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Abstract: Different 2,3,5-trisubstituted furans have been regiose-
lectively synthesized through a ring-opening cycloisomerization of
functionalized cyclopropenyl carboxylates with moderate to excel-
lent yields by using tri(2-furanyl)phosphine as the catalyst.
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Organophousphorus compounds have been widely used
in synthetic organic chemistry.! For example, phosphines
have been extensively used as ligands in the transition-
metal-catalyzed reactions.? They are also used as reagents
in the Wittig reaction,® Staudinger reaction,* and Mitsuno-
bu reaction,’ etc. Furthermore, phosphines can be used as
a class of nucleophilic organocatalysts, which was first re-
ported in late 1960s.° Recently, since two types of phos-
phine-catalyzed reactions, that is, the isomerization of
o,B-ynones and the [3+2] cycloaddition of 2,3-butadi-
enoates or 2-butynoates with electron-deficient olefins,
were independently developed by Lu’s group and Trost’s
group, reports of phosphines as nucleophilic catalysts
have grown significantly.” Cyclopropenes, highly strained
but readily accessible carbocyclic molecules, have been
shown to possess interesting reactivities in organic syn-
thesis.® There are many reports on the ring-opening reac-
tions of cyclopropenes in the literature. Transition metals,
such as Rh, Ru, Pd, Cu, Au, Fe, Ag, etc. have been found
to be good catalysts in these reaction.” In 2003, we report-
ed an X~ (X =1, Br) triggered ring-openging coupling
reaction of functionalized cyclopropenes with organic
halides, imines, or 1,1-bis(phenylsulfonyl)ethylene
(Scheme 1).'° However, to the best of our knowledge, the
ring-opening reaction of cyclopropenes catalyzed by or-
ganocatalyst has not been reported so far.!'! Herein, we
wish to report the first phosphine-catalyzed ring-opening
cycloisomerization reaction of cyclopropenyl dicarboxy-
lates for the highly regioselective synthesis of 2,3,5-
trisubstituted furans.
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Scheme 1

Initial attempt to promote ring-opening cycloisomeriza-
tion of readily available cyclopropene la led to disap-
pointing results using triphenylphosphine as the catalyst
in toluene at 100 °C; no reaction occurred and 1a was re-
covered in 84% yield as determined by '"H NMR spectro-
scopic analysis (Table 1, entry 1). Trialkylphosphine
derivatives, such as trimethylphosphine and tricyclohexyl-
phosphine, are ineffective in this reaction at 100 °C
(Table 1, entries 3 and 4). Under the similar conditions,
when tris(o-tolyl)phosphine, tris(4-methoxyphenyl)phos-
phine, 3-(diphenylphosphino)cyclohexanone 3, or diphe-
nylphosphine was employed as catalyst, the
corresponding furan 2a could not be obtained either
(Table 1, entries 5-8). To our delight, trace of product 2a
was observed with tri(1-naphthyl)phosphine as the cata-
lyst (Table 1, entry 9). When tri(2,4,6-trimethoxyphe-
nyl)phosphine was used, the yield was slightly higher
(Table 1, entry 10). Gratifyingly, the use of tri(2-fura-
nyl)phosphine led to formation of 2a in 78% yield with 1a
being recovered in 10% yield (Table 1, entry 11). By con-
ducting the reaction at 150 °C, complete conversion of 1a
was reached, and the corresponding product 2a was ob-
tained in 90% isolated yield (Table 1, entry 12). Forma-
tion of product 2a was not observed when nitrogen-
containing nucleophilic catalysts, such as DMAP, DBU,
and DABCO, were employed (Table 1, entries 13-15).
The reaction could not occur without any -catalyst
(Table 1, entry 2).

