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Abstract The use of co-adsorbents in dye-sensitized solar cells (DSCs)
increases both the power-conversion efficiency and long-term stability
of these devices. Co-adsorbents usually consist of a hydrophobic moi-
ety attached on a carboxylic or phosphoric acid terminal anchoring
group, which chemisorbs on the semiconductor surface. In this work,
the synthesis of a new family of 8-quinolinol derivatives bearing alkyl
chains of variable length at the 5-position is described and their com-
parative efficiency as effective bidentate co-adsorbents in DSCs is eval-
uated. The key step towards their straightforward modular synthesis is a
Suzuki coupling between 5-chloro-8-methoxyquinoline and alkyltriflu-
oroborates. The new compounds showed better performance as co-ad-
sorbents in terms of cell efficiency as compared to their alkylcarboxylic
acid analogues, with the best results obtained from the derivative bear-
ing the longer dodecyl alkyl chain.

Key words dye-sensitized solar cells, co-adsorbents, hydroxyquino-
line, Suzuki coupling, organotrifluoroborates

Dye-sensitized solar cells (DSCs) emerged in early 1990s
as promising alternatives to silicon-based photovoltaics,
due to their low cost and ease of fabrication, panel flexibili-
ty, and high solar-energy conversion efficiency.1 DCSs con-
sist of a nanocrystalline metal-oxide semiconductor (usual-
ly TiO2) sensitized by a molecular dye (transition-metal-
based or organic) acting as light-harvesting antenna, and a
redox couple electrolyte as electron mediator. Although this
kind of solar cells show quite impressive efficiencies for
nonsilicon-based cells, of up to 13%,2 charge recombination,
dye aggregation, and gradual desorption have been identi-
fied as their main weak points. Research efforts have fo-
cused on overcoming these problems. One of these strate-
gies focuses on the anchoring group, that is, the group re-
sponsible for binding the dye onto the semiconductor

surface. The most commonly employed dye anchoring
group is a carboxylic acid moiety, which chemisorbs the
dye on the TiO2 surface.3 Lately, though, its importance has
been investigated and showed that it can affect both the
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DSC stability, due to unwanted dye desorption, as well as
power conversion efficiency, through back-electron transfer
suppression.4 In this respect, alternative anchoring groups
to carboxylates have been shown to exhibit superior re-
sults.5 Among them, the 8-hydroxyquinoline has recently
emerged as an alternative anchoring group in porphyrin-
based DSCs, showing both improved long-term stability6 as
well as reduced charge recombination,7 resulting in superi-
or power conversion efficiency as compared to the carbox-
ylic acid analogues.

The use of co-adsorbents has been used as another
powerful tool to overcome the DSCs efficiency and stability
drawbacks.8 According to this approach, hydrophobic mole-
cules are chemisorbed on the TiO2 surface together with the
dye, resulting in suppressed dye-aggregation, charge re-
combination, and surface protonation. As in the case of
dyes, the anchoring group is usually a carboxylic or phos-
phonic acid (Figure 1). Lately, the search for alternative, im-
proved anchoring groups has led to the development of a
number of novel co-adsorbents.8,9

Figure 1  Representative molecules utilized as co-adsorbents in DSCs.

Along these lines, we herein report the straightforward
and modular synthesis of the new family of 5-alkylated 8-
quinolinol derivatives 1a–c (Figure 2) bearing alkyl tails of
variable length. The 8-quinolinol chemisorption mode
mentioned above renders its 5-alkylated derivatives good
potential candidates as co-adsorbent molecules in DSCs. In
this regard, it is also worth mentioning that 8-quinolinol
derivatives are very efficient bidentate ligands with numer-
ous analytical, industrial, and biological applications.10 Be-
sides their synthesis, the performance of 5-alkylated 8-
quinolinol derivatives 1a–c as co-adsorbents in DSCs devic-
es is evaluated and compared with the respective alkyl-sub-
stituted carboxylic acids.

