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One-Pot Pyrrolidine-Catalyzed Synthesis
of Benzopyrans, Benzothiopyranes, and
Dihydroquinolidines

Ismail Ibrahem, Henrik Sundén, Ramon Rios, Gui-Ling Zhao, and Armando Córdova*

Abstract: A simple catalytic racemic synthesis of benzopyranes, benzothiopyranes and 1,2-dihydroquinolines is
presented. The organocatalytic domino reactions between 2-heteroatom substituted aldehyde derivatives and
α,β-unsaturated aldehydes or α,β-unsaturated cyclic ketones proceed with excellent chemoselectivity to give the
corresponding products in good to high yields.
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an elegant route to tetrahydroxanthenones
and chromenes based on the 1,4-diazabicy-
clo[2.2.2]octane (DABCO) mediated reac-
tion between salicylic aldehyde derivatives
and α,β-unsaturated ketones and aldehydes,
respectively. This reaction proceeds via a
Baylis-Hillman reaction pathway.[6] More
recently, Shi and co-workers reported a new
approach to the synthesis of tetrahydroxan-
thenones using N-tosylimines as substrates
and dimethylphenylphosphine as the cata-
lyst.[7]

Recently, organocatalytic asymmetric
transformations that involve catalytic dom-
ino or cascade reactions via enamine and
iminium intermediates were reported.[8,9]

However, to the best of our knowledge,
there are no reports on the synthesis of ra-
cemic chromene, thiochromene, dihydro-
quinoline, tetrahydroxanthenone and tetra-

hydrothioxanthenone derivatives based on
this concept.[10] Encouraged by the research
on organocatalytic domino reactions, we
envisioned a simple catalytic route to the
synthesis of different heterocycles by or-
ganocatalytic domino reactions between
2-heteroatom substituted benzaldehydes 1
and enals 2 or cyclic enones 3 via iminium
and enamine activation (Scheme 1).

Herein, we present the one-pot pyrro-
lidine-catalyzed synthesis of chromenes,
thiochromenes, 1,2-dihydroquinolines,
tetrahydroxanthenones and tetrahydrothio-
xanthenones in good to excellent yields.

Results and Discussion

In an initial screen, we found that pyr-
rolidine catalyzed the reaction between
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Introduction

Heterocycles are of immense importance
in the design and discovery of new com-
pounds for pharmaceutical applications.[1]

Benzopyranes,[2] benzothiopyranes[3] and
dihydroquinolines[4] are valuable com-
pounds that have attracted much attention
from a broad area of science, including me-
dicinal chemistry, physical chemistry, syn-
thetic organic chemistry and natural prod-
uct chemistry due to their biological activi-
ties, distinctive structures and the potential
for further transformations. Thus, several
methods have been developed for the syn-
thesis of this type of heterocycle.[5] In this
context, Bräse and co-workers described
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2-hydroxybenzaldehyde 1a (0.30 mmol)
and cinnamic aldehyde 2a (0.25 mmol) with
high chemoselectivity in different solvents
to give the corresponding chromene 4a in
good yields. To our delight, we found that
the best results were obtained in DMSO
with pyrrolidine as the catalyst (35 mol%)
and benzoic acid (35 mol%) as the additive
at room temperature. Under these condi-
tions, pyrrolidine catalyzed the formation
of the corresponding chromene 4a in 60%
yield. Encouraged by this result, we decid-
ed to investigate the catalytic domino oxo-
Michael/aldol reaction between 1a and dif-
ferent α,β-unsaturated aldehydes (Table 1).

The reactions were highly chemoselec-
tive and gave the corresponding chromene-
3-carbaldehydes 4a–4h in moderate to high
yields. We next investigated the domino
reaction between 2-mercaptobenzaldehyde
1c and α,β-unsaturated aldehydes 2 vide in-
fra (Table 2).

The reactions were more efficient com-
pared to the domino reactions with 2-hy-
droxybenzaldehyde and furnished the cor-
responding thiochromenes derivatives 5 in

high yields. For instance thiochromene 5b
was assembled in 86% yield.

Encouraged by the reports of the Hama-
da group,[5v–w] we next investigated the
domino reaction between 2-aminobenzal-
dehydes derivatives and α,β-unsaturated al-
dehydes (Table 3). This is a more challeng-
ing reaction, since competing imine forma-
tion could possibly occur (Scheme 2).

