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Abstract: Synthesis of 2,3,5-trisubstituted furans (5), starting
from 2-methoxypropene and 1,3-disubstituted propargyl alcohols 3,
via the radical cyclisaticn of the bromo acetal 4 followed by
aromatisation, is reported. Analogously, i1-methoxycyclchexene and
propargyl alcohols 3 furnished the tetrasubstituted furans 6.

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

1 for the preparation of a

derivatives as versatile cynthetic intermediates
wide range of cyclic and acyclic organic compounds makes the furans as the
mest prominent class of hetercarcmatic compounds.2 The presence of the furan
nucleus in the structures of a variety cf commercially imgortant pharmaceuti-

cals, and flavours and fragrances is also of importance.3’4

During the 1last
decade, intramoiecular addition of carbon centered free radicals to olefins,
i.e. radical cyclisations, of predictable regio- and cstereoselectivity,
procvided a powerful technique feor carbon - carbon bond formation in crganic

5 Five membered rings are readily prepared and the 5-exc

synthesis.
cyclisation is generally favoured. The mildness of reaction ccnditions and
the high levels of their chemoselectivity allow radical reacticns to serve as
poewerful synthetic tools, whose applications often complement those of their
ionic counter parts. Recent‘ly,6 we have reported the synthesis of 3-mono and

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

R

Bu,SnCl H R;
U NaCNBH 2 \
/E AIBN ’ R,
R oK OE:
1

3

(eq. 1)
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which, in principle, is the extension of the procedure originally developed by
Stork and Mook’ for B-alkylfurans using a chloro bromo acetal radical cycli-
sation (eq. 2). We have ncow extended our methodology, to establish the
versatility of the seguence, to polysubstituted furans, and in this account we
describe the syntheges of 2,3,5-tri- and 2,3,4,5-tetrasubstituted furans.

RESULTS AND DISCUSSION:

The methcdology, as shcwn in the eag. 1, i.e., radical cyclisation of the
bromo acetal 2, obtained from the N-bremosuccinimide (NBS) bromiration of an
enol ether in the precsence cf a substituted propargyl alcchol, and aromati-
saticn of the resultant 3-alkylidene tetrahydrofuran to furans (1), clearly
suggest the 1,3-disubstituted propargy) alcohols 3, and a di-or trisubstituted
encl ether as necessary starting materiale for the tri- and tetrasubstituted

furans.8

2,3,.5-TRISUBSTITUTED FURANS:

The reguisite 1,3-disubstituted propargyl alcohols 3 were cbtained by the
reaction of the 1~-l1i1thio-1-octyre or 1-11thio-1-hexyne 1in. dry THF with various
a1dehydes.sa 2-Methoxypropene, a gem disubstituted enol ether, was used, to
generate a methyl substituent at C-5 peosition 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) solution of
propargy: alcchols 3 and N8BS in methylene chlorde. The key radicatl
cyclisations were achieved by using an 1n situ generated catalytic tri-n-
butyltin hydride [n-BusSnCl (0.15 equiv.), NaCNBH, (2 equiv.), t-BuoH]® in the
presence of a catalytic amount of azobisisobutyronitrile (AIBM). The cyclised
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R
! R1 1)n-Bu3SnC1
| I Br NaCNBH R;
J\ J\OMe —NBS bl /’E * a3 /R
R:™NoH Ry g OMemp—mm ' R, o Me
Me
3 4 3

a. Ry = n-hexyl; R, = phenyl
- Ry = n-hexy1; Ry = p-tolyl

[le}

Ry = n-hexyl; Ry, = i-propyl

(-8

Ry = n-buty1; Ry = pheny1

o

Ry = n-butyl; Ry = p-tolyl

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

® and hence were directly aromatised to furans 5

to purify and characterise,
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 TH NMR spectra, in particular the presence of characteristic singlets at
S 5.5-5.0 for the B-preoton (H-C-4) and at <2.3 ppm for the methyl greoup,

10 in addition to the other expected resonances

typical for an < -methylfuran,
for the substituents. The yields of the alcohols 3, the bremo acetals 4 and

the furans 5 are listed in the table I.