We initially opted for the synthesis of the desired 5-al-
kyl-substituted quinolinol derivatives starting from 4-
chloro-8-quinolinol, a cheap, commercially available com-
pound, following a previously published procedure based
on a lithium–halogen exchange reaction.11 5-Chloro-8-
quinolinol was thus protected using iodomethane towards

its methoxy derivative 2. Then, reaction of 2 with butyllith-
ium should afford the 4-alkylated derivative 3a via an un-
certain mechanism, allegedly involving a halogen–lithium
exchange (Scheme 1). However, despite our repeated ef-
forts, in our hands the desired product could not be isolat-
ed. Instead, we obtained the 2-butyl quinoline derivative 4
in 28% yield, as evidenced by its spectroscopic data.12 Brief-
ly, the 1H NMR spectrum shows only four aromatic proton
signals instead of five observed in 4 (and expected in 3a),
while the ‘missing’ proton seems to be the 2-quinolinyl
most deshielded one in 2. Mass spectrometry verified the
presence of the chlorine atom, showing the molecular ion
of the proposed structure. In the same work of 1989,11 the
5-octyl derivative 3b was reportedly prepared from 2 and
octyl bromide with the aid of phenyl lithium as auxiliary
aryl-lithiation reagent. Again, in our hands, no alkylation
occurred and only the 2-phenyl derivative 5 could be isolat-
ed in 57% yield.13 Compounds 4 and 5 most probably stem
from an oxidative nucleophilic aromatic substitution reac-
tion, due to the ring electron deficiency imposed by the ni-
trogen heteroatom. The use of alkyl- or aryl-lithium com-
pounds in such reactions is not seldom in quinoline chem-
istry14 and, as shown in this work, is obviously competitive
to lithium–halogen exchange in the employed conditions.

The above discouraging results prompted us to design a
different route for the synthesis of 5-alkyl quinolinols 1a–c.
Cross-coupling seemed to be a good alternative, since it is
modular and has been shown to result high yields of alkyla-
tion and, above all, the conditions required are not favor-
able for nucleophilic aromatic substitution reactions. Al-
kylation at the 5-position of 5-bromoquinoline derivatives
has been achieved via palladium-catalyzed coupling reac-
tions using alkylborates (Suzuki–Miyiaura coupling)15 or al-
kylzinc (Negishi coupling)16 derivatives as alkylating agents.
Suzuki coupling using organotrifluoroborates as alkylating
agents was chosen for our purposes, since they have been
reported to be stable, easily accessible and excellent part-
ners in the coupling reaction.17 Also, they have been shown
to react quite efficiently even when the generally less reac-
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tive (but in our case easily accessible) aryl chlorides are
their partners in coupling.18 In this respect, potassium alk-
yltrifluoroborates 7a–c were prepared from the reaction of
the Grignard reagents of the corresponding alkyl bromides
with trimethyl borate, followed by quenching with potassi-
um hydrogen difluoride (Scheme 2). Then, Suzuki–Miyiaura
coupling between 2 and the corresponding alkyltrifluorob-
orate using Pd(OAc)2 as catalyst and RuPhos as ligand, af-
forded the 5-alkylated quinolines 3a–c in excellent yields. It
should be noted that the purity of 2 is of outmost impor-
tance for the outcome of this reaction, since the presence of
even trace amounts of 5-chloro-8-quinolinol in the reaction
mixture resulted in no reaction at all. As mentioned above,
8-quinolinols are themselves known as powerful transi-
tion-metal-chelating ligands due to the neighboring nitro-
gen heteroatom and hydroxyl group, thus probably behav-
ing as a catalyst poison in this case. Finally, demethylation
was performed in hydrobromic acid, yielding the desired
quinolinols 1a–c.19

Scheme 2  Synthetic route followed for compounds 1a–c. (i) (a) Mg, 
Et2O, (b) B(OMe)3, THF, –78 °C to r.t., (c) KHF2, 0 °C; (ii) 2, Pd(OAc)2, 
RuPhos, Na2CO3, PhMe–H2O, 100 °C; (iii) 48% aq HBr, heat.

The ability of 1a–c to act as co-adsorbents in DSCs was
studied in solar cell devices using the benchmark MK-2 or-
ganic dye, in both iodine and cobalt based cells, and their
performance was compared with that of the corresponding
alkylcarboxylic acids, as well as in the absence of co-adsor-
bent. Figure 3 shows the characteristic J–V curves of the io-
dine electrolyte based solar cells obtained under illumina-
tion (1 sun) and under dark. The corresponding electrical

parameters (short-circuit current density, Jsc, open-circuit
voltage, Voc, fill factor, FF and power conversion efficiency, η)
are summarized in Table 1. There is an obvious trend in Voc
values, regarding the alkyl chain length of the co-adsor-
bent: the longer the chain, the higher the open circuit po-
tential. This upward shift is supported by the parallel re-
duction of the dark current, indicating a higher recombina-
tion resistance. In fact, in the J–Vs curves registered in the
dark, the onset of the cathodic currents is found beyond
-500 mV vs. Pt, while the shift towards the negative poten-
tials is more obvious for the best performing MK-2/1c cell,
based on the hydroxyquinoline co-adsorbent with the lon-
gest alkyl chain.

