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A Novel Furan Ring Construction and Syntheses of 4- and
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4-Substituted and 4,5-disubstituted 2-(benzotriazol-1-ylmethyl)furans 3 have been prepared in good
yields from 1-propargylbenzotriazole (1) and a-bromo ketones via one-pot processes. The 2-(ben-
zotriazol-1-ylmethyl) side chain of 8 was alkylated by lithiation followed by quenching with
electrophiles to afford 4- and 4,5-substituted 2-(a-benzotriazol-1-ylalkyl)furans 11. Substitution
of the benzotriazolyl groups of 8 and 11 with other heterocycles in the presence of ZnCl; gave a
variety of 4- and 4,5-substituted 2-(a-heterocycloalkyl)furans 10 and 12 in good yields.

Introduction

The synthesis of furans is of importance since the furan
ring is present in numerous natural compounds which
exhibit interesting biological activities.! The ring system
is also found in industrially significant substances and
in many useful synthetic building blocks.?® A variety of
approaches leading to the generation of the furan ring
have been documented?*¢ and among them, several
general methods utilize an intramolecular cycloaddition
of alkoxides to double and triple bonds as the key
reaction. Recently, many acyclic precursors have been
employed for the synthesis of a wide range of substituted
furans.” For example, alkynyloxiranes, prepared by
coupling vinylic halides or triflates with terminal alkynes
followed by epoxidation with m-CPBA, are isomerized
under strongly basic conditions or reduced with sa-
marium diiodide/Pd to afford 2,4-, 2,5-, and 2,3,5-
substituted furans,’-1° in a reaction pathway involving
5-endo-dig cyclization of the corresponding cumulenyl
alkoxides.

In previous reports, we demonstrated that 1-propar-
gylbenzotriazole (1), readily available from the reaction
of benzotriazole with propargyl bromide in the presence
of sodium hydroxide,'! is a useful reagent for the syn-
thesis of furans, dihydrofurans,? pyrroles,'? and indoles.!3
Thus, the reactions of 1-(3-lithiopropargyl)benzotriazole
(4) with aromatic aldehydes give 1-[3-Chydroxyaryl-
methyl)propargyllbenzotriazoles which undergo base-
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assisted rearrangement to form o-hydroxyallenes. Sub-
sequent intramolecular cyclization to 2-(benzotriazol-1-
yb)-5-aryldihydrofurans and elimination of benzotriazole
affords 2-arylfurans.’

We now report a novel one-pot procedure for furan ring
construction from 1-propargylbenzotriazole (1) and a-bro-
mo ketones. The resulting 4- and 4,5-substituted 2-(ben-
zotriazol-1-ylmethyl)furans can undergo, either directly
or following alkylation, displacement of the benzotriazole
groups by other heterocycles to give the corresponding
4- and 4,5-substituted 2-(a-heterocycloalkyl)furans 10
and 12. Compounds of types 10 and 12 play important
roles in the food industry and as intermediates for the
synthesis of other organic compounds and polymers.l*
Few previous methods are reported for the synthesis of
10 and 12. In particular, such systems with two different
simple heterocyclic rings were unknown until our previ-
ous work.*

Results and Discussion

Furan Ring Construction—Preparation of 4- and
4,5-Substituted 2-(Benzotriazol-1-ylmethyl)furans.
As an extension of our investigation concerning the
reactivity of lithiated 1-propargylbenzotriazole (4) to-
ward ketones for the preparation of dihydrofurans,® we
found that treatment of 1-propargylbenzotriazole (1) with
1 equiv of n-Buli followed by quenching with 1 equiv of
o-bromo ketone at —78 °C and subsequent warming to
room temperature gave the corresponding alkynyloxirane
2 as the major product with smaller amounts of the
substituted furan 8. The structures of both derivatives
2 and 3 were supported by ‘H and APT NMR spectra.
When the reaction was carried out at —78 °C without
warming, the alkynyloxirane 2 could be isolated exclu-
sively (as was done for 2d, see Experimental Section).
Assuming that product 3 was formed via isomerization
of intermediate 2 in the presence of a trace of base, we
treated alkynyloxirane 2 with KOBu’ in HOBw' at 50 °C
for several hours. The expected product 3 was afforded
in good yield. Similar base-catalyzed transformations of
alkynyloxiranes into furans are found in the literature;
however, the corresponding alkynyloxiranes are prepared
by multistep methods and 18-crown-6 is required for the
ring formation.®

