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An environmentally benign method for the synthesis of ind-
olyl(nitro)chromans from indoles and 2-aryl-3-nitro-2H-
chromenes under catalyst-free conditions by use of an “on-
water” concept is described. The salient features of the meth-
odology are its clean reaction conditions, the eco-friendly

Introduction
Water-mediated reactions have received considerable at-

tention in synthetic organic chemistry for environmental,
economical, and safety-related reasons, because they dis-
play unique reactivities and selectivities that are not
achieved in organic solvents.[1] Sharpless and his co-workers
have described “on-water” conditions under which a sub-
stantial rate acceleration was observed when the organic re-
actants were insoluble in the aqueous phase.[2] This concept
has been further explored by several other groups for vari-
ous reactions.[3] In recent years, a great many efforts have
been implemented in the development of catalyst-free pro-
cesses employing water as a medium to accomplish cleaner
syntheses.[4] Indeed, the increasing demands of environmen-
tal legislation require the minimization – or, preferably, the
elimination – of waste production in chemical syntheses.[5]

The development of efficient and convenient synthetic
methodologies for “on-water” conditions is thus an impor-
tant subject at present.[3]

2H-Chromene derivatives are an important class of com-
pounds, widely distributed in nature.[6] Among 2H-
chromene derivatives, 3-nitro-2H-chromenes have attracted
considerable attention in recent years due to their use as
phospholipase C inhibitors[7] and as intermediates for the
synthesis of N-hydroxyspirolactams and aminochromans.[8]

Recently, it was reported that 3-nitro-2H-chromene deriva-
tives act as 2π components in 1,3-dipolar cycloadditions of
azomethine ylides.[9] In addition, some 3-nitro-2H-
chromene derivatives have been found to display efficient
optical second-harmonic generation.[10] 3-Substituted in-
dole derivatives are known to be valuable intermediates in
pharmaceutical and biologically active compounds.[11]
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medium, and the easy isolation and excellent diastereoselec-
tivities of the products.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2009)

Fused heterocyclic systems containing both 2H-chromene
and indole moieties have been found to exhibit biological
activity.[12]

Syntheses of 3-substituted indole derivatives achieved
through conjugate additions between indoles and Michael
acceptors such as nitroalkenes and α,β-unsaturated car-
bonyl compounds, catalyzed by either protic or Lewis acids,
are well documented in the literature.[13] There are only a
small number of reports regarding the use of nitro-
chromenes as Michael acceptors for such reactions,[14] al-
though Sosnovskikh’s group have studied Michael ad-
ditions of various nucleophiles to 3-nitro-2-trihalomethyl-
2H-chromenes.[15] Indole additions with similar structural
moieties such as 3-nitrocoumarin with the aid of Mg-
(OTf)2 have been reported by Ye et al.[16]

In our previous article we reported on the iodine-cata-
lyzed Michael addition between indole and 3-nitro-2H-
chromene, which furnished two diastereomeric products in
72 h.[14a] In continuation of our research into nitro ole-
fins,[17] we were in search of a method to accomplish the
alkylation of indoles with nitrochromenes in an environ-
mentally benign way. Recently, we have achieved alkylations
of indoles with various nitrostyrenes in water under cata-
lyst-free conditions, affording indolyl(nitro)styrenes in good
yields.[18] This result prompted us to investigate reactions
between 2-aryl-3-nitro-2H-chromenes and indoles in aque-
ous media further.

Results and Discussion

In our preliminary investigation, we treated indole with
3-nitro-2-phenyl-2H-chromene in water without any cata-
lyst at room temperature. We were able to obtain only a ca.
15% yield of the product after 24 h. Upon increasing the
reaction temperature to reflux conditions, however, there
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was significant increase (91 % yield) in the formation of
the corresponding Michael adduct, 3-(3-nitro-2-phenyl-
chroman-4-yl)-1H-indole (1a and 1a�). The product ob-
tained was a mixture of two diastereomers in a 7:3 ratio,
determined by 1H NMR analysis. The formation of two
diastereomers is presumably due to syn or anti addition of
indole with 3-nitro-2-phenyl-2H-chromene. These stereoiso-
mers were separated by careful crystallization of the crude
product from a mixture of ethyl acetate and hexane. The
pure compounds (major and minor isomers) obtained were
characterized by spectroscopic techniques and also by
single-crystal XRD analysis, discussed in detail below.

In order to check the efficacy of water relative to organic
solvents, we carried out the reaction between 3-nitro-2-
phenyl-2H-chromene and indole in various solvents at re-
flux temperature without using any catalyst (Table 1). In
organic solvents such as dichloromethane, acetonitrile,
EtOH, or DMF, the yields of the alkylated products (1a
and 1a�) were very poor (Table 1, Entries 1, 2, 3, 4). None
of the expected product was obtained in toluene, THF, or
dichloroethane, even though the reaction systems were
completely homogeneous (Table 1, Entries 5, 6, 7). It is
interesting to note, however, that when water alone was
used as solvent under the same conditions, the yield in-
creased drastically to 91 % (Table 1, Entry 9), which is bet-
ter than in any of the organic solvents used (either polar or
nonpolar). These results thus showed the superiority of
water over the organic solvents (Table 1).

Table 1. Reaction between indole and 3-nitro-2H-chromene in vari-
ous solvents.

Entry Solvent Yield (%)[a] Major/minor[b]

1 CH2Cl2 10 (7) 77:23
2 MeCN 2 75:25
3 EtOH 36 (30) 66:34
4 DMF 32 (28) 71:29
5 toluene 0 –
6 THF 0 –
7 Cl(CH2)2Cl 0 –

8[c] neat 18 (10) 68:32
9 H2O 91 (87) 78:32

[a] All the reactions were conducted on a 1 mmol scale, and yields
were determined from crude 1H NMR spectra with toluene as in-
ternal standard. Isolated yields are shown in parentheses. [b] The
major and minor diastereomers were determined from the crude
1H NMR spectrum. [c] The reaction was conducted under inert
conditions at 100 °C.

To explore the scope and limitations of this methodology
further, we tested the alkylation of indole with various 3-
nitro-2H-chromenes under optimized reaction conditions
(Table 2). As can be seen, the alkylation of indole proceeded
well with various 3-nitro-2H-chromenes to afford the
Michael adducts in good yields. The product formation was
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governed by both electronic and steric factors, according to
the nature of the substituent on the 3-nitro-2H-chromene.
3-Nitro-2H-chromene derivatives in which the phenyl rings
were substituted with electron-withdrawing groups such as
fluoro and chloro (Entries 1 and 4), for example, reacted
efficiently through their 2-positions to afford the corre-
sponding adducts in excellent yields. However, 3-nitro-2H-
chromene derivatives in which the phenyl rings were substi-
tuted with electron-donating groups such as methyl and
methoxy (Entries 2 and 3) required relatively longer reac-
tion times to furnish the corresponding indolylchroman ad-
ducts. The diastereoselectivities of the products remained
the same irrespective of the substituent at the 2-position in
the 3-nitro-2H-chromene derivative.

Similarly, the nature of the substitution on the 3-nitro-
2H-chromene had an effect on the progress of the reaction,
as is evident from Table 2. A prolonged reaction time, for
example, was observed with 6-methoxy-3-nitro-2-phenyl-
2H-chromene (Entry 5), containing the electron-releasing
OMe group, whereas the reaction between 6-bromo-3-nitro-
2-phenyl-2H-chromene and indole (Entry 6) went to com-
pletion in a shorter reaction time to afford the Michael ad-
duct in excellent yield.

In order to assign the stereochemistries of the major and
minor diastereomeric products, the Michael adduct 4-
(indol-3-yl)-2-(4-methoxyphenyl)-3-nitro-2H-chromene (4a)
was chosen as the model compound. The two diastereomers
were separated by careful crystallization. The 1H NMR
spectrum of the isolated major product displayed three sig-
nals at δ = 5.32 ppm (s, 1 H), 5.29 ppm (s, 1 H), and
4.99 ppm (s, 1 H) for 2-H, 3-H, and 4-H, respectively. This
is the characteristic pattern of a cis,trans diastereomer.[14]

NOE experiments were performed to assign the relative
configurations of the two diastereomers. In the case of the
major compound [4a; Figure 1 (right)], irradiation of 2-H
showed an enhancement of 3.2% on 3-H. Similarly, irradia-
tion of 3-H showed an enhancement of 6.9 % on 2-H. We
can hence deduce that 2-H and 3-H are in a cis orientation
to one another and that the relative configuration of the
major isomer is (2S*,3S*,4R*). Further, this was also con-
firmed by single-crystal X-ray diffraction [Figure 1 (left)].

