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A highly efficient catalytic kinetic resolution of 2,3-epoxy 3-
aryl ketones via asymmetric ring-opening with pyrazole
derivatives has been achieved by using a chiral NV,N'-dioxide—
Sc(IIl) complex as the catalyst. A wide variety of substrates
were readily scoped, and the selectivity factors were excellent
(up to > 300).

Kinetic resolution (KR) is thought as one of the most general
methods to obtain enantiopure molecules. The main types of
functional compounds that have been resolved involve alcohols,
epoxides, amines, alkenes and so on.'? On the other hand,
catalytic asymmetric epoxide ring-opening reactions by
nucleophiles® attract much attention due to the high ring strain of
epoxide and the convenient synthesis of useful optically enriched
1,2-difunctionalized compounds with two adjacent stereocenters.
Although numerous reports on catalytic asymmetric epoxide ring-
opening reactions have been appeared,’ most of them are
desymmetrization of meso-epoxides. Comparatively, the kinetic
resolution of racemic epoxides via enantioselective catalytic ring-
opening version continues to be relatively rare.”® Meanwhile,
only terminal unfunctionalized epoxides can give excellent
results and the catalysts are focused on Salen based complexes.’
Hence, developing new catalytic systems for the ring opening of
1,2-disubstituted epoxides is meaningful and imperative.

Besides, as one of the 1,2-disubstituted epoxides, 2,3-epoxy 3-
aryl ketones, to the best of our knowledge, have never been
applied in the catalytic asymmetric ring-opening reaction to date,
due to not only the difficulty in controlling the regioselectivity,
but also the hardness of KR caused by the high activity of 2,3-
epoxy 3-aryl ketones. Moreover, the kinetic resolution of racemic
2,3-epoxy 3-aryl ketones via asymmetric ring-opening by
pyrazole derivatives can afford both B-pyrazole-substituted
alcohols and optically pure epoxides® simultaneously. In addition,
B-pyrazole-substituted alcohols have emerged as potential
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neuromuscular blocking agents and compounds possessing
40 proneurogenic activity,” while optically pure epoxides are among
the most versatile compounds in organic chemistry, because their
derivatives have been found broad applications in synthetic and
biological technology.'® Also, encouraged by the success of N,N'-

Table 1. Optimization of the reaction conditions.

ZT

O,N
_ LSc(OTf) /Z/—(
) - AA

(¥)-1a 2a 1a

X
z

3 A MS, CH,Cl
35°C, 26 h

e}
<P e
PR P o

L1:n=1,m=0, R =adamantyl
L2:n =2, m=0, R =adamantyl
L4:n=1,m=0,R =26-Pr,CgH;
L5:n=1,m=0, R =24,6-PryCqsH,
L6:n=1,m=1,R=246-PryCqH,

L3: m =0, R = adamantyl

Conv. Yield (%)° ee (%)’ .
Entry’ LML (%) 3a ( ia 3a ( )la }

1 o1 L1 59 55 40 53 77 7
2 1.2:1 L1 56 50 42 66 71 10
3 1.5:1 L1 41 39 55 71 50 10
4 2:1 L1 21 19 70 95 26 50
5 2:1 L2 14 14 84 89 17 20
6 2:1 L3 33 18 60 93 47 44
7 2:1 L4 53 43 52 86 9 51
8 2:1 L5 51 46 49 93 97 116
9 2:1 L6 4l 39 60 95 67 78
10 2:1 L5 50 47 49 95 94 139
11 2:1 L5 39 38 60 96 61 91

45 “ Unless otherwise noted, the reactions were performed with L-Sc(OTf);
(10 mol%), 30 mg 3 A MS and 2a (0.1 mmol) with (+)-1a (0.1 mmol)
under nitrogen in CH,Cl, (0.5 mL) at 35 °C for 26 h. All the
diastereoselectivities were up to > 19:1, determined by '"H NMR analysis
of the product 3a. * Conv. = ee'¥(ee" + ee®). © Isolated yield. ¢

so Determined by HPLC analysis. ¢ s = In[(1 — Conv.)(1 - ee')]/In[(1 —
Conv.)(1 + ee')].” 5 mol% catalyst loading, 2a (0.2 mmol). ¢ Without 3
AMS.
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asymmetric ring-opening by employing pyrazole derivatives as
the aza-nucleophiles.

