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Unhindered aryl triflates react with a mixture of 1.5 equiv of LDA and 8-10 equiv of 2-lithiofuran
at —78 °C to form 2-arylfurans in 50-60% yield via the corresponding arynes. Regioisomeric ratios
of products are similar to those observed for reactions of arynes with well-precedented nucleophiles,
such as metal amides. Steric hindrance ortho to the triflate increases the cine toipso ratio, but lowers
overall yields due to enhanced nucleophilic attack at sulfur leading to formation of the corresponding
phenol. Use of 2-lithiothiophene affords the analogous arylthiophene.

Substituted furans have become increasingly important
synthetic intermediates both as masked 1,4-dicarbonyls
and as Diels—Alder dienes.2 The furan moiety also
comprises an integral part of a multitude of natural
products.? These attributes have stimulated interest into
new methods for the construction of functionalized furans.
Synthesis of substituted furans may involve de novo
construction of the furan ring. For example, Mukaiyama
demonstrated that furanoids could be synthesized from
the TiCly-promoted reaction of a-bromo acetals with silyl
enol ethers.* Similarly, palladium salts have been used to
catalyze cyclization of acetylenic diols into furans.’

Another general approach to the synthesis of aryl furans
involves the coupling of an electrophile with a preexisting
furan ring. Johnson found that furan will react with aryl
diazonium chlorides to yield 2-arylfurans.® More recently,
Group 10 metal catalysts have been shown to mediate the
cross-coupling of aryl electrophiles with furan directly,’
or with a wide variety of furyl nucleophiles, including
2-lithiofuran,® (2-furyl)magnesium halide,? (2-furyl)zinc
halide,®?10 and (2-furyl)trimethylstannane.l! When sub-
stituted aryls are used, cross-coupling reactions result in
the ipso-furyl product.

We have recently shown that treatment of aryl triflates
with LDA in either ethereal solvents or in N,N-diisopro-
pylamine at—78 °C rapidly forms the corresponding aryne,
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which is then trapped with N,N-diisopropylamine to afford
the corresponding N,N-diisopropylaniline.l? Substituted
phenyl triflates gave regioisomeric mixtures of substituted
N,N-diisopropylanilines in ratios similar to those observed
for aniline formation using the analogous aryl halides.!2
Typically, use of ortho-substituted aryl triflates affords
largely cine (meta) rather thanipso (ortho) products, while
para-substituted aryl triflates gave more nearly 1:1
mixtures of cine (meta) and ipso (para) products.!?

Aspart of our continuing interest in the aryne-mediated
reactions of aryl triflates,!2 we chose to study reactions
which might demonstrate the advantages of the generation
of arynes under such gentle conditions (-78 °C). We were
accordingly attracted to the possibility of synthesizing
arylfurans by attack of a furyl nucleophile on an aryne
intermediate. This approach to the synthesis of arylfurans
would complement the use of palladium-mediated cross-
coupling reactions, which can only afford the ipso product,
in that the cine product would be available from the
reaction mixture. Though the reaction of carbanions with
arynes is well known, the use of heteroaryl nucleophiles
appears to be unprecedented.’>17 We have found 2-lithio-
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Scheme 1. Strategy for the Nucleophilic
Substitution of Aryl Triflates via Aryne
Intermediates
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furan,!8generated between-80 and -20 °C, not to be stable
at or above room temperature, conditions commonly used
for generation of benzyne from phenyl halides. Herein,
the first synthesis of arylfurans via aryne intermediates
is described.

Results and Discussion

Our initial approach to the synthesis of aryl furans
involved the use of 2-lithiofurani® (2) as both base and
nucleophile. However, treatment of phenyl triflate (1)
with excess 2-lithiofuran in ethereal solvents at -78 °C
afforded only small amounts of 2-phenylfuran (10-15%).
The remainder of the arene was returned as phenol.
Nucleophiles such as NaOH,1? n-butyllithium,2021 NaH,2!
and LiAlH,2 have been reported to attack vinyl and aryl
triflates at sulfur generating the corresponding enolates
and phenoxide ions. We have since found that tert-
butyllithium, NaNHg, and 2-lithiofuran react with phenyl
triflate in a similar manner. Conversely, use of the highly
hindered amide base, LiTMP, returned the phenyl triflate
unchanged. LDA therefore remains the base of choice for
aryne generation from aryl triflates.

