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Abstract

Direct synthesis of the pyrrolophenanthridone scaffold was explored using an intramolecular
Pd(Il)-mediated coupling reaction of different N-acylindolines via C-H activation,
Amaryllidaceae alkaloids of the lycorine type belong to this type. Depending on the
substitution pattern of the starting materials, the pathway yielded different product patterns
and vyields. Introduction of electron-withdrawing substituents into the 6-position of the
indoline moiety did not improve coupling. Seven N-acylindoline precursors were structurally
characterized by X-ray crystallography and NMR spectroscopy. The crystal structure of the
lycorine type alkaloid oxoassoanine is reported for the first time.
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1. Introduction

Amaryllidaceae alkaloids are a diverse group of natural products isolated from one of the
approximately 2260 species of 80 genera that belong to the Amaryllidaceae family [1]. They
are classified in nine structural types based on their biosynthetic pathway [2]. One of these is
the lycorine type, which possesses a pyrrolophenanthridone skeleton (Scheme 1) with a dioxol
or a similar functional group. One important example is oxoassoanine, which was originally
isolated from aerial parts of Narcissus assoanus Duf. in 1986 [3]. It is the precursor of

pratosine, which was identified in 1983 as constituent of bulbs of Crinum latifolium L. [4].

lycorine oxoassoanine

Scheme 1. Chemical diagrams of the Amaryllidaceae alkaloids lycorine and oxoassoanine,
showing the conventional ring labelling and atom numbering of the pyrrolophenanthridone

skeleton.

Crinum is the largest genus within Amaryllidaceae and Crinum species have been
widely used in traditional medicine to treat different kinds of ailments [5]. Alkaloids of the
lycorine type exhibit a variety of pharmacological properties, e.g. anti-cancer [6-9], anti-
bacterial [10, 11], anti-fungal [10, 11] and anti-viral [12, 13], and are therefore of particular

interest in drug discovery.

A straightforward synthesis of the pyrrolophenanthridone scaffold using an
intramolecular Pd(I1)-mediated coupling reaction of N-acylindolines via C—H activation was
first reported by Black et al. [14, 15]. It is thus of interest to investigate the Pd(I1)-mediated
oxidative coupling of a variety of N-acylindolines to determine scope and limitations of this
reaction in the preparation of compounds with the pyrrolophenanthridone scaffold. Of
particular importance is how the structure of the N-acylindoline precursors affects the
resulting products. Herein, we describe the preparation and structural characterization of a

variety of N-acylindoline precursors and the identification of the products of the Pd(Il)-



mediated oxidative coupling reactions, including the first crystal structure analysis of the

alkaloid oxoassoanine.

2. Results and discussion

2.1. Synthesis and structural elucidation of N-acylindolines 1a-1g

N-acylindolines la-1g (Scheme 2) were readily obtained in satisfactory vyields by
condensation of the respective acid chloride with indoline and 6-substituted indolines in the
presence of a base [16]. The acid chlorides were either purchased or prepared from the
corresponding free carboxylic acid by treatment with thionyl chloride and reacted in situ with
the indoline component. The structures of 1a-1g were confirmed by NMR and high resolution
mass spectrometry. The syntheses of compounds la [17-19], 1b [16, 20, 21] and 1c [17-19]
via different routes were previously reported in the literature. Compounds la-g were
characterized by single-crystal X-ray analysis in this work. With the exception of 1a, the N-
acylindolines studied were encountered exclusively in a (Z)-conformation about the amide
bond in the crystal, as depicted in Scheme 2. Owing to the twist of the phenyl ring out of the

plane of the amide group, the molecules exhibit axial chirality about the Cpnenyi—Camige bONd.

Compound 1a crystallizes with two crystallographically unique molecules (Z° = 2). As
shown in Figure 1, the two crystallographically distinct molecules differ not only in their
conformation about the amide bond but also in the orientation of the piperonoyl moiety about
the Cphenyi—Camide bONd with respect to the amide group. In the latter case, the corresponding
difference is approximately 193° with respect to the N1-C8-C9-C10 torsion angle (Table 1).
As expected, the amide moieties are nearly planar in both molecules. The distortion in an
amide unit can most conveniently be expressed quantitatively by the Winkler-Dunitz
parameters t, x(C) and yx(N), whereby t describes the magnitude of rotation about the
C(=0)-N bond and y(C) and y(N) the pyramidalities at the respective C and N atoms [22].
While a discussion of ¢ (C) can be reasonably neglected here, T and % (N) parameters are listed
in Table 1. Comparison of y(N) parameters reveals that the magnitude of pyramidality at the
N atom in the amide moiety is similar in the (2)- and (E)-conformers in the crystal structure of
la.



R2 1a: R'=H, R?=R3=0-CH,-O,R*=H
1b: R'=H,R2=0Me, R®=H, R*=H
1c: R' = H, R2 = OMe, R® = OMe, R* = H

N 1d: R' = OMe, R2 = OMe, R® = OMe, R* = H
1e: R'=H, R2=0Bn, R®=OMe, R*=H
1f: R' = H, R? = OMe, R® = OMe, R* = NO,,
1g: R" = H, R? = OMe, R® = OMe, R* = CF,

R4
Scheme 2. Chemical diagram of N-acylindolines 1 studied in the present work. Here shown in
the (Z)-conformation.

() (b)

Figure 1. Molecular structures of the two crystallographically distinct molecules in the crystal
structure of 1a, with (a) a (Z)-conformation and (b) an (E)-conformation about the amide
bond. Displacement ellipsoids are drawn at the 50 % probability level. H atoms are

represented by small spheres of arbitary radii.



Table 1. Selected geometric parameters for 1a-g. The Winkler-Dunitz parameters [22] T and

x(N) represent the twist angle about the amide linkage and pyramidality at the amide N atom,

respectively (see text).