In practice, it is not necessary to isolate the alkynyl-
oxirane 2. Thus, a one-pot synthesis of 4- and 4,5-

(14) Katritzky, A. R.; Xie, L.; Fan, W-Q. J. Org. Chem. 1993, 58,
4376.
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Table 1. Synthesis of 4- and 4,5-Substituted 2-(a-Benzotriazol-1-ylalkyl)furans 3 and 11

found caled
compd yield (%) mp (°C) appearance molecular formula C H N C H N
3a 61 121-122 powder® C17H13N3O 74.42 4.81 15.18 74.17 4.76 15.26
3b 51 152-153 powder* C2:H15N30 77.85 4.68 12.83 77.52 4.65 12.91
3c 53 98-99 powder? Ci1sH15N3O 75.09 5.29 14.16 74.72 5.23 14.52
3d 55 129-130 needles® C13H13N30 68.97 5.83 18.64 68.69 5.77 18.50
1la 87 - oil® Co4H19N30 78.95 5.22 11.25 78.88 5.24 11.50
11b 78 65—67 powder? C2sH21N30 78.76 5.79 11.16 78.45 5.76 11.44
11c 65 - oil® CgaH33NsO 76.49 6.76 12.10 76.48 6.72 12.17
114 82 - oil® C14H15N30 69.64 6.33 17.45 69.67 6.27 17.42

@ Recrystallized from EtOH. ¢ Column chromatography (EtOAc/hexane 1:1). ¢ Recrystallized from EtOAc/hexane.
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substituted 2-(benzotriazol-1-ylmethyl)furans 3 is avail-
able (Scheme 1). 1-Propargylbenzotriazole (1) was treated
with one equiv of n-butyllithium at —78 °C for 1 h,
followed by treatment with a-bromo ketones for 4 h at
the same temperature. A solution of KOBuf in HOBu!
was added and the reaction mixtures were warmed to
50 °C overnight to give the products 8 in 51—61% yields
(Table 1). The products 8 were characterized by 'H and
13C NMR spectra and elemental analyses (Tables 1, 2,
and 3).

Mechanism of Furan Ring Construction. The
following mechanism is proposed based on experimental
and literature evidence (Scheme 2). 1-Propargylbenzo-

triazole (1) was deprotonated on treatment with n-BulLi.

to generate anion 4 which attacks the carbonyl group of
the a-bromo ketone to yield adduct 5. The oxygen anion
of 5 intramolecularly displaced bromide to form epoxide
2 which is isolable. Since benzotriazole is electron
withdrawing, the propargyl triple bond can readily rear-
range to an allene under basic conditions.? Therefore,
KOBu efficiently promoted 1,4-elimination of alkynylox-
irane 2 to form cumulenyl alkoxide 6 which underwent
1,5-endo-dig cyclization to afford vinyl anion 7 followed
by rapid protonation to give compound 8. Intermediate
8 (which could be isolated at room temperature as
demonstrated for 8c, see Experimental Section) rear-
ranged upon heating with KOBu’ to form 9 which was
protonated to give 4- or 4,5-substituted 2-(benzotriazol-
1-ylmethyDfurans 3.

Alkylation of 4- and 4,5-Substituted 2-(Benzotri-
azol-1-ylmethyl)furans and Formation of 4- and 4,5-
Substituted 2-(a-Heterocycloalkyl)furans. Benzotri-
azole has been extensively used in our laboratory as a
synthetic auxiliary due to its electron withdrawing and
good leaving group properties.}4!> Therefore, the benzo-
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triazol-1-ylmethyl side chain of 3 can be elaborated by
alkylation and substitution (Scheme 3). Compound 3 was
treated with 1 equiv of n-Buli at —78 °C to generate
anion 9 which then reacted with electrophiles such as
benzyl bromide, n-butyl iodide, i-propyl iodide, and
methyl iodide to give the alkylated products 11 in 65—
87% yields.