Given the need for a hindered amide base, nucleophilic
substitution of the aryne intermediate would appear to
require a very narrow window of reactivity (Scheme I).
Thereaction must include both a base (B-, the amide) and
a nucleophile (Nu-, the metallofuran). The base must be
reactive enough to deprotonate the aryl triflate more
rapidly than the nucleophile can react at sulfur. However,
after deprotonation and elimination, the aryne interme-
diate must react preferentially with the nucleophile in the
presence of any remaining base.

Addition of a —78 °C solution of phenyl triflate (1) in
THF to a -78 °C solution of 1.5 equiv of LDA and 9.5
equiv of 2-lithiofuran (2) in THF afforded the desired
arylfuran3in 52% yield (TableI). Under these conditions,
only trace amounts of phenol and N,N-diisopropylaniline!2
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were observed. Increased levels of LDA or decreased levels
of 2-lithiofuran led to the formation of significant amounts
of N,N-diisopropylaniline due to competitive attack of
N,N-diisopropylamine with benzyne. Similarly, increased
levels of 2-lithiofuran, or warming of either solution prior
to mixing gave phenol as the major product due to the
apparently facile attack of the nucleophile at sulfur.

Asshowninentry 4, reaction of 2-methoxyphenyl triflate
(8) under the above conditions gave only the meta-product
9. The regiochemistry of the product was assigned from
the 1TH NMR chemical shifts. In addition to furanoid
absorptions at 6.47, 6.64, and 7.46 ppm, a ddd at 6.82 ppm
(J =17.1, 2.4, 2.4 Hz) was consistent with the calculated
value for a proton at C-4 (6.8 ppm), and the three remaining
phenyl protons were observed between 7.2 and 7.3 ppm
as expected.?! The regiochemistry and selectivity of this
reaction are analogous to those observed in previous
reactions involving 3-methoxybenzyne.12:24

Treatment of 2-methylphenyl triflate (6) with LDA in
the presence of excess 2-lithiofuran gave a 2:1 mixture of
2-arylfurans accompanied by a small amount (<5% by
GC analysis) of a third adduct, which could not be
separated from the product mixture (entry 3).2¢ 'H NMR
analysis of the reaction mixture showed signals for the
major isomer at § 2.37 (s), 6.44 (dd, J = 3.4, 1.8 Hz) and
6.62 (dd,J = 3.4, 0.7 Hz), which agreed well with the partial
spectrum reported for furan m-7 (4 2.30, 6.35, 6.55),%® and
were readily distinguished from the minor isomer o-7,
which displayed signals at & 2.48 (s), 6.48 (dd, J = 3.4, 1.8
Hz) and 6.52 (dd, J = 3.4, 0.7 Hz). Assignment of the
major and mihor isomers as 2-(3-methylphenyl)furan (m-
7) and the ortho isomer o-7, respectively, is consistent
with the generalizations that electron-withdrawing groups
deshield an o-methyl group 0.10-0.25 ppm relative to the
analogous m-methyl group, and is also consistent with
product ratios reported from reactions of nucleophiles with
3-methylbenzyne.122%¢ Further confirmation of the as-
signments of 0-7 and m-7 was obtained by independently
synthesizing the ortho isomer via dppfPdCl;-mediated
cross-coupling of triflate 6 with (2-furyl)tributylstannane
in the presence of excess LiCl (unoptimized procedure in
supplementary material). The 2-(2-methylphenyl)furan
(0-7) thus obtained displayed identical properties (NMR,
GC, MS, and IR) with the minor component of the isomer
mixture resulting from the aryne reaction.

