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A new synthetic approach to dihydrofuran derivatives via the
annulation reaction of S-naphthols and 4-hydroxycoumarins with
vinylsulfonium salts had been developed. A variety of dihydrofuran
derivatives were prepared in moderate to good yields under mild
conditions. The products could be readily transformed to the
corresponding furans via the dehydrogenation with DDQ.

Furans and dihydrofurans are important structural units widely
found in natural products and synthetic drugs (Fig. 1).! For
example, ramelteon is a highly selective MT1/MT2 melatonin
receptor agonist for the treatment of insomnia.’® Psoralen
isolated from fructus psoraleae possesses promising anticancer
activity.1f Glabramycin C and reductiomycin are antibiotics with
potent antibacterial activity.’® 11 In the past decades, the
synthesis of furans and dihydrofurans has received great
attentions and a variety of methods had been developed.?
Despite the progresses, new synthetic approaches are still
desirable considering the structural diversities of furan and
dihydrofuran derivatives.3
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Figure 1 Representative natural products and synthetic drugs containing furan or
dihydrofuran moiety.
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Vinylsulfonium salts are a class of good Michael acceptors
which undergo the cascade addition/cyclization with a variety
of nucleophiles.* Their reactions with active methylene
compounds provided cyclopropanes.® Vinylsulfonium salts are
also valuable for the synthesis of nitrogen heterocycles via the
reactions with amines or amides.® The synthesis of furans or
dihydrofurans from vinylsulfonium salts were also developed.”
Stirling and co-workers reported that furans could be obtained
via the addition of enolate anions to allenic sulfonium salts.72-7¢
Ojida and co-workers found that the reactions of 1,3-dicarbonyl
compounds with prop-2-ynylsulfonium salts provided furans
and dihydrofurans.’d7f The synthesis of epoxide-fused or
cyclopropane-fused tetrahydrofurans was also achieved by
Aggarwal and co-workers using a-hydroxy aldehydes/ketones
as the substrates.®"7e7" In the reaction of 1,3-dicarbonyl
compounds with g-(trifluoromethyl)vinyl sulfonium salt,
trifluoromethyl substituted dihydrofurans were obtained with
good yields while NaH was used as base in THF/CH,Cl, at -78 °C.
Interestingly, the same reaction provided trifluoromethyl
substituted cyclopropanes as the major products in DMSO at
room temperature.5f However, the potentials of vinylsulfonium
salts for the synthesis of furan and dihydrofuran derivatives
remain to be explored. In this paper, we report an efficient
synthesis of dihydrofuran and furan derivatives via the cascade
reaction of vinylsulfonium salts with f-naphthols and 4-
hydroxycoumarins.

We commenced our study with the reaction of (2-
bromoethyl)diphenylsulfonium trifluoromethanesulfonate 1a
with f-naphthol 2a. 1a was used as a precursor of
vinylsulfonium salt in the presence of bases.6d11 1,2-
Dihydronaphtho[2,1-b]-furan 3a was previously prepared via
the reaction of in situ generated O-quinone methides with
dimethyl sulfoxonium methylide.8 A range of bases were tested
and the results are summarized in Table 1. Pyridine,
triethylamine, DIPEA, and DABCO did not provide the product
3a (Table 1, entries 1-4). To our delight, 3a was obtained in a
low yield while using DBU as the base (Table 1, entry 5). On the
other hand, inorganic bases were found to be more effective
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(Table 1, entries 6-9). Moderate yields were obtained with
K3PO4 and Cs,COs. A good yield was achieved with K;COs (Table
1, entry 8). Stronger bases such as KOH and NaH led to reduced
yields (Table 1, entries 9-10). Furthermore, the effect of the
reaction solvent was examined (Table 1, entries 11-19).
Moderate yields were obtained in toluene and
dichloromethane (DCM). Poor yields were observed in THF and
1,4-dioxane. The reaction in acetone, DMF and DMSO provided
3a in moderated yields. Protonic solvent such as MeOH was
incompatible with the reaction. MeCN was identified as the best
solvent. Increasing the equivalent of 1a provided slightly higher
yields (Table 1, entries 19-20). The excellent yield was achieved
at 0 °C, but the further decrease of the reaction temperature
led to the significant loss of the yield (Table 1, entries 21-22).