Compounds 3 and 11, upon treatment with ZnCl, in
CH;Cl;, underwent Friedel—Crafts type reactions with
other heterocycles such as 2-methylfuran, 2-methyl-
thiophene, and N-methylindole to afford 4- and 4,5-
substituted 2-(a-heterocycloalkyl)furans 10 and 12 in
good to excellent yields. The function of ZnCl; is to
coordinate the nitrogen lone pair electrons of the benzo-
triazolyl group and assist benzotriazolyl group removal
to generate the carbocation. Since the reaction involved
the formation of carbocation 13 (Scheme 4), the R® and

(15) Katritzky, A. R.; Rachwal, S.; Hitchings, G. J. Tetrahedron
1991, 47, 2683.
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Table 4. Preparation of 4- and 4,5-Substituted 2-(o-Heterocycloalkyl)furans 10 and 12

found (caled)
entry®  reactant heterocycle product® yield (%) molecular formular C H N
1 3c 2-methylfuran 10a 57 C17H1609 80.88 (80.92) 6.49 (6.40)
2 3c 2-methylthiophene 10b 86 C17H1608 75.99 (76.09)  6.01(6.01)
3 3d 2-methylthiophene 10c 67 C12H1408 70.09 (69.88) 6.84 (6.85)
4 3d N-methylindole 10d 63 C16H17NO 80.61(80.29) 7.52(7.16) 5.81(5.86)
5 11a 2-methylthiophene 12a 61 C23H2008 80.09 (80.20)  5.84(5.86)
6 11a N-methylindole 12b 57 Co7HosNO 85.99 (85.90) 6.12(6.15) 3.54(3.71)
7 11b 2-methylfuran 12¢ 68 C23H320 83.34(83.60) 6.81(6.72)
8 11c 2-methylfuran 12d 95 Co1H2402 81.72(81.77) 7.97(7.85)
9 11d N-methylindole 12¢ 79 Cy17H19NO 80.93 (80.59) 7.67(7.56) 5.45(5.53)

@ Reactions 1—4 were carried out under reflux in CH2Cly, and reactions 5—9 were carried out at room temperature. ¢ All products were

oily and separated by column chromatography (CH3Cly/hexane 1:4).
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12¢ CHj CH; CHy N-methylindol-3-yl
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R? groups are essential for the reactivity of compounds
3 and 11. Accordingly, the reactions of alkylated prod-
ucts 11 were carried out at room temperature. However,
the reactions of compounds 3¢,d must be carried out

under reflux in CH;Cl;. Compounds 3a,b (R® = R? = H)
did not undergo the reaction under reflux either in CH,-
Cl; or in CHCl; and were recovered unchanged after such
treatment. The mixture of 3a and 2-methylthiophene,
when heated under reflux in CHCl;CHCI; in the presence
of ZnCl;, gave a complicated mixture.

As shown in Scheme 3, the reactions took place at the
5-positions of 2-methylfuran and 2-methylthiophene and
at the 3-position of N-methylindole. The attached proton
test (APT) spectra clearly showed quaternary carbon
signals (6 = 149.6—153.7) indicating C-2 of the 5-meth-
ylfuran-2-yl groups of compounds 10a, 12c, and 12d.
Similarly, the C-2 signals of the 5-methylthiophen-2-yl
groups of products 10b, 10¢, and 12a appeared at 6 =
138.5~142.5. The 'H singlets at § = 6.65—6.87, which
are characteristic resonances of the a-H in 3-substituted
indoles, and the quaternary carbon signals at 6 = 111.3—
117.7 in the *H and APT NMR spectra of compounds 10d,
12b, and 12e, are strong evidence for the 3-substituted
N-methylindole. Interestingly, the 'H NMR spectra of
compounds 12a and 12b clearly showed two sets of
doublet of doublets between 6 = 3.22 and 3.47 ppm with
large couplings (J = 13.4—13.5 and 7.1—8.1 Hz) indicat-
ing the CH; diastereotopic signals are attached to chiral
centers. Detailed assignments of the NMR spectra are
listed in Tables 5 and 6.