Treatment of 4-phenylphenyl triflate (4) under the
standard reaction conditions gave two isomeric bipheny-
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Table I. Reaction of Aryl Triflates with LDA in the Presence of Lithiated Heteroaryl Nucleophiles

entry aryl triflate R no. nucleophile no.

product(s) no. isomer ratio isolated yield (%)

1 R/O/W‘ H 1 @,u

2 Ph 4 2
3 " Me 6 2
@/on
4 MeO 8 . 2
5 H 1 u 10
0
6 Me 6 10
7 MeO 8 10

2 RQ_@ 3 52

m-5/p-5 58:42 528
0-7/m-7 32:68 54?
0-9/m-9 0:100 58

EHa 11 49
@@

0-12/m-12
0-13/m-13

43:57 54¢
0:100 35

8 Product ratio determined by GC. ¢ Arylfurans o-7 and m-7 were isolated along with an impurity (>5%). ¢ Regiochemistry of isomers was
tentatively assigned by analogy to the corresponding aryne reaction with 2-lithiofuran.

lylfurans in a 3:2 GC ratio (entry 2). Because spectral
analysis of the product mixture would not permit unam-
biguous determination of the relative regiochemistry of
the two products, the para isomer p-5 was synthesized
independently via the palladium-mediated cross-coupling
reaction (unoptimized procedure in supplementary ma-
terial). The product thus obtained displayed identical
properties (NMR, GC, and IR) with the minor component
of the isomeric biphenylyl mixture, allowing assignment
of the major component of the mixture as the metaisomer.
The ratio of m- (m-5) to p-biphenylylfuran (p-5) was
similar to that previously obtained for aryne-mediated
reactions of triflate 4 with diisopropylamine as the
nucleophile.12

Reaction of 2-tert-butylpheny! triflate (14) with LDA
in the presence of excess 2-lithiofuran gave a mixture of
2-tert-butylphenol and 2-(3-tert-butylphenyl)furan in a
3:1 ratio, from which the furan could be isolated in 20%
yield. Interestingly, only the meta-substituted furan was
produced from the hindered triflate, while 2-methylphenyl
triflate had given a 1:2 mixture of ortho- and meta-
substituted products. Similarly, treatment of 2-phe-
nylphenyl triflate (15) under the reaction conditions gave
only trace amounts of the desired furan product with the
major product being 2-phenylphenol. These results may
be contrasted with the successful reactions of 4-phe-
nylphenyl triflate and 2-methylphenyl triflate (entries 2
and 3). The poor reactivity of triflates 14 and 15 may be
rationalized as being due to a steric-related change in
conformation of the sulfonate ester causing increased
susceptibility to nucleophilic attack at sulfur and/or
decreased ability for the ester to assist in deprotonation.

Thiophenes are synthetically useful heterocycles, with
applications in medicinal chemistry and agrochemical
research.2® Substituted thiophenes have found use as high
intensity sweeteners® and flavoring agents.®® 2-Arylth-
iophenes have also been used in the synthesis of conducting
polymers.3! As with the synthesis of furanoids, a variety

(28) Hartough, H. D., Ed. Chemistry of Heterocyclic Compounds -
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and Aroma Compounds; Vernin, G., Ed.; Ellis Horwood: Chichester,
1982; Chapter II.

(31) (a) Pelter, A.; Maud, J. A.; Jenkins, I.; Sadeka, C.; Coles, G.
Tetrahedron Lett. 1989, 30, 34613464, (b) Reynolds, J. R.; Ruiz, J. P.;
Child, A. D.; Nayak, K.; Marynick, D. M, Macromolecules 1991, 24, 678
687.

of methods have been developed for the synthesis of
substituted thiophenes.?? Recently, Group 10 metal-
mediated cross-coupling reactions have emerged as the
methods of choice for these transformations. Palladium
or nickel catalysts have been used to couple electrophiles
with thiophene directly,” or with metallothiophenes in-
cluding magnesium,3b32 zinc,10%-c31a gnd tin nucleo-
philes.112,33

In a brief extension of the aryne-lithiofuran chemistry
to the synthesis of aryl thiophenes, aryl triflates were found
to react with 2-lithiothiophene in the presence of LDA in
a manner analogous to that described for 2-lithiofuran
(entries 5~7). Treatment of phenyl triflate (1) with LDA
in the presence of 10 equiv of 2-lithiothiophene afforded
2-phenylthiophene (11) in 49% yield. o-Tolyl triflate (6)
reacted similarly to give the corresponding ortho- and
meta-substituted products (12) in good yield. Reaction
of 2-methoxyphenyl triflate (8) with LDA and 2-lithio-
thiophene gave the 3-methoxyphenyl product 13 as the
only product observed.

