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ABSTRACT: A novel tandem Mannich/intramolecular aminal
formation between tryptamines and salicylaldehydes was
reported. This strategy provides a promising approach for the
stereoselective synthesis of a range of complex fused spiroindo-
lines, which bear a highly congested contiguous spiro quaternary
center and two tertiary stereocenters, in a highly economical and
effective fashion.

he pursuit of synthetic efficiency continues to stimulate the

design and development of new concepts and innovative
synthetic strategies in both academic research and industrial
applications. One of the most effective ways to improve synthetic
efficiency is to implement reaction cascades, which have emerged
as powerful tools to give a rapid increase in molecular complexity
from simple and readily available starting materials. It is obvious
that such transformations require fewer solvents and adsorbents
and less energy, hence minimizing waste management in
comparison to a series of individual stepwise reactions. In recent
years, considerable efforts have been devoted to the development
of tandem or domino reactions.”

The spiroindoline” unit is a privileged heterocyclic motif that is
commonly encountered in naturally occurring indole alkaloids
and synthetic analogues with interesting biological activities, such
as perophoramidine® and communesin” (Figure 1). A hexacyclic

communesins
1 2

perophoramidine

Figure 1. Examples of biologically important molecules containing
polycyclic spiroindoline motifs.

framework containing a spiro quaternary center and two adjacent
stereocenters was elucidated for the both indole alkaloids. The
novel architecture together with their biological activities made
such a skeleton an appealing target for synthetic chemists. In the
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last few decades, more than 20 synthetic works have been published
dealing with diverse synthetic strategies,”® such as intramolecular
hetero Diels—Alder reactions,’ stepwise aJkylatlon/ cydlization,”
intramolecular Heck coupling/reductive cyclizations,” and so on.
However, it is still desirable and challengeable as before to develop a
more concise approach for synthesis of such a skeleton. Herein we
report a highly economical and effective method to construct the
fused spiroindolines via a novel tandem Mannich/intramolecular
aminal formation between tryptamines and salicylaldehydes.

Our work was inspired by Bailey’s recent report concerning a
TFA-catalyzed Pictet—Spengler reaction between tryptophan
(3) and salicylaldehyde (4) to afford tetrahydroisoquinoline (6)
(Scheme 1)."® Connecting with the mechanism studies, including
Bailey’s previous work, concerning the Pictet—Spengler reaction
between the tryptamine derivative and aldehydes, this reaction may
proceed by both two possible pathways after the formation of the
iminium ion S: (a) C-2 of indole attacks the imine to directly afford
the tetrahydroisoquinoline 6, and (b) C-3 of indole attacks the
imine to give the spirocyclic intermediate 7, which subsequently
rearrangea to 6."" In our opinion, if an electron-rich group such as an
alkyl group attaches to the nitrogen atom of indole, then the
nucleophilic activity of C-3 of the indole will be enhanced, which
favors the formation of spirocyclic intermediate 7. Sequentially the
imine cation 7 could be captured by the adjacent phenoxyl group to
undergo an intramolecular aminal formation, and the fused
spiroindoline 8 as the final product will be obtained.