Figure 3  J–V curves under 1 sun illumination (solid lines) and dark con-
ditions (dashed) of the iodine based cells sensitized with MK-2 (black), 
MK-2/1a (red), MK-2/1b (green), and MK-2/1c (blue) dye solutions, re-
spectively.

Thus, with regards to the cells using the iodide/triiodide
redox couple, the best performing ones are those encom-
passing the longer-chain co-adsorbent 1c in the dye solu-
tion. These devices reach a power conversion efficiency of
6.72%, an 11% improvement in comparison to the reference
cells (only the MK-2 dye) showing an overall efficiency of
6.03%. On the other hand, the cells incorporating the short-
chain co-adsorbent exhibited the lower electrical parame-
ters and an overall conversion efficiency of only 4%, justi-

Scheme 1  Derivatization of 2 with lithium salts: (i) KOt-Bu, MeI, THF; 
(ii) n-BuLi, THF, –80 °C to r.t.; (iii) a) PhLi, Et2O, –80 °C, b) C8H17Br, –80 
°C to r.t.
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Table 1  Electrical Parameters (Jsc, Voc, FF, and η) of the DSCs Incorpo-
rating the 8-Hydroxyquinoline Co-adsorbents 1a–c in MK-2 Dye Solu-
tions.

Dye/co-adsorbent Jsc (mA cm–2) Voc (mV) FF η (%)

ref. MK-2 12.30 750 0.65 6.03

MK-2/1a  9.61 728 0.57 4.00

MK-2/1b 13.09 752 0.63 6.16

MK-2/1c 12.76 771 0.68 6.72
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fied by a positive shift of the cathodic dark current. Similar
results were observed in the cobalt-based cells (see Sup-
porting Information, Figure S1, Table S1).

In order to better understand the mechanism of the sen-
sitization enhancement employing the newly synthesized
molecules, solar cells with the analogous alkylcarboxylic
acids (butanoic, octanoic, and dodecanoic acid) as co-adsor-
bents were developed and evaluated using both io-
dide/triiodide and cobalt-based electrolytes (see Support-
ing Information, Figure S2, Table S2). In this case, both the
photocurrent densities and the open-circuit voltage values
are drastically lower than those of the reference device
(without co-adsorbent). Some positive effects are evident
on increasing the alkyl chain length, but their poor overall
performance as compared to the reference is not altered.

The above results can be rationalized if we consider the
chemical structure of the new co-adsorbents. It is the com-
bination of the strongly coordinating bidentate hydroxy-
quinoline group with the long alkyl chain that assures the
chemisorption of a high amount of the MK-2 dye, concomi-
tantly preventing electron recombination (back electron
transfer from the semiconductor’s conduction band to the
oxidized form of the redox couple) thus leading to reduced
dark current and higher Voc values. The positive effect of the
long alkyl chain could be furthermore attributed to the pre-
vention of dye aggregation.

In conclusion, a new family of 5-alkyl-8-quinolinols
with variable alkyl chain lengths has been synthesized and
their performance as co-adsorbents in DSCs has been evalu-
ated. Initial attempts to prepare the targeted compounds
from the 5-chloro-8-methoxyquinoline through lithium–
halogen exchange failed, instead yielding the corresponding
2-alkyl or aryl 5-chloroquinoline derivatives. A high-yield-
ing modular synthesis was accomplished via Suzuki cou-
pling, using alkyltrifluoroborates as alkylating agents.
When employed as co-adsorbents, these compounds afford
DSC devices with improved performance, in comparison to
the corresponding alkylcarboxylic acid derivatives. Addi-
tionally, it was found that the longer the alkyl chain of the
co-adsorbent, the better the efficiency of the cell. Thus, the
5-dodecyl derivative increases the DSCs power-conversion
efficiency by 11%, suggesting not only that 5-alkyl-8-quino-
linols are promising co-adsorbents in DSCs, but also that
the 8-quinolinol moiety can be of general use substituting
the currently employed carboxylic anchoring strategy. The
same family of quinolinol derivatives is currently being uti-
lized as passivating agents in perovskite solar cells, as well
as in polydiacetylene vesicles as metal-ion receptors.