Happily, the reactions proceeded
smoothly and the corresponding racemic
1,2-dihydroquinolines 6 were assembled
in 56–79 % yield. Thus, pyrrolidine was

a highly chemoselective catalyst for this
domino aza-Michael/aldol condensation
reaction.

Next, we explored the scope of the pyr-
rolidine-catalyzed domino reaction using
α,β-unsaturated ketones as the substrates.
We first investigated the reaction between
2-mercaptobenzaldehyde 1c and 2-cyclo-
hexene-1-one 3a. After screening several
reaction conditions, we found that the best
results were obtained when pyrrolidine (20
mol%) was used as the catalyst and benzoic
acid (20 mol%) was used as an additive in

Table 1. Direct organocatalytic domino oxo-Michael/aldol condensation
between hydroxybenzaldehydes 1 and α,β-unsaturated aldehydes 2a
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aExperimental conditions: A mixture of 1 (0.3 mmol), 2 (0.25 mmol),
benzoic acid (35 mol%) and pyrrolidine (35 mol%) in 1 ml of DMSO was
stirred at room temperature. bIsolated yield of pure compound 4.

Table 2. Direct organocatalytic domino thia-Michael/aldol condensation
between 2-mercaptobenzaldehyde 1c and α,β-unsaturated aldehydes 2a

CHO

SH R

CHO

S

CHO

RDMSO, rt, 3h

YieldbProduct

1c 2

Aldehyde unsaturated aldehyde

CHO

SH
1c

CHO

S Naph

CHO

2b

CHO

2cCl

CHO

2a

5b

S

CHO

5a

S

CHO

5c Cl

1c

1c

EtO2C
CHO

2d S CO2Et

CHO

5d

1c

1c

1c

2e

2f

2g

S n-Bu

CHO

5f

S

CHO

5e

S

CHO

5g
NO2

Entry

1

2

3

4

5

6

7

68%

64%

48%

86%

82%

86%

73%1c

CN

CHO

NC

n-Bu
CHO

CHO

O2N

5

pyrrolidine (35 mol%)
benzoic acid (35 mol%)

+

aExperimental conditions: A mixture of 1c (0.3 mmol), 2 (0.25 mmol),
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stirred at room temperature. bIsolated yield of pure compound 5.
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chloroform. Thus, we chose this reaction
condition for the reaction between alde-
hyde 1c and different α,β-unsaturated cyclic
ketones 3 (Table 4).

The reactions gave the corresponding
thioxanthenones derivatives 7 in 59–91%
yield. For example, the reaction between
aldehyde 1c and 2-pentenone gave the cor-
responding thioxanthenone 7c in 82% yield
(entry 3). The reaction can also be employed
to gain access to thioxanthenones with a
tertiary thio-center such as 7d (entry 4).

We next optimized the reaction between
salicylic aldehyde 1a and 2-cyclohexenone
3b. After extensive screening, we found that
we were able to furnish the corresponding
tetrahydroxanthenone 8a in good yield by
using pyrrolidine (20 mol%) as the catalyst
and benzoic acid (20 mol%) as the addi-
tive in toluene. We next investigated the
pyrrolidine-catalyzed reaction for a set of
different 2-hydroxy-benzaldehyde deriva-
tives 1 and α,β-unsaturated cyclohexenones
3 (Table 5).

The organocatalytic domino reactions
furnished the corresponding tetrahydro-
xanthenones 8a–8g in 59–85% yields.
For example, the fluoro-substituted tetra-
hydroxanthenone 8g was synthesized in
78% yield (entry 7).

We propose the following mechanism
for the pyrrolidine-catalyzed domino reac-

Table 3. Direct organocatalytic domino aza-Michael/aldol condensation
between 2-aminobenzaldehydes 1 and α,β-unsaturated aldehydes 2a
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aExperimental conditions: A mixture of 1 (0.3 mmol), 2 (0.25 mmol),
benzoic acid (35 mol%) and pyrrolidine (35 mol%) in 1 ml of DMSO was
stirred at room temperature. bIsolated yield of pure compound 6.

