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Introduction

Coumarin derivatives retain a high degree of importance in
pharmaceuticals, agrochemical industries, food, and cos-
metics because of their unique properties." Among them,
3-acylcoumarins have received considerable attention owing to
their important biological activities,> such as antioxidant,*
monoamine oxidase (MAO) inhibitor,?* anticancer,? and anti-
inflammatory activities,>” and their fluorescence properties.>
These growing needs have stimulated interest in the design
and efficient synthesis of highly functionalized coumarins.
Initially, several named reactions, such as the Pechmann con-
densation,* the Perkin reaction,® the Claisen rearrangement,6
the Knoevenagel reaction,” the Reformatsky reaction,® and the
Wittig reaction,” were extended for the synthesis of coumarin
derivatives. Then the transition metal catalyzed approaches to
prepare coumarin derivatives became a powerful tool, since
diverse processes were developed using transition-metal cata-
lysts,'® such as Pd,"" Ru,"? Rh,"* Cu,"* etc. However, the afore-
mentioned methods suffered from some drawbacks, namely
the necessity of the corresponding ligands.

As many efforts have been devoted to radical chemistry
recently,'” the generation of different radicals and subsequent
radical cyclizations with alkynoates contribute significantly to
the synthesis of coumarin derivatives.'® In this regard, plenty
of 3-substituted coumarins were successfully prepared'”'®
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with aldehydes was developed for the synthesis of 3-acylcoumarins. The reaction undergoes a domino
radical addition/5-exo cyclization, and ester migration to afford the product in moderate to good yields
with wide functional group tolerance. The significant feature of this new method is the excellent tolerance
of aliphatic aldehydes, which leads to the efficient synthesis of aliphatic 3-acylcoumarins.

through a general sequence as follows: (1) generation of a
functional radical from the radical donor, (2) selective radical
addition to the C—C triple bond in alkynoates, (3) intra-
molecular radical cyclization and (4) rearomatization.
Compared to the traditional thermal initiation of reactive rad-
icals, visible-light promoted generation of radicals through
single electron transfer (SET) with excited photoredox catalysts
under remarkably mild reaction conditions has attracted more
and more attention. For the synthesis of 3-acylcoumarins, alde-
hydes'’*'® and 2-keto acids'’?“'®” have been commonly
employed as the acyl radical donors (Scheme 1). Selective
radical addition to alkynoates gives vinyl radical intermediates,
which could undergo 6-exo cyclization, or 5-exo cyclization and
subsequent ester migration to deliver the desired products.
Although a few processes have been developed to synthesize

Previous work:

RCHO Ref.17a A0
(R = aryl, alkyl) (TBAB, K5S,0g, 90 °C) N R
R 1
Ref.18a o °

(AQN, BPO, visible light)

R R Ref.17b
O o [
oH (IAg], K28,04, 60 °C) Al O
Ar Ref.17¢
o (IAg], K2S,04, 80 °C) Rl NN Ar
(Ar=aryl) Ref.18b z 0 o
(BI-OH, blue LED)
This work:
Art Ru(bpy)sCly (1 mol%) A0
R | | TBHP (3 equiv)
\©\ N RCHO KoHPO4 (2 equiv) X R
0 Xp (R=alkyl, aryl) MeCN, Np, r.t. R! 0 X0
25 WCFL, 30 h

Scheme 1 Synthesis of 3-acylcoumarins.
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3-acylcoumarin derivatives under thermal or visible light
initiation, most of them are limited to aromatic acyl radical
donors (Scheme 1). Only a few examples involving aliphatic
acyl radical donors were reported with low yields,"”*¢ which
might come from the lower stability of aliphatic acyl radicals
than aromatic ones.'® Herein, we describe a visible-light-pro-
moted radical acylation/cyclization of alkynoates with alde-
hydes for the preparation of 3-acylcoumarins, which uses
ruthenium as the photoredox catalyst and features the efficient
synthesis of aliphatic 3-acylcoumarins.

To address the aforementioned challenge, butyraldehyde 2a
was employed as the initial model reagent to optimize the reac-
tion conditions. Indeed, the desired acylation/cyclization
product 3a was obtained in up to 80% yield with Ru(bpy);Cl,/
TBHP (tert-butyl hydroperoxide) as the photoredox catalyst/
oxidant combination, K,HPO, as the base, and MeCN as the
solvent (Table 1, entry 1). Further control experiments indi-
cated that the photoredox catalyst, TBHP, base, and light
source were all essential for this transformation (entries 2-5).
When Ru(bpy);Cl, was replaced by other photoredox catalysts
including eosin-Y (organic dye photoredox catalyst) and fac-Ir
(ppy)s (metal photoredox catalyst), no improved outcomes
were observed (entries 6 and 7). Among all the bases tested,
the performance of K,HPO, was superior to that of the others,
while a weaker base such as NaHCO; led to a lower yield (entry
8) and a stronger base such as Cs,CO; completely restrained
the reaction (entry 9). Most of the solvents tested prohibited
the product formation except toluene (entry 10). In addition,
changing the concentration of the reactants from 0.10 M to
0.05 M dramatically decreased the yield (entry 11). The attempt
to improve the yield by changing the light source was unsuc-
cessful (entry 12).

Table 1 Optimization of conditions?

Ru(bpy)3Cl, (1 mol%) Ph O
TBHP (3 equiv)
©\ )J\/\  KeHPO, (2 equiv) - @\\)\f\/\
MeCN, Ny, r.t.
25W CFL. 30h o e
2a Standard conditions 3a

Entry Change from standard conditions yield” (%)
1 None 80
2 No Ru(bpy);Cl, 0
3 No TBHP 0
4 No base 0
5 No light 0
6 Eosin-Y instead of Ru(bpy);Cl, 0
7 Jac-Ir(ppy)s instead of Ru(bpy);Cl, 47
8 NaHCO; instead of K,HPO, 52
9 Cs,CO; instead of K,HPO, 0
10 Toluene instead of MeCN 35
11 0.05 mmol mL ™" instead of 0.1 mmol mL™" 57
12 36 W blue LED instead of 25 W CFL 38

