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Abstract EtsN-catalyzed cascade reaction of trifluoromethyl ketones and y-hydroxy-o,f-unsaturated ketones via hemiketal
intermediate is investigated. The adducts could be easily obtained in good to excellent yields with moderate diastereoselectivi-
ties. The reaction proceeded smoothly to give the desired product in 92% yield and with 96% ee in the presence of a glycosyl
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and quinidine-based bifunctional chiral thiourea catalyst.
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1 Introduction

It is the cornerstone of organic synthesis to develop new
efficient and highly selective methodologies for the con-
struction of heterocyclic molecules.!'! Small heterocyclic
molecules have been applied as reagents or reactants, and
become an essential part of the scaffold of natural com-
pounds or pharmaceuticals.””) 1,3-Dioxolane derivatives,
oxygen-rich five-membered heterocycle scaffolds, such as
molecules shown in Figure 1, could be found in a diverse
range of natural products and pharmaceutically significant
molecules.’! To our knowledge, the presence of a trifluo-

romethyl group in pharmaceutical compounds often en-
hances and modifies their pharmacological activities.™
Oxygenated heterocyclic compounds bearing trifluorome-
thyl group have received increasing attention because of
their interesting applications in drugs, agricultural chemi-
cals, flavors, fragrances and components of materials.>! In
spite of the continuous growth in this field, the synthesis of
1,3-dioxanes containing trifluoromethyl remains rarely
reported.%¢!

f-Hydroxy carbonyl compounds are important synthetic
intermediates, and they exist as structural motifs in a variety
of natural products.[”! Oxy-Michael addition reactions to
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Figure 1 Selected examples of chiral acetals embodied with
biological and pharmacological activity

y-hydroxy-a,f-unsaturated carbonyl compounds via hemi-
acetal intermediates could generate 1,3-dioxolanes. Over
the past decade, Falck and Chen groups® reported the
oxy-Michael adduct formed in situ from y-hydroxy-
a,f-unsaturated carbonyl compounds and phenylboronic
acid under thiourea catalysts acting as a template for the
stereoselective addition of allenylboronic acid to the car-
bonyls (Scheme 1, a). Matsubara and co-workers! reported
asymmetric formal [3+2] cycloaddition reactions via in-
termediates generated in situ from jp-hydroxy-a,f-unsa-
turated carbonyls with aldehydes, formaldehyde (Scheme 1,
b). Those intermediates underwent intramolecular hetero-
Michael addition with high enantioselectivity to afford a
diastereomeric mixture in the presence of cinchona-alka-
loid based amino thiourea catalysts.**°~19 However, de-
spite the development of many new synthetic strategies,
oxy-Michael addition reaction of ketones and y-hydroxy-
o,f-unsaturated carbonyl compounds to synthesize 1,3-
dioxolane derivatives has never been reported. Only in
Matsubara’s report on asymmetric synthesis of 1,3-dioxo-
lanes by organocatalytic formal [342] cycloaddition reac-
tion starting from aldehydes and y-hydroxy-a,f-unsaturated
carbonyls did he mention two examples including acetone
and 2,2,2-trifluoro-1-phenylethanone.’*% Herein, we pre-
sent an organocatalytic approach towards synthetic of tri-

(a) Falck and Chen
(0]

(b) Matsubara et al.
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(c) This work 1)
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O r 3 0
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Lewis base

fluoromethyl-containing 1,3-dioxolanes via a procedure of
oxy-Michael addition to p-hydroxy-a,f-unsaturated car-
bonyl compounds using trifluoromethyl ketones as an ox-
ygen sources (Scheme 1, ¢).[1%]

2 Results and discussion

Our study commenced with (E)-4-hydroxy-1-phenylbut-
2-en-1-one (1a) and trifluoromethyl ketone 2a in the pres-
ence of 10 mol% of base in various solvents at 25 C for 24
h (Table 1). To our delight, the final tandem cyclization
product 2a was obtained when using EsN as catalyst in Et;O
in 95% yield with 60 : 40 dr (Table 1, Entry 1). Unfortu-
nately, when using large steric hindrance bases such as

Table 1 Optimization of conditions”

(0]
OH Q catalyst
= + )J\ Y
Ph™ "CF3; solvent, 7,24 h

CF

o o ,gﬁh
@)J\MO

Solvent T/°C

Entry  Catalyst Yield/%  drf

1 EsN Et0 25 95 60 : 40
2 DABCO EtO 25 85 65 :35
3 DBU Et20 25 82 65 : 35
4 PhsP Et.0 25 — —

5 DMAP Et20 25 70 55145
6 NaCOs Et20 25 42 55:45
7 K2CO3 Et20 25 40 55:45
8 EtsN CH:Clz 25 90 50 : 50
9 EtN PhMe 25 85 55145
10 EtN THF 25 92 60 : 40
11 Et:N MTBE 25 99 70 : 30

Quinine-thiourea
PhB(OH), ——————————
. M __oH + PhB(OH), o

@ Reaction conditions: 1a (0.12 mmol), 2a (0.1 mmol), catalyst (10 mol%),
solvent (1.0 mL), 24 h; ?Isolated yields; ¢ Diastereomeric ratios were deter-
mined by '°F NMR.
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Scheme 1 Cascade reaction of y-hydroxy-o,f-unsaturated ketones by organocatalyst
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N,N-dimethylethanolamine (DABCO) and 1,8-diazabicy-
clo[5.4.0Jundec-7-ene (DBU), the diastereoselectivities of
the products increased slightly, but the yields decreased
(Table 1, Entries 2, 3). Other bases such as Phs;P, 4-dime-
thylaminopyridine (DMAP), Na,CO; or K,CO3 were also
investigated, and the reactions of la and 2a proceeded
slowly to give the desired product in 40%~85% yields
without apparent change of diastereoselectivity (Table 1,
Entries 4~7). The reaction could not conduct when Phs;P
was used as catalyst. Further optimization on other reaction
conditions such as solvents led to the discovery that the
adduct 3a was formed exclusively in 99% yield with 70 :
30 dr when methyl tertiary butyl ether (MTBE) was used as
solvent (Table 1, Entry 10).