Table 4. Direct organocatalytic domino thio-Michael/aldol condensation
between 2-mercaptobenzaldehyde 1 and α,β-unsaturated ketones 3a
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benzoic acid (20 mol%) and pyrrolidine (20 mol%) in 1 ml of CHCI3 was
stirred at room temperature. bIsolated yield of pure compound 7.

Table 5. Direct organocatalytic domino oxo-Michael/aldol condensation
between 2-hydroxybenzaldehydes 1 and α,β-unsaturated ketones 3a

CHO

OH OToluene, rt, 14h

YieldbProduct

1c 3

Aldehyde unsaturated Ketone

CHO

OH
1a

8b
1b

1b

Entry

1

2

3

59%

60%

65%

R2

R1

O

O

3b

O

O

8a

3b

O

O

O

3a

O

O

R2

O

R1

CHO

OH

MeO MeO

MeO

8c

CHO

OH
1f

4 83%3a
O

O

8d

CHO

OH
1g

5 85%3a
O

O

8e

1f6 62%3b

O

O

8f

7 78%3a
O

O

8g

CHO

OH
1hF

F

+

pyrrolidine (20 mol%)
benzoic acid (20 mol%)

R1 R1

aExperimental conditions: A mixture of 1 (0.3 mmol), 3 (0.25 mmol),
benzoic acid (20 mol%) and pyrrolidine (20 mol%) in 1 ml of CHCI3 was
stirred at room temperature. bIsolated yield of pure compound 8.
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tions. The direct organocatalytic domino
hetero-Michael/aldol condensation reac-
tion starts with iminium activation of the
α,β-unsaturated aldehyde or ketone by the
pyrrolidine. Next, a nucleophilic conjugate
attack on the β-carbon of the enal or enone
by the heteroatom of the benzaldehyde 1 re-
sults in an enamine intermediate (Scheme
3). The in situ generated enamine interme-
diate will next perform an intramolecular
six-exo trig aldol addition, followed by hy-
drolysis of the resulting iminium intermedi-
ate to give the aldol product. Next, elimina-
tion of water gives the corresponding het-
rocyclic product. This is further supported
by the fact that the aldol intermediate was
observed when the reaction was monitored
by NMR analyses of the crude reaction
mixture. The reactivity of the reaction is in
accordance with the nucleophilicity of the
in coming hetero-Michael nucleophile i.e.
thiol > aniline > phenol.

In summary, we report a simple one-
pot organocatalytic domino hetero-Mi-
chael/aldol reaction. Pyrrolidine catalyzed
the domino reactions between 2-hydroxy-,
2-mercapto- or 2-aminobenzaldehyde de-
rivatives and α,β-unsaturated aldehydes or
ketones with high chemoselectivity and
furnished the corresponding heterocyclic
derivatives in good to high yields. Further
application of this methodology in total
synthesis and mechanistic studies are on-
going in our laboratory.[10]

Experimental

Typical experimental procedure for the
reaction between 2-hetero substituted benz-
aldehydes and α,β-unsaturated aldehydes:
Pyrrolidine (0.0875 mmol, 0.35 equiv.),
benzoic acid (0.0875 mmol, 0.35 equiv.)
and 1 ml of DMSO were added to a round
bottom flask. Next, the 2-heterosubstituted
benzaldehyde 1 (0.3 mmol, 1.2 equiv.) and
α,β-unsaturated aldehyde 2 (0.25 mmol, 1
equiv.) were added sequentially. The reac-
tion was stirred at room temperature for 3
h. Next the crude reaction mixture was puri-
fied by column chromatography (Pentane:
AcOEt mixtures) to afford the final com-
pound.

Typical experimental procedure for the
reaction between 2-mercaptobenzaldehyde
1c and α,β-unsaturated ketones 3: In a round
bottom flask, pyrrolidine (0.05 mmol, 0.20
equiv.), benzoic acid (0.05 mmol, 0.20
equiv.) were added in 1 ml of CHCl3. Then
2-mercaptobenzaldehyde (0.3 mmol, 1.2
equiv.) 1c and α,β-unsaturated ketone 3
(0.25 mmol, 1 equiv.) were added sequen-
tially. The reaction was stirred at room tem-
perature over 14 h. Next the crude reaction
mixture was purified by column chroma-
tography (pentane:AcOEt mixtures) to af-
ford the final compound.