With this idea in mind, tryptamine derivative 3 and salicyl-
aldehyde 4 were chosen as model substrates to mvestlgate the
tandem reaction. Several Lewis or Bronsted acids'> for promoting
this transformation were screened, which proved to be unfruitful
(Table 1, entries 1—3). These results led us to explore more active
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Scheme 1. Original Proposal
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Table 1. Optimization of the Reaction Conditions With the optimized conditions in hand, various tryptamine
o derivatives 3 and salicylaldehydes 4 were used for the preparation of
o r\?’CF3 densely functionalized polycyclic indole derivatives and the reactions
WNHZ | 4AMS Levis Acd were found to be broadly applicable to a wide variety of substituted 3
N * O and 4 species, which are presented in Table 2. Tryptamine derivatives
& OH solvent E HO
3 4 8 Table 2. Reaction Scope
entry®  activator  addictive  solvent temp (°C)  yield (%)® o§~CF
1 TiCl, CH,Cl, room temp 0 o] N °
RovZ N \NH TFAA ; =g
2 TFA CH,Cl, room temp 0 Q_S\\ 2 a7 H - RZQ%\Q 3
N S CHCly, -40°C =
3 BF,.Et,0 CH,Cl, room temp 0 Ve OH Ny o
4 TFAA CH,Cl, room temp 60 3 4 Me o
S TFAA CHCl, room temp 80 5 5 -
6 TEAA cal, room temp 0 entry R R product yield (%)
7 TFAA DCE room temp 0 1 H H 8a 96
8 TFAA toluene room temp 0 2 7-CH, H 8b 98
9 TFAA CH;CN  room temp 0 3 5-CH, H 12¢ 95
10 TFAA CHCI, -20 85 4 S-Br H 8d 88
11 TFAA CHCl, —40 88 S 5-OCH, 4-Br 8e 66
12 TFAA 4AMS  CHCl,  —40 96 6 7-CH, 4Bu 8f 96
13  TFAA 4AMS  CHCL —40 60 7 S-Br 4-Bu 8g 73
“Unless otherwise mentioned, R = CHj. All the reactions were carried 8 S-Br +Br Sh 86
out with § (0.2 mmol), 4 (0.24 mmol), and Lewis acid (1.2 equiv), 4 A 0 4-CH, 6-CH, 8i 73
MS (30 mg), solvent (2.0 mL). Abbreviations: TFA = trifluoroacetic 10 7-CH, 4,6-Cly 8j 78
acid, TFAA = trifluoroacetic anhydride, DCE = 1,2-dichloroethane. 11 H 4-OCH; 8k 72
bIsolated yield. “R = benzyl. 12 H 4-Bu 8l 73
13 H 4,6-Br, 8m 73
reaction intermediates; to enhance the reactivity of imine or i: E 28;1{3 :n 33
iminium intermediates, we chose trifluoroacetic anhydride (TFAA) i ©
. N . 16 H 46-Cl, 8p 82
as activator to reinvestigate the tandem reaction. Fortunately, the
reaction did occur and the desired spiro cyclization product 8 was
obtained in 60% yield (Table 1, entry 4). Varying the solvent bearing either electron-withdrawing or electron-donating groups
influenced the outcome considerably; CH,Cl, (DCM) provided the proceeded smoothly to the corresponding products in terms of
product in moderate yield, albeit inferior to that for CHCl, (Table 1, chemical yields: specifically, electron-rich tryptamines 3 gave high
entries 4 and S). Also, in CCl,, 1,2-dichloroethane (DCE), toluene, yields (Table 2, entries 2 and 3), whereas electron-deficient
and CH;CN, no formation of the product was detected (Table 1, tryptamines 3 generated the spiro product in slightly lower yield
entries 6—9). The optimal result was further obtained in 88% yield (Table 2, entry 4) . To further illustrate the power of this tandem
at —40 °C (Table 1, entries 10 and 11). Meanwhile, using 4 AMS as reaction, salicylaldehydes with various substituents, irrespective of
an additive was favorable to the reaction (Table 1, entry 12). the position at the aryl ring, were also examined. Meta methyl,
Notably, when the benzyl-protected tryptamine 3 was utilized, the methoxyl, tert-butyl, and halogen substituents had no significant
corresponding fused spiroindoline 8 was obtained in 60% yield, impact, and the corresponding products were obtained in up to 99%
probably due to steric hindrance (Table 1, entry 13). yield (Table 2, entries S—8 and 11—13). Moreover, salicylaldehyde 4
1231 dx.doi.org/10.1021/j0302404v | J. Org. Chem. 2013, 78, 1230—1235
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with a methoxyl group at the ortho position proved to be the most
suitable substrate and afforded the corresponding spiroindoline in
99% yield (Table 2, entry 14). Electron-deficient salicylaldehydes
(substituted with dibromo or dihalogen) all led to their products in
moderate to good yields (Table 2, entries 10, 13, and 16).