All products are novel and are characterized by *H, 13C,
and APT NMR spectra and combustion analyses (Tables
4,5 and 6). Excess 2-methylfuran or 2-methylthiophene
was used to minimize polymerization of compounds 8 and
11 and was removed by distillation at the completion of
the reactions. ZnCl; was removed by washing with 2 N
HC1 solution and benzotriazole was extracted into the
aqueous phase with 5% NaOH. The products were
readily isolated by short column chromatography. Upon
heating in air, products 10 and 12 were polymerized and
their TH NMR spectra showed broad signals.

Conclusion

We have described a simple one-pot synthesis of 2,4-
and 2,4,5-substituted furans 8 from the readily and
commercially available starting materials 1-propargyl-
benzotriazole (1) and o-bromo ketones. The benzotria-
zolyl group assisted the base-catalyzed isomerization of
the intermediate alkynyloxiranes 2, and therefore, 18-
crown-6 was not required. In addition, since the benzo-
triazolyl group acts as either an electron-withdrawing
substituent or as a good leaving group, the benzotriazol-
1-ylmethyl group of compounds 8 is readily elaborated
by alkylation and substitution. A variety of 4- and 4,5-
substituted 2-[(a-heterocyclo)alkyllfurans 10 and 12 were
prepared in this manner.
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Novel Furan Ring Construction

Experimental Section

Melting points were determined on a bristoline hot-stage
microscope and are uncorrected. NMR spectra were taken in
CDCl; with TMS as an internal standard for *H (300 MHz) or
CDCl; as an internal standard for 12C (75 MHz). Assignments
for '3C NMR spectra in necessary cases were confirmed by APT
experiments. Elemental analyses (C, H, N) were carried out
within the department. Column chromatography was con-
ducted over silica gel (230—400 mesh). All a-bromo ketones
and ZnCl; were used as purchased. 1-Propargylbenzotriazole
(1) was prepared by the previously reported method.!!

6-(Benzotriazol-1-y1)-2,3-epoxy-3-methyl-4-hexyne (2d).
To a stirred solution of 1-propargylbenzotriazole (1) (1.57 g,
10 mmol) in THF (30 mL) at —78 °C was added a solution of
n-BulLi (5.5 mL, 2.0 M in cyclohexane, 11 mmol). The mixture
was stirred at this temperature for 1 h and 3-bromo-2-
butanone (1.66 g, 11 mmol) in THF (5 mL) was added slowly.
After stirring at —78 °C for 4 h, ether (100 mL) was added
and the reaction mixture was washed with saturated NH,Cl
solution (8 x 100 mL) and dried (MgSO,). Evaporation of the
solvent gave a crude product which was purified by column
chromatography using EtOAc/hexane (1:4) as the eluent to
afford pure 2d (1.82 g, 80%) as a white solid: mp 83—84 °C;
H NMR 6 8.05 (d, J = 8.4 Hz, 1 H, Bt), 7.69 (d, J = 8.3 Hz,
1 H, Bt), 7.560—7.55 (m, 1 H, Bt), 7.36—7.42 (m, 1 H, Bt), 5.48
(s, 2 H, CHy), 3.21 (q,J = 5.5 Hz, 1 H, CH), 1.45 (s, 3 H, CH3),
1.27 (4, J = 5.5 Hz, 3 H, CHy); 3C NMR 6 145.9 (Bt), 132.2
(Bt), 127.4 (Bt), 123.8 (Bt), 119.7 (Bt), 109.5 (Bt), 87.1 (C=C),
73.1 (CHxC=C), 60.0 (CH), 50.1 (OCCHzy), 37.9 (CHy), 17.5
(CHa3), 13.1 (CH;). Anal. Caled for C1sHy13N3O: C, 68.69; H,
5.77; N, 18.50. Found: C, 68.74; H, 5.77; N, 18.49.