“Reaction conditions: Phenyl 3-phenylpropiolate (1a, 0.10 mmol),
butyraldehyde (2a, 0.30 mmol) photoredox catalyst (1.0 mol%), TBHP
(3.0 equiv.), base (2.0 equiv. ) solvent (1.0 mL) at room temperature
under light irradiation in N, for 30 h. ? Isolated yields.
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With the optimum reaction conditions in hand, various
aldehydes 2 were first investigated with phenyl 3-phenylpropio-
late 1a. As illustrated in Table 2, a number of linear alkyl alde-
hydes, such as n-valeraldehyde, n-hexanaldehyde and n-octa-
naldehyde, reacted smoothly with 1a, giving the corresponding
3-acylcoumarins in good yields (3a-3e, 63%-80% yields). Alkyl
aldehydes bearing a chlorine atom, which could easily trans-
form into other functional groups,'® were also explored, pro-
viding 3f in 59% yield. Higher yields were observed with
branched alkyl aldehydes (3g-3i, 72%-75% yields) and cyclic
aldehydes (3j-31, 63%-75% yields) as the radical donors, com-
pared to a previous report.'”* Moreover, this newly developed
catalytic protocol was not only applicable to alkyl aldehydes,
but also applicable to aromatic aldehydes. Benzaldehyde and
2-naphthalene aldehyde delivered the products in moderate
yields (3m and 3n, 61% and 48% yields). It seems that the size
of the alkyl group of substituted benzaldehydes has an effect
on this protocol. Benzaldehydes bearing a methyl group gave

Table 2 Scope of the aldehydes®?

Ru(bpy);Cl, (1 mol%)
TBHP (3 equiv)
KoHPO, (2 equiv)

MeCN, Ny, rt.

I i
@ e
O ¢] 25 W CFL, 30 h

1a 2 3

I o
O Y7 (CHoCHs
(&) ]

3a,n=2, 80% 3b,n=3, 79%
3¢, n=4, 76% 3d,n=5, 63%

3k, 63% 31, 75%

Eo o
LT
0o

3p, 55% 3q, 38%

R'=Cl, 3r, 63%
R'=F, 3s,42%

“Reaction conditions: Phenyl 3-phenylpropiolate (1a, 0.10 mmol),
aldehydes (2, 0.30 mmol), Ru(bpy);Cl, (1.0 mol%), TBHP (3.0 equiv.),
K,HPO, (2.0 equiv.), MeCN (1.0 mL) at room temperature under light
irradiation in N, for 30 h. ? Isolated yields.
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76% yield (30), while benzaldehydes with ethyl or isopropyl led
to poor yields (3p and 3q, 55% and 38% yields).
Benzaldehydes bearing halogen atoms (chlorine, fluorine) at
the para-position were also compatible (3r and 3s, 63% and
42% yields).

Subsequently, various alkynoate derivatives were explored
with butyraldehyde 2a in this acylation/cyclization procedure,
and the representative results are summarized in Table 3.
Generally, different functional groups at the benzene rings of
the 3-phenylpropiolic acids (as R1) and the phenols (as R2)
showed a concerted effect regarding their electronic properties.
The substrates bearing electron-donating groups, such as
methoxyl, methyl or tert-butyl, gave higher yields (for para-
position: 4a, 4b and 4k-4m, for meta-position: 4i-4j, 70%-90%
yields) than alkynoates with the electron-withdrawing substitu-
ents (4d-4g and 4n-40, 44%-74% yields). The crystal structure
of 4k is shown in the table to confirm its structure.”® An

Table 3 Scope of alkynoates with aldehyde 2a*

N
R4
=
Ru(bpy)sCl, (1 mol%)
o TBHP (3 equiv)
i | | ® J\/\ KoHPO, (2 equiv)
R H MeCN, Ny, rt.
i oo 5 25W CFL, 30 h
a

4b, 70%

R'=F, de, 44%
CF3

4m, 90% R2=F, 4n, 54% 4p, 67%

R? = Cl, 40, 50%

“Reaction conditions: Phenyl 3-phenylpropiolate (1a, 0.10 mmol),
aldehydes (2, 0.30 mmol), Ru(bpy);Cl, (1.0 mol%), TBHP (3.0 equiv.),
K,HPO, (2.0 equiv.), MeCN (1.0 mL) at room temperature under light
irradiation in N, for 30 h. ? Isolated yields.
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X
|
Q TEMPO(2 equiv)
() ©\ ‘ | . HM or BHT (4 equiv)
o o Standard conditions
1a 2a TEMPO: 3a, 0% (1a recovery: 97%)
SN BHT: 3a, 0% (1a recovery: 95%)
‘ P
Ru(bpy)sCl, (1 mol%)
TBHP (3 equiv)
(b) ‘ | KoHPO, (2 equiv) X
MeCN, Np, r.t.
o” o 25 W CFL, 30 h
1a 5a, 0% (1a recovery: 95%)

Scheme 2 Control experiments.

alkynoate with a strong electron-withdrawing trifluoromethyl
group on the benzene ring was also tested for this transform-
ation, however a much lower yield was observed (4h, 39%
yield). In addition, substrates bearing weak electron-donating
groups, a phenyl group and a benzo ring provided 4c and 4p
in 68% and 67% yields, respectively.

In order to explore the reaction mechanism, control experi-
ments were carried out (Scheme 2). When TEMPO (2,2,6,6-
tetramethyl-1-piperidinyloxy) (2.0 equiv.) or BHT (2,6-di-tert-
butyl-4-methyl-phenol) (4.0 equiv.) was added under the stan-
dard conditions, the formation of 3a was completely inhibited
(Scheme 2a). Meanwhile, the cyclization product 5a was not
observed when the reaction was conducted without aldehyde
2a under the standard conditions (Scheme 2b). Furthermore,
it was found that the transformation is substantially depen-
dent upon photoirradiation. The reaction stopped in the dark
and could be switched on by turning on the light (see
Fig. S1f). These results indicated that a radical intermediate
was involved in this transformation and the process is not a
chain reaction pathway.

On the basis of the above results, the previous investi-
gations and the crystal structure of 4k, a possible mechanism
for the photoreaction of 1a and 2a is proposed, as shown in
Scheme 3. Initially, a tert-butoxy radical A is produced by a SET
process from the reaction of the excited state of [Ru(bpy);Cl,]*
with TBHP. Then, the abstraction of a hydrogen radical from
aldehydes gives the corresponding acyl radical B and tert-

t-BuOOH OH"
+

/k\{c

pPC*

Scheme 3 Speculative reaction mechanism.
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butanol. The addition of B to 1a delivers the radical intermedi-
ate C, which tends to undergo an intramolecular 5-exo cycliza-
tion to give radical intermediate D. The intermediate D is then
oxidized by [Ru(bpy);Cl,]" to give the cation E, followed by the
1,2-ester migration process to furnish cation F. Finally, F is
deprotonated in the presence of bases, regenerating the aromatic
system and affording the desired 3-acylcoumarin product 3a.

