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Abstract: An efficient synthesis of N-(9-xanthyl)-4-toluenesulfon-
amides is described in which salicyl N-tosylimines react with silyl-
aryl triflates in the presence of CsF. This mild process involves an
addition–cyclization cascade in which arynes are generated and
trapped in situ.
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Arynes are highly reactive intermediates widely used in
organic transformations to construct 1,2-disubstituted
arenes and other useful compounds containing aryl
groups.1 Ever since Kobayashi’s pioneering work on flu-
oride-mediated aryne formation from silylaryl triflates,2

these intermediates have usually been generated and cap-
tured under very mild reaction conditions. Synthetic
chemists have taken advantage of this mild protocol to
significantly extend the scope of aryne-trapping reaction
partners, leading to numerous useful methods for synthe-
sizing a variety of skeletons bearing at least one aryl
group.3

Aryne intermediates are usually captured using molecules
containing both electrophilic and nucleophilic sites.4 In
2006, Larock and co-workers reported an addition–cycli-
zation of arynes with salicylates to form xanthone
(Scheme 1, reaction A).5 Similar reaction pathways were
later described involving salicylaldehydes or phenols
bearing an ortho-Michael acceptor to provide, respective-
ly, 9-hydroxyxanthenes6 or 9-spiroxanthenes7 (Scheme 1,
reactions B and C). We envisaged that N-tosylimines de-
rived from salicyaldehydes would likewise react with
arynes to afford N-(9-xanthyl)-4-toluenesulfonamides
(Scheme 1, reaction D). In this reaction, the aryl carbanion
intermediate would be trapped not by the carbonyl groups
and Michael acceptor as in the examples above, but by the
azomethine group functioning as an electrophile. In this
way, the anticipated products, which are useful precursors
for benzylation,8 could be prepared more simply than
through conventional reactions involving relatively com-
plex molecules such as xanthones8 or 9-hydroxyxan-
thenes.9 Here we present our results on the facile synthesis
of N-(9-xanthyl)-4-toluenesulfonamides via an addition–

cyclization cascade of salicyl N-tosylimines and silylaryl
triflates in the presence of CsF.

Scheme 1  Salicyl N-tosylimine, which serves as a reaction partner
of arynes

As a starting point for our studies, we used salicyl N-tosyl-
imine (2a) to trap the benzyne intermediate generated in
situ from 2-(trimethylsilyl)phenyl triflate (1a) in the pres-
ence of CsF in acetonitrile at room temperature (Table 1,
entry 1). The cascade reaction occurred smoothly and af-
forded the anticipated product N-(9-xanthyl)-4-toluene-
sulfonamide (3a) in high yield (92%).10 In this process,
the nucleophilic phenolic oxygen of 2a added to the ben-
zyne generated in situ, creating a new O–C bond and a
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Table 1 Screening of Solvents and Sources of Fluoride Ion in the 
Reaction of 1a with 2aa

Entry Fluoride source Solvent Time (h) Yield (%)b

1 CsF MeCN 6 92

2 CsF CH2Cl2 7 77

3 CsF THF 7 54

4 TBAF MeCN 7 70

5 KF MeCN 7 66

6 TBAT MeCN 9 58

a Reactions were performed using 1.3 equiv of 1a, 1.0 equiv of 2a, and 
2.5 equiv of fluoride source at r.t.
b Isolated yields after silica gel chromatography.

TMS

OTf

+

HO

NTs F–

O

NHTs

1a 2a 3a

solvent
r.t.

SYNLETT 2013, 24, 0640–0644
Advanced online publication: 20.02.20130 9 3 6 - 5 2 1 4 1 4 3 7 - 2 0 9 6
DOI: 10.1055/s-0032-1318311; Art ID: ST-2012-W1105-L
© Georg Thieme Verlag  Stuttgart · New York

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.

