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A facile preparation of 3-aminofuran derivatives via multicomponent reactions of thiazole carbenes,
aldehydes, and dimethyl acetylenedicarboxylate (DMAD) is reported. In this process, the thiazole
carbenes, generated in situ from thiazolium salts, reacted with aldehydes and DMAD at —78 to 0
°C in CHCl,; to afford the substituted furans in moderate to good yields. Eight substituted thiazolium
salts were employed as carbene precursors in the reaction. Besides aryl aldehydes, o, f-unsaturated
aldehydes, aliphatic aldehydes, and arenedial were also investigated and found to be applicable to

this reaction.

Introduction

Ever since Breslow’s original demonstration of the role
of thiazole carbenes as nucleophilic catalysts in enzymatic
reactions,! the intensive studies of N-heterocyclic car-
benes (NHCs) as reaction intermediates by Wanzlick,?
and the first isolation of stable diaminocarbene by
Arduengo in 1991,2 these species have attracted consider-
able attention in the past half century. Their role as
excellent ligands for transition metals* and their ability
to catalyze various C—C coupling reactions, namely,
benzoin condensation, transesterification, and Stetter
reaction,® have contributed significantly to the enormous
interest in NHCs. Recently, there is also a growing

awareness of their potential application as reagents in
organic reactions’ as illustrated by diaminocarbene-
mediated 1,3-dipolar cycloadditions,® [4 + 1] cycloaddition
reactions,’ and multicomponent reactions.®

The synthesis of furans has attracted tremendous
interest for well over a century, primarily because many
furans are key structural units in many natural products
and important pharmaceuticals, and some are useful
building blocks in synthetic chemistry.!! While numerous
strategies for furans synthesis exist, convergent annu-
lation strategies from simple readily available starting
materials without transition-metal catalysis are still very
rare.'>13 As the nucleophilic character of diheteroatom-
substituted carbenes offers opportunities for constructing

*To whom correspondence should be addressed. Tel: +86-571-
87953375. Fax: +86-571-87953375.
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SCHEME 1. Thiazolium-Mediated
Multicomponent Reaction for the Synthesis of
3-Aminofuran Derivatives
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substituted heterocyclic compounds,'* we were intrigued
by the NHC-mediated reactions for the synthesis of
substituted furans.

In a preliminary communication,'® we described a
three-component reaction of thiazolium salts 1, aryl
aldehydes, and dimethyl acetylenedicarboxylate (DMAD)
for the preparation of substituted 3-aminofuran deriva-
tives 3 (Scheme 1). While the implications of the results
are not fully apparent, they clearly warranted further
research. Moreover, it would be interesting to see if
simple thiazolium precursors and other aldehydes could
be used in the reaction. Here, we report the results of
our detailed investigations on the reactions involving
thiazolium salts, aldehydes and DMAD for the conver-
gent construction of substituted furans.

Results and Discussion

The multicomponent reaction was carried out by drop-
ping the mixture of p-nitrobenzaldehyde and DMAD to
thiazol-2-ylidene 2a, generated in situ by the deproto-
nation of 3-ethyl-5-(2'-hydroxyethyl)-4-methyl-1,3-thia-
zolium bromide la with sodium hydride in different
solvents and at various reaction temperatures (Scheme
2). Although it is possible to use as little as 2 equiv of
sodium hydride for this conversion, we typically employed
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FIGURE 1. Structures of compounds 4 and 5.

TABLE 1. Reaction of Thiazolium Salts 1a—c¢, Aryl
Aldehydes, and DMAD<

HO
CHO  co,Me
s
X
sl
\ “R!  CO,Me
%@
1 3
1a: R = CoHs, X = Br
1b: R=CHs, X =1

1c: R=Bn, X=ClI

entry R R! time? (h)  yield of 8¢ (%)
1 CoHs 4-NOg 3 3a, 61
2 Me 4-NOg 4 3b, 53
3 Bn 4-NOg 3.5 3c, 28
4 CoHs 4-F 3 3d, 87
5 Me 4-F 3 3e, 73
6  Bn 4F 3 3f, 32
7 C2H5 H 3 3g, 62
8 Me H 3 3h, 52
9 CoHs;  4-Me 3 3i, 51
10 Me 4-Me 3 3j, 41
11 CoHs 3-NOg 3 3k, 65
12 CoHs 2-Cl 3 31,74
13 CoHs 4-Cl 3 3m, 69
14 Me 4-Cl 3 3n, 51
15 CoHs5 4-MeO 6 3o, 31
16 Me 3,4-dimethoxy 24 3p, 22