The 1H NMR spectrum of the minor product showed a
doublet at δ = 5.52 ppm (J = 9.2 Hz), a doublet of doublets
at δ = 5.41 ppm (J = 9.2, 5.5 Hz), and a doublet at δ =
5.15 ppm (J = 5.5 Hz), for 2-H, 3-H, and 4-H, respectively.
Comparison of the chemical shifts of cis,trans and trans,cis
isomers showed the proton shifts of the latter lying downfield
by ca. 0.15 ppm. This thus shows the pattern of a trans,cis
diastereomer.[14]

In the case of the minor compound [4a�; Figure 2
(right)], irradiation of 3-H showed an enhancement of 4.6 %
on 4-H, whereas irradiation of 4-H showed an enhancement
of 4% on 3-H. From the results obtained we can deduce
that 3-H and 4-H are in a cis orientation to one another
and that the relative configuration of the minor isomer is
(2S*,3R*,4R*). The stereochemistry of the minor product
was further confirmed by single-crystal X-ray diffraction,
as shown in Figure 2 (left).
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Table 2. C-Alkylation of indole with various 2-aryl-3-nitro-2H-chromenes.

[a] Isolated yields. [b] Mixture of diastereomers. [c] Ratio of major and minor diastereomers determined from the crude 1H NMR spec-
trum.

Figure 1. Crystal structure of 4a (major diastereomer) (left).[19]

NOE correlation of 4a (right).

Having successfully performed reactions between indole
and an array of 3-nitro-2H-chromenes, we probed the feasi-
bility of the reactions further with other substituted indole
derivatives. The reaction between N-methylindole and 3-ni-
tro-2-phenyl-2H-chromene furnished a mixture of dia-
stereomers (8a, 8a�) in a ratio of 65:35. Other indoles such
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Figure 2. Crystal structure of 4a� (minor diastereomer) (left).[19]

NOE correlation of 4a� (right).

as 5-bromoindole and 2-carboxyindole, however, did not re-
act with 3-nitro-2-phenyl-2H-chromene under these reac-
tion conditions.

It was observed that increasing the steric hindrance at
the indole 2-position – the alkylation of 2-methyl- or 2-
phenylindole, for example – resulted in reactions that pro-
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Table 3. C-Alkylation of 2-phenylindole and 2-methylindole with various 2-aryl-3-nitro-2H-chromenes (Entries 1–10, 9a–17a).

[a] Isolated yields. [b] Mixture of diastereomers. [c] Ratio of major and minor diastereomers determined from the crude 1H NMR spec-
trum.
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ceeded efficiently at the 3-position with excellent diastereo-
selectivity. With this encouraging result to hand, we focused
our attention on examining the reactions between 2-methyl-
or 2-phenylindole and various 2-aryl-3-nitro-2H-
chromenes. The results are shown in Tables 3 and 4. Alky-

Table 4. C-Alkylation of 2-phenylindole and 2-methylindole with various 2-aryl-3-nitro-2H-chromenes (Entries 11–18, 18a–25a).

[a] Isolated yields. [b] Mixture of diastereomers. [c] Ratio of major and minor diastereomers determined from crude 1H NMR spectrum.
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lation of 2-phenylindole with 3-nitro-2-phenyl-2H-
chromene (Table 3, Entry 1) proceeded well, affording the
product in good yield. Similarly, 2-aryl-3-nitro-2H-
chromenes containing various substituents, such as 3-fluo-
rophenyl, 4-chlorophenyl, or 2-thienyl groups, at their 2-
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positions (Table 3, Entries 2, 3, and 4) reacted with 2-phen-
ylindole to furnish the corresponding Michael adducts in
excellent yields. Reactions between 2-phenylindole and 2-
aryl-3-nitro-2H-chromenes containing an electron-releasing
group (OMe, Entries 6, 7) required longer reaction times,
whereas those with 6-bromo-3-nitro-2-phenyl-2H-chromene
(Entry 8) or 6,8-dibromo-3-nitro-2-phenyl-2H-chromene
(Entry 9), containing the electron-withdrawing Br group,
required shorter reaction times. Excellent diastereoselectivi-
ties were observed with 2-aryl-3-nitro-2H-chromenes and 2-
phenylindole as the substrates (Table 3, Entries 1–9).

We next turned our attention to reactions between 2-
aryl-3-nitro-2H-chromenes and 2-methylindole. The reac-
tions proceeded well, with degrees of selectivity as good as
those obtained with 2-phenylindole. The reactions between
2-methylindole and 3-nitrochromenes containing electron-
releasing groups (Table 3, Entry 10; Table 4, Entries 12, 15,
and 16) were sluggish, whereas shorter reaction times were
required with 3-nitrochromene derivatives containing elec-
tron-withdrawing groups (Table 4 Entries 13, 14, 17, and
18) to afford the products in good yields. We have thus ex-
amined the effect of 2-substituted indoles – mainly 2-meth-
yl- and 2-phenylindole – and found them to play key roles
with regard to the stereoselectivities of the reactions.

Moreover, Korotaev et al. reported that substitution at
the 2-position of 3-nitro-2H-chromene with a bulkier sys-

Scheme 1. Reaction of 2,2-dimethyl-3-nitro-2H-chromene with indole and 2-methylindole.

Scheme 2. Reaction between 2-methylindole and 1,4-bis(3-nitro-2H-chromen-2-yl)benzene.
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tem such as a CCl3 group resulted in the loss of diastereo-
selectivity in additions to indole and N-methylindole.[14b]

To reinvestigate, we carried out the alkylation reaction of
indole with the bulky substrate 2,2-dimethyl-3-nitro-
chromene (two methyl groups introduced at the 2-position
of 3-nitro-2H-chromene), and we obtained a mixture of two
diastereomers (26a, 26a�) in a ratio of 1:1 (Scheme 1). It can
thus be understood that the introduction of a bulky group
at the 2-position in a 3-nitro-2H-chromene resulted in the
loss of diastereoselectivity.

On the other hand, the reaction between 2,2-dimethyl-3-
nitrochromene and 2-methylindole afforded the product as
the single diastereomer (27a; Scheme 1). This experiment,
together with the results shown in Tables 3 and 4, shows

Figure 3. Crystal structure of 26a (left). Crystal structure of 26a�
(right).
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that 2-substituted indoles exhibit good selectivity with 3-
nitro-2H-chromene derivatives irrespective of any substitu-
ent at the 2-positions in the 3-nitro-2H-chromene systems.
The diastereomers (26a, 26a�) were separated by column
chromatography and were characterized by 1H NMR, 13C
NMR, LCMS, and HRMS analysis. The structures were
also confirmed by single-crystal XRD analysis (Figure 3).
The relative configuration of 26a was assigned by crystal-
lography as (3R*,4S*) and that of 26a� as (3S*,4S*).

In order to extend the scope of the reaction, we treated
1,4-bis(3-nitro-2H-chromen-2-yl)benzene with 2-methyl-
indole under these reaction conditions. We obtained the
product as a mixture of diastereomers that were not separa-
ble, due to their insolubility in most organic solvents. How-
ever, treatment of 2-methylindole with 1,4-bis(3-nitro-2H-
chromen-2-yl)benzene (28a) gave a single diastereomer in
moderate yield (Scheme 2).

A plausible mechanism for the reaction can be postulated
in nucleophilic 1,4-additions of electron-rich indoles to 3-
nitro-2H-chromenes. We speculate that water may activate
the nitro groups in 3-nitro-2H-chromene systems through
hydrogen bonding, thereby generating electron-deficient
centers at the 4-positions in the 3-nitro-2H-chromenes
(Scheme 3). These species may undergo electrophilic substi-
tution on indole to give intermediates A, which further lose
protons to form intermediates B. Intermediates B further
abstract protons either from water or from indole to afford

Scheme 3. Plausible mechanism for the C-alkylation of indole with 2-aryl-3-nitro-2H chromenes.

Scheme 4. Reaction between 3-nitro-2-phenyl-2H-chromene and 2-methylindole in D2O.
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indolyl(aci-nitro)chromans C. These indolyl(aci-nitro)chro-
mans tautomerize to give the indolyl(nitro)chromans (1a or
1a�; Scheme 1).

To pursue our speculation further, we conducted the
Michael addition between 3-nitro-2-phenyl-2H-chromene

Figure 4. 1H NMR spectra of deuterated indolylchroman (A) and
undeuterated indolylchroman (B).
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and 2-methylindole in D2O (Scheme 4). We were able to
obtain the deuterated (2-methylindolyl)chroman X along
with trace amounts of undeuterated (2-methylindolyl)-
chroman Y, which was detected by 1H NMR (Figure 4).
From this experiment it was evident that water played a
significant role in the reaction.

Conclusions

An efficient method for C-alkylation of indoles with 2-
aryl-3-nitro-2H-chromenes “on-water” without the need for
any catalyst or additives has been developed. The “on-
water” conditions provided good yields of the indolyl-
chroman derivatives within short reaction times. High dia-
stereoselectivities were obtained with 2-substituted indoles.
Simple experimental conditions, the green medium, and
easy isolation of the products are the merits of this method.
The fact that the reactions were clean, devoid of side reac-
tion products, constitutes an additional attractive feature
of this method. This method therefore represents a green
procedure for the synthesis of indolylchromans.