Table 1 Optimization of reaction conditions?®

Table 2 Reaction of 1a with S-naphthols 2a-2k and quinolin-6-01%®  view Article Online

Br/\/SPh2 “/OH Base (3 eq.) O °

MeCN, 30 °C, 24 h O
1a 3a

Entry Base la/2a/base Solvent Yield (%)?
1 pyridine 1:1:3 MeCN -
2 EtsN 1:1:3 MeCN -
3 DIEA 1:1:3 MeCN -
4 DABCO 1:1:3 MeCN -
5 DBU 1:1:3 MeCN 41
6 KsPOas 1:1:3 MeCN 62
7 Cs,CO3 1:1:3 MeCN 67
8 K2COs 1:1:3 MeCN 83
9 KOH 1:1:3 MeCN 47
10 NaH 1:1:3 MeCN 34
11 K2CO3 1:1:3 toluene 50
12 K2CO3 1:1:3 DCM 50
13 K2COs 1:1:3 THF 36
14 K2COs 1:1:3 1,4-dioxane 24
15 K2COs 1:1:3 acetone 65
16 K2CO3 1:1:3 DMF 68
17 K2COs 1:1:3 DMSO 54
18 K2COs 1:1:3 MeOH 0
19 K2CO3 1.2:1:3 MeCN 84
20 K2CO3 1.5:1:3 MeCN 87
21¢ K2COs 1.5:1:3 MeCN 96
224 K2COs 1.5:1:3 MeCN 36

a Unless otherwise noted, the reaction was carried out with 1a (0.2 mmol), 2a (0.2
mmol), base (0.6 mmol), and solvent (4.0 mL) at room temperature under an argon
atmosphere for 24 h. ® GC Yields with dodecane as the internal standard. ¢ The
reaction was carried out at 0 °C. @ The reaction was carried out at -20 °C.
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a9 Reaction conditions: 1a (0.3 mmol), 2a-21 (0.2 mmol), K,CO; (0.6 mmol), MeCN (4 mL),
0 °C, 16-24 h, under an argon atmosphere. ? Isolated yields.

With the optimized conditions, we investigated the reaction
of 1a with a range of S-naphthols 2a-2k and the results are
summarized in Table 2. 6-Substitution of S-naphthol with Me,
Ph and Br was tolerated very well and the products 3b-3d were
obtained in excellent yields. However, 6-substitution with
electron-withdrawing groups (MeCO, CO,Me, and CN) led to
reduced vyields (3e-3g). 7-MeO and 7-Bn substituted f-
naphthols gave 3h-3iin moderate yields. f/~Naphthols with 8-N-
phthaloylimino and 8-benzylamino were also applicable. The
products 3j-3k were obtained in moderate yields. In the case of
substrate 2k, no side product from the nucleophilic attack of the
amino group was observed. We speculated that the big steric
hindrance of the amine group prevented its reaction with 1a. In
addition, the structurally similar quinolin-6-ol 2l was examined.
The product 3l was obtained in a moderate yield. During the
reactions, we observed small amount of O-f-bromoethyl
byproducts 4a-4l in combination with 3a-3l via 1H NMR analysis.
In a previous study, Minami and co-workers reported that the
phenoxy anion can substitute dimethyl sulfide from 3-
methylbutenyl dimethylsulfonium salts.® 4a-4l were probably
generated through the direct substitution of diphenyl sulfide by
the B-naphthoxy anions. 4a-4l are difficult to be separated from
3a-3l by column chromatography. After testing a series of
conditions, we found that 4a-4l could be removed via the
addition of piperazine before the work-up.1°

Furthermore, the reaction of 1a with 4-hydroxycoumarins 5a-
5h was examined and the results are summarized in Table 3.
K2CO3/MeCN system is not optimal for the transformation.
After the screening of reaction conditions, DBU/1,4-dioxane
system was found to be more efficient.’® The reaction of 4-
hydroxycoumarin 5a gave the expected dihydrofuran 6a in a
good vyield. 4-Hydroxycoumarins with 6-Me, 6-F, and 6-NO;
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substitutions gave the products 6b-6d in moderate to good
yields. 7-Substitutions with methoxyl and dimethylamino were
tolerated well. The products 6e and 6f were obtained in good
yields. However, 7-chloro substitution led to a poor yield (6g).
4-Hydroxy-1-methyl-2-quinolone (5h) was also examined and
the corresponding product 6h was obtained in a low yield.