Having optimized reaction conditions for the tandem
cyclization of 1a and 2a, the substrate scope of this process
was explored. The results are summarized in Table 2. A
variety of trifluoromethyl ketones 2 with electron-donating
and electron-withdrawing groups on the 2-, 3-, or 4-position
were tolerated. No matter how trifluoromethyl ketones

bearing electron-withdrawing groups or electron-donating
groups on the aromatic ring participate in the reaction, the
desired products (3b, 3¢, 3f~3h) could be generated in
good yields with moderate diastereoselectivities (drs).
Due to the steric effect, substrates with substitution on the
2-, 3-position of the aromatic rings afforded the desired
products in relatively lower yields (3d, 3e). Substrates with
large steric hindrance group tertiary butyl on the aromatic
ring or naphthyl trifluoromethyl ketones were also suitable
under these conditions (3i, 3k). The reaction also worked
well by changing the aromatic groups in y-hydroxy-a.,f-
unsaturated carbonyl compounds, providing the corre-
sponding products in 81%~93% yields (3m~3s). Among
them, the aromatic rings with electron-withdrawing groups
in this reaction could obtain better yields than the ones with
electron-donating groups. Gratifyingly, in the case of
tert-butyl substituted y-hydroxy-a,f-unsaturated carbonyl
substrate 1t, the reaction also could proceed smoothly at
room temperature with 80% yield (3t). It should be noted
that the cyclization products detected on the thin-layer

Table 2  Scope of substrates?

= OH+A|'

1 2

Et;N (10mol%) O oJ(
_—
CFs MTBE, rt,24h R

CF;
Ar

Me

(0] (0]
©)K/K/O

3b, 92% yield, 50:50 dr

©)K/b

3f, 99% yleld 75:25 dr

OM

3j, 93% vyield, 67:33 dr

3e, 81% yield, 55:45 dr

CF;
(0} (o}
SR
3i, 89% vyield, 59:41 dr

CF3
Ph o)

3m, 85% yield, 50:50 dr 3n, 81% yield, 50:50 dr
CFy CFs

bh %Ph
/@)%O E:f‘\/K/

Br

39, 92% yield, 50:50 dr

90% yield, 50:50 dr

S
S

@M

e

o oL

3d, 85% yield, 50:50 dr

o oI

3h, 91% yield, 55:45 dr

34555’ s

Q;f

3¢, 90% yield, 55:45 dr

%

3g, 95% yield, 5

@%

3k, 85% yield, 50:50 dr 31, 88% yield, 63:27 dr
CF3 CF3

o 0 Ph
/@)J\/K/O
F Cl

30, 93% yield, 50:50 dr

3s, 83% yield, 50:50 dr

O

Q;:

3p, 91% yield, 50:50 dr

0% Ph Ton

0}

?i:

3t, 80% yield, 50:50 dr

4Reaction conditions: 1a (0.12 mmol), 2a (0.1 mmol), catalyst (10 mol%), solvent (1.0 mL), 24 h.
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chromatography (TLC) plate have only one point, and it is
almost impossible to separate them, consequently all
products are a mixture of diastereomers.

The described reactions could, in principle, be extended
to a catalytic enantioselective annulation. Screening several
available chiral catalysts indicated that quinidine-based
bifunctional thiourea was promising catalyst (Scheme 3).['!]
With glycosyl and quinidine-based bifunctional thiourea A
as the catalyst (10 mol%), product 3aa was obtained in
greater than 92% yield with 75 25 dr and 96% ee. The
absolute stereochemistry of 3aa was determined in
Matsubara’s work.’® To our regret, however, other chiral
products with substituents cannot be separated under the
same condition of high performance liquid chromatography
(HPLC), and many other chiral columns can not separate
the pairs of enantiomers.

o e

S
O

_Cat. A (10mol%) _
MTBE, -20 °C, 48 h

3aa
92% vyield, 75:25 dr, 96% ee

Scheme 3 Catalytic enantioselective annulation

Finally, to evaluate the synthetic potential of this tandem
cyclization process, the addition on a large scale (2 mmol of
substrate 2a) under this EtzN catalytic system was per-
formed. The adduct 3a was obtained in 95% yield with 70 :
30 dr (Scheme 4), exhibiting the easily scaled-up ability of
the present methodology.

sanalivas

1a, 2.4 mmol

Et3N (10 mol%)
MTBE, 25 °C 24 h

2a, 2 mmol

o o—kFh
©/U\/k/o
639.0 mg
95% yield, 10:30 dr

Scheme 4 Scaling-up experiment of the tandem cyclization
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3 Conclusions

In conclusion, a general and practical reaction of tri-
fluoromethyl ketones with p-hydroxy-a,f-unsaturated car-
bonyl compounds via an hemiketal intermediate under mild
conditions was demonstrated. This novel protocol provided
an efficient method for the construction of trifluorome-
thyl-containing 1,3-dioxolanes, which could be easily ob-
tained, in good to excellent yields and moderate diastere-
oselectivities. Moreover, the applicability for large-scale
preparations makes this method practical for the synthesis
of potential biologically active compounds. Remarkably, in
the presence of a chiral thiourea catalyst A, the reaction
proceeded smoothly to give the desired product 3aa in 92%
yield with high ee (96%). The development of catalytic
enantioselective systems, as well as the application of this
process are ongoing in our laboratory.

4 Experimental section

4.1 Instruments and reagents

All the reactions were done under an air atmosphere. 'H
NMR (400 MHz), ¥C NMR (100 MHz), and 'F NMR
(376 MHz) were recorded on Bruker NMR Spectrometers.
For 'F NMR, (trifluoromethyl)benzene (5 —63.72) was
used as an external standard. IR spectra were recorded on an
AVATAR 360 FT-IR spectrometer. Chiral HPLC analyses
were carried out on a Agilent 1260 infinity instrument with
commercial Chiral Pak columns using hexane and isopropyl
alcohol as eluents. MTBE, tetrahydrofuran (THF), diethyl
ether and toluene were distilled from sodium/benzophenone
prior to use. CH>Cl, were distilled from CaH,. All pur-
chased reagents were used without further purification.
Analytical thin layer chromatography (TLC) was performed
on 0.20 mm Qingdao Haiyang silica gel plates. Silica gel
(200~300 mesh) (from Qingdao Haiyang Chem. Compa-
ny, Ltd.) was used for flash chromatography.