Conclusions

In conclusion, we have developed a new, efficient and atom-
economic method for the synthesis of 3-acylcoumarins starting
with readily prepared alkynoates and the commercially avail-
able aldehydes under visible light irradiation. A series of cou-
marin derivatives could be conveniently and efficiently
obtained in moderate to good yields with excellent functional
group tolerance and good compatibility for aliphatic alde-
hydes. We anticipate further development of the presented
method and its application toward the synthesis of bioactive
compounds.

Experimental section
General methods

Unless otherwise stated, all reactions were performed under a
N, atmosphere. Reactions were monitored with analytical thin-
layer chromatography (TLC) on a silica gel GF 254 plate.
Purification of the reaction products was carried out by
column chromatography using silica gel. Silica gel 60H
(200-300 mesh) manufactured by Qingdao Haiyang Chemical
Group Co. (China) was used for general chromatography.
'H and C NMR spectra were recorded with Bruker AV-300
and AV-500 spectrometers operating at 300 MHz/500 MHz and
75 MHz/126 MHz using CDCIl; as the solution, respectively.
Chemical shifts § are reported in ppm relative to Me,Si (6 =
0.00 ppm) or residual CHCl; (6 = 7.26 ppm). The multiplicity
of signals is designated by the following abbreviations: s
(singlet), d (doublet), t (triplet), q (quartet), m (multiplet).
High-resolution mass spectra (HRMS) were obtained on an
Agilent mass spectrometer using ESI-TOF (electrospray ioniza-
tion-time of flight). Commercial reagents were purchased from
J&K, Energy, Bide, Alfa Aesar, Acros Organics, Strem
Chemicals, and TCI, and if not mentioned otherwise all
chemicals were used as received.

Preparation of substrates

The alkynoate substrates were prepared following the pro-
cedure in previous reports.'”*”