Then the solvent effect was examined, and different sol-
vents provided different outcomes for this reaction
(Table 2). No reaction occurred in MeNO,, MeCN, Et,0,
CH,Cl,, or THF (Table 2, entries 2-6). Low conversion
was observed in NMP, DCE, or dioxane (Table 2, entries
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Table1 Cycloisomerization of 1a under Different Reaction Condi-
tions with Organocatalysts®

MeO,C CO,Me CO,Me
/A catalyst (10 mol%) /[_§\
n-Bu toluene, temp, time gy o OMe
1a 2a 3 PPh;
Entry Catalyst Temp Time Yield Recovery
(GO (%) of 1a (%)
1 Ph;P 100 60 n.I. 84
2 - 100 48 n.I. 84
3 Me,P 100 48 nr. 80
4 Cy;P 100 48 n.I. 66
5 (2-MeC¢H,);P 100 48 n.I. 88
6 (4-MeOC4H,);P 100 48 nr. 87
7 Ph,PH 100 48 n.I. 81
8 3 100 25 n.I. 83
9 (1-naphthyl);P 100 48 8 53
10 [2,4,6-(Me0O);C¢H,],P 100 48 17 52
11 (2-furanyl);P 100 96 78 10
12 (2-furanyl);P 150 31 89 (90°) -
13 DMAP 100 48 n.I. 71
14 DBU 100 48 n.I. 71
15 DABCO 100 48 n.r. 53

* The reaction was conducted in a Schlenk tube with a screw cap and
the yield was determined by 'H NMR spectroscopic analysis with
MeNO, as the internal standard.

® The numbers in the parenthesis are the isolated yields of 2a.

7-9). Using DMF as the solvent the reaction was compli-
cated and 12% yield of 1a was recovered (Table 2, entry
10). In conclusion, toluene is the optimal solvent for this
transformation (Table 2, entry 1).

With the optimized conditions in hand (Table 2, entry 1),
the scope of the reaction was explored (Table 3). With R
being alkyl (Table 3, entries 1-3), cyclohexyl (Table 3,
entry 4), Bn (Table 3, entry 5), PhCH,CH, (Table 3, entry
6), protected alcohol, such as TBSOCH,CH, (Table 3,
entry 7), TBSOCH,CH,CH, (Table 3, entry 8), and
THPOCH,CH, (Table 3, entry 9), the reaction proceeded
smoothly to afford the corresponding 2,3,5-trisubstituted
furans in excellent yields. However, with R bearing the
unprotected hydroxyl group, the reaction could not occur
and cyclopropene 1i was recovered in 66% yield as deter-
mined by '"H NMR spectroscopic analysis (Table 3, entry
10). Interestingly, for substrates with R being relatively
bulky #Bu, the reaction could also occur in 86% yield
(Table 3, entry 12). For cyclopropenyl dicarboxylates,
differently substituted aryl group R has an important in-
fluence on the reaction. For example, with R being Ph, the
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Table 2 Cycloisomerization of 1a in Different Solvent®

MeO,C CO,Me CO,Me
(2-furanyl)sP (10 mol%) /U\
n-Bu solvent, temp, time n-Bu 0 OMe
1a 2a
Entry Solvent Temp  Time Yield Recovery of
O ) (%) 1a (%)

1 toluene 150 31 89 (90) -

2 MeNO, 100 72 n.r. 82

3 MeCN 100 72 n.I. 82

4 Et,0 70 96 n.r. 80

5 CH,Cl, 70 72 n.r. 85

6 THF 100 96 n.r. 68

7 NMP 100 72 2 84

8 DCE 100 72 4 79

9 dioxane 100 96 22 53
10 DMF 100 72 complicated 12

* The reaction was conducted in a Schlenk tube with a screw cap, and
the yield was determined by 'H NMR spectroscopic analysis with
MeNO, as the internal standard.

® The numbers in the parenthesis are the isolated yield of 2a.

product was obtained in 39% yield (Table 3, entry 13);
with R being 4-MeC¢H,, the product was obtained in 62%
yield (Table 3, entry 14); with R being 4-MeO,CC¢H, or
4-0O,NC¢H,, the reaction was complicated and no except-
ed product was obtained (Scheme 2). In addition, to test
the practicability of the catalytic system, the reaction was
carried out in gram scale (5.0 mmol) of 1a in the presence
of 10 mol% of tri(2-furanyl)phosphine. The desired prod-
uct was obtained in 95% yield (Table 3, entry 2).