Table I: Synthesis of 2,3,5-trisubstituted furans?®

Entry R1 Ro alcchol yield bremide yie]db furan yie‘ldc
1 hexy pheny1 3a 25% 4a 65% Ba 50%
2 hexy] p-tolyl 3b 90% 4b 60% 5b 60%
3 hexyl i-prepyl 3c 85% 4c 84% 5c 55%
4 buty1 pheny 1 3d 90% 4d 65% 5d 52%
5 butyl p-toyl 3e 7% 4e 70% be 53%

a) Yields (unoptimised) refer to isclated and chromatographically pure
compounds. b) In additicn, varying amounts (5-10%) of unreacted starting

alcohols 3 were alsc obtained. c¢) Overall yield (two steps) from bremides 4-

TJETRASUBSTITUTED FURANS:

Finally, the ultimate in the series, synthesis of tetracubstituted furans

11

6, was achieved using t-methoxycyclohexene, a trisubstituted enol ether, in

combination with 1,3-disubstituted propargyl alcchols 3. Thus, MBS
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D 1
R n-Bu.,SnC
k NBS 8r I NaCNgH3
+ > AIBN
2)p-TSA
OMe R, <P
2 OH MeQ
3a.d.e 7 ]
a. Ry = n-hexyl; Ry = phenyl
b. Ry = n-butyl; Ry, = pheny!
c. R1 = n-butyl; R2 = p-tolyl

bromination of i1-methoxycyclohexene 1n the presence of alcohols 3a,d,e 1in
CH2012 at -40 °C furnished the bromo acetals 7a-c. These bromo acetals 7a-c
were found to be too labile and hence were directly used without any further
purification. Radical! cyclisation of the bromo acetals 7 using an in_situ
generated catalytic tri-n-butyltin hydride (n—Buaan1, NaCNBHS, t-BUuOH) in the
presence cof a catalytic amount of AIBM, and arcmatisation of the crude
cyclised products using p-TSA in benzene, as in the case of trisubstituted
furans 5§, furnched the tetrasubstituted furans 6. The overall yields starting

from the alcohcls 3 were in the range of 15-20%, mainly due to the instability

of the intermediates, brcocmo acetals 7 and the cyclised preducts.

In conclusicn, we expect that this radical cyclisaticn based strategy,
fer its mildness of reacticn conditions, should constitute a valuable addition
to the methodelogy feor the synthesis of polysubstituted furans.12

EXPERIMENTAL
IR spectra were recorded cn a Perkin-Elmer 781 spectrcophotcmeter. 1H NMR
(60, 90, 270 MHz) spectra were recorded on a Varian T-60, Jeol FX-30Q and
Brucker WH-270 spectrometers. Chemical cshifts and ccupling constants are

reported in standard fachicn (§) with reference to internal tetramethylsilane.
Low and high resoluticn mass measurements were carried out on a Jeol JMS-DX

303 GC-MS 11nstrument using a direct inlet mode. Relative abundances of the
fragments in LRMS are given 1n parentheses. Acme’s silica gel (100-200 mesh)
was used in the column chromatography. Acme’'s silica gel G (containing 13%
calcium sulfate as binder) was used for TLC. A1l the mcisture sensitive
reactions were carried cut using standard syringe-septum technique in nitrogen
atmosphere. NBS was recrystallised from water. AIBN was recrystallised from

mzcthanol and ztored in dark. A1l other commercial reagents were used as such

with out further puritication. THF was dried and distilled o.er sodium

benzophenone ketyl pricr to use. CH,C1, was distilled over P,Os. 1-Methoxy-
e 17

cyclohexene was prepared acccrding to the reported procedure.
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1-Phenyinon-2-yn-1-y1 (1-bromo-2-methoxyprop-2-yi) ether (4a):

To a cold (-50 °C, EtOH-Lig. N, bath), magnetically stirred solution of
the alcohol 3a (650 mg, 3.0 mmol) and NBS (650 mg, 3.6 mmol) in 10 ml of dry
CHpC1, was added, 2-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 CHQC12 (2 x 20 ml). The combined organic phase was
washed with 2N aqgueous NaOH (2 x 10 ml) and brine, and dried over Na,S0,.
Evapcration of the solvent and purification of the residue on 10 g of silica
gel with 1:4 ethyl acetate - hexane as eluent, furniched the diastereomeric
mixture of the brome acetal 4a {490 mg, 60%). IR (neat): 2220, 149§%, 1450,
1380, 1220, 1100, 1000, 710 cm-1; 1H NMR (270 MHz, CDC13): & 7.48 (2 H, d,
7.5 Hz) and 7.2 -~ 7.4 (3 H, m) (aromatic), 5.45 and 5.42 (1 H, s, Ph-CH-O

