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Abstract: 4-Arylchromans can be synthesized directly using a one-
pot Barbier allylation, Friedel–Crafts alkylation and intramolecular
hydroalkoxylation of aromatic aldehydes, allylbromides and
phenols in an ionic liquid (BPyX–SnCl2·2H2O). The intramolecular
hydroalkoxylation of 4-aryl-4-(2-hydroxylphenyl)but-1-enes can
be promoted using the Lewis acid ZnCl2 in an ionic liquid.

Key words: Barbier, Friedel–Crafts, hydroalkoxylation, one-pot
process, 4-arylchroman, ionic liquid 

3,4-Dihydro-2H-benzopyran (chroman) is an important
structural unit in many natural compounds with biological
and pharmaceutical activities.1 Among them, 4-arylchro-
mans have also received considerable attention due to the
interest in their biological activities, including inhibition
of prostaglandin synthesis,2 anti-estrogenic and anti-fer-
tility,3 a1-adrenoreceptor subtypes,4 polymerase b-inhibi-
tors and COX-2 inhibitors.5 A lot of synthetic methods
have been developed for the construction of the chroman
unit. One of the most convenient and efficient methods is
through intramolecular cyclization of an appropriate sub-
strate.6 

In terms of retrosynthetic analysis, 4-aryl-4-(2¢-hydroxyl-
phenyl)but-1-ene (4) is a favorable precursor to 4-aryl-

chromans (5) with the aid of an intramolecular cyclization
reaction. The precursor 4 can be synthesized through the
Friedel–Crafts alkylation of phenols with allyl benzyl
alcohol derivatives,7 which in turn can be prepared by
Barbier allylation of carbonyl compounds.8 

Combining sequences of individual transformations into a
one-pot process to reduce synthetic steps and enhance
synthetic efficiency is challenging in the synthesis of
heterocyclics.9 If the formation of intermediate (4) and
final product (5) can be combined into a one-pot tandem
process then the direct synthesis of 4-arylchromans from
simple and readily available starting materials can be
achieved. 

Recently, we reported that Barbier–Prins cyclization reac-
tions can be carried out in a one-pot manner in an ionic
liquid to accomplish a direct synthesis of tetrahydropyran
compounds.10 Continuing our interest in one-pot multi-
component reactions in ionic liquids, we report herein a
one-pot Barbier allylation, Friedel–Crafts alkylation and
intramolecular hydroalkoxylation of allylbromides, aro-
matic aldehydes and phenols promoted by the ionic liquid
BPyX–SnCl2·2H2O for the direct synthesis of 4-aryl-
chromans (Scheme 1). 
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The SnCl2-mediated Barbier-type reaction of allylhalides
with carbonyl compounds is an efficient method in the
preparation of homoallylic alcohols, although it requires
additional catalyst in most cases. Among the catalysts
suitable for this type of reaction, quaternary ammonium
salts are most convenient.11 As reported, mixing quaterna-
ry ammonium salts, BPyCl or BPyI, with SnCl2·2H2O
(1:2) under solvent-free conditions produced complexes
10a or 10b (Figure 1),12 which were in liquid state at room
temperature (so-called room-temperature ionic liquids). It
is expected that the ionic liquids (10a and 10b) can serve
as both a functionalized reagent with Lewis acidity and as
reaction media in the three-component reaction of allyl-
bromide, aromatic aldehydes and phenols.13

Figure 1

Considering the regioselectivity of the Friedel–Crafts
alkylation, the para-substituted phenols (3a–b) were
selected as one of the three components for the synthesis
of chroman compounds. At first, the three-component
reaction of allylbromide 2a, p-methylbenzaldehyde (1a)
and p-methylphenol (3a) (R = Me) was attempted in ionic
liquid 10a. There was no organic solvent and the reaction
was carried out at room temperature for 24 hours. The
Barbier allylation/Friedel–Crafts alkylation product, 4-
(4¢-methylphenyl)-4-(2¢-hydroxyl-4¢-methylphenyl)but-
1-ene (4a) was obtained in 76% yield (Scheme 2, path B).
The Friedel–Crafts alkylation occurred at the ortho-posi-
tion of the phenolic hydroxyl group to give exclusively
ortho-isomers. However, no product of the subsequent
intramolecular cyclization was detected. For 3b (R =
OMe) bearing both methoxy and hydroxyl groups in the

phenyl ring, the hydroxyl-directed ortho-selectivity in the
Friedel–Crafts alkylation was still predominate, giving
ortho-hydroxyl-substituted product 4b as the sole regio-
isomer in 64% yield despite the methoxy group being a
strong para- and ortho-directing group.

