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NEts-Promoted Construction of Functionalized 4H-Chromenes via
[4+2] Cycloaddition Reaction of ortho-Quinone Methides with
B-Ketothioamides
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Abstract A novel and efficient method for the synthesis of highly substituted 4H-chromene derivatives by NEt;-promoted
annulation of S-ketothioamides (KTAs) and ortho-quinone methides (0-QMs) has been developed. This protocol involves a
tandem sequence including 1,6-conjugate addition/O-cyclization/ring-opening/O-cyclization. This process exhibits good func-

tional group tolerance, operationally-simple conditions and scalability.
Keywords ortho-quinone methide (0-QMs); B-ketothioamide; 4H-chromene derivative; [4+2] cycloaddition

1 Introduction

Functionalized 4H-chromene framework, as important
privileged heterocyclic scaffold, appears in a plethora of
natural products and a variety of known inhibitors for a
broad range of receptors.[!! For instance, Uvafzelin is an
antimicrobial agent against gram-positive and acid-fast
bacteria.[?! Troglitazone is considered to be an antidiabetic
and anti-inflammatory drug.[3! HA14-1 has been shown to
synergize with various anticancer therapies.l*! Miroestrol
was considered to be a rejuvenating drug.[*! Some are en-
dowed with a broad spectrum of biological properties such
as anticancer,® antimicrobial,!”’ antimalarial,’®! anticoagu-

lant,! antifungal,['! and antioxidant activities.''l Although
various approaches for the preparation of 4H-chromenes
have been established,'?! efficient and practical synthetic
methods to access 4H-chromenes are still extremely desir-
able.

Recently p-ketothioamides (KTAs)!*! have received
much attention as multifunctional building blocks in or-
ganic synthesis and have been extensively used in various
carbon-carbon and carbon-heteroatom bond-forming reac-
tions for the construction of heterocycles (Scheme 1,
modes A~DI'*17) Although significant progress has been
made in this field, the discovery of novel reaction should
be an interesting project.

* Corresponding authors. E-mail: wenlirong@qust.edu.cn; liming928@qust.edu.cn

Received April 2, 2021; revised May 26, 2021; published online June 15, 2021.

Project supported by the National Natural Science Foundation of China (No. 21572110) and the Natural Science Foundation of Shandong Province (No.

ZR2019MB010).

K HRFHEFHE 4 (No. 21572110) K 1L 448 H IAFHF 3£ 4 (No. ZR2019MBO10) ¥ BT H .

CCs

3682 http:/sioc-journal.cn/ A © 2021 Chinese Chemical Society & SIOC, CAS

Chin. J. Org. Chem. 2021, 41, 3682~3691



Chinese Journal of Organic Chemistry

ortho-Quinone methides (0-QMs),['® as a four-atom
partner, could participate in diverse [4-+n] cycloadditions
with various coupling partners to generate five-, six-, or
seven-membered rings,['>2" especially oxa-[4+2] cycliza-
tions.[?! In the construction of various oxygen-containing
heterocyclic compounds, most of the [4-+2]-cycloaddi-
tions of 0-QMs were confined to alkenes,??! alkynes®*! and
others.?l Recently, Li et al.! described the organocata-
Iytic domino reactions of 0-QMs with p-functionalized
ketones to give hydroxyl-containing chroman compounds,
but the reaction of 0-QMs with KTAs has not been devel-
oped in the synthesis for 4H-chromenes scaffold.

Based on our ongoing interest in heterocycle synthe-
sis?l and in order to explore this new reactivity of KTAs,
a novel reaction of 0-QMs and KTAs for accessing
4H-chromenes was reported. It is worth noting that the
carbonyl group of KTAs is involved as a “pseudoreactive
site”, and the actual reaction center is involved in the thio-
carbonyl group.

2 Results and discussion

During the investigation of the reaction of 3-oxo-N,3-
diphenylpropanethioamide (1a) with 0-QM 2a promoted
by NEt;, a new product 3aa was observed. This inspired
our interest in further exploration of this transformation.
The optimal reaction conditions to afford 3aa efficiently
were investigated. The results are summarized in Table 1.
Initially, when the mixture of 1a and 2a was stirred in
EtOH with 1.0 equiv. of NEt; at 70 °C for 10 h, 3aa was
obtained in 66% yield (Table 1, Entry 1). Only trace
amount of 3aa was afforded without any additives (Table
1, Entry 2). Considering the effect of a base on the reac-
tion, other bases such as N,N-diisopropylethylamine (DI-
PEA), triethylenediamine (DABCO), 1,8-diazabicyclo-
[5.4.0]undec-7-ene (DBU), 4-dimethylaminopyridine
(DMAP), pyridine, PPh; and K,COs were screened, and
the results showed that these bases could not improve the
yield of product 3aa (Table 1, Entries 3~9). Next, the
amount of NEt; was tested. The results showed that the

previous work:

Table 1 Optimization of reaction conditions®*

OH

Base
Solvent, T

1a 2a

Entry n(1a) : n(2a) Base (equiv.) Solvent 7/C Yield/%
1 101 NEt; (1) EtOH 70 66
2 101 — EtOH 70  Trace
3 101 DIPEA (1) EtOH 70 60
4 101 DABCO (1) EtOH 70 57
5 1.1 DBU (1) EtOH 70  Trace
6 101 DMAP (1) EtOH 70 65
7 1:1 Pyridine (1) EtOH 70 35
8 101 PPhs (1) EtOH 70 32
9 1:1 KoCOs(1)  EtOH 70  Trace
10 1:1 NEt (0.5) EtOH 70 77
11 1.1 NEt; (0.2) EtOH 70 72
12 1.1 NEt; (0.5) — 90 40
13 101 NEt; (0.5) HFIP 70 72
14 1.1 NEt; (0.5) CH3OH 70 63
15 101 NEt; (0.5) TFE 70 65
16 1.1 NEt; (0.5) CH:CN 70 65
17 1:1 NEt; (0.5) DCE 70 63
18 1.1 NEt; (0.5) THF 70 55
19 1:1 NEt; (0.5)  Toluene 70 50
20 1.1 NEt; (0.5) EtOH 80 75
21 1.1 NEt; (0.5) EtOH 60 69
22 1:1.2 NEt; (0.5) EtOH 70 85
23 12:1 NEt(0.5) EtOH 70 75
24 1:15 NEt; (0.5) EtOH 70 84
25¢ 1:1.2 NEt; (0.5) EtOH 70 72

@ Reaction conditions unless otherwise noted: 1a (0.2 mmol), 2a (0.2 mmol),
solvent (2 mL), 10 h. *Isolated yields. ¢ EtOH (1 mL).
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Scheme 1 Some reaction types of KTAs
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yield of 3aa was increased from 66% to 77% when the
amount of NEt; was reduced to 0.5 equiv. (Table 1, Entry
10), whereas further reducing the amounts of NEt; did not
improve the yield of 3aa (Entry 11). A solventless reaction
of 1a and 2a was also attempted with 0.5 equiv. of NEt; at
90 °C for 10 h, and 3aa was obtained in 40% yield (Table
1, Entry 12). Different solvents such as 1,1,1,3,3,3-hexa-
fluoro-2-propanol (HFIP), CH3OH, TFE, CH3;CN, DCE,
THF, and toluene were examined, but they did not give
satisfactory results (Table 1, Entries 13~19). The effect of
temperature on the reaction was evaluated, and the results
suggested that 70 ‘C favored this reaction (Table 1, En-
tries 20, 21). Finally, the mole ratio of 1a and 2a was test-
ed, and the results indicated the excess of 2a can cause an
obvious improvement in the yield of 3aa (Table 1, Entries
22~24). However, increasing the reaction system concen-
tration was not conducive to the reaction (Table 1, Entry
25). Consequently, the optimal reaction conditions were
established by employing 1a and 2a in a mole ratio of 1 :
1.2 with 0.5 equiv. of NEt; in EtOH at 70 ‘C for 10 h.
Under the optimized reaction conditions, the process
could easily be applied to a variety of KTAs 1, and the
results are summarized in Table 2. As one can see from