Experimental Section
General: Unless otherwise mentioned, all commercial reagents and
solvents were obtained from commercial suppliers and used with-
out further purification. Thin-layer chromatography (TLC) was
performed by using silica gel plates GF254 (0.25 mm thickness).
For visualization, the TLC plates were either placed under ultravio-
let light, or stained with iodine vapour. All purifications were car-
ried out by flash chromatography using 230–400 mesh silica gel.
All the melting points were determined with a microscope hot-stage
apparatus and are uncorrected. High-resolution mass spectra were
recorded in the EI mode with a JEOL JMS-D300 or JEOL JMS-
HX 110 spectrometer. 1H and 13C NMR spectra were recorded
with a Bruker Avance EX 400 FT spectrometer (1H at 400.00 MHz
and 13C at 100.00 MHz) in [D6]DMSO or CDCl3 by using TMS
as the internal reference. Crystallographic measurements were
made with a Bruker Kappa Apex II CCD area detector with graph-
ite-monochromated Mo-Kα radiation (λ = 0.71073 Å). The struc-
ture was solved by direct methods (SHELXS-97), and additional
atoms were located in the difference Fourier map and refined on
F2 (SHELXL-97).

Typical Experimental Procedure: A mixture of indole (1.2 mmol)
and 3-nitro-2-phenyl-2H-chromene (1 mmol) was suspended in
water (2 mL) and heated at reflux. The progress of the reaction was
monitored by TLC. After completion, the reaction mixture was
extracted with ethyl acetate (3�10 mL). The organic layer was sep-
arated, dried with anhydrous magnesium sulfate, and concentrated
under reduced pressure to provide a crude mixture. This was puri-
fied by flash chromatography to afford the mixture of diastereoiso-
mers. The diastereoisomers were separated by careful crystalli-
zation from varying amounts of ethyl acetate and hexane. The ethyl
acetate/hexane ratio used for crystallization was different for each
compound, and the exact ratio for each pure product is given in
the spectroscopic data. Compounds 9a–27a were obtained as single
diastereomers.

3-[(2S*,3S*,4R*)-3-Nitro-2-phenylchroman-4-yl]-1H-indole (1a):
Colorless solid; m.p. 245–247 °C, 0.322 g, 87%. Mixture (1a + 1a�)
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crystallized from 80% hexane and 20% ethyl acetate (5 mL). 1H
NMR (400 MHz, CDCl3): δ = 8.15 (s, 1 H), 7.60 (d, J = 8.0 Hz, 1
H), 7.40 (d, J = 8.0 Hz, 1 H), 7.32–7.19 (m, 9 H), 7.12 (d, J =
8.4 Hz, 1 H), 7.02 (t, J = 7.4 Hz, 1 H), 6.69 (s, 1 H), 5.36 (s, 1 H),
5.32 (s, 1 H), 5.01 (s, 1 H) ppm. 13C NMR (100 MHz, CDCl3): δ
= 154.3, 136.9, 135.9, 130.7, 128.9, 128.8, 128.7, 126.0, 125.5, 125.4,
123.3, 122.1, 120.8, 120.2, 118.3, 117.9, 117.2, 112.0, 87.7, 72.8,
37.3 ppm. MS (EI): m/z (%) = 370 (35) [M]+, 323 (70), 246 (40), 207
(100), 130 (10). HRMS (EI): calcd. for C23H18N2O3 [M]+ 370.1312;
found 370.1308.

3-[(2S*,3R*,4R*)-3-Nitro-2-phenylchroman-4-yl]-1H-indole (1a�):
Colorless solid; m.p. 213–215 °C. 1H NMR (400 MHz, CDCl3): δ
= 8.20 (s, 1 H), 7.44–7.41 (m, 2 H), 7.38–7.35 (m, 4 H), 7.29–7.23
(m, 4 H), 7.06–7.03 (m, 2 H), 6.95–6.91 (m, 2 H), 5.60 (d, J =
8.9 Hz, 1 H), 5.43 (dd, J = 8.9, 5.5 Hz, 1 H), 5.15 (d, J = 5.5 Hz,
1 H) ppm. 13C NMR (100 MHz, CDCl3): δ = 153.5, 136.8, 136.3,
130.3, 129.5, 129.0, 128.9, 127.9, 127.2, 125.0, 122.8, 121.9, 121.9,
120.5, 118.4, 116.9, 113.7, 111.7, 87.4, 74.5, 37.7 ppm. MS (EI):
m/z (%) = 370 (50) [M]+, 323 (15), 246 (15), 220 (100), 207 (80),
165 (20), 132 (70), 77 (20). HRMS (EI): calcd. for C23H18N2O3

(M+) 370.1312; found 370.1315.

3-[(2S*,3S*,4R*)-2-(3-Fluorophenyl)-3-nitrochroman-4-yl]-1H-
indole (2a): Colorless solid; m.p. 203–205 °C. 0.306 g, 79%. Mixture
(2a + 2a�) crystallized from 80% hexane and 20 % ethyl acetate
(5 mL). 1H NMR (400 MHz, CDCl3): δ = 8.16 (s, 1 H), 7.65 (d, J
= 7.8 Hz, 1 H), 7.44 (d, J = 8.1 Hz, 1 H), 7.30–7.18 (m, 5 H), 7.13–
6.99 (m, 5 H), 6.67 (s, 1 H), 5.34 (s, 1 H), 5.31 (s, 1 H), 5.02 (s, 1
H) ppm. 13C NMR (100 MHz, CDCl3): δ = 164.2 (d, JC,F =
245.0 Hz), 153.8, 138.5 (d, JC,F = 7.0 Hz), 136.8, 130.6,130.3 (d,
JC,F = 9.0 Hz), 128.7, 125.4, 125.3, 123.3, 122.2, 121.4, 120.7,120.1,
118.0, 117.5, 117.2, 115.7 (d, JC,F = 21.0 Hz), 113.3 (d, JC,F =
26.0 Hz), 112.1, 87.4, 71.9, 37.3 ppm. MS (EI): m/z (%) = 389 (5)
[M + 1]+, 388 (20) [M]+, 341 (40), 246 (40), 225 (100), 220 (50),
204 (10), 130 (20), 109 (10). HRMS (EI): calcd. for C23H17FN2O3

[M]+ 388.1218; found 388.1225.

3-[(2S*,3R*,4R*)-2-(3-Fluorophenyl)-3-nitrochroman-4-yl]-1H-
indole (2a�): Colorless solid; m.p. 174–176 °C. 1H NMR (400 MHz,
CDCl3): δ = 8.21 (s, 1 H), 7.38–7.14 (m, 8 H), 7.07–7.03 (m, 3 H),
6.96–6.92 (m, 1 H), 6.90 (d, J = 2.5 Hz, 1 H), 5.59 (d, J = 9.2 Hz,
1 H), 5.39 (dd, J = 9.2, 5.5 Hz, 1 H), 5.16 (d, J = 4.8 Hz, 1 H)
ppm. 13C NMR (100 MHz, CDCl3): δ = 164.2 (d, JC,F = 245.0 Hz),
153.2, 139.2 (d, JC,F = 7.0 Hz), 136.3, 130.6 (d, JC,F = 8.0 Hz),
130.4, 129.2, 127.2, 125.0, 123.7, 122.9, 122.2, 121.8, 120.6, 118.4,
116.9, 116.5 (d, JC,F = 21.0 Hz), 115.3 (d, JC,F = 22.0 Hz), 113.5,
111.7, 87.3, 73.8, 37.9 ppm. MS (EI): m/z (%) = 389 (5) [M + 1]+,
388 (20) [M]+, 225 (60), 220 (100), 165 (5), 132 (30). HRMS (EI):
calcd. for C23H17FN2O3 [M]+ 388.1218; found 388.1221.

3-[(2S*,3S*,4R*)-3-Nitro-2-p-tolylchroman-4-yl]-1H-indole (3a):
Colorless solid; m.p. 210–212 °C. 0.310 g, 81%. Mixture (3a + 3a�)
crystallized from 80% hexane and 20% ethyl acetate (5 mL). 1H
NMR (400 MHz, CDCl3): δ = 8.11 (s, 1 H), 7.62 (d, J = 7.8 Hz, 1
H), 7.41 (d, J = 8.0 Hz, 1 H), 7.42–7.09 (m, 9 H), 6.97 (t, J =
7.4 Hz, 1 H), 6.66 (s, 1 H), 5.32 (s, 1 H), 5.39 (s, 1 H), 4.98 (s, 1
H), 2.30 (s, 3 H) ppm. 13C NMR (100 MHz, CDCl3): δ = 154.1,
138.6, 136.7, 132.7, 130.5, 129.5, 129.3, 128.5, 125.7, 125.2, 123.1,
121.8, 120.5, 120.1, 118.1, 117.7, 117.1, 112.0, 87.7, 72.7, 37.1,
21.2 ppm. MS (EI): m/z (%) = 384 (5) [M]+, 337 (10), 246 (15), 222
(20), 221 (100), 165 (20), 130 (10), 117 (25), 91 (15), 77 (5). HRMS
(EI): calcd. for C24H20N2O3 [M]+ 384.1468; found 384.1475.