General procedure for the synthesis of 3-acylcoumarins

A mixture of 1 (0.1 mmol), 2 (0.3 mmol), Ru(bpy);Cl,
(1 mol%), TBHP (0.3 mmol), and K,HPO, (0.2 mmol) in MeCN
(1 mL) was stirred under 25 W CFL (CFL = compact fluorescent
light) under an atmosphere of N, in a sealed tube at room
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temperature for 30 h. After completion of the reaction, the
reaction mixture was purified by flash chromatography on
silica gel with a mixture of petroleum ether and ethyl acetate
(30:1-10: 1) as the eluent to give the desired product 3 or 4.
3-Butyryl-4-phenyl-2H-chromen-2-one (3a)."’* White solid
(23.3 mg, 80%). 'H NMR (500 MHz, CDCl;) § 7.57 (s, 1H),
7.51-7.47 (m, 3H), 7.40 (d, J = 8.5 Hz, 1H), 7.34-7.29 (m, 2H),
7.22 (s, 2H), 2.44 (t, J = 7.1 Hz, 2H), 1.46 (dd, J = 14.6, 7.3 Hz,
2H), 0.70 (t, J = 7.4 Hz, 3H). C NMR (126 MHz, CDCl,)
6 201.74, 158.56, 153.34, 151.33, 132.55, 132.40, 129.62,
128.72, 127.95, 124.56, 119.38, 117.00, 45.46, 16.46, 13.30.
HRMS (ESI-TOF) m/z caled for CyoH;,05 [M + H]' 293.1172,
found 293.1175.
3-Pentanoyl-4-phenyl-2H-chromen-2-one (3b). White solid
(24.1 mg, 79%). "H NMR (500 MHz, CDCl;) § 7.60-7.54 (m,
1H), 7.53-7.46 (m, 3H), 7.40 (d, J = 8.2 Hz, 1H), 7.34-7.28 (m,
2H), 7.25-7.16 (m, 2H), 2.45 (t, J = 7.3 Hz, 2H), 1.47-1.34 (m,
2H), 1.16-1.04 (m, 2H), 0.75 (t, J = 7.3 Hz, 3H). *C NMR
(126 MHz, CDCl;) § 201.99, 158.65, 153.44, 151.37, 132.64,
132.53, 129.73, 128.81, 128.05, 124.66, 119.47, 117.10, 43.37,
25.14, 21.92, 13.76. HRMS (ESI-TOF) m/z caled for C,oH;903
[M + H]" 307.1329, found 307.1331.
3-Hexanoyl-4-phenyl-2H-chromen-2-one (3c). White solid
(24.3 mg, 76%). "H NMR (500 MHz, CDCl;) § 7.57 (ddd, J = 8.6,
6.0, 2.8 Hz, 1H), 7.53-7.46 (m, 3H), 7.41 (d, J = 8.2 Hz, 1H),
7.32 (dd, J = 6.5, 2.9 Hz, 2H), 7.25-7.17 (m, 2H), 2.45 (t, ] =
7.3 Hz, 2H), 1.48-1.39 (m, 2H), 1.20-1.11 (m, 2H), 1.08-0.99
(m, 2H), 0.79 (t, J = 7.3 Hz, 3H). ">C NMR (126 MHz, CDCl;)
5 201.96, 158.63, 153.44, 151.34, 132.62, 132.53, 129.71,
128.83, 128.80, 128.10, 128.04, 124.64, 119.48, 117.09, 43.62,
30.95, 22.74, 22.32, 13.89. HRMS (ESI-TOF) m/z caled for
C,1H,,0;3 [M + H]" 321.1485, found 321.1489.
3-Heptanoyl-4-phenyl-2H-chromen-2-one (3d). White solid
(21.1 mg, 63%). "H NMR (500 MHz, CDCl;) § 7.56 (t, ] = 7.2 Hz,
1H), 7.52-7.46 (m, 3H), 7.39 (d, J = 8.3 Hz, 1H), 7.33-7.28 (m,
2H), 7.24-7.18 (m, 2H), 2.45 (t, J = 7.3 Hz, 2H), 1.47-1.37 (m,
2H), 1.22-1.14 (m, 2H), 1.07 (ddd, J = 23.8, 14.7, 7.4 Hz, 4H),
0.81 (t, J = 7.2 Hz, 3H). *C NMR (126 MHz, CDCl;) § 201.97,
158.64, 153.43, 151.34, 132.62, 132.52, 129.72, 128.83, 128.80,
128.09, 128.03, 124.65, 119.47, 117.09, 43.66, 31.47, 28.46,
23.00, 22.45, 14.04. HRMS (ESI-TOF) m/z caled for C,,H,;0;
[M + H]' 335.1642, found 335.1644.
3-Octanoyl-4-phenyl-2H-chromen-2-one (3e). White solid
(23.0 mg, 71%). "H NMR (500 MHz, CDCl;) § 7.57 (ddd, J = 8.6,
6.0, 2.8 Hz, 1H), 7.53-7.48 (m, 3H), 7.41 (d, J = 8.3 Hz, 1H),
7.32 (dd, J = 6.4, 2.9 Hz, 2H), 7.25-7.18 (m, 2H), 2.46 (t, J =
7.3 Hz, 2H), 1.50-1.34 (m, 2H), 1.22 (dt, J = 14.1, 7.2 Hz, 2H),
1.19-1.09 (m, 4H), 1.05 (dd, J = 14.2, 6.6 Hz, 2H), 0.89-0.79 (m,
3H). C NMR (126 MHz, CDCl;) § 201.96, 158.64, 153.45,
151.33, 132.61, 132.54, 129.70, 128.83, 128.80, 128.11, 128.03,
124.64, 119.49, 117.09, 43.67, 31.62, 28.94, 28.75, 23.05, 22.59,
14.10. HRMS (ESI-TOF) m/z caled for C,3H,s;0; [M + HJ
349.1798, found 349.1801.
3-(5-Chloropentanoyl)-4-phenyl-2H-chromen-2-one (3f).
White solid (20.0 mg, 59%). 'H NMR (300 MHz, CDCl;)
5 7.62-7.52 (m, 1H), 7.51-7.44 (m, 3H), 7.38 (d, J = 8.2 Hz, 1H),
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7.30 (dd, J = 6.3, 2.4 Hz, 2H), 7.23-7.17 (m, 2H), 3.35 (t, J = 6.1
Hz, 2H), 2.49 (t, ] = 6.4 Hz, 2H), 1.56 (dt, J = 8.3, 5.2 Hz, 4H).
3C NMR (126 MHz, CDCl3) § 201.20, 158.61, 153.43, 151.64,
132.79, 132.41, 129.86, 128.89, 128.77, 128.08, 127.78, 124.75,
119.38, 117.09, 44.54, 42.50, 31.38, 20.34. HRMS (ESI-TOF) m/z
caled for CyoH;5ClO5 [M + H]' 341.0939, found 341.0945.
4-Phenyl-3-(3,5,5-trimethylhexanoyl )-2H-chromen-2-one (3g).
White solid (26.1 mg, 72%). '"H NMR (500 MHz, CDCl;) 6 7.55
(dt, J = 8.6, 4.4 Hz, 1H), 7.50-7.43 (m, 3H), 7.38 (d, J = 8.3 Hz,
1H), 7.31 (dt, J = 7.0, 3.4 Hz, 2H), 7.20 (d, J = 4.2 Hz, 2H), 2.48
(dd, J = 18.3, 4.7 Hz, 1H), 2.32 (dd, J = 18.3, 8.2 Hz, 1H),
2.05-1.94 (m, 1H), 0.92-0.89 (m, 2H), 0.77 (s, 9H), 0.69 (d, J =
6.6 Hz, 3H). "*C NMR (126 MHz, CDCl;) § 201.11, 158.59,
153.43, 151.10, 132.54, 132.38, 129.68, 129.02, 128.93, 128.79,
128.27, 127.97, 124.60, 119.55, 117.08, 53.31, 50.59, 31.06,
29.95, 24.60, 22.33. HRMS (ESI-TOF) m/z calcd for C,4H,,0; [M
+ HJ" 363.1955, found 363.1957.
3-(3-Methylbutanoyl)-4-phenyl-2H-chromen-2-one ~ (3h)."”*
White solid (22.9 mg, 75%). 'H NMR (500 MHz, CDCl;) §
7.59-7.54 (m, 1H), 7.51-7.46 (m, 3H), 7.39 (d, J = 8.3 Hz, 1H),
7.31 (dt, J = 7.4, 3.3 Hz, 2H), 7.23-7.18 (m, 2H), 2.34 (d, ] = 6.7
Hz, 2H), 2.09-1.98 (m, 1H), 0.68 (d, J = 6.7 Hz, 6H). >’C NMR
(126 MHz, CDCl;) & 201.24, 158.62, 153.42, 151.32, 132.62,
132.40, 129.70, 128.94, 128.79, 128.11, 128.02, 124.64, 119.52,
117.07, 52.56, 23.53, 22.27. HRMS (ESI-TOF) m/z calcd for
C0H190;5 [M + H]" 307.1329, found 307.1333.
3-Isobutyryl-4-phenyl-2H-chromen-2-one (3i).”* White solid
(21.6 mg, 74%). "H NMR (500 MHz, CDCI3) § 7.57 (ddd, J =
8.7, 6.6, 2.2 Hz, 1H), 7.51-7.46 (m, 3H), 7.41 (d, J = 8.2 Hz, 1H),
7.33 (dt, J = 7.5, 3.2 Hz, 2H), 7.25-7.19 (m, 2H), 2.66-2.52 (m,
1H), 0.92 (d, J = 7.0 Hz, 6H). *C NMR (126 MHz, CDCl;) §
205.66, 158.78, 153.49, 151.49, 132.65, 132.61, 129.72, 129.05,
128.73, 128.04, 127.69, 124.63, 119.45, 117.11, 41.25, 17.62.
HRMS (ESI-TOF) m/z caled for CioH;;05 [M + H|™ 293.1172,
found 293.1175.
3-(Cyclopropanecarbonyl)-4-phenyl-2H-chromen-2-one (3j).
White solid (20.9 mg, 72%). "H NMR (500 MHz, CDCl;) 6 7.58
(t, J = 7.6 Hz, 1H), 7.49 (s, 3H), 7.41 (d, J = 8.3 Hz, 1H),
7.37-7.30 (m, 2H), 7.25 (dd, J = 22.9, 7.8 Hz, 2H), 2.04 (s, 1H),
0.97 (s, 2H), 0.81 (d, J = 4.1 Hz, 2H). >’C NMR (126 MHz,
CDCIl;) 6 201.68, 158.56, 153.58, 152.08, 132.99, 132.71, 129.65,
128.86, 128.70, 128.18, 124.63, 119.49, 117.12, 23.25, 12.85.
HRMS (ESI-TOF) m/z caled for CyoH;505 [M + H]" 291.1016,
found 291.1019.
3-(Cyclopentanecarbonyl)-4-phenyl-2H-chromen-2-one  (3k).
White solid (20.1 mg, 63%). '"H NMR (500 MHz, CDCl;) §
7.59-7.54 (m, 1H), 7.51-7.46 (m, 3H), 7.41 (d, J = 8.2 Hz, 1H),
7.33 (dd, J = 6.6, 2.9 Hz, 2H), 7.25-7.18 (m, 2H), 2.92-2.84 (m,
1H), 1.63 (d, J = 7.3 Hz, 2H), 1.58-1.39 (m, 6H). >C NMR
(126 MHz, CDCl;) & 204.91, 158.76, 153.49, 151.22, 132.68,
132.53, 129.66, 129.10, 128.69, 128.36, 128.04, 124.58, 119.53,
117.09, 52.02, 28.94, 25.82. HRMS (ESI-TOF) m/z calcd for
C1H190;5 [M + H]" 319.1329, found 319.1332.
3-(Cyclohexanecarbonyl)-4-phenyl-2H-chromen-2-one  (31).
White solid (24.9 mg, 75%). "H NMR (500 MHz, CDCl;) § 7.56
(ddd, J = 8.7, 6.4, 2.4 Hz, 1H), 7.51-7.46 (m, 3H), 7.40 (d, J =

