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ABSTRACT

A highly enantioselective synthesis of 3,4-diaminochroman-2-ones has been realized via the domino reaction of o-hydroxy aromatic aldimines and
azlactones. Notably, a cis-product was obtained as the major product by the use of guanidine 2a whereas a trans-product was the major product
with bisguanidium salt 3•HBArF4. In two cases, various substituted 3,4-dihydrocoumarins were obtained with high yields (up to 99%) as well as
excellent enantioselectivities (up to 99% ee) and diastereoselectivities (up to >99:1 cis:trans and 98:2 trans:cis, respectively) under mild reaction
conditions.

3,4-Dihydrocoumarins are one of the most privileged
structural motifs frequently occurring in natural products,1

and have been widely recognized as useful building
blocks for the synthesis of various biologically active
compounds.2 As important variants, amino substituted
3,4-dihydrocoumarins exhibit intriguing biological activ-
ities,3 such as 1a with antihypertensive activity, 1b as a
potential inhibitor of TEM β-lactamase, and 1c as an
inhibitor of platelet aggregation (Figure 1). However,

the methods4 investigated thus far are limited to the
construction of the racemates involving harsh condi-
tions or multisteps. In view of the importance of amino
substituted 3,4-dihydrocoumarin derivatives, catalytic
enantioselective approaches to access this structure
would be still challenging and in high demand.

Figure 1. Examples of biologically active amino substituted 3,
4-dihydrocoumarins.
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Azlactone, possessing both nucleophilic and electro-
philic properities, enables a wide variety of synthetically
important transformations.5 For instance, the Mannich-
type reaction6 of aldimines with azlactones at the nucleo-
philic C-4 position has been well-studied to access the
R-disubstituted R,β-diamino acid derivatives (Scheme 1,
path a). Herein, taking advantage of both the nucleophi-
lic site at C-4 and electrophilic site at C-5 of azlactones,7

we achieved the first asymmetric synthesis of optically
active 3,4-diaminochroman-2-ones8 from the domino
reaction of azlactones with o-hydroxy aromatic aldi-
mines (Scheme 1, path b).9 An interesting switch of
cis/trans selectivity was observed by the use of chiral
guanidine10 and bisguanidium salt11 catalysts. Both cis-
and trans-3,4-diaminochroman-2-ones were obtained in
excellent yields (up to 99%) with excellent diastereo- and

enantioselectivities (up to >99:1 dr, 99% ee). This
method could provide all optically active isomers, which
is highly important and valuable in pharmaceutical and
bioorganic chemistry due to the remarkable biological
discrepancy of different enantiomers.12

Initially, catalytic amounts of a Brønsted base (for
example, DABCO) were found to promote the domino
reaction8 of o-hydroxy benzaldimine 4a with azlactone 5a
efficiently under mild reaction conditions to provide race-
mic diaminochroman-2-one 6a. Then, a series of chiral
guanidines were screened to access the optically pure
product. It was found that (S)-pipecolic acid derived
guanidine 2a could catalyze the reaction smoothly, afford-
ing the major cis-6a with a moderate dr value and
high enantioselectivity for both isomers (Table 1, entry 1).
Using the mixed solvent of THF/toluene (v/v, 1:1) and
lowering the reaction temperature further enhanced the
enantioselectivity to 94% ee for cis-6a and 96% ee for
trans-6a, but the diastereoselectivity did not increase
(Table 1, entries 2 and 3). Notably, the cis-product with
reversed enantioselectivity was dominantly obtained by
(R)-pipecolic acid derived guanidine as expected (Table 1,

Scheme 1. Reactions of Azlactones with Aldimines

Table 1. Optimization of the Reaction Conditionsa

ee (%)c

entry cat.

t

(�C)
yield

(%)b cis:transc cis-6a trans-6a

1 2a 0 90 80:20 89 �94

2d 2a 0 90 80:20 92 �94

3d 2a �20 98 80:20 94f �96

4d 2b �20 98 80:20 �94 96

5 3 0 92 20:80 �15 40

6e 3 3HBArF4 0 92 25:75 �5 94

7d,e 3 3HBArF4 0 92 20:80 �10 95

8d,e 3 3HBArF4 �20 98 15:85 �15 96f

aUnless otherwise noted, all reactions were carried out with 2

(10 mol %) or 3 (5 mol %), 4a (0.15 mmol), and 5a (0.10 mmol) in
toluene (1.0 mL) at 0 �C for 4�7 h. b Isolated yield of the two diaster-
eomers. cDetermined by chiral HPLC analysis. dTHF/toluene (1/1, v/v)
was used as the solvent. eHBArF4 = HB[3,5-(CF3)2C6H3]4.