3-[(2S*,3R*,4R*)-3-Nitro-2-p-tolylchroman-4-yl]-1H-indole (3a�):
Colorless solid; m.p. 217–219 °C. 1H NMR (400 MHz, CDCl3): δ
= 8.18 (s, 1 H), 7.35–7.22 (m, 5 H), 7.20–7.12 (m, 4 H), 7.04 (t, J
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= 7.6 Hz, 2 H), 6.93–6.88 (m, 2 H), 5.56 (d, J = 9.0 Hz, 1 H), 5.43
(dd, J = 8.8, 5.5 Hz, 1 H), 5.14 (d, J = 5.3 Hz, 1 H), 2.33 (s, 3 H)
ppm. 13C NMR (100 MHz, CDCl3): δ = 153.6, 139.4, 136.3, 133.7,
130.3, 129.7, 128.9, 127.7, 127.3, 125.0, 122.8, 122.0, 121.9, 120.4,
118.4, 116.9, 113.7, 111.7, 87.4, 74.4, 37.9, 21.4 ppm. MS (EI): m/z
(%) = 384 (10) [M]+, 337 (5), 246 (10), 222 (15), 219 (100), 204
(20), 165 (15), 117 (20), 105 (15), 77 (50). HRMS (EI): calcd. for
C24H20N2O3 [M]+ 384.1468; found 384.1476.

3-[(2S*,3S*,4R*)-2-(p-Methoxyphenyl)-3-nitrochroman-4-yl]-1H-
indole (4a): Colorless solid, m.p. 201–203 °C. 0.280 g, 70%. Mixture
(4a + 4a�) crystallized from 80% hexane and 20% ethyl acetate
(5 mL). 1H NMR (400 MHz, CDCl3): δ = 8.16 (s, 1 H), 7.63 (d, J
= 7.88 Hz, 1 H), 7.40 (d, J = 8.2 Hz, 1 H), 7.32–7.17 (m, 6 H), 7.09
(d, J = 8.16 Hz, 1 H), 6.98 (t, J = 7.2 Hz, 1 H), 6.84 (d, J = 9.7 Hz,
2 H), 6.71 (d, J = 2.6 Hz, 1 H), 4.99 (s, 1 H), 5.32 (s, 1 H), 5.29 (s,
1 H), 3.79 (s, 3 H) ppm. 13C NMR (100 MHz, CDCl3): δ = 160.0,
154.3, 136.9, 130.7, 128.6, 127.9, 127.3, 125.4, 125.3, 123.2, 121.9,
120.7, 120.2, 118.3, 117.9, 117.2, 114.2, 112.0, 87.8, 72.7, 55.5,
37.2 ppm. MS (EI): m/z (%) = 400 (10) [M]+, 353 (30), 246 (15),
237 (80), 220 (100), 165 (15), 121 (15), 117 (25), 77 (10). HRMS
(EI): calcd. for C24H20N2O4 [M]+ 400.1418; found 400.1424.

3-[(2S*,3R*,4R*)-2-(p-Methoxyphenyl)-3-nitrochroman-4-yl]-1H-
indole (4a�): Colorless solid; m.p. 185–187 °C. 1H NMR (400 MHz,
CDCl3): δ = 8.15 (s, 1 H), 7.35–6.86 (m, 13 H), 5.52 (d, J = 9.2 Hz,
1 H), 5.41 (dd, J = 9.2, 5.5 Hz, 1 H) 5.15 (d, J = 5.5 Hz, 1 H), 3.79
(s, 3 H) ppm. 13C NMR (100 MHz, CDCl3): δ = 160.2, 153.3,
136.0, 130.2, 129.0, 128.8, 128.5, 127.0, 124.8, 122.5, 121.8, 121.7,
120.2, 118.2, 116.7, 114.1, 113.6, 111.4, 87.2, 73.8, 55.2, 37.8 ppm.
MS (EI): m/z (%) = 400 (10) [M]+, 353 (30), 246 (15), 237 (80), 220
(100), 165 (15), 121 (15), 117 (25), 77 (10). HRMS (EI): calcd. for
C24H20N2O4 [M]+ 400.1418; found 400.1427.

3-[(2S*,3S*,4R*)-2-(4-Chlorophenyl)-3-nitrochroman-4-yl]-1H-
indole (5a): Colorless solid; m.p. 213–215 °C. 0.330 g, 82%. Mixture
(5a + 5a�) crystallized from 70% hexane and 30% ethyl acetate
(5 mL). 1H NMR (400 MHz, CDCl3): δ = 8.14 (s, 1 H), 7.64 (d, J
= 7.8 Hz, 1 H), 7.45 (d, J = 8.0 Hz, 1 H), 7.32–7.28 (m, 4 H), 7.24–
7.18 (m, 4 H), 7.12 (d, J = 8.2 Hz, 1 H), 7.02–6.98 (m, 1 H), 6.69
(d, J = 1.6 Hz, 1 H), 5.33 (s, 1 H), 5.29 (t, J = 2.0 Hz, 1 H), 5.02
(s, 1 H) ppm. 13C NMR (100 MHz, CDCl3): δ = 153.8, 136.7,
134.6, 134.3, 130.5, 128.8, 128.5, 127.2, 125.2, 125.1, 123.2, 122.0,
120.7, 119.8, 118.0, 117.7, 117.0, 111.8, 87.2, 72.0, 37.0 ppm. MS
(EI): m/z (%) = 406 (2) [M + 2]+, 404 (5) [M]+, 357 (20), 246 (35),
241 (100), 220 (90), 204 (35), 165 (30), 125 (25), 102 (15), 89 (10).
HRMS (EI): calcd. for C23H17ClN2O3 [M]+ 404.0922; found
404.0933.

3-[(2S*,3R*,4R*)-2-(4-Chlorophenyl)-3-nitrochroman-4-yl]-1H-
indole (5a�): Colorless solid; m.p. 141–143 °C. 1H NMR (400 MHz,
CDCl3): δ = 8.20 (s, 1 H), 7.38–7.32 (m, 5 H), 7.27–7.24 (m, 2 H),
7.19 (t, J = 8.0 Hz, 1 H), 7.15 (d, J = 7.6 Hz, 1 H), 7.05 (t, J =
8.4 Hz, 2 H), 6.94 (t, J = 7.4 Hz, 1 H), 6.89 (d, J = 2.4 Hz, 1 H),
5.54 (d, J = 9.4 Hz, 1 H), 5.37 (dd, J = 9.4, 5.5 Hz, 1 H), 5.17 (d,
J = 5.5 Hz, 1 H) ppm. 13C NMR (100 MHz, CDCl3): δ = 153.1,
136.1, 135.3, 135.1, 130.3, 129.3, 129.0, 128.9, 126.9, 124.8, 122.7,
121.9, 121.7, 120.4, 118.2, 116.7, 113.4, 111.5, 87.2, 73.5, 37.9 ppm.
MS (EI): m/z (%) = 406 (3) [M + 2]+, 404 (10) [M]+, 241 (50),
220, (100), 204 (10), 132 (30), 124 (10). HRMS (EI): calcd. for
C23H17

35ClN2O3 [M]+ 404.0922; found 404.0933, and for
C23H17

37ClN2O3 [M + 2]+ 406.0893; found 406.0914.

3-[(2S*,3S*,4R*)-6-Methoxy-3-nitro-2-phenylchroman-4-yl]-1H-
indole (6a): Colorless solid; m.p. 205–207 °C; 0.296 g, 74%. Mix-
ture (6a + 6a�) crystallized from 70% hexane and 30% ethyl acetate
(5 mL). 1H NMR (400 MHz, CDCl3): δ = 8.19 (s, 1 H), 7.65 (d, J

Eur. J. Org. Chem. 2009, 4503–4514 © 2009 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.eurjoc.org 4511

= 7.8 Hz, 1 H), 7.44 (d, J = 8 Hz, 1 H), 7.29–7.19 (m, 7 H), 7.06
(d, J = 8.9 Hz, 1 H), 6.89–6.86 (m, 1 H), 6.72 (d, J = 8.7 Hz, 2 H),
5.32 (s, 1 H), 5.27 (s, 1 H), 4.99 (s, 1 H), 3.70 (s, 3 H) ppm. 13C
NMR (100 MHz, CDCl3): δ = 154.3, 148.1, 136.9, 135.9, 128.6,
128.5, 125.7, 125.5, 125.2, 122.6, 120.8, 120.1, 117.7, 117.6, 116.7,
115.2, 114.2, 112.1, 87.7, 72.6, 55.6, 37.5 ppm. MS (EI): m/z (%) =
400 (100) [M]+, 359 (90), 276 (20), 237 (90). HRMS (EI): calcd. for
C24H20N2O4 [M]+ 400.1423; found 400.1422.