4.2 General procedure for tandem cyclization of
trifluoromethyl ketones 2 and y-hydroxy-a,B-unsatur-
ated carbonyl compounds 1

Trifluoromethyl ketones 2 (0.12 mmol) was added
dropwise to a solution of y-hydroxy-a,f-unsaturated car-
bonyl compounds 1 (0.1 mmol) and EtzN (1.4 uL, 0.01
mmol) in MTBE (1 mL) at room temperature. The reaction
mixture was stirred for 24 h and y-hydroxy-a,f-unsaturated
carbonyl compounds 1 were consumed (monitored by
TLC). The reaction mixture was concentrated under re-
duced pressure. Purification by flash chromatography on
silica gel (petroleum ether/ethyl acetate, V' @ V=351 1~

0 : 1) afforded compound 3.
1-Phenyl-2-(2-phenyl-2-trifluoromethyl-[ 1,3]dioxolan-
4-yl)ethanone (3a): White solid, 35.2 mg, 99% yield, 70 :
30 dr. m.p. 71~75 °C; '"H NMR (400 MHz, CDCI;) J: 7.86
(d, J=8.0 Hz, 2H), 7.66 (d, /=8.0 Hz, 2H), 7.58 (t, J=8.0
Hz, 1H), 7.44 (s, 1H), 7.43~7.37 (m, 4H), 5.09~5.02 (m,
1H), 4.69 (dd, /=4.0 Hz, 8.0 Hz, 1H), 3.78 (t, /=8.0 Hz,
1H), 3.68~3.63 (dd, /=4.0 Hz, 8.0 Hz, 1H), 2.99 (dd, J=

http://sioc-journal.cn/ 1617
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8.0 Hz, 16.0 Hz, 1H); '*C NMR (100 MHz, CDCl;) 4:
197.01, 136.17, 135.15, 133.69, 129.67, 128.74, 126.80,
122.90 (q, Jcr=287.0 Hz), 104.57 (q, Jcr=32.0 Hz),
75.55, 74.39, 42.53; F NMR (376 MHz, CDCls) d:
—81.70 (s, 2.31F), —8&81.80 (s, 0.69F); IR (KBr) v: 3006,
2949, 1751, 1636, 1464, 1428, 1310, 1259, 1101, 786, 724,
676 cm '; HRMS (ESI) caled for CigH6F305 [M+H]"
337.1052, found 337.1068.

1-Phenyl-2-(2-p-tolyl-2-trifluoromethyl-[ 1,3 ]dioxolan-4-
yl)-ethanone (3b): White solid, 32.2 mg, 92% yield, 50 : 50
dr.m.p. 65~67 ‘C;'HNMR (400 MHz, CDCl5) 6: 7.98 (d,
J=28.0 Hz, 2H), 7.87 (d, /=4.0 Hz, 2H), 7.616~7.55 (m,
2H), 7.50~7.47 (m, 6H), 7.45~7.38 (m, 2H), 7.25~7.13
(m, 4H), 5.10~4.97 (m, 1H), 4.77~4.61 (m, 2H), 4.54~
4.43 (m, 1H), 3.92 (t, J=8.0 Hz, 1H), 3.85~3.75 (m, 2H),
3.66 (dd, /=4.0 Hz, 16.0 Hz, 1H), 3.29 (dd, /J=8.0 Hz,
16.0 Hz, 1H), 2.99 (dd, /=8.0 Hz, 16.0 Hz, 1H), 2.38 (s,
6H); 3C NMR (100 MHz, CDCl3) J: 196.04, 138.61,
135.08, 132.65, 131.16, 130.66, 127.76, 127.68, 127.03,
125.65, 121.87 (q, Jcr=288.0 Hz), 103.57 (q, Jcr=32.0
Hz), 74.43, 73.26, 41.51, 20.24; F NMR (376 MHz,
CDCl3) 6: —81.79 (s, 1.50F), —81.88 (s, 1.50F); IR (KBr)
v: 3015, 2913, 1715, 1621, 1455, 1410, 1305, 1244, 1009,
768, 710, 655 cm !; HRMS (ESI) caled for CioHisF30;3
[M-+H]" 351.1208, found 351.1244.

2-[2-(4-Methoxy-phenyl)-2-trifluoromethyl-[1,3]dioxo-
lan-4-yl]-1-phenyl-ethanone (3¢): White solid, 33.0 mg,
90% vyield, 55 : 45 dr. m.p. 85~87 C; 'H NMR (400
MHz, CDCL) ¢: 7.98 (d, J=4.0 Hz, 2H), 7.87 (d, J=4.0
Hz, 2H), 7.61~7.45 (m, 10H), 6.93~7.82 (m, 4H), 5.09~
4.98 (m, 1H), 4.76~4.61 (m, 2H), 4.54~4.43 (m, 1H), 3.91
(t, J=8.0 Hz, 1H), 3.83 (s, 6H), 3.80~3.77 (m, 2H), 3.65
(dd, J=4.0 Hz, 16.0 Hz, 1H), 3.28 (dd, /=8.0 Hz, 16.0 Hz,
1H), 2.99 (dd, J=38.0 Hz, 16.0 Hz, 1H); '3*C NMR (100
MHz, CDCls) d: 197.06, 160.55, 136.12, 133.68, 128.72,
128.16, 128.05, 127.25, 126.70, 122.90 (q, Jcr=287.0 Hz),
113.41, 104.51 (q, Jcr=233.0 Hz), 74.43, 73.26, 41.51,
20.24; 'F NMR (376 MHz, CDCl3) §: —81.90 (s, 1.65F),
—82.00 (s, 1.35F); IR (KBr) v: 3123, 2956, 1789, 1677,
1433, 1429, 1355, 1210, 1048, 778, 723, 698 cm " '; HRMS
(ESI) caled for CioHsF304 [M+H]" 367.1157, found
367.1162.

