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Abstract

A cascade insertion–nucleophilic annulation reaction of salicyl N-tosylimines with aryne generated in situ from 2-(trimethyl-

silyl) aryl triflate and KF-18-crown-6 has been developed, providing 9-aminoxanthenes efficiently in one step.
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Arynes are highly reactive intermediate those have been applied widely in organic chemistry [1]. About 30 years

ago, the group of Kobayashi demonstrated that arynes can be generated in situ through the fluoride induced 1,2-

elimination of 2-(trimethylsilyl) aryl triflates under mild conditions [2]. These findings led to a dramatic growth in

aryne chemistry and a variety of important transformations have been developed, such as pericyclic reactions,

insertion reactions, multicomponent reactions and others [3]. On the other hand, owing to the biological and

pharmaceutical activity, xanthenes and their derivatives have attracted considerable attention over the past decade [4].

Several methods for the preparation of xanthenes have been established and usually involve the Friedel–Crafts

reaction to construct the central heterocyclic ring [5]. However, the multistep reaction, complicated manipulation and

hash reaction conditions restrain their potential application. Therefore, it is still meaningful to develop more simple

and efficient method for the synthesis of this type of compounds.

Recently, Okuma [6], Larock [7] and Huang [8] developed a tandem insertion–nucleophilic cyclization strategy to

access xanthenes independently. Through this strategy, arynes coupled with different intramolecular bifunctional (Nu-

E) substrates such as 2-substituted benzoates, salicylaldehydes and ortho-hydroxychalcones smoothly to give

xanthones, 9-hydroxyxanthenes and 9-alkylxanthenes respectively (Scheme 1). In line with our continuing interest of

the reaction of organosilicon reagents [9], we envisioned that under the promotion of fluoride, 2-(trimethylsilyl)aryl

triflates may proceed a cascade insertion–cyclization reaction with ortho-substituted imines to give 9-

aminoxanthenes. To the best of our knowledge, no straightforward methodology for the synthesis of this type of

xanthene derivatives has been reported. Herein, we would like to disclose our preliminary results on the coupling of

arynes with salicyl N-tosylimines to give 9-aminoxanthenes under very mild conditions.

At the outset, the tandem reaction of salicyl N-tosylimine 2a with aryne precursor 1a was selected as the model

reaction. To our delight, we found that in the presence of 3.0 equiv. CsF, the cascade reaction proceeded smoothly
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Scheme 1. Fluoride promoted nucleophilic cyclization of arynes to xanthenes.
under mild conditions, to give 9-aminoxanthene 3a in 70% isolated yield (Table 1, entry 1). With these fruitful result in

hand, other fluorides such as KF, Bu4NF and KF/Al2O3 [10] were also tested for the reaction, but only obtained the

desired product in very low yield (Table 1, entries 2–4). Conducted the reaction in CH3CN/Et2O mixed solvent or

added 2.0 equiv. carbonate to the reaction, no improvement of the yield was observed (Table 1, entries 5–7).

Fortunately, when 2.0 equiv. 18-crown-6 was added as co-additive with 3.0 equiv. KF, the reaction could be converted

quantitatively within 1 h (Table 1, entry 8). To our surprise, either increased the amount of 18-crown-6 to 3.0 equiv. or

reduced to 1.0 equiv., the reaction yield decreased obviously (Table 1, entries 9 and 10).

Other reaction media such as THF, toluene, ether and dichloromethane were also evaluated briefly, the experiments

indicated that acetonitrile was the best choice with respect to yield (Table 1, entries 11–14). Lowered the amount of KF to

2.0 equiv. and 1.0 equiv., respectively, the yield of the reaction also decreased steply (Table 1, entries 15 and 16). Finally,

control experiment showed that the reaction cannot occur in the absence of fluoride (Table 1, entry 17).