The relative configuration of the product 8a was unambigu-
ously determined by X-ray single crystallographic analysis.

In summary, we have developed a novel tandem Mannich/
intramolecular aminal formation between tryptamines and
salicylaldehydes. This tandem reaction started from easily available
materials to afford highly functionalized spiro-fused six-membered
indolines in good to excellent yields with the generation of up to
three new stereogenic centers (a highly congested continuous spiro
quaternary center and two tertiary stereocenters) in excellent regio-
and diastereoselectivities.

B EXPERIMENTAL SECTION

A flame-dried 10 mL round-bottom flask equipped with a rubber septum
and magnetic stir bar was charged with 4 A molecular sieves (30 mg); the
corresponding tryptamine 3 (0.2 mmol, 1.0 equiv, 1.0 M in chloroform)
and salicylaldehyde 4 (0.24 mmol, 1.20 equiv, 1.0 M in chloroform)
were added sequentially at —40 °C. The resulting mixture was stirred for
8 h at —40 °C, and then TFAA (0.24 mmol, 1.2 equiv, 1.0 M in
chloroform) was added. This mixture was then stirrred at —40 °C and
monitored by TLC. On completion, the reaction mixture was quenched with
saturated aqueous NaHCO, and diluted with ethyl acetate (3 X 20 mL). The
mixture was washed with brine (2 X S mL), and the organic extracts were
dried over sodium sulfate and filtered. Concentration of the solution by rotary
evaporation under reduced pressure gave a residue, which was purified by
flash column chromatography (petroleum ether/EtOAc 10/1) to afford the
product 8.
Spectroscopic Data for Products 8a—p. Compound 8a:

O>’CF3

8a

analytical TLC on silica gel, petroleum ether/ethyl acetate (10/1),
yellow crystalline solid, mp 130—132 °C. Yield: 96% (72 mg). 'H
NMR (CDCl, 400 MHz): 5 7.41 (dd, J = 8.0 Hz, 1.6 Hz, 1H),
7.40—7.19 (m, 1H), 7.13—7.05 (m, 2H, 6.97—6.93 (m, 2H), 6.72
(t, ] = 7.6 Hz, 1H), 735 (d, J = 4.0 Hz, 1H), 530 (s, 1 H), 5.03
(s, 1H), 4.12 (t, ] = 8.8 Hz, 1H), 3.99—3.92 (m, 1H), 2.89 (s, 3H),
2.49-2.41 (m, 1H), 2.29-2.23 (m, 1H). *C NMR (CDCl,, 100
MHz): 156.5—1554, 152.1,149.9, 131.5, 129.7, 129.4, 129.3, 1287,
123.8,122.5, 122.2, 118.6, 118.5, 106.0, 101.2, 62.6, 55.2, 46.6, 38.4,
31.0. HRMS (ESI): caled for CogH,-FsN,0, [M + HI* 375.1242,
found 375.1240.

Compound 8a’:
0,

Y—CFs
N

N H

8a’
analytical TLC on silica gel, petroleum ether/ethyl acetate (10/1),
yellow crystalline solid, mp 232—234 °C. Yield: 60% (54 mg). 'H

NMR (CDCl,, 400 MHz): 6 7.42 (d, ] = 7.2 Hz, 1H), 726 (d, ] =
3.6 Hz, 1H), 7.13 (t, ] = 7.2 Hz, 3H), 7.17 (d, ] = 5.6 Hz, 3H), 7.04
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(t,J=7.6Hz, 1H), 6.96 (d,] = 7.6 Hz, 1H), 6.79 (d, ] = 40 Hz, 1H),
6.73 (t,] = 7.6 Hz, 1H), 6.29 (d, ] = 8.0 Hz, 1H), 5.40 (s, 1H), 5.08
(s, 1H), 4.59 (d, ] = 15.6 Hz, 1H), 444 (d, ] = 16.0 Hz, 1H), 4.17
(t,J=9.6 Hz 1H), 3.96—3.89 (m, 1H), 2.48—2.40 (m, 1H), 2.26—
2.20 (m, 1H). C NMR (CDCl,, 100 MHz): 156.5—155.4, 152.1,
149.5, 137.2, 131.5, 129.6, 129.3, 128.7, 128.6, 128.5, 127.4, 127.2,
123.8, 122.5, 122.4, 119.0, 118.8, 106.6, 99.4, 62.7, 55.5, 48.6, 46.6,
38.7. HRMS (ESI): calcd for CosH, F3N,O, [M + H]* 451.1555,
found 451.1550.