Table 2 Synthesis of 4H-chromenes 3aa~3ya®’

t-Bu
U NEt; (0.5 equiv.)
R NHR' + EtOH, 70 °C, 10 h
1a~1x

t-Bu 3qa, R' = 4-FCgH,4, 69%
3ra, R' = 4-CICgHy4, 76%
3sa, R'= 4-BrCgH,, 74%

o 3ta, R' = 4-CF3CgHa, 50%
3ua, R" = 4-MeCgH,, 77%
N—H 3va, R" = 4-OMeCgHy4, 74%

I‘?1 3wa, R' = Me, 66%

Ph

3aa, R = Ph, 85%

3ba, R = 4-FCgHy4, 70%
3ca, R = 4-CICgH,, 65%
3da, R = 4-BrCgHj,, 63%
3ea, R = 4-CF3CgH,, 52%
3fa, R = 2-FCgH,, 68%
3ga, R = 3-FCgHy, 66%
3ha, R = 3-CICgHy4, 60%
3ia, R = 4-MeCgHy, 77%
3ja, R = 4-EtCgH,, 75%
3ka, R = 4-OMeCgHy, 73%
3la, R = 4-SMeCgHg, 75%
3ma, R = 2-Piperonyl, 64%
3na, R = 2-Naphthyl, 71%
3o0a, R = 2-thienyl, 60%
3pa, R = 4-NO,CgH,, complex mixture

e

0]
O
3ya, 0%

3xa, 0%

4 Reaction conditions: 1 (0.3 mmol), 2a (0.36 mmol), NEt; (0.15 mmol), EtOH
(3 mL). ®Isolated yields.
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Table 2, when R of KTAs 1 was an aromatic group or a
heterocyclic ring, and R' was phenyl, the reactions pro-
ceeded efficiently to provide the desired products 3aa~
30a in 52%~85% yields. When R was phenyl and R! of
the KTAs 1 was an aromatic group, the reactions showed
similar reactivity to provide the desired products 3qa~3va
in 50%~77% yields. Unfortunately, however, when R!
was 4-NO,C¢H4, a complex mixture was observed (3pa).
Additionally, when R! was an aliphatic group such as me-
thyl, the reaction gave the desired product 3wa in 66%
yield, but when two methyl groups or a morpholine group
were involved, different reactivity was observed and the
target products 3xa and 3ya were not obtained. Since
X-ray analysis of 3aa revealed that there existed an intra-
molecular hydrogen bond between amino and carbonyl
group, helping to further stabilize the structures of the
product, so we inferred that N—H bond possibly played an
indispensable role to promote this reaction.

Next, the scope of 0-QMs 2 was explored (Table 3), and
the results revealed that various 0-QMs 2a~2g could be
tolerated well, and the reactions proceeded smoothly to
afford the corresponding 4H-chromene derivatives 3ab~
3ag in moderate to good yields. It is noteworthy that when
R? was an electron-donating group (3ae~3ag), the yields
relative to halogen substitution (3ab~3ad) were higher.

Table 3 Synthesis of 4H-chromenes 3ab~3ag®?

o)
t-Bu t-Bu
Ph
o . I~ NEt; (05 equiv)
S | N EtOH, 70°C, 10 h (7
PhHN
RQ/ Z “0oH
1a 2b~2g
3ab ~ 3ag
Compd. R? Yield/%
3ab 6-F 67
3ac 6-Cl 65
3ad 6-Br 68
3ae 6-CH3 73
3af 6-OMe 76
3aq 8-OMe 78

© 2021 Chinese Chemical Society & SIOC, CAS

4 Reaction conditions: 1a (0.3 mmol), 2 (0.36 mmol), NEt; (0.15 mmol), EtOH
(3 mL). ¢ Isolated yields.

The structures of all newly synthesized 4H-chromenes
were identified by their IR, 'H NMR, *C NMR, and
HRMS spectra and unequivocally confirmed by X-ray dif-
fraction analysis of the monocrystal of 3aa (CCDC
1583563).

Next, our attention was shifted to elucidate a reasonable
mechanism of this transformation. Notably, during the in-
vestigation of this transformation reaction under the stand-
ard conditions, we noticed a trace intermediate by thin-
layer chromatography (TLC), which disappeared gradually
with time expanding. In order to obtain this intermediate,

Chin. J. Org. Chem. 2021, 41, 3682~3691



Chinese Journal of Organic Chemistry

the reaction of 1a and 2a was conducted at 25 C for 1 h.
To our delight, a chroman intermediate 4 (Its structure was
confirmed by X-ray diffraction analysis. No. CCDC
1814241) was obtained in 65% yield (Scheme 2, a). When
the reaction of 1a and 2a was performed without NEt; at
25 °C for 1 h, only 15% of 4 was provided (Scheme 2, b).
Next, to indicate the effect of NEt; on the reaction, two
comparative experiments were carried out with intermedi-
ate 4 as the substrate at 70 “C for 10 h. It was found that
NEt; is essential in the conversion of intermediate 4 to
product 3aa (Scheme 2, c¢). Additionally, a wet lead acetate
paper was placed in the reaction bottle, and the paper
changed from white to black as the reaction proceeded,
verifying hydrogen sulfide gas was generated during the
reaction.

On the basis of the experimental results above, a possi-

t-Bu tBu t-Bu O t-Bu
o S NEt3 (0.5 equiv.) NHPh 4

EtOH (0.1 mol/L) O S
25°C, 1h oMo
Ph

OH

ble mechanism is proposed (Scheme 3). First, KTAs 1 are
mediated by Et;N and deprotonate to form the anions of
[-(haloaroyl)thioacetanilides, which trigger 1,6-conjugate
addition involving Michael addition with 0-QMs 2 to gen-
erate the intermediate [A] according to type C with chemo-
and regioselectivity, followed by an intramolecular
O-cyclization, forming the kinetically favored intermediate
4. Subsequently, in the presence of triethylamine the C—O
bond would collapse to regenerate the ring-open interme-
diate [A — H] =, which underwent intramolecular
O-cyclization to form the more stable conjugated thioenol
intermediate [B]. Finally, the thermodynamically more
stable 4H-chromene 3 is afforded irreversibly with elimi-
nation of H»S. Obviously, the present reaction involved
novel processes via combined modes C and D of KTAs.

OH

1a (1.0 equiv.) 2a (1.2 equiv.) 4,65%
. ) EtOH (0.1 mol/L)
(b) 1a(1.0equiv.) + 2a(1.2equiv.) + 3aa
25°C,1h 15% 0%
EtOH (0.1 mol/L)
(c) 4 ——___ ™ 3aa,trace
70°C, 10 h

NEt; (0.5 equiv.)

EtOH (0.1 mol/L) 70 °C
10h

3aa, 86%

Scheme 2 Control experiments

o) s
RZMNHW
g1
NEts | HNE
O) 3 3
t-Bu t-Bu R2
(0]
‘\| _ _—
A \_/ S
R 3
R°HN
Z > oH
2 1,6-conjugate addition

(B]

N
-HNEt,

-st
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To demonstrate the practical application of the present
protocol, a gram-scale experiment was carried out for the
reaction of 1a (4 mmol, 1.02 g) with 2a (4.8 mmol, 1.49 g)
under the optimal reaction conditions, and the coupling
product 3aa was obtained in 68% yield (1.45 g) (Scheme
4).