-

),
3.72 & 3.54 and 3.43 & 3.32 (- H, AB g, J = 11 Hz), 3.27 and 3.18 (3 , S,
OMe), 2.21 (2 H, t, J = 7 Hz), 1.62 and 1.46 (3 H, s, 0O-C-Me), 1.15 - 1.6 (8
H, 4 x 052), 0.87 (3 H, t, J = 6.5 Hz, terminal Me); Mass: 25§ (M+—BrOMe, 29),

255 (75), 230 (22), 215 (30), 199 (65), 159 (100), 153 (90), 151 (95), 143
(35), 129 (40), 128 (45), 117 (40), 105 (35), 93 (258), 91 (90). Further
elution of the cclumn furnished 20 mg of unreacted alcohol 3a.

3-n-Heptyl-5-methyl1-2-phenyifuran (5a):

A suspension cf the bromo acetal 4a (185 mg, 0.5 mmol), n-BuzSnCl (0.02
ml, 0.075 mmol), NaCNEH3 (85 mg, 1 mmel) and AIBM (catalytic) in 4 ml of t-
butanol was refluxed for 3 hr. Solvent was evaporated under reduced pressure
and the recsidue taken in 10 m]l cof water and extracted with CHoCl, (3 x 10 ml).
The combined crganic extract was washed with 1% aquecus NH 4 COH (2 x 10 ml1) and
brine, and dried (Nazsod). Evaporation of the csclvent furnished the cyclised
product, which was used as such with out further purification.

The cyclised preoduct cbtained abcve was taken in 5 ml of dry benzene and
treated with small porticns of p-TSA till the persistence of dark colour %o
the solution. The reaction mixture was stirred at room temperature for 2 hr

and quenched with saturated aqueous NaHCO4 (5 ml). The organic layer was
separated and the agqueous phase was extracted with benzene (2 x 10 ml). The
combined organic phase was washed with brine and dried (Naesod). Evaporation

of the solvent and purification of the residue on 5§ g of silica gel using 2%
ethyl acetate in hexane as eluent furnished the furan 5a (565 mg, 50%). IR
(neat): 3030, 1605, 1570, 14¢d, 1450, 805, 760, 690 cm"1; 1H NMR (EC MHzZ,
CCl4): § 7.05 - 7.6 (5 H, m, phenyl), 5.83 (1 H, br s, furan 4-4), 2,57 ("~ H,
L, J = 7 Hz, furyl-cﬂg), 2.3 /3 H, s, furyl-Me), 1.25 - 1.9 (1C 4, 5 x Cy ),
0.9 (3 H, distorted t, terminal Me); Mass: 256 (M+, 100), 287 (M++1, 22), 172
(40), 171 (75), 142 (158), 128 (15}, 105 (15); HRMS: Caicd. for C18H240
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256.1827; found, 256.1848.

1oh .

The reaction of the alcohol 3b (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 4a, furnished the diastereomeric mixture of the bromo acetal 4b (430 mg,
60%). IR (neat): 2240, 1520, 1470, 1380, 1220, 1100, 1080, 990, 915, 700 Cm_1;
1H NMR (270 MHz, CDC13): § 7.36 (2 H, d, J =8Hz) and 7.16 (2 H, d, J = 8 Hz)
(aromatic), 5.41 and 5.38 (1 H, s, Ar-CH-0), 3.71 & 3.52 and 3.42 & 3.31 (2 H,
AB q, J = 11 Hz, CH,-Br), 3.27 and 3.18 (3 H, s, ~OMe), 2.34 (3 H, s, Ar-Me),
2.2 (2 H, t, J =7 Hz, CgC—Cﬂz), 1.67 and 1.45 (3 H, s, 0-C-Me), 1.15 ~ 1.6 (8
H, m, 4 x Cﬂz), 0.87 (3 H, t, J = 7 Hz, terminal Me); Mass: 270 (M+—BrOMe,
50), 269 (100), 186 (50), 185 (100), 170 (20), 143 (20), 119 (100), 91 (40).
Further elution of the column furnished 30 mg of the unreacted alcchol 3b.