01-C8-N1-C7A N1-C8-C9-C10/° t/° x(N)/°
la (2)-conformer 0.6(3) -131.03(15) -170.9 15.8
(E)-conformer -164.23(16) 62.1(2) 9.6 -135

1b 0.0(8) ~146.5(5) -166.8 | 22.9
1c -6.0(4) 54.4(4) 183.6 20.1
1d -4.3(2) ~130.82(13) 182.9 163
le 5.06(14) —-135.22(9) -171.2 6.4

1f 0.1(5) ~143.3(3) 189.7 19.9
19 -1.0(3) 51.0(3) 1855 13.2

In contrast to 1a, the crystal structures of 1b-g contain only one crystallographically
unique molecule, each adopting the (Z)-conformation about the amide bond. The molecular
structures of 1b-g in the crystal are depicted in Figure 2 and selected geometrical parameters
are listed in Table 1. The methoxy groups of the p-anisoyl moiety 1b and the veratroyl
moieties in 1c, 1f and 1g are virtually coplanar with the benzene rings. In the veratroyl
moieties, the ortho-dimethoxybenzene group adopts a planar conformation with local C,
symmetry, which probably represents the minimum energy conformation [23]. Likewise, the
arrangement of the methoxy groups of the 3,4,5-trimethyoxybenzoyl moiety in 1d, i.e. the two
outer methoxy groups being coplanar with the benzene ring and the inner one perpendicular,
as shown in Figure 2, corresponds to the preferred conformation of 1,2,3-trimethoxybenzene
[24]. Similar to the piperonoyl moiety in the crystallographically distinct molecules in the
crystal structure of 1a, the orientation of the veratroyl moiety about Cypenyi—Camige bONd in 1f
differs from that in 1c and 1g approximately by a twofold rotation, as indicated by the
N1-C8-C9-C10 torsion angles listed in Table 1. The largest magnitude of deviation from
planarity of the amide linkage and the largest pyramidality at amide N atom is observed for
1b in the crystal, as revealed by the t and (N) parameters (Table 1), respectively. In general,
mainly steric repulsion among the substituents at the amide group causes twist around the
amide bond and pyramidalization at the N atom. The magnitude of deformation depends on
the steric demand and electronic effects of the substituents. Considering that 1b is the least

sterically crowded one among the N-acylindolines studied, it can be assumed that the extent of




the deformation of the amide group observed in the solid-state is mainly governed by effects

of crystal packing.
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Figure 2. Molecular structures of 1b-g in the crystals. Displacement ellipsoids are drawn at

the 50 % probability level. H atoms are represented by small spheres of arbitray radii.



Since racemic mixtures tend to form centrosymmetric crystal structures [25], it is
interesting to note that the crystal structure of 1b is chiral (Sohnke space group), i.e.
comprises only one conformational enantiomer of the axially chiral molecule, and the crystal
structures of 1c and 1f are polar. In contrast, the crystal structures of 1a, 1d, le and 1g are
centrosymmetric racemates. It is worth noting that in spite of the different crystal

environments, all molecules adopt a similar core conformation (Figure 3).

Figure 3. Superposition of the amide groups of la-g, showing the similar conformations of
the molecules in the solid state. Colour scheme: (Z)-1a black and (E)-1a red, 1b-g various

shades of grey from anthracite to white. H atoms are omitted for clarity.

Whereas the solid-state structures of the N-acylindolines 1b-g are determined by close
packing, a geometrical analysis of the crystal structure of la revealed intermolecular
interactions of the C—H---O and C—H---t type formed by the methylene acetal and the amide
oxygen atom or the six-membered aromatic ring of the indoline moiety (Figure 4), which can
be interpreted as weak hydrogen bonds. These contacts occur between the crystallographically
distinct (E)- and (Z)-conformers of 1la and, thus, may be considered a possible cause for the
crystallization of this compound with Z’ = 2. Due to the electron withdrawing effect of the
acetal oxygen atoms, the acetal methylene group is prone to form weak hydrogen bonds. The
polarity of this group is also reflected in a downfield shift of the corresponding signal in the
'H NMR spectrum (& = 6.043 ppm).



Figure 4. Association of (E)- and (Z)-conformers via weak hydrogen bonds (dashed lines) of
the C—H.--O [D--A = 3.29 and 3.32 A] and C—H---n type [D--Cg = 3.62 and 3.76 A] in the

crystal structure of 1a.

Kumar et al. pointed out that the *"H NMR spectra of 1a and 1c show some unusual
features, viz. only six signals in the aromatic region were observed at room temperature in
CDCIs, although seven were expected [19]. This observation is consistent with the spectral
data reported previously by Ganton and Kerr [18]. The former authors, however, reported that
in benzene-d6 in each case a broad downfield shifted signal appeared at ca. 8.1 ppm, which
significantly sharpened upon heating the solution to 70 °C. Moreover, the same authors
reported that in the case of 1c in benzene-d6 four distinct "H NMR signals were observed for
the two methoxy groups at room temperature, which coalesced while heating the sample to
70 °C. Kumar et al. ascribed these observations to restricted rotation about the amide linkage
[19]. We can confirm the apparently missing signal in the aromatic region of the *H NMR
spectra of these compounds at room temperature in CDCl3, but we found no evidence for two
distinct sets of the methoxy *H NMR signals when we re-recorded the *H NMR spectrum of
1c in benzene-d6 (Figure 5). Therefore, it must be assumed that the rotation about the amide
linkage and also the rotation about Cpnenyi—Camide bONd in 1c are actually fast on the NMR time

scale under these conditions.
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Figure 5. 'H NMR spectrum of 1c in benzene-d6 at room temperature.

The existence of both an (E)- and a (Z)-conformer in the crystal structure of la
prompted us to subject this compound to variable-temperature *H NMR measurements below
room temperature to gain knowledge about restricted rotation. Figure 6 shows temperature-
dependent *H NMR spectra of 1a in CDCls. In the aliphatic region, the signal assigned to the
2-methylene position of the indoline group most markedly reveals a split into discrete sets of
signals at low temperature. Coalescence is observed at approximately —10 °C. This can be
attributed to restricted rotation about the amide linkage. In the aromatic region, two additional
signals emerge upon lowering the temperature below —10 °C. At —50 °C, these doublets
assigned to H7 of the indoline moiety are observed 8.06 and 6.08 ppm. Based on the observed
shifts and comparison with (Z)-N-acetylindoline (47 = 8.22 ppm in CDClI5) and unsubstituted
indoline (047 = 6.45 ppm in CDCl3) [26], the signals are tentatively assigned to the (Z)- and
(E)-conformer, respectively. In the (Z)-conformer, the indoline H7 is in the proximity of the
amide oxygen atom (H7--O1: ca. 2.32 A in the crystal structure of 1a). Most likely a field
effect of the carbonyl group [26, 27] is responsible for the considerable downfield shift
observed for the signal assigned to H7 in the (Z)-conformer. Above —-10 °C, the signal

assigned to H7 becomes virtually non-observable owing to extreme broadening. The
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conformational analysis is reflected by the product pattern

be described in the next paragraph.
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Figure 6. Temperature-dependent *H NMR spectra of 1a in chloroform-d.