2-[2-(3-Methoxy-phenyl)-2-trifluoromethyl-[ 1,3]dioxo-
lan-4-yl]-1-phenyl-ethanone (3d): White solid, 31.1 mg,
85% yield, 50 : 50 dr. m.p. 68~70 C; 'H NMR (400
MHz, CDCL) ¢: 7.98 (d, J=4.0 Hz, 2H), 7.86 (d, J=8.0
Hz, 2H), 7.61~7.56 (m, 2H), 7.50 (t, J=4.0 Hz, 2H),
7.46~7.40 (m, 4H), 7.06~6.90 (m, 4H), 5.11~4.99 (m,
1H), 4.72~4.68 (m, 2H), 4.62~4.52 (m, 1H), 3.96~3.88
(m, 2H), 3.86 (s, 6H), 3.69 (d, /=20.0 Hz, 2H), 3.30 (dd,
J=8.0Hz,20.0 Hz, 1H), 3.02 (dd, /=8.0 Hz, 16.0 Hz, 1H);
3C NMR (100 MHz, CDCl;) d: 196.96, 159.36, 136.14,
133.78, 129.26, 128.82, 128.11, 122.54 (q, Jc.r=287.0 Hz),
119.29, 115.48, 112.49, 104.45 (q, Jcr=32.0 Hz), 75.58,
74.41, 55.36, 42.06; "F NMR (376 MHz, CDCls) d:
—81.65 (s, 1.50F), —81.71 (s, 1.50F); IR (KBr) v: 3099,
2966, 1747, 1645, 1555, 1421, 1363, 1274, 1082, 788, 701,
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655 cm ™ '; HRMS (ESI) caled for CioHsF3;04, [M+H]"
367.1157, found 367.1126.
2-[2-(2-Methoxy-phenyl)-2-trifluoromethyl-[ 1,3 ]dioxo-
lan-4-yl]-1-phenyl-ethanone (3e): White solid, 29.7 mg,
81% yield, 55 : 45 dr. m.p. 80~83 C; 'H NMR (400
MHz, CDCls) o: 7.98 (d, J=8.0 Hz, 2H), 7.87 (d, J=4.0
Hz, 2H), 7.65~7.56 (m, 2H), 7.52~7.45 (m, 4H), 7.32~
7.31 (m, 2H), 7.22~7.16 (m, 4H), 6.96 (d, /=4.0 Hz, 2H),
5.10~4.98 (m, 1H), 4.76~4.62 (m, 2H), 4.56~4.44 (m,
1H), 3.92 (t, J=8.0 Hz, 1H), 3.82 (d, /=28.0 Hz, 8H), 3.66
(dd, J/=8.0 Hz, 20.0 Hz, 1H), 3.29 (dd, /=8.0 Hz, 16.0 Hz,
1H), 3.00 (dd, J=38.0 Hz, 20.0 Hz, 1H); 3C NMR (100
MHz, CDCl3) 6: 196.00, 157.34, 135.13, 132.60, 130.34,
128.18, 127.75, 127.02, 121.89 (q, Jcr=287.0 Hz), 121.82,
119.28, 115.56, 104.18 (q, Jcr=32.0 Hz), 74.01, 72.98,
55.18, 40.96; 'F NMR (376 MHz, CDCl3) 6: —80.77 (s,
1.65F), —80.86 (s, 1.35F); IR (KBr) v: 3111, 2989, 1714,
1698, 1531, 1455, 1313, 1268, 1011, 754, 700, 621 cm ;
HRMS (ESI) caled for CioHsF304 [M+H]" 367.1157,
found 367.1200.
2-[2-(4-Fluoro-phenyl)-2-trifluoromethyl-[ 1,3 ]dioxolan-
4-yl]-1-phenyl-ethanone (3f): Yellow solid, 35.0 mg, 99%
yield, 50 : 50 dr. m.p. 65~68 C; 'H NMR (400 MHz,
CDCls) 6: 7.97 (d, J=8.0 Hz, 2H), 7.86 (d, /=8.0 Hz, 2H),
7.67~7.54 (m, 6H), 7.52~7.45 (m, 4H), 7.08~7.00 (m,
2H), 5.10~4.98 (m, 1H), 4.69~4.63 (m, 2H), 4.55~4.46
(m, 1H), 3.92 (t, J=8.0 Hz, 1H), 3.84~3.77 (m, 2H), 3.65
(dd, J=4.0 Hz, 20.0 Hz, 1H), 3.28 (dd, /=8.0 Hz, 16.0 Hz,
1H), 3.02~2.96 (m, 1H); *C NMR (100 MHz, CDCl;) 6:
195.69, 161.72 (d, Jc.r=247.0 Hz), 135.02, 132.73, 130.04,
129.55, 128.38 (d, Jc.r,=28.0 Hz), 128.02 (d, Jc.r=9.0 Hz),
127.89, 127.78, 127.01, 121.41 (q, Jcr=281.0 Hz), 114.27
(d, Jcr=20.0 Hz), 114.13 (d, Jcr=21.0 Hz), 114.02,
103.20 (q, Jer=32.0 Hz), 74.63, 73.41, 41.40; YF NMR
(376 MHz, CDCl3) J: —81.90 (s, 1.50F), —82.01 (s,
1.50F), —111.72 (s, 0.5F), —111.75 (s, 0.5F); IR (KBr) v:
3048, 2900, 1746, 1689, 1444, 1422, 1366, 1274, 1058, 799,
705, 666 cmfl; HRMS (ESI) calcd for C18H15F403 [M+
H]" 355.0957, found 355.0949.
2-[2-(4-Chloro-phenyl)-2-trifluoromethyl-[ 1,3]dioxolan-
4-yl]-1-phenyl-ethanone (3g): White solid, 35.2 mg, 95%
yield, 63 : 37 dr. m.p. 74~76 °C; 'H NMR (400 MHz,
CDCls) 6: 7.97 (d, J=8.0 Hz, 2H), 7.86 (d, /=8.0 Hz, 1H),
7.52~7.45 (m, 3H), 7.39~7.30 (m, 3H), 4.70~4.62 (m,
1H), 4.57~4.44 (m, 1H), 3.92 (t, J/=8.0 Hz, 1H), 3.80~
3.71 (m, 1H), 3.28 (dd, J=8.0 Hz, 16.0 Hz, 1H); 3*C NMR
(100 MHz, CDCl3) ¢: 195.78, 135.03, 134.94, 132.78,
132.20, 127.79, 127.38, 127.32, 127.06, 121.35 (q, Jcr=
286.0 Hz), 103.16 (q, Jc.r=32.0 Hz), 74.66, 73.47, 40.87;