Acknowledgment

The authors acknowledge funding from the European Social Fund and
Greek national funds through the Operational Program “Education

and Lifelong Learning” in the framework of ARISTEIA I (Ad-MatD-
SC/1847). Financial support from European Union (Marie Curie Initial
Training Network DESTINY/316494) is also acknowledged.

Supporting Information

Supporting information for this article is available online at
http://dx.doi.org/10.1055/s-0036-1588702. Supporting InformationSupporting Information

References and Notes

(1) (a) Vougioukalakis, G. C.; Philippopoulos, A. I.; Stergiopoulos, T.;
Falaras, P. Coord. Chem. Rev. 2011, 255, 2602. (b) Hagfeldt, A.;
Boschloo, G.; Sun, L.; Kloo, L.; Pettersson, H. Chem. Rev. 2010,
110, 6595. (c) O’Regan, B.; Gratzel, M. Nature (London, U.K.)
1991, 353, 737.

(2) Mathew, S.; Yella, A.; Gao, P.; Humphry-Baker, R.; Curchod, B. F.
E.; Ashari-Astani, N.; Tavernelli, I.; Rothlisberger, U.;
Nazeerudin, M. K.; Grätzel, M. Nat. Chem. 2014, 6, 242.

(3) (a) Vougioukalakis, G. C.; Konstantakou, M.; Pefkianakis, E. K.;
Kabanakis, A. N.; Stergiopoulos, T.; Kontos, A. G.; Andreopoulou,
A. K.; Kallitsis, J. K.; Falaras, P. Asian J. Org. Chem. 2014, 3, 953.
(b) Vougioukalakis, G. C.; Stergiopoulos, T.; Kotos, A. G.;
Pefkianakis, E. K.; Papadopoulos, K.; Falaras, P. Dalton Trans.
2013, 42, 6582. (c) Anselmi, C.; Mosconi, E.; Pastore, M.; Ronca,
E.; De Angelis, F. Phys. Chem. Chem. Phys. 2012, 14, 15963.
(d) Clifford, J. N.; Martinez-Ferrero, E.; Viterisi, A.; Palomares, E.
Chem. Soc. Rev. 2011, 40, 1635. (e) Yella, A.; Lee, H.-W.; Tsao, H.
N.; Yi, C.; Chandiran, A. K.; Nazeeruddin, M. K.; Diau, E. W.-G.;
Yeh, C.-Y.; Zakeeruddin, S. M.; Grätzel, M. Science 2011, 334,
629.

(4) (a) Rourke, C. O.; Bowler, D. R. J. Phys.: Condens. Matter 2014, 26,
195302. (b) Wiberg, J.; Marinado, T.; Hagberg, D. P.; Sun, L.;
Hagfeldt, A.; Albinsson, B. J. Phys. Chem. C 2009, 113, 3881.

(5) (a) Hou, R.; Yuan, S.; Ren, X.; Zhao, Y.; Wang, Z.; Zhang, M.; Li,
D.; Shi, L. Electrochim. Acta 2015, 154, 190. (b) Zhang, L.-P.;
Jiang, K.-J.; Chen, Q.; Li, G.; Yang, L.-M. RSC Adv. 2015, 5, 46206.
(c) Michinobu, T.; Satoh, N.; Cai, J.; Li, Y.; Han, L. J. Mater. Chem.
C 2014, 2, 3367.

(6) He, H.; Gurung, A.; Si, L. Chem. Commun. 2012, 48, 5910.
(7) Si, L.; He, H.; Zhu, K. New J. Chem. 2014, 38, 1565.
(8) Manthou, V. S.; Pefkianakis, E. K.; Falaras, P.; Vougioukalakis, G.

C. ChemSusChem 2015, 8, 588.
(9) (a) Dong, Y.; Wei, L.; Fan, R.; Yang, Y.; Wang, P. RSC Adv. 2016, 6,

39972. (b) Hou, R.; Yuan, S.; Ren, X.; Zhao, Y.; Wang, Z.; Zhang,
M.; Li, D.; Shi, L. Electrochim. Acta 2015, 154, 190.

(10) (a) Oliveri, V.; Vecchio, G. Eur. J. Med. Chem. 2016, 120, 252.
(b) Prachayasittikul, V.; Prachayasittikul, S.; Ruchirawat, S.;
Prachayasittikul, V. Drug Des., Dev. Ther. 2013, 7, 1157.
(c) Albrecht, M.; Fiege, M.; Osetska, O. Coord. Chem. Rev. 2008,
252, 812.

(11) Hojjatie, M.; Muralidharan, S.; Dietz, M. L.; Freiser, H. Synth.
Commun. 1989, 19, 2273.