2.2. Intramolecular oxidative coupling reactions of 1la-g

The intramolecular oxidative biphenyl coupling of 1a-g was studied using reaction conditions

described by Black et al. [14], i.e. heating to reflux for five hours with one equivalent of

Pd(OAC); in glacial acetic acid (Scheme 3). If this worked, it would be the simplest and most

straightforward pathway to this alkaloid class. Depending on the substitution pattern of the

respective N-acylindoline 1, we identified four types of products (2-5) under these conditions

(Scheme 3). Moreover, oxidized starting material, i.e. the corresponding N-acylindole, and

unreacted starting material (SM) were identified.

1

0
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1 2a: R' = H, R? = R®= O-CH,-0, 4a: R' = H, R? = R%= O-CH,-0,

R*=H R*=H

2b: R'=H,R?=0Me, R®=H, 4c: R' = H, R? = OMe, R® = OMe,
R*=H R*=H

2c: R" = H, R? = OMe, R® = OMe, 5a: R' = R2 = 0-CH,-0, R® = H,
R*=H R*=H

3a: R'=R2=0-CH,-0, R® = H,
R*=H

Scheme 3. Reaction scheme and chemical diagrams of identified products 2-5.

2a and 3a were reported previously in the literature as products of intramolecular
biphenyl coupling of la [14] or iodinated la [17]. Our attempts to separate the two
regioisomers by fractional crystallization or column chromatography were unsuccessful.
Harayama et al. reported successful separation of the two regioisomers by preparative thin-
layer chromatography (TLC) [17], whereas Black et al. did not mention separation problems
for 2a and 3a nor did they report NMR data for the compounds studied [14]. We additionally
observed the formation of 4a and 4c during the reaction. Kirst reported the formation of 4
from iodinated and brominated N-benzyl indoline derivatives by hydrodehalogenation and
aromatization as the sole product of a Pd(I1)-mediated biphenyl coupling process instead of an
intramolecular coupling [28]. For 1f, we did not observe oxidation in contrast to 1a-1e and 1g.
If the substitution pattern allowed intramolecular coupling, 4 and/or 5 could be identified in
the reaction mixtures, since C2 is the most activated position in indoles [29]. In all cases, we
recovered unreacted starting material, ranging from 18 % in the case of 1a to 91 % in the case
of 1d (identified by TLC).

The literature regarding an understanding of the regioselectivity in coupling reactions
through C—H activation is somewhat contradictory. According to Black et al. [14], Moreno et
al. [30] and Harayama et al. [31], biphenyl coupling in ortho-position next to a sterically
demanding residue such as O-benzyl or methoxy groups is possible. In contrast, the results of
Vila and Dyke [32, 33] confirm our findings. As the results of Harayama et al. [34] and Kirst
[28] show, the addition of a phosphine ligand as well as preactivation of the coupling site are
necessary if palladium is to act as a catalyst rather than a reactant. It should be noted that the
preparation of starting materials where the positions to be coupled are activated give higher

net yields [35] than without activation.
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2.3. Structure elucidation of oxoassoanine (2c)

To the best of our knowledge, the crystal structure of 2c is hitherto unknown. Structural
knowledge of pyrrolophenanthridone alkaloids in general, as revealed by a search of the
Cambridge Structural Database (CSD) [36] via the WebCSD interface [37] in September
2018, is still rather limited. Merely a crystal structure of pratorinine has long been known

[38]. More recently, crystal structures of lycoranine A and B were reported [39].

The spectroscopic data obtained for 2c are in agreement with those reported in the
literature [28, 34]. The structure was unambiguously revealed by single-crystal X-ray
analysis. Crystals of 2c suitable for single-crystal X-ray diffraction were obtained from a
solution in dimethylformamide using the slow-evaporation method. Compound 2c crystallizes
in the orthorhombic space group Pnma with four molecules in the unit cell. In the crystal, the
molecular plane of 2c lies on a crystallographic mirror plane parallel to (010) at y = 1/4. The
flat molecule thus exhibits exact Cs symmetry in the crystal (Figure 7a). The slightly
elongated anisotropic atomic displacement of C4, C5, C12 and C13 perpendicular to the
crystallographic mirror plane indicate that the dihydropyrrole ring is actually slightly non-
planar and the methyl groups are slightly displaced from the mirror plane. The methoxy
groups are thus approximately coplanar with the benzene ring resulting in local C,, symmetry
of the dimethyoxybenzene moiety, as observed for 1c, 1f and 1g (see Section 2.1). The space
group Pnma is among those providing maximum density packing of Cs-symmetric molecules
where the molecule retains inherent symmetry [40]. Figure 7b shows a limitingly close-
packed layer, i.e. a close-packed layer in which the molecule occupies a special position [41],
parallel to the (010) plane in the crystal structure of 2c. These layers stack in the b axis
direction in an AB sequence, where A and B are rotated to one another by 180°. The stacking
distance between the layers corresponds to b/2 (3.36 A). A Kitajgorodskij packing index [40]
of 75.8 % indicates a remarkably dense crystal packing. By comparison, the packing index
calculated for the related pratorinine (CSD refcode: DIBHUR) [38], whose crystal structure
features 1D hydrogen-bonded zigzag chains along 2; screw axes (space group P2;/n), formed
by hydrogen bonds between the hydroxy group bonded to C10 of the pyrrolophenanthridone
scaffold and the carbonyl oxygen atom of adjacent molecules, is 73.1 %. In contrast to 2c, the
crystal structures of the related lycoranine A (CSD refcode: BIGXOG) and B (CSD refcode:
BIGXUM) [39] both exhibit a herringbone pattern (space group P212,2;) with packing indices
of 73.2 and 74.1 %, respectively.

12



(b)

Figure 7 (a) Molecular structure of 2c in the crystal. Displacement ellipsoids are drawn at the
50 % probability level. H atoms are represented by small spheres of arbitrary radii. (b) Section
of a close-packed layer in the crystal structure of 2c viewed along the b axis direction. H

atoms are omitted for clarity.
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3. Conclusions

The results reported here extend the intramolecular coupling reactions of N-acylindolines to
pyrrolophenanthridone alkaloids. We prepared and subjected seven substituted N-
acylindolines to Pd(Il)-mediated arylation. Depending on the substitution pattern of the two
aromatic components, at best a mixture of coupling products was isolated and characterized.
Crystal structure analyses of the precursors and alkaloids studied established conformational
preferences. Both phenyl rings need to bear electron-donating substituents for successful ring
coupling. It was not possible to prevent the formation of oxidized products and elementary
palladium. The yield of the desired scaffold was always relatively low and formation of
similar products could not be prevented. While it appears attractive because it is
straightforward, the Pd(l11)-mediated coupling of N-acylindolines can only be recommended if
a mixture of products can be tolerated. Using this method, we synthesised oxoassoanine and
successfully determined its crystal structure.