With the optimal reaction conditions in hand (3.0 equiv. KF, 2.0 equiv. 18-crown-6, CH3CN, room temperature), the

generality of the cascade reaction was evaluated and the results were summarized in Table 2 [11]. For salicyl
Table 1

Evaluation of conditions for the tandem reaction.a

Entry Additives Solvent Time (h) Yield (%)b

1 CsF 3.0 equiv. CH3CN 12 70

2 KF 3.0 equiv. CH3CN 12 <10

3 Bu4NF 3.0 equiv. CH3CN 12 22

4 KF/Al2O3 3.0 equiv. CH3CN 12 <10

5 KF 3.0 equiv. CH3CN/Et2O 12 <10

6 KF(3.0 equiv.) + Cs2CO3(2.0 equiv.) CH3CN 12 18

7 KF(3.0 equiv.) + K2CO3(2.0 equiv.) CH3CN 12 <10

8 KF(3.0 equiv.) + 18-crown-6(2.0 equiv.) CH3CN 1 99

9 KF(3.0 equiv.) + 18-crown-6(3.0 equiv.) CH3CN 1 71

10 KF(3.0 equiv.) + 18-crown-6(1.0 equiv.) CH3CN 1 69

11 KF(3.0 equiv.) + 18-crown-6(2.0 equiv.) THF 1 8

12 KF(3.0 equiv.) + 18-crown-6(2.0 equiv.) Et2O 1 6

13 KF(3.0 equiv.) + 18-crown-6(2.0 equiv.) Toluene 1 9

14 KF(3.0 equiv.) + 18-crown-6(2.0 equiv.) CH2Cl2 1 57

15 KF(2.0 equiv.) + 18-crown-6(1.3 equiv.) CH3CN 6 85

16 KF(1.0 equiv.) + 18-crown-6(0.6 equiv.) CH3CN 6 39

17 No additives CH3CN 6 0

a Reaction conditions: 1 (1.5 equiv.) and 2a (0.1 mol/L, 1.0 equiv.), room temperature.
b Isolated yield.
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N-tosylimines, substitution of an electron-donating or electron-withdrawing group on the aromatic ring resulted in no

obvious effect on the yield (Table 2, entries 1–4). Additionally, different positions of the substituted groups on the

aromatic ring were all tolerated and the desired products were obtained in excellent yield (Table 2, entries 5–7). More

interestingly, N-tosylimine derived from 2-hydroxy-1-naphthaldehydewas also proved to be good reactant for the tandem

reaction, afforded compound 3 h in 98% yield (Table 2, entry 8). On the other hand, the substituted aryne precursor 1b can

also react with salicyl N-tosylimine to provide 9-aminoxanthene in high yield (Table 2, entry 9).

Based on the experiments results and the pioneering work on fluoride promoted insertion–cyclization reactions of

arynes, a plausible mechanism was proposed and depicted in Scheme 2. Fluoride ion attacks 2-(trimethylsilyl)aryl

triflate 1 to afford aryne, while the free KF complexed with salicyl imine to form intermediate I, which undergo

insertion reaction with aryne to give intermediate II, and after nucleophilic cyclization to provide 9-aminoxanthene.

In summary, we have demonstrated a fluoride promoted insertion–nucleophilic annulation of aryne and salicyl

tosylimine. The very mild conditions, simple procedure provides a highly efficient approach for the construction of 9-

aminoxanthenes. Further exploration and application of this protocol are ongoing in our laboratory.
Table 2

Preliminary scope of the insertion–nucleophilic cyclization reaction.

Entry Aryne precursor Salicyl tosylimine Product Yield (%)b

1 TMS

OTf 1a
OH

NTs

2a O

NHTs

3a

99

2 1a

OH

NTs

MeO

2b O

NHTs

H3CO

3b

96

3 1a

OH

NTs

Cl

2c O

NHTs

Cl

3c

93

4 1a

OH

NTs

Br

2d O

NHTs

Br

3d

92

5 1a

OH

NTs

OC2H5 2e
O

NHTs

OC2H5 3e

95

6 1a

OH

NTs

H3CO 2f O

NHTs

H3CO 3f

95

7 1a

OH

NTs

F 2g
O

NHTs

F 3g

95

8 1a

OH

NTs

2h O

NHTs

3h

98

9 TMS

OTf

Me

Me 1b
OH

NTs

O

NHTs
Me

Me 3i

84

a Reaction conditions: 1 (0.45 mmol), 2 (0.3 mmol), KF (0.9 mmol), 18-crown-6 (0.6 mmol), anhydrous acetonitrile 3.0 mL, room temperature.
b Isolated yield.
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Scheme 2. Proposed reaction mechanism.
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