17a
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8.2 Hz, 1H), 7.32 (dd, J = 6.5, 2.9 Hz, 2H), 7.24-7.18 (m, 2H),
2.38-2.29 (m, 1H), 1.65 (d, J = 8.4 Hz, 5H), 1.10 (dd, J = 29.0,
17.2 Hz, 5H). >C NMR (126 MHz, CDCl;) § 204.85, 158.82,
153.48, 151.51, 132.67, 132.55, 129.65, 129.13, 128.64, 128.03,
127.70, 124.59, 119.52, 117.07, 50.82, 27.90, 25.70, 25.59.
HRMS (ESI-TOF) m/z caled for Cy,H,;05 [M + H]' 333.1485,
found 332.1489.

3-Benzoyl-4-phenyl-2H-chromen-2-one (3m)."”* White solid
(19.9 mg, 61%). "H NMR (500 MHz, CDCl;) § 7.79 (d, J = 7.6
Hz, 2H), 7.61 (dd, J = 11.3, 4.1 Hz, 1H), 7.47 (dt, ] = 12.2, 7.6
Hz, 2H), 7.37-7.30 (m, 5H), 7.27 (ddd, J = 12.8, 9.4, 4.3 Hz,
4H). ®C NMR (126 MHz, CDCl;) § 192.21, 158.87, 153.78,
153.04, 136.25, 133.91, 132.80, 132.35, 129.57, 129.31, 128.76,
128.66, 128.64, 128.04, 126.02, 124.76, 119.48, 117.23. HRMS
(ESI-TOF) m/z caled for C,,H;50; [M + H]" 327.1016, found
327.1021.

3-(2-Naphthoyl)-4-phenyl-2H-chromen-2-one (3n). White
solid (18.0 mg, 48%). "H NMR (500 MHz, CDCl;) § 8.29 (s, 1H),
7.88 (dd, J = 12.4, 4.8 Hz, 2H), 7.81 (t, ] = 9.2 Hz, 2H), 7.67-7.61
(m, 1H), 7.58 (t, J = 7.5 Hz, 1H), 7.51 (dd, J = 7.9, 4.7 Hz, 2H),
7.33-7.27 (m, 7H). >C NMR (126 MHz, CDCl;) § 192.12,
158.99, 153.87, 153.16, 136.03, 133.74, 132.81, 132.44, 132.00,
129.76, 129.57, 128.96, 128.70, 128.66, 128.10, 127.87, 126.86,
126.19, 124.77, 124.12, 119.57, 117.30. HRMS (ESI-TOF) m/z
caled for C,6H;,0; [M + H]" 377.1172, found 377.1175.

3-(4-Methylbenzoyl)-4-phenyl-2H-chromen-2-one  (30)."7*
White solid (25.8 mg, 76%). "H NMR (500 MHz, CDCl;) § 7.70
(d, J = 8.1 Hz, 2H), 7.64-7.58 (m, 1H), 7.46 (d, J = 8.3 Hz, 1H),
7.33 (dd, J = 6.3, 3.0 Hz, 3H), 7.31-7.22 (m, 4H), 7.16 (d, ] = 8.1
Hz, 2H), 2.35 (s, 3H). *C NMR (126 MHz, CDCl;) § 191.08,
158.28, 153.13, 152.11, 144.35, 133.20, 132.02, 131.81, 128.86,
128.77, 128.12, 127.97, 127.37, 125.61, 124.04, 118.92, 116.59,
21.20. HRMS (ESI-TOF) mj/z caled for C,3H;;05 [M + HJ'
341.1172, found 341.1174.

3-(4-Ethylbenzoyl)-4-phenyl-2H-chromen-2-one (3p).***
White solid (19.5 mg, 55%). "H NMR (500 MHz, CDCl;) § 7.73
(d, J = 8.2 Hz, 2H), 7.60 (t, / = 7.7 Hz, 1H), 7.46 (d, J = 8.2 Hz,
1H), 7.36-7.30 (m, 3H), 7.30-7.22 (m, 4H), 7.18 (d, J = 8.1 Hz,
2H), 2.65 (q, J = 7.6 Hz, 2H), 1.21 (t, ] = 7.6 Hz, 3H). ">’C NMR
(126 MHz, CDCl;) § 191.73, 158.92, 153.77, 152.78, 151.03,
134.06, 132.64, 132.46, 129.59, 129.49, 128.76, 128.60, 128.22,
128.01, 126.30, 124.67, 119.58, 117.21, 29.07, 15.01. HRMS
(ESI-TOF) m/z caled for C,4H;40; [M + H]" 355.1329, found
355.1334.