4. Experimental section
4.1. General

Reagent grade starting materials and solvents were purchased and used as received without
further purification. Analytical TLC was performed on Siliga gel 60 Fys4 TLC plates (Merck
KGaA, Darmstadt). Reported R; values are uncorrected. Column chromatography was
conducted with Merck Silica gel 60 (40-63 pm) and flash chromatography with puriFlash®
(30 pm silica gel, 60 A - 500 m? g™) columns (Interchim, Montelucon, France). Melting
points (uncorrected) were determined on a Boetius melting point apparatus (VEB Kombinat
NAGEMA, Dresden, GDR). Infrared (IR) spectra were recorded on a Bruker (Billerica,
Massachusettes, USA) IFS 28 FTIR spectrometer equipped with a Thermo Spectra-Tech
attenuated total reflection (ATR) unit (Thermo Scientific, Waltham, Massachusetts, USA)
with a 20 mm ZnSe-Fresnel crystal. The angle of incidence was 45°. High resolution mass
spectra (HRMS) were measured on a LTQ-Orbitrap-XL (ESI source) of Thermo Scientific.

Samples were dissolved in chloroform / methanol.
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4.2. NMR spectroscopy

'H and **C NMR spectra were recorded on a Varian (now Agilent Technologies, Boblingen,
Germany) Inova 500 MHz or an Agilent Technologies VNMRS 400 MHz spectrometer.
Chemical shifts (o) are reported relative to TMS, using residual solvent peaks as internal
standards: acetic acid-d4: 6y = 2.04 ppm, dc = 20.00 ppm; acetone-d6: dy = 2.04 ppm, oc =
29.92 ppm; benzene-d6: oy = 7.16 ppm; chloroform-d (CDCI3): oy = 7.26 ppm, dc = 77.23 ppm.
Abbreviations: singlet (s), broad singlet (bs), doublet (d), doublet of doublets (dd), doublet of
doublet of doublets (ddd), doublet of triplet (dt), triplet (t), quartet (q), multiplet (m).
Variable-temperature *H NMR measurements were carried out using a standard Varian L900

variable-temperature controller.

4.3. X-ray crystallography

Crystals suitable for single-crystal X-ray analysis were selected with the aid of a polarising
microscope, mounted on a MiTeGen cryo loop using perfluoropolyether PFO-XR75 and
placed in the nitrogen cold gas stream of the diffractometer. The X-ray intensity data for 1a
and le were collected on the P11 beamline at the PETRA 111 light source (DESY, Hamburg)
at an X-ray energy of 22.0 keV. The primary beam intensity was monitored continuously and
stored during the experiment. The P11 X-ray optics consisted of a liquid nitrogen-cooled
Si(111) and Si(113) double-crystal monochromator and one vertical and two horizontal
deflecting X-ray mirrors. The source brilliance at the crystal was 1.7 x 102 photons per s. The
data were collected using a 50 um beam on a PILATUS 6M-0109 detector (Dectris Ltd,
Baden, Switzerland) [42] at a distance of 156 mm from the crystal. The 20-bit dynamic range
of the PILATUS 6M detector allowed for collection of weak high-order and stronger low-
order reflections at the same time in one run. The crystal was rotated by 360° in steps of 0.5°
with an exposure of 0.4 s per frame using the P11 Crystallography Control graphical user
interface at the P11 beamlime [43]. The data were processed with the XDS program package
[44]. The X-ray intensity data for 1b and 1f were collected on a Bruker AXS X8 Proteum
diffractometer, using Cu-K, radiation from a rotating anode X-ray source. The intensity data
collections were carried out on a Bruker AXS Kappa APEX |1 diffractometer for 1d and 2c,
using Mo-K, radiation from a microfocus X-ray tube, and on an Enraf-Nonius Kappa CCD,
using Mo-K, radiation from a rotating anode X-ray source, for 1c and 1g. The crystal
structures were solved with SHELXT [45] and refined with SHELXL [46]. Anisotropic

displacement parameters were introduced for all non-hydrogen atoms. Hydrogen atoms were
15



placed at geometrically calculated positions and treated with an appropriate riding model.
Crystal and molecular structures were drawn with DIAMOND [47]. CCDC 1827068-1827075
contain the supplementary crystallographic data for this paper. The data can be obtained free
of charge from the Cambridge  Crystallographic Data  Centre  via

http://www.ccdc.cam.ac.uk/getstructures

Crystal data and refinement details

1a: CisH13NOg, M, = 267.27, triclinic, P1, Z = 4, a = 7.530(2) A, b = 10.867(2) A, ¢ =
15.914(2) A, o = 88.958(6)°, B = 84.170(8)°, y = 71.065(5)°, V = 1225.2(5) A3, T = 80(2) K,
A =0.5636 A, F(000) = 560, crystal size 0.040 x 0.039 x 0.029 mm, peacq = 1.449 mg m-3,
4= 0.064 mm™, 26 = 53.60°, reflections collected / unique 33274 / 9715 (Rin; = 0.0384),
parameters 361, R1[l > 20(l)] = 0.0629, wR2 (all data) = 0.2088, S = 1.149, residuals 0.776 /
~0.472 e A% CCDC 1827068.

1b: C1H1sNO,, M, = 253.29, monoclinic, P2;, Z = 2, a = 4.6019(3) A, b = 9.9484(6) A, ¢ =
13.6453(10) A, g = 97.193(5)°, V = 619.79(7) A3, T = 100(2) K, A = 1.54178 A, F(000) =
268, crystal size 0.209 x 0.077 x 0.021 MM, peaicg = 1.357 mg M3, 2= 0.719 mm™, 26ax =
143.71°, reflections collected / unique 7059 / 2393 (Rin: = 0.0748), parameters 173, R1[l >
20(1)] =0.0743, wR2 (all data) = 0.1970, S = 1.007, residuals 0.346 / —0.363 e A~>. CCDC
1827069.

1c: C17H17NO3, M, = 283.31, orthorhombic, Pna2;, Z = 4, a = 7.469(2) A, b = 22.036(10) A, ¢
= 8.507(2) A, V = 1400.1(9) A® T = 100(2) K, 4 = 0.71073 A, F(000) = 600, crystal size
0.290 x 0.060 x 0.040 MM, praica = 1.344 mg m™2, 1= 0.092 mm ™, 26max = 63.68°, reflections
collected / unique 25442 / 4803 (Rin; = 0.1143), parameters 192, R1[I > 2o(1)] = 0.0645, wR2
(all data) = 0.1579, S = 1.074, residuals 0.433/-0.490 e A3, ccDC 1827070.