3-[(2S*,3R*,4R*)-6-Methoxy-3-nitro-2-phenylchroman-4-yl]-1H-
indole (6a�): Colorless solid; m.p. 211–212 °C. 1H NMR (400 MHz,
CDCl3): δ = 8.22 (s, 1 H), 7.45–7.42 (m, 2 H), 7.39–7.32 (m, 5 H),
7.21 (t, J = 7.2 Hz, 1 H), 7.08 (t, J = 7.2 Hz, 1 H), 7.01 (d, J =
8.9 Hz, 1 H), 6.95 (d, J = 2.4 Hz, 1 H), 6.87–6.84 (m, 1 H), 6.66
(d, J = 2.8 Hz, 1 H), 5.59 (d, J = 8.8 Hz, 1 H), 5.46 (dd, J = 8.8,
5.5 Hz, 1 H), 5.12 (d, J = 5.4 Hz, 1 H), 3.69 (s, 3 H) ppm. 13C
NMR (100 MHz, CDCl3): δ = 154.5, 147.5, 136.9, 136.2, 129.4,
128.9, 127.8, 127.3, 125.1, 122.8, 122.4, 120.5, 118.4, 117.7, 115.9,
113.9, 113.5, 111.7, 87.5, 74.6, 55.9, 37.8 ppm. MS (EI): m/z (%) =
400 (100) [M]+, 353 (30), 250 (65), 237 (25), 205 (5), 132 (5). HRMS
(EI): calcd. for C24H20N2O4 [M]+ 400.1423; found 400.1422.

3-[(2S*,3S*,4R*)-6-Bromo-3-nitro-2-phenylchroman-4-yl]-1H-indole
(7a): Colorless solid; m.p. 232–234 °C; 0.372 g, 83 %. Mixture (7a
+ 7a�) crystallized from 60% hexane and 40% ethyl acetate (5 mL).
1H NMR (400 MHz, CDCl3): δ = 8.21 (s, 1 H), 7.64 (d, J = 7.8 Hz,
1 H), 7.46 (d, J = 8.1 Hz, 1 H), 7.40 (d, J = 8 Hz, 1 H), 7.34–7.31
(m, 5 H), 7.25–7.20 (m, 3 H), 7.03 (d, J = 8.7 Hz, 1 H), 6.73 (s, 1
H), 5.34 (s, 1 H), 5.28 (s, 1 H), 4.98 (s, 1 H) ppm. 13C NMR
(100 MHz, CDCl3): δ = 152.4, 136.2, 134.6, 132.1, 130.4, 127.9,
127.8, 125.0, 124.9, 124.3, 122.3, 121.7, 119.1, 118.1, 116.7, 114.9,
112.9, 111.6, 86.6, 71.8, 36.1 ppm. MS (EI): m/z (%) = 450 (50) [M
+ 2]+, 448 (55) [M]+, 403 (90), 401 (85), 326 (10), 324 (15), 287
(90), 285 (95), 206 (10), 132 (10). (%). HRMS (EI): calcd. for
C23H17BrN2O3 [M]+ 448.0423; found 448.0424.

3-[(2S*,3R*,4R*)-6-Bromo-3-nitro-2-phenylchroman-4-yl]-1H-
indole (7a�): Colorless solid; m.p. 244–246 °C. 1H NMR (400 MHz,
CDCl3): δ = 11.22 (s, 1 H), 7.55–7.53 (m, 2 H), 7.41–7.36 (m, 5 H),
7.26–7.24 (m, 2 H), 7.10–7.06 (m, 2 H), 7.00–6.98 (d, J = 8.8 Hz,
1 H), 6.96 (t, J = 7.4 Hz, 1 H), 6.10 (dd, J = 9.4, 5.8 Hz,1 H), 5.59
(d, J = 9.4 Hz, 1 H), 4.99 (d, J = 5.8 Hz, 1 H) ppm. 13C NMR
(100 MHz, CDCl3): δ = 152.37, 136.9, 136.5, 132.9, 131.6, 129.7,
129.1, 128.7, 127.2, 126.4, 125.8, 121.8, 119.6, 119.1, 118.2, 113.0,
112.3, 112.2, 85.6, 74.3, 37.2 ppm. MS (EI): m/z (%) = 450 (98) [M
+ 2]+, 448 (100) [M]+, 403 (35), 401 (30), 326 (10), 301 (15), 298
(25), 287 (50), 285 (45), 206 (10), 132 (85). HRMS (EI): calcd. for
C23H17BrN2O3 [M]+ 448.0423; found 448.0423.

1-Methyl-3-[(2S*,3S*,4R*)-3-nitro-2-phenylchroman-4-yl]-1H-
indole (8a): Colorless solid; m.p. 243–245 °C. 0.372 g, 83%. Mixture
(8a + 8a�) crystallized from 80% hexane and 20% ethyl acetate
(5 mL). 1H NMR (400 MHz, CDCl3): δ = 7.64 (d, J = 7.6 Hz, 1
H), 7.62–7.19 (m, 10 H), 7.14 (d, J = 8.4 Hz, 1 H), 7.01 (d, J =
7.2 Hz, 1 H), 6.55 (s, 1 H), 5.37 (s, 1 H), 5.32 (s, 1 H), 5.10 (s, 1
H), 3.73 (s, 3 H) ppm. 13C NMR (100 MHz, CDCl3): δ = 154.2,
137.7, 135.9, 130.7, 129.8, 128.9, 128.8, 128.6, 126.1, 125.8, 122.8,
122.0, 120.3, 120.2, 118.4, 117.2, 116.3, 110.1, 87.8, 72.7, 37.3,
33.1 ppm. MS (EI): m/z (%) = 384 (50) [M]+, 336 (10), 259 (10),
232 (100), 206 (50), 145 (90), 130 (5). HRMS (EI): calcd. for
C24H20N2O3 [M]+ 384.1468; found 384.1470.

1-Methyl-3-[(2S*,3R*,4R*)-3-nitro-2-phenylchroman-4-yl]-1H-
indole (8a�): Colorless solid; m.p. 178–180 °C. 1H NMR (400 MHz,
CDCl3): δ = 7.32 (d, J = 7.3 Hz, 1 H), 7.43–7.14 (m, 10 H), 7.05–
7.03 (d, J = 8.0 Hz, 1 H), 6.94 (t, J = 7.4 Hz, 1 H), 6.74 (s, 1 H),
5.60 (d, J = 8.9 Hz, 1 H), 5.44–5.40 (dd, J = 12.5, 8.9 Hz, 1 H),
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5.13 (d, J = 5.4 Hz, 1 H), 3.74 (s, 3 H) ppm. 13C NMR (100 MHz,
CDCl3): δ = 153.5, 136.8, 130.3, 129.6, 129.4, 129.1, 129.0, 128.8,
127.9, 126.0, 125.8, 122.3, 121.9, 120.0, 118.4, 116.9, 111.9, 109.8,
87.5, 74.53, 37.7, 33.1 ppm. MS (EI): m/z (%) = 384 (50) [M]+, 355
(10), 234 (100), 206 (50), 145 (55). HRMS (EI): calcd. for
C24H20N2O3 [M]+ 384.1468; found 384.1466.

3-[(2S*,3S*,4R*)-3-Nitro-2-phenylchroman-4-yl]-2-phenyl-1H-
indole (9a): Colorless solid; m.p. 198–200 °C. 0.325 g, 73 %. 1H
NMR (400 MHz, CDCl3): δ = 8.26 (s, 1 H), 7.44–7.38 (m, 6 H),
7.31–7.24 (m, 7 H), 7.18 (t, J = 7.2 Hz, 1 H), 7.07–7.02 (m, 2 H),
6.96 (t, J = 7.4 Hz, 1 H), 6.91 (t, J = 7.6 Hz, 1 H), 5.70 (s, 1 H),
5.40 (s, 1 H), 5.05 (s, 1 H) ppm. 13C NMR (100 MHz, CDCl3): δ
= 153.7, 136.9, 135.9, 135.5, 131.9, 129.9, 129.1, 128.8, 128.8, 128.7,
128.6, 128.5, 128.4, 125.8, 122.6, 122.2, 121.2, 120.5, 119.4, 116.8,
111.5, 111.3, 89.7, 75.0, 35.8 ppm. MS (EI): m/z (%) = 446 (10)
[M]+, 399 (15), 322 (20), 296 (40), 282 (30), 220 (40), 207 (100), 165
(45), 152 (15), 115 (10), 103 (25), 77 (35). HRMS (EI): calcd. for
C29H22N2O3 [M]+ 446.1625; found 446.1624.

