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Abstract: Synthesis of 2,3,5_trisubstituted furans (51, starting 
from 2-methoxypropene and 1,3-disubstituted propargyl alcohols 3, 
via the radical cyclisaticn of the brcmo acetal 3 followed by 
aromat!sation, is reported. Analogously, I-methoxycyclohexene and 
propargyl alcohols 3 furnished the tetrasubstituted furans 6. 

The wide spread occurence of furans in nature and the role of furan 

derivatives as versatile syntheti c intermediates’ for the preparation of a 

wide range of cyclic and acyclic organic compounds makes the furans as the 

mcst prominent class of heteroaromatic compounds.2 The presence of the furan 

nucleus in the structures of a variety cf commercially important pharmaceuti- 

cals, and flavours and fragrances is also of importance.3*4 During the last 

decade, intramoiecular addition of carbon centered free radicals to olefins, 

i.e. radical cyclisations, of predictable regio- and stereoselectivity, 

prcvided a powerful technique for carbon - carbon bond formation in crgar7;c 

synthesis. 5 Five membered rings are readily prepared and the 5-s_xg 

cyclisation is generally favoured. The mildness of reaction conditions and 

the high levels of their chemoselectivity allow radical reacticns to serve as 

pcwerful synthetic tools, whose applications often complement those of their 

ionic counter parts. Recent1 y , 6 we have reported the synthesis of 3-mono and 

2,3-disubstituted furans (1) based on a radical cyclisation reaction (eq. I), 

(eq. 1) 
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which, in principle, is the extension of the procedure originally developed by 

Stork and Mook? for R-alkylfurans using a chloro bromo acetal radical cycli- 

cation (es. 3). We have now extended our methodology, to establish the 

versatility of the sequence, to polysubstituted furans, and in this account we 

describe the syntheses of 2,3,5-tri- and 2,3,4,5_tetrasubstituted furans. 

RESULTS AND DISCUSSION: 

The methodology, as shcwn in the ea. 1, i.e., radical cyclisation of the 

bromo acetal 2, obtained from the N-bromcsuccinimide (NBS) brominstion of an 

enol ether in the presence cf a substituted propargyl alcohol, and aromati- 

saticn of the resultant 3-alkylidene tetrahydrofuran to furans (I), clearly 

suggest the 1,3-disub stituted propargyl alcohols 3, and a di-or trisubstituted 

encl ether as necessary starting materials for the tri- and tetrasubstituted 

furans. ’ 

2.3.5-TRISUBSTITUTED FURANS: 

The requisite 1,3-disubstituted propargyl alcohols 9 were obtained by the 

reaction of the 1-lithio-1-octyne or 1-lithio-1-hexyne in-dry THF with various 

aldehydes. 6a 2-Methoxypropene, a gem disubstituted enol ether, was used, to 

generate a methyl substituent at C-5 position of the furan. Thus, the key 

radical precursors, bromo acetals 4, were obtained as a mixture of diastereo- 

mers, by a slow addition of 2-methoxypropene to a cold (-40 ‘C) solutlon of 

propargy; alcohols 3 and NBS in methylnne chlorTde. The key radical 

cycl isations were schieved by using an H s~.t~ generated catalytic tri-n- 

butyltin hydride [n-Su3SnCl (0.15 equiv.). NaCN8H3 (3 eouiv.1, t-BuOH]’ in the 

presence of a catalytic amount of szobisisobutyronitrile (AIBN). The cyclised 
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1) n-Bu3SnCl 

Br NaCNBH 3 
AIBN 

OMe 2) p-TSA 
* 

3 - 4 

1. R1 = n-hexyl; R2 = phenyl 

!z. R, = n-hexyl; R2 = p-tolyl 

C. Rl = n-hexyl; R2 = i-ProPYl 

d. R1 = n-butyl; R2 = phenyl 

e- Rl = n-butyl; R2 = p-tolyl 

;hMe 
2 0 

5 - 

products, obtained as a mixture of four isomers, were found to be too labile 

to purify and ctiaracterise,’ and hence were directly aromatised to furans 3 

using a catalytic amount of p-toluenesulfonic acid (p-TSA) in benzene at room 

temperature. The structures of the furans 5, were clearly delineated from 

their ‘H NMR spectra, in particular the presence of characteristic singlets at 

5 5.5-5.@ for the B-proton (H-C-4) and at z2.3 ppm for the methyl group, 

typical for an <-methylfuran,” in addition to the other expected resonances 

for the substi tuer.ts. The yields of the alcohols 3, the brcmo acetals 4 and 

the furans 5 are listed in the table I. 