1d: C1gH19NO4, M, = 313.34, triclinic, P1, Z = 2, a = 6.4834(17) A, b = 10.873(3) A, ¢
12.523(3) A, a = 111.429(3)°, B = 99.886(4)°, y = 101.268(4)°, V = 776.8(4) A%, T =
100(2) K, 2 =10.71073 A, F(000) = 332, crystal size 0.294 x 0.206 x 0.094 mm, peaica = 1.340
mg m~3, 1= 0.095 mm™, 26nax = 70.00°, reflections collected / unique 43848 / 6844 (R =
0.0813), parameters 211, R1[l > 20(1)] = 0.0599, wR2 (all data) = 0.1522, S = 1.074,

residuals 0.451 / —0.346 e A%, CCDC 1827071.
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1e: Cyp3H1NO3, M, = 359.41, monoclinic, P2:/c, Z =4, a = 17.094(3) A, b = 14.083(3) A, c =
7.3578(15) A, B = 97.82(3)°, V = 1754.8(6) A3, T = 80(2) K, A = 0.6199 A, F(000) = 760,
crystal size 0.064 x 0.047 x 0.034 MM, peaica = 1.360 mg M™%, 1z = 0.068 mM™, 26hax =
53.67°, reflections collected / unique 72595 / 5570 (Rin; = 0.0598), parameters 245, R1[l >
20(1)] = 0.0405, wR2 (all data) = 0.1095, S = 1.043, residuals 0.555 / — 0.292 e A%, cCDC
1827072.

1f: C17H16N20s, M, = 328.32, orthorhombic, Pca2;, Z = 4, a = 23.1839(11) A, b = 4.4220(2)
A, c=14.3280(7) A, V = 1468.90(12) A®, T = 100(2) K, A = 1.54178 A, F(000) = 688, crystal
size 0.360 x 0.230 x 0.030 MM, peareg = 1.357 mg M2, 1= 0.719 MM ™, 26y = 144.55°,
reflections collected / unique 18733 / 2845 (Rin: = 0.0423), parameters 220, R1[l > 2o(1)] =
0.0481, wR2 (all data) = 0.1347, S = 1.130, residuals 0.273 / —-0.271 e A~ ccDC 1827073.

19: C1gH16F3NO3, M, = 351.32, monoclinic, P2:/c, Z = 4, a = 8.8630(18) A, b = 24.174(5) A,
c = 7.4029(15) A, = 100.11(3)°, V = 1561.5(6) A%, T = 100(2) K, A = 0.71073 A, F(000) =
728, crystal size 0.160 x 0.070 x 0.020 MM, peaica = 1.494 mg M3, 2= 0.125 MM, 26hax =
66.20°, reflections collected / unique 32134 / 5916 (Rinx = 0.0965), parameters 228, R1[l >
20(1)] =0.0781, wR2 (all data) = 0.1343, S = 1.077, residuals 0.423 / —0.335 e A™>. CCDC
1827074,

2¢: C17H15NO3, M, = 281.30, orthorhombic, Pnma, Z = 4, a = 22.426(3) A, b = 6.7141(8) A, ¢
= 8.4025(10) A, V = 1265.2(3) A%, T = 100(2) K, 4 = 0.71073 A, F(000) = 592, crystal size
0.171 x 0.092 x 0.041 mm, peaica = 1.477 mg m™>, 2= 0.102 mm™, 26hax = 66.46°, reflections
collected / unique 36070 / 2604 (Ri; = 0.0368), parameters 143, R1[l > 2o(1)] = 0.0400, wR2
(all data) = 0.1251, S = 1.088, residuals 0.574 / -0.267 e A°. CCDC 1827075.

4.4 Syntheses

Benzo[d][1,3]dioxol-5-yl(indolin-1-yl)methanone (la) [17-19]: Indoline (354 mg, 2.97
mmol) was dissolved in 16 mL of dichloromethane and triethylamine (342 mg, 3.375 mmol)
was added. Subsequently, a solution of piperonoyl chloride (500 mg, 2.7 mmol) in 11 mL of
dichloromethane was added dropwise while stirring and the resulting mixture was heated to
reflux for 1 h. After cooling to room temperature, the reaction mixture was diluted with
10 mL of dichloromethane and washed with 1 N HCI (20 mL). The organic phase was

separated and dried over MgSQ,. The solvent was then removed using a rotary evaporator.
17



The crude product was suspended in a small amount ethyl acetate / heptane (1:2) and filtered
off to yield 1a as an off-white solid (543 mg, 2.032 mmol, 75 %). Mp 121-122 °C; Rf = 0.32
(ethyl acetate / heptane 1:2); IR (ATR): 3070 (w), 2895 (w), 2780 (w), 1636 (s), 1594 (m),
1502 (m), 1478 (s),1462 (m), 1435 (s), 1383 (s), 1338 (m), 1320 (m), 1297 (m), 1245 (s),
1163 (w), 1103 (m), 1087 (w), 1033 (m), 923 (m), 872 (w), 811 (w), 753 (m) cm™*; *H NMR:
(400 MHz, CDCls): 6 = 7.22 (d, 1H J = 7.4 Hz, Ind-H4), 7.11 (dd, J = 7.8 Hz, 1H, Phe-H4),
7.10-7.17 (br, 1H, Ind-H6), 7.06 (s, 1H, Phe-H6), 7.02 (t, J = 7.4 Hz, 1H, Ind-H5), 6.87 (d,
J=7.8 Hz, 1H, Phe-H3), 6.04 (s, 2H, O-CH,-0), 4.12 (t, J = 8.1 Hz, 2 H, Ind-H2), 3.12 {(t,
J=8.1 Hz, 2H, Ind-H3) ppm; *C{*H} NMR (100 MHz, CDCls): 6 = 168.2, 149.3, 147.6,
142.7, 132.4, 130.5, 127.1, 124.9, 123.7, 122.0, 116.7, 108.2, 108.1, 101.5, 50.8, 28.1 ppm;
HRMS(ESI+): m/z calcd. for C15H14NO3 [M+H]": 268.0974; found: 268.0969.

