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A lot of effort has recently been devoted to the development
of efficacious methods for incorporating fluorine atoms into
aromatic frameworks,!! because fluorinated aromatic com-
pounds are extensively utilized as pharmaceuticals, agro-
chemicals, etc.”! Although aryl fluorides of various structures
are accessible by pyrolysis of arenediazonium tetrafluoro-
borates (the Balz-Schiemann reaction),” nucleophilic aro-
matic substitution,*! electrophilic fluorination of aryl
Grignard reagents,” and transition-metal-promoted fluorina-
tion® and deoxyfluorination of phenols,”! the search for
potent Ar—F bond-forming reactions is still of great signifi-
cance in synthetic organic chemistry. Among the diverse aryl
fluorides, 2-fluorobiaryl motifs are of particular importan-
ce,* as they constitute a valuable class of biologically active
compounds including diflunisal, flurbiprofen, and torezolid®
(Scheme 1).
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Scheme 1. Representative biologically active compounds containing
a 2-fluorobiaryl motif.

We have been studying aryne insertion into o bonds
between a nucleophile and an electrophile, whereby nucleo-
philic attack to arynes triggers the insertion reaction
(Scheme 2).*11 Although a variety of ¢ bonds can be added
across arynes to afford diverse ortho-disubstituted arenes in
a straightforward manner, to the best of our knowledge, there
has been no precedent for the introduction of fluorine onto
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Scheme 2. Insertion of arynes into 6 bonds between a nucleophile and
an electrophile. Nu=nucleophile, E=electrophile.

aromatic rings by an insertion reaction, probably owing to the
hard/soft mismatch between fluorine atoms and arynes.'!
Herein, we report an unprecedented aryne insertion reaction
into F-containing o bonds by the use of a tin fluoride.'? The
reaction (fluorostannylation) involves synchronous Ar—F and
Ar—Sn bond formation and produces various 2-fluoroaryl-
stannanes,!” which are versatile intermediates for the syn-
thesis of 2-fluorobiaryls by the Migita—Kosugi-Stille reaction.

We first investigated the reaction of benzyne (from 2-
(trimethylsilyl)phenyl triflate 1a and KF/[18]crown-6)14 with
tributyltin fluoride in DME at 0°C; Ar—F and Ar—Sn bonds
were formed at adjacent positions of the aromatic ring to give
tributyl(2-fluorophenyl)stannane (2a) in 97 % yield (Table 1,
entry 1). The use of diethyl ether as a solvent resulted in
a slower reaction (Table 1, entry 2), and the yield of 2a was
lower for the reaction in THF (Table 1, entry 3).

We next investigated the scope of the reaction by using
various substituted arynes under the optimized reaction
conditions (Table 2). Symmetrical arynes, such as 4,5-dime-
thylbenzyne (from 1b) and cyclopentane-condensed aryne
(from 1c), underwent efficiently the fluorostannylation to

Table 1: Reaction conditions for fluorostannylation of benzyne.”!

KF (2.4 equiv)
T™S 18-crown-6 (2.4 equiv) ©[F
+ F-SnBu
©[0Tf ° solvent, 0 °C SnBu,
1a 2a
12 : 1
Entry Solvent t[h)] Yield [96]"
1 DME 6 97
2 Ether 122 97
3 THF 6.5 83

© 2013 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

[a] Reaction conditions: Ta (0.12 mmol, 1.2 equiv), F~SnBu;

(0.10 mmol, 1 equiv), KF (0.24 mmol, 2.4 equiv), [18]crown-6

(0.24 mmol, 2.4 equiv), solvent (1 mL). [b] Yield of isolated 2a.
DME =1,2-dimethoxyethane, Tf=trifluoromethanesulfonyl, TMS =tri-
methylsilyl.
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Table 2: Fluorostannylation of arynes.?

3 KF (2.4 equiv)
4 = TMS 18-crown-6 (2.4 equiv) = F
R—Oi + F-SnBu3 ——————> R—\ |
5 \5 oTf DME, 0 °C SnBus
1 2
1.2 : 1
Entry R t[h]  Yield [%]®  Product
by
1 4,5-Me, (1b) 52 78 SnBug
2b
F
2 4,5-(CH,); (1¢) 72 71 <:<IS”BU3
2c
F F
3 4,5-F, (1d) 47 50 FI ISnBu3
2d
X,
4 4,5-(CH), (1e) 26 46 SnBug
2e
OMe
F
5 3,6-(Me0), (1f) 6 81 SnBu
OMe
2f
F
6 3-MeO (1g) 27 76 SnBug
OMe
29
F
7 6-Br (1h) 8 43 ] SnBug
Br
2h
F
8 6-Cl (11) 7 Y ; :S"Bus
Cl
2i
T™MS F
SnBug
2j: 69%
9 4-TMS (1j) 31 85 * E
TMS/@SnBus
2'j: 16%

[a] Reaction conditions: 1 (0.12 mmol, 1.2 equiv), F~SnBuj; (0.10 mmol,
1 equiv), KF (0.24 mmol, 2.4 equiv), [18]crown-6 (0.24 mmol, 2.4 equiv),
DME (1 mL). [b] Yield of isolated 2.

afford the products (2b and 2¢) in 78% and 71% yield
(Table 2, entries1 and 2), whereas the reaction of 4,5-
difluorobenzyne (from 1d) or 2,3-naphthalyne (from 1le)
gave a moderate yield (Table 2, entries 3 and 4). Despite the
steric congestion around the triple bond, 3,6-dimethoxyben-
zyne (from 1f) was smoothly transformed into the respective
product (2 f; Table 2, entry 5). Furthermore, complete regio-
selectivity was obtained in the reactions of 3-methoxybenzyne
(from 1g), 3-bromobenzyne (from 1h), and 3-chlorobenzyne
(from 1i); the fluorine atom was incorporated into the meta
position of the substituents (Table 2, entries 6-8), thus
indicating that the fluorine atom acts as a nucleophile in the
present reaction.” Notably, the trimethylsilyl moiety of 4-

Angew. Chem. Int. Ed. 2013, 52, 1-5
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(trimethylsilyl)benzyne (from 1j) remained intact throughout
the reaction despite the presence of a fluoride ion, and
tributyl[2-fluoro-4-(trimethylsilyl)phenyl]stannane (2j) was
formed selectively (2j/2'j = 69:16; Table 2, entry 9).

