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New Efficient Synthesis of 1,2,4-Trisubstituted Furans by a
Sequential Passerini|Wittig/Isomerization Reaction Starting from
Baylis—-Hillman B-Bromo Aldehydes
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Abstract A new and efficient synthesis of 1,2,4-trisubstituted furans
from a Baylis-Hillman B-bromo aldehyde, an acid, an isocyanide, and
methyl(diphenyl)phosphine, by a sequential Passerini condensation,
Wittig reaction, and isomerization in the presence of triethylamine is
reported.
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Isocyanide-based multicomponent reactions (IMCRs)
have become powerful tools in organic and medicinal
chemistry for diversity-oriented and complexity-generat-
ing syntheses of drug-like small molecules.! Among various
IMCRs, the Passerini reaction and the Ugi reaction are two
main examples which have been widely used in preparing
various a-acyloxy or a-acylamino amide adducts in one op-
erational step.? The so-called post-Passerini modifications
have emerged as useful tools for the preparation of struc-
turally diverse molecules, especially heterocyclic com-
pounds.? For example, a domino Passerini/aldol reaction
was recently used to prepare bicyclic isocoumarins with
various substituted patterns through solvent-dependent
pathways.3 An oxidation/Passerini/hydrolysis/alkylation
strategy has been developed for the construction of triazo-
lo-fused benzoxazepines with high operational simplicity.3
y-Lactams and y-lactones have also been obtained by se-
quential Passerini/ring-opening/cyclization reactions under
acidic or basic conditions.*

Furans are an important class of heterocycles that are
present in many natural products and biologically active
molecules. Some derivatives of this heterocycle were re-
cently reported to show good anticancer activity,* antia-
moebic activity,® selective protein arginine methyltransfer-

R2 = alkyl; Ar = aryl

24 examples

ase 1 inhibitory activity,® and cyclooxygenase-1 inhibitory
activity.” Owing to the broad range of activities of furan de-
rivatives, many attractive methods for their synthesis have
been developed in the past few decades. Conventional
methods such as the Paal-Knorr® and Feist-Benary® reac-
tions have found wide application in furan synthesis. Poly-
substituted furan derivatives have also been recently pre-
pared by numerous metal-free intramolecular approach-
es,'0 or transition-metal-catalyzed synthetic strategies!
involving, for example, copper, palladium, gold, silver, ytter-
bium, or ruthenium, with remarkable improvements.

The Wittig reaction has been recognized as one of the
most powerful methods for constructing C=C double bonds,
and it has become an efficient tool in organic chemistry for
the preparation of alkenes.!? The intramolecular Wittig re-
action has been extensively used in the preparation of vari-
ous heterocycles through intramolecular cyclization.!® The
combination of an Ugi or Passerini condensation with a
subsequent Wittig reaction provides an efficient method
for the synthesis of a series of biologically useful heterocy-
cles. For example, Démling and co-workers reported the
synthesis of highly substituted butenolides, pyrrolidinones,
and pyridones by sequential Ugi/Horner or Passerini/Horner
reactions.! In our previous work, an Ugi or Passerini/Wittig
sequence was used to prepare polysubstituted 1H-2-benz-
azepin-1-ones, 1H-isochromenes, isoquinolin-1(2H)-ones
and indoles, starting from the corresponding phosphonium
precursors.'> Here, we report a new efficient synthesis of 1,2,4-
trisubstituted furans by a sequential Passerini/Wittig/isomeri-
zation reaction sequence starting from Baylis-Hillman f-
bromo aldehydes.

There are few reports on Baylis-Hillman reactions be-
tween acrylaldehyde and other aldehydes.'® Our experi-
mental results revealed that only reactive aromatic alde-
hydes ArCHO (Ar = 4-O,NC¢H,, 2-O,NCgH,, 4-F;CCgH,) gave
the corresponding Baylis—Hillman adducts in 60-75% yields
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(Scheme 1). Other aromatic aldehydes (Ar = 4-FCgH,, 4-CICgH,,
3-CICgH,, 4-BrCgH,, 3-BrCgH,, 2-BrCgH,, Ph, 4-Tol, 4-MeOCgH,)
gave only traces of the product, probably due to the prefer-
ential self-polymerization of acrylaldehyde under the reac-
tion condition. The Baylis-Hillman B-bromo aldehydes 1a-
c were then obtained in 87-92% yield by further bromina-
tion of the corresponding Baylis-Hillman adducts.

o
CHO  DABCO (5%)
AICHO  + f — > A CHO
THF

cHO
HBr AN
—_—
CH,Cl Br

la: Ar = 4-OyNCgHy
b: Ar = 2-O,NCgHg4
c: Ar = 4-F3CCgHy

Scheme 1 Preparation of bromides 1a-c by the Baylis—Hillman
reaction

Although the 3-phenyl-substituted B-bromo aldehyde
1d could not be obtained by a Baylis-Hillman reaction, it
was successfully prepared by another synthetic route, start-
ing from commercially available 2-methyl-3-phenylacryl-
aldehyde (Scheme 2).

