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ABSTRACT

A small organic molecule phenylacetonitrile promoted chemoselective cyclization of (chromen-3-yl)alkynylnitriles to generate a novel tetracyclic
or tricyclic chromone scaffold has been discovered. Importantly, the phenylacetonitrile serves as an anion transfer reagent changing the normal
reaction of the substrate.

Intramolecular carbocyclizations of alkynes serve as
direct and efficient methods for the preparation of five-
or six-membered cyclic compounds.1 A number of transi-
tionmetal (Pd,2 Au,3 or other transitionmetal4) catalyzed,
electrophile induced5 or base promoted6 cyclizations of

alkynes and stabilized carbanions derived from malonate
derivatives or enolates have been explored. These cycliza-
tions usually proceed via a 5- or 6-exo-dig mode; however,
5- or 6-endo-dig cyclizations of nonterminal alkynes are
relatively rare,2n,3a,3c,4d,5a and few examples exist of an
6-endo-dig cyclization of a stabilized lithio carbanion with
an alkoxyacetylene under basic conditions.7 In the investi-
gation described below, we have developed chemoselective
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5- or 6-endo carbocyclization of biscarbanions arising from
alkynyl nitriles tethered to chromones. These processes,
which utilize 4-N,N-diethylaminophenylacetonitrile as an
anion transfer reagent along with n-Bu4NCl as a phase-
transfer reagent, take place under transition-metal-free
conditions to form polycyclic chromones.
In our earlier studies with 3-(1-alkynyl)chromones, we

have devised routes for the preparation of functionalized
xanthones.8 When (chromen-3-yl)alkynylnitrile 1a was
treated with 2-(3-bromophenyl)acetonitrile 2a in the pres-
ence of t-BuOK at 150 �C under microwave irradiation
(MW), a surprising new product 3a was isolated rather
than the anticipated product 4a8c (Scheme 1). The struc-
ture of 3awas unambiguously established by X-ray crystal
structure analysis (Figure 1). Significantly, the control
experiments showed that a reaction without 2a was com-
plicated and only a trace of 3a (<5%) was obtained.
There are three potential reactive sites of 1a under basic

conditions (Scheme 1). The methyl group (site a) of 1a can
be deprotonated by a strong base to form a carbanion that
then undergoes the cascade dimeric reaction involving
double Michael additions and cyclizations to afford 5a.8d

Alternatively, 1a could serve as aMichael acceptor (site b),
which is attacked by the nucleophile 2a to eventually
generate amino-substituted xanthone 4a.8c

We envisioned that the novel transformation of 1a to 3a

might occur involving double cyclizations as depicted in
Scheme 2. Initially, the anion was selectively transferred
from compound 2 to the R-carbon of the cyano in 1a

(Scheme 1, site c). The triple bond ofAwas attacked by the
R-cyano anion to give the first cyclized product B via a
5-endo-dig mode. Subsequently, the intermediate B was
isomerized to the conjugateC. Under the basic conditions,
the resulting methyl anion of C could further add to the
cyano group by intramolecular 1,2-addition to provide the
second cyclized product D, which upon aromatization
gave product 3a.
To gain support for this mechanistic proposal, the reac-

tionwas performed at 90 �C instead of 150 �C.Under these
conditions, intermediate C was isolated, which was com-
pletely converted to 3a in excellent yields in either the pres-
ence or absence of 2a (Scheme 3). When the methyl of 1a
was replaced with nondeprotonatable phenyl (1a0), the
anticipated product C0 could be obtained only in the
presence of 2a. When the methyl was replaced by hydro-
gen, only amino-substituted xanthone8c was isolated.