P tB tB
t-Bu tBu - -
Ph
e} NEt; (0.5 equiv.)
+ T,
s EtOH, 70 °C 0
I
PhHN —H
OH © '\\‘
1a 2a 3aa Ph

1.45 g (2.72 mmol), 68%

1.02 g (4 mmol) 1.49 g (4.8 mmol)

Scheme 4 Gram scale experiment

3 Conclusions

In summary, an efficient method for the synthesis of
highly substituted 4H-chromenes by NEt;-promoted annu-
lation of KTAs and 0-QMs was developed. Mechanistic
study of the reaction intermediate and control experiments
indicated that the annulation reaction underwent a cascade
pathway including 1,6-conjugate addition/O-cyclization/
ring-opening/O-cyclization. Unlike previous reports, the
present reaction involved novel relay processes and exhib-
ited high bond-forming efficiency. This process exhibits
good functional group tolerance, operationally-simple con-
ditions and scalability. This reaction not only provides an
efficient method for the construction of biologically im-
portant 4H-chromenes but also greatly enriches the chem-
istry of 0-QMs and KTAs.

4 Experimental section

4.1 General Information

Unless noted, all commercial reagents and solvents were
used without further purification. Melting points were rec-
orded on a RY-1 microscopic melting apparatus and un-
corrected. '"H NMR spectra were recorded on 500 MHz
and '*C NMR spectra were recorded on 125 MHz by using
a Bruker Avance 500 spectrometer. Chemical shifts were
reported relative to tetramethylsilane (TMS). High-
resolution mass spectra were obtained on a Waters Xevo
G2-XS QTof spectrometer with an ESI source. The X-ray
single-crystal diffraction was performed on Saturn 724+
instrument. The IR spectra were recorded on an iS10
FT-IR spectrometer, and only major peaks are reported in
cm !, Silica gel (200~300 mesh) for column chromatog-
raphy and silica GF254 for TLC were produced by Qing-
dao Marine Chemical Company (China).

4.2 General procedure

KTAs 1 (0.3 mmol, 1.0 equiv.), 0-QMs 2 (0.36 mmol,
1.2 equiv.) and NEt; (0.15 mmol, 0.5 equiv.) were dis-
solved in EtOH (3.0 mL). The reaction mixture was stirred
at 70 ‘C. After the reaction was completed (detected by