fThe abso-
lute configurations of cis-6a (3S, 4S) and trans-6a (3S, 4R) were both
determined by X-ray analysis.13
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entry 4). To our surprise, in the presence of bisguanidine 3,
trans-6awas obtained as the major product withmoderate
ee (Table 1, entry 5 vs 1). Encouraged by these interesting
results, a number of chiral bisguanidium salts were eva-
luated.14 Strikingly, the enantioselectivity of trans-6a was
dramatically increased to 94% ee using bisguanidium salt
with a large counterion (BArF4)

� (Table 1, entry 6).
Catalysts with other counterions were also tested, but no
better results were obtained.14 Similarly, up to 96% ee of
trans-6a was achieved in the solvent of THF/toluene (v/v,
1:1) and at a lower reaction temperature in the presence of
3 3HBAr

F
4 (Table 1, entries 7 and 8). The absolute config-

uration of themajor products cis-6a (with 2a) and trans-6a
(with 3 3HBArF4) were determined by single crystal X-ray
analysis as (3S,4S) and (3S,4R), respectively.13

Further optimization to improve the diastereoselectivity
was made by examining the protective groups of aldimines
4. The results suggested that the position of the substituent
on the N-aryl group of the aldimine had a significant
impact on the diastereoselectivity of the reaction catalyzed
by guanidine 2a. The cis-productwas dominantly obtained
with the diastereoselectivity increased to 86:14 using 4-Cl-
substituted aldimine and to 96:4 using the 2-Cl-substituted
one, while the ee values were slightly decreased (Table 2,
entries 1�3). The size of the substituent was also found to
affect the stereoselectivity of the reaction (Table 2, entries 1,
4, and 5). 2-Bromoaniline-derived aldimine gave the highest
dr (97:3), and 2-fluoroaniline-derived aldimine gave the
highest ee value (94% ee). Considering both ee and dr
values, 2-fluoroaniline-derived aldimine was the better can-
didate. For the bisguanidium salt catalyst, changing the
protecting group of aldimines gave no better stereoselectiv-
ity for the major trans-product (Table 2, entries 6�8).14

Under theoptimized reaction conditions (Table 2, entry 5),
variouso-fluorophenyl-protectedaldimines4andazlactones
5 were evaluated with guanidine 2a, giving a wide range of
diaminochroman-2-ones 6 with high diastereomeric ratios
(up to>99:1 cis:trans) and excellent ee values (90�95%ee).

As shown in Table 3, N-aryl aromatic aldimines with both
electron-withdrawing and -donating groups at different
positions were well tolerated in terms of the diastereo- and
enantioselectivities (Table 3, entries 1�5). Notably, a fused
ring aldimine was also a suitable substrate (Table 3, entry 6),
affording thedesiredadductwith91%eeanda slightly lower
diastereoselectivity (75:25 dr). Furthermore, the scope of the
domino reaction of various azlactones with o-fluorophenyl-
protected aldimine was also surveyed. Regardless of the
electronic nature and steric hindrance of the substituents
on the aromatic ring at the C2-position of azlactones, high
diastereoselectivities (up to 93:7) and enantioselectivities (up
to 94% ee) could be obtained (Table 3, entries 7�11). It was
noteworthy that the substrates could be extended to azlac-
tones with variety at the C-4 site synthesized from other
amino acids with excellent results (Table 3, entries 12�15).

Table 2. Effect of the Protective Groups of Aldiminesa

ee (%)c

entry cat. X yield (%)b cis:transc cis-6 trans-6

1 2a 2-Cl 94 (6a1) 96:4 90 �94

2 2a 3-Cl 93 (6a2) 90:10 94 �99

3 2a 4-Cl 96 (6a3) 86:14 94 �99

4 2a 2-Br 95 (6a4) 97:3 88 �80

5 2a 2-F 98 (6b) 93:7 94 �98

6 3 3HBArF4 2-Cl 93 (6a1) 90:10 �44 75

7 3 3HBArF4 3-Cl 95 (6a2) 30:70 �31 99

8 3 3HBArF4 4-Cl 95 (6a3) 24:76 �31 98

aUnless otherwise noted, all reactions were carried out with 2a

(10 mol %) or 3 3HBArF4 (5 mol %), 4 (0.15 mmol), and 5a (0.10 mmol)
in THF/toluene (1/1, v/v, 1.0mL) at�20 �C for 4�7 h. b Isolated yield of
the two diastereomers. cDetermined by chiral HPLC analysis.