Table I: Synthesis of 2,3,5-trisubstituted furansa 

-___-----_-_____________-~~--~----~----~~~~_-__---~---~~_------_---__-----_--- 

Entry Rl P ‘2 alcchol yield brcmi de yieldb furan yieldC 

_-________________________~--~__--~--_____-___~__--_--~~~_------_____----_-__- 

! hexy 1 pheny 1 3a 65X 4a 65% 5a 50% 

2 hexyl p-t.01 yl 3b 90% 4b 60X 5b 60% 

3 hexyl i-propyl & 05% c 84% 5c 55% 

4 butyl pheny 1 3d 90% !!!z! 65X sd 52% 

5 butyl p-toy1 3e 97% 4e ?OX se 53% 

~~---_~--~~--_---____-----~--~~_---____~~~~-~~~~~~~-_-~~_--_-__-~~~---_---~--- 

a) Yields (unoptimised) refer to isolated and chromatographically pure 

compounds. b) In additicn, varying amounts (5-10X) of unreacted starting 

alcohols 3 were also obtained. c) Overall yield (two steps) from brcmides 4. 

TETRASUBSTITUTED,FURANS: 

Finally, the ultimate in the series, synthesis of tetrarubstltuted fu’ans 

S, was achieved using l-methoxycyclohexene,” a trisubstituted enol ether, in 

combination with :,3-disubstituted propargyl alcohols 2. Thus, NRC 
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1-Phenvlnon-2-yn-l-v1 (l-bromo-2-methoxvgroo_2-Y1) ether (4&z 

To a cold (-50 “C, EtOH-Liq. N2 bath), magnetically stirred solution of 

the alcohol & (650 mg, 3.0 mm011 and NBS (650 mg, 3.6 mmol) in 10 ml of dry 

CH2C12 was added, I-methoxypropene (0.38 ml, 3.6 mmol) dropwise over a period 

of 1 hr. The reaction mixture was allowed to warm up to room temperature, and 

3 ml of water was added. The organic layer was separated and the aqueous 

layer was extracted with CH,C12 (2 x 20 ml). The combined organic phase was 

washed with 2N aqueous NaOH (2 x 10 ml) and brine, and dried over Na2S04. 

Evapcration of the solvent and purification of the residue on 10 g of silica 

gel with 114 ethyl acetate - hexane as eluent, furnished the diastereomeric 

mixture of the bromc acetal & (490 mg, 60%;). IR (neat): 2220, 1495, 1450, 

1380, 1220, 1100, 1000, 710 cm-‘; ‘H NMR (270 MHz, CDC13): 6 7.48 (2 H, d, J = 

7.5 Hz) and 7.2 - 7.4 (3 H, m) (aromatic), 5.45 and 5.42 (I H, s. Ph-CM-O), 

3.72 & 3.54 and 3.43 & 3.32 (L H, AB q, J = 11 Hz), 3.27 and 3.18 (3 H, s, 

OMe), 2.21 (2 H, t, J = 7 Hz), 1.69 and 1.46 (3 H, s, O-C-Me). 1.15 - 1.6 (8 

H, 4 x CH2)’ 0.87 (3 H, t, J = 6.6 Hz, terminal Me); Mass: 256 (M+-BrOMe, 201, 

255 (751, 230 (22!, 215 (301, 199 (651, 159 (1001, 153 (901, 151 (951, 143 

(351, 129 (401, 12e (451, 117 (40!, 105 (351, 93 (251, 91 (90). Further 

elution of the ccl-mn furnished 2c) mg of unreacted alcohol a. 

