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The ortho-arylation of aromatic compounds is a principal
reaction system in C—H activation chemistry.l'!l The trans-
formation uses a functional group to direct a C—H metalation
in the ortho position, usually by using transition metals (TMs)
such as palladium or ruthenium (Scheme 1). A second arene
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Scheme 1. ortho-Arylation strategies.

reagent then reacts with the metalated intermediate 2 to form
a biaryl, 3, molecules with enormous utility in chemistry and
biology. Use of aryl halides in this second step affords a closed
catalytic cycle, but stoichiometric silver salts are required to
sequester halide.”! Aryl boronic acids or silanes are effective,
but require a stoichiometric oxidizing agent to close the
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cycle.! Simple arenes (Y = H) are potentially the most atom-
economical of all coupling partners, but are currently used in
hyperstoichiometric quantities and require an external oxi-
dant and high catalyst loadings.[

Our interest in the reactive intermediate benzyne led us
to speculate whether an equivalent ortho-arylation might be
possible, by using benzyne as the electrophilic arene and
proceeding in the absence of TM catalysis. Benzyne is well
known to react with strongly nucleophilic arylmetals such as
Grignard reagents and aryllithiums (e.g. 1—4-3,
Scheme 1),/ but intermolecular direct arylation at a C—H
position has yet to be developed as a synthetic process. We
chose to investigate anilines as the nucleophilic C-H compo-
nent, as they are highly reactive in electrophilic aromatic
substitution chemistry and functionalized aminoarenes are
important building blocks for new medicines and materials.
An immediate obstacle to aniline arylation concerns the
potential competition between N- and C-arylation, with
anilines undergoing N-arylation in high yield when treated
with benzyne.”! To suppress this pathway, we reasoned that
steric hindrance around the nitrogen atom might direct
benzyne arylation to the ortho carbon. Literature precedent
for this idea is scant, but a single report from Yamamoto et al.
provided some valuable support.’! For the preparation of a
molecular gear, N-phenylation of the hindered amine 5 was
required. When treated with a large excess of benzyne, the
unexpected double arylation product 6 was formed in low
yield, i.e. N-arylation then C-arylation of the resultant

hindered aniline (Scheme 2).
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Scheme 2. Yamamoto's arylation of 9-tryptycylamine.

We began our study by using fluoride treatment of silane
8a as our aryne source. A screen of substrates established that
tert-butyl and Boc-aniline were not effective, but the larger
trityl group did afford the desired C-arylated product 9a.
After some optimization, we defined conditions that afforded
o-phenylaniline 9a in an excellent 89 % yield, following a
TFA workup (Scheme 3). No sign of either diarylated
compound, a common side-product in TM-catalyzed o-
arylations, or p-arylated product could be detected.
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Scheme 3. Scope of C—H arylation: para-substituted anilines. Reaction
conditions: trityl aniline 7 (1 equiv), aryne precursor 8a (1.8 equiv),
CsF (3 equiv), toluene/acetonitrile 3:1 (0.1 ™), 110°C for 48 h,

0.6 mmol scale. Then, TFA (1.6 mL), RT for 20 min. Yields of isolated
products throughout. [a] 3.6 equiv of 8a and 6 equiv of CsF used.

TFA =trifluoroacetic acid, Bn=benzyl.

A study of the scope of the reaction quickly established
that p and m substituents were well tolerated, but o substitu-
tion was not (recovered starting material). Electron-donating
groups such as methoxy (9b) and alkyl (9¢-9e) in the
p position were excellent substrates, giving high yields of the
o-phenylated products 9b-9e (Scheme 3). Electron-with-
drawing groups and halogens (e.g. Cl, I, CF;, CO,Et,
COMe), which can be problematic in metal-based arylation
strategies, were also effective, producing the products 9 f-9j
in moderate to good yields. The trityl derivative of p-
phenylenediamine, an important monomer in the plastics
industry, underwent diarylation to give a terphenyl in 54 %
yield, tentatively assigned as the linear isomer 9k, along with
a small amount of the 1,2-terphenyl (Supporting Informa-
tion).

Simple m-substituted substrates were successful in the
reaction, but gave mixtures of regioisomers in some cases
(Scheme 4). The m-Me, m-OMe, and m-CO,Et substrates all
gave moderate to good yield of product with regioisomeric
ratios in the range 1-1.6:1 (10a—c). The strongly electron-
withdrawing substrates m-F, m-CF;, and m-NO, however,
were less efficient but highly regioselective, producing the
1,2,5-trisubstituted compounds exclusively (10d-f). m,p-Di-
substituted substrates were also feasible in the reaction; with
the phenylated heterocycle 10g formed in 51 % yield and
excellent regioselectivity.