@ Reaction conditions: (1) NaH (1.5 mmol), 1 (1.0 mmol), CHxClg,
—78 °C, 10—15 min; then the mixture of aldehyde (0.5 mmol),
DMAD (0.75 mmol), 2 h; then warm to 0 °C for due time; (2) ice-
cooled NaHCOj3 (aq). ® Times refer to keeping at 0 °C after 2 h at
—178 °C. ¢ Isolated yield based on the starting aldehyde.

an excess (3 equiv) to ensure complete consumption of
the reactants. As shown in Scheme 2, aminofuran deriva-
tive 3a was obtained in 32% yield when 1a was treated
with NaH in THF at 0 °C, while in CH3Cl; at 0 °C, a
higher yield up to 45% of 3a was obtained. Further
optimization of conditions demonstrated CH,Cl,; at —78
°C was more favorable, and 3a was isolated in 61% yield.
Moreover, only trace benzoin 4 and no conjugated addi-
tion product 5'¢ were found when the reaction temper-
ature was kept below 0 °C (Figure 1).

The structure of the product 3a was characterized by
spectroscopic analysis. In the TH NMR spectrum, the
carbomethoxy protons resonated as a singlet at 6 3.96.
The ester carbonyl groups of 3a displayed 3C resonance
signals at 6 163.5 and 158.2 supporting the IR absorption
at 1724 and 1709 cm™!. Final proof for the structure
assigned for 3a was derived from single-crystal X-ray
analysis.!?

In our further investigation, we discovered that the
reaction demonstrates wide scope with respect to the aryl

(16) (a) Shi, M.; Li, C.-Q. Org. Lett. 2003, 5, 4273. (b) Nair, V.;
Sreekanth, A. R.; Abhilash, N.; Biju, A. T.; Remadevi, B.; Menon, R.
S.; Rath, N. P.; Srinivas, R. Synthesis 2003, 1895.
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TABLE 2. Effect of Thiazolium Salts on the
Multicomponent Reactions for the Synthesis of Furan
Derivatives®

R2. S COMe
COzMe

\i,\?@ + || + ArcHO — H/Z—j\
R COo,Me

Ne R CO,Me

1

1d: R =CHj, R' = CHs, R2= CH3, X = |
1e:R=CHg, R'=CH3, R2=H, X =1
1f. R=C,Hs, R'=CHs, R2=H, X = Br
19: R =n-C4Hg, R = CHy, RZ=H, X = Br
1h:R=Bn, R" = CHy, RZ= H, X = Br

thiazolium time® yield of
entry salt 1 R Ar (h)  3°(%)
1 1d CHj 4-NO2CeHy 4 3b(59)
2 le CH3 4-NO2CgHy 4 3b (61)
3 1h Bn 4-NO2CgHy4 3.5 3c(30)
4 lg n—C4H9 4—N0206H4 4 3q (62)
5 le CHj CgHs 4 3h (54)
6 lg n-C4H9 C(;H5 4 3r (58)
7 le CHj 3,4-dimethoxyphenyl 24  3p (29)
8 le CHj 4-CIC¢H4 4 3n(49)
9 le CH3 1-naphthyl 12 3s (45)
10 le CHs thiophene-2-yl 5 3t (55)
11 1f CoHs  furan-2-yl 4 3u (78)

@ Reaction conditions: (1) NaH (1.0 mmol), 1 (1.0 mmol), CH2Cly,
—78 °C, 10—15 min; then solution of aldehyde (0.5 mmol), DMAD
(0.75 mmol), 2 h; then warm to 0 °C for due time; (2) ice-cooled
NaHCOj; (aq). ® Times refer to keeping at 0 °C. ¢ Isolated yields
based on starting aldehyde.

aldehydes and the 3-aminofuran derivatives 3a—p were
obtained in moderate to good yields (Table 1). Electron-
deficient aldehydes performed much better than their
electron-rich counterparts; 4-methoxybenzaldehyde and
3,4-dimethoxybenzaldehyde required longer reaction times
relative to the parent compound (entries 15 and 16, Table
1). Two other commercially available thiazolium salts 1b
and 1lc were also tested in this reaction to afford the
corresponding furans. Due to the poor solubility of 1b
and 1c in CH,Cl,, the yields of furans were lower than
their 1a counterparts.