Table 2. Evaluation of the scope of epoxides

OaN Our investigation began with the ring-opening of phenyl(3-

° R (';5m5(')°|c(y?T2f)?) / N’\N o o0 15 phenyloxiran-2-yl)methanone (+)-1a by 3,5-dimethyl-4-nitro-/H-
R1AwR2 * o Ni/{‘ 3AMS, CH,Ch /\‘)k + R1/K?)kR2 pyrazole 2a as the model reaction to optimize the reaction
2 Ri I Re conditions. A screen of metal salts showed that Sc(OTf); was the

(£)-1a-1x 2a 3a-3x 1a-1x potentially optimal metal salt (see ESI for details). With chiral

o ° 1a:R, = Ph fe: Ry = 4MeCeHy 1 R, = 3.PhOCH, N,N'-dioxide Ll-Sc(.OTf)% comp1e>.< as t1.1e catalyst, the desi?ed
R1/’<,‘.)J\Ph 125 21 : iE(I:C?_'H/; :;:_R;g ==44-5:hr%324|-| 1{;_R1 = 3-CICeHy 20 product 3a was obtained in 55% yield with 53% ee, meanwhile,
(®)-1a-11 1d: Ry = 4Brogh; 1h- R, = 3-MeOC gHy 1|;'|§11=_ ;’éﬁ%?f?;‘éeHa the substrate 1a was recovered in 40% yield with 77% ee (Table
50 Am: Ry = 4-CICeH; 10: Ro= 4-PhCeHa 1 Ry = 3-CICeHs 1, entry 1). The molar ratio of ligand L1 to Sc(OTf); was an

o LR, 1n:_ Ezfj-l;chHA‘ :r:. Ra= 4-F5CCeHy :v:'Rz = 34-CloCets important factor in determining the selectivity factor of the
(£)-1m-1x 1:; Rz; 4:Mre(§5|-‘:41:;2 2;;’_ '&A:COS ?_E‘H“ 12'522;22_}’\:]?2:;:“" reaction. As shown in Table 1, an excess of ligand L1 over
Com, Yield (%) ee (%) 25 Sc(QTf)3 had a positive effect o.n the selectivity factor (Tab?e 1,

Entry 1 t(h) %) 5€ entries 1-4). When the ratio of ligand L1 to Sc(OTf); was 2.1', a
3 1 3 1 better s factor of 50 was obtained. When the structure of chiral

1 la 26 50 47 49 95 94 139 ligand was examined, it was found that the chiral backbone, the

e b 44 50 50 49 94 95 120 amide moiety and the linker of the ligand all affected the

selectivity of the process. As for the chiral backbone, the ligand
L1 derived from L-proline exhibited a slight superiority on the s
factor compared with ligand L2 and L3 (Table 1, entries 4-6). In
addition, the steric hindrance of the amide subunits had a crucial
influence on both the yield and the stereoselectivity. The use of
ligand L4 with aromatic substituent on the amine moiety gave the

w
S

3 1c 16 48 48 51 96 91 156
4/ 1d 48 48 48 52 93 85 75
5 le 24 52 50 43 91 >99 111
6 f 12 50 49 48 95 98 179
7 1g 12 52 50 46 91 >99 111

w
oy

8" 1h 50 50 48 48 91 93 72 result with the s factor of 51 (Table 1, entry 7). Excitingly, ligand
9k i 72 47 42 52 93 83 72 LS containing 2.4,6-triisopropyl aniline provided a better result,
107¢ 1j 72 37 32 63 97 54 113 giving rise to an s factor of 116. When ligand L6 with a three-

carbonic linkage was used, the s factor dropped sharply to 78
40 (Table 1, entries 8-9). To our delight, when reducing the catalyst
loading from 10 mol% to 5 mol% and increasing the amount of
2a to 2 equiv (Table 1, entry 10), the product 3a could be