3-n-Heptvl-5-methyl-2-phenvlfuran (5a): 

A suspension cf the brcmo acetal & (185 mg, 0.5 mmol), n-@u3SnC1 (0.02 

.ml ) 0.075 mmol), NsCN8H3 (65 mg, 1 mmcl ) and AIBN (catalytic) in 4 ml of t- 

butanol was refluxed for 3 hr. Solvent was evaporated under reduced pressure 

and the residue taken in 10 ml cf water and extracted with CH,C12 (3 x 10 ml). 

The combined organic extract was washed with 1% aquecus NH40H (2 x 10 ml ) and 

brine, and dried (Na,SC4). Evaporation of the solvent furnished the cyclised 

product, which was used as such with out further purification. 

The cyclised product cbtained abcve was taken in 5 ml of dry benzene and 

treated with small porticns of p-TSA till the persistence of dark colour to 

the solution. The reaction mixture was stirred at room temperature fcr 2 hr 

and quenched with saturated aqueous NaHC03 (5 ml). The organic layer was 

separated and the aqueous phase was extracted with benzene (2 Y 10 ml 1. The 

combined organic phase was washed with brine and dried (Na2S04). Evaporation 

of the solvent and purification of the residue on 5 g of silica gel using 2X 

ethyl acetate in hexane as eluent furnished the furan ti (65 mg, 50%). IR 

(neat): 3030, 1605, 1570, 1493, 1460, 805, 760, 690 cm-’ ; ‘H NMR (60 ?!Hz, 

CC14): 6 7.05 - 7.6 (5 H, m, ohonyl), 5.83 (I H, br s, furan H-4), 2.57 (” H, 

t, J = 7 Hz, furyl-CH3), 2.3 ,I3 H, s, furyl-Me), 1.25 - 1.9 (1C Ii, 5 x C!l2), 

0.9 (3 H, distorted t, terminal Me); Mass: 256 (M+, 1001, 257 (M++i, 22). 1’2 

(40). 171 (75!, 143 il5), 138 (1.5j, 105 (15); HRMS: Cs:cd. for C,8t!,,C) I ._. 
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256.1827; found, 256.1848. 

_ - ethvlDhenvl)-non-2-Yn-l-y1 (l-bromo-2-methoxyproo 2 y -- 1) ether (4bl: 

The reaction of the alcohol 2 (500 mg, 2.15 mmol) with NBS (460 mg, 2.6 

mmol) and 2-methoxypropene (0.18 ml, 2.6 mmol) and purification, as described 

for a, furnished the diastereomeric mixture of the bromo acetal a (490 mg, 

60%). IR (neat): 2240, 1520, 1470, 1300, 1220, 1100, 1090, 990, 915, 700 cm-‘; 

‘H NMR (270 MHz, CDC13): 6 7.36 (2 H, d, J = 8 Hz) and 7.16 (2 H, d, J = 8 Hz) 

(aromatic), 5.41 and 5.36 (1 H. s, Ar-CH-O), 3.71 & 3.52 and 3.42 & 3.31 (2 H, 

A8 o, J = 11 Hz, CH2-8r 1, 3.27 and 3.18 (3 H, s. -OHe), 2.34 (3 H, s, Ar-He), 

2.2 (2 H, t, J = 7 Hz, C:C-CH2), 1.67 and 1.45 (3 H, s, O-C-Me), 1.15 - 1.6 (8 

H, m, 4 x CH2)’ 0.87 (3 H, t, J = 7 Hz, terminal Me); Mass: 270 (M+-BrOMe, 

501, 269 (loo), 186 (50), 185 (loo), 170 (20), 143 (20), ll9 (loo), 9l (40). 

Further elution of the column furnished 30 mg of the unreacted alcohol 3b. 