Recently, studies on the addition of an O–H bond to an
alkene forming a C–O bond (hydroalkoxylation) have
progressed greatly. Intramolecular hydroalkoxylation is
an ideal method to use in the synthesis of 4-arylchromans
from 4-aryl-4-(2¢-hydroxylphenyl)-but-1-enes (for exam-
ple 4a–b). Various catalysts are suitable for hydroalkoxy-
lation reactions, including protonic acids such as triflic
acid (TfOH),14 Lewis acids such as AlCl3,

15 FeCl3,
16

Cu(OTf)2,
17 Sn(OTf)4

18 and transition-metal reagents,19 as
well as N-bromosuccimide (NBS).20 More recently, Li21

and Youn22 reported respectively, that chroman units can
be constructed through AgOTf/AuCl3- or AgOTf-cata-
lyzed intramolecular hydroalkoxylation. As reported,14

hydroalkoxylation reactions depend strongly on the reac-
tivity of the double bond involved in the reaction, which
decrease in the following order, trisubstituted > gem-di-
substituted > monosubstituted. It was found that
Yb(OTf)3, Sc(OTf)3, AgOTf, AgOTf–RuCl3, p-toluene-
sulfonic acid and HCl had no catalytic ability in the intra-
molecular cyclization of 4a in both CH2Cl2 and ionic
liquid. This was attributed to the low reactivity of 4a,
which possesses an isolated, monosubstituted terminal
double bond. Although TfOH can catalyze the intra-
molecular hydroalkoxylation of 4a in CH2Cl2 to give
cyclization product 5a, no chroman product was obtained
under ionic liquid conditions in the presence of catalytic
TfOH. After screening, Lewis acid ZnCl2 was found to be
a good catalyst for the hydroalkoxylation reaction of 4a in
10a, giving the product 5a in 82% yield (Scheme 2, path
B¢). To our delight, after the initial reaction of 1b, 2a and
3a in 10a at room temperature for 24 hours, ZnCl2 was
added to the reaction and the subsequent hydroalkoxyla-
tion proceeded smoothly at 70 °C to directly afford
product 5a in 64% yield (Scheme 2, path A). 
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Using the optimized experimental procedure, various
phenolic compounds (3a–d) were reacted with 2a and
aromatic aldehydes (1a–b) in ionic liquid for the direct
synthesis of 4-arylchromans. The mixture of three sub-
strates was stirred in 10a at room temperature for 24 hours

and then ZnCl2 (1.2 equiv) was added and the reaction was
stirred at 70 °C for six hours, giving 4-arylchromanes
(5a–g) in good yields (54–64%) (Table 1). 

Table 1 Three-Component Reactions of Aldehydes, Allyl Bromide, and Phenols in Ionic Liquid 10aa

Entry Aldehyde Phenol Product Yield (%)b

1

1a 3a

5a

64

2 1a

3b

5b

58

3 1a

3c

5c

63

4 1a

3d

5d

57

5

1b

3a

5e

64

R

CHO
+ Br

OH O

R

1a,b 2a 3a–d

+
1)  10a, r.t.

R'

R'

2) ZnCl2, 10a, 70 °C
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The use of 2-hydroxylbenzaldehydes (salicylaldehydes,
6a–c) extended the scope of the substrates suitable for the
three-component reaction. Phenols without a substituent
at the para-position of the phenolic hydroxyl group
(3e–h) are also suitable substrates for the three-compo-
nent reaction in ionic liquid 10a. Salicylaldehydes not
only participated in the Barbier/Friedel–Crafts reaction,
but the hydroxyl group in their molecules was also
involved in ZnCl2 mediated intramolecular hydroalk-

oxylation in ionic liquid, giving the cyclization products,
4-arylchromans 8a–f (Table 2).23 Even anisole (7) can be
used as a substrate in the three-component reaction to af-
ford the 4-arylchroman product 8g in 58% yield (Table 2,
entry 7). The products (5a–g and 8a–g) are mixtures of a
pair of diastereomers with diastereomeric ratios (dr) in the
range of 1:1 to 1:1.2, determined by 1H NMR spectra.

6 1b 3c

5f

54

7 1b 3d

5g

63

a (i) 24 h, r.t.; (ii) ZnCl2, 70 °C, 6 h. 
b Isolated yield.

Table 1 Three-Component Reactions of Aldehydes, Allyl Bromide, and Phenols in Ionic Liquid 10aa (continued)

Entry Aldehyde Phenol Product Yield (%)b

R

CHO
+ Br

OH O

R

1a,b 2a 3a–d

+
1)  10a, r.t.

R'

R'

2) ZnCl2, 10a, 70 °C

5a–g

O

MeO

O

MeO

Table 2 One-Pot Reactions of Aldehydes 6a–c, Allyl Bromide, and Phenols in Ionic Liquid 10aa

Entry Aldehyde Phenol Product Yield (%)b

1

6a 3e

8a

70

CHO
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OH

+ Br
OH

2a 3

+
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2) ZnCl2, 10a, 80 °C
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2 6a

3f

8b

64

3 6a

3g
8c

62

4 6a

3h

8d

64

5

6b

3e

8e

53

6

6c

3e

8f

64

7 6a

7

8g

58

a Reaction conditions: (i) 10 h, r.t.; (ii) 70 °C, 6 h. 
b Isolated yield.