3-[(2S*,3S*,4R*)-2-(3-Fluorophenyl)-3-nitrochroman-4-yl]-2-phenyl-
1H-indole (10a): Colorless solid; m.p. 196–198 °C. 0.385 g, 83%. 1H
NMR (400 MHz, CDCl3): δ = 8.30 (s, 1 H), 7.46–7.39 (m, 6 H),
7.32–7.20 (m, 2 H), 7.19 (t, J = 7.8 Hz, 1 H), 7.15 (d, J = 8.2 Hz,
1 H), 7.09–6.88 (m, 7 H), 5.68 (s, 1 H), 5.38 (s, 1 H), 5.08 (s, 1 H)
ppm. 13C NMR (100 MHz, CDCl3): δ = 164.0 (d, JC,F = 245.0 Hz),
153.4, 138.2 (d, JC,F = 7.0 Hz), 137.1, 136.0, 131.9, 130.3 (d, JC,F

= 27.0 Hz) 130.2, 129.2, 128.9, 128.6, 127.1, 123.4 (d, JC,F =
24.0 Hz), 121.6 (d, JC,F = 3.0 Hz), 121.2, 120.7, 119.3, 116.9, 115.8
(d, JC,F = 21.0 Hz), 113.3 (d, JC,F = 24.0 Hz), 111.5, 111.4, 89.7,
74.3, 36.0 ppm. MS (EI): m/z (%) = 464 (10) [M]+, 417 (20), 340
(10), 322 (20), 296 (30), 280 (10), 225 (100), 206 (30), 165 (10), 109
(10), 77 (5). HRMS (EI): calcd. for C29H21FN2O3 [M]+ 464.1531;
found 464.1533.

3-[(2S*,3S*,4R*)-2-(4-Chlorophenyl)-3-nitrochroman-4-yl]-2-
phenyl-1H-indole (11a): Colorless solid; m.p. 197–199 °C; 0.389 g,
81%. 1H NMR (400 MHz, CDCl3): δ = 8.27 (s, 1 H), 7.44–7.38
(m, 6 H), 7.30–7.16 (m, 6 H), 7.11 (d, J = 8.1 Hz, 1 H), 7.07 (d, J
= 7.6 Hz, 1 H), 6.99–6.88 (m, 3 H), 5.65 (s, 1 H), 5.35 (s, 1 H), 5.04
(s, 1 H) ppm. 13C NMR (100 MHz, CDCl3): δ = 153.7, 137.2,
136.1, 134.9, 134.3, 132.1, 130.2, 129.4, 129.1, 128.0, 128.8, 127.5,
127.2, 122.9, 122.6, 121.3, 120.8, 119.5, 117.1, 111.6, 111.5, 89.8,
74.6, 36.0 ppm. MS (EI): m/z (%) = 482 (2) [M + 2]+, 480 (5)
[M]+, 433 (5), 308 (10), 296 (35), 243 (30), 241 (100), 204 (30), 193
(40), 165 (30), 125 (40) , 77 (15). HRMS (EI) : calcd . for
C29H21

35ClN2O3 [M]+ 480.1235; found 480.1241, and for
C29H21

37ClN2O3 [M + 2]+ 482.1206; found 482.1229.

3-[(2S*,3S*,4R*)-3-Nitro-2-(thiophen-2-yl)chroman-4-yl]-2-phenyl-
1H-indole (12a): Colorless solid; m.p. 195–197 °C; 0.319 g, 76%.
1H NMR (400 MHz, CDCl3): δ = 8.22 (s, 1 H), 7.49–7.36 (m, 6
H), 7.24–7.21 (m, 2 H), 7.17 (t, J = 7.6 Hz, 1 H), 7.12 (d, J =
7.6 Hz, 1 H), 7.00 (d, J = 8.0 Hz, 2 H), 6.98 (t, J = 7.6 Hz, 1 H),
6.93–6.89 (m, 3 H), 6.07 (d, J = 3.9 Hz, 1 H), 5.61–5.59 (m, 1 H),
5.30 (d, J = 7.6 Hz, 1 H) ppm. 13C NMR (100 MHz, CDCl3): δ =
152.3, 137.8, 136.7, 136.2, 132.3, 129.9, 129.2, 128.9, 128.8, 128.6,
127.2, 126.8, 126.7, 122.8, 122.7, 122.2, 120.6, 119.3, 117.5, 111.5,
110.3, 87.1, 73.1, 34.5 ppm. MS (EI): m/z (%) = 452 (5) [M]+, 308
(10), 220 (20), 213 (100), 204 (20), 165 (15), 152 (10), 97 (15), 84
(5). HRMS (EI): calcd. for C27H20N2O3S [M]+ 452.1189; found
452.1186.

3-[(2S*,3S*,4R*)-8-Methoxy-3-nitro-2-phenylchroman-4-yl]-2-
phenyl-1H-indole (13a): Yellow solid; m.p. 248–250 °C; 0.302 g,
73%. 1H NMR (400 MHz, CDCl3 + [D6]DMSO): δ = 10.09 (s, 1
H), 7.44–7.34 (m, 6 H), 7.29 (s, 5 H), 7.15 (t, J = 7.4 Hz, 1 H), 7.05
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(s, 1 H), 6.92 (t, J = 7.4 Hz, 1 H), 6.86–6.79 (m, 2 H), 6.67 (d, J =
6.5 Hz, 1 H), 5.75 (s, 1 H), 5.43 (s, 1 H), 5.05 (s, 1 H), 3.94 (s, 3
H) ppm. 13C NMR (100 MHz, [D6]DMSO): δ = 148.4, 143.6,
137.8, 136.8, 136.1, 132.7, 129.2, 129.1, 128.9, 128.8, 128.6, 127.0,
126.4, 122.9, 122.1, 122.0, 121.5, 119.9, 119.2, 112.3, 111.2, 109.9,
89.3, 75.1, 56.2, 36.3 ppm. MS (EI): m/z (%) = 476 (100) [M]+, 428
(50), 325 (10), 282 (10), 237 (90), 205 (5). HRMS (EI): calcd. for
C30H24N2O4 [M]+ 476.1736; found 476.1737.

3-[(2S*,3S*,4R*)-6-Methoxy-3-nitro-2-phenylchroman-4-yl]-2-
phenyl-1H-indole (14a): Colorless solid; m.p. 203–205 °C; 0.338 g,
71%. 1H NMR (400 MHz, CDCl3): δ = 8.26 (s, 1 H), 7.44–7.39
(m, 6 H), 7.32–7.25 (m, 5 H), 7.19 (t, J = 8.8 Hz, 1 H), 7.08 (s, 1
H), 7.06 (d, J = 8.8 Hz, 1 H), 6.98 (t, J = 7.4 Hz, 1 H), 6.83 (dd,
J = 8.7, 2.6 Hz, 1 H), 6.57 (d, J = 2.6 Hz, 1 H) 5.65 (s, 1 H), 5.36
(s, 1 H), 5.03 (s, 1 H), 3.62 (s, 3 H) ppm. 13C NMR (100 MHz,
CDCl3): δ = 154.7, 148.1, 137.0, 136.1, 135.8, 132.1, 129.2, 128.9,
128.8, 128.7, 127.2, 125.9, 122.7, 122.2, 120.6, 120.4, 119.6, 117.7,
114.7, 114.6, 111.5, 111.4, 90.2, 75.3, 55.7, 36.5 ppm. MS (EI): m/z
(%) = 476 (100) [M]+, 429 (55), 237 (70), 208 (40). HRMS (EI):
calcd. for C30H24N2O4 [M]+ 476.1736; found 476.1734.

3-[(2S*,3S*,4R*)-6-Bromo-3-nitro-2-phenylchroman-4-yl]-2-phenyl-
1H-indole (15a): Colorless solid; m.p. 214–216 °C; 0.408 g, 78 %.
1H NMR (400 MHz, CDCl3): δ = 8.30 (s, 1 H), 7.43–7.40 (m, 6
H), 7.33–7.32 (m, 4 H), 7.27–7.25 (m, 2 H), 7.23 (t, J = 7.7 Hz, 1
H), 7.16 (s, 1 H), 7.13 (s, 1 H), 7.02 (t, J = 8 Hz, 2 H), 5.68 (s, 1
H), 5.34 (s, 1 H), 5.00 (s, 1 H) ppm. 13C NMR (100 MHz, [D6]
DMSO): δ = 153.3, 138.0, 136.6, 135.7, 132.5, 132.4, 131.7, 129.4,
129.2, 128.9, 128.8, 127.8, 126.8, 126.3, 124.5, 122.1, 120.1, 119.2,
118.8, 113.7, 112.4, 109.3, 88.5, 74.7, 36.2 ppm. MS (EI): m/z (%)
= 526 (98) [M + 2]+, 524 (100) [M]+, 481 (62), 479 (60), 400 (10),
287 (85), 285 (80), 208 (25), 193 (10). HRMS (EI): calcd. for
C29H21BrN2O3 [M]+ 524.0736; found 524.0737.