MeO,C CO.Me

A P(2-furanyl); (10 mol%)
EWG I

EWG = CO,Me or NO,

complicated
toluene, 150 °C

Scheme 2

A plausible mechanism for this ring-opening cycloi-
somerization reaction is depicted in Scheme 3. Initial at-
tack of the tri(2-furanyl)phosphine at the 2-position of
cyclopropene 1a results in the formation of zwitterionic
phosphonium adduct I. Isomerization from I gives inter-
mediate II, which allows the cyclization to generate the
cyclic zwitterion IIL.'? Finally, elimination of the phos-
phine catalyst furnishes the furan product 2a.'* The prod-
uct is the same as the one which was obtained in
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Table 3 The Scope of Phosphine-Catalyzed Cycloisomerization
Reactions of Cyclopropenyl Dicarboxylates®

MeO,C CO,Me COsMe
(2-furanyl)zP (10 mol%) /@\
R toluene, 150 °C R o) OMe
1 2
Entry R Time Isolated yield
(h) of 2 (%)
1 la n-Bu 31 2a90
2 la n-Bu 18 2a95°
3 1b n-CgH,, 24 2b 81
4 1c cyclohexyl 24 2¢ 94
5 1d Bn 19.5 2d 90
6 1e PhCH,CH, 24 2e 94
7 1f TBSOCH,CH, 24 2192
8 1g TBSOCH,CH,CH, 24 2g 90
9 1h THPOCH,CH, 25 2h 86
10 1i HOCH,CH, 24 -
11 1j n-Bu¢ 24 2j 85
12 1k -Bu 19 2k 86
13 11 Ph 34 2139
14 1m 4-MeC4H, 24 2m 62

2 The reaction was conducted by using 1 (0.20 mmol) and tri(2-fura-
nyl)phosphine (0.02 mmol) in toluene (0.1 M) at 150 °C in a Schlenk
tube with a screw cap.

® Conditions: 5.0 mmol of 1a were used in this reaction.

¢ No expected product was obtained and cyclopropene 1i was recov-
ered in 66% yield as determined by '"H NMR spectroscopic analysis.
4 Diethyl 2-butylcycloprop-2-ene-1,1-dicarboxylate (1j) was used.

RuCl,(PPh;);-catalyzed cycloisomerization reaction of
cyclopropene 1a.%

In conclusion, we have developed a highly regioselective
synthesis 2,3,5-trisubstituted furans'* via phosphine-cata-
lyzed ring-opening cycloisomerization reactions of cyclo-
propenyl dicarboxylates."> Further studies in this area by
using the intermediates formed in Scheme 3 are currently
under way in our laboratory.

Supporting Information for this article is available online at
http://www .thieme-connect.com/ejournals/toc/synlett.
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Representative Procedure for the Synthesis of 2-
Methoxy-3-methoxycarbonyl-5-butylfuran (2a) in a 5.0
mmol Scale

To a Schlenk reaction tube with a screw cap, evacuated and
backfilled with argon, were added sequentially (2-furanyl),P
(116 mg, 0.50 mmol), cyclopropenyl dicarboxylate 1a
(1.058 g, 4.99 mmol), and toluene (50 mL). The resulting
mixture was refluxed at 150 °C. After 18 h the reaction was
over (monitored by TLC). Evaporation and column
chromatography on silica gel (eluent: PE-EtOAc = 20:1)
afforded the desired product 2a*® (1.005 g, 95% yield); oil.
'H NMR (400 MHz, CDCl,): § = 6.15 (t,J = 1.0 Hz, 1 H,
CH=), 4.05 (s, 3 H, CO,CH,), 3.76 (s, 3 H, OCH,), 2.47 (td,
J=174,0.8 Hz, 2 H, =CCH,), 1.60-1.50 (m, 2 H, CH,),
1.40-1.29 (m, 2 H, CH,), 0.90 (t, J = 7.4 Hz, 3 H, CH,).
BCNMR (100 MHz, CDCly): § =163.6, 161.0, 146.0, 105.8,
91.2,57.9,51.0,29.5, 27.1,22.0, 13.7. MS (EI): m/z =212
(19.03) [M*], 169 (100) [M* — C;H]. IR (neat): 2955, 2873,
1720, 1607, 1470, 1407, 1278, 1212, 1191, 1138, 1088 cm ™.
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