To further investigate the particular role of 2a played in
the conversion of 1a to B, we first carried out the reactions
without 2a in the presence of common bases (t-BuOK,
NaH, LDA, or NaHDMS). The reactions were compli-
cated, and only a trace of 3a was obtained (Table 1,
entry 1). These strong bases could deprotonate both the
methyl8d (site a) and R-methylene of cyano1a (site c) of 1a
and rendered the reaction less selective and more compli-
cated. Other carbanion transferring reagents similar to 2a

were then screened (Table 1, entries 2�11). The results
showed that when ortho- and para-position substituted
electron-donating groups were used for R1, the formation
of 3awas favored (Table 1, entries 2�11). Phenylacetate 2k
and phenylacetamide 2l resulted in inferior efficiency, and
only 5a was afforded (Table 1, entries 12�13). Notably,
when2m9H-fluorenewas empolyed, 3awas also formed in
45%yield (Table 1, entry 14),which further confirmed that
these small molecules acted as anion donors. Finally, the
effect of the strength of anion donorswas investigated. The
reaction gave complicated products when the weak anion
donor MeCN was used (Table 1, entry 15). Surprisingly,
when the strong anion donor ethyl 2-cyanoacetate 2o or

Figure 1. X-ray structure of 3a.9

Scheme 1. Regio- and Chemoselective Reactions of 1a under
Basic Conditions

Scheme 2. Plausible Mechanism for the Formation of 1a
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diethyl malonate 2p was employed (Table 1, entries 16�17),
5a and 6a (X-ray structure in Supporting Information) was
isolated instead of 3a. The corresponding anion of 2o or 2p
selectively transferred to the methyl to form the dimeric
product 5a,8d which gave 6a by further cyclization, isomer-
ization, and desalicyloylation (Scheme 4).

With 2h as the best anion transfer reagent, the examina-
tion of the effect of temperature and base to the reaction
was carried out (Table 2). When the temperature was
decreased from 150 to 110 �C, the yield increased to 62%
(Table 2, entries 1�2). Among a variety of bases tested,
t-BuOK was found to be superior to MeONa, EtONa
(Table 2, entries 2�4). In addition, this process did not

occur efficiently when common solvents, such as THF,
DMSO, MeCN, and toluene, were used. Moreover, the
addition of transition metals to the reaction mixture did
not lead to improved yields but gave 4a and intermediateC
as byproducts, confirming that this unique process would
not be promotedbymetal impurities (Table 2, entries 5�10).

Scheme 3. Support for the Proposed Mechanism

Table 1. Screening of Anion Transfer Reagentsa

entry anion transfer reagent 3a (%)b 4 (%)b

1c � <5 �
2 2a R1 = 3-Br 35 27

3 2b R1 = 4-Br 35 30

4 2c R1 = H 40 20

5 2d R1 = 2-OMe 42 15

6 2e R1 = 3-OMe 37 20

7 2f R1 = 4-OMe 50 8

8 2g R1 = 3,4,5-OMe 42 18

9 2h R1 = 4-NEt2 55 0

10 2i R1 = 4-N(CH2)4 52 0

11 2j R1 = 2-N(CH2)4 48 5

12 2k ethyl 2-phenylacetate <5 �
13 2l 2-phenylacetamide <5 �
14 2m 9H-fluorene 45 �
15 2n MeCN <5 �
16d 2o EtOOC�CH2CN 0 �
17d 2p CH2(COOEt)2 0 �

aGeneral conditions: 1a (0.4 mmol), t-BuOK (0.8 mmol), and 2

(0.4 mmol) in DMF (2 mL). b Isolated yield. cThe reaction was carried
out in the presence of bases (t-BuOK, NaH, LDA, or NaHDMS)
without 2. d 3a was not isolated (see Scheme 4).

Scheme 4. Formation of 5a and 6a Modulated by 2p and the
Plausible Mechanism of 6a