Compound 8b:

o)
§fc:F3
0 O
o
N
Ve e

8b

analytical TLC on silica gel, petroleum ether/ethyl acetate (10/1),
yellow crystalline solid, mp 140—142 °C. Yield: 98% (76 mg). 'H
NMR (CDCl,, 400 MHz): & 7.43 (dd, ] = 7.6 Hz, 1.6 Hz, 1H),
7.25—7.12 (m, 1H), 7.03—6.92 (m, 3H), 6.50 (d, ] = 8.0 Hz, 1H),
622 (d,J=7.6 Hz, 1H), 5.39 (s, 1H), 5.21 (s, 1H), 4.22—4.13 (m,
1H), 3.92—3.79 (m, 1 H), 2.87 (s, 3H), 2.78—2.69 (m, 1H), 2.33
(s, 3H), 225221 (m, 1H). *C NMR (CDCl, 100 MHz):
155.8—155.1,152.5, 150.6, 133.8, 131.5, 131.0, 129.7, 129.2, 125.3,
123.8,122.5,121.7, 118.6, 104.2, 101.6, 59.0, 56.3, 46.1, 37.0, 31.1,
18.2. HRMS (ESI): caled for Cy,H,oFsN,O, [M + H]* 389.1399,
found 389.1395.

Compound 8c:

(@)
Y—CFs
Me g Nz li
I O
N H
Me

8c
analytical TLC on silica gel, petroleum ether/ethyl acetate (10/1),
yellow crystalline solid, mp 141—143 °C. Yield: 95% (74 mg). 'H
NMR (CDCl;, 400 MHz): 6 7.42 (dd, ] = 7.6 Hz, 1.2 Hz, 1H),
7.24—7.18 (m, 1H), 7.01 (t, ] = 7.6 Hz, 1H), 6.96—6.91 (m, 2H),
649 (d,J=7.6 Hz, 1H), 621 (d,] = 7.6 Hz, 1H), 5.38 (s, 1H), 5.12
(s, 1H), 4.16 (t, ] = 9.6 Hz, 1H), 3.88—3.79 (m, 1H), 2.86 (s, 3H),
2.77-2.69 (m, 1H), 2.32 (s, 3H), 2.24—2.20 (m, 1H). *C NMR
(CDClL;, 100 MHz): 156.1—155.1, 152.5, 150.5, 133.8, 131.5,
129.7,129.2,125.3,123.9, 122.5, 121.7,118.5, 117.7, 104.2, 10L.S,
59.0, 56.3, 46.1, 37.0, 31.1, 18.2. HRMS (ESI): caled for
C,HoF3N,0, [M + H]* 389.1399, found 389.1395.
Compound 8d:

o)
Y—CFy
Br. N i
llg io
N H
Me

8d
analytical TLC on silica gel, petroleum ether/ethyl acetate (10/1),
yellow crystalline solid, mp 137—139 °C. Yield: 88% (80 mg). 'H
NMR (CDCl,;, 400 MHz): 6 7.31 (d, ] = 4.4 Hz, 1H), 7.25—7.20
(m, 1H), 7.13—6.94 (m, 2H), 6.95 (t,, ] = 4.4 Hz, 1H), 6.72 (t,] =
52 Hz, 1H), 635 (d, ] = 8.0 Hz, 1H), 6.31(s, 1H), 5.03 (s, 1H),
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4.23—4.16 (m, 1H), 4.04—3.93 (m, 1H), 2.89 (s, 3H), 2.49-2.39
(m, 1 H), 2.33—2.24 (m, 1H). *C NMR (CDCl,, 100 MHz):
154.9,152.1,150.0, 132.3, 131.5, 129.7, 129.4, 123.8, 122.5,122.2,
118.7,118.5,117.1, 112.6, 106.0, 101.2, 62.7, 55.3, 46.6, 38.4, 31.0.
HRMS (ESI): caled for C,iH;(BrF;N,0, [M + H]* 453.0347,
found 453.0344.

