
Functionalized Arynes

Preparation of Polyfunctional Arynes via
2-Magnesiated Diaryl Sulfonates**

Ioannis Sapountzis, Wenwei Lin, Markus Fischer, and
Paul Knochel*

Dedicated to Professor Rolf Huisgen

Arynes are highly reactive intermediates which have found
numerous applications in organic synthesis.[1] As a result of
the strained nature of the ring (ca. 63 kcalmol�1),[2] arynes
react with a broad range of reagents (with nucleophiles in
addition reactions, with alkenes in cycloadditions and ene
reactions) and therefore have significant synthetic potential.[3]

Whereas a number of methods for the generation of benzyne
itself are known, the preparation of functionalized arynes is
often incompatible with the harsh basic conditions necessary
for their generation. Recently, we developed a new method
for the synthesis of polyfunctionalized aryl magnesium
compounds through an iodine–magnesium exchange.[4] This
method can be used for the preparation of a variety of 2-
magnesiated aryl sulfonates of type 1 from the corresponding
2-iodo derivates 2 (Scheme 1).

The leaving-group ability of the sulfonate group
(RSO2O

�) was found to be essential for the optimization of

the reaction conditions and yield. Because of the strong
metal-directing effect of the sulfonate moiety, the I/Mg
exchange was complete at �78 8C within 15 min. Thus, we
prepared the sulfonates 2a–g derived from methyl 4-hydroxy-
3-iodobenzoate and converted them into the corresponding
Grignard reagents 1a–g, which were in turn transformed into
the products 4a upon treatment with furan (Scheme 2 and
Table 1).

Because of the rapid decomposition of 2a (R= SO2CF3)
at �78 8C with immediate formation of the aryne, it was not
possible to monitor the reaction. The product 4a was not
isolated in this case (Table 1, entry 1).[5] The corresponding
mesylate 2b required a reaction time of 30 h at 20 8C to
undergo full conversion into the expected product 4a in just
72% yield (Table 1, entry 2). Thus, the mesylate group is only
a moderate leaving group, and the rate of formation of the
aryne 3a is too slow in this case. We varied the electron-
withdrawing ability of the sulfonate leaving group systemati-
cally. Although the tosylate 2d afforded the product 4a in
90% yield, a reaction time of 30 h was still required. In the
reactions of the 2,5-dichlorobenzenesulfonate 2e and the 3,5-
bis(trifluoromethyl)benzenesulfonate 2 f rapid formation of
the aryne was observed, but 4a was isolated in just 87 and
78% yield, respectively (Table 1, entries 5 and 6). The best
result was obtained with the 4-chlorobenzenesulfonate 2g,
from which 4a was formed in 93% yield after a reaction time
of only 4 h at �10 8C.

This effective leaving group was used for the preparation
of the functionalized arynes 3a–i and the heteroaryne 3j,

Scheme 1. Generation and trapping of functionalized arynes 3.
FG= functional group.

Scheme 2. Tuning of the leaving group for the generation of the aryne
3a ; for R, see Table 1.

Table 1: Optimization of the leaving group for the generation of 3a.

Entry R (sulfonate) t [h] Yield of 4a [%][a]

1 CF3SO2 (2a) – 0
2 CH3SO2 (2b) 30[b] 72
3 CF3CH2SO2 (2c) – 0
4 4-MeC6H4SO2 (2d) 30[b] 90
5 2,5-Cl2C6H3SO2 (2e) 1 87
6 3,5-(CF3)2C6H3SO2 (2 f) 1 78
7 4-ClC6H4SO2 (2g) 4 93

[a] Yield of isolated, analytically pure compound. [b] The reaction mixture
was warmed to 25 8C.
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which were trapped in the presence of an excess of furan to
provide the expected products 4a–j (Table 2). Thus, a variety
of functionalities, such as an iodine (Table 2, entries 2, 6, 8, 9,
and 10), ester (Table 2, entries 1 and 2), nitrile (Table 2,

entry 3), and trifluoromethyl group (Table 2, entry 5),
are tolerated in the aryne intermediates for the first
time. Interestingly, even very sensitive functional
groups, such as a nitro group (Table 2, entry 4)[6] and
even a ketone function (Table 2, entries 8 and 9)[7] are
compatible with our preparation method. The quino-
linyl sulfonate 2p was also readily converted into the
corresponding Grignard reagent, which underwent
transformation via the heterocyclic aryne 3j into the
desired product 4j in 77% yield.