3-(4-Isopropylbenzoyl)-4-phenyl-2H-chromen-2-one  (3q).
White solid (14.0 mg, 38%). "H NMR (500 MHz, CDCl;) § 7.73
(d, J = 8.3 Hz, 2H), 7.64-7.58 (m, 1H), 7.46 (d, J = 8.2 Hz, 1H),
7.37-7.32 (m, 3H), 7.27 (dd, J = 12.8, 11.0 Hz, 4H), 7.21 (d, J =
8.3 Hz, 2H), 3.02-2.81 (m, 1H), 1.22 (d, J = 6.9 Hz, 6H). °C
NMR (126 MHz, CDCI3) § 191.72, 158.94, 155.52, 153.76,
152.83, 134.20, 132.64, 132.46, 129.61, 129.47, 128.78, 128.59,
128.03, 126.82, 126.33, 124.67, 119.60, 117.22, 34.36, 23.58.
HRMS (ESI-TOF) m/z caled for Cy5H,;05 [M + H]' 369.1485,
found 369.1489.

3-(4-Chlorobenzoyl)-4-phenyl-2H-chromen-2-one ~ (3r)."7*
White solid (22.7 mg, 63%). "H NMR (300 MHz, CDCI3) § 7.74
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(d, J = 6.7 Hz, 2H), 7.68-7.59 (m, 1H), 7.47 (d, J = 8.1 Hz, 1H),
7.35 (dd, J = 7.4, 4.6 Hz, 5H), 7.31-7.23 (m, 4H).
3C NMR (126 MHz, CDCI3) 6 190.96, 158.74, 153.82, 153.38,
140.40, 134.66, 132.95, 132.23, 130.62, 129.72, 129.05, 128.72,
128.70, 128.08, 125.54, 124.81, 119.38, 117.30. HRMS
(ESI-TOF) m/z caled for C,,H,4,ClO; [M + H]" 361.0626, found
361.0629.

3-(4-Fluorobenzoyl)-4-phenyl-2H-chromen-2-one  (3s).'”*
White solid (14.5 mg, 42%). 'H NMR (500 MHz, CDCl;) § 7.82
(dd, J = 8.6, 5.4 Hz, 2H), 7.62 (t, J = 7.0 Hz, 1H), 7.46 (d, J =
8.3 Hz, 1H), 7.34 (d, J = 3.4 Hz, 3H), 7.28 (dd, J = 18.6, 5.2 Hz,
4H), 7.02 (t, J = 8.5 Hz, 2H). HRMS (ESI-TOF) m/z calcd for
C,,H14FO; [M + HJ' 345.0921, found 345.0925.

3-Butyryl-4-(4-methoxyphenyl)-2H-chromen-2-one (4a). White
solid (28.3 mg, 88%). "H NMR (300 MHz, CDCl;) § 7.60-7.50
(m, 1H), 7.39 (d, J = 8.1 Hz, 1H), 7.26 (td, J = 13.9, 6.7 Hz, 4H),
7.01 (d, J = 8.7 Hz, 2H), 3.87 (s, 3H), 2.42 (t, J = 7.2 Hz, 2H),
1.49 (dq, J = 14.6, 7.3 Hz, 2H), 0.73 (t, ] = 7.4 Hz, 3H). ">C NMR
(126 MHz, CDCl;) § 202.13, 160.69, 158.70, 153.47, 151.16,
132.48, 130.44, 128.01, 124.54, 124.49, 119.71, 117.10, 114.28,
55.44, 45.55, 16.64, 13.47. HRMS (ESI-TOF) m/z caled for
C,0H1604 [M + H]" 323.1278, found 323.1280.

3-Butyryl-4-( p-tolyl)-2H-chromen-2-one (4b). White solid
(21.4 mg, 70%). "H NMR (500 MHz, CDCl;) § 7.58-7.53 (m,
1H), 7.38 (d, J = 8.3 Hz, 1H), 7.29 (d, J = 7.8 Hz, 2H), 7.26 (dd,
J = 8.0, 1.5 Hz, 1H), 7.20 (t, J = 8.0 Hz, 3H), 2.46-2.41 (m, 5H),
1.52-1.43 (m, 2H), 0.72 (t, J = 7.4 Hz, 3H). ">C NMR (126 MHz,
CDCl;) § 201.98, 158.70, 153.44, 151.62, 139.85, 132.52, 129.53,
129.47, 128.76, 128.09, 127.93, 124.56, 119.63, 117.05, 45.55,
21.43, 16.62, 13.42. HRMS (ESI-TOF) m/z caled for CyoH;903
[M + H]" 307.1329, found 307.1334.

4-([1,1-Biphenyl}-4-yl)-3-butyryl-2H-chromen-2-one (4c). White
solid (25.1 mg, 68%). "H NMR (500 MHz, CDCl;) § 7.72 (d, J =
8.3 Hz, 2H), 7.64 (d, J = 7.2 Hz, 2H), 7.61-7.57 (m, 1H), 7.49
(t, J = 7.6 Hz, 2H), 7.41 (t, J = 8.6 Hz, 4H), 7.32 (dd, J = 8.0,
1.4 Hz, 1H), 7.24 (t, J = 7.7 Hz, 1H), 2.50 (t, /] = 7.1 Hz,
2H), 1.54-1.47 (m, 2H), 0.73 (t, J = 7.4 Hz, 3H). >C NMR
(126 MHz, CDCl;) § 201.92, 158.66, 153.48, 151.25, 142.59,
139.92, 132.68, 131.34, 129.39, 129.05, 128.08, 127.42, 127.19,
124.70, 119.49, 117.15, 45.61, 29.75, 16.63, 13.43. HRMS
(ESI-TOF) m/z caled for C,5H,,0, [M + H|" 369.1485, found
369.1487.

4-(4-Bromophenyl)-3-butyryl-2H-chromen-2-one (4d). White
solid (27.5 mg, 74%). "H NMR (500 MHz, CDCl;) 6 7.61 (d, J =
8.3 Hz, 2H), 7.56 (t, J = 7.1 Hz, 1H), 7.37 (d, J = 8.3 Hz, 1H),
7.24-7.11 (m, 4H), 2.50 (t, J = 7.2 Hz, 2H), 1.48 (dq, J = 14.7,
7.4 Hz, 2H), 0.73 (t, ] = 7.4 Hz, 3H). *C NMR (126 MHz,
CDCl3) 6 201.55, 158.45, 153.39, 150.46, 132.88, 132.05, 131.39,
130.45, 128.15, 127.81, 124.80, 124.12, 119.16, 117.16, 45.53,
16.64, 13.44. HRMS (ESI-TOF) m/z caled for C;oH;6BrO;
[M + H]" 371.0277, found 371.0280.

