrogen carbonate solution, vater and brine, 
dried over sodium sulfate and evaporated under reduced pressure. The residue vas purified 
by flash chrcaatography (silica gel, ether/petroleum ether, polarity gradient) giving 534 
mg (925) of B.- ‘I RNR (400 MHz, CDClr 1: 6= 7.34 / 7.21 (dd / Sbr, 2x lH, J= 2, 1.5, 
a-furyl-U) ; 6.28 (8br , 18, S-furyl-ill; 5.44 (tq, lH, J= 7, 1, -CM=); 3.99 (sbr, 2H. -CBa- 
OH); 2.49 (t, 2H, J= 7.5, furyl-C&-l; 2.31 (dt, 2H, J= 7, 7.5, furyl-CHa-Cl&-); 1.65(Sbr, 

38, C&J-).- IIS : m/e= 166 (22, l olpeak); 148 (5%. (PI - HrO)*l; 95 (102, furyl-CzHd’); 81 
81 (100%. furyl-CHa*).- IS : v = 3610, 3400 cm-‘(OH); 1505, 1070, 1035, 880 cm-’ (furan). 

Ursinanolide (2) : The solution of the butenolide 16 (367 mg, 3.2 mmol) in dry 
methylenechloride (35 ml) vas treated vith DCC (663 tag, 3.2 mmol). dissolved in dry 
methylenechloride (10 ml). After stirring for 30 min at room temp. the alcohol 15 (534 mg, 
3.2 mol), dissolved in dry l ethylenechloride (5 ml), vas added. Stirring vas continued 
for 3 days. The yellov precipitate vas filtered off, the solvent vas removed under reduced 
pressure and the residual crude product vas purified by thin layer chromatography (silica 
gel, ether/petroleum ether 40:60). 226 mg (27%) of 2 vere obtained.- ‘B RMR (400 HHz, 
CDCla 1 : 6= 7.34 (dd, III. J= 1.5, 1.5, a-furyl-HI; 7.21 (dd, lH, 1.5, l,a-furyl-Hl; 6.27 
(Sbr , lH, B-furyl-A); 5.87 (dq, lH, J= 1.5, -C=Cq-C-O,; 5.61 ( 8, lH, O-C&O); 5.54 (tbr. 

18, J- 7, -Cfl=C(CHa)-1; 4.22 / 4.10 (2x dbr, 2x lH, 2x J= 11, =C(CHal-CHz-O-1: 2.50 (td. 
2H, J= 7, 1, furyl-C&-l; 2.34 (td, 28, J= 7, 7, -CHn-C&-C=); 2.04 (d, 3H, J= 1.5, Ct&- 
lactone) ; 1.66 (Sbr, 3H. Cl&-C=).- IIS (DIl : m/e= 262.120510 (high resolution, 
ClsHlaO~); 262 (0.3%. molpeak); 165 (121, (!I - aethylbutenolidel’ ); 149 (81, CIOHIIO’); 
97 (782, aethylbutenolide’l; 81 (1001, pyrylium+).- MS (CI) : 263 (19%. (I4 + HI’); 245 
(13%. (263 - HrO)‘l ; 149 (1008, (263 - CsR~Oal’).- IR : v = 1810, 1780 cm-‘, ( - 
lactonel ; 1080, 1020, 955, 855 CD-~ (furan); 855 cm-1 (C=C) . 

2-Brow-J-methyl furan (18) : 3-Nethyl furan (u) (8.2 g, 0.1 moll, N-bromosuccinimide 
(17.39, 0.1 mol) and azobG(isobutyronitrile1 (100 mgl vere refluxed in dry ether (100 ml) 
for 90 min. After cooling to room temp. the precipitate vas filtered off and the filtrate 
vas washed tvice with sodium hydrogencarbonate solution (1%). Calcium carbonate and 
hydroquinone (100 mg of each) vere added and the solution vas dried with sodium sulfate 
for 3 daye at l 2OC and under exclusion of light. The product was too unstable to be 
isolated and had to be stored in diluted ethereal solution over molecular sieve at 
-20°C.- The yield (75 maw11 vas determined by NM from the original solution (comparision 
of the integrals vith CHxCl; as referencel.- IB MIS (90 NHz, in ether): 6= 7.4 (d, 1H. 
J= 2, a-furyl-H): 6.3 (d, lH, J= 2, S-furyl-Hl; 2.0 (s, 3H, CHa-furyll. 