3-n-Hec&vl-5-methvl-2-(4-meth~lphenvl)fu (5b): 

The radical cyclisation of the bromo acetal a(190 mg, 0.5 mmol) with n- 

Bu3SnCl (0.02 ml, 0.075 mmol), NaCN@H3 (65 mg, 1 mmol) and AIBN (catalytic) in 

4 ml of t-BuOH followed by aromatisation of the crude cyclised product with p- 

TSA in 5 ml cf dry benzene and purification, as described for 15_a, furnished 

the furan a (80 mg, 60%). IR (neat): 1670, 1610, 1510, 1470, 820 cm-‘; ‘H NMR 

(60 MHz, CC14): 6 7.35 (2 H, d, J = 8 Hz) and 7.03 (2 H. d, J = 8 Hz) 

(aromatic), 5.78 (1 H, s, furan H-4), 2.52 (2 H, t, J = 7 Hz, furan-WI-I), 2.33 

(3 H, s, Ar-Me), 2.28 (3 H, s, furyl-Me), 1.0 - 1.5 (10 H, m, 5 x CM;), 0.87 

(3 H, t, J = 7 Hz, terminal Me); Mass: 269 (M+-1), 229, 213 (loo), 1;3, 151, 

131, 119, 105, 91. 

2-Methvlundec-4-vn-3-yl (1-bromo-2-methoxvDroD-2-yl) ether (4~1: 

The reaction of the alcohcl 3& (545 mg, 3 mmol) with NBS (650 mg, 3.6 

mmol) and 2-methoxypropene (0.38 ml, 3.6 mmol) in 5 ml of dry CH2C12 and 

purification, as described for a, furnished the diastereomeric mixture of the 

bromo acetal & (840 mg, 84X). IR (neat): 2240, 1460, 1380, 1210, 1110, 1020, 

680 cm-’ ; ‘H NMR (60 MHz, CC14): 6 4.1 (1 H, m), 3.07 - 3.47 (2 H, m), 3.18 

(3 H, s), 1.97 - 2.33 (2 H, m), 0.7 - 1.63 (21 H, m). 

3_o-Heotvl-5-methvl-2-(l-rnet.h~lethvl)-furan (5~1: 

The radical cyclisatlon of the bromo acetal & (167 mg, 0.5 mmol) with n- 

8u3SnC1 (0.02 ml, 0.075 mmcl), NaCNBH3 (65 mg, 1 mmol) and AIBN (catalytic) in 

4 ml of t-&OH for 3 hr fo!lowed by aromatisation with P-TSA in 5 ml of 

benzene and purification, as described “or 5a, furnished the furan 5c (60 mg, 

55%). IR (neat): 3020, 1590, 1460, 1380, 1250, 1050, 800 cm-‘; ‘H NMR (60 

MHz, cC14): 6 5.57 (1 H, s), 2.95 (1 H, sep, J = 7 Hz), 2.0 - 2.45 (2 H, m), 



2,3,5-Tri- and tehasubstituted furans 
7907 

2.2 (3 H, s), 1.1 - 1.57 (16 H, m), 0.91 (3 H, t, J = 7 Hz); Mass: 221 (M+-1, 

15), 197 (21), 196 (39), 195 (40), 111 (40). 110 (30), 95 (20), 83 (20)~ 81 

(20), 71 (35); HRMS: Calcd. for c15H250 (M+-1) 221.1906; found 221.1897. 

l-PhenylheDt-2-yn-l-y1 Cl-bromo-2-methoxyDroD-2-Yl) ether (4dZ: 

The reaction of the propargyl alcohol Z!i! (565 mg, 3 mmol) 
13 

with NBS (650 

mg, 3.6 mmol) and 2-methoxypropene (0.38 ml, 3.6 mmol) in 5 mi of CH2C12 and 

purification, as described for e, furnished the diastereomeric mixture of the 

bromo acetal &j (663 mg, 65%). IR (neat): 2240, 1500, 1460, 1380, 1220, 1100, 

1000, 700 cm-'; 'H NMR (60 MHz, cC14): 8 7.0 - 7.6 (5 H, m), 5.23 (1 H, m), 

3.2 - 3.6 (2 H, m), 3.17 and 3.07 (3 H, s). 1.95 - 2.35 (2 H, m), 1.63 and 

1.38 (3 H, s), 1.15 - 1.5 (4 H, m), 0.88 (3 H, t, J = 7 Hz). 

