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Abstract—A new type of transformation of 2-nitro-3-substituted-dihydrofurans to 4-formyl-2-hydroxy-3-substituted-2,3-dihydro-
furans was accomplished in 63-84% yields by use of BF;OEt, in CH,Cl, at —78 to 0°C. © 2003 Elsevier Science Ltd. All rights

reserved.

Multi-substituted dihydrofurans are valuable intermedi-
ates in the syntheses of natural products!~” and phar-
maceuticals.>'"  Considerable attention has been
focused on the development of efficient and regioselec-
tive methods for their preparation.!? Nevertheless, to
the best of our knowledge, there is limited literature
information hitherto on the synthesis of dihydrofurans
bearing a C-4 formyl and a C-2 hydroxyl groups with
various substituents at the C-3 position. On the other
hand, nitro compounds are readily available and play a
vital role in organic synthesis.'>'* Herein we report a
highly diastereoselective method for the synthesis of
such functionalized dihydrofurans from 2-nitrofuran.

By treating 2-nitrofuran (1) with a Grignard reagent in
THF at —40-0°C for 1.0 h, we obtained the correspond-
ing adducts (i.e., 2a—f) in 58-68% yields after purifica-
tion with chromatography (Scheme 1). Among various
Lewis acids including AlCl;, BF;-OEt,, SnCl,, and
TiCl,, we found that BF;OEt, functioned more
efficiently than others for the conversion of nitro com-
pound 2a to 4-formyl-2-hydroxy-2,3-dihydrofuran 3a.
Thus 2a was allowed to react with 2.0 equiv. of
BF;-OEt, in dichloromethane at —78 to 0°C within 30
min. The resultant was purified by chromatography
with silica gel to give a pure colorless oil with exact
mass 204.0775 in 82% yield. The structure of this new
compound 3a was assigned on the basis of the follow-
ing spectroscopic data.

Compound 3a exhibited a characteristic singlet at 9.94
ppm in its '"H NMR spectrum, a peak at 185.52 ppm in
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its 3C NMR spectrum, as well as one strong and one
medium peaks at 1695 and 1571 cm™!, respectively, in
its IR spectrum. These data clearly indicate the pres-
ence of an o,B-unsaturated aldehydic group. Further-
more, we observed a doublet CH proton at 5.71 ppm
with *J=1.5 Hz, a CH carbon at 104.51 ppm, and an
IR peak at 3380 cm™!. Accordingly, we assigned the CH
moiety attached to a hydroxyl group and an oxygen
atom (i.e. the C-2 carbon). In addition, the product
showed two doublets of doublet for the prochiral
CH,Ph protons at 2.54 ppm (>.J=14.4 and *J=11.0 Hz)
and 3.19 ppm (*J=14.4 and *J=4.3 Hz), respectively,
the O=C-C=CH-O proton at 4.53-5.34 ppm,'¢ and two
sp? carbons at 136.67 and 161.79 ppm.

H
R BFyOEt =
4_\)\ RCI;;]I;’I“gCl 4_3){_ cﬁ2Cl22 O_F){—R
07 \No, —40-0°C 0P no, B0 2 o0 non
1 2 3
R = % yield of 2 % yield of 3 trans/cis
Ph 68 82 9:1
b: o-MeCgHj 65 80 12:1
c: p-BrCgH, 60 84 73:1
d: 1-Naphthyl 62 78 16:1
e: i-Pr 58 78 trans only
f: CH;Ph 64 74 trans only

Scheme 1. Conditions and yields for the conversions of 2-
nitrofuran (1) to 4-formyl-2-hydroxy-3-substituted-2,3-dihy-
drofurans 3 via 2-nitro-2,3-dihydrofurans 2.
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To determine the relative stereoconfiguration for the
C-2 and the C-3 centers of 4-formyl-2-hydroxy-3-substi-
tuted-2,3-dihydrofurans, we performed the CVFF cal-
culations to obtain their molecular geometry (e.g. see
Scheme 2). The H-C,—C5—H dihedral angle was 108°
for the thermodynamically most stable conformational
isomer of trans-3a, of which the total energy was
52.8237 kcal/mol. The 3J value was calculated as 1.49
Hz by use of the Karplus equation.!” By the same
computational methods, this dihedral angle was deter-
mined as 22° for the corresponding cis isomer. The *J
value therein was calculated as 8.9 Hz. Our experimen-
tal results showed that the allylic proton at C-3 exhib-
ited a doublet of doublet of doublet with *J=11.0, 4.3,
and 1.5 Hz at 3.60 ppm. The value of 1.5 Hz consists
well with 3J_,.4 1.49 Hz associated with the trans
isomer.