A selection of substituted arynes were studied in the
reaction and found to be effective.’) 1,2-Naphthyne gave a
single biaryl in the reaction, assigned as the {3 isomer on the
basis of attack at the more sterically accessible P position™”
(10h). We prepared a novel 3-isopropyl-5-bromoaryne pre-
cursor and observed high levels of regiocontrol in arylation.
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Scheme 4. Scope of C—H arylation: meta- and meta/para-substituted
anilines. Reaction conditions are as shown in Scheme 3. TfO=
trifluoromethanesulfonate, TMS = trimethylsilyl.

The bulky isopropyl group directs addition to the distal site,
producing the bromoaryl product 10i having a convenient
handle for further TM or radical-based functionalizations. 4-
Methylbenzyne gave good yields of arylated product 10j, but
in the expected 1:1 ratio as the 4-methyl group does not
provide any directing effect in aryne additions. 4-Methoxy-
benzyne, by contrast, showed a small preference (1.6:1) for
addition of the aniline para to the MeO group (10k).!"!

The lack of reactivity for both o-substituted substrates,
anisole and N-trityl-N-methylaniline, along with the lack of
o/p mixtures for tritylaniline, points to a hetero-ene reaction
as the probable mechanism. Benzynes are well known
enophiles,"!! although aryne hetero-ene reactions are uncom-
mon.*'? Here, the ene conformation places the large trityl
group in close proximity to any ortho substituent, a destabi-
lizing interaction when R # H (Scheme 5). A second arylation
of the product 11 (R=H) is thus disfavored for the same
reason. To probe this mechanism we first ran the reaction in
CD;CN to check for any proton incorporation from the
solvent, and observed none. Second, we subjected a deute-
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Scheme 5. Mechanistic studies. Tr=trityl.
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rium-enriched substrate [D]-7a to the reaction conditions and
observed deuterium incorporation in the product, implicating
the ene mechanism as the principal reaction mode for ortho-
arylation.!"”!

The product o-arylanilines are important components of
natural product and medicinal chemistry syntheses. To
exemplify the power of the aryne arylation we carried out a
short synthesis of the antibiotic and antifungal natural
product glycozoline!™ (Scheme 6). Arylation of tritylated p-
toluidine with 3-methoxyaryne proceeded in an excellent
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oxone HN
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Scheme 6. Synthesis of glycozoline. TBAF =tetrabutylammonium
fluoride.

95 % yield, followed by sulfonylation to give the biaryl 12.
Treatment of 12 with Youn’s C—H amination conditions
(Pd(OAc),, oxone)!" selectively afforded the carbazole in
high yield, which was desulfonylated to give glycozoline (13)
in four steps and 71 % overall yield from 7e¢.

In conclusion, we have developed a new direct arylation
reaction for anilines. The method is distinct from existing
methods of arylation, requiring neither stoichiometric metal-
ation with strong lithium or magnesium bases, nor transition-
metal catalysis with associated ligands and additives. As a
result, the reaction displays excellent functional-group com-
patibility and operational simplicity. An ene mechanism is
implicated, which produces singly ortho-arylated products
with no possibility of para regioisomers. Further studies on
aryne C—H arylation are in progress.

Experimental Section

General procedure for ortho-arylation: In a vial the N-trityl aniline
(0.60 mmol, 1 equiv) was dissolved in toluene and acetonitrile (3:1)
(0.1m). The benzyne precursor (1.07 mmol, 1.8 equiv) and caesium
fluoride (1.79 mmol, 3 equiv) were then added. The vial was then
flushed with nitrogen, sealed and stirred at 110°C for 48 h. The
volatiles were removed under vacuum and the crude material treated
with TFA (1.6 mL). The reaction was then stirred at room temper-
ature for 20 min. [For the preparation of compounds 9a, 9b, 9¢ and
9d 2.5 equiv (1.49 mmol) of the aryne precursor was used]. The
reaction was diluted with diethyl ether and extracted with HC1 2m (x
3). The combined aqueous phases were basified with NaOH aq. 10 %
and extracted with diethyl ether (x 3). The combined organic phases
were washed with brine, dried over magnesium sulfate and evapo-
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rated. The crude material was purified by column chromatography on
silica gel, eluting with hexane/EtOAc mixtures.

5-Benzylbiphenyl-2-amine (9e): Purification by column chroma-
tography (hexane/EtOAc 9:1) gave the desired product in 70 % yield
as a brown oil. 'H NMR (500 MHz, CDCl,): 6 =7.53-7.46 (m, 4H),
7.40 (m, 1H), 7.36-7.32 (m, 2H), 7.28-7.25 (m, 2H), 7.24 (t, J=
7.2Hz, 1H), 7.06-7.03 (m, 2H), 6.77 (d, J=8.1Hz, 1H), 3.98 (s,
2H), 3.68 ppm (br s, 2H). ®*CNMR (126 MHz, CDCl;): 6 =141.8,
141.5,139.6, 131.5, 131.0, 129.0, 128.9, 128.8, 128.5, 128.0, 127.9, 127.2,
126.0, 116.0, 41.1 ppm. HRMS (ES") calcd for CoH;gN* [M+H]":
260.1434, found: 260.1434.
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