¢ 1k 72 33 28 66 98 49 160
12¢ 11 72 49 43 47 92 88 71
13 1m 27 51 50 49 95 >99 206

14/ In 46 51 51 49 95 >99 206 obtained in 47% yield with 95% ee, and substrate la was
1 1o 19 sl 51 47 9%  >99 259 retrieved in 49% yield with 94% ee simultaneously with an s
16"  1p 48 52 48 42 82 90 31 ss factor of 139. Furthermore, when we conducted this
17 1q 31 48 46 50 95 89 117 transformation without 3 A molecular sieves (Table 1, entry 11),
194 1 12 50 50 49 97 =99 >300 the yield of 3a reduced to 38% and the enantiomeric excess of 1a

decreased to 61%, which confirmed that the molecular sieves was
an indispensable part of the catalytic system.

so  With the optimized conditions in hand (Table 1, entry 10), the
substrate scope of racemic epoxides (+)-1 was examined firstly.

19" 1s 48 51 49 47 91 95 78
20 1t 30 50 46 47 90 89 57
21 1lu 40 51 46 49 85 87 35

2% v o120 50 48 49 95 9 153 As shown in Table 2, regardless of the electronic nature or
23 1w 72 48 48 47 83 79 25 position of the substituents on the aryl ring of R; and R,, racemic
245 1x 72 45 35 65 82 44 16 epoxides could undergo the KR process smoothly. Both the -

ss pyrazole-substituted alcohols and the recovered epoxides were

“ Unless otherwise noted, the reactions were performed with L5-Sc(OTf); obtained in excellent yields with high to excellent

(5 mol%, 2:1), 30 mg 3 A MS and 2a (0.2 mmol) with (i) 1 (0 1 mmol)

under mtrogen in CH,CL, (0.5 mL) at 35 °C. * Conv. = ee'/(ee' + ee?). ¢ enantioselectivities (up to 50% yield, > 99:1 d.r. and 99% ee),

s Isolated yield. “ Determined by HPLC analysis. * s = In[(1 — Conv.)(1 - and the selectivity factors were also excellent (up to > 300)

f;lz]g)ng(;lhgl))n\:‘z)gl(g je;lrzr]ﬁf)ll)ofrg(zlg/g gétakl};s; égaldir?n%l ;)23 (0.5 mmol). (Table 2, entries 1-10, 13-21). Furthermore, fused-ring chalcone

. - - - - . : o epoxide (+)-1w as well as heteroaromatic (+)-1x and multi-

dioxide—Sc(IIl) complex catalyzed desymmetrization of meso- substituted ones (£)-1k, (£)-11, (¥)-1v were also suitable

epoxides using pyrazole derivatives as nucleophiles,'' herein, we candidates for the reaction (s factors of 16-160; Table 2,
10 decide to develop N,N'-dioxide-metal complexes'” to furnish the entries11-12, 22-24). In all cases, up to > 19:1 diastereomeric

first kinetic resolution of racemic 2,3-epoxy 3-aryl ketones via

This journal is © The Royal Society of Chemistry [year] [journal], [year], [vol], 0000 | 2
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Table 3. Asymmetric ring-opening of epoxides with different pyrazole
derivatives.”

Ry Rs

L5-Sc(OTf)s /Z/—\(

(x mol%, 2:1) Rs

N
o |
o | N
/
R1/*<,‘)LR2 * R.L 3AMS, CH,Cl; )\r)k M
Re

(&)1 2b-2e 1

Br 0N
\
7% / N I\

v o N o Mo

Ph Ph Ph ph Ph
OoH
OH PhO OH
3ab® 3gc 3ad®

s: 50% yield, 91% ee
p: 49% yield, 90% ee

s: 49% yield, 90% ee
p: 40% yield, 88% ee

s: 65% yield, 33% ee
p: 28% yield, 90% ee

>19:1dr., $=60 dr. =121, s=48 §=26
25h 22h 26h
O,N
>\—\ \
7\ U N
N O N o]
Ph " Ph™*
OH
OH oF CFs

