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Abstract: Facile synthetic methods for condensed polycyclic
aromatic compounds via aryne intermediates are reported. The
generation of arynes bearing a (3-arylpropargyl)oxy group from the
corresponding o-iodoaryl triflate-type precursors efficiently afforded
arene-fused oxaacenaphthene derivatives, which were formed
through intramolecular [2+4] cycloaddition. Extending the method to
the generation of arynes bearing a 1,3-diyne moiety led to a
continuous generation of naphthalyne intermediate through the
hexadehydro Diels—Alder reaction involving the triple bond of aryne.
This novel type of aryne-relay chemistry enabled the synthesis of a
unique aminoarylated oxaacenaphthene derivative and highly ring-
fused anthracene derivatives.
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compounds that are synthesizable by convention
still limited. Herein, we report synthetic methods
condensed polycyclic aromatic compounds thaf in
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were formed through reactions involving arynes.
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Experimental procedures and characterization for new compounds
including copies of NMR spectra (PDF). X-ray crystallographic data
for 6¢ (CCDC 1566709) (CIF).
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approach enabled{ile facile constru

library that consist:

n of a large chemical
f compounds. To further
s based on this modular
-iodoaryl triflate 3a bearing
group and attempted the cycloaddition of
with benzyl azide (4) (Figure 1B). As a
result, of 3a and 4 in THF with a silylmethyl
Grignard rea fforded the desired cycloadduct 5,
from which a variety of benzotriazoles could be prepared by the
transformatio,)f the internal alkyne moiety. From a careful

amination Athe byproducts, we identified a small amount of

derivative, 5H-phenanthro[1,10-bclfuran (6a).”
ormation of tetracyclic compound 6a indicates a possibility
o intramolecular C-C bond formations between the aryne
and the phenylethynyl group has occurred.® We were
s unexpected result and opted to delve into this
that would enable straightforward construction of
condensed Polycyclic aromatic frameworks.

N.
N
1. N;—R! /—Q\’ | ! :
0 M2 4SiCH,MgCI 0 Noge i SN ;
I THF, -78°C @EN‘ ' ©| :
R EEEEE—— ‘N !
2.N3—R?2 N Xy
1 orf cat. Cu, cat. TBTA 2 R! H ]
CH,Cly, rt e
B N3-Bn 4
(1.2 equiv)
0 N MeSiCH,MgCI 0 0
Cy e YO0
—_— “N +
oTf THF N
3a ~78°C,1.5h 5 Bn 6a
81% 1%

Figure 1. Cycloaddition of arynes bearing an alkyne moiety with azides. (A)
Bis-1,2,3-triazole synthesis via 3-(propargyloxy)benzyne (l). (B) Reaction of
aryne, generated from o-iodoaryl triflate 3a by using a silylmethyl Grignard
reagent, in the presence of azide 4.

To achieve an efficient transformation from 3a to 6a, we
screened the conditions by performing the reaction in the
absence of an arynophile (Table 1). Although only a low yield of
the desired 6a was obtained when the reaction was conducted
at —78 °C (entry 1), remarkable improvements were observed
when the reaction was conducted at higher temperatures
(entries 2 and 3). The best result was obtained when the
reaction was conducted at room temperature with diethyl ether
as the solvent (entry 4). Using more nucleophilic activators
instead of (trimethylsilyl)methylmagnesium chloride! decreased
the yield of 6a (entries 5-7).
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Table 1: Optimization of the Reaction Conditions.

O\ R-Mtl 0
I "Ph (2.0 equiv) OO
—_—
oTf Solvent
3a Temp., 1 h 6a

Entry R-Mtl Solvent Temp. Yield [%]*
1 Me;SiCH,MgCl THF -78 °C 20
2 Me;SiCH,MgCl THF —40 °C 51
3 Me;SiCH,MgCl THF rt 59
4 Me;SiCH,MgCl Et,0 rt 83 (82)"
5 n-BuLi Et,O rt 35
6 i-PrMgCI-LiCl Et,O rt 43
7 PhMgBr Et,O rt 26

[a] Yields based on 'H NMR analysis, unless otherwise noted. [b] Isolated
yield in the parentheses.