3-[(2S*,3S*,4R*)-6,8-Dibromo-3-nitro-2-phenylchroman-4-yl]-2-
phenyl-1H-indole (16a): Colorless solid; m.p. 186–188 °C; 0.489 g,
81%. 1H NMR (400 MHz, CDCl3): δ = 8.35 (s, 1 H), 7.62 (s, 1 H),
7.47–7.44 (m, 6 H), 7.36 (s, 5 H), 7.23 (d, J = 6.7 Hz, 1 H), 7.13–
7.05 (m, 3 H), 5.78 (s, 1 H), 5.41 (s, 1 H), 5.02 (s, 1 H) ppm. 13C
NMR (100 MHz, CDCl3): δ = 149.8, 137.3, 135.9, 134.6, 134.5,
131.9, 131.6, 129.2, 129.1, 129.0, 128.8, 128.7, 126.7, 125.7, 124.2,
123.1, 121.1, 118.9, 114.1, 111.9, 111.6, 110.6, 89.0, 75.1, 36.8 ppm.
MS (EI): m/z (%) = 606 (30) [M + 4]+, 604 (70) [M + 2]+, 602 (40)
[M]+, 558 (25), 556 (50), 554 (10), 366 (40), 364 (98), 362 (50), 282
(20), 207 (50), 193 (10). HRMS (EI): calcd. for C29H20Br2N2O3

[M]+ 601.9841; found 601.9843.

3-[(2S*,3S*,4R*)-2-(4-Methoxyphenyl)-3-nitrochroman-4-yl]-2-
methyl-1H-indole (17a): Colorless solid; m.p. 202–204 °C; 0.223 g,
54%. 1H NMR (400 MHz, CDCl3): δ = 7.90 (s, 1 H), 7.29 (d, J =
8.6 Hz, 2 H), 7.19 (d, J = 8.6 Hz, 2 H), 7.12 (d, J = 8.0 Hz, 2 H),
7.05 (d, J = 6.7 Hz, 2 H), 6.92 (t, J = 7.3 Hz, 2 H), 6.85 (d, J =
8.6 Hz, 2 H), 5.51 (s, 1 H), 5.30 (s, 1 H), 4.92 (s, 1 H), 3.77 (s, 3
H), 2.19 (s, 3 H) ppm. 13C NMR (100 MHz, CDCl3): δ = 160.0,
154.0, 135.4, 133.9, 130.3, 128.7, 127.8, 127.5, 127.1, 122.2, 121.8,
120.7, 120.2, 118.1, 117.0, 114.2, 110.8, 100.2, 88.6, 74.5, 55.4, 35.9,
12.3 ppm. MS (EI): m/z (%) = 414 (15) [M]+, 352 (10), 250 (20),
236 (100), 220 (40), 194 (10), 165 (15), 131 (10), 77 (5). HRMS
(EI): calcd. for C25H22N2O4 [M]+ 414.1574; found 414.1578.

2-Methyl-3-[(2S*,3S*,4R*)-3-nitro-2-(thiophen-2-yl)chroman-4-yl]-
1H-indole (18a): Colorless solid; m.p. 241–243 °C; 0.285 g, 73%.
1H NMR (400 MHz, CDCl3): δ = 7.91 (s, 1 H), 7.28–7.21 (m, 3
H), 7.11–7.06 (m, 2 H), 6.97–6.88 (m, 6 H), 6.02 (s, 1 H), 5.53 (s,
1 H), 5.10 (s, 1 H), 1.68 (s, 3 H) ppm. 13C NMR (100 MHz,
CDCl3): δ = 151.3, 135.9, 134.7, 133.7, 129.0, 127.4, 125.7, 125.6,
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125.5, 125.4, 121.3, 120.6, 119.6, 118.1, 116.3, 116.0, 110.1, 107.0,
86.0, 71.0, 33.8, 10.8 ppm. MS (EI): m/z (%) = 390 (10) [M]+, 246
(10), 234 (20), 220 (40), 213 (100), 204 (20), 165 (10), 130 (20), 97
(30), 84 (10), 77 (5). HRMS (EI): calcd. for C22H18N2O3S [M]+

390.1033; found 390.1033.

3-[(2S*,3S*,4R*)-2-(2-Methoxyphenyl)-3-nitrochroman-4-yl]-2-
methyl-1H-indole (19a): Colorless solid, m.p. 193–195 °C; 0.286 g,
69%. 1H NMR (400 MHz, CDCl3): δ = 7.89 (s, 1 H), 7.56 (d, J =
7.52 Hz, 1 H), 7.33–7.24 (m, 3 H), 7.14–7.04 (m, 3 H), 7.01–6.93
(m, 4 H), 6.80 (d, J = 8.2 Hz, 1 H), 5.80 (s, 1 H), 5.50 (s, 1 H),
5.00 (s, 1 H), 3.40 (s, 3 H), 2.08 (s, 3 H) ppm. 13C NMR (100 MHz,
CDCl3): δ = 155.7, 154.7, 135.3, 133.5, 130.3, 129.7, 128.5, 127.4,
127.0, 124.4, 122.2, 121.7, 121.4, 121.1, 120.1, 118.1, 117.1, 110.6,
110.2, 86.6, 70.1, 55.2, 36.8, 12.4 ppm. MS (EI): m/z (%) = 414 (50)
[M]+, 367 (70), 352 (50), 337 (10), 260 (15), 248 (20), 236 (100), 219
(50), 144 (35), 90 (10). HRMS (EI): calcd. for C25H22N2O4 [M]+

414.1574; found 414.1586.

2-Methyl-3-{(2S*,3S*,4R*)-3-nitro-2-[(trifluoromethyl)phenyl]chro-
man-4-yl}-1H-indole (20a): Colorless solid; m.p. 188–190 °C;
0.357 g, 78%. 1H NMR (400 MHz, CDCl3): δ = 7.87 (s, 1 H), 7.79
(d, J = 7.8 Hz, 1 H), 7.62 (t, J = 6.7 Hz, 2 H), 7.46 (t, J = 7.6 Hz,
1 H), 7.31 (t, J = 7.1 Hz, 2 H), 7.24–7.02 (m, 6 H), 5.72 (s, 1 H),
5.18 (s, 1 H), 5.08 (s, 1 H), 1.80 (s, 3 H) ppm. 13C NMR (100 MHz,
CDCl3+[D6]DMSO): δ = 154.6, 135.2, 134.4, 132.6, 130.4, 129.3,
128.5, 128.4, 127.3, 126.9 (q, JC,F = 30.0 Hz), 126.2 (q, JC,F =
5.0 Hz) 124.4 (q, JC,F = 272.0 Hz), 122.8, 121.9, 120.0, 120.2, 117.1,
116.8, 110.8, 110.4, 87.9, 70.1, 37.7, 12.2 ppm. MS (EI): m/z (%) =
452 (60) [M]+, 405 (65), 390 (90), 288 (85), 275 (100), 234 (55), 219
(40), 203 (25), 144 (60), 129 (20), 115 (10). HRMS (EI): calcd. for
C25H19F2N2O3 [M]+ 452.1342; found 452.1350.

3-[(2S*,3S*,4R*)-6-Chloro-3-nitro-2-phenylchroman-4-yl]-2-methyl-
1H-indole (21a): Colorless solid; m.p. 209–211 °C, 0.327 g, 79%. 1H
NMR (400 MHz, CDCl3): δ = 7.97 (s, 1 H), 7.32–7.23 (m, 8 H),
7.19 (s, 1 H), 7.10–7.01 (m, 3 H), 5.53 (s, 1 H), 5.28 (s, 1 H), 4.89
(s, 1 H), 2.22 (s, 3 H) ppm. 13C NMR (100 MHz, CDCl3): δ =
152.0, 135.0, 134.8, 133.7, 129.1, 128.3, 128.0, 127.9, 126.2, 126.1,
125.2, 122.2, 120.5, 119.0, 117.7, 116.6, 110.7, 107.9, 87.7, 73.6,
35.7, 11.6 ppm. MS (EI): m/z (%) = 420 (5) [M + 2]+, 418 (25)
[M]+, 371 (25), 356 (25), 294 (10), 254 (10), 239 (100), 219 (30), 143
(20), 130 (10), 77 (5). HRMS (EI): calcd. for C24H19ClN2O3 [M]+

418.1079; found 418.1085. and for C24H19
37ClN2O3 [M + 2]+

420.1049; found 420.1069.

3-[(2S*,3S*,4R*)-8-Methoxy-3-nitro-2-phenylchroman-4-yl]-2-
methyl-1H-indole (22a): Colorless solid; m.p. 229–231 °C; 0.302 g,
73%. 1H NMR (400 MHz, CDCl3): δ = 7.91 (s, 1 H), 7.31–7.25
(m, 7 H), 7.11 (s, 1 H), 6.98 (s, 1 H), 6.87 (s, 2 H), 6.65 (s, 1 H),
5.64 (s, 1 H), 5.38 (s, 1 H), 4.92 (s, 1 H), 3.92 (s, 3 H), 2.22 (s, 3
H) ppm. 13C NMR (100 MHz, [D6]DMSO): δ = 147.8, 143.1,
135.9, 135.2, 134.3, 128.5, 128.4, 126.8, 125.8, 121.7, 121.5, 122.3,
120.4, 118.9, 117.2, 110.9, 110.4, 108.7, 88.2, 73.4, 55.6, 35.7,
11.7 ppm. MS (EI): m/z (%) = 414 (90) [M]+, 367 (25), 352 (15),
237 (98), 219 (10). HRMS (EI) m/z. calcd. for C25H22N2O4 [M]+

414.1580; found 414.1581.