YF NMR (376 MHz, CDCl;) 6: — 81.83 (s, 1.11F),
—81.93 (s, 1.89F); IR (KBr) v: 3075, 2946, 1756, 1677,
1463, 1413, 1355, 1279, 1023, 788, 701, 689 cm !; HRMS
(ESI) caled for CisH;sCIF;0; [M~+H]" 371.0662, found
371.06609.
2-[2-(4-Bromo-phenyl)-2-trifluoromethyl-[ 1,3]dioxolan-
4-yl]-1-phenyl-ethanone (3h): White solid, 37.8 mg, 91%
yield, 58 . 42 dr. m.p. 80~82 °C; 'H NMR (400 MHz,
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CDCls) 6: 7.97 (d, J=8.0 Hz, 2H), 7.86 (d, J=8.0 Hz, 1H),
7.61~7.51 (m, 6H), 4.70~4.61 (m, 1H), 4.57~4.44 (m,
1H), 3.92 (t, /=8.0 Hz, 1H), 3.78~3.72 (m, 1H), 3.28 (dd,
J=38.0 Hz, 16.0 Hz, 1H); '*C NMR (100 MHz, CDCl;) J:
196.62, 136.03, 134.23, 133.84, 131.40, 128.79, 128.61,
128.11, 124.34, 122.36 (q, Jcr=286.0 Hz), 104.26 (q,
Jcr=32.0 Hz), 75.73, 74.54, 41.92; F NMR (376 MHz,
CDCl;) 6: —81.82 (s, 1.74F), —81.91 (s, 1.26F); IR (KBr)
v: 3013, 2903, 1717, 1689, 1474, 1410, 1363, 1256, 1047,
798, 723, 614 cm !'; HRMS (ESI) calced for CigHisBrF;0;
[M+H]" 415.0157, found 415.0143.
2-[2-(4-tert-Butyl-phenyl)-2-trifluoromethyl-[ 1,3 ]dioxo-
lan-4-yl]-1-phenyl-ethanone (3i): White solid, 34.9 mg,
89% yield, 59 : 41 dr. m.p. 75~77 ‘C; '"H NMR (400
MHz, CDCL) J: 8.66 (d, J=4.0 Hz, 2H), 8.02~7.92 (m,
6H), 7.85 (dd, J=8.0 Hz, 20.0 Hz, 4H), 7.62~7.61 (m,
1H), 7.52~7.51 (m, 9H), 7.41~7.32 (m, 2H), 5.24~5.10
(m, 1H), 4.84~4.76 (m, 1H), 4.63~4.50 (m, 1H), 4.03 (t,
J=4.0 Hz, 1H), 3.93~3.85 (m, 2H), 3.65 (d, /=16.0 Hz,
1H), 3.37 (dd, J=28.0 Hz, 20.0 Hz, 1H), 2.96 (dd, /=8.0
Hz, 20.0 Hz, 1H); '3C NMR (100 MHz, CDCls) é: 197.10,
152.68, 136.16, 133.70, 132.06, 128.74, 128.08, 126.44,
125.03, 122.97 (q, Jcr=288.0 Hz), 104.63 (q, Jcr=32.0
Hz), 75.49, 74.33,42.60, 34.71,31.29; "F NMR (376 MHz,
CDCl3) 6: —81.65 (s, 1.77F), —81.77 (s, 1.23F); IR (KBr)
v: 3233, 2988, 1766, 1613, 1425, 1401, 1347, 1289, 1011,
768, 703, 635 cm '; HRMS (ESI) calcd for CyHp4F305
[M-+H]" 393.1678, found 393.1623.
2-(2-Biphenyl-4-yl-2-trifluoromethyl-[ 1,3 ]dioxolan-4-
yl)-1-phenyl-ethanone (3j): White solid, 38.4 mg, 93%
yield, 67 : 33 dr. m.p. 92~95 °C; 'H NMR (400 MHz,
CDCls) 6: 7.99 (d, J=8.0 Hz, 1H), 7.88 (d, J/=4.0 Hz, 2H),
7.71~7.66 (m, 3H), 7.57 (d, J=8.0 Hz, 1H), 7.52 (d, J=
8.0 Hz, 1H), 7.49 (d, /=4.0 Hz, 1H), 7.46~7.43 (m, 4H),
7.39 (d,J=8.0Hz, 1H), 5.11~5.05 (m, 1H), 4.71 (t, /=8.0
Hz, 1H), 3.82 (t, /=4.0 Hz, 1H), 3.69 (dd, /=4.0 Hz, 16.0
Hz, 1H), 3.03 (dd, J=8.0 Hz, 16.0 Hz, 1H); '3C NMR (100
MHz, CDCl3) 6: 197.01, 142.59, 140.42, 136.18, 133.70,
130.76, 129.15, 128.87, 128.08, 127.68, 127.39, 127.23,
126.85, 122.93 (q, Jcr=288.0 Hz), 104.62 (q, Jcr=32.0
Hz), 75.62, 74.46, 42.55; '°F NMR (376 MHz, CDCl5) 6:
—81.63 (s, 2F), —81.72 (s, 1F); IR (KBr) v: 3123, 2900,
1775, 1721, 1674, 1623, 1460, 1213, 1098, 782, 744, 613
cm~ '; HRMS (ESI) caled for CpHyF;03; [M + H] *
413.1365, found 413.1353.
2-(2-Naphthalen-1-yl-2-trifluoromethyl-[ 1,3]dioxolan-4-
yl)-1-phenyl-ethanone (3k): White solid, 32.8 mg, 85%
yield, 50 : 50 dr. m.p. 84~87 C; 'H NMR (400 MHz,
CDCls) 6: 7.99 (d, J/=8.0 Hz, 1H), 7.88 (d, J=4.0 Hz, 2H),
7.71~7.66 (m, 3H), 7.57 (d, J=8.0 Hz, 1H), 7.52 (d, J=
8.0 Hz, 1H), 7.49 (d, /=4.0 Hz, 1H), 7.46~7.43 (m, 4H),
7.39 (d,J=8.0Hz, 1H), 5.11~5.05 (m, 1H), 4.71 (t, /=8.0
Hz, 1H), 3.82 (t, /=4.0 Hz, 1H), 3.69 (dd, /=4.0 Hz, 16.0
Hz, 1H), 3.03 (dd, J=8.0 Hz, 16.0 Hz, 1H); '3C NMR (100
MHz, CDCl3) 6: 196.08, 135.10, 133.19, 132.69, 130.14,
129.75, 129.34, 127.74, 127.50, 127.06, 126.23, 126.00,
125.18, 124.60, 123.52, 122.28 (q, Jc.r=288.0 Hz), 105.32