The I/Mg exchange with precursors of type 2
proceeds under very mild conditions, and is therefore
compatible with many functional groups. Further-
more, the intermediate Grignard reagent of type 1 is

stable at low temperatures and can be quenched with a variety
of electrophiles. For example, the functionalized aryl magne-
sium chloride 1g reacted at low temperature (�78 8C) within
1 h with benzaldehyde to give the corresponding benzylic

alcohol 5 in 95% yield (Scheme 3).
The transmetalation of this
Grignard reagent led to stable
copper or zinc organometallic
reagents, which were not prone to
undergo aryne formation, so that
the reactions could be performed
over a broad range of temperatures.
Thus, the Grignard reagent 1p
formed from the heterocyclic sulfo-
nate 2p (iPrMgCl, �78 8C, 30 min)
was transmetalated to the copper
derivative with CuCN·2LiCl
(1 equiv, �78 8C!RT) and treated
with allyl bromide (2 equiv) to give
the product 6 in 81% yield
(Scheme 3). Remarkably, the I/Mg
exchange only occurred at the posi-
tion a to the sulfonate group.

Our method allows the func-
tionalization of the triiodoaryl sul-
fonate 2q. Thus, the magnesiation
of 2q with iPrMgCl followed by
transmetalation with CuCN·2LiCl
provides a copper intermediate,
which could be acylated with
3-(2-furyl)propionyl chloride[8]

(�78 8C!RT, 1 h) to give the iodo-
ketone 2r in 65% yield (Scheme 4).
This compound underwent a further
I/Mg exchange at �78 8C with
iPrMgCl. Upon warming to ambi-
ent temperature, the resulting aryne
underwent an intramolecular cycli-
zation with the furan moiety to
provide the polycyclic iodoketone
7 in 48% yield. We observed com-
petitive protonation of the magne-
sium intermediate as a side reac-
tion.[9]

Table 2: Generation of polyfunctionalized arynes 3 and their reaction with furan.

Entry Precursor[a] Aryne Product Yield [%][b]

1 93

2 71

3 78

4 78

5 75

6
7

88
83

8 68

9 71

10 77

[a] Ar=4-ClC6H4. [b] Yield of isolated, analytically pure product.

Scheme 3. Reactions of the magnesium reagents 1g and 1p with electrophiles.
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In summary, we have developed a new and general
method for the preparation of functionalized arynes by the
readily tunable elimination of 2-magnesiated aryl sulfonates.
Further applications are under investigation in our laborato-
ries.

Experimental Section
Typical procedure: 4a : A dry, argon-flushed 10-mL Schlenk tube
equipped with a magnetic stirring bar and a septum was charged with
a solution of methyl iodobenzoate 2g (452 mg, 1.00 mmol) in dry
THF (5 mL) and cooled to �78 8C. iPrMgCl (0.920 mL, 1.05 mmol,
1.10m in THF) was then added dropwise, and after 30 min furan
(0.38 mL, 5.0 mmol) was added slowly at �78 8C. The resulting
mixture was warmed to room temperature and stirred for a further
2 h. The reaction was quenched with a saturated solution of NH4Cl,
the mixture was extracted with CH2Cl2, and the organic extracts were
dried over Na2SO4, filtered, and concentrated in vacuo. Purification
by flash chromatography on silica gel (pentane/diethyl ether 2:1)
furnished 4a (188 mg, 93%) as a colorless solid.
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Scheme 4. Intramolecular trapping of a functionalized aryne:
a) iPrMgCl, �78 8C, 0.5 h, then CuCN·2LiCl, �78 8C, 10 min, then 3-(2-
furyl)propionyl chloride (2 equiv, �78 8C!RT, 1 h); b) iPrMgCl, �78 8C,
0.5 h,then �78 8C!RT, 1 h.
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