3-Butyryl-4-(4-fluorophenyl)-2H-chromen-2-one (4e). White
solid (13.6 mg, 44%). "H NMR (500 MHz, CDCl;) § 7.62-7.56
(m, 1H), 7.41 (d, J = 8.3 Hz, 1H), 7.31 (dd, J = 8.6, 5.2 Hz, 2H),
7.25-7.17 (m, 4H), 2.49 (t, J = 7.2 Hz, 2H), 1.53-1.45 (m, 2H),
0.74 (t, J = 7.4 Hz, 3H). *C NMR (126 MHz, CDCIl;) § 201.73,
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164.36, 162.36, 158.54, 153.42, 150.52, 132.78, 130.94, 130.87,
128.41, 127.81, 124.74, 119.45, 117.21, 116.16, 115.98, 45.56,
16.59, 13.42. HRMS (ESI-TOF) mj/z caled for C;9H;FO3
[M + H]" 311.1078, found 311.1081.

Methyl 4-(3-butyryl-2-oxo-2H-chromen-4-yl)benzoate  (4f).
White solid (21.0 mg, 60%). "H NMR (500 MHz, CDCl;) § 8.15
(d, J = 8.3 Hz, 2H), 7.60-7.55 (m, 1H), 7.39 (dd, J = 7.7, 5.4 Hz,
3H), 7.23-7.17 (m, 1H), 7.10 (dd, J = 8.0, 1.3 Hz, 1H), 3.95 (s,
3H), 2.52 (t, ] = 7.2 Hz, 2H), 1.50-1.43 (m, 2H), 0.72 (t, ] = 7.4
Hz, 3H). *C NMR (126 MHz, CDCl;) § 201.38, 166.26, 158.44,
153.41, 150.80, 137.14, 132.95, 131.28, 129.91, 128.92, 128.09,
127.82, 124.83, 119.08, 117.20, 52.49, 45.54, 16.61, 13.43.
HRMS (ESI-TOF) m/z caled for Cp1Hy005 [M + H|™ 351.1227,
found 351.1229.

3-Butyryl-4-(4-chlorophenyl)-2H-chromen-2-one (4g). White
solid (21.5 mg, 66%). 'H NMR (500 MHz, CDCl3) § 7.58 (t, J =
5.8 Hz, 1H), 7.48 (d, J = 6.7 Hz, 1H), 7.41 (d, J = 6.6 Hz, 1H),
7.25 (ddt, J = 21.4, 14.6, 5.3 Hz, 5H), 2.50 (dt, J = 11.6, 5.7 Hz,
2H), 1.49 (dt, J = 5.8, 5.3 Hz, 2H), 0.75 (dt, J = 7.8, 5.9 Hz, 3H).
3C NMR (126 MHz, CDCl;) § 201.59, 158.50, 153.42, 150.46,
135.96, 132.85, 130.88, 130.23, 129.12, 127.81, 124.77, 119.27,
117.21, 116.15, 115.98, 45.57, 16.64, 13.43. HRMS (ESI-TOF)
m/z caled for C,0H;6ClO; [M + H]' 327.0782, found 327.0787.

3-Butyryl-4-(4-(trifluoromethyl)phenyl)-2H-chromen-2-one (4h).
White solid (14.1 mg, 39%). '"H NMR (500 MHz, CDCl,)
6 7.77 (d, J = 8.0 Hz, 2H), 7.60 (ddd, J = 8.6, 7.3, 1.5 Hz, 1H),
7.45 (d, J = 8.0 Hz, 2H), 7.43 (dd, J = 8.3, 0.8 Hz, 1H), 7.25-7.20
(m, 1H), 7.08 (dd, J = 8.0, 1.4 Hz, 1H), 2.56 (t, / = 7.2 Hz,
2H), 1.50 (dd, J = 14.6, 7.3 Hz, 2H), 0.74 (t, J = 7.4 Hz, 3H). *C
NMR (126 MHz, CDCl;) 6 201.29, 158.40, 153.44,
150.40, 136.33, 133.04, 129.30, 128.32, 127.75, 125.75, 125.72,
124.88, 119.09, 117.26, 45.54, 29.73, 16.64, 13.36. HRMS
(ESI-TOF) m/z caled for C,oH6F30, [M + H]" 361.1046, found
361.1049.

3-Butyryl-4-(m-tolyl)-2H-chromen-2-one (4i). White solid
(21.7 mg, 71%). "H NMR (500 MHz, CDCl;) § 7.55 (ddd, J = 8.7,
3.2, 1.6 Hz, 1H), 7.37 (dd, J = 8.2, 2.1 Hz, 1H), 7.31-7.23 (m,
3H), 7.20 (t, J = 7.5 Hz, 3H), 2.46-2.38 (m, 5H), 1.54-1.40 (m,
2H), 0.72 (td, J = 7.4, 1.7 Hz, 3H). "*C NMR (126 MHz, CDCl,)
5 202.01, 158.70, 153.43, 151.63, 139.86, 132.54, 129.48,
128.76, 128.09, 127.90, 124.58, 119.61, 117.04, 45.54, 21.43,
16.61, 13.42. HRMS (ESI-TOF) m/z caled for C,0H;605 [M + H]"
307.1329, found 307.1335.

3-Butyryl-4-(3-methoxyphenyl)-2H-chromen-2-one (4j). White
solid (22.5 mg, 70%). "H NMR (500 MHz, CDCl;) § 7.60 (ddd,
J = 8.6, 7.3, 1.6 Hz, 1H), 7.43 (dd, J = 12.8, 5.1 Hz, 2H), 7.32
(dd, J = 8.0, 1.5 Hz, 1H), 7.25 (t, J = 7.1 Hz, 1H), 7.09-7.03 (m,
1H), 6.91 (t, J = 6.8 Hz, 1H), 6.90-6.85 (m, 1H), 3.86 (s, 3H),
2.50 (q, J = 7.0 Hz, 2H), 1.53 (dd, J = 14.6, 7.3 Hz, 2H), 0.76 (t,
J = 7.4 Hz, 3H). *C NMR (126 MHz, CDCl;) § 201.77, 159.71,
158.62, 153.41, 151.19, 133.70, 132.63, 130.01, 128.06, 124.66,
121.04, 119.36, 117.04, 115.29, 114.50, 55.45, 45.50, 16.57,
13.40. HRMS (ESI-TOF) m/z caled for C,oH;604 [M + HJ'
323.1278, found 323.1280.