Indolin-1-yl(4-methoxyphenyl)methanone (1b) [16, 20, 21]: 1b was prepared from indoline
(354 mg, 2.97 mmol) and p-anisoyl chloride (4-methoxybenzoyl chloride; 461 mg, 2.7 mmol)
analogously to 1a. Recrystallization from ethanol afforded colourless crystals of 1b (533 mg,
2.104 mmol, 78 %). Mp 108-110 °C; R¢ = 0.21 (ethyl acetate / heptane 1:2); IR (ATR): 3042
(w), 2958 (w), 2837 (w), 1637 (s), 1606 (s), 1597 (m), 1574 (w), 1511 (m), 1481 (s), 1462
(m), 1441 (w), 1388 (s), 1342 (m), 1322 (w), 1299 (m), 1252 (s), 1174 (m), 1155 (w), 1110
(w), 1028 (w), 840 (w), 759 (W) cm™; *H NMR: (400 MHz, CDCls): 6 = 7.55 (m, 2H, Phe-
H2, H6), 7.21 (d, J = 7.3 Hz, 1H, Ind-H4), 7.07-7.16 (m, 1H, Ind-H6), 7.00 (t, J = 7.2 Hz, 1H,
Ind-H5), 6.94 (m, 2H, Phe-H3,H5), 4.12 (t, J = 8.2 Hz, 2H, Ind-H2), 3.86 (s, 3H, OCHj),
3.110 (t, J = 8.22 Hz, 2H, Ind-H3) ppm; *H NMR (500 MHz, acetone-d6): § = 7.74 (bs, 1H,
Ind-H7), 7.63-7.56 (m, 2H, Phe-H2,H86), 7.25 (dt, J = 7.5, 1.4 Hz, 1H, Ind-H4), 7.14 (t, J =
7.9 Hz, 1H, Ind-H6), 7.07-6.97 (m, 3H, Phe-H3,H5, Ind-H5), 4.11 (t, J = 8.4, 1.6 Hz, 2H, Ind-
H2), 3.89 (s, 3H, OCHj3), 3.12 (t, J = 8.3 Hz, 2H, Ind-H3) ppm; *H NMR: (500 MHz, acetic
acid-d4, 70° C): o = 7.55-7.62 (m, 2H, Phe-H2,H6), 7.52 (bs, 1H, Ind-H7), 7.23 (ddqg, J = 7.5,
1.7, 0.8 Hz, 1H, Ind-H4), 7.12 (t, J = 7.6 Hz, 1H, Ind-H6), 7.07-6.98 (m, 3H, Phe-H3,H5, Ind-
H5), 4.14 (t, J = 8.2 Hz, 2H, Ind-H2), 3.88 (s, 3H, OCHs), 3.12 (t, J = 8.2 Hz, 2H, Ind-H3)
ppm; C{*H} NMR (100 MHz, CDCls): § = 168.8, 161.3, 142.4, 132.4, 129.3 (2 x C), 129.1,
127.1, 124.9, 123.6, 116.8, 113.7 (2 x C), 55.4, 50.7, 28.2 ppm; HRMS(ESI+): m/z calcd. for
C16H16NO, [M+H]": 254.1181; found: 254.1179.
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(3,4-dimethoxyphenyl)(indolin-1-yl)methanone (1c): Veratric acid (3,4-dimethoxy-benzoic
acid; 13.912 g, 76.29 mmol) and thionyl chloride (71 mL, 0.979 mol) were heated to reflux
for 2 h. Subsequently, excess thionyl chloride was removed under reduced pressure and the
residue was taken up in a small amount of dichloromethane and again evaporated to dryness.
The acid chloride so obtained was redissolved in 230 mL of dichloromethane and added
dropwise to a solution of indoline (10 g, 83.92 mmol) and triethylamine (9.65 g, 95.4 mmol)
in 250 mL of dichloromethane at 0 °C under argon. The reaction mixture was then heated to
reflux for 20 min. After cooling to room temperature, the mixture was concentrated to 290 mL
and washed with 1 N HCI (290 mL). The organic phase was separated and aqueous phase was
re-extracted three times with dichloromethane. The combined organic layers were dried over
MgSO, and the solvent was removed using a rotary evaporator. The crude product was
recrystallized from ethanol to afford colourless needles of 1c (19.35 g, 68.29 mmol, 90 %).
Mp 133-135 °C; Rs = 0.44 (ethyl acetate/heptane 7:3); IR(ATR): 3000 (w), 2958 (w), 2935
(w), 2837 (w), 1638 (s), 1598 (m), 1582 (m), 1514 (m), 1481 (s), 1462 (m), 1415 (s), 1386 (s),
1340 (m), 1321 (m), 1298 (w), 1263 (s), 1245 (m), 1229 (m), 1176 (w), 1139 (m), 1024 (m),
934 (w), 756 (w) cm™*; *H NMR: (400 MHz, CDCls): 6 = 7.21 (dp, J = 7.4 Hz, 1.0 Hz, 1H,
Ind-H4), 7.16 (dd, J = 8.1, 1.9 Hz, 1H, Phe-H6), 7.14 (s, 1H, Phe-H2), 7.11 (bs, 1H, Ind-H6),
7.04-6.95 (m, 1H, Ind-H5), 6.89 (d, J = 8.2 Hz, 1H, Phe-H5), 4.13 (t, J = 8.2 Hz, 2H, Ind-
H3), 3.93 (s, 3H, OCHs), 3.89 (s, 3H, OCHs), 3.12 (t, J = 8.2 Hz, 2H, Ind-H3) ppm; ®*C{*H}
NMR (100 MHz, CDCls3): ¢ = 168.7, 150.9, 149.0, 142.8, 132.4, 129.2, 127.1, 124.9, 123.7,
120.5, 116.7, 110.9, 110.6, 56.0 (2 x C), 50.7, 28.1 ppm; HRMS (ESI+): calcd.
C17H1sNO3 = 284.1281 [M+H]"; found: 284.1286.