By following the same synthetic strategy, we converted
2b—f to 3b—f in 74-84% yields, respectively. The struc-
tures of these new compounds were fully determined by
'H, 3C NMR, and IR spectroscopic methods. These
compounds include a phenyl moiety attached with an
electron-donating (i.e. 0-Me) or -withdrawing group
(i.e. p-Br), a naphthyl moiety, an alkyl (i.e. i-Pr) and an
aralkyl (i.e. benzyl) moieties for the R in 3. For the
reactions producing 3a-d, we also detected a trace
amount of the corresponding cis isomers. Their struc-
tures were determined by 'H NMR techniques. The
ratios of trans/cis ranged from 7.3:1 to 16:1 (see
Scheme 1). Products 3e and 3f with a trans configura-
tion, however, were generated as the exclusive products.

The current results are in marked contrast to those in
previously reported reactions where only nitro sub-
strates with an organosilylmethyl group at the C-3
position of 2 give products 3.!® In those reactions,
v-silyl groups therein can easily depart from nitro com-
pounds under acidic conditions.'® In the present work,
the limitation of the reaction is improved; the substrates
bearing an aryl or alkyl substituents at the same posi-
tion can be successfully converted to 3 as well. Never-
theless, the present reactions required harsher
conditions, including a higher temperature (0°C versus
—-40°C)'® and longer time (30 min versus 15 min).

The mechanism for this new transformation is shown in
Scheme 3, which involves the extrusion of an aryl or
alkyl crotonaldehyde, not crotonaldehyde itself from
v-silyl nitro substrates. For example, in the conversion

Scheme 2. The thermodynamically most stable conforma-
tional isomers, obtained by the CVFF calculations, for trans-
3a (left) with dihedral angle ¢ =108° for the H-C,—~C5;—H and
the corresponding cis isomer (right) with ¢ =22°.

BFy-OEt, o= R
CH,CI,
78-0°C > H
“OH

Scheme 3. A proposed mechanism for the conversion of
2-nitro-2,3-dihydrofurans 2 to 4-formyl-2-hydroxy-3-substi-
tuted-2,3-dihydrofurans 3 upon Lewis acid treatment.

of 2d—3d, naphthyl aldehyde C,,H,CH,CH=CHCHO
was detected by GC-mass spectrometer as a by-
product.

In Scheme 3, the substrates 2 served as a dipole at the
nitro group and as a dipolarphile at the olefinic part of
the dihydrofuran ring. Therefore, in one reaction, two
molar amounts of the starting material 2 would be
required to produce one molar amount of 3, in which
the formyl carbon came from the second molecule of
2-nitro-2,3-dihydrofurans. To circumvent this disadvan-
tage, we considered an intriguing way by applying a
commercially available reagent bromonitromethane as
the ‘formyl group supplier’. Accordingly, the transfor-
mation of 2-nitrodihydrofurans 2 to 4-formyl-2-
hydroxy-2,3-dihydrofurans 3 could be accomplished
with the aid of bromonitromethane as shown in Scheme
4. In this new transformation, bromonitromethane
would be a 1,3-dipole bearing a good leaving group. Its
participation in the reaction media should allow us to
save the second equivalent of 2-nitro-2,3-dihydrofurans
2.

To support this hypothesis, we treated 2a—f with 1.0
equiv. of commercially available BrCH,NO, in the
presence of 1.0 equiv. of BF;-OEt,* in dichloro-
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Scheme 4. A proposed mechanism for the conversion of
2-nitro-2,3-dihydrofurans 2 to 4-formyl-2-hydroxy-3-substi-
tuted-2,3-dihydrofurans 3 upon Lewis acid treatment.

methane at —78 to 0°C for 60 min. The desired products
3a—f were produced in 72, 70, 73, 63, and 68% yields,
respectively, after purification with column chromato-
graphy packed with silica gel. In these reactions, we
obtained 3 in the trans form only.

A plausible, but not exclusive, mechanism shown in
Scheme 4 could account for the unprecedented trans-
formation of 2 to 3. It involves sequential [3+2]
cycloaddition between dihydrofurans 2 and the
nitronate 4,2 fragmentation of heterobicycles 5,
intramolecular cyclization of 6,'* ring opening of
bridged intermediates 7, and the Nef reaction of
nitronates 8. The C, carbon of the intermediates 6 is
allylic to the nitronate and the oxonium functionalities;
as a result, it is epimerizable.

In conclusion, new transformations were established for
the conversion of 2-nitro-3-substituted-2,3-dihydro-
furans to 4-formyl-2-hydroxy-3-substituted-2,3-dihy-
drofurans. These transformations, requiring only simple
manipulation by use of BF;-OEt,, can be applied to the
synthesis of multi-functionalized dihydrofurans from
readily available 2-nitrofurans.
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