1208 I. BocKetai. 

3-Bethyl-2-trimethylsilyl furan (m): A stirred solution of u (21 g, 0.129 mol) in dry 
ether (230 ml), cooled down to -78°C in a dry ice/acetone bath, was treated with n- 
butyllithium (81 ml, 1.6 N solution in hexane). After stirring for 30 min, 
chlorotrimethylsilane (20.1 g, 0.129 ~1) was dropped into the mixture. Stirring was 
continued for 3 hours; after 1 hour the cooling bath was removed. Ether (500 ml) was added 
and the solution was washed neutral with water. The organic layer was dried with sodium 
sulfate, the solvent was removed under reduced pressure, the residue was dissolved in 
petrol ether and filtered through a short column, filled with aluminium oxide (neutral, 
containing 7 Z water). Further purification by distillation in vacua led to 14, 3 g (75%) 
of l9a; Kp: 58 - 62V / 26 Torr.- lB lylR (400 RAz, CD% ) : 6= 7.45 (d, lH, J= 1.5, a- 
furyl-E); 6.26 (d, 18, J= 1.5, 8-furyl-8); 2.15 (5, 38, CA_r-furyl); 0.32 (8, 98, C&-Si).- 
IIS (DI): m/e= 154 (322, molpeak); 139 (1002, (W-CHs)*); 111 (655, Csll~OSi+). 

I-Methyl-2-triwthylsilyl faran f-1 
a) 2-Broro-Jlsthyl-5-triw&hylsilyl furan (20): u-Butyllithium (81.5 ml, 1.6 N solution 
in hexane) was dropped into a stirred solution of diisopropylamlne (13.1 g, 0.13 mol) 
in dry THF (150 ml) at -5V. The mixture was stirred at rota temp. for 15 min. cooled down 
to -78V and a solution of fi (0.13 mol) in 200 ml of dry ether was added slowly. 
After 2 h of stirring, chlorotrimethylsilane (14.0 g, 0.13 mol) was added. The mixture 
vaa stirred for 2 h (after 1 h the cooling bath was removed), diluted with petroleum 
ether (1.2 1) and washed neutral with water. Drying over magnesium sulfate and removing of 
the solvent under reduced pressure gave 26 g (100%) of crude a.- rlf WlIR (90 NHz, CDClr): 
I= 6.5 (5, lli, a-furyl-II); 1.9 (5.31, CBS-furyl); 0.2 (5,98, CR_rSi). 
b) I-Bethyl-2-trimethylsilyl furan fm) : A stirred solution of crude 20 (26 g. ca. 
0.13 wl) in dry ether (100 ml), cooled down to -78V (dry ice/acetone), vae treated with 
n-butyllithium (82 al, 1.6 N solution in hexane). Stirring va8 continued for 1 h, 100 ml 
of brine were added slovly and the mixture vae allowed to warm up to room temperature. 
Dilution vith petroleum ether (400 ml), further work-up as described in the synthesis of 
m and subsequent distillation of the crude product gave 10.7 g (62%) of 21a (Kp: 65 - 
67Y /34-38 Torr).- JB #HR (270 BHz, CDClr): 6= 7.42 (0, lli, a-furyl-8): 6.51 (sbr. 1H. 
8-furyl-A); 2.06 (d, 1H. J= 0.5, CI&-furyl); 0.30 (5, 9H, Cw_S-Si) .- NS (DI): m/e = 154 
(332, molpeak) ; 139 (lOO%, (!I - CEa)*); 111 (502, C5H7OSi*). 