OAc

NBS
Ph™ ™ OAc ———>
CCly

CH3

Ph’"\(CHO Ac,0
—_—

CHs H,S0,4

OAc CHO

o HCI Ph™ X
Ph™ ™ OAc —/———>
THF Br

Br
1d

Scheme 2 Preparation of bromide 1d

With the B-bromo aldehydes 1a-d in hand, we investi-
gated their Passerini reactions. A mixture of the B-bromo
aldehyde 1, acid 2, and isocyanide 3 was stirred in dichloro-
methane at room temperature for three days (Scheme 3).
The Passerini reaction occurred smoothly, and the bro-
mides 1 were found to be compatible with the reaction con-
dition. The corresponding products 4 were finally obtained
in 53-85% yields.!”

CHO
AT
R2HN o

Br

1 _—
RICOOH (2)

R2NC (3)

Scheme 3 Passerini reaction for preparation of the bromides 4

We initially examined the reaction of the Passerini
product 4a with triphenylphosphine, and we found that it
readily gave the corresponding phosphonium salt at room
temperature. Triethylamine was then added to the reaction
mixture in an attempt to induce a further intramolecular
Wittig reaction without isolation of the phosphonium salt
intermediate. When the reaction mixture was stirred at
room temperature, no product was detected (Table 1,
entry 1). However, at reflux, a mixture of furan 5a (38%,
Table 1, entry 2) and furan-2(3H)-one 6a (43%) was unex-
pectedly obtained. Changing the base from NEt; to DABCO,
NaHCO;, K,COs;, or Cs,CO5 gave lower yields of furan 5a as
the major product (Table 1, entry 3-6). No product was ob-
tained when NEt;/MeOH or NEt;/DMSO was used (Table 1,
entries 7 and 8), probably due to decomposition of the
phosphonium salt intermediate in the more-polar solvent.
A lower yield was also obtained when the NEt;/THF system
was used at the reflux (Table 1, entry 9). Adding an external
oxidant to the reaction mixture had no obvious effect on
the product ratios (Table 1, entries 10 and 11). When the re-
action mixture was carried out under a nitrogen atmo-
sphere, the furan 5a was obtained exclusively in moderate
yield (53%, Table 1, entry 12).

The structure of the unexpected product, the furan-
2(3H)-one 6a, was confirmed from its spectral data. Fur-
thermore, a single crystal of 6a was grown from the
CH,Cl,/petroleum ether solution, and its proposed struc-
ture was verified by X-ray crystal analysis (Figure 1).'8

Figure 1 ORTEP drawing of 6a with 50% probability thermal ellipsoids

The formation of the furan-2(3H)-one 6 (Scheme 4)
might involves: (i) air oxidation of the sp3-C-H bond of
phosphonium salt 7 in the presence of NEt; to afford the
key intermediate 8, as reported in similar cases;' (ii) re-
arrangement of the intermediate 8 to 9 through migration
of the carboxamide group to the vinyl carbon under the ba-
sic condition, in a manner similar to the rearrangement of
benzilic acid with migration of the phenyl group to the car-
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Table 1 Investigation of the Reaction Conditions