Table 2 One-Pot Reactions of Aldehydes 6a–c, Allyl Bromide, and Phenols in Ionic Liquid 10aa (continued)

Entry Aldehyde Phenol Product Yield (%)b

CHO

6a–c

OH

+ Br
OH

2a 3

+

R'

1)  10a, r.t.

2) ZnCl2, 10a, 80 °C
O
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O
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When 2-methylallylchloride (2b) was employed in the re-
action of 6a (R = H) with 3e (R¢ = H) in 10a at 70 °C, no
product was detected and only starting materials were re-
covered. This was attributed to the low reactivity of allyl-
chloride. Changing 10a to the iodo analogue 10b, allowed
the three-component reaction to proceed smoothly at
40 °C giving the product of the Barbier/Friedel–Crafts/
hydroalkoxylation reaction, 2,2-dimethyl-4-(4¢-hydroxyl-
phenyl)chroman (9a) in 66% yield (Scheme 3).24 It was
assumed that the transformation of chloride to iodine in
allylchloride 2b could have taken place. The involved
intramolecular hydroalkoxylation did not need additional
Lewis acid catalyst ZnCl2, probably due to the relatively
high reactivity of the gem-disubstituted double bond for
hydroalkoxylation. The experimental results are listed in
Table 3. For anisole 7, the chroman product 9f was also
obtained in 54% yield (Table 3, entry 6).

The mechanism for the three-component reaction is pro-
posed in Scheme 4. First, a Barbier reaction of allybro-
mide with SnCl2 in the presence of pyridine salt produces
the allyltin intermediate 11,25 which subsequently under-
goes reaction with the aldehyde to generate reactive inter-
mediate 12. In the reaction media (10a), the OSnCl3 group

is easily eliminated to form the benzyl carbocation 13. In
the presence of an aromatic carbon nucleophile (phenolic
compound), the Friedel–Crafts alkylation of 13 takes
place, giving product 4. At that time, if ZnCl2 is added, the
elimination of HCl and formation of an O–Zn bond occur
to generate intermediates 14 and 15, which subsequently
undergo intramolecular hydroalkoxylation to form cy-
clization product 5. As indicated above, HCl did not cata-
lyze the intramolecular hydroalkoxylation of 4a in ionic
liquid 10a in the absence of ZnCl2. BPyCl–ZnCl2 does not
promote the three-component Barbier, Friedel–Crafts
alkylation reaction either, but is able to promote the in-
tramolecular hydroalkoxylation of 4a at 70 °C, affording
the product 5a in 82% yield. It can be assumed that SnCl2

and ZnCl2 play different roles in the one-pot process. 

In summary, the Barbier allylation, Friedel–Crafts alkyla-
tion, and intramolecular hydroalkoxylation can be com-
bined into a one-pot process promoted by a Lewis acid
ionic liquid. SnCl2 and ZnCl2 played different roles in the
one-pot process. This method provides a practical and
convenient synthesis of 4-arylchromans starting from
simple and commercially available materials. 

Scheme 3
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mixture of salicylaldehyde 6a (61 mg, 0.5 mmol), 2-methyl-
allyl chloride (2b) (82 mg, 1.0 mmol) and phenol 3e (69 mg, 
0.75 mmol) in ionic liquid (10b) derived from BPyI–
SnCl2·2H2O was stirred at 40 °C for 24 h. The reaction 
mixture was extracted with Et2O. The combined Et2O phase 
was washed with aqueous HCl (2 M), then dried over 
Na2SO4. The solvent was removed under vacuum and the 
crude product was purified by flash column chromatography 
on silica gel (EtOAc–PE, 1:30) to afford 9a as a colorless oil 
(83 mg, 66%); FTIR (film): 3394, 2925, 1612, 1571, 1514, 
1486, 1449, 1368, 1253, 1124 cm–1; 1H NMR (300 MHz 
CDCl3): d = 7.01–7.16 (m, 3 H), 6.69–6.88 (m, 5 H), 5.63 (br 
s, 1 H), 4.01 (dd, J = 7.2, 4.8 Hz, 1 H), 2.08–2.33 (m, 2 H), 
1.43 (s, 3 H), 1.36 (s, 3 H); 13C NMR (75 MHz, CDCl3): 
d = 154.6, 154.2, 137.1, 129.9, 127.7, 125.0, 119.9, 117.2, 
115.5, 74.8, 43.6, 39.1, 30.0, 24.3; HRMS (EI): m/z calcd for 
C17H18O2: 254.1307; found: 254.1308.

(25) Ito, A.; Kishida, M.; Kurusu, Y.; Masuyama, Y. J. Org. 
Chem. 2000, 65, 494.
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