Indolin-1-yl(3,4,5-trimethoxyphenyl)methanone (1d): indoline (1.14 g, 9.53 mmol) and
triethylamine (1.14 g, 10.80 mmol) were dissolved in 60 mL of dichloromethane.
Subsequently, a solution of 3,4,5-trimethoxybenzoyl chloride (2.00 g, 8.67 mmol) in 30 mL
of dichloromethane was added dropwise while stirring and the resulting mixture was heated to
reflux for 1 h. After cooling to room temperature, the reaction mixture was diluted with
10 mL of dichloromethane and washed with 1 N HCI (80 mL). The organic phase was
separated and dried over MgSQO,. The solvent was then removed using a rotary evaporator.
The crude product was recrystallized twice from ethanol to afford colourless crystals of 1d
(1.96 g, 6.25 mmol, 72 %). Mp 104-106 °C; R; = 0.16 (ethyl acetate/heptane 1:2); IR(ATR):
2939 (w), 2836 (w), 1642 (m), 1583 (s), 1504 (w), 1481 (s), 1462 (m), 1412 (s), 1391 (s),
1345 (m), 1328 (w), 1295 (w), 1237 (m), 1180 (w), 1125 (s), 1004 (w), 760 (w) cm™%;

19



'H NMR (400 MHz, CDCls): 6 = 7.20 (dp, J = 7.3, 1.0 Hz, 1H, Ind-H4), 7.10 (bs, 1H, Ind-
H6), 7.00 (t, J = 7.4 Hz, 1H, Ind-H5), 6.77 (s, 2H, Phe-H2,H6), 4.10 (t, J = 8.3 Hz, 2H, Ind-
H2), 3.88 (s, 3H, OCH3), 3.84 (s, 6H, 2 x OCHj3), 3.12 (t, J = 8.3 Hz, 2H, Ind-H3) ppm;
BC{*H} NMR (100 MHz, CDCls): ¢ = 153.3, 142.5, 139.8, 132.4, 132.1, 127.2, 124.9, 123.9,
117.0, 101.5, 60.9, 56.3, 50.5, 28.1 ppm; HRMS(ESI+): m/z calcd. for C1gH2oNO, [M+H]":
314.1393; found: 314.1387.

[4-(benzyloxy)-3-methoxyphenyl](indolin-1-yl)methanone (1e): 4-(benzyloxy)-3-
methoxybenzoic acid (217 mg, 0.84 mmol) and thionyl chloride (15 mL, 0.207 mol) were
heated to reflux for 2 h. Subsequently, excess thionyl chloride was removed under reduced
pressure and the residue was taken up in a small amount of dichloromethane and again
evaporated to dryness. The acid chloride so obtained was redissolved in 10 mL of
dichloromethane and added dropwise to a stirred solution of indoline (100 mg, 0.85 mmol)
and triethylamine (9.65 g, 95.4 mmol) in 10 mL of dichloromethane. The reaction mixture
was then heated to reflux for 20 min. After cooling to room temperature, the solvent was
removed using a rotary evaporator. The crude product was purified by flash chromatography
using ethyl acetate / heptane (4:6) as solvent to yield 1le as an off-white solid (267 mg,
0.74 mmol, 88 %). Mp 153-156 °C; R; = 0.36 (ethyl acetate / n-heptane 4:6); IR(ATR): 3031
(w), 2935 (w), 2907 (w), 2838 (w), 1638 (s), 1597 (m), 1581 (m), 1512 (m), 1480 (s), 1462
(m), 1415 (s), 1385 (s), 1339 (m), 1321 (m), 1263 (s), 1221 (m), 1178 (w), 1137 (m), 1023
(w), 868 (w), 813 (w), 753 (w), 697 (w) cm™*; *H NMR (500 MHz, CDCls) § = 7.45 (ddq,
J=7.0,1.3,0.7 Hz, 2H, Bn-H), 7.40-7.35 (m, 2H, Bn-H), 7.34-7.29 (m, 1H, Bn-H), 7.20 (dp,
J =173, 1.0 Hz, 1H, Ind-H4), 7.16 (s, 1H, Phe-H2), 7.10 (bs, 1H, Ind-H6), 7.08 (dd, J = 8.2,
2.0 Hz, 1H, Phe-H6), 7.02-6.97 (m, 1H, Ind-H5), 6.91 (d, J = 8.2 Hz, 1H, Phe-H5), 5.20 (s,
2H, OCH,-Bn), 4.11 (t, J = 8.2 Hz, 2H, Ind-H2), 3.89 (s, 3H, OCH3), 3.10 (t, J = 8.4 Hz, 2H,
Ind-H3) ppm; *C{*H} NMR (101 MHz, CDCls): 168.6, 150.0, 149.6, 142.8, 136.6, 132.4,
129.7, 128.6, 128.0, 127.3,, 127.1, 124.9, 123.7, 120.3, 116.8, 113.1, 111.4, 71.0, 56.1, 50.7,
28.1 ppm; HRMS(ESI+): m/z calcd. for C,3H2NO3 [M+H]": 360.1600, found: 360.1601; m/z
calcd. for Co3H,o:NNaOs [M+H]": 382.1419; found: 382.1424.

(3,4-dimethoxyphenyl)(6-nitroindolin-1-yl)methanone  (1f):  Veratric acid  (3,4-
dimethoxybenzoic acid; 303 mg, 1.66 mmol) and thionyl chloride (360 pL, 4.96 mmol) were
dissolved in 15 mL of toluene and heated to reflux for 2 h. Subsequently, excess thionyl
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chloride was removed under reduced pressure and the residue was taken up in a small amount
of dichloromethane and again evaporated to dryness. The acid chloride so obtained was
redissolved in 5 mL of dichloromethane and added dropwise to a stirred solution of 6-
nitroindoline (300 mg, 1.83 mmol) and triethylamine (210 mg, 2.08 mmol) in 10 mL of
dichloromethane. The reaction mixture was further stirred for 1 h at room temperature and the
solvent was then removed using a rotary evaporator. Recrystallization from ethanol afforded
amber crystals of 1f (371 mg, 1.13 mmol, 68 %). Mp 181-183 °C; R; = 0.42 (ethyl acetate / n-
heptane 1:2); IR(ATR): 2934 (w), 2838 (w), 1645 (m), 1598 (m), 1582 (m), 1517 (s), 1480
(m), 1414 (m), 1386 (s), 1337 (s), 1263 (s), 1239 (m), 1177 (m), 1140 (m), 1023 (w), 888 (w),
809 (w), 740 (W) cm™*; *H NMR (500 MHz, CDCls) 6 = 8.52 (bs, 1H, Ind-H7), 7.92 (dd,
J=8.2, 2.2 Hz, 1H), 7.32 (dt, J = 8.2, 1.1 Hz, 1H), 7.21-7.14 (m, 2H), 6.92 (d, J = 8.1 Hz,
1H), 4.24 (t, J = 8.4 Hz, 2H, Ind-H2), 3.95 (s, 3H, OCHj3), 3.92 (s, 3H, OCHg), 3.26-3.18 (m,
2H, Ind-H3) ppm; *C{*H} NMR (100 MHz, CDCl;) 6 = 169.0, 151.4, 149.1, 147.8, 144.1,
139.6, 128.1, 124.8, 120.5, 119.3, 112.1, 110.9, 110.6, 56.1 (2 x C), 51.4, 28.3 ppm.
HRMS(ESI+): m/z calcd. for C17H17N20s [M+H]™: 329.1138; found: 329.1142; m/z calcd. for
C17H1sN2NaOs [M+Na]": 351.0957; found: 351.0961.