Typical experimental procedure for the
reaction between 2-hydroxybenzaldehydes
derivatives 1 and α,β-unsaturated ketones 3:
To a round bottom flask, pyrrolidine (0.05
mmol, 0.20 equiv.), benzoic acid (0.05
mmol, 0.20 equiv.) and 1 ml of toluene
were added sequentially. Next, the 2-hy-
droxy benzaldehyde derivative (0.3 mmol,
1.2 equiv.) 1 and α,β-unsaturated ketone 3
(0.25 mmol, 1 equiv.) were added sequen-
tially. The reaction was stirred at room tem-
perature for two days. Next the crude reac-
tion mixture was purified by column chro-
matography (pentane:AcOEt mixtures) to
afford the final compound.

The analytical data of some representa-
tive products are given below:
4d: 1H NMR (300 MHz, CDCl3): δ = 1.18
(t, J = 6.9 Hz, 3H), 4.12 (dq, J = 6.9, 2.1
Hz, 2H), 5.81 (s, 1H), 6.96–7.04 (m, 2H),
7.24 (dd, J = 7.2, 1.8 Hz, 1H), 7.32–7.37
(m, 2H), 9.63 (s, 1H). 13C NMR (75
MHz, CDCl3): δ = 14.0, 61.9, 70.5,
117.1, 119.7, 122.6, 129.8, 130.0, 133.9,
140.8, 155.0, 168.7, 188.9. MALDI-
TOFMS: 255.0634; C13H12O4 (M+Na

+:
calcd 255.0633).

5a: 1HNMR (400MHz, CDCl3): δ = 9.66 (s,
1H), 7.46 (s, 1H), 7.386 (d, 1H, J = 7Hz),
7.27-7.16 (m, 8H), 5.22 (s, 1H). 13C
NMR (100 MHz, CDCl3): δ = 191.07,
145.05, 141.62, 134.37, 134.04, 131.70,
130.95, 129.83, 128.59, 127.77, 127.54,
126.44, 125.80, 38.29. HRMS (ESI):
calcd. for (C16H12OS+H) = 253.0682.
found 253.0677.

6a: 1H NMR (300 MHz, CDCl3): δ = 4.54
(s, 1H), 5.68 (d, J = 1.9 Hz, 1H), 6.47 (d,
J = 7.9, 0.8 Hz, 1H), 6.66 (dt, J = 7.9, 0.8
Hz, 1H), 7.12–7.18 (m, 2H), 7.22–7.30
(m, 4H), 7.36–7.41 (m, 2H), 9.49 (s, 1H).

13C NMR (75 MHz, CDCl3): δ = 53.6,
113.4, 117.4, 117.8, 126.1, 128.0, 128.7,
130.1, 133.38, 133.40, 143.2, 144.3,
145.6, 190.4.

7a: 1HNMR(400MHz,CDCl3):δ=7.52 (d,
J = 2.1Hz, 1H), 7.40–7.10 (m, 3H), 4.27
(ddd, J = 2.4Hz, J’= 5.7Hz, J’’= 11.1Hz,
1H), 2.70–2.60 (m, 1H), 2.50–2.40 (m,
1H), 2.30–1.80 (m, 5H).13C NMR (100
MHz, CDCl3): δ = 197.2, 135.5, 135.4,
131.7, 131.4, 130.5, 130.1, 126.6, 126.0,
39.2, 38.3, 28.4, 20.9.

8c: 1HNMR(400MHz,CDCl3): δ=7.39 (d,
J = 2.4Hz, 1H), 6.82 (d, J = 1.6Hz, 1H),
6.74 (t, J=2.0Hz, 1H), 4.92 (m, 1H), 3.76
(s, 3H),2.62–2.35 (m,2H),2.12–1.94 (m,
2H), 1.76–1.62 (m, 2H). 13C NMR (100
MHz, CDCl3): δ = 197.7, 154.7, 150.2,
131.8, 131.3, 122.8, 118.4, 116.9, 113.7,
74.8, 56.0, 39.1, 29.8, 18.2.HRMS(ESI):
calcd. for [M+Na]+(C14H14O3) requires
m/z 253.0835, found 253.0823.
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