5-Methyl-3-n-oentyl-2-phenylfuran (5dl: 

The radical cyclisation of the bromo acetal 4d (170 mg, 0.5 mmol) with n- 

Bu3SnCl (0.02 ml, 0.075 mmol), NaCNBH3 (65 mg, 1 mmol) and AIEIN (catalytic) in 

4 ml of t-BuoH followed by aromatisation with P-TSA in 5 ml of dry benzene and 

purification, as described for a, furnished the furan a (60 mg, 52%). IR 

(neat): 1600, 1555, 1490, 800, 760, 695 cm-'; 'H NMR (60 MHz, CCT4): 5 6.95 - 

7.6 (5 H, m), 5.82 (1 H, s), 2.55 (2 H, t, J = 7 HZ), 2.3 !3 H, E!P I.05 - 

1.85 (6 H, m), 0.88 (3 H, t, J = 7 Hz): Mass : 228 (M+, 25), 227 (20), 200 

(30), 187 (25), 172 (20), 145 (‘O), 139 (25), 106 (25), 105 (95), 77 (100); 

HRMs: Calcd. for C16H200 228.1514, found 228.1474. 

1-(4-RethylbhenyT)-hept-2-vn-l-vl (I-bromo-2-methoxYDroD-2-Yl) ether (4el: 

The reaction of the alcohol & (606 mg, 3 mmo!) with NBS (650 mg, 3.6 

mmol) and z-RIethOxypt-Cpene (0.39 ml, 3.6 mmol) in !O ml of dry CH2C12 and 

purification, as described for 4a furn ished the diasterecmeric mixture of the - 

brcmc acetal 4e (742 mg, 703). IR (neat): 2240, 1460, 1380, 1220, 1100, 990, 

840, 820 cm-l; 'H NMR (60 MHz, CC14): 6 7.23 (2 H, d, J = 8 Hz), 6.97 (2 H, 

d, J = 8 Hz), 5.22 (1 H, m), 3.23 - 3.6 (2 H, m), 3.16 and 3.05 (3 H, s), 2.3 

(3 H, s), 1.9 - 2.3 (2 H, m), 1.57 and 1.35 (3 H, s), 1.0 - 1.7 (4 H, m), 0.93 

(3 H, distorted t). 

5-Methyl-2-(4-fnethylchenyl)-3-n-pentvlfuran (5e): 

The radical cyclisation of the bromo acetal & (177 mg, 0.05 mmol) with 

n-9u3SnCl (0.02 ml, 0.075 mmol), NaCNBH3 (65 m9, 1 mmol) and AIBN (catalytic) 

in 4 ml of t-9uOH for 3 hr followed by arcmatisation of the cyclised product 

with p-TSA in 5 ml of dry benzene and pur:fication, as described for a, 

f'urnished the furan & (95 mg, 53X?. IR (neat): 3030, 161'3, 1510, 1460, 1110, 

820 cm-'; 'H NMR (90 MHz, CDC13): 6 7.48 (2 Y, d, J = 8 Hz), 7.2 (2 H, d, J = 

8 Hz), 5.96 (1 H, s), 2.6 (2 H, t, J = 7 Hz), 2.4 (3 H, s), 2.34 !3 H, s), 1.1 
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- 1.9 (6 H, m), 0.92 (3 H, t, J = 7 Hz); Mass : 242 (M+), 215 (301, 167 (301, 

139 (25), 119 (981, 91 (100). 

3-n-Heotvl-2-~henvl-4.5.6.7-tetrahvdrobenxofuran (6ti: 

Reaction of the alcohol a (230 mg, 1 mmol) with NBS (213 mg, 1.2 mmol) 

and I-methoxycyclohexene (135 mg, 1.2 mmol) in 5 ml of dry CH2C12 as described 

for &a furnished the crude bromo acetal B (170 mg). 