Conclusions

Aryl triflates react with a mixture of LDA and a 10-fold
excess of either 2-lithiofuran or 2-lithiothiophene to give
arylfurans or arylthiophenes via the aryne. Where rele-
vant, mixtures of the cine and ipso products are formed
in ratios similar to those commonly observed for nucleo-
philic attack on substituted arynes. To our knowledge,
this is the first report of the use of 2-lithiofuran as a
nucleophile in aryne-mediated reactions. This method-
ology demonstrates that aryl triflates can be used to
generate arynes at low temperatures, and that these arynes
can then be trapped with lithiated carbon nucleophiles
which might not normally be stable under normal aryne-
generating reaction conditions.

Aryne generation appears to be sensitive to the presence
of bulky substituents ortho to the triflate. The reaction
of aryne intermediates generated from aryl triflates with
other carbon and heteronucleophiles is currently under
investigation and will be reported in due course.

Experimental Section

H and 3C NMR spectra were obtained in CDCl;. Low
resolution GC-mass spectra (GC-LRMS) were obtained at an
ionization potential of 70 eV. Capillary GC analyses were run

(32) (a) Tamao, K.; Kodama, S.; Nakajima, I.; Kumada, M.; Minato,
A.; Suzuki, K. Tetrahedron 1982, 38, 3347-3354. (b) Rossi, R.; Carpita,
A,; Lezzi, A. Tetrahedron 1984, 40, 2773-2719.

(33) Crisp, G. T. Synth. Commun. 1989, 19, 307-316.
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on a chromatograph equipped with a 0.53 mm X 5 m methyl
silicone column and a flame ionization detector. TLC was
conducted on EM silica gel 60F-254 plates. No attempt was
made toseparate isomeric arenes. Allmixtures of furanoids were
>95% pure as determined by GC, TLC, 'H NMR, and *C NMR
analyses except where noted. All spectral information reported
is for the mixture of isomers described in Table 1.

Phenyl triflate, 2-methoxyphenyl triflate,3s 2-methylphenyl
triflate, 4-phenylphenyl triflate,* and 2-phenylphenyl triflate??
were prepared according to literature methods.?” (2-Furyl)-
tributylstannane was synthesized according to the literature
method.3¥ THF was double distilled from potassium. N,N-
Diisopropylamine was freshly distilled from CaH,. Furan and
thiophene were freshly distilled from KOH immediately before
use. Allreactions were performed under positive argon pressure.

General Procedure. Aryne Reaction with Heteroaryl
Lithiums. 2-(3-Methoxyphenyl)furan (9, entry 4): To a
solution of furan (0.73 mL, 10 mmol, 9.43 equiv) in THF (10 mL)
at —78 °C was added n-BuLi (4.42 mL, 2.26 M in hexanes, 10.0
mmol, 9.43 equiv). The mixture was allowed to warm to rt for
2 h and recooled to -78 °C. To the furyllithium solution was
added a solution of LDA (diisopropylamine [0.21 mL, 1.5 mmol,
1.41 equiv]; n-BulLi [0.66 mL, 2.26 M in hexanes, 1.41 equiv]) in
THF (10 mL) at -78 °C via cannula, followed by a solution of
2-methoxyphenyl triflate (0.27 g, 1.06 mmol) in THF (5 mL).
This mixture was maintained at -78 °C for 2 h, warmed to rt, and
stirred for 10 h. The resulting slurry was separated between
water (50 mL) and CHCl; (50 mL) and the aqueous layer was
back-extracted with CH;Cl, (3 X 256 mL). The combined organic
layers were washed with a 10% HCI solution (50 mL), a 10%
NaOH solution (50 mL), water (60 mL), and a saturated NaCl
solution (50 mL), dried (MgSQ,), and concentrated under reduced
pressure to afford a dark brown viscous oil, which was adhered
onto silica gel (0.5-1.0 g) and was purified by column chroma-
tography (Si0,, hexane) to give 9 (0.11 g, 58% ) as a colorless oil;
IR (CH.Cl,) 1580, 1470, 1270, 1210, 1030, 780, 685 cm-!; '"H NMR
(300 MHz) 6 3.85 (s, 3H), 6.47 (dd, J = 3.4, 1.7 Hz, 1H), 6.64 (d,
J = 3.4 Hz, 1H), 6.82 (ddd, J = 7.1, 2.4, 2.4 Hz, 1H), 7.22-732
(m, 3H), 7.46 (d, J = 3.4 Hz, 1H); 3C NMR (75 MHz) § 55.3,
105.3, 109.1, 111.6, 113.2, 116.4, 129.7, 132.2, 142.0, 153.8, 159.9;
GC-LRMS m/z (rel abundance) 174 (100%, M*).