(3,4-dimethoxyphenyl)(6-(trifluoromethyl)indolin-1-yl)methanone (1g): Veratric acid
(3,4-dimethoxybenzoic acid; 213 mg, 1.16 mmol) and thionyl chloride (1.27 mL,
17.51 mmol) were dissolved in 6 mL of toluene and heated to reflux for 2 h. Subsequently,
excess thionyl chloride was removed under reduced pressure and the residue was taken up in a
small amount of dichloromethane and again evaporated to dryness. The acid chloride so
obtained was redissolved in 5 mL of dichloromethane and added dropwise to a stirred solution
of 6-trifluoromethyl indoline (240 mg, 1.28 mmol) and triethylamine (148 mg, 1.45 mmol) in
10 mL of dichloromethane. The reaction mixture was further stirred over night at room
temperature and the solvent was then removed using a rotary evaporator. Recrystallization
from ethanol afforded colourless crystals of 1g (298 mg, 0.85 mmol, 73 %). Mp 139-140°C;
Rt = 0.38 (ethyl acetate / n-heptane 1:1); IR(ATR): 3005 (w), 2937 (w), 2839 (w), 1642 (w),
1603 (m), 1582 (m), 1514 (m), 1498 (m), 1433 (m), 1415 (s), 1385 (s), 1333 (m), 1314 (),
1259 (s), 1242 (m), 1159 (m), 1138 (m), 1115 (s), 1078 (m), 1056 (m), 1024 (m), 944 (w),
889 (w), 818 (w),752 (w) cm™*; *H NMR (500 MHz, CDCls): 6 = 7.97 (bs, 1H, Ind-H7), 7.29
(d, J = 1.5 Hz, 2H), 7.19-7.13 (m, 2H), 6.91 (d, J = 8.1 Hz, 1H), 4.18 (t, J = 8.4 Hz, 2H, Ind-
H2), 3.94 (s, 3H, OCHs), 3.90 (s, 3H, OCHj), 3.17 (t, J = 8.3 Hz, 2H, Ind-H3) ppm; “C{*H}
NMR (100 MHz, CDCls): ¢ = 168.9, 151.2, 149.1, 1435, 136.2, 129.8 (q, J = 32.1 Hz),
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1285, 124.9, 124.1 (q, J = 272.6 Hz), 120.7, 120.5, 114.1, 110.9, 110.5, 56.0, 51.0, 28.2 ppm:
HRMS(ESI+): m/z calcd. CigH17F3NO3 [|\/|+H]+Z 352.1161; found: 352.1165; m/z calcd.
C1gH16FsNNaO3 [M+Na]+: 374.0980; found: 374.0986.

Oxoassoanine (2c¢): 1c (300 mg, 1.06 mmol) was dissolved in glacial acetic acid and
palladium(ll) acetate (238 mg, 1.06 mmol) was added. The mixture was heated to reflux for
5 h. After cooling to room temperature, the palladium precipitate was removed by filtration.
The solvent was removed using a rotary evaporator and the resulting residue was subjected to
column chromatography eluting with chloroform / methyl tert-butyl ether. 2c eluted as the
third fraction to give an off-white powder (93 mg, 0.33 mmol, 32 %). Mp 274-275 °C; R =
0.41 (ethyl acetate / n-heptane 7:3); IR(ATR): 3058 (w), 3009 (m), 2920 (w), 2837 (w), 1724
(w), 1643 (s), 1625 (w), 1605 (s), 1520 (w), 1479 (m), 1436 (w), 1389 (w), 1363 (w), 1301
(w), 1272 (w), 1233 (w), 1208 (w), 1122 (w), 1065 (w), 1028 (w), 869 (w), 761 (m), 742 (w)
cm™; 'H NMR (400 MHz, CDCls): 6 = 8.14 (d, J = 8.02 Hz, 1H), 7.95 (s, 1H), 7.55 (s, 1H),
7.30 (dd, J = 7.238 Hz, 1H), 7.21 (t, J = 7.238 Hz, 1H), 4.50 (t, J = 8.021 Hz, 2H, Ind-H2),
4.09 (s, 3H, OCHg), 4.05 (s, 3H, OCHs), 3.44 (t, J = 8.216 Hz, 2H, Ind-H3) ppm; *C NMR
(100 MHz, CDCl3): 6 = 163.9, 157.0, 153.5, 142.7, 135.0, 132.7, 127.9, 127.5, 124.5, 123.1,
120.7, 112.2, 106.9, 59.9, 50.4, 31.2 ppm; HRMS(ESI+): m/z calcd. for C1;H1gNO3 [M+H]":
282.1130; found: 282.1132.

8,9-dimethoxy-6H-isoindolo[2,1-a]indol-6-one (4c): 4c was isolated as yellow needles from
the first fraction during the chromatographic separation of 2c. Yield: 37 mg (12 %). Mp 128-
130 °C; R = 0.61 (ethyl acetate / heptane 7:3); IR(ATR): 2924(m), 2853 (w), 1730 (s), 1613
(m), 1493 (m), 1471 (m), 1448 (m), 1424 (w), 1338 (w), 1333 (w), 1314 (w), 1272 (m), 1216
(m), 1192 (w), 1147 (w), 1087 (m), 999 (w), 800 (w), 768 (w), 743 (w) cm™*; *H NMR (400
MHz, CDCls): 6 = 7.79 (dg, J = 8.0, 0.8 Hz, 1H), 7.37 (dt, J = 7.8, 0.9 Hz, 1H), 7.22 (ddd,
J=79,7.4,1.2 Hz, 1H), 7.19 (s, 1H), 7.11-7.05 (m, 1H), 6.94 (s, 1H), 6.42 (s, 1H), 3.96 (s,
3H, OCHs), 3.92 (s, 3H, OCHs) ppm; ®C{*H} NMR (126 MHz, CDCls): = 56.4 (2 x C),
102.4, 104.0, 107.6, 112.8, 122.0, 123.4, 126.1, 126.3, 129.0, 134.0, 134.5, 139.0, 150.1,
153.9, 162.8 ppm. HRMS(ESI+): m/z calcd. for Ci7H14NO3 [M+H]": 280.0974; found:
280.0967; m/z calcd. for Ci7H13NNaO; [M+Na]™: 302.0793; found: 302.0787. The second
fraction during the chromatographic separation of 2c was identified as unreacted 1c (55 mg,
0.194 mmol, 18 %).
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