3-Butyryl-7-methyl-4-phenyl-2H-chromen-2-one (4k). White
solid (22.3 mg, 73%). "H NMR (500 MHz, CDCl;) § 7.49-7.43
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(m, 3H), 7.29 (dd, J = 6.4, 2.9 Hz, 2H), 7.19 (s, 1H), 7.08 (d,
J =8.1Hz, 1H), 7.01 (d, J = 8.2 Hz, 1H), 2.44 (s, 3H), 2.43 (d,
J = 7.2 Hz, 2H), 1.50-1.39 (m, 2H), 0.69 (t, J/ = 7.4 Hz, 3H).
C NMR (126 MHz, CDCl;) § 201.99, 158.90, 153.55,
151.63, 144.15, 132.78, 129.58, 128.78, 128.73, 127.75,
126.94, 125.86, 117.21, 45.60, 21.73, 16.61, 13.40. HRMS
(ESI-TOF) m/z caled for C,oH;905 [M + H]" 307.1329, found
307.1335.

7-(tert-Butyl)-3-butyryl-4-phenyl-2H-chromen-2-one (41).
White solid (24.4 mg, 70%). '"H NMR (500 MHz, CDCls)
8 7.50-7.45 (m, 3H), 7.40 (d, J = 1.7 Hz, 1H), 7.30 (dd, J = 6.5,
2.9 Hz, 2H), 7.24 (dd, J = 8.5, 1.7 Hz, 1H), 7.14 (d, J = 8.4 Hz,
1H), 2.44 (t, J = 7.1 Hz, 2H), 1.46 (h, J = 7.3 Hz, 2H), 1.34 (s,
9H), 0.70 (t, J = 7.4 Hz, 3H). >C NMR (126 MHz, CDCl,)
5 201.98, 159.01, 157.38, 153.51, 151.53, 132.79, 129.57,
128.77, 128.71, 127.61, 127.09, 122.21, 116.97, 113.85, 45.60,
35.34, 31.01, 16.64, 13.41. HRMS (ESI-TOF) m/z caled for
C,3H,505 [M + H]" 349.1798, found 349.1802.

3-Butyryl-7-methoxy-4-phenyl-2H-chromen-2-one (4m). White
solid (28.9 mg, 90%). 'H NMR (300 MHz, CDCl;)
§ 7.56-7.38 (m, 3H), 7.28 (dd, J = 6.7, 2.9 Hz, 2H), 7.10 (d, J =
8.9 Hz, 1H), 6.87 (d, J = 2.5 Hz, 1H), 6.76 (dd, J = 8.9, 2.5 Hz,
1H), 3.88 (s, 3H), 2.45 (t, J = 7.2 Hz, 2H), 1.46 (dq, J = 14.6, 7.3
Hz, 2H), 0.70 (t, J = 7.4 Hz, 3H). *C NMR (126 MHz, CDCl;) §
202.04, 163.50, 159.06, 155.36, 152.15, 133.03, 129.53, 129.18,
128.70, 124.76, 112.91, 100.84, 55.94, 45.66, 16.72, 13.43.
HRMS (ESI-TOF) m/z caled for C,H1004 [M + H]" 323.1278,
found 323.1280.

3-Butyryl-7-fluoro-4-phenyl-2H-chromen-2-one  (4n). White
solid (16.7 mg, 54%). "H NMR (500 MHz, CDCl;) § 7.54-7.45
(m, 3H), 7.29 (dd, J = 6.6, 2.9 Hz, 2H), 7.21 (dd, J = 8.9, 6.0 Hz,
1H), 7.12 (dd, J = 8.8, 2.4 Hz, 1H), 6.98-6.91 (m, 1H), 2.43 (t,
J = 7.1 Hz, 2H), 1.52-1.41 (m, 2H), 0.70 (t, J = 7.4 Hz, 3H). °C
NMR (126 MHz, CDCl;) & 201.48, 165.94, 163.90, 158.34,
154.66, 154.55, 151.14, 132.37, 129.97, 129.87, 128.91, 128.71,
126.90, 116.27, 112.89, 112.71, 104.70, 104.50, 45.55, 16.57,
13.37. HRMS (ESI-TOF) m/z caled for C;oH;sFO; [M + HJ'
311.1078, found 311.1081.

3-Butyryl-7-chloro-4-phenyl-2H-chromen-2-one (40). White
solid (16.3 mg, 50%). 'H NMR (500 MHz, CDCI,)
8 7.52-7.47 (m, 3H), 7.40 (d, J = 1.7 Hz, 1H), 7.28 (dd, J = 6.6,
2.9 Hz, 2H), 7.17 (dt, J = 16.4, 5.2 Hz, 2H), 2.43 (t, J = 7.1 Hz,
2H), 1.46 (dd, J = 14.6, 7.3 Hz, 2H), 0.69 (t, J = 7.4 Hz, 3H). *C
NMR (126 MHz, CDCl;) & 201.38, 158.04, 153.63, 150.84,
138.68, 132.12, 129.92, 128.94, 128.72, 125.24, 118.18, 117.31,
45.50, 16.53, 13.36. HRMS (ESI-TOF) m/z calcd for C;oH;4ClO;
[M + H]" 327.0782, found 327.0784.

3-Butyryl-4-phenyl-2H-benzo[g]chromen-2-one (4p). White
solid (22.9 mg, 67%). 'H NMR (500 MHz, CDCl;) & 8.60-8.52
(m, 1H), 7.83 (dd, J = 5.2, 3.6 Hz, 1H), 7.65 (pd, J = 6.3, 1.1 Hz,
2H), 7.56 (d, J = 8.8 Hz, 1H), 7.54-7.48 (m, 3H), 7.35 (dt, J =
6.0, 3.2 Hz, 2H), 7.16 (d, J = 8.8 Hz, 1H), 2.50 (t, J = 7.1 Hz, 2H),
1.54-1.44 (m, 2H), 0.72 (t, ] = 7.4 Hz, 3H). *C NMR (126 MHz,
CDCl3) 6 201.99, 158.66, 152.58, 150.88, 135.11, 133.01, 129.65,
129.34, 128.84, 127.80, 127.46, 127.33, 124.42, 122.94, 122.82,
122.76, 114.67, 77.39, 77.14, 76.88, 76.21, 45.60, 16.66, 13.45.
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HRMS (ESI-TOF) m/z caled for Cy3H 905 [M + H]' 343.1329,
found 343.1332.
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