O,N
O,N
t-BUNH.__O
2 1.PnPR 9
e Ph 2. Base * NH-t-Bu
o P o /I \_ o o 4 .
(@) O
NH-t-Bu
4a 5a 6a
Entry Phosphine Solvent Temp Time (h) Base Additive Yield (%)?
5a 6a
1 Ph;P toluene r.t. 12 NEt; - 0 0
2 toluene reflux 8 NEt; - 38 43
3 toluene reflux 8 DABCO - 37 30
4 toluene reflux 8 NaHCO, - 25 10
5 toluene reflux 8 K,CO; - 35 14
6 toluene reflux 8 Cs,CO4 - 27 10
7 MeOH reflux 6 NEt; - 0 0
8 DMSO 90°C 6 NEt, - 0 0
9 THF reflux 8 NEt; - 28 25
10 toluene reflux 8 NEt; CrO; 31 34
11 toluene reflux 8 NEt; H,0, 30 33
12 toluene reflux® 8 NEt; - 53 0
13 Ph,PMe toluene reflux 4 NEt; - 82 0
14 Me;P toluene reflux 2 NEt; - 45 0
2 |solated yield based on the bromide 4a.
b Under N,.
bonyl carbon;?° (iii) proton transfer of 9 to produce phos-
phonium salt 10; and (iv) an intramolecular Wittig reaction RN, .0 RHN._O
of 10 in the presence of NEt;, through the reactive anhy- PhsP 0,
dride carbonyl group, to give furan-2(3H)-one 6. AT o\ T AN j\ E’
We speculated that if the phosphine reagent was Br Phep*” OZ R
changed from Ph;P to Ph,MeP, a more reactive Wittig re- Br
agent might result, and furans 5 might be formed predomi- 4 7
nately. Indeed, as shown in Table 1, entry 13, furan 5a was
produced exclusively in a good yield (82%) when Ph,MeP RPN
was utilized as the phosphine reagent, even without the /jI # HNEt3
protection of a N, atmosphere. However, when Me;P was Phs,y Phs p+
used, the reaction mixture became more complex, and a
moderate yield (45%) of the product was obtained probably s 0
due to the presence of side reactions (Table 1, entry 14).
Having determined the optimal conditions (entry 13), ) o
we examined the reactions of various Passerini products 4 ROAN NEts M~ §
with Ph,MeP as the phosphine reagent (Table 2). All reac- A /\j\ - f NHR?
tions proceeded smoothly in refluxing toluene to give mod- Phsp™ 07 "R RS0
erate to good yields (63-87%) of furans 5 with various sub- ul
stituents (Table 2).2' Good yields of compounds 5a-s (71- 10 6

87%) were obtained with R! being an aromatic group with

Scheme 4 A possible mechanism for the formation of 6
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Table 2 One-Pot Preparation of Furans 5 by Using Ph,MeP as the
Phosphine Reagent. Preparation and Yields of Compounds 5a-x

R2HN o

—_— AT (o} —_—
R 'S
Ph,MeP*" O RY
Br

4 11
R2HN o R2HN
ArT N _— Ar =
P s
R R
12 5
Product Ar R R? Yield? (%)
5a 4-O,NCgH, Ph t-Bu 82
5b 4-F3CCeH, Ph Bu 87
5¢c 4-O,NCgH,4 Ph Bu 76
5d 2-0,NCgH, Ph t-Bu 84
5e 4-O,NCgH, 4-CICgH,4 t-Bu 75
5f 4-O,NCgH, 4-CICH, Bu 77
5g 4-O,NCgH,4 4-FCgH,4 Bu 83
5h Ph 4-FCgH,4 t-Bu 85
5i 4-O,NCgH, 4-Tol t-Bu 77
5j 2-0,NCgH, 4-Tol Bu 74
5k 4-O,NCgH,4 4-Tol Bu 71
51 2-0,NCgH, 4-Tol t-Bu 75
5m 4-F3CCeH, 4-MeOCgH,4 t-Bu 78
5n 4-O,NCgH, 4-MeOCgH, t-Bu 72
50 4-O,NCgH,4 4-MeOCgH,4 Cy 70
5p Ph 4-MeOCgH,4 t-Bu 77
5q 2-0,NCgH, 4-F3CCeH, Bu 85
5r 2-0,NCgH, 2-FCH, t-Bu 78
5s 2-0,NCgH,4 3-0,NCgH,4 t-Bu 86
5t Ph Et t-Bu 75
5u 2-0,NCgH,4 Et t-Bu 81
5v 2-0,NCgH, i-Pr t-Bu 71
5w 4-O,NCgH,4 t-Bu Bu 63
5x 4-O,NCgH, 4-CICgH4CH, t-Bu 75

2 |solated yield based on bromide 4.

electron-donating (MeO or Me) or electron-withdrawing
substituent (F, Cl, CF;, or NO,) on the benzene ring. When R!
was an alkyl group, moderate to good yields of products 5t-
X (63-81%) were obtained. It is noteworthy that a 63% yield
of compound 5w was obtained when R' was a bulky t-Bu
group. The formation of furans 5 can be rationalized in

terms of an initial reaction of bromide 4 with Ph,MeP to
give the phosphonium salt 11. Further intramolecular
Wittig reaction of 11 produces dihydrofuran 12, which
isomerizes through a 1,3-H shift in the presence of NEt; to
give furan 5.

In conclusion, a Passerini/Wittig/isomerization se-
quence, starting from Baylis-Hillman B-bromo aldehydes,
for preparing 1,2,4-trisubstituted furans is reported. The
method was adapted to the synthesis of various substituted
furans under mild reaction condition, which makes it useful
in synthetic and medicinal chemistry. The unexpected for-
mation of furan-2(3H)-one 6a was observed when Ph;P was
used as the phosphine reagent.
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