3-n-Heptyl-5- hy1-2-(4-~ 1phenyl)fur 5b):

The radical cyclisation of the bromo acetal 4b(190 mg, 0.5 mmol) with n-
Bussnc1 (0.02 ml, 0.075 mmol), MNaCNBHq4 (65 mg, 1 mmol) and AIBN (catalytic) in
4 ml of t-BuOH followed by arcmatisation of the crude cyclised product with p-
TSA in 5 ml of dry benzene and purification, as described for 5a, furnished
the furan 5b (80 mg, 60%). IR (neat): 1670, 1610, 1510, 1470, 820 cm '; 'H NMR
(80 MHz, CC14): & 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—Cﬂz), 2.383
(3 H, &, Ar-Me), 2.28 (3 H, s, furyl-Me), 1.0 - 1.5 (10 H, m, 5 X Cﬂe), 0.87
(3 H, t, J = 7 Hz, terminal Me); Macss: 269 (M+-1), 228, 213 (100), 173, 151,

131, 119, 105, 91.

2-Methylundec-4-yn—-3-y1 (1-bromo-2-methoxyprop-2-y1) ether (4c):

The reaction of the alcohcl! 3c (545 mg, 3 mmol) with NBS (650 mg, 3.6
mmol) and 2-methoxyproperne (0.38 ml, 3.6 mmol) in 5 ml of dry CH2012 and
purification, as described for 4a, furnished the diasterecmeric mixture of the
bromo acetal 4c (840 mg, 84%). IR (neat): 2240, 1460, 1380, 1210, 1110, 1020,
680 cm™'; W NMR (60 MHz, CCl4): & 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-n-Heptyl-5-methy1-2-{1-methylethyl)-furan (5¢}:

The radical cyclisation of the bromo acetal 4c (167 mg, 0.5 mmol) with n-
Bussnc1 (0.02 ml, 0.075 mmel)}, NaCNBH 4 (65 mg, 1 mmol) and AIBN (catalytic) in
4 ml of t-BuOH for 3 hr fcllowed by aromatisation with p-TSA in § ml of
benzene and puritication, as described “or 5a, furnished the furan 5c (8¢ mg,
58%). IR (neat): 3020, 1590, 1460, 1380, 1250, 1050, 800 cm_1; 1H NMR (60
MHz, CC14): S 5.57 (1 H, s), 2.85 {1 H, sep, J = 7 Hz), 2.0 - 2.45 (2 H, m),
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2.2 (3 H, s), t.1 - 1,57 (16 H, m), 0.91 (3 H, t, J = 7 Hz); Mass: 221 (M+—1,
158), 197 (21), 196 (39), 195 (40), 111 (40), t10 (30), 95 (20), 83 (20), 81
{20), 71 (35); HRMS: Calcd. for CygH,50 (M+-1) 221.1906; found 221.1897.

The reaction of the propargyl alcohol 3d (565 mg, 3 mmo])13 with NBS (650
mg, 3.6 mmol) and 2-methoxypropene (0.38 ml, 3.6 mmol) in & mi of CH,Cl, and
purification, as described for 4a, furnished the diastereomeric mixture of the
bromo acetal 4d (663 mg, 65%). IR (neat): 2240, 1500, 1460, 1380, 1220, 1100,
1000, 700 cm™'; 'H NMR (60 MHz, CCl4): & 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 =17 Hz).

5-Me 1-3-n-pentyl1-2-phenylfuran (5d):

The radical cyclisation of the bromo acetal 4d (170 mg, 0.5 mmol) with n-
Busan1 (0.02 m1, 0.075 mmol), NaCNBH3 (65 mg, 1 mmol) and AIBM (catalytic) in
4 ml of t-BuOH followed by aromatisation with p-TSA in 5 ml of dry benzene and
purification, as described for 5a, furnished the furan 5d (60 mg, 52%). IR
(neat): 1600, 1555, 1490, 800, 760, 695 cm'1; 1H NMR (60 MHz, CC14): § 6.95 -
7.6 (5 H, m), 5.82 (1 H, s), 2.55 (2 H, t, J = 7 Hz), 2.2 (3 H, s}, 1.058 -
1.85 (6 H, m), 0.88 (3 H, t, J = 7 Hz);: Mass: 228 (M+, 25), 2271 (20), 200
(30), 187 (25), 172 (20), 145 (20), 139 (25), 106 (25), 105 (95), 77 (100);
HRMS: Calcd. for CygH,g0 228.1514, found 228.1474.