4-~2’-~4’-Ilethyl-5’-tr~thylrilyl~fnryl)-2-~thyl-2-butene-l-ol (a) : A stirred solution 
of 3-methyl-2-trimethyleilyl furan (m) 0.75 g, 23.2 mmol) in dry THF (23 ml) was cooled 
to O°C and treated with n-butyllithium (9.2 ml, 2.5 N solution in hexane). After stirring 
for 1 h at room temp. the solution of the lithiated furan was dropped into a stirred and 
cooled (-40°C) suspension of copperU)iodide (1.9 g, 10 awl) in dry ether (12 ml) under 
nitrogen atmosphere and exclusion of light. The mixture vas stirred for 30 min and 1,2- 
isoprene oxide (a) (0.84 g, 10 mol), dissolved in dry ether (10 ml), vas added during 
1 h. Stirring was continued for 20 hours, and saturated awonium chloride solution (15 ml) 
was added. After warming up to rota temperature, the mixture vas filtered through a vacuum 
funnel, the organic layer of the filtrate was separated and the aqueous phase vas extrac- 
ted with ether (3 times). The combined organic phases were vaehed neutral with brine, 
dried with magnesium sulfate and the solvent vas removed under reduced pressure. The 
residue was purified by column chromatography (aluminium oxide neutral, containing 78 
water; eluation at first with petrol ether, hnd than vith petrol ether/ether = 1:l). 1.5 g 
(63%) of Dure 22, with an E/Z ratio of 85:15, were obtained.- ‘fl MKK (400 BHz, CDC13) : 
E-a: 6= 5.83 (Sbr, iii, S-furyl-H) ; 5.60 (tq, lH, J= 7, 1.5, -CH_=C-); 4.03 (Sbr, 2H. 
-cl& -OR) ; 3.36 (d, 28, J= 7, furyl-C&-CR=); 2.05 (5, 3H, CBS-furyl); 1.73 (5br. 3H. 
=CH-C&); 0.25 (5, 9H, Cl&-Si).- 2-a: 6= 5.46 (tq, 18, J- 7, 1.5, -CH_=C-); 4.18 (Sbr, 

2H. -cH_r -OH) ; 3.37 (dbr, 28, J= 7, furyl-Cl&-CR=); 1.84 (8, 3H, CA_s-furyl).- !fS (DI): 
m/e= 238 (121, molpeak); 220 (2%, (1 - HaO)‘): 207 (152, (!I - CHrOH)‘).- ZR : v = 
3610 cm-l (0-A); 985 cm-1 (furan); 850 cm-1 (C=C) . 

4-~2’-~3’-Nethyl-5’-trirthyleilyl~fu~l~-2-methyl-2-buteue-l-ol (23) : Reaction of 4- 
methyl-2-trimethylsilyl furan (m) (4.0 g, 26 mol) with n-butyllithium (11.4 ml, 2.5 N 
solution in hexane), copper(I)iod (2.5 g,13 mmol) and 1.2-isoprene oxi-de (20) (1.09 g. 
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l3 -1). similar to the synthesis of 22 9ave 2.679 (86%) of pure 23; E/Z ratio was 85:15. 
‘B m (400 Miz, CDClr): S-a: 6= 6.41 (6, lE, 8-furyl-8); 5.57 ttq, 18, J= 7, 1.3, 
-cl&c-); 4.02 (err, 28, -C&-OH); 3.36 (drr, 28, J= 7, furyl-C&-CA=); 1.96 (8, 38, CM*- 
fury13 ; 1.79 (Bbr, 38, =C-C&3; 0.27 (8, 9E, Cfja-Si).- 2-a: 6= 5.44 ftq, 18, J= 7, 1.8, 
-cH_=c-3 ; 4.23 (Sbr, 28, -C&-OS); 3.37 (dbr, 2R, J= 7, furyl-Cl&-CE=); 1.97 (8, 38, Cl&- 
furyl) .- IIS (DI): m/e= 238 (262, aolpeak); 220 (45, (!I - ExO)*); 207 (418, (If - CHaOH)‘); 
85 (148, CsHIO*) .- II : v = 3600 cm-l (0-H); 950 cm-l (furan); 850 CR-~ (C=C). 