(12) Spectroscopic Data for Compound 4
1H NMR (500 MHz, CDCl3): δ = 8.43 (d, J = 8.7 Hz, 1 Η), 7.45 (d,
J = 8.4 Hz, 1 Η), 7.44 (d, J = 8.7 Hz, 1 Η), 6.94 (d, J = 8.4 Hz, 1 Η),
4.06 (s, 3 H), 3.07–3.04 (m, 2 H), 1.83–1.77 (m, 2 H), 1.45 (sext,
J = 7.4 Hz, 2 Η), 0.96 (t, J = 7.4 Hz, 3 Η). 13C NMR (126 MHz,
CDCl3): δ = 161.94, 153.50, 139.52, 132.21, 124.63, 124.62,
© Georg Thieme Verlag  Stuttgart · New York — Synlett 2017, 28, A–E



E

V. S. Manthou et al. LetterSyn  lett

D
ow

nl
oa

de
d 

by
: U

ni
ve

rs
ity

 o
f C

ol
or

ad
o.

 C
op

yr
ig

ht
ed

 m
at

er
ia

l.
121.72, 121.36, 106.80, 55.40, 38.33, 31.47, 22.07, 13.35. ESI-
HRMS: m/z calcd for C14H17ClNO: 250.0999; found: 250.0994
[M + H]+.

(13) Spectroscopic Data for Compound 5
1H NMR (500 MHz, CDCl3): δ = 8.59 (d, J = 8.8 Hz, 1 H), 8.20 (d,
J = 7.3 Hz, 2 H), 8.02 (d, J = 8.8 Hz, 1 H), 7.57–7.41 (m, 4 H), 6.99
(d, J = 8.3 Hz, 1 H).

(14) (a) Kovalev, I. S.; Kopchuk, D. S.; Zyryanov, G. V.; Rusinov, V. L.;
Chupakhin, O. N.; Charushin, V. N. Russ. Chem. Rev. 2015, 84,
1191. (b) Hintermann, L.; Schmitz, M.; Englert, U. Angew. Chem.
Int. Ed. 2007, 46, 5164. (c) Wolf, C.; Lerebours, R. J. Org. Chem.
2003, 68, 7077. (d) Pinard, E.; Alanine, A.; Bourson, A.;
Büttelmann, B.; Heitz, M.-P.; Mutel, R. G. V.; Trube, G.; Wyler, R.
Bioorg. Med. Chem. Lett. 2002, 12, 2615. (e) Gros, P.; Fort, Y.;
Caubere, P. J. Chem. Soc., Perkin Trans. 1 1997, 3597. (f) Mongin,
F.; Fourquez, J.-M.; Rault, S.; Levacher, V.; Godard, A.; Trécourt,
F.; Quéguiner, G. Tetrahedron Lett. 1995, 36, 8415.

(15) (a) Fleury-Brégeot, N.; Presset, M.; Beaumard, F.; Colombel, V.;
Oehlrich, D.; Rombouts, F.; Molander, G. A. J. Org. Chem. 2012,
77, 10399. (b) Albrecht, M.; Blau, O.; Zauner, J. Eur. J. Org. Chem.
1999, 3165. (c) Nakano, Y.; Imai, D. Synthesis 1997, 1425.

(16) Beesu, M.; Caruso, G.; Salyer, A. C. D.; Khetani, K. K.; Sil, D.;
Weerasinghe, M.; Tanji, H.; Ohto, U.; Shimizu, T.; David, S. A.
J. Med. Chem. 2015, 58, 7833.

(17) Darses, S.; Genet, J.-P. Chem. Rev. 2008, 108, 288.
(18) (a) Fleury-Brégeot, N.; Oehlrich, D.; Rombouts, F.; Molander, G.

A. Org. Lett. 2013, 15, 1536. (b) Dreher, S. D.; Lim, S.-E.;
Sandrock, D. L.; Molander, G. A. J. Org. Chem. 2009, 74, 3626.