As the base-induced oxa-Michael addition of alcohol to
DMAD would afford alkoxysuccinic ester,!” the action of
the hydroxy groups in the thiazolium salts 1a—c in the
reaction process was still unclear. In addition, it would
be interesting to see if simple thiazolium precursors could
be used in the reaction, a factor that might also have a
favorable impact on solubility issues, and the amount of
base required in the transformation. Then, thiazolium
salts 1d—h and various aromatic aldehydes were chosen
as substrates using 2 equiv of sodium hydride to carry
out the reaction. The reaction results were summarized
in Table 2. In fact, it is observed that simple thiazolium
salts 1d—f afforded almost the same yields as thiazolium
salts 1a—c using the same aldehyde as substrates (entry
1-3, 5,7, and 8, Table 2). Therefore, it was demonstrated
that the hydroxy groups in the thiazolium salts la—c¢
have no positive effect on the transformation, and when
the thiazolium salts 1e—h, derived from 4-methylthiazole
were employed, an improved overall economy of the
process was achieved.!®

(17) Sahoo, M. K.; Mhaske, S. B.; Argade, N. P. Synthesis 2003, 346.
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SCHEME 3. Reaction of Terephthalaldehyde with
Thiazolium Salt 1f and DMAD
—
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TABLE 3. Reaction of o, f-Unsaturated Aldehydes with
DMAD and Thiazolium Salts le—g

R1
COzMe
S CHO 2/
R
\ > + | | + R1/§(
N R? WA
x@ R COy;Me H CO,Me
MGOQC
1e-g 8a-j
thiazolium time® product yield®
entry salt 1 R R! RZ2 (h) (%)
1 le CH; CeHs H 5 8a 38 (63)
2 1f CHs CgHs H 5 8b 47 (78)
3 1g n-CsHy CeHs H 5 8c 45 (75)
4 1f CH; 4-FC¢H, H 4 8d 51 (83)
5 lg n-C4H9 4-FCGH4 H 4 8e 48 (78)
6 1f CH; 4-MeCgHs H 6 8f 36 (59)
7 1g n-C4Hy 4-MeCe¢H, H 6 8g 35 (55)
8 1f CzH5 06H5 Me 4 8h 52 (84)
9 lg I’L-C4H9 CGH5 Me 4 8i 51 (82)
10 le CH; Me H 30 8§ 27(44)

@ Reaction conditions: (1) NaH (1.2 mmol), 1 (1.0 mmol), CH2Cl,
—78 °C, 10—15 min; then the solution of aldehyde (0.5 mmol),
DMAD (0.75 mmol), 2 h; then, warm to 0 °C for due time; (2) ice-
cooled NaHCOj3 (aq). ® Times refer to keeping at 0 °C. ¢ Isolated
yield; yield based on recovered aldehyde in parentheses.

For the reaction of terephthalaldehyde with thiazolium
salt 1f and DMAD under the same conditions, a mixture
of furan derivatives 6a and 6b was formed. To our
satisfaction, when excess 1f (4.0 equiv) was employed;
the reaction proceeded so well that only 6b was formed
in 56% yield (Scheme 3).

Interestingly, even aliphatic aldehydes such as iso-
butyraldehyde on treatment with DMAD and 1f fur-
nished the corresponding furan derivative 7 in 42% yield
(Scheme 4).

Recently, Bode'®* and Glorius'® independently re-
ported the nucleophile-catalyzed generation of homoeno-

(18) The attempt to use thiazolium salts derived from thiazole in
the reaction was proved unsuccessful due to their very poor solubility
in general nonprotic solvents.
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Postulated Mechanism of the Thiazolium-Mediated Tandem Reaction
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lates from o,-unsaturated aldehydes and their reaction
with an electrophilic aldehyde, leading to a direct,
stereoselective synthesis of y-lactones. We were intrigued
by these processes and turned our attention to a,
p-unsaturated aldehydes to examine the chemoselectivity
in the multicomponent reaction of these compounds with
thiazole carbenes and DMAD (Table 3). Replacing aryl-
aldehyde with cinnamaldehyde in the same reaction
demonstrated that only the corresponding (E)-dimethyl
3-(methylamino)-2-styrylfuran-4,5-dicarboxylate 8a was
formed in 38% yield (entry 1, Table 3). The 'H NMR
spectrum was in good agreement with the assigned
structure. Signals due to the methoxycarbonyl protons
were discernible at 0 3.94 and 3.91. The olefinic protons
provided two doublets centered at ¢ 6.99 (J = 16.0 Hz)
and 7.13 (J = 16.0 Hz). The 3C NMR spectrum showed
characteristic peaks corresponding to the two carbonyls
at 0 158.8 and 164.4.