Compound 8e:

(0]
Y—CFs
_0 N Br
N H
Me

8e

analytical TLC on silica gel, petroleum ether/ethyl acetate (10/1),
yellow crystalline solid, mp 142—144 °C. Yield: 66% (64 mg). '"H
NMR (CDCl,, 400 MHz): § 7.53 (s,1 H), 7.19(d, J = 4.0 Hz,
1H), 6.96—6.94 (m, 2H), 6.66 (d, J=4.0 Hz. 1H), 6.28 (d,] = 8.0
Hz, 1H), 523 (s, 1H), 4.95 (s, 1H), 4.18 (d, J = 8.0 Hz, 1 H),
3.95-3.87 (m,4H), 2.82 (s, 3H), 2.47—2.39 (m, 1H), 2.27—2.18
(m, 1H). 3C NMR (CDCl,, 100 MHz): 159.0—157.9, 153.6,
151.3, 143.9, 134.1, 132.9, 132.8, 131.9, 129.6, 125.9, 120.6,
114.0, 112.6, 108.2, 100.4, 62.1, 56.0, 49.8, 40.6, 38.2, 29.8,
HRMS (ESI): caled for C,yH,(BrF;N,0, [M + H]* 483.0453,
found 483.0450.

Compound 8f:

Me

O,
yca Me
N Me

8f

analytical TLC on silica gel, petroleum ether/ethyl acetate (10/1),
yellow crystalline solid, mp 108—110 °C. Yield: 96% (85 mg). 'H
NMR (CDCL, 400 MHz): 6 7.39 (s,1H), 7.23 (s, 1H), 6.92—
6.86 (m, 2H), 6.74—6.65 (m, 2H), 5.11 (s, 1H), 5.03 (s, 1H),
4.15 (t,] = 7.6 Hz, 1H), 3.94—3.85 (m, 1H), 3.17 (s, 3H), 2.45—
2.37 (m, 1H), 2.34 (s, 3H), 2.27—2.19 (m, 1H), 1.26 (s, 9H). *C
NMR (CDCL, 100 MHz): 156.1, 155.7, 149.6, 147.8, 145.0,
132.6, 130.4, 127.8, 126.5, 1263, 120.2, 119.4, 118.7, 117.7,
114.7,102.2, 62.4, 54.7, 46.3, 38.7, 35.5, 31.5, 31.4, 19.2. HRMS
(ESI): caled for C,qH,,FsN,O, [M + H]* 4452025, found
445.2021.

Compound 8g:

Q
>’CF3 Me Me
Br N Me
O
N
Me
8g

analytical TLC on silica gel, petroleum ether/ethyl acetate (10/1),
yellow crystalline solid, mp 105—107 °C. Yield: 73% (74 mg). 'H
NMR (CDCL, 400 MHz): § 7.45 (d, ] = 2.4 Hz, 1H), 7.26-7.15
(m, 2H), 6.86 (d, ] = 8.4 Hz, 1H), 6.76 (d, ] = 8.0 Hz, 1H), 622 (d,
J = 84 Hz, 1H), 5.28 (5, 1H), 5.00 (s, 1H), 4.19-4.14 (m, 1H),
4.00—3.88 (m, 1H), 2.86 (s, 3H), 2.46—2.38 (m, 1H), 2.29—2.16
(m, 1H), 127 (s, 9H). 3C NMR (CDCl,, 100 MHz): 153.1,
149.4,149.1, 1453, 143.4, 131.9, 1312, 128.8, 126.7, 126.4, 125.5,
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122.4, 117.8, 107.5, 100.9, 62.6, 54.9, 46.5, 38.7, 34.3, 31.5, 31.4.
HRMS (ESI): caled for C,,H,,BrF;N,0, [M + H]* 509.0973,
found 509.0971.