l-Brocro-4-(2~-(4~-mthyl-5’-triuthyisilyl~furyl~-2-~tbyl-2-batene tar): Bromine (0.4 ml, 
7.5 -13, dissolved in hexane (6 ml) vas dropped into a solution of triphenylphosphin (8 
rmol) and uyridine (0.12 ml, 1.5 ~013 in dry ether (100 ~1) at (2.1 g, -2OV. The mixture 
Las stirred-for 30 l in and treated vith a-t360 mg, 1.5 mol) and Dyridine (1.5 ml, 16 
amol), dissolved in dry ether (8 ml). Stirring vas continued for 20 h, during this time 
the mixture vas alloved to varm up to rooa temp. The mixture was poured into hexane (250 
ml) and filtered through a vacuum funnel, filled with celite * or magnesium sulfate. The 

,filtrate was treated with diaethyl formamide (20 ml), the ether was removed under reduced 
pressure and the residual DHF solution was extracted with hexane (7x 20 ml). The combined 
extracts were washed vith water, dried over magnesium sulfate, filtered through aluminium 
oxide (neutral, cont. 7% vater; 19) and reduced to a definite volume of 5 ml. From this 
solution 0.5 ml were taken off, carefully evaporated, quickly dissolved in deutero benzene 
and the yield determined by NIR tmethylenechloride as reference, ratio of integrals). The 
remaining solution of 24 vas diluted vith dry benzene, very carefully evaporated to a 
volume of l-2 ml (2 times) and the product was stored in dry THF (5 ml) over molecular 
sieve (4 Angstroms) at -2OV. Yield determined vas 0.3 mol (2OW.-*I #NR (400 ifliz,C~D~): 
E-21 : 6= 5.82 (Bbr, lH, B-furyl-El; 5.53 (tq, lH,J= 7, 1.2, -CE=); 3.59 (6, 2H, -CRz-Br); 
3.17 (dbr, 28, J= 7, furyl-C&-I; 2.04 (a. 38, CEa-furyl); 1,58 (d, 3E. J= 1.2, -CH3-C-1; 
0.34 (8, 9H. C&-Si).- IIS, IR : because of the hzgh instability of 2s no data obtained. 

l-Broro-4-~2’-~3’~thyl-5’-trimtbylsilyl~furyl)-2-mtbyl-2-butene (a) : The alcohol 22 
(480 mg, 2 mmol) was brominated as described above. Yield determined: 0.6 mm01 (30%). 
‘II N.NE (400 f4Hz, CDC13) : E-25: 6= 6.24 (8, 48, b-furyl-H); 5.75 (tbr. lH,J= 7, -Clj=): 
3.99 (8, 2H, -CH_r-Br); 3.35 tdbr, 28, J= 7, furyl-Cl*-3; 1.96 fs, 3H, CR_J-furyl); 1,88 
(Bbr , 3H, CHJ-C=); 0.23 (8, 9H, @a-Si).- RX, II 
no data obtained. 