3-[(2S*,3S*,4R*)-6-Methoxy-3-nitro-2-phenylchroman-4-yl]-2-
methyl-1H-indole (23a): Colorless solid; m.p. 188–190 °C; 0.293 g,
71%. 1H NMR (400 MHz, CDCl3): δ = 8.00 (s, 1 H), 7.31–7.24
(m, 7 H), 7.13–6.99 (m, 3 H), 6.87 (d, J = 8.8 Hz, 1 H), 6.60 (s, 1
H), 5.47 (s, 1 H), 5.26 (s, 1 H), 4.93 (s, 1 H), 3.64 (s, 3 H), 2.04 (s,
3 H) ppm. 13C NMR (100 MHz, CDCl3): δ = 154.8, 148.0, 135.8,
135.2, 133.6, 129.3, 128.8, 128.7, 127.0, 125.9, 121.8, 121.2, 120.2,
117.7, 115.2, 114.2, 110.8, 110.2, 88.7, 74.5, 55.7, 36.6, 12.2 ppm.
MS (EI) m/z (%) MS (EI): m/z (%) = 414 (100) [M]+, 367 (30), 351
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(25), 289 (5), 237 (70), 220 (5). HRMS (EI): calcd. for C25H22 N2O4

[M]+ 414.1580; found 414.1579.

3-[(2S*,3S*,4R*)-6-Bromo-3-nitro-2-phenylchroman-4-yl]-2-methyl-
1H-indole (24a): Colorless solid; m.p. 218–220 °C; 0.379 g, 82%.
1H NMR (400 MHz, CDCl3): δ = 7.96 (s, 1 H), 7.40 (dd, J = 8.7,
2.0 Hz, 1 H), 7.34–7.31 (m, 4 H), 7.25 (m, 3 H), 7.21 (s, 1 H), 7.15
(s, 1 H), 7.05 (d, J = 8.7 Hz, 2 H), 5.53 (s, 1 H), 5.29 (s, 1 H), 4.90
(s, 1 H), 2.20 (s, 3 H) ppm. 13C NMR (100 MHz, CDCl3 + [D6]-
DMSO): δ = 153.0, 135.5, 135.3, 134.4, 132.6, 131.4, 128.9, 128.6,
126.7, 125.8, 123.1, 121.2, 119.7, 118.7, 117.4, 114.1, 111.1, 108.8,
88.2, 74.1, 36.2, 12.2 ppm. MS (EI): m/z (%) = 464 (90) [M + 2]+,
462 (100) [M]+, 417 (30), 415 (30), 400 (20), 398 (15), 287 (98), 285
(99), 220 (35), 146 (30), 144 (10). HRMS (EI): calcd. for
C24H19BrN2O3 [M]+ 462.0579; found 462.0579.

3-[(2S*,3S*,4R*)-6,8-Dibromo-3-nitro-2-phenylchroman-4-yl]-2-
methyl-1H-indole (25a): Colorless solid; m.p. 218–220 °C; 0.466 g,
86%. 1H NMR (400 MHz, CDCl3): δ = 7.98 (s, 1 H), 7.69 (s, 1 H),
7.35–7.31 (m, 7 H), 7.17 (s, 2 H), 7.03 (s, 1 H), 5.61 (s, 1 H), 5.30
(s, 1 H), 4.91 (s, 1 H), 2.22 (s, 3 H) ppm. 13C NMR (100 MHz,
CDCl3): δ = 149.7, 135.5, 134.7, 134.2, 134.1, 131.9, 128.9, 128.7,
126.6, 125.6, 124.3, 121.4, 119.9, 117.1, 113.9, 111.7, 111.2, 108.4,
87.9, 74.6, 36.7, 12.3 ppm. MS (EI): m/z (%) = 544 (40) [M + 4]+,
542 (70) [M + 2]+, 540 (40) [M]+, 496 (18), 494 (20), 498 (22), 366
(30), 364 (98), 362 (65), 220 (20), 146 (25). HRMS (EI): calcd. for
C24H18Br2N2O3 [M]+ 539.9684; found 539.9685.

3-[(3R*,4S*)-2,2-Dimethyl-3-nitrochroman-4-yl)-1H-indole (26a):
Colorless solid; m.p. 212–214 °C. 0.1455 g, 45 %. 1H NMR
(400 MHz, CDCl3): δ = 8.10 (s, 1 H), 7.37 (d, J = 8 Hz, 1 H), 7.19–
7.13 (m, 3 H), 6.96–6.93 (m, 4 H), 6.81 (t, J = 7.6 Hz, 1 H), 5.16
(d, J = 12 Hz, 1 H), 5.03 (d, J = 12 Hz, 1 H), 1.57 (s, 3 H), 1.56
(s, 3 H) ppm. 13C NMR (100 MHz, CDCl3): δ = 151.6, 136.9,
129.6, 128.5, 125.3, 124.5, 122.4, 122.3, 121.7, 119.9, 119.4, 117.3,
112.6, 111.6, 93.4, 75.4, 36.9, 27.0, 19.5 ppm. MS (EI): m/z (%) =
322 (80) [M]+, 275 (15), 260 (100), 158 (5). HRMS (EI): calcd. for
C19H18N2O3 [M]+ 322.1312; found 322.1307.

3-[(3S*,4S*)-2,2-Dimethyl-3-nitrochroman-4-yl]-1H-indole (26a�):
Colorless solid; m.p. 197–199 °C. 0.138 g, 43 %. 1H NMR
(400 MHz, CDCl3): δ = 8.21 (s, 1 H), 7.44 (d, J = 8.0 Hz, 1 H),
7.19–7.13 (m, 3 H), 6.96–6.93 (m, 4 H), 6.66 (d, J = 8 Hz, 1 H),
5.16 (d, J = 12 Hz, 1 H), 5.03 (d, J = 11.6 Hz, 1 H), 1.57 (s, 3 H),
1.56 (s, 3 H) ppm. 13C NMR (100 MHz, CDCl3): δ = 152.9, 135.8,
128.8, 128.4, 127.1, 124.5, 122.5, 121.1, 120.5, 119.9, 117.4, 114.6,
111.8, 111.2, 90.6, 73.6, 33.6, 26.4, 25.2 ppm. MS (EI): m/z (%) =
322 (100) [M]+, 260 (25), 220 (15), 132 (50). HRMS (EI): calcd. for
C19H18N2O3 [M]+ 322.1312; found 322.1312.

3-[(3R*,4S*)-2,2-Dimethyl-3-nitro-2H-chromen-4-yl]-2-methyl-1H-
indole (27a): Colorless solid, m.p. 199–201 °C. 0.282 g, 84 %. 1H
NMR (400 MHz, CDCl3): δ = 7.84 (s, 1 H), 7.23 (s, 1 H), 7.17 (t,
J = 7.5 Hz, 1 H), 7.05 (t, J = 7.5 Hz, 1 H), 6.95 (d, J = 8.1 Hz, 1
H), 6.85 (t, J = 7.5 Hz, 2 H), 6.78 (t, J = 7.4 Hz, 1 H), 6.66 (d, J
= 7.9 Hz, 1 H), 5.24 (d, J = 11.6 Hz, 1 H), 4.99 (d, J = 11.6 Hz, 1
H), 2.46 (s, 3 H), 1.58 (s, 3 H), 1.51 (s, 3 H) ppm. 13C NMR
(100 MHz, CDCl3): δ = 151.8,136.0, 134.6, 129.4, 128.4, 125.8,
122.5, 121.8, 121.4, 119.6, 118.7, 117.3, 110.7, 107.6, 92.3, 75.6,
36.0, 27.0, 19.54, 11.4 ppm. MS (EI): m/z (%) = 336 (80) [M]+, 274
(100), 220 (10), 172 (5) , 144 (5) . HRMS (EI) : calcd . for
C20H20N2O3 [M]+ 336.1468; found 336.1468.

1,4-Bis[4-(2-methyl-1H-indol-3-yl)-3-nitrochroman-2-yl]benzene
(28a): Colorless solid, m.p. 306–308 °C; 0.366 g, 53%. 1H NMR
(400 MHz, [D6]DMSO): δ = 11.09 (s, 2 H), 7.49–6.80 (m, 20 H),
5.54 (s, 2 H), 5.38 (s, 2 H), 5.02 (s, 2 H), 2.36 (s, 6 H) ppm. 13C
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NMR (100 MHz, [D6]DMSO): δ = 153.4, 136.1, 135.1, 134.3,
130.1, 128.1, 126.8, 126.1, 125.9, 121.8, 121.0, 120.2, 118.8, 117.1,
116.3, 110.8, 88.1, 73.1, 35.6, 11.6 ppm. MS (EI): m/z (%) = 690
(10) [M]+, 643 (5), 559 (30), 513 (25), 482 (20), 428 (15), 382 (80),
336 (50), 278 (10), 260 (20), 234 (40), 220 (50), 146 (65), 130 (100),
103 (10). HRMS (EI): calcd. for C42H34N4O6 [M]+ 690.2473; found
690.2452.
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