Using the optimized conditions, various tetracyclic
oxaacenaphthene derivatives 6b—g were prepared from the
corresponding o-iodoaryl triflates bearing an
arylpropargyl)oxy group, which were easily prepared from
corresponding 3-hydroxy-2-iodoaryl triflates
propargylalcohols by the Mitsunobu reaction®'® (Figure 2).
Substrates with 4-methoxy-, 4-chloro-,
(methoxycarbonyl)phenyl groups on the alkyne m
transformed to condensed phenanthrene deriv
leaving these groups untouched. The structu
substituted product 6c¢ was confirmed fr
crystallographic analysis (Figure 3). Similarly,
oxaacenaphthene 6e was obtained from 2-iodo-
thienyl)propargyl)oxy)phenyl triflate. ~ Substrates  with

6f and 6g, respectively. In contrast,
with one carbon-homologated tether,

arylethynyl moiety to the tripl
reaction of o-iodoaryl triflate

9,10-dihydrophenant!
A plausible reaction

iodoaryl i nt intramolecular [2+4]
ond of aryne and the
sition state 1l would
Ate IV, which is a resonance form of
.. Theoretical calculations (B3LYP/6-
strained allenic intermediate IV is
31.9 kcal/mol n the aryne intermediate II,
suggesting that allene IV is justifiable as an intermediate
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structure. Natural bond orbital analysis supports the
contribution of the polarized resonance structure IV’, from which
aromatization that involves proton fer to the anionic carbon
occurs to afford the phenanthrene de

c

3. X-ray crystal structure of 6c¢.
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Scheme 1. Reaction from 3-(Cinnamyloxy)benzyne Precursor 7.
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On the basis of the plausible reaction mechanism depicted in
Scheme 2 and the reported hexadehydro Diels—Alder reaction,®

Scheme 2. Plausible Reaction Mechanism.
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we conceived the idea of generating a strained naphthalyne VIP’
through a similar type of intramolecular [2+4] cycloaddition
reaction between the triple bond of aryne and the 1,3-diyne
moiety of V (Scheme 3). To test our hypothesis, we prepared o-
iodoaryl triflate 9 bearing a 1,3-diyne moiety and treated it with a
silylmethyl Grignard reagent in the presence of furan (10) at
room temperature. As expected, anthracene derivative 11 was
obtained as a major product along with a small amount of
cycloadduct 12, which was formed by the direct reaction
between the initial aryne intermediate V and furan (10). This
result demonstrates that naphthalyne VII' was successfully
generated as the second aryne species and trapped by furan
(10) to afford an anthracene derivative 11, suggesting that the
intramolecular [2+4] cycloaddition proceeded faster than the

intermolecular cycloaddition."

Ph 11
56% 9%

\
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©fOTf Etzo
rt,1h

Ph ——

Scheme 3. Generation of Strained Naphthalyne VII'.

After conducting an extensive survey on the
naphthalyne VII’, we found that it
dimethylaniline (13) in a unique fashion (Sche
aryne precursor 9 with a silylmethyl Grignar
presence of 13 at room temperature afforded an unexp
ortho-phenyl  groups-substituted (dimethylamino)naphtha

formation of phenyl-migrated
(Scheme 5), the formation
phenylation of VII" j
strained five-memb
details on this unique
investigated, this approach

entional method.

n additional arynophilic
ation of a highly condensed polycyclic
ample, the sequential generation of
cursor 19 with an intramolecular
furan moiety a ing-fused hexacyclic anthracene
derivative 20 in high yield (Scheme 6).

10.1002/chem.201704345

WILEY-VCH

PhNMe, 13
(5.0 equiv) o
Me3SiCH,MgCI H
7 I % (2.0 equiv) N
| Ph + +.Ph
ot Et,0 N’
9 m1h PhMe Me
15
not
(0] detected
I~
Ph
viIr

NMe, I\I'Ph

17 18 Me‘ Me
not 32%
detected

Scheme 5. Reac n with Unstrained Naphthalyne.
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Scheme 6. Synthesis of Hexacyclic Anthracene Derivative 20.

summary, we have developed facile methods for
tructing condensed polycyclic aromatic frameworks through
generation of arynes from o-iodoaryl triflates bearing an
rylethynyl group or a 1,3-diyne moiety. In the case of arynes
bearing a 1,3-diyne moiety, a naphthalyne intermediate was
generated through a novel type of aryne-relay chemistry, which
is the first example of hexadehydro Diels—Alder reaction
involving the ftriple bond of aryne. Since various 3-
(propargyloxy)aryne precursors are easily synthesizable, a
diverse range of highly condensed aromatic compounds could
be prepared from simple modules using this method. Further
studies, including the theoretical analysis of the intramolecular
cycloaddition between the triple bond of aryne and an
arylethynyl group or a 1,3-diyne moiety, are currently underway.
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