2-Phenylfuran (3; entry 1): yield, 0.082 g (62%); TLC
(hexane) R;0.40; 'H and '*C NMR spectra for 3 were in agreement
with those previously reported.8br10e.39

2-(3-Phenylphenyl)furan and 2-(4-Phenylphenyl)furan
(m-5, p-5; entry 2): yield, 0.12 g, (54%); TLC (hexane) R;0.45;
IR (CDCly) 1610, 1500, 1480, 1230, 1120, 1030 cm!; '1H NMR
(300 MHz) 6 6.48 (dd, J = 3.3, 1.8 Hz, 1H), 6.69 (dd, J = 3.3, 0.6
Hz, 1H), 7.33-7.75 (m, 9H), 7.89-7.91 (m, 1H). Anal. Calcd for
CigH1;0: C, 87.24; H, 5.49. Found: C, 86.92; H, 5.28.

Meta isomer (m-5): *C NMR (75 MHz) 6 105.2,111.7,122.6,
122.7, 126.2, 127.2 (2C), 127.5, 128.8 (2C), 129.1, 131.4, 141.0,
141.7,142.2,153.9; GC rel retention (ratio) 1.05 (0.58); GC-LRMS
m/z (rel abundance) 220 (100%, M+); HRMS for C¢H;30, caled
220.0888, found 220.0884.

Para isomer (p-5): 13C NMR (75 MHz) 6 105.1, 111.7, 124.2
(2C) 126.9 (2C), 127.4 (3C), 128.8 (2C), 129.9, 140.0, 140.6, 142.2,
153.8; GC rel retention (ratio) 1.00 (0.42); GC-LRMS m/z (rel
abundance) 220 (100 %, M+); HRMS for C;gH;20, calcd 220.0888,
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found 220.0864. No attempt was made to separate the isomeric
arylfurans. Theratio of products was determined by GC analysis
assuming equal FID response factors for m-5 and p-5. p-5showed
identical properties H NMR, 13C NMR, MS, GC, IR) with an
independently synthesized sample. It was not possible to assign
absorbances in the aromatic region of the tH NMR spectrum of
the product mixture to specific isomers.

2-(2-Methylphenyl)furan and 2-(3-methylphenyl)furan
(0-7, m-T;entry 3): yield, 0.085g (54% ); IR (CH;Cl;) 1620, 1490,
1230, 1070, 1030 cm-1,

ortho-Isomer (0-7): TLC (hexane) R; 0.20; 'H NMR (300
MHz) 6 2.48 (s, 3 H), 6.48 (dd, J = 3.4, 1.8 Hz, 1H), 6.52 (dd, J
= 3.3, 0.6 Hz, 1H), 7.05-7.70 (m, 4H), 7.49 (dm, J = 1.6 Hz, 1H);
13C NMR (75 MHz) 6 21.8,108.5, 111.3, 126.0, 127.1, 127.4, 130.8,
131.1, 134.6, 141.6, 153.8; GC rel retention (ratio) 1.00 (0.32);
GC-LRMS m/z (rel abundance) 158 (100%, M*).