3686 http:/sioc-journal.cn/
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TLC, petroleum ether/ethyl acetate, V' . V=50 ! 1), the
solvent was directly removed under reduced pressure and
the crude mixture was purified by silica gel flash column
chromatography (petroleum ether/ethyl acetate, V' . V=
50 : 1) to afford the pure products 3.
(4-(3,5-Di-tert-butyl-4-hydroxyphenyl)-2-(phenylamino)-
4H-chromen-3-yl)(phenyl)methanone (3aa): White solid,
135.6 mg, 85% vyield. m.p. 169~171 C; 'H NMR
(DMSO-ds, 500 MHz) o: 12.73 (s, 1H), 7.43~7.42 (m,
5H), 7.36 (t, J=7.4 Hz, 2H), 7.28~7.25 (m, 3H), 7.22~
7.17 (m, 3H), 7.15 (t, J=7.7 Hz, 1H), 6.74 (s, 1H), 6.57 (s,
2H), 4.95 (s, 1H), 1.22 (s, 18H); '3C NMR (DMSO-d;, 125
MHz) ¢: 194.2, 159.5, 152.3, 148.6, 141.3, 139.5, 138.1,
137.4, 129.9, 129.7, 129.4, 128.4, 128.3, 127.7, 126.9,
125.9, 124.8,123.0, 121.9, 116.4, 91.6, 41.7, 34.7, 30.6; IR
(KBr) v: 3630, 3060, 2956, 2916, 2869, 1633, 1597, 1432,
1325, 1235, 1152, 1116, 754, 699 cm ™ !; HRMS (ESI-TOF)
caled for C36H3sNO; [M+H]" 532.2852, found 532.2851.
(4-(3,5-Di-tert-butyl-4-hydroxyphenyl)-2-(phenylamino)-
4H-chromen-3-yl)(4-fluorophenyl)methanone (3ba): Pale
yellow solid, 115.4 mg, 70% yield. m.p. 156~158 C; 'H
NMR (CDCls, 500 MHz) é: 13.25 (s, 1H), 7.49 (d, J=7.9
Hz, 2H), 7.42 (t, J=7.8 Hz, 2H), 7.22~7.18 (m, 4H),
7.15~7.07 (m, 3H), 7.02 (t, J=8.6 Hz, 2H), 6.60 (s, 2H),
4.99 (s, 1H), 4.90 (s, 1H), 1.30 (s, 18H); '3C NMR (CDCl;,
125 MHz) d: 193.2, 162.9 ('Jcr=248.3 Hz) 160.2, 152.1,
148.5, 137.7, 137.4, 137.2, 135.7, 129.1, 128.6 (*Jcr=8.3
Hz), 128.5, 127.4,127.2, 125.2, 124.6, 123.4, 122.5, 116.2,
114.9 (CJcr=21.7 Hz), 90.8, 42.1, 34.1, 30.1; IR (KBr) v:
3631, 3060, 2957, 2921, 2861, 1635, 1599, 1585, 1558,
1464, 1432, 1329, 1316, 1217, 1151, 1018, 908, 847, 768,
754, 689 ¢cm '; HRMS (ESI-TOF) calcd for C3¢H37NOsF
[M-+H]" 550.2757, found 550.2756.
(4-Chlorophenyl)(4-(3,5-di-tert-butyl-4-hydroxyphenyl)-
2-(phenylamino)-4H-chromen-3-yl)methanone (3ca): White
solid, 110 mg, 65% yield. m.p. 155~157 ‘C; 'H NMR
(CDCl3, 500 MHz) d: 13.26 (s, 1H), 7.48 (d, J=8.0 Hz,
2H), 7.42 (t, J=7.9 Hz, 2H), 7.30~7.28 (m, 2H), 7.22~
7.17 (m, 2H), 7.13~7.06 (m, 5H), 6.58 (s, 2H), 4.99 (s,
1H), 4.86 (s, 1H), 1.30 (s, 18H); '*C NMR (CDCl;, 125
MHz) ¢: 193.0, 160.2, 152.1, 148.3, 140.0, 137.4, 137.2,
135.8, 134.7, 129.2, 129.0, 128.2, 127.9, 127.5, 127.1,
125.2,124.7,123.5, 122.6, 116.2, 90.7, 42.0, 34.1, 30.1; IR
(KBr) v: 3636, 3074, 3001, 2961, 2921, 2866, 1627, 1599,
1571, 1532, 1457, 1434, 1327, 1237, 1209, 1151, 1027,
907, 830, 765, 758, 695 cm™'; HRMS (ESI-TOF) calcd for
C36H37N- OsCl [M+H]" 566.2462, found 566.2468.
(4-Bromophenyl)(4-(3,5-di-tert-butyl-4-hydroxyphenyl)-
2-(phenylamino)-4H-chromen-3-yl)methanone (3da): White
solid, 115.4 mg, 63% yield. m.p. 170~172 ‘C; '"H NMR
(DMSO-ds, 500 MHz) 6: 12.69 (s, 1H), 7.51 (d, /=8.2 Hz,
2H), 7.43~7.42 (m, 4H), 7.27~7.23 (m, 3H), 7.21~7.18
(m, 1H), 7.15~7.11 (m, 3H), 6.74 (s, 1H), 6.57 (s, 2H),
493 (s, 1H), 1.23 (s, 18H); *C NMR (DMSO-ds, 125
MHz) ¢: 192.8, 159.6, 152.5, 148.3, 140.5, 139.5, 138.2,
137.5, 131.3, 129.8, 129.6, 129.0, 128.2, 127.5, 125.8,
124.9,123.2, 123.0, 122.1, 116.4, 91.4, 41.5, 34.7, 30.6; IR
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(KBr) v: 3636, 3097, 3001, 2960, 2880, 1625, 1600, 1586,
1568, 1531, 1462, 1433, 1328, 1237, 1209, 1185, 1151,
1010, 906, 829, 766, 758, 695 ¢cm !; HRMS (ESI-TOF)
caled for Cs3H3NOsBr [M + H] " 610.1957, found
610.1954.
(4-(3,5-Di-tert-butyl-4-hydroxyphenyl)-2-(phenylamino)-
4H-chromen-3-yl)(4-(trifluoromethyl)phenyl)methanone
(3ea): White solid, 93.6 mg, 52% vyield. m.p. 210~
212 °C; 'H NMR (CDCls, 500 MHz) §: 13.35 (s, 1H), 7.58
(d, J/=8.1 Hz, 2H), 7.50 (d, /=7.8 Hz, 2H), 7.43 (t, J=17.9
Hz, 2H), 7.25~7.17 (m, 4H), 7.13~7.10 (m, 2H), 7.07 (t,
J=1.3 Hz, 1H), 6.56 (s, 2H), 5.00 (s, 1H), 4.78 (s, 1H),
1.29 (s, 18H); '3C NMR (CDCl;, 125 MHz) §: 192.6,
160.3, 152.2, 148.2, 145.0, 137.4, 137.0, 135.9, 130.6
(3Jcr=32.5 Hz), 129.2, 129.0, 127.5, 126.9, 126.7, 125.3,
125.0, 124.9, 1234, 122.7, 116.2, 90.6, 41.9, 34.1, 30.1; IR
(KBr) v: 3607, 3074, 2964, 2907, 2875, 1634, 1611, 1597,
1545, 1498, 1457, 1432, 1320, 1238, 1180, 1167, 1125,
1107, 1064, 938, 910, 843, 770, 756 cm !; HRMS
(ESI-TOF) caled for C3;H3NOsF; [M+H]" 600.2726,
found 600.2728.
(4-(3,5-Di-tert-butyl-4-hydroxyphenyl)-2-(phenylamino)-
4H-chromen-3-yl)(2-fluorophenyl)methanone (3fa): White
solid, 112.1 mg, 68% yield. m.p: 178~180 C; 'H NMR
(CDCl3, 500 MHz) 4: 13.29 (s, 1H), 7.51 (d, J=7.8 Hz,
2H), 7.42 (t, J=7.9 Hz, 2H), 7.34~7.25 (m, 1H), 7.22~
7.16 (m, 2H), 7.11~7.10 (m, 2H), 7.07~6.97 (m, 4H),
6.55 (s, 2H), 4.96 (s, 1H), 4.75 (s, 1H), 1.28 (s, 18H); 13C
NMR (CDCl;, 125 MHz) 6: 189.6, 159.8, 152.0, 148.0,
137.6, 137.1, 135.5, 130.2, 129.5 (3Jcr=18.1 Hz), 129.3,
129.1, 127.4, 126.9, 125.2, 124.7, 123.9, 123.5, 122.7,