Chin. J. Org. Chem. 2021, 41, 1614~1621

© 2021 Chinese Chemical Society & SIOC, CAS

(g, Jor=33.0 Hz), 74.38, 73.03, 41.27; F NMR (376
MHz, CDCls) J: —80.56 (s, 1.5F), —80.62 (s, 1.5F); IR
(KBr) v: 3011, 2983, 1764, 1668, 1523, 1498, 1411, 1285,
1013, 744, 700, 658 cm !; HRMS (ESI) calcd for
CxHisF30; [M+H]" 387.1208, found 387.1228.
2-(2-Benzyl-2-trifluoromethyl-[1,3]dioxolan-4-yl)-1-
phenyl-ethanone (31): White solid, 34.0 mg, 88% yield,
63 . 27 dr.m.p.93~95 ‘C; '"H NMR (400 MHz, CDCI5) &:
8.14 (d, J=8.0 Hz, 2H), 7.99 (d, /=8.0 Hz, 1H), 7.87~
7.79 (m, 4H), 7.70 (d, J=8.0 Hz, 1H), 7.62 (d, /=4.0 Hz,
1H), 7.53~7.46 (m, 2H), 7.43~7.36 (m, 1H), 4.76~4.67
(m, 1H), 4.60~4.51 (m, 1H), 3.99 (t, /=4.0 Hz, 1H),
3.85~3.78 (m, 1H), 3.34 (dd, J=38.0 Hz, 20.0 Hz, 1H); '*C
NMR (100 MHz, CDCls) 6: 196.95,136.13, 133.77, 133.68,
132.55, 132.47, 131.97, 128.81, 128.60, 128.10, 127.98,
127.66, 126.98, 126.41, 124.05, 122.93 (q, Jc.r=288.0 Hz),
104.72 (q, Jer=32.0 Hz), 75.66, 74.47, 42.09; '°F NMR
(376 MHz, CDCls) J: — 81.47 (s, 1.13F), —81.52 (s,
1.87F); IR (KBr) v: 3066, 2945, 1768, 1644, 1479, 1400,
1313, 1209, 1099, 744, 710, 688 cm '; HRMS (ESI) calcd
for CoxHisF303 [M+H]" 387.1208, found 387.1199.
2-(2-Phenyl-2-trifluoromethyl-[ 1,3]dioxolan-4-yl)-1-p-
tolyl-ethanone (3m): White solid, 29.8 mg, 85% yield, 50 :
50 dr. m.p. 61~64 °C; '"H NMR (400 MHz, CDCl5) J: 7.88
(d,J=4.0 Hz, 2H), 7.76 (d, /=4.0 Hz, 2H), 7.69~7.56 (m,
4H), 7.48~7.34 (m, 6H), 7.27 (dd, J=28.0 Hz, 16.0 Hz,
1H), 4.77~4.63 (m, 2H), 4.56~4.45 (m, 1H), 3.92 (t, J=
8.0 Hz, 1H), 3.83~3.77 (m, 2H), 3.65 (dd, /=4.0 Hz, 20.0
Hz, 1H), 3.27 (dd, J=8.0 Hz, 20.0 Hz, 1H), 2.97 (dd, J=
8.0 Hz, 16.0 Hz, 1H), 2.42 (d, J=8.0 Hz, 6H); '3C NMR
(100 MHz, CDCL) d: 196.66, 144.67, 135.15, 133.74,
129.66, 129.42, 128.19, 128.07, 126.61, 122.90 (q, Jcr=
288.0 Hz), 104.50 (q, Jcr=32.0 Hz), 75.64, 74.47, 42.43,
21.72; F NMR (376 MHz, CDCl3) 6: —81.70 (s, 1.50F),
—81.80 (s, 1.50F); IR (KBr) v: 3329, 2954, 1755, 1668,
1488, 1417, 1385, 1223, 1058, 799, 733, 641 cm !; HRMS
(ESI) caled for CioHsF30; [M+H]" 351.1208, found
351.1219.
1-(4-Methoxy-phenyl)-2-(2-phenyl-2-trifluoromethyl-
[1,3]dioxolan-4-yl)-ethanone (3m): White solid, 29.7 mg,
81% yield, 50 : 50 dr. m.p. 65~67 C; 'H NMR (400
MHz, CDCls) é: 7.95 (d, J=8.0 Hz, 2H), 7.84 (d, J=8.0
Hz, 2H), 7.69~7.55 (m, 4H), 7.47~7.33 (m, 6H), 6.94 (dd,
J=8.0 Hz, 24.0 Hz, 4H), 5.11~4.97 (m, 1H), 4.76~4.59
(m, 2H), 4.56~4.45 (m, 1H), 4.00~3.92 (m, 1H), 3.88 (d,
J=12.0 Hz, 6H), 3.80~3.71 (m, 2H), 3.62 (d, /=20.0 Hz,
1H), 3.24 (dd, /=38.0 Hz, 20.0 Hz, 1H), 2.94 (dd, /=12.0
Hz, 20.0 Hz, 1H); *C NMR (100 MHz, CDCls) 6: 195.49,
163.90, 135.15, 130.39, 129.62, 129.27, 128.04, 126.78
122.88 (q, Jc.r=288.0 Hz), 113.84, 104.46 (q, Jc.r=32.0
Hz), 75.71, 74.54, 55.52, 42.16; YF NMR (376 MHz,
CDCl3) 6: —81.70 (s, 1.50F), —81.80 (s, 1.50F); IR (KBr)
v: 3341, 2915, 1778, 1679, 1465, 1423, 1311, 1277, 1095,
768, 701, 633 cm !; HRMS (ESI) calcd for CjoH;5F304
[M-+H]" 367.1157, found 367.1170.
1-(4-Fluoro-phenyl)-2-(2-phenyl-2-trifluoromethyl-
[1,3]dioxolan-4-yl)-ethanone (30): White solid, 32.9 mg,
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93% yield, 50 . 50 dr. m.p. 65~68 C; 'H NMR (400
MHz, CDCl3) ¢: 8.07~7.94 (m, 2H), 7.90~7.82 (m, 2H),
7.69~7.51 (m, 4H), 7.48~7.41 (m, 6H), 7.17 (t, J=8.0
Hz, 2H), 7.11 (t, J=28.0 Hz, 2H), 5.12~4.96 (m, 1H),