: because of the high instability of 25 

1-~2’-~4’-Hethgl-5’-trimthylsilyl~futyl)-4-~2’-~3’-mthyl-5’-trirethylsilyl~fu~l~- 
2-methyl-2-botene (263, also 27 - 29 : 3-Xethyl-2-trimethylsilyl furan (&a) (1.11 9, 7.2 
~01) was alkylated uith the allylic halide 25 (0.9 ~1) by action of n-butrllithium (3.2 
ml, 2.5 N solution in hexane).and copperfciodide (690 mg, 3.6 mo1) similar to the 
procedure described in the synthesis of the alcohol 2. 1 h after addition of the 
electrophile, HNPT (3~1, dissolved in 3 ml dry TEF) was dropped into the mixture during 30 
min. The crude product was purified by filtration on aluminium oxide neutral (cont. 7% 
water, petroleum ether as eluent) and subsequent thin layer chromatography (aluminium 
oxide neutral, petroleum ether). The compounds 27 - 29 were synthesized in the similar 
way. Starting materials and yields Bee Table 2.- Spectral data of 26 : *I RNR (400 MHz. 
CDClr): IS= 6.41 (9, 18, 6-furyl.+-HI; 5.84 (8, 18, 8-furylm-8); 5.40 ttq, lH, J= 7, 1.5. 
-CE=); 3.35 (d,2H, J=7, furyI*-CR_r-); 3.29 (Sbr, 211, -C&-furylb); 2.04 (9, 3H. CBS- 
furylr); 1.95 (8, 3H, Cfja-furylr); 1.74 (d, 38, J= 1.5, -C&J); 0.23 / 0.26 (2x 8. 18H. 
CH_s-Si).- II.9 (DI): m/e= 374 (222, molpeak); 359 (45, (H - Cfi~)+); 167 (222, WeJSi-fUrYl- 
CHz’); 73 (100%. HeaSi*).- IR : v = 3090, 1505, 1260, 1120, 990, 960 cm-l (furan); 1610. 
860 cm-l tC=C) .- Spectral data of 29 : ‘I hWR (400 WUz, CDCl3 1: C= 6.43 (8, 1H. 8- 
f uryla -HI ; 5.83 (9, IE, b-furyl*-H); 7.35 ttq, 111, J= 7, 1.5, -CH_=); 3.33 (d, 2H, J= 7, 
furyl*-Cl&-1; 3.32 (sbr, 2H, -C&-furyla); 2.05 (6, 3H, CHJ-furylA); 1.96 (8. 3H. CRa- 
furyll); 1.66 (d, 3H. -C&3; 0.23 / 0.26 (2x 8, 188, Cl&-Si).- MS and IR : similar to 3. 

1-~2’-~4’-Nethyl~furyl~-4-~2’-~3’-~thyl~furyl~-2-rthyl-2-boteae (longifolid (41, 
also 5 - 1 : 26 (61 mg, 0.2 mol) and para-toluene sulfonic acid (30 mg) were dissolved 
in methanol/ ether/vater (3/0.6/0.3 ml) and stirred at room temp. for 6 h. The mixture 
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vas diluted uith ether (100 al), treated vith powdered calcium chloride (5 g) and stirred 
for 10 min. After filtration through a vacuum funnel the filtrate vas evaporated and 
the residual crude product was purified by thin layer chrcmatography (silica gel. 
petroleum ether). Same procedure for the synthesis of 5 l 1. Yields eee text according to 
Scheme 5.- Spectral data of 4 : Ii7 NHR (400 Mlz, CDCl,): 6= 7.21 (d. 18. J= 1.8.‘a- 
furyl*-8); 7.06 (Sbr, LH, aIfuryl,-H); 6.15 (d,.lE, J= 1.8, 8-furyl*-i); i.88 (s,.lR, 
8-furylm-II) ; 5.39 (tq, iii, J= 7. 1.5, -Clj=); 
2H, furylr-C&-l ; 

3.32 (d, 2H, J= 7, furyl*-Cljs-); 2.27 (Bbr, 

1.98 (d, 3R, J= 1.5, Cljr-furyl); 1.95 (8. 3H. C&-furyl); 1.71 (d. 3H. 
J= 1.5, C&-C=).- IIS (DL) : m/e= 230.1307 (high resolution, C~sHlrOa) ; 230 (20%. mol- 
peak); 135 (1008, ClHltO+); 95 (402, CHa-furyl-CHa*).- IR : v = 3090, 1505. 1080. 
950, 890 cm-l (furan) ; 1610, 845 cm-’ (C=C) .- Spectral data of 1 : ‘/I UR (400 MHz, 
CDCLI ) : b= 7.23 (d, lli, J= 1.8, a-furylA-8); 7.06 (a, lR, a-furylA-H); 6.18 (d, 1H) 
J= 1.8, 8-furylr-II); 5.83 (8, 18, 8-furyl*-8); 5.37 (tq, 18, J= 7, 1.5, -Ca=); 3.31 (d. 
2H, J= 7, furyl,,-@r-j; 3.29 (Sbr, 28, fUryh-Cfla-); 1.98 (8. 3H. C&-fUrY1); 1.97 (8, 
38, Cla-furyl); 1.64 (d, 38, J= 1.5, C&-C=).- lls (DI): m/e= 230 (45%. wlpeak); 
135 (100%); 95 (25%) .- IR : v = 1505, 1220, 1100, 955, 910 cm-l (furan). 
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