Compound 8h:

O
Y—CFs
Br. g Ni li {Br
I (e}
N H
Me

8h

analytical TLC on silica gel, petroleum ether/ethyl acetate (10/1),
yellow crystalline solid, mp 135—137 °C. Yield: 86% (91 mg). '"H
NMR (CDCl,, 400 MHz): 5 7.40 (dd, J = 4.0 Hz, ] = 8.0 Hz, 1H),
7.28—7.14 (m, 1H), 6.97 (d, ] = 8.0 Hz, 1H), 6.83 (t, ] = 4.0 Hz,
1H), 6.71 (d, ] = 4.0 Hz, 1H), 6.21 (d, ] = 8.0 Hz, 1H), 5.33 (s,
1H), 491 (s, 1H), 421 (d, ] = 6.0 Hz, 1H), 3.97—3.90 (m, 1H),
2.84 (s, 3H), 2.47—2.41 (m, 1H), 2.28—2.19 (m, 1H). *C NMR
(CDCl;, 100 MHz): 154.7,154.4,151.2,148.9,142.4,134.7,134.2,
133.0, 132.4, 125.5, 120.8, 120.7, 120.5, 117.2, 107.5, 101.2, 62.4,
552, 46.5, 38.4, 31.9. HRMS (ESI): caled for C,0H, Br,F5N,0,
[M + H]* 530.9452, found 530.9450.

Compound 8i:

Y—CFs
Me N

O

'?‘ H Me

Me

8i

analytical TLC on silica gel, petroleum ether/ethyl acetate (10/1),
yellow crystalline solid, mp 138—140 °C. Yield: 73% (59 mg). 'H
NMR (CDCl,, 400 MHz): § 7.25—7.23 (m, 1H), 7.08—6.99 (m,
2H), 6.84 (t, ] = 7.6 Hz, 1H), 6.50 (d, ] = 7.6 Hz, 1H), 6.23 (d, ] =
7.6 Hz, 1H), 5.38 (s, 1H), 5.22 (s, 1 H), 4.16 (t, ] = 10.0 Hz, 1H),
3.88—3.81 (m, 1H), 2.91(s, 3H), 2.76—2.70 (m, 1H), 2.32—2.20
(m, 1 H). *C NMR (CDCl;, 100 MHz): 155.7, 155.3, 150.6,
150.5, 133.9,132.1, 131.0, 129.2, 128.9, 127.6, 125.5, 123.4, 121.9,
1209, 104.3, 101.8, 59.2, 563, 46.1, 37.1, 31.7, 182, 15.3. HRMS
(BSD): caled for C,,H, F3N,O, [M + H]" 403.1555, found
403.1552.

Compound 8j:

O,
yCF3
N Cl
N Cl
H
Me l\'/Ie

8j

analytical TLC on silica gel, petroleum ether/ethyl acetate (10/1),
yellow crystalline solid, mp 151—152 °C. Yield: 78% (71 mg). 'H
NMR (CDClL,, 400 MHz): § 7.62 (s, 1H), 7.50 (d, J = 2.0 Hz,
1H), 7.33—7.30 (m, 1H), 6.91 (dd, ] = 8.0 Hz, ] = 16.0 Hz, 1H),
6.73—6.67 (m, 1H), 5.36 (s, 1H), 4.85 (s, 1H), 421—4.15 (m,
1H), 4.00—3.92 (m, 1H), 3.19 (s, 1H), 2.55—2.47 (m, 1H),
2.33—2.26 (m, 4H). ®*C NMR (CDCl,, 100 MHz): 156.1, 147.8,
147.1, 133.2, 132.4, 131.1, 130.8, 130.0, 127.3, 126.9, 120.3,
119.7, 118.7, 104.3, 63.0, 55.0, 46.9, 39.0, 35.6, 19.2. HRMS
(ESI): caled for CyH,,CLF;N,0, [M + H]* 457.0619, found
457.0617.