1-(4-Methylphenyl)-hept-2-yn~-1-y1 (1-bromo-2-methoxyprop-2-yl) ether

The reaction of the alcohol 3e (606 mg, 3 mmol) with NBS (650 mg, 3.6
mmol) and 2-methoxyprcpene {(0.28 ml, 2.6 mmol) in 10 ml of dry CH,Cl, and
purificaticn, as described for 4a furnished the diasterecmeric mixture of the

e (742 mg, 70%). IR (neat): 2240, 1460, 1380, 1220, 1100, 990,
840, 820 cm—!; H NMR (60 MHz, CC14): § 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 (2H, m), 1.57 and 1.35 (3 H, s), 1.0 - 1.7 (4 H, m), 0.93
(2 H, distorted t).

brome acetal 4

—_

5-Methy1-2-(4-methyliphenyl)-3-n—pentylfuran (6e):

The radical cyclisation of the bromo acetal 4e (177 mg, 0.05 mmol) with
n-Buasncl (0.02 ml, 0.075 mmol), NaCNBHj4 (65 mg, 1 mmol) and AIBN (catalytic)
in 4 ml of t-8uOH 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 5a,
furnished the furan 5e (85 mg, &£3%). IR (neat): 3030, 1610, 1510, 1460, 1110,
829 cm™';  'H NMR (90 MMz, CDCl1g): & 7.48 (24, 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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( , 0.92 (3 H, t, J = 7 Hz); Mass: 242 (M), 215 (30), 187 (30),
139 (25), 119 (98), 91 (100).

—-n-—| tyl1-2-phenyl-4 6,7-tetr dr ofura, 6a):

Reaction of the alcochol 3a (230 mg, 1 mmol) with NBS (213 mg, 1.2 mmol)
and 1-methoxycyclohexene (135 mg, 1.2 mmol) in 5 ml of dry CH2012 as described
for 4a furnished the crude bromo acetal 7a (170 mg).

The radical cyclisation of the above crude bromo acetal 7a with n-Bu35n01
(0.02 ml, 0.075% mmol), NaCNBH3 (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 5a and purification over 8 g of silica gel with 1:40 ethy]l
acetate - hexane, furnished the tetrahydrobenzofuran 6a (55 mg, 16% overal?l
yield). IR (neat): 1520, 1460, 910, 820 cm_1; 1H MMR (270 MHZz, CDC13): s 7.58
(2 H, d, J = 6.8 Hz), 7.38 (1 H, t, J = 6.8 Hz), 7.23 (2 H, d, J = 6.8 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-Pentyl-2-phenyl-4 6,7-tetra robenzofyran b):

Reaction of the alcchol 3d (230 mg, 1.2 mmol) with NBS (213 mg, 1.2 mmol)
and 1-methoxycyclchexene (135 mg, 1.2 mmcl) in 5 ml of dry CH2012 as described
for 4a furniched the crude bromo acetal 7b.

The radical cyclisation of the above crude bromo acetal 7b with n—Bu3SnC1
(0.02 ml, 0.075 mmo1l), NaCNBH4 (65 mg, 1 mmel) 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 5a, furnished the tetrasubstituted furan &b (55
mg, 16% overall yield). IR (neat): 1600, 1500, 1450, 1070, 760, 690 cm_1; 1H
NMR (90 MHz, CDC13): § 7.1 - 7.7 (5H, m), 2.1 - 2.8 (6H, 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 (100), 77
(30); HRMS: Calcd. for C19H220 266.1671, found 266.1693.

3-n-Pentyl-2-(4-methylphenyl)-4.5,.6,7-tetrahydrobenzofuran (6c):

Reaction of the alcohol 3e (202 mg, 1 mmol) with NBS (213 mg, 1.2 mmol)
and 1-methoxycyclohexene (135 mg, 1.2 mmol) in 5 ml of dry CH2C12 as described
for 4a, furnished the crude bromo acetal 7c.

The radical cyclisaticn cf the above crude bromo acetal 7c with n-BuaSnCl
(0.015 mi, 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 5a, furnished the tetrahydrobenzofuran 6c (50 mg, 20% overall
yield). IR (neat): 1500, 1440, 1100, 815 cm '; 'H NMR (90 MHz, CDCl13)8
7.48 (2 H, d, J = 7.5 Hz), 7.2 {2 H, d, J = 7.5 Hz), 2.36 (3 H, s), 2.1 - 2.8
(6 H, m). 1.65 - 1.95 (4 H, m), 1.1 - 1.55 (6 H, m). 9.9 (3 H, t, J = 7 Hz);
Mass: 282 (MY, 100), 225 (40), 119 (25), 91 (20); HRMS: Calcd. for CpgH,e0
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282.1984, found 282.1964.
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