4.77~4.61 (m, 2H), 4.54~4.42 (m, 1H), 3.93 (t, J=4.0
Hz, 1H), 3.80~3.71 (m, 2H), 3.61 (dd, /=4.0 Hz, 16.0 Hz,
1H), 3.26 (dd, /=8.0 Hz, 20.0 Hz, 1H), 2.96 (dd, J=8.0
Hz, 16.0 Hz, 1H); '3C NMR (100 MHz, CDCls) &: 194.32,
165.01 (d, Jcr =254.0 Hz), 134.01, 133.52, 131.58, ,
129.79 (d, Jcr=9.0 Hz), 129.69, 128.70 (d, Jc.r=10.0 Hz),
127.04, 125.72, 121.80 (q, Jcr=288.0 Hz), 114.94 (d,
Jor=21.0 Hz), 114.86 (d, Jcr=21.0 Hz), 103.54 (q,
Jcr=232.0 Hz), 74.40, 73.24, 41.36; "F NMR (376 MHz,
CDCl;) 6: — 81.72 (s, 1.50F), — 81.80 (s, 1.50F),
—103.89 (s, 0.5F), —103.94 (s, 0.5F); IR (KBr) v: 3011,
2955, 1777, 1613, 1477, 1412, 1359, 1213, 1069, 791, 711,
611 cm '; HRMS (ESI) caled for CigHsF,05 [M+H]"
355.0957, found 355.0944.
1-(4-Chloro-phenyl)-2-(2-phenyl-2-trifluoromethyl-
[1,3]dioxolan-4-yl)-ethanone (3p): White solid, 33.8 mg,
91% yield, 50 : 50 dr. m.p. 68~70 C; 'H NMR (400
MHz, CDCL) ¢6: 7.92 (d, J=4.0 Hz, 2H), 7.79 (d, J=8.0
Hz, 2H), 7.69~7.53 (m, 4H), 7.47 (d, J/=28.0 Hz, 2H),
7.42~17.31 (m, 8H), 5.05 (m, 1H), 4.78~4.68 (m, 2H),
4.59~4.41 (m, 2H), 3.90 (t, J/=4.0 Hz, 1H), 3.80~3.76
(m, 2H), 3.60 (d, J=16.0 Hz, 1H), 3.25 (dd, J=8.0 Hz,
16.0 Hz, 1H), 2.95 (dd, J=8.0 Hz, 16.0 Hz, 1H); *C NMR
(100 MHz, CDCl;) ¢: 194.77, 139.23, 133.97, 133.40,
128.75, 128.48, 128.01, 127.04, 125.88, 121.80 (q, Jcr=
288.0 Hz), 103.56 (q, Jc.r=32.0 Hz), 74.33, 73.17, 41.38;
F NMR (376 MHz, CDCl;) &: — 81.69 (s, 1.50F),
—81.77 (s, 1.50F); IR (KBr) v: 3033, 2958, 1749, 1616,
1477, 1409, 1366, 1228, 1059, 796, 711, 684 cm '; HRMS
(ESI) caled for CisH;sCIF;05 [M~+H]" 371.0662, found
371.0654.
1-(4-Bromo-phenyl)-2-(2-phenyl-2-trifluoromethyl-
[1,3]dioxolan-4-yl)-ethanone (3q): White solid, 38.2 mg,
92% yield, 50 : 50 dr. m.p. 87~90 C; 'H NMR (400
MHz, CDCL) ¢: 7.84 (d, /=8.0 Hz, 2H), 7.71 (d, J=8.0
Hz, 2H), 7.65~7.59 (m, 8H), 7.41~7.26 (m, 6H), 5.10~
4.99 (m, 1H), 4.76~4.60 (m, 2H), 4.55~4.44 (m, 1H), 3.93
(t, J/=8.0 Hz, 1H), 3.79~3.76 (m, 2H), 3.59 (d, /=24.0
Hz, 1H), 3.24 (dd, J=8.0 Hz, 16.0 Hz, 1H), 2.95 (dd, J=
8.0 Hz, 16.0 Hz, 1H); '*C NMR (100 MHz, CDCl;) 4:
194.98, 133.83, 133.49, 131.02, 128.67, 128.52, 127.96,
127.04, 125.71, 121.79 (q, Jcr=288.0 Hz), 103.55 (q,
Jcr=232.0 Hz), 74.31, 73.14, 41.37; F NMR (376 MHz,
CDCl;) 6: —81.71 (s, 1.50F), —81.79 (s, 1.50F); IR (KBr)
v: 3045, 2918, 1719, 1654, 1433, 1410, 1353, 1288, 1013,
768, 705, 633 cm !'; HRMS (ESI) caled for CigHisBrF;0;
[M-+H]" 415.0157, found 415.0151.
1-(2-Chloro-phenyl)-2-(2-phenyl-2-trifluoromethyl-
[1,3]dioxolan-4-yl)-ethanone (3r): White solid, 33.3 mg,
90% yield, 50 : 50 dr. m.p. 89~91 C; 'H NMR (400
MHz, CDCl3) 6: 7.67~7.58 (m, 5H), 7.50~7.44 (m, 3H),
7.39~7.32 (m, 10H), 5.10~4.95 (m, 1H), 4.74~4.56 (m,
2H), 4.51~4.38 (m, 1H), 3.97 (t, J/=8.0 Hz, 1H), 3.83 (t,
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J=8.0 Hz, 1H), 3.74 (dd, /=4.0 Hz, 20.0 Hz, 1H), 3.55
(dd, J=4.0 Hz, 16.0 Hz, 1H), 3.32 (dd, /=8.0 Hz, 16.0 Hz,
1H), 3.04 (dd, J=38.0 Hz, 20.0 Hz, 1H); '3C NMR (100
MHz, CDCl3) ¢: 198.57, 137.01, 133.93, 133.52, 131.36,
130.16, 129.72, 128.61, 128.21, 126.99, 126.07, 125.70,
121.76 (q, Jcr=287.0 Hz), 103.58 (q, Jc.r=32.0 Hz),
74.16, 73.05, 45.56; 'F NMR (376 MHz, CDCls) 4:
—81.75 (s, 1.50F), —81.82 (s, 1.50F); IR (KBr) v: 3075,
2946, 1756, 1677, 1463, 1413, 1355, 1279, 1023, 788, 701,
689 cm '; HRMS (ESI) caled for C1sH;sCIF;0; [M+H]"
371.0662, found 371.0633.