116.1, 115.6 (*Jcr=18.1 Hz), 91.9, 41.7, 34.1, 30.1; IR
(KBr) v: 3616, 3074, 2959, 2912, 2870, 1636, 1614, 1596,
1561, 1464, 1431, 1330, 1219, 1180, 1157, 754 cm ';
HRMS (ESI-TOF) caled for C3H3NOsF [M + H] '
550.2757, found 550.2760.
(4-(3,5-Di-tert-butyl-4-hydroxyphenyl)-2-(phenylamino)-
4H-chromen-3-yl)(3-fluorophenyl)methanone (3ga): White
solid, 108.8 mg, 66% yield. m.p. 160~162 C; 'H NMR
(CDCl3, 500 MHz) 4: 13.28 (s, 1H), 7.52 (d, J=7.6 Hz,
2H), 7.45 (t, J=17.8 Hz, 2H), 7.36~7.31 (m, 1H), 7.25~
7.20 (m, 2H), 7.17~7.08 (m, 4H), 7.01 (d, J=7.5 Hz,
1H), 6.85 (d, J=9.0 Hz, 1H), 6.69 (s, 2H), 5.03 (s, 1H),
4.88 (s, 1H), 1.33 (s, 18H); '*C NMR (CDCls, 125 MHz) 4:
192.5,162.2 ("Jc.r=247.2 Hz), 160.3, 152.2, 148 .4, 143.5,
137.5, 137.1, 135.8, 129.7 (3Jcr=7.9 Hz), 129.2, 129.0,
127.4, 127.2, 125.3, 124.7, 123.4, 122.6, 122.1, 116.2,
115.7 ((Jcr=21.2 Hz), 113.7 (Jcr=22.3 Hz), 90.7, 41.9,
34.1, 30.1; IR (KBr) v: 3622, 3074, 2958, 2912, 2870,
1638, 1588, 1562, 1465, 1436, 1330, 1217, 1177, 1145,
963, 850, 788, 754 cm !; HRMS (ESI-TOF) caled for
C36H3sNO;NaF [M+Na]" 572.2577, found 572.2576.
(3-Chlorophenyl)(4-(3,5-di-fert-butyl-4-hydroxyphenyl)-
2-(phenylamino)-4H-chromen-3-yl)methanone (3ha):
White solid, 101.9 mg, 60% yield. m.p. 165~167 C; 'H
NMR (CDCl3, 500 MHz) ¢: 13.28 (s, 1H), 7.50 (d, J=7.6
Hz, 2H), 7.43 (t, J=7.9 Hz, 2H), 7.35~7.33 (m, 1H),
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7.28~7.25 (m, 1H), 7.23~7.18 (m, 2H), 7.07~7.15 (m,
5H), 6.63 (s, 2H), 5.00 (s, 1H), 4.86 (s, 1H), 1.32 (s, 18H);
13C NMR (CDCl;, 125 MHz) 6: 192.3, 160.3, 152.2, 148.3,
143.3, 137.4, 137.1, 1359, 134.0, 129.3, 129.1, 129.0,
128.8, 127.4, 127.1, 126.7, 125.2, 124.7, 124.4, 1234,
122.6, 116.2, 90.6, 42.0, 34.2, 30.1; IR (KBr) v: 3630,
3063, 2959, 2912, 2870, 1630, 1610, 1596, 1563, 1540,
1457, 1433, 1326, 1237, 1180, 1103, 941, 760, 742, 692
cm !'; HRMS (ESI-TOF) calcd for C3¢H37NO5Cl [M—i—H]+
566.2462, found 566.2468.
(4-(3,5-Di-tert-butyl-4-hydroxyphenyl)-2-(phenylamino)-
4H-chromen-3-yl)(p-tolyl)methanone (3ia): White solid,
126.1 mg, 77% yield. m.p. 150~152 °C; 'H NMR
(CDCl;, 500 MHz) J: 13.25 (s, 1H), 7.48 (d, J=7.9 Hz
2H), 7.40 (t, J=7.9 Hz, 2H), 7.21~7.17 (m, 2H), 7.16~
7.11 (m, 6H ), 7.09~7.06 (m, 1H), 6.59 (s, 2H), 4.99 (s,
1H), 4.96 (s, 1H), 2.39 (s, 3H), 1.28 (s, 18H); '3C NMR
(CDCls, 125 MHz) o: 194.5, 159.9, 152.0, 148.8, 138.8,
138.8, 137.5, 135.5, 129.1, 128.7, 127.5, 127.3, 126.6,
125.1, 124.3, 123.5, 1224, 116.1, 91.1, 42.0, 34.1, 30.1,
21.4; IR (KBr) v: 3636, 3002, 2959, 2917, 2870, 1627,
1599, 1534, 1457, 1434, 1327, 1238, 1210, 1178, 1150,
907, 828, 765, 695 cm !; HRMS (ESI-TOF) caled for
C37H3NO;Na [M+ Na]® 568.2828, found 568.2830.
(4-(3,5-Di-tert-butyl-4-hydroxyphenyl)-2-(phenylamino)-
4H-chromen-3-yl)(4-ethylphenyl)methanone (3ja): White
solid, 125.9 mg, 75% yield. m.p. 171~173 ‘C; 'H NMR
(CDCls, 500 MHz) o: 13.24 (s, 1H), 7.48 (d, /=8.0 Hz,
2H), 7.40 (t, J=7.9 Hz, 2H), 7.22~7.18 (m, 8H), 7.10~
7.07 (m, 1H), 6.56 (s, 2H), 5.01 (s, 1H), 4.97 (s, 1H), 2.69
(g, J=7.6 Hz, 2H), 1.30~1.26 (m, 21H); BC{'H} NMR
(CDCls, 125 MHz) o: 194.5, 160.0, 152.0, 148.8, 145.2,
139.0, 137.5, 135.6, 129.1, 127.5, 127.3, 126.8, 125.1,
124.3, 123.5, 1224, 116.1, 91.1, 42.0, 34.1, 30.1, 28.8,
15.4; IR (KBr) v: 3634, 3000, 2958, 2866, 1635, 1612,
1599, 1586, 1545, 1465, 1456, 1434, 1353, 1324, 1240,
1200, 1178, 1158, 1120, 1020, 936, 908, 834, 755, 690
cm '; HRMS (ESI-TOF) calcd for C3;sHaNOsNa [M+
Na]" 582.2984, found 582.2985.
(4-(3,5-Di-tert-butyl-4-hydroxyphenyl)-2-(phenylamino)-
4H-chromen-3-yl)(4-methoxyphenyl)methanone (3ka):
White solid, 123.0 mg, 73% yield. m.p. 186~188 C; 'H
NMR (CDCls, 500 MHz) 6: 13.23 (s, 1H), 7.50 (d, J/=8.0
Hz, 2H), 7.43 (t, J=7.6 Hz, 2H), 7.28 (d, /=28.0 Hz, 2H),
7.25~7.11 (m, 5H), 6.90 (d, J/=8.3 Hz, 2H), 6.63 (s, 2H),
5.07 (s, 1H), 5.00 (s, 1H), 3.87 (s, 3H), 1.31 (s, 18H); 1*C
NMR (CDCls, 125 MHz) J: 193.9, 160.3, 160.0, 152.0,
148.9, 137.5, 137.4, 135.6, 134.1, 129.1, 129.0, 128.5,
127.5, 127.4, 125.1, 124.3, 123.4, 122.3, 116.1, 113.3,
91.1, 55.2,42.1, 34.1, 30.2; IR (KBr) v: 3625, 3060, 2952,
2917, 2849, 1634, 1598, 1576, 1460, 1433, 1303, 1241,
1168, 1149, 1030, 928, 908, 843, 772, 754, 689 cm !;
HRMS (ESI-TOF) caled for C3H3;NOsNa [M+Na]"
584.2777, found 584.2766.
(4-(3,5-Di-tert-butyl-4-hydroxyphenyl)-2-(phenylamino)-
4H-chromen-3-yl)(4-(methylthio)phenyl)methanone (3la):
Yellow solid, 130.0 mg, 75% yield. m.p. 158~160 C; 'H
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NMR (CDCls, 500 MHz) ¢: 13.24 (s, 1H), 7.47 (d, J=7.9
Hz, 2H), 7.41 (t, J/=7.8 Hz, 2H), 7.21~7.07 (m, 9H), 6.59
(s, 2H), 4.98 (s, 1H), 4.97 (s, 1H), 2.51 (s, 3H), 1.29 (s,
18H); *C NMR (CDCls, 125 MHz) J: 193.6, 160.1, 152.1,
148.7, 139.9, 138.1, 137.4, 135.6, 129.1, 129.0, 127.4,
127.2,125.5, 125.2, 124.5, 123.5, 122.4, 116.2, 91.0, 42.0,