(¢
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Compound 8k:

o)
Y—CFs
N O-Me
‘g io
N H
Me

8k

analytical TLC on silica gel, petroleum ether/ethyl acetate (10/1),
yellow crystalline solid, mp 138—139 °C. Yield: 72% (58 mg). 'H
NMR (CDCl,, 400 MHz): § 7.56—7.53 (m, 1H), 7.51 (d, ] = 4.0
Hz, 1H), 7.12 (d, ] = 8.0 Hz, 1H), 7.00 (d, ] = 8.0 Hz, 2H), 6.50
(d,] = 8.0 Hz, 1H), 622 (d, ] = 8.0 Hz, 1H), 5.33 (s, 3H), 5.22
(s,1H), 4.17—4.11 (m,1H), 3.89—3.82 (m, 1H), 3.75 (s, 3H),
2.87 (s, 3H), 2.80—2.71 (m, 1H), 2.23—2.18 (m, 1H). *C NMR
(CDCl,, 100 MHz): 161.84, 160.84, 155.5, 153.5, 133.7m 132.5,
130.7, 130.4, 129.1, 124.6, 1224, 121.6, 120.9, 119.9, 107.0,
101.7, 58.7, 56.0, 55.3, 45.8, 37.0, 31.3. HRMS (ESI): calcd for
C, H,oFsN,0; [M + H]* 405.1348, found 405.1344.

Compound 8l:

cha

o~
N H
Me

O
8l

analytical TLC on silica gel, petroleum ether/ethyl acetate (10/1),
yellow crystalline solid, mp 100—102 °C. Yield: 73% (63 mg).
'"H NMR (CDCl,, 400 MHz): § 7.42 (d, ] = 2.0 Hz, 1H), 7.25—
7.22 (m, 1H), 7.14—7.06 (m, 2H), 6.87 (d, ] = 8.4 Hz, 1H),
6.75 (t, ] = 8.0 Hz 1H), 6.37 (d, ] = 7.6 Hz, 1H), 5.26 (s, 1H),
5.05 (s, 1H), 4.17 (t, ] =9.6 Hz, 1H), 4.00—3.90 (m, 1H), 2.89
(s, 3H), 2.46—2.39 (m, 1 H), 2.29—2.23 (m, 1H), 1.25 (s, 9H).
BC NMR (CDCl;, 100 MHz): 156.1, 155.7, 150.0, 149.6,
145.0, 129.2, 128.4, 126.5, 126.4, 122.8, 122.3, 119.0, 118.5,
117.7,106.1, 101.0, 62.6, 54.9, 46.5, 38.6, 34.2, 31.4, 31.2. HRMS
(ESI): caled for C,H,sF;N,0, [M + HJ]* 431.1868, found
431.1864.

Compound 8m:

(0}
Y—CFs
%N Br
Il\l HO Br
Me

8m

analytical TLC on silica gel, petroleum ether/ethyl acetate (10/1),
yellow crystalline solid, mp 132—134 °C. Yield: 73% (77 mg).
'"H NMR (CDCl,, 400 MHz): § 7.40 (d, ] = 4.0 Hz, 1H), 7.28
(t, ] = 4.0 Hz, 1H), 7.07(d, ] = 8.0 Hz, 1H), 6.96 (t, ] = 8.0 Hz,
1H), 673 (t, ] = 4.0 Hz, 1H), 6.35 (d, J = 8.0 Hz, 1H), 531
(s, 1H), 5.03 (s, 1H), 4.18 (d, J = 6.0 Hz, 1H), 4.00—3.90
(m, 1H), 2.90 (s, 3H), 2.49—-2.42 (m, 1H), 2.30—2.24 (m, 1H).
3C NMR (CDClL, 100 MHz): 1552, 152.1, 150.0, 131.4,
131.0, 129.8, 129.7, 129.4, 122.4, 122.2, 120.3, 119.7,
118.5, 106.0, 101.2, 62.7, 55.3, 46.5, 38.4, 31.0. HRMS (ESI):
caled for C,yH,Br,F;N,0, [M + HJ]* 530.9452, found
530.9450.
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Compound 8n:

o
Y—cFs
N
Me
2 0
o
N
Me

8n

analytical TLC on silica gel, petroleum ether/ethyl acetate (10/1),
yellow crystalline solid, mp 138—140 °C. Yield: 99% (80 mg).
'H NMR (CDCl,, 400 MHz): § 7.35 (d, ] = 8.0 Hz, 1H), 7.12
(d, ] = 4.0 Hz, 1H), 7.00 (d, J = 4.0 Hz, 2H), 6.89 (d, ] = 4.0 Hz,
1H), 6.51 (t, J = 6.0 Hz, 1H), 6.22 (d, ] = 8.0 Hz, 1H), 5.33
(s, 1H), 5.22 (s, 1H), 4.15—4.11 (m, 1H), 3.89—3.75 (m, 1H),
3.75 (s, 1H), 2.87 (s, 3H), 2.80—2.72 (m, 1H), 2.23-2.18
(m, 1H). 3C NMR (CDCl,, 100 MHz): 161.8, 160.8, 156.5,
153.5, 133.9, 133.7, 132.5, 130.8, 129.2, 122.6, 122.3, 121.5,
1209 119.8, 107.0, 101.7, 58.8, 56.0, 55.3, 46.0, 37.0, 31.3.
HRMS (ESI): caled for CyyH,oF3N,0; [M + H]* 405.1348,
found 405.1346.

Compound 8o:

o)

Y—CFs
R me
Me

8o

analytical TLC on silica gel, petroleum ether/ethyl acetate (10/1),
yellow crystalline solid, mp 140—142 °C. Yield: 77% (60 mg). 'H
NMR (CDCl,, 400 MHz): § 7.26 (m, 2H), 7.13—7.11 (m, 2H),
7.07 (t, ] = 8.4 Hz, 1H), 6.86 (t, ] = 8.0 Hz, 1H), 6.36 (d, ] = 8.0
Hz, 1H), 5.32 (s, 1H), 5.03 (s, 1H), 4.20—4.15 (m, 1H), 4.00—
391 (m, 1H), 2.93 (s, 3H), 2.49—2.42 (m, 1H) 2.29-2.23
(m, 4H). ®C NMR (CDCl,;, 100 MHz): 153.4, 150.2, 150.0,
132.1, 131.1, 129.3, 129.0, 127.8, 123.5, 122.3, 121.9, 120.0,
118.6, 106.1, 101.5, 63.0, 55.4, 46.5, 38.6, 31.5, 15.4. HRMS
(BSI): caled for C,HgF;N,0, [M + H]* 389.1399, found
389.1395.

Compound 8p:

O,

$—CFs

N Cl
N H Cl
Me

8p

analytical TLC on silica gel, petroleum ether/ethyl acetate (10/1),
yellow crystalline solid, mp 145—147 °C. Yield: 82% (73 mg). 'H
NMR (CDCl, 400 MHz): 6 7.46 (d, J = 4.0 Hz, 1H), 7.40 (d, ] =
4.0 Hz, 1H), 7.30 (d, ] = 4.0 Hz, 1H), 7.08 (t, ] = 4.0 Hz, 1H),
6.68 (s, 1H), 6.36 (t, ] = 6.0 Hz, 1 H), 5.49 (s, 1H), 4.90 (s, 1H),
4.22—4.18 (m, 1H), 4.01—-3.94 (m, 1H),2.93 (s, 3H), 2.56—2.48
(m, 1 H), 2.32—2.24 (m, 1H). *C NMR (CDCl,, 100 MHz):
159.1-158.0, 150.1, 149.0, 131.0, 130.0, 129.7, 128.7, 127.8,
124.2, 122.8, 122.4, 119.9, 118.5, 109.4, 102.6, 62.9, 55.6, 46.9,
38.7,29.7. HRMS (ESI): calcd for C,,H;CLF;N,0, [M + H]*
443.0463, found 443.0461.
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