 



LETTER Addition–Cyclization Cascade of Arynes and Salicyl N-Tosylimines 641

© Georg Thieme Verlag  Stuttgart · New York Synlett 2013, 24, 640–644

carbanion intermediate, which underwent intramolecular
cyclization with an imine group to furnish the product 3a.
The yield of this aryne-based transformation was not im-
proved by using other commonly used solvents (CH2Cl2,
THF; Table 1, entries 2 and 3) or sources of fluoride ion
(TBAF, KF, TBAT; Table 1, entries 4–6). Therefore, the
initial reaction conditions (1.3 equiv of 1a, 1.0 equiv of
2a, 2.5 equiv of CsF, MeCN, r.t.) were used to investigate
the substrate scope.

A range of salicyl N-tosylimines 2a–i (Table 2, entries 1–
9) could participate in the reaction, providing a variety of
N-(9-xanthyl)-4-toluenesulfonamides 3 substituted at var-
ious positions on the aryl ring with electron-donating or
electron-withdrawing groups. Yields were moderate to
good (59–92%). The reaction tolerated halogen substitu-
tions (3b,d,e,g,h), allowing structurally diverse products
to be prepared.5b To test the suitability of the reaction of
1a with 2a for preparative synthesis, the reaction was
scaled up to one gram. The scaled-up reaction provided 3a
in higher yield than the microscale reaction (Table 2, entry
1, 99% vs. 92%).

The substrate scope was further investigated using a vari-
ety of aryne precursors (Table 2, entries 10–13). Substitut-
ed aryl triflates 1b–d underwent addition–cyclization and
gave products in good yield (72–83%). Only one regioiso-
mer was obtained in the reaction of 3-methoxy-2-(tri-
methylsilyl)phenyl triflate (1c, Table 2, entry 11), while
low regioselectivities were obtained using aryne precur-
sors 1d (1.5:1, Table 2, entry 12) and 1e (1.5:1, Table 2,
entry 13). These different results are because the arynes
generated from 1d and 1e, unlike that derived from 1c,
lack strong steric and electronic biases.1e,12

Our interest in applying N-tert-butanesulfinyl imines (t-
BS imines) to the asymmetric synthesis of nitrogen-con-
taining compounds13 led us to test the feasibility of using
t-BS imines in this addition–cyclization cascade. Similar
to the results obtained with N-tosylimines 2, the t-BS im-
ine 4 derived from 4-bromo-salicyladehyde reacted with
1a to give N-tert-butanesulfinyl amide 5 in 71% yield
with poor diastereoselectivity (1.4:1 dr, Scheme 2). It also
generated the O-arylation product 6 in 18% yield; this
product formed when the nucleophilic addition of the phe-
nol group to the benzyne intermediate was followed by
protonation instead of cyclization. Attempts to improve
yield using Lewis acids to activate the imine were unsuc-
cessful. In fact, adding one equivalent of Yb(OTf)3,
In(OTf)3, or Ti(Oi-Pr)3Cl to the reaction reduced the yield
to 52–56%. In addition, the Lewis acids did not affect the
diastereoselectivity.

Scheme 2  Reaction of silylphenyl triflate 1a with N-tert-butanesul-
finyl imines 4
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Table 2  Synthesis of N-(9-Xanthyl)-4-Toluenesulfonamides from Salicyl N-Tosylimines and 2-(Trimethylsilyl)aryl Triflatesa 

Entry N-Tosylimines Silylaryl triflates Time (h) Products Yield (%)
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3
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9
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Table 2  Synthesis of N-(9-Xanthyl)-4-Toluenesulfonamides from Salicyl N-Tosylimines and 2-(Trimethylsilyl)aryl Triflatesa  (continued)

Entry N-Tosylimines Silylaryl triflates Time (h) Products Yield (%)
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In summary, a new general method has been developed
that allows a wide range of N-(9-xanthyl)-4-toluenesul-
fonamides to be constructed. The process involves the in
situ generation of aryne intermediates, which then partic-
ipate in an addition–cyclization cascade with salicyl N-to-
sylimines.
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