34.1, 30.1, 15.3; IR (KBr) v: 3627, 3056, 2951, 2926,
2870, 1635, 1592, 1563, 1459, 1433, 1332, 1315, 1238,
1209, 1176, 1150, 1102, 1087, 928, 907, 832, 771, 754,
686 cm !'; HRMS (ESI-TOF) calcd for C37H4NO3S [M+
H]" 578.2733, found 578.2729.
Benzo[d][1,3]dioxol-5-yl(4-(3,5-di-tert-butyl-4-hydroxy-
phenyl)-2-(phenylamino)-4H-chromen-3-yl)methanone
(3ma): White solid, 110.5 mg, 64% yield. m.p. 170~
171 C; '"H NMR (CDCls, 500 MHz) &: 13.18 (s, 1H), 7.47
(d, /=8.2 Hz, 2H), 7.40 (t, J/=7.9 Hz, 2H), 7.22~7.16
(m, 3H), 7.13~7.08 (m, 2H), 6.82~6.77 (m, 2H), 6.73 (d,
J=1.1 Hz, 1H), 6.63 (s, 2H), 5.99 (dd, /=4.8, 1.3 Hz,
2H), 5.02 (s, 1H), 4.99 (s, 1H), 1.30 (s, 18H); '3C NMR
(CDCl3, 125 MHz) 4: 193.2, 160.1, 152.1, 148.8, 148.2,
147.2, 137.5, 137.4, 135.6, 129.1, 129.0, 127.4, 125.2,
124.4, 123.4, 122.4, 121.0, 116.1, 107.9, 107.7, 101.1,
90.9, 42.1, 34.2, 30.1; IR (KBr) v: 3551, 3056, 2959, 2907,
2875, 1629, 1610, 1599, 1586, 1542, 1488, 1502, 1461,
1435, 1356, 1308, 1240, 1181, 1168, 1106, 1077, 1039,
938, 898, 860, 808, 783, 761, 652 cm ™ !; HRMS (ESI-TOF)
caled for C37H3sNOs [M+H]" 576.2750, found 576.2751.
(4-(3,5-Di-tert-butyl-4-hydroxyphenyl)-2-(phenylamino)-
4H-chromen-3-yl)(naphthalen-2-yl)methanone (3na):
Light yellow solid, 123.9 mg, 71% yield. m.p. 212~
214 °C; 'H NMR (CDCls, 500 MHz) §: 13.39 (s, 1H), 7.85
(d, J/=7.9 Hz, 1H), 7.81 (d, /=8.4 Hz, 1H), 7.74 (d, J=
7.8 Hz, 1H), 7.66 (s, 1H), 7.55~7.46 (m, 4H), 7.43 (t, J=
7.9 Hz, 2H), 7.36~7.34 (m, 1H), 7.22~7.18 (m, 2H),
7.14~7.05 (m, 3H), 6.55 (s, 2H), 5.01 (s, 1H), 4.96 (s,
1H), 1.20 (s, 18H); '*C NMR (CDCls, 125 MHz) &: 194.2,
160.2, 152.0, 148.6, 138.9, 137.5, 137.3, 135.6, 1334,
132.6, 129.2, 129.0, 128.5, 127.7, 127.7, 127.4, 126.6,
126.2, 126.0, 125.2, 124.5, 124.3, 123.4, 122.5, 116.2,
91.1,42.1, 34.0, 30.0; IR (KBr) v: 3634, 3014, 2959, 2907,
2866, 1632, 1611, 1597, 1585, 1549, 1498, 1456, 1424,
1325, 1320, 1181, 1148, 1113, 1096, 932, 900, 860, 805,
758, 694, 654 cm !; HRMS (ESI-TOF) calcd for
Ca4oH4oNO3 [M+H]" 582.3008, found 582.3013.
(4-(3,5-Di-tert-butyl-4-hydroxyphenyl)-2-(phenylamino)-
4H-chromen-3-yl)(thiophen-2-yl)methanone (30a): Yellow
solid, 96.8 mg, 60% yield. m.p. 160~162 ‘C; 'H NMR
(CDCl;, 500 MHz) é: 13.53 (s, 1H), 7.47 (d, /J=8.0 Hz,
2H), 7.45 (s, 1H), 7.40 (t, J=7.9 Hz, 2H), 7.35 (d, J=3.6
Hz, 1H), 7.34~7.31 (m, 1H), 7.23~7.17 (m, 2H), 7.16~
7.08 (m, 2H), 7.06~7.01 (m, 1H), 6.89 (s, 2H), 5.44 (s,
1H), 5.02 (s, 1H), 1.32 (s, 18H); *C NMR (CDCI;, 125
MHz) : 183.7, 161.3, 152.2, 149.0, 144.8, 137.2, 136.4,
135.8, 129.1, 129.0, 128.6, 128.4, 128.0, 127.5, 126.9,
125.2,124.6,123.3,122.5, 116.2, 91.0, 41.5, 34.3, 30.2; IR
(KBr) v: 3614, 3086, 2958, 1633, 1582, 1431, 1320, 1235,
1182, 801, 760, 743, 691 cm !'; HRMS (ESI-TOF) calcd
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for C34H3sNO3S [M-+H]" 538.2416, found 538.2415.
(4-(3,5-Di-tert-butyl-4-hydroxyphenyl)-2-((4-fluoro-
phenyl)amino)-4H-chromen-3-yl)(phenyl)methanone
(3qa): White solid, 113.8 mg, 69% vyield. m.p. 168~
170 ‘C; 'H NMR (CDCl;, 500 MHz) &: 13.24 (s, 1H),
7.44~7.42 (m, 2H), 7.39 (d, J/=7.2 Hz, 1H), 7.34 (t, J=
7.3 Hz, 2H), 7.22~7.18 (m, 3H), 7.15~7.07 (m, 5H), 6.57
(s, 2H), 4.99 (s, 1H), 4.94 (s, 1H), 1.29 (s, 18H); '3C NMR
(CDCls, 125 MHz) &: 194.4, 160.1, 159.7 (‘Jcr=244.5
Hz), 152.0, 148.6, 141.4, 137.4, 135.6, 133.3, 129.0
(CJcr=9.9 Hz), 128.1, 127.4, 126.5, 125.2, 124.4, 1243,
123.4, 116.1, 1159 ((Jcr=22.6 Hz), 90.9, 41.9, 34.1,
30.1; IR (KBr) v: 3635, 3296, 3059, 3009, 2958, 2912,
2866, 1636, 1614, 1599, 1556, 1510, 1444, 1407, 1326,
1230, 1195, 1160, 1118, 1034, 938, 906, 832, 756, 700,
676 cm™!; HRMS (ESI-TOF) calcd for C36H37NOsF [M+
H]" 550.2757, found 550.2760.
(2-((4-Chlorophenyl)amino)-4-(3,5-di-tert-butyl-4-
hydroxyphenyl)-4H-chromen-3-yl)(phenyl)methanone
(3ra): White solid, 129.1 mg, 76% yield. m.p. 168~
170 ‘C; '"H NMR (CDCl;, 500 MHz) &: 13.27 (s, 1H),
7.49~7.29 (m, 7H), 7.24~7.17 (m, 3H), 7.16~7.05 (m,
3H), 6.55 (s, 2H), 4.98 (s, 1H), 4.94 (s, 1H), 1.28 (s, 18H);
BC{'H} NMR (CDCls, 125 MHz) J: 194.6, 159.8, 152.1,
148.6, 141.3, 137.3, 136.0, 135.6, 129.7, 129.2, 129.1,
128.1, 127.5, 127.3, 126.5, 125.3, 123.6, 123.4, 116.1,
91.3,41.9, 34.1, 30.1; IR (KBr) v: 3634, 3320, 3060, 3005,
2957, 2921, 2870, 1635, 1614, 1587, 1550, 1490, 1461,
1443, 1402, 1325, 1236, 1181, 1158, 1118, 1094, 938, 905,
838, 825, 757, 699, 651 cm '; HRMS (ESI-TOF) caled for
C36H37NO;ClI [M+-H]" 566.2462, found 566.2465.
(2-((4-Bromophenyl)amino)-4-(3,5-di-tert-butyl-4-
hydroxyphenyl)-4H-chromen-3-yl)(phenyl)methanone
(3sa): White solid, 135.6 mg, 74% yield. m.p. 175~
177 °C; '"H NMR (CDCls, 500 MHz) §: 13.26 (s, 1H), 7.51
(d, J/=8.6 Hz, 2H), 7.42~7.29 (m, 5H), 7.21~7.19 (m,
3H), 7.14~7.07 (m, 3H), 6.55 (s, 2H), 4.97 (s, 1H), 4.94
(s, 1H), 1.28 (s, 18H); '*C NMR (CDCl;, 125 MHz) 4:
194.7, 159.8, 152.1, 148.6, 141.3, 137.3, 136.6, 135.6,