The radical cyclisation of the above crude_ bromo acetal a with n-Bu3SnC1 

(0.02 ml, 0.075 mmol), NaCNEiH3 (65 mg, 1 mmol) and AIBN (catalytic) in 4 ml of 

t-BuOH followed by aromatisation with p-TSA in 4 ml of dry benzene as 

described for a and purification over 8 g of silica gel with I:40 ethyl 

acetate - hexane, furnished the tetrahydrobenzofuran B (55 mg, 16% overall 

yield). IR (neat): 1520, 1460, 910, 620 cm-‘; ‘H NMR (270 t-fHZ, CDC13): 6 7.56 

(2 H, d, J = 6.6 Hz), 7.36 (I H, t, J = 6.6 Hz), 7.23 (2 H, d, J = 6.6 HZ), 

2.64 (2 H, m), 2.56 (2 H, t, J = 7 Hz), 2.41 (2 H, m), 1.45 - 2.0 (4 H, m), 

1.1 - 1.65 (10 H, m), 0.97 (3 H, t, J = 7 Hz). 

3-n-Pentvl-2-phenvl-4.5.6.7-tetrahvdrobenzofuran (6b): 

Reaction of the alcohol a (230 mg, 1.2 mmol) with NBS (213 mg, 1 .2 mmol) 

and I-methoxycyclohexene (135 mg, 1.2 mmcl) in 5 ml of dry CH2C12 as described 

for a furnished the crude bromo acetal a. 

The radical cyclisation of the above crude bromo acetal a with n-Bu3SnC1 

(0.02 ml, 0.075 mmol), NaCNBH3 (65 mg, 1 mmcl) and AIBN (catalytic) in 4 ml of 

t-BuOH followed by aromatisation with p-TSA in 3 ml of dry benzene and 

purification, as described for a, furnished the tetrasubstituted furan sb (55 

mg, 16?6 overall yield). IR (neat): 1600, 1500, 1450, 1070, 760, 690 cm-‘; ‘H 

NHR (SO MHz, cDC13): 6 7.1 - 7.7 (5 H, m), 2.1 - 2.8 (6 H, m), 1.6 - 2.1 (4 H, 

m), 1.1 - 1.6 (6 H, m), 0.9 (3 H, t, J = 7 Hz); Mass: 266 (20), 105 (1001, 77 

(30); HRHS: Calcd. for ClsH220 265.1671, found 266.1693. 

3-n-Pentvl-2-(4-methvlDhenvl)-4.5.6.7-tetrahvdrobenzofuran (6~2: 

Reaction of the alcohol &a (202 mg, 1 mmol) with NBS (213 mg, 1.2 mmoi) 

and I-methoxycyclohexene (135 mg, 1.2 mmol) in 5 ml of dry CH2C12 as described 

for 4a, furnished the crude bromo acetal _Ic. 

The radical cyclisaticn cf the above crude bromo acetal _rC with n-Bu3SnC1 

(0.015 ml, 0.06 mmol), NaCNBH3 (46 mg, 0.75 mmol) and AIBN (catalytic) in 4 ml 

of t-BuOH followed by aromatisation with p-TSA in benzene and purification, as 

described for a, furnished the tetrahydrobenzofuran & (50 mg, 20X overall 

yield). IR (neat): 1500, 1440, 1100, 615 cm-‘; ‘H NNR (SO MHz, CDC13):6 

7.46 (2 l!, d, J = 7.5 Hz), 7.2 :2 H, d, J 7 7.5 Hz), 2.36 (3 H, S), 2.1 - 2.6 

(6 H, m). 1.65 - 1.95 (4 H, m), 1.1 - 1.55 (6 H, m). a.9 (3 H, t, J = 7 Hz); 

Mass: 282 (t-i+, loo!, 225 (401, i19 (251, 91 (20); HRMS: Calcd. for C20H,60 
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282.1984. found 282.1964. 
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