(19) Representative Synthetic Procedure for the Dodecyl Deriva-
tive 1c
Potassium Dodecyltrifluoroborate (7c)
Dry and degassed Et2O (20 mL) was added in flame-dried
grinded magnesium turnings (300.0 mmol, 3.60 g, flame acti-
vated) under argon. Then, 1-bromododecane (50.0 mmol, 12.46
g) was added dropwise, resulting in a gentle refluxing mixture,
and stirred for 1 h. The as-prepared Grignard reagent solution
was added dropwise under Ar to a cooled (–78 °C), dry, and
degassed THF (50 mL) solution of trimethyl borate (75 mmol,
7.79 g), and the mixture was stirred for 1 h at that temperature
and at r.t. for another 1 h. After cooling to 0 °C, a 4.5 M aq KHF2
solution (205 mmol, 45.5 mL) was added dropwise, and the
resulting mixture was stirred for 30 min. The solvents were
evaporated, the residue was extracted with hot acetone (3 × 50

mL), and the combined extracts were filtered. The filtrate was
condensed to minimum volume solution, the product precipi-
tated out after addition of Et2O (30 mL), filtered, and dried at 45
°C in vacuo (2 × 10–3 mbar), furnishing pure 7c as a white
powder (7.00 g, 50%). 1H NMR (500 MHz, DMSO-d6): δ = 1.30–
1.05 (m, 22 H), 0.88–0.82 (m, 3 H). 13C NMR (126 MHz, DMSO-
d6): δ = 33.13, 31.24, 29.44, 29.21, 29.15, 29.06, 28.98, 28.66,
25.62, 22.02, 13.88.
5-Dodecyl-8-methoxyquinoline (3c)
A degassed mixture of 2 (3.07 mmol, 0.59 g), 7c (3.38 mmol,
934 mg), Na2CO3 (9.21 mmol, 0.98 g), Pd(OAc)2 (0.25 mmol, 0.06
g), and RuPhos (0.50 mmol, 0.23 g) in toluene–water (5:1, 15.3
mL) was stirred at 100 °C under argon for 24 h. After cooling to
r.t., water (15 mL) was added, and the mixture was extracted
with EtOAc (3 × 15 mL). The combined organic layers were dried
(MgSO4) and the solvents evaporated. The residue was purified
by column chromatography (EtOAc–PE = 1:1) yielding 3c as
yellow oil (0.90 g, 90 %, Rf = 0.5). 1H NMR (200 MHz, CDCl3): δ =
8.93 (dd, J = 4.2, 1.6 Hz, 1 H), 8.32 (dd, J = 8.6, 1.6 Hz, 1 H), 7.45
(dd, J = 8.6, 4.2 Hz, 1 H), 7.28 (d, J = 7.9 Hz, 1 H), 6.97 (d, J = 7.9
Hz, 1 H), 4.07 (s, 3 H), 2.99–2.92 (m, 2 H), 1.75–1.60 (m, 2 H),
1.45–1.25 (m, 20 H), 0.90–0.84 (m, 3 H). 13C NMR (50 MHz,
CDCl3): δ = 153.82, 148.69, 140.59, 132.48, 130.73, 127.86,
126.07, 121.27, 107.12, 55.95, 32.03, 31.15, 29.76, 29.74, 29.64,
29.46, 22.80, 14.25.
5-Dodecyl-8-quinolinol (1c)
A solution of methoxyquinoline 3c (2.75 mmol, 900 mg) in aq
HBr (48%, 11.8 mL) was stirred at reflux for 22 h. After cooling to
r.t., the mixture was washed with Et2O (30 mL), the organic
washing was decanted, and the aqueous phase was basified
with NaHCO3 (pH 8) and extracted with Et2O (3 × 30 mL). The
combined organic phases were dried (MgSO4), the solvent was
evaporated, and the residue was purified with column chroma-
tography (EtOAc–PE = 1:9) affording 1c as pale yellow powder
(373 mg, 43 %, Rf = 0.6). 1H NMR (200 MHz, CDCl3): δ = 8.78 (dd,
J = 4.2, 1.4 Hz, 1 H), 8.35 (dd, J = 8.5, 1.4 Hz, 1 H), 8.30 (br s, 1 H),
7.46 (dd, J = 8.5, 4.2 Hz, 1 H), 7.28 (d, J = 7.8 Hz, 1 H), 7.10 (d, J =
7.8 Hz, 1 H), 2.99–2.91 (m, 2 H), 1.74–1.60 (m, 2 H), 1.42–1.26
(m, 18 H), 0.91–0.85 (m, 3 H). 13C NMR (50 MHz, CDCl3): δ =
150.56, 147.33, 138.78, 132.95, 129.50, 127.11, 127.11, 121.38,
109.47, 32.07, 31.94, 31.40, 29.81, 29.78, 29.68, 29.50, 22.84,
14.27. ESI-HRMS: m/z calcd for C17H24NO: 314.2484; found:
314.2478 [M + H]+.
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