meta-Isomer (m-7): TLC (hexane) R 0.11; 'H NMR (300
MHz) § 2.37 (s, 3 H), 6.44 (dd, J = 3.4, 1.8 Hz, 1H), 6.62 (dd, J
= 3.3, 0.6 Hz, 1H), 7.05-7.70 (m, 4H), 7.49 (dm, J = 1.6 Hz, 1H);
13C NMR (756 MHz) 6 21.5, 104.8,111.6,121.0, 124.1, 124.4, 128.1,
128.6, 138.2, 141.9, 154.1; GC rel retention (ratio) 1.06 (0.68);
GC-LRMS my/z (rel abundance) 158 (100%, M*). No attempt
was made to separate the isomeric arylfurans. The ratio of
products, determined by GC analysis assuming equal FID
response factors for 0-7 and m-7, was in agreement with the ratio
of methyl singlets for 0-7 (6 2.48) and m-7 (6 2.37) in the 'H
NMR. The H and 3C NMR of m-7 were similar to those
reported.8® o0-7 displayed identical properties (H NMR, 13C
NMR, MS, GC, IR) with an authentic sample.

The mixture of 0-7 and m-7 was accompanied by ~5% of an
impurity. Partial characterization included the following: 'H
NMR (300 MHz) & 2.68 (), 7.83 (dm, J = 7.4 Hz), 7.99 (dm, J
= 8.0 Hz); 13C NMR (75 MHz) § 19.4, 125.5, 125.7, 126.3, 126.5,
130.2; GC rel retention 1.04; GC-LRMS m/2z (rel abundance) 142
97%), 141 (100%), 139 (12%), 115 (34%).

2-Phenylthiophene (11;entry 5): yield, 0.099 ¢ (49%); TLC
(hexane) R;0.43; 1H and 1*C NMR spectra and LRMS were similar
to those previously reported for 11.40

2-(2-Methylphenyl)thiophene and 2-(3-methylphenyl)-
thiophene (0-12, m-12; entry 6): yield, 0.10 g (54%); TLC
(hexane) R; 0.40; IR (CH;Cly) 1580, 1470 cm-; 'H NMR (300
MHz) § 2.36 (s, 1.6H), 2.41 (s, 1.4H) 7.03-7.08 (m, 2H), 7.17-7.42
(m, 5H); 3C NMR (75 MHz) 6 21.1,21.4,122.9,123.1,124.6-128.7
(10C), 130.4,130.7, 134.1, 134.3, 136.0, 138.5, 143.1, 144.5. Anal.
Caled for C11HyoS: C, 75.82; H, 5.78. Found: C, 75.90; H, 5.75.

ortho-Isomer (0-12): GC rel retention (ratio) 1.00 (43%);
GC-LRMS m/z (rel abundance) 174 (100%, M*).

meta-Isomer (m-12): GC rel retention (ratio) 1.13 (67%);
GC-LRMS m/z (rel abundance) 174 (100%, M*).

The product mixture displayed only one spot in the TLC. No
attempt was made to separate the isomeric arylthiophenes. The
ratio of products, determined by GC analysis assuming equal
FID response factors for m-11 and o-11, was consistent with the
ratio of methyl singlets in the 1H NMR. It was not possible to
assign peaks in the aromatic region of the 'H NMR spectrum of
the mixture to specific isomers. The regiochemistry of the major
and minor isomers was assigned by analogy to reaction of
3-methylbenzyne with 2-lithiofuran and is consistent with the
ratio of isomers found for reaction of 1-methyl-2,3-benzyne with
nucleophiles. 1227

2-(3-Methoxyphenyl)thiophene (13; entry 7): yield, 0.072
g (34%); TLC (hexane) R;0.40; IR (neat) 1610, 1580, 1490, 800,
730 cm!; 'H NMR (300 MHz) é 3.81 (s, 3H), 6.83 (ddm, J = 8.0,
2.6 Hz, 1H), 7.04 (dd, J = 5.1, 3.7 1H), 7.14-7.29 (m, §H); 18C
NMR (75 MHz) § 55.2, 111.6, 112.9, 118.5, 123.2, 124.8, 127.9,
129.8, 135.7, 144.2, 159.9; GC-LRMS m/z (rel abundance) 190
(100%, M*). Anal. Caled for C;;H,008: C, 69.42; H, 5.30.
Found: C, 69.34; H, 5.35.
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