132.1, 129.1, 128.1, 127.5, 127.3, 126.5, 125.3, 123.9,
123.4, 117.3, 116.1, 91.4, 41.9, 34.1, 30.1; IR (KBr) v:
3634, 3334, 3056, 3000, 2956, 2917, 2870, 1635, 1613,
1587, 1548, 1489, 1460, 1442, 1398, 1326, 1223, 1182,
1157, 1118, 1075, 937, 905, 836, 821, 757, 699, 650 cm ';
HRMS (ESI-TOF) caled for CisH3NOsBr [M+H] "
610.1957, found 610.1956.
(4-(3,5-Di-tert-butyl-4-hydroxyphenyl)-2-((4-(trifluoro-
methyl)phenyl)amino)-4H-chromen-3-yl)(phenyl)meth-
anone (3ta): White solid, 89.9 mg, 50% yield. m.p. 210~
212 °C; 'H NMR (CDCls, 500 MHz) J: 13.35 (s, 1H), 7.66
(d, J/=8.4 Hz, 2H), 7.59 (d, /=8.3 Hz, 2H), 7.41 (t, J=7.2
Hz, 1H), 7.36 (t, J=7.3 Hz, 2H), 7.23~7.21 (m, 3H),
7.17~7.10 (m, 3H), 6.55 (s, 2H), 4.99 (s, 1H), 4.98 (s,
1H), 1.28 (s, 18H); '*C NMR (CDCls, 125 MHz) J: 195.3,
159.5, 152.1, 148.5, 141.1, 140.8, 137.1, 135.7, 129.3,
129.2, 128.1, 127.6, 127.1, 126.5, 126.4, 125.8 (3Jcr=
32.9 Hz), 1254, 124.1 ({Jcr=271.6 Hz), 123.5, 121.6,
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116.1, 91.9, 41.9, 34.1, 30.1; IR (KBr) v: 3630, 3070,
2957, 2912, 2870, 1633, 1610, 1577, 1555, 1443, 1410,
1325, 1235, 1188, 1167, 1114, 1069, 937, 905, 840, 761,
700 cmfl; HRMS (ESI-TOF) calcd for C37H37NO3F3 [M+
H]" 600.2726, found 600.2728.
(4-(3,5-Di-tert-butyl-4-hydroxyphenyl)-2-(p-tolylamino)-
4H-chromen-3-yl)(phenyl)methanone (3ua): White solid,
126.1 mg, 77% vyield. m.p. 135~137 C; 'H NMR
(CDCl3, 500 MHz) o: 13.23 (s, 1H), 7.37 (d, J=7.9 Hz,
3H), 7.33 (t, J=7.2 Hz, 2H), 7.22~7.17 (m, 5H),
7.14~7.05 (m, 3H), 6.57 (s, 2H), 4.96 (s, 1H), 4.92 (s,
1H), 2.38 (s, 3H), 1.28 (s, 18H); '3C NMR (CDCl;, 125
MHz) d: 194.0, 160.2, 152.0, 148.7, 141.7, 137.6, 135.6,
134.7, 134.3, 129.7, 129.0, 128.8, 128.0, 127.6, 127.3,
126.5, 125.1, 123.5, 122.6, 116.1, 90.8, 42.0, 34.1, 30.1,
20.9; IR (KBr) v: 3633, 3051, 2957, 2907, 2866, 1635,
1608, 1588, 1550, 1441, 1329, 1236, 1182, 1155, 938, 905,
814, 756, 701 cm'; HRMS (ESI-TOF) caled for C37Hzo-
NO;Na [M+Na]" 568.2828, found 568.2832.
(4-(3,5-Di-tert-butyl-4-hydroxyphenyl)-2-((4-methoxy-
phenyl)amino)-4H-chromen-3-yl)(phenyl)methanone
(3va): White solid, 124.7 mg, 74% vyield. m.p. 168~
170 °C; '"H NMR (CDCls, 500 MHz) &: 13.22 (s, 1H), 7.40
(d, J=8.9 Hz, 2H), 7.38 (d, J/=7.2 Hz, 1H), 7.34 (t, J=7.2
Hz, 2H), 7.21 (d, J=6.9 Hz, 2H), 7.19~7.12 (m, 2H),
7.09~7.06 (m, 2H), 6.96 (d, J/=28.9 Hz, 2H), 6.58 (s, 2H),
4.98 (s, 1H), 4.92 (s, 1H), 3.86 (s, 3H), 1.29 (s, 18H);
BC{'H} NMR (CDCls, 125 MHz) §: 193.8, 160.3, 156.8,
152.0, 148.7, 141.7, 137.6, 135.5, 130.1, 129.0, 128.8,
128.0, 127.6, 127.3, 126.5, 125.1, 124.3, 123.4, 116.1,
114.3,90.5, 55.5, 42.0, 34.1, 30.1; IR (KBr) v: 3619, 3008,
2956, 1636, 1612, 1558, 1513, 1441, 1327, 1242, 1183,
1150, 1028, 936, 905, 835, 753, 702, 677 cm '; HRMS
(ESI- TOF) caled for C37H3;oNO4Na [M+Na]" 584.2777,
found 584.2775.
(4-(3,5-Di-tert-butyl-4-hydroxyphenyl)-2-(methylamino)-
4H-chromen-3-yl)(phenyl)methanone (3wa): White solid,
93.0 mg, 66% yield. m.p. 190~192 °C; 'H NMR (CDCl;,
500 MHz) o: 11.32~11.14 (m, 1H), 7.34~7.27 (m, 3H),
7.18 (t, J=7.1 Hz, 1H), 7.12~7.09 (m, 4H), 7.04 (t, J=
7.3 Hz, 1H), 6.52 (s, 2H), 4.94 (s, 1H), 4.81 (s, 1H), 3.19
(d, J=5.0 Hz, 3H), 1.28 (s, 18H); *C NMR (CDCl;, 125
MHz) ¢: 192.9, 163.6, 151.8, 148.8, 142.2, 138.0, 135.4,
129.0, 128.4, 1279, 127.8, 127.2, 126.4, 124.8, 1234,
116.0, 89.4, 41.9, 34.1, 30.1, 27.2; IR (KBr) v: 3648, 3065,
3003, 2953, 2912, 2875, 1637, 1613, 1534, 1447, 1414,
1339, 1239, 1196, 1182, 1109, 1024, 906, 766, 703 cm ';
HRMS (ESI-TOF) caled for C3H3NO; [M + H] '
470.2695, found 470.2697.
(4-(3,5-Di-tert-butyl-4-hydroxyphenyl)-6-fluoro-2-
(phenylamino)-4H-chromen-3-yl)(phenyl)methanone (3ab):
Yellow solid, 110.5 mg, 67% yield. m.p. 208~210 C; 'H
NMR (CDCls, 500 MHz) J: 13.24 (s, 1H), 7.48 (d, J=7.8
Hz), 7.45~7.37 (m, 3H), 7.34 (t, J=7.3 Hz, 2H), 7.21 (d,
J=7.2 Hz, 1H), 7.18 (d, J=7.3 Hz, 2H), 7.09 (dd, J=8.8,
4.4 Hz, 1H), 6.89 (td, J/=38.6, 2.5 Hz, 1H), 6.85~6.79 (m,
1H), 6.56 (s, 2H), 5.02 (s, 1H), 4.89 (s, 1H), 1.30 (s, 18H);
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3C NMR (CDCls, 125 MHz) &: 194.5, 159.9, 159.4
(Jer=1243.7 Hz), 152.2, 144.6, 141.4, 137.2, 137.0,
135.8, 129.2, 129.0, 128.1, 126.4, 124.6, 123.4, 122.5,
117.4, 115.3 ((Jer=23.7 Hz), 1143 (PJcr=24.5 Hz),
90.1,42.3, 34.2, 30.1; IR (KBr) v: 3624, 3065, 3003, 2959,
2912, 2875, 1638, 1622, 1598, 1559, 1495, 1460, 1432,
1328, 1284, 1229, 1205, 1187, 1156, 1028, 936, 895, 870,
820, 754, 696, 655 ¢cm '; HRMS (ESI-TOF) calcd for
C36H3sNO3;FNa [M+Na]" 572.2577, found 572.2578.
(6-Chloro-4-(3,5-di-tert-butyl-4-hydroxyphenyl)-2-
(phenylamino)-4H-chromen-3-yl)(phenyl)methanone (3ac):
White solid, 110.4 mg, 65% yield. m.p. 118~120 C; 'H
NMR (CDCls, 500 MHz) ¢: 13.20 (s, 1H), 7.47~7.39 (m,
5H), 7.35 (t, J=7.3 Hz, 2H), 7.22~7.14 (m, 4H), 7.10 (s,