1-Naphthalen-2-yl-2-(2-phenyl-2-trifluoromethyl-[1,3]-
dioxolan-4-yl)-ethanone (3s): White solid, 32.0 mg, 83%
yield, 50 : 50 dr. m.p. 76~78 °C; 'H NMR (400 MHz,
CDCl3) o: 8.66 (d, J/=8.0 Hz, 2H), 8.02~7.92 (m, 6H),
7.85 (dd, J/=8.0 Hz, 28.0 Hz, 4H), 7.62 (d, /=4.0 Hz, 1H),
7.52~7.51 (m, 9H), 7.41~7.32 (m, 2H), 5.24~5.10 (m,
1H), 4.84~4.67 (m, 2H), 4.63~4.50 (m, 1H), 4.03 (t, J=
4.0 Hz, 1H), 3.9~3.85 (m, 2H), 3.65 (d, /=16.0 Hz), 3.37
(dd, J/=28.0 Hz, 20.0 Hz, 1H), 2.96 (dd, /=8.0 Hz, 20.0 Hz,
1H); BC NMR (100 MHz, CDCl3) 6: 195.79, 134.77,
134.07, 133.61, 132.43, 131.38, 129.16, 128.62, 127.82,
127.64, 127.09, 126.78, 125.92, 125.76, 122.35, 121.60 (q,
Jer=288.0 Hz), 103.51 (q, Jcr=32.0 Hz), 74.63, 73.43,
41.01; 'F NMR (376 MHz, CDCl3) 5: —81.62 (s, 1.50F),
—81.69 (s, 1.50F); IR (KBr) v: 3113, 2915, 1741, 1681,
1421, 1403, 1379, 1254, 1013, 769, 704, 613 cm !; HRMS
(ESI) caled for CHisF30; [M+H]" 387.1208, found
387.1222.

3,3-Dimethyl-1-(2-phenyl-2-trifluoromethyl-[1,3]dioxo-
lan-4-yl)-butan-2-one (3t): Yellow oil, 25.3 mg, 80% yield,
50 : 50 dr. '"H NMR (400 MHz, CDCl3) §: 7.70~7.53 (m,
4H), 7.45~7.33 (m, 6H), 4.89~4.77 (m, 1H), 4.59 (t, J=
4.0 Hz, 1H), 4.53~4.48 (m, 1H), 4.44~4.38 (m, 1H), 3.79
(t,J=8.0 Hz, 1H), 3.62 (t, J/=8.0 Hz, 1H), 3.35 (dd, /=4.0
Hz, 16.0 Hz, 1H), 3.21 (dd, /=4.0 Hz, 16.0 Hz, 1H), 3.21
(dd, J=8.0 Hz, 16.0 Hz, 1H), 2.75 (dd, /=8.0 Hz, 16.0 Hz,
1H), 2.49 (dd, /=28.0 Hz, 20.0 Hz, 1H), 1.17 (s, 9H), 1.09
(s, 9H); 3C NMR (100 MHz, CDCl3) §: 212.19, 134.08,
128.60, 127.00, 125.71, 121.82 (q, Jc.r=280.0 Hz), 103.68
(q, Jer=32.0 Hz), 74.49, 73.40, 43.11, 39.69, 25.10; F
NMR (376 MHz, CDCl3) 6: —81.73 (s, 1.50F), —81.88 (s,
1.50F); IR (KBr) v: 3333, 3310, 2988, 1767, 1653, 1428,
1401, 1322, 1289, 1011, 788, 671 cm™ !; HRMS (ESI) calcd
for C16HaoF303 [M+H]" 317.1365, found 317.1379.
4.3 HPLC for the addition adduct 3aa

Daicel Chiralcel OJ-H, hexane/i-PrOH (V' . V=90 : 10,
flow rate=2.0 mL/min, A=254 nm, 40 ‘C): fmajor=73.8 min,
tminor = 4.3 min (major diastereomer). Daicel Chiralcel
OJ-H, hexane/i-PrOH (V' : V=90 : 10, flow rate =2.0
mL/min, A=254 nm, 40 C): tminor=4.8 min, fmajor=25.8
min (minor diastereomer).

Supporting Information 'H NMR and '3C NMR spectra
of materials and products 3a~3t. The Supporting Infor-
mation is available free of charge via the Internet at
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