Table 2. Optimization of Reaction Conditionsa

entry base additive (equiv) temp, time yield(%)b

1 t-BuOK none 150 �C, 10 min 55

2 t-BuOK none 110 �C, 10 min 62

3 MeONa none 110 �C, 10 min 52

4 EtONa none 110 �C, 10 min 27

5c t-BuOK Ag2SO4 110 �C, 10 min 34

6c t-BuOK CuCl 110 �C, 10 min 31

7c t-BuOK CuCl2 110 �C, 10 min 20

8c t-BuOK PdCl2(PPh3)2 110 �C, 10 min 33

9c t-BuOK Pd(PPh3)4 110 �C, 10 min 30

10c t-BuOK PtCl2 110 �C, 10 min 60

11 t-BuOK n-Bu4NCl (2) 110 �C, 20 min 80

12 t-BuOK n-Bu4NF (2) 110 �C, 20 min 70

13 t-BuOK n-Bu4NBr (2) 110 �C, 20 min 64

14 t-BuOK n-Bu4NI (2) 110 �C, 20 min 60

15d t-BuOK n-Bu4NCl (2) 110 �C, 20 min 71

16e t-BuOK n-Bu4NCl (2) 110 �C, 20 min 74

17 t-BuOK n-Bu4NCl (0.2) 110 �C, 20 min 65

18 t-BuOK n-Bu4NCl (0.5) 110 �C, 20 min 67

19 t-BuOK n-Bu4NCl (1) 110 �C, 20 min 70

aGeneral conditions: 1a (0.4 mmol), base (0.8 mmol), and 2h

(0.4 mmol) in DMF (2 mL). b Isolated yield. c 5 mol % of metal was
added. d 0.2 equiv of 2h was added. e 0.5 equiv of 2h was added.

(9) CCDC 883517 (3a) contains the supplementary crystallographic
data for this paper. These data can be obtained free of charge from the
Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/
data_request/cif.
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Importantly, when n- Bu4NCl (2.0 equiv) was used as a
phase transfer reagent, the yield increased to 80%. Other
additives such as n-Bu4NF, n-Bu4NBr, and n-Bu4NI re-
sulted in inferior efficiency (Table 2, entries 11�14).
Finally, the reaction of 1a to generate 3a also took place
smoothly in a slightly lower yield when a a catalytic
amount of 2h or n-Bu4NCl was employed (Table 2, entries
15�19). The observations described above showed that
the optimized coditions for the production of 3a involve
t-BuOK (2.0 equiv), n-Bu4NCl (2.0 equiv), and 2h (1.0
equiv) in DMF at 110 �C for 20 min under microwave
irradiation.
The scope of this process, utilizing the optimized condi-

tions, was explored (Scheme 5). The results showed that
electron-donating groups in contrast to electron-with-
drawing groups on the arene ring of chromone 1 (R2)
facilitate the cascade reaction (e.g., 3b�3d and 3e�3g).
When the central atom X in 1a was replaced by nitro-
gen,the fused pyrrolidine product 3h was generated in
71% yield. When a four carbon tether was present in the
reactant, the reaction occurred at the higher temperature
150 �C to form the fused cyclohexane product 3i. It should
benoted that the first cyclization step in the transformation

of 1i took place exclusively via a 6-endo-dig rather than
5-exo-dig mode.When the nitrile was replaced by the ester
or amide, the desired product was not observed and only
amino-substituted xanthone8c was obtained. Finally, this
process occurred in a reasonable yield when the R3 sub-
stituent was methyl (e.g., 3j�3k).
Remarkably, this cascade reaction displayed a different

chemoselectivity when the 2-substituent of chromone was
either benzyl or isopropyl (1l�1m). The respective sub-
stituted cyclopenta[b]chromen-9(3H)-ones 7a and 7b were
produced in high yields by chemoselective cyclization
through deprotonation at the R-hydrogen of the 2-sub-
stituent (Scheme 6). The benzyl group in 1lmight be more
acidic than the R-methylene of the cyano, and the bulky
isopropyl group in 1m might sterically hinder the 5-endo-
dig cyclization.
In the study described above, we discovered a novel,

small organic molecule-modulated, intramolecular carbo-
cyclization of alkynyl nitriles tethered to chromones that
chemoselectively affordanewclass of polycyclic chromone
derivatives. The cascade process, which does not require
transition metal catalysts, involves multiple reactions in-
cluding an endo-dig cyclization, an isomerization, and a
1,2-addition. Importantly, the results of this effort show
that a small organicmolecule can serve as ananion transfer
reagent and change the course of thenormal reaction of the
substrate with three reactive sites.
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Scheme 6. Cyclization of 1l and 1m To Form 7a and 7bScheme 5. Formation of the Tetracyclic ChromoneDerivatives 3a,b

aUnless otherwise noted, reactions were carried out under the
optimized reaction conditions. b Isolated yields given. c 0.5 equiv of 2h
was employed. dReactions were carried out for 30min. eReactions were
carried out at 150 οC.
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