On the basis of the previous insertion reactions of arynes
into o bonds between a nucleophile and an electrophile,*!"!
a pathway that starts with the formation of zwitterion 3 by
nucleophilic attack of the fluorine atom in Bu;SnF to an aryne
may be possible (Scheme 3, path A). The resulting stannyl
moiety in 3 then undergoes intramolecular nucleophilic

path A = path C
e P R
! BusSnF BuzSnF, :
: 4 :
v v
+ +
Z l:\SnBu3 = SnBus ~F
R RT | RE |
X" " F X"
3 5 7
J path B
= F . BugSnF
R L
SnBuy it
6 F
E
J-F-
= F
---------------- » R-— | B R
X SnBuj
2

Scheme 3. Plausible pathways for the fluorostannylation.

attack by the aryl anion to give 2. However, this pathway
can be ruled out, because the fluorostannylation product 2a
was not formed at all in the reaction of an aryne generated by
oxidation of 1-aminobenzotriazole with Pb(OAc),,' thus
implying that the presence of a fluoride ion is required for the
fluorostannylation to proceed (Scheme 4). In fact, Bu;SnF
was more soluble in DME in the presence of a fluoride ion,"”
and thus we propose a pathway involving the generation of
difluorotributylstannate 4 from Bu;SnF and a fluoride ion
(path B).["! Subsequent insertion of the aryne into a F—Sn
bond via 5, followed by release of a fluoride ion from 6
provides 2. Although another pathway, where an aryne
interacts stepwise with a fluoride ion and Bu;SnF via 2-
fluoroaryl anion 4 (path C), may also be conceivable,”” we

Pb(OAc)4 (1.4 equiv)
Bu3SnF (1 equiv)

N, F
Ly
: X
NH, SnBug

(1.2 equiv) 2a

benzene, RT, 18 h

Scheme 4. Reaction of Bu;SnF with benzyne generated by oxidation.
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could not detect the presence of 7 in the reaction of 1e with
a fluoride ion (Scheme 5),?" thus suggesting that this pathway
would not be operative in the present reaction. The regio-
selectivity in the reaction of 4-(trimethylsilyl)benzyne is
ascribable to the electron-donating effect of the trimethylsilyl
moiety, thus generation of the aryl anion in 3 is favored at the
para position (versus meta).?>%

1. KF (2 equiv)
18-crown-6 (2 equiv)
™S DME, 0 °C, 50 h ‘g ‘C :F
‘g ‘ iOTf 2.H0 H
1e
(1 equiv)

Scheme 5. Reaction of 2,3-naphthalyne with a fluoride ion.

The synthetic utility of the fluorostannylation products
was demonstrated by the formal transformation of 2j into
a pharmacologically significant compound (Scheme 6). A
Migita—Kosugi-Stille coupling of 2j with iodobenzene pro-
duced biaryl 8 (95% yield), which then underwent iodode-
silylation with iodine monochloride to give 9. Iodobiaryl 9 has
been previously converted into anti-inflammatory drug flur-
biprofen 10 through palladium-catalyzed carbon—carbon
bond-forming reactions.*"

2j 8
| F COyH
Oy == 0
9

flurbiprofen (10)

Scheme 6. Formal total synthesis of flurbiprofen: a) 2j (1 equiv),
iodobenzene (1 equiv), [Pd(dba),] (10 mol %), PPh; (40 mol %), Cul
(75 mol %), DMF, 50°C, 21 h. b) 8 (1 equiv), iodine monochloride
(2 equiv), CH,Cl,, 0°C, 7 h.

In conclusion, we have demonstrated that direct incorpo-
ration of a fluorine atom into aromatic frameworks, together
with formation of an Ar—Sn bond can be achieved by the
fluorostannylation of arynes; thus providing a convenient and
efficient approach to diverse 2-fluorobiaryls of pharmacolog-
ically importance. Moreover, the synthetic versatility of the
resulting 2-fluoroarylstannanes has been verified by the
formal total synthesis of anti-inflammatory drug flurbiprofen.
Further studies on Ar—F bond-forming reactions by use of
arynes are in progress.

Experimental Section
Typical procedure for the fluorostannylation of arynes: A Schlenk
tube equipped with a magnetic stir bar was charged with KF
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(0.24 mmol) and [18]crown-6 (0.24 mmol). The tube was evacuated
at room temperature for 1 h with stirring before addition of DME
(1 mL), tributyltin fluoride (0.10 mmol), and 1a (0.12 mmol) at 0°C
under an argon atmosphere. The resulting mixture was stirred at 0°C
for 6 h. The mixture was diluted with ethyl acetate and the organic
solution was washed three times with brine. The organic layer was
dried over MgSO, and the solvent was removed in vacuo. Preparative
recycling gel permeation chromatography (eluent: chloroform) gave
2a as a pale yellow oil (97 %).
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