Encouraged by these results, other a, f-unsaturated
aldehydes were also examined under similar conditions.
As disclosed in Table 3, a prolonged reaction time was
required to get a reasonable yield of furan derivatives 8,
and about 20—40% of unreacted enals were recovered
after the reaction. Furthermore, no product resulting
from the conjugated addition on the enal was observed
in the reaction process.

Based on the experiment results, we ascertain the
whole tandem reaction sequence pivots on the nucleo-
philicity of thiazole carbenes, and a possible mechanism
for the present reaction is shown in Scheme 5. The
thiazol-2-ylidene 2 would be formed in situ by the
deprotonation of the thiazolium salt 1 at its most acidic
position?® and then reacted with the aldehyde to form the
zwitterion 9. The latter 9 underwent an oxa-Michael

8922 J. Org. Chem., Vol. 70, No. 22, 2005

addition to DMAD, followed by intramolecular annulation
to give spirocycle intermediate 10. Afterward, ring open-
ing of thiazole may proceed by cleavage of C—S bond to
afford intermediate 11.2! It seems that a rearrangement
to the formation of the aromatic furan provides the
driving force for the C—S bond breaking. Several papers
have mentioned this similar type of bond breaking
between carbon and heteroatoms in the heterocyclic
system.?? Finally, the unstable intermediate 11 was
hydrolyzed to furnish furan derivative 3.

Another plausible pathway for the formation of 3 is
based on the acid-catalyzed hydrolysis of 10 during silica
gel chromatographic separation (Scheme 6). Thus, en-
amine hydrolysis of spiro compound 10 under acid condi-
tion afforded amine 12. The latter underwent a rear-
rangement to give furan 3 via the cleavage of C—S bond.

Conclusion

In conclusion, we have developed a facile and effective
synthesis of highly substituted 3-amino furan derivatives

(19) (a) Sohn, S. S.; Rosen, E. L.; Bode, J. W. J. Am. Chem. Soc.
2004, 126, 14370. (b) Burstein, C.; Glorius, F. Angew. Chem., Int. Ed.
2004, 43, 6205.

(20) (a) Breslow, R.; Schmuck, C. Tetrahedron Lett. 1996, 37, 8241.
(b) Kluger R. Chem. Rev. 1987, 87, 863. (c) Bordwell, F. G.; Satish, A.
V. dJ. Am. Chem. Soc. 1991, 113, 985.

(21) For the ring opening of thiazolium salts with nucleophiles,
see: (a) Duclos J. M.; Haake, P. Biochemistry 1974, 13, 5358. (b) Hajés,
Gy.; Messmer, A. J. J. Heterocycl. Chem. 1984, 21, 809. (c) Singh, H.;
Lal, K. JJ. Chem. Soc., Perkin Trans. 1 1972, 1799. (d) Zoltewicz, J. A.;
Uray, G. J. Org. Chem. 1980, 45, 2104.

(22) See selective references: (a) Kim, D. J.; Yoo, K. H.; Park, S. W.
J. Org. Chem. 1992, 57, 2347. (b) Musicki, B. JJ. Org. Chem. 1990, 55,
910. (¢) Meth-Cohn, O. Tetrahedron Lett. 1975, 16, 413. (b) Abe, N.;
Nishiwaki, T.; Komoto, N. Bull. Chem. Soc. Jpn. 1980, 53, 3308. (c)
Potts, K. T.; Choudhury, D. R.; Westby, T. R. J. Org. Chem. 1976, 41,
187.
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via a novel multicomponent reaction of thiazole carbenes,
aldehydes and DMAD in moderate to good yields. It is
ascertained the whole tandem reaction sequence pivots
on the nucleophilicity of thiazole carbenes, and the
solubility of thiazolium precursors has an enormous effect
on the reactions. Moreover, an improved overall economy
of the process could be achieved using 4-methylthiazo-
lium salts 1le—h as carbene precursors. Furthermore,
aromatic aldehydes, a, f-unsaturated aldehydes, and
some aliphatic aldehydes could complete the reaction
smoothly. It is conceivable that the novel multicomponent
reactions described herein will find application in the
synthesis of heterocyclic compounds and in natural
product synthesis.