1H), 7.07 (d, J=8.6 Hz, 1H), 6.54 (s, 2H), 5.02 (s, 1H),
4.87 (s, 1H), 1.30 (s, 18H); '*C NMR (CDCl;, 125 MHz) 6:
194.5, 159.7, 152.3, 147.2, 141.3, 137.1, 137.0, 135.8,
130.0, 129.2, 129.1, 128.8, 128.1, 127.5, 126.4, 124.7,
123.4, 122.6, 117.5, 90.4, 42.1, 34.2, 30.1; IR (KBr) v:
3622, 3065, 2958, 2917, 2866, 1634, 1597, 1558, 1499,
1484, 1459, 1430, 1323, 1286, 1240, 1177, 1154, 1119,
1028, 935, 818, 752, 696, 652 ¢cm !; HRMS (ESI-TOF)
caled for C3H3NO;Cl [M + H] "~ 566.2462, found
566.2464.
(6-Bromo-4-(3,5-di-tert-butyl-4-hydroxyphenyl)-2-
(phenylamino)-4H-chromen-3-yl)(phenyl)methanone (3ad):
White solid, 124.6 mg, 68% yield. m.p. 213~215 C; 'H
NMR (CDCls, 500 MHz) J: 13.20 (s, 1H), 7.46 (d, J="7.8
Hz, 2H), 7.44~7.38 (m, 3H), 7.35 (t, J/=7.3 Hz, 2H), 7.30
(dd, J=8.6, 1.9 Hz, 1H), 7.25 (s, 1H), 7.22~7.17 (m, 3H),
7.01 (d, J=8.6 Hz, 1H), 6.54 (s, 2H), 5.02 (s, 1H), 4.88 (s,
1H), 1.30 (s, 18H); '*C NMR (CDCls, 125 MHz) J: 194.5,
159.6, 152.3, 147.7, 141.3, 137.1, 136.9, 135.8, 131.7,
130.4, 129.7, 129.2, 129.1, 128.1, 126.4, 124.7, 1234,
122.6, 117.9, 117.6, 90.5, 42.0, 34.2, 30.1; IR (KBr) v:
3625, 3060, 2948, 2907, 2866, 1633, 1597, 1577, 1545,
1500, 1483, 1458, 1433, 1343, 1243, 1214, 1175, 1154,
1120, 1028, 939, 915, 819, 769, 757, 702, 652 cm !;
HRMS (ESI-TOF) calcd for C3;sH3sNO3;BrNa [M—I—Na]+
632.1776, found 632.1774.
(4-(3,5-Di-tert-butyl-4-hydroxyphenyl)-6-methyl-2-
(phenylamino)-4H-chromen-3-yl)(phenyl)methanone (3ae):
White solid, 119.5 mg, 73% yield. m.p. 193~195 C; 'H
NMR (CDCls, 500 MHz) J: 13.26 (s, 1H), 7.48 (d, J="7.8
Hz, 2H), 7.42~7.37 (m, 3H), 7.34 (t, J=7.2 Hz, 2H),
7.21~7.16 (m, 3H), 7.02 (d, /=8.2 Hz, 1H), 6.98 (d, J=
8.5 Hz, 1H), 6.92 (s, 1H), 6.57 (s, 2H), 4.98 (s, 1H), 4.87
(s, 1H), 2.25 (s, 3H), 1.29 (s, 18H); C{'H} NMR (CDCl;,
125 MHz) J: 194.3, 160.3, 152.0, 146.7, 141.6, 137.7,
137.4, 135.6, 134.7, 129.3, 129.1, 128.9, 128.1, 128.0,
127.1, 126.5, 124.4, 123.5, 122.4, 115.8, 91.3, 42.1, 34.2,
30.1, 20.8; IR (KBr) v: 3634, 3065, 3005, 2945, 2912,
2870, 1628, 1584, 1538, 1496, 1459, 1431, 1346, 1253,
1202, 1152, 1117, 1027, 937, 814, 759, 703 cm '; HRMS
(ESI-TOF) caled for C3;H3NOsNa [M+Na]" 568.2828,
found 568.2825.
(4-(3,5-Di-tert-butyl-4-hydroxyphenyl)-6-methoxy-2-
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(phenylamino)-4H-chromen-3-yl)(phenyl)methanone (3af):
White solid, 128.1 mg, 76% yield. m.p. 170~172 °C; 'H
NMR (CDCls, 500 MHz) d: 13.27 (s, 1H), 7.48 (d, J="7.8
Hz, 2H), 7.44~7.37 (m, 3H), 7.34 (t, J=7.2 Hz, 2H),
7.23~7.15 (m, 3H), 7.06 (d, J=8.9 Hz, 1H), 6.77~6.69
(m, 1H), 6.66~6.60 (m, 1H), 6.58 (s, 2H), 4.99 (s, 1H),
4.87 (s, 1H), 3.73 (s, 3H), 1.29 (s, 18H); '3C NMR (CDCl;,
125 MHz) J: 194.2, 160.4, 156.6, 152.1, 142.8, 141.6,
137.4, 135.6, 129.1, 128.9, 128.4, 128.0, 126.5, 124.4,
123.4, 122.4, 116.9, 113.3, 113.0, 90.8, 55.6, 42.5, 34.2,
30.1; IR (KBr) v: 3640, 3060, 2998, 2951, 2911, 2860,
1632, 1597, 1544, 1496, 1458, 1433, 1332, 1237, 1200,
1157, 1120, 1041, 944, 823, 761, 704 cm !; HRMS (ESI-
TOF) caled for C37H3oNO4Na [M+Na]" 584.2777, found
584.2776.
(4-(3,5-Di-tert-butyl-4-hydroxyphenyl)-7-methoxy-2-
(phenylamino)-4H-chromen-3-yl)(phenyl)methanone (3ag):
Light yellow solid, 131.4 mg, 78% vyield. m.p. 158~
160 ‘C; '"H NMR (CDCl;, 500 MHz) &: 13.28 (s, 1H),
7.48~7.47 (m, 2H), 7.42 (t, J=7.9 Hz, 2H), 7.39~7.36
(m, 1H), 7.34~7.31 (m, 2H), 7.21~7.17 (m, 3H), 7.02~
7.00 (m, 1H), 6.66~6.64 (m, 2H), 6.54 (s, 2H), 4.96 (s,
1H), 4.87 (s, 1H), 3.78 (s, 3H), 1.28 (s, 18H); '3C NMR
(CDCls, 125 MHz) o: 194.5, 159.9, 158.9, 151.9, 149.1,
141.6, 137.9, 137.4, 135.5, 129.5, 129.1, 128.9, 128.0,
126.5, 124.5, 123.4, 122.5, 119.4, 111.5, 101.4, 91.2, 55.6,
414, 34.1, 30.1; IR (KBr) v: 3000, 2951, 2903, 2866,
1640, 1620, 1577, 1548, 1465, 1433, 1418, 1345, 1287,
1193, 1161, 1122, 1030, 976, 832, 752, 699 cm !; HRMS
(ESI-TOF) caled for Ci3HyNOs [M+H]" 562.2957,
found 562.2967.
4-(3,5-Di-tert-butyl-4-hydroxyphenyl)-2-hydroxy-N,2-
diphenylchromane-3-carbothioamide (4): White solid,
110.2 mg, 65% vyield. mp. 170~172 C; 'H NMR
(DMSO-ds, 500 MHz) o: 11.65 (s, 1H), 9.34 (s, 1H), 8.11
(d, J=17.6 Hz, 2H), 7.64~7.59 (m, 2H), 7.51 (t, J=7.6
Hz, 2H), 7.27 (t, J=7.8 Hz, 2H), 7.20~7.15 (m, 5H), 6.92
(t, J=7.6 Hz, 1H), 6.75~6.70 (m, 2H), 6.61 (s, 1H), 6.26
(d, J=11.4 Hz, 1H), 5.49 (d, J/=9.7 Hz, 1H), 1.26 (s,
18H); '3C NMR (DMSO-ds, 125 MHz) §: 197.1, 194.0,
155.3, 152.0, 139.5, 138.9, 137.5, 134.8, 133.5, 129.4,
129.0, 128.8, 128.7, 127.1, 126.7, 124.4, 118.9, 115.8,
65.5, 60.2, 349, 30.9; HRMS (ESI-TOF) calcd for
C36H39NO3;SNa [M+Na]" 588.2548, found 588.2550.

Supporting Information X-Ray crystallographic data of
3aa and 4, mechanistic studies, copies of 'H NMR, 3C
NMR of the products. The Supporting Information is
available free of charge via the Internet at http://sioc-
journal.cn.
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