Table 3. Substrate Scope for the Domino Reaction of o-Fluoro-
phenyl-Protected Aldimines 4 with Azlactones 5 Catalyzed by
Guanidine 2aa

aUnless otherwise noted, all reactions were carried out with 2a

(10 mol %), 4 (0.15 mmol), and 5 (0.10 mmol) in THF/toluene (1/1,
v/v, 1.0 mL) at �20 �C for 5�12 h. b Isolated yield of the two diaster-
eomers. cEe value of cis-6 was determined by chiral HPLC analysis.

(13) CCDC805263 (cis-6a) and CCDC 805353 (trans-6a) contain 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/datarequest/cif.

(14) For details, see Supporting Information.
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Unfortunately, 3,5-di-tert-butyl-2-hydroxybenzaldehydede-
rived aldimine failed to give the desired products propably
due to the large steric hindrance.
Due to the remarkably different biological properties of

optical isomers, we then turned our attention to the
preparation of trans-diaminochroman-2-ones 6 in the pre-
sence of 5 mol % of biguanidium salt 3 3HBAr

F
4. As

presented in Table 4, N-phenylaldimines with a 5-chloro-
or 5-bromo-substituent gave the desired adducts with a
slightly lower dr value (75:25) than other substituents such
as a methyl or methoxyl group (Table 4, entries 1 and 2 vs
entries 3�5). The position of the substituent also had an
effect on the results, and the 5-methoxyl substituted aldi-
mine was better than the 4-methoxyl substituted one
(Table 4, entry 3 vs 4). High yields with excellent diastereos-
electivities (up to 98:2) and enantioselectivities (93�99%ee)
could be obtained for various azlactones (Table 4, entries
6�11). Moreover, using 10 mol % of guanidine 2a as the
catalyst, the cis-adducts 6 were obtained as the major
product with comparable results (Table 4, entries 12�18).

In all cases, the cis- and trans-adducts could be separated
through silica gel chromatography.
For the purpose of examining the synthetic potential of

the present approach, a gram-scaled synthesis of 3,4-
diaminochroman-2-one was performed for both cataly-
tic systems (Scheme 2). As shown in Scheme 2, in the
presence of 10 mol % of guanidine 2a, 5 mmol of
azlactone 5a reacted with 1.5 equiv of aldimine 4b to
provide cis-6b as the major product in a total yield of
98% (2.286 g) with 92:8 dr and 92% ee. Similarly,
subgram quantities of product 6a with the trans-isomer
as the major product (2.175 g, 97% total yield, 22:78 dr
and 91% ee) were obtained using 5 mol % of guanidium
3 3HBAr

F
4.

In summary, the first example of a catalytic asymmetric
domino reaction of o-hydroxy aromatic aldimines and
azlactones has been developed. By the use of the catalyst
guanidine 2a or bisguanidium salt 3•HBArF4 derived
from the same amino acid, either cis- or trans-3,4-diami-
nochroman-2-ones were obtained in high yields (up to
99%) with excellent diastereoselectivities (up to >99:1)
and enantioselectivities (up to 99% ee). More endeavors
to understand the mechanism of the reaction and using
azlactones in other asymmetric domino reactions are in
progress.
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Table 4. Substrate Scope for the Domino Reaction of Phenyl-
Protected Aldimines 4 with Azlactones 5 Catalyzed by
3 3HBAr

F
4 or 2a

a

aUnless otherwise noted, all reactions were carried out with 3•HBAr
F
4

(5mol%; entries 1�11, trans-6 asmajor products) or 2a (10mol%; entries
12�18, cis-6 asmajor products), 4 (0.15mmol), and 5 (0.10mmol) inTHF/
toluene (1/1, v/v, 1.0 mL) at�20 �C for 7�24 h. b Isolated yield of the two
diastereomers. cEe values were determined by chiral HPLC analysis, and
the data in parentheses correspond to the minor product.

Scheme 2. Scaled-up Version of the Domino Reaction