Experimental Section

General Procedure for the Reaction of Thiazolium
Salts (1e—g), o,5-Unsaturated Aldehydes, and DMAD. To
a suspension of NaH (1.2 mmol) in anhydrous CH3Cls (3 mL)
was added thiazolium salt (1e—g) (1.0 mmol) in dry CHyCl,
(2 mL) at —78 °C. After 10—15 min, a solution of aldehyde
(0.5 mmol) and DMAD (0.75 mmol) in CHyCl; (2 mL) was
added over 10 min and then stirred at this temperature for 2
h. The reaction temperature was then raised slowly to 0 °C
within 1 h and kept at 0 °C for an additional several hours.
On completion of the reaction, the reaction mixture was
carefully poured onto a solution of ice-cooled NaHCOs (satd
solution, 50 mL) and then extracted with CH2Cly (2 x 50
mL). The combined organic phase was washed with brine (2
x 50 mL) and dried over anhydrous NaysSO,. The solvent
was removed under reduced pressure, and the resulting oil
was purified by column chromatography using appropriate
hexanes—ethyl acetate solvent mixture to afford the products
8a—j.

(E)-Dimethyl 3-(methylamino)-2-styrylfuran-4,5-dicar-
boxylate (8a): pale yellow viscous oil; 'H NMR (500 MHz,

JOC Article

CDCly) 6 7.46 (d, 2H, J = 8.0 Hz), 7.34 (t, 2H, JJ = 7.75 Hz),
7.23 (t, 1H, J = 7.75 Hz), 7.13 (d, 1H, J = 16.0 Hz), 6.99 (d,
1H, J = 16.0 Hz), 3.94 (s, 3H), 3.91 (s, 3H), 3.05 (s, 3H); 13C
NMR (125 MHz, CDCl3) ¢ 164.4, 158.8, 141.9, 138.7, 137.4,
135.6, 129.0, 127.8, 126.4, 126.3, 115.4, 114.9, 52.7, 52.5, 34.2;
IR (film) v 3406, 2952, 1731, 1703, 1593, 1439, 1323, 1225,
927, 751 em~Y; HRMS (ESI) caled for C17H17NOs (M + HJ*)
316.1179, found 316.1178.

Preparation of 6b. To a suspension of NaH (3.0 mmol) in
anhydrous CHyCly (3 mL) was added thiazolium salt 1f (2.0
mmol) in dry CH3Cly (2 mL) at —78 °C. After 10—15 min, a
solution of aldehyde (0.5 mmol) and DMAD (0.75 mmol) in
CH;Cl; (2 mL) was added over 10 min and then stirred at this
temperature for 2 h. The reaction temperature was then raised
slowly to 0 °C within 1 h and kept at 0 °C for an additional
several hours. On completion of the reaction, the reaction
mixture was carefully poured onto a solution of ice-cooled
NaHCO;s; and then extracted with CHsCl,. The combined
organic phase was washed with brine and dried over anhy-
drous NasSO,. The solvent was removed under reduced
pressure, and the resulting oil was purified by column chro-
matography to afford the product 6b.

Dimethyl 3-(ethylamino)-2-{4-[3-(ethylamino)-4,5-bis-
(methoxycarbonyl)-2-furyllphenyl}-4,5-furandicarboxy-
late (6b): pale yellow crystalline solid; mp 158—160 °C; 'H
NMR (500 MHz, CDCls) 6 7.90 (s, 4H), 3.96—3.95 (m, 14H),
2.99 (q, 4H, J = 7.0 Hz), 1.14 (t, 6H, J = 6.75 Hz); 1*C NMR
(100 MHz, CDCl3) 6 164.1, 158.6, 142.5, 141.1, 134.1, 129.2,
125.8,119.8, 52.6, 52.6, 43.1, 15.8; IR (KBr) v 3352, 2958, 1729,
1700, 1609, 1556, 1444, 1306, 1232, 1138, 967, 831 cm™};
HRMS (ESI) caled for CogHasN2O1o (IM + H]T) 529.1817, found
529.1822.

Supporting Information Available: Characterization
data for 3-aminofuran derivatives and thiazolium salts 1d—h
and experimental procedures. This material is available free
of charge via the Internet at http:/pubs.acs.org.
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