Table 3 Reactions of 1la with 4-hydroxycoumarins 5a-5g and 4-hydroxy-1-methyl-2-
quinolone 5hab

. OH o
B SP, @\)1 DBU (3 eq.) N
) + Ry 1,4-dioxane R
oTf Z 00 Z >0 N0

rt,24h
1a 5a-5h 6a-6h
(o] o o] o

b W@(i O C(i

0o o0 o 0o oo
6a, 83% 6b, 62% 6c, 87% 6d, 68%
o o o o

~o 0o \hll oo al 0 Yo ']l o]
6e, 80% 6f, 65% 69, 38% 6h, 34%

9 Reaction conditions: 1a (0.3 mmol), 5a-5h (0.2 mmol), DBU (0.6 mmol), 1,4-
dioxane (4 mL), r.t., 24 h, under an argon atmosphere. ? Isolated yields.

COMMUNICATION

[-Phenyl vinylsulfonium salt 7a and S-triflyoromethyl
vinylsulfonium salt 7b were also prepare8Q%5f5¢ (I9TSEHEIIE A

with Bnaphthol 2a and 4-hydroxycoumarin 5a were examined
and the results are showed in Scheme 1. The S-substitution of
vinylsulfonium salts decreased the reactivity significantly. f-
Phenyl vinylsulfonium salt 7a is unreactive with 2a or 5a. The
reaction of S-trifluoromethyl vinylsulfonium salt 7b with £-
naphthol 2a did not give the expected dihydrofuran derivative.
Instead, small amount of enol ether 8a was obtained. The
reaction of 7b with 4-hydroxycoumarin 5a provided the
dihydrofuran 8b, however, in a low yield.

Dihydrofurans 3a and 6a were transformed to the
corresponding furans 9a and 9b in good yields via the
dehydrogenation with DDQ (Scheme 2). The result
demonstrated the potential of this method for the synthesis of
both dihydrofurans and furans.

A tentative reaction mechanism is outlined in scheme 3. The
reaction begins with the generation of vinylsulfonium salt via
the elimination of hydrogen bromide from 1a.l2 The
vinylsulfonuim salt reacts with f~naphthol 2a to give sulfonium
ylide A, which then tautomerizes to intermediate B. After a
proton transfer, the zwitterion C is formed. The subsequent
intramolecular SN, reaction vyields the product 3a and
eliminates diphenyl sulfide.

B @
r\/\SPhZ 1a
o
2a ) oTf
_— > no reaction
€ K,CO3 MeCN base l HBr
SPh, 2- >3,
Ph T2 0°C,24h
o
oTf @
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- SO VL
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Scheme 1 Reactions of 7a, 7b with f-naphthol 2a and 4-hydroxycoumarin 5a. SPh,
-~ .
o@/
ra e

0 DDQ (0]
- .
OO toluene, reflux OO
3a
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] ]
A\
BN DDQ X
o X0 toluene, reflux o o
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Scheme 2 Synthesis of furans 9a and 9b.

This journal is © The Royal Society of Chemistry 20xx

Cc
Scheme 3 Proposed reaction mechanism.

Conclusions

We have developed a new approach to prepare dihydrofuran
derivatives via the cascade reaction of f-naphthols and 4-
hydroxycoumarins with vinylsulfonium salts. A series of
dihydrofurans were obtained in moderate to good vyields. The
products could be converted to the corresponding furans in
good yields after the dehydrogenation with DDQ. The reaction

J. Name., 2013, 00, 1-3 | 3
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procedure is simple and the substrates are readily available.
This method is practical for the synthesis of a variety of
dihydrofurans and furans. The application of this approach for
the synthesis and the screen of biologically active furan
derivatives are currently underway.
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Annulation reaction of vinylsulfonium salt with B-naphthols and 4-hydroxycoumarins
provided dihydrofuran derivatives in moderate to good yields under mild conditions.
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