Preparation of 4- and 4,5-Substituted 2-(a-Benzotria-
zol-1-ylmethyl)furans (3a-d). General Procedure. A so-
lution of n-BuLi (10.5 mL, 2.0 M in cyclohexane, 21 mmol) was
added dropwise with stirring to a solution of 1-propargylbenzo-
triazole (1) (3.14 g, 20 mmol) in THF (100 mL) at —78 °C. The
mixture was stirred at this temperature for 1 h, and a-bromo
ketone (21 mmol) in THF (10 mL) was added slowly. The
mixture was stirred for 4 h, and KOBu' (2.24 g, 20 mmol) in
HOBu! (20 mL) was added. The reaction solution was allowed
to warm to room temperature and then heated at 50 °C
overnight. H,O (100 mL) and EtOAc (100 mL) were added.
The organic phase was washed with saturated NH,Cl solution
(3 x 100 mL) and dried (MgSQ,). The solvent was removed
under reduced pressure to give an oil which was subjected to
either recrystallization or column chromatography to afford
the product 3 (Table 1).
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2.(Benzotriazol-1-ylmethylene)-4-phenyl-5-methyl-2,5-
dihydrofuran (8c). To a stirred solution of 1-propargylben-
zotriazole (1) in THF (30 mL) at —78 °C was added a solution
of n-BuLi (5.5 mL, 2.0 M in cyclohexane, 11 mmol). After 1h,
2-bromopropiophenone (2.60 g, 90%, 11 mmol) in THF (5 mL)
was added and the reaction mixture was stirred for 4 h.
KOBu’ (1.12 g, 10 mmol) in HOBw (10 mL) was added at —78
°C, and the reaction solution was allowed to warm to room
temperature overnight. The reaction mixture was quenched
with saturated NH,Cl solution (100 mL), extracted with
EtOAc, washed with saturated NH,Cl solution (3 x 100 mL),
and dried (MgSO,). Removal of the solvent under reduced
pressure gave an oil which was subjected to column chroma-
tography to afford pure 8c (1.50 g, 52%) as a yellow oil: 'H
NMR 6 8.05(d,J=84Hz,1H,Bt),7.67(d,J=83Hz,1H,
Bt), 7.32—7.50 (m, 7 H, Bt and Ph overlapped), 6.64 (s, 1 H,
C=CH), 6.58 (s, 1 H, C=CH), 5.82 (¢, J = 6.5 Hz, 1 H, CH),
1.51(d, J = 6.5 Hz, 3 H, CHy); 1*C NMR 6 156.2 (C=CH), 151.5
(C=CH), 145.3 (Bt), 132.8 (Bt), 131.0 (Ph), 129.5 (Ph), 128.8
(2C, Ph), 126.8 (Bt), 126.4 (2C, Ph), 123.6 (Bt), 119.5 (Bt), 117.0
(C=CH), 111.7 (Bt), 93.9 (C=CH), 85.7 (CH), 20.4 (CH3). Anal.
Caled for C1sH1sN3O: C, 74.71; H, 5.23; N, 14.53. Found: C,
75.09; H, 5.32; N, 14.40.

Alkylation of 4- and 4,5-Substituted 2-(c-Benzotriazol-
1-ylmethyDfurans (3). General Procedure. To a solution
of compound 8 (5 mmol) in THF (50 mL) was added a solution
of n-BulLi (2.75 mL, 2.0 M in cyclohexane, 5.5 mmol) dropwise
with stirring at —78 °C. The mixture was stirred for 1 h, and
alkyl halide (5.5 mmol) was added. The mixture was stirred
at —78 °C for 5 h and was then allowed to warm to room
temperature. HyO (100 mL) and Et,0 (100 mL) were added,
and the organic phase was washed with NaCl solution (3 x
100 mL) and dried (MgS0,). Et;0 was evaporated under
reduced pressure to give an oil which was purified by column
chromatography to yield the product 11 (Table 1).

Formation of 4- and 4,5-Substituted 2-(a-Heterocyclo-
alkyl)furans (10, 12). A mixture of 4- or 4,5-substituted 2-(o-
benzotriazol-1-ylalkyl)furan 3 or 11 (2 mmol), ZnCl; (2 mmol),
and heterocycle (20 mmol and for 2-methylfuran and 2-meth-
ylthiophene and 2 mmol for N-methylindole) in CH,Cl; (50 mL)
was stirred at room temperature (for 3¢ and 3d under reflux)
under nitrogen overnight. The reaction was washed with HCI
solution (2 N, 50 mL) and NaOH solution (5%, 3 x 50 mL)
and dried (MgSO,). CH:Cl; was removed under reduced
pressure to give a residue. The product 10 or 12 was separated
from the residue by column chromatography (Table 4).
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