3re®
s: 50% yield, 84% ee
p: 40% yield, 57% ee
>19:1dr,s=10

22h

3rd°

s: 50% yield, 90% ee
p: 44% yield, 95% ee
>19:11dr, s=120

22h

“ Unless otherwise noted, the reactions were performed with L5-Sc(OTf);
(5 mol%, 2:1), 30 mg 3 A MS and 2 (0.2 mmol) with (£)-1 (0.1 mmol)
s under nitrogen in CH,Cl, (0.5 mL) at 35 °C; Isolated yield; s = In[(1 —
Conv.)(1 - ee"))/In[(1 - Conv.)(1 + ee')]; Conv. = ee'/(ee' + ee®); s =
starting material; p = product. ” At 25 °C. © 10 mol% catalyst loading.

ratios were obtained and almost no other byproducts were
detected for all evaluated substrates (see ESI for details). To

10 investigate the substrates 1 with the alkyl substituent, we tried (3-
isobutyloxiran-2-yl)(phenyl)methanone under the optimized
condition, but no desired product was detected. The absolute
configuration of the product 3f (Table 2, entry 6) was determined
to be (25,35) by X-ray crystallography,'* and the others were

15 assigned by comparing the Cotton effect of the CD spectra with
that of 3f.

Given the remarkable efficiency of present catalytic system,
various pyrazole derivatives were also examined. As shown in
Table 3, 2b and 2¢ proceeded the reaction smoothly, providing

20 the products 3ab, 3gc in 40-49% yields with 88-90% ee, as well
as the starting material 1ab, 1gc in 49-50% yields with 90-91%
ee. Significantly, the 3,5-dimethyl substituent on 1 H-pyrazole had
a momentous influence on the conversion of the reaction. When
the standard substrate (+)-1a was chosen to react with 2d, the

25 yield of the product 3ad reduced sharply. In the mind of speeding
up the resolution rate, we changed (+)-1a to (+)-1r, and got the
result with a better s factor of 120. Unfortunately, 1H-pyrazole
(2e) did not fit the resolution system, even though we had
explored some other epoxides.

30 To show the synthetic application of the current system, the
reaction of (+)-1v was enlarged to a gram scale (1.17 g, 4.0 mmol)
under the optimized reaction condition, and gave the product 3v
in 47% yield with 97% ee, 1v was retrieved in 53% yield with
89% ee (Scheme la). Meanwhile, the products (2S,35)-3a could

35 be easily transformed into pinacol (1R,25,35)-4a,'* which is a
valuable and versatile intermediate in organic synthesis, by
reduction in excellent yield (99%) without any loss of

enantioselectivity (Scheme 1b).
To identify the “matched/mismatched” effect of the epoxide
40 clearly, we investigated the reaction of 2a with both enantiomeric
forms of the epoxide 1r. The comparative experiments gave very
impressive stereo differentiation. The matched epoxide (2S5,3R)-
1r went through the reaction smoothly, and gave the product
(28,38)-3r in 99% yield with 98% ee while the mismatched
45 (2R,35)-1r gave only trace amount of product (Scheme 2).

0@ H L5-Sc(OTf)5 I(
& cl N _(5mol%, 2:1)
a PN * + I N + (2R3S)-1v
3AMS, CH,Cly
cl ON
25°C, 13 h &
@v 2a v
97% e 89% e
e P 47% yield 53% yield
A7g 057g ol ey
o,N ON
& R / \
N KBH, N _ FeCly LI
b Y MeOH, 0 °C woon acetone, 15 °C \H1
: <O,
. o - N
OH OH 2 O

99% yield, 96% ee

20% yield
>19:1dr.

3a 4a 5a

Scheme 1. a) Gram version of the reaction; b) Conversion of 3a to 4a.

o,N
H L5-Sc(0Ts ! N
‘/<|)k‘ 1’% _(5mol%, 2:1) N0
/N 3AMS, cHCl, O
CFy ON
25°C, 40 h OH O
CF.
(2S,3R)-1r (2539).3r 3
99% ee 99% yield, 98% ee
ON
H L5-Sc(0Th; R
\ 9 N
‘A)J\‘ p :mol/o 2:1) o
3AMS, CH,Cl,
O,N
CFa 25°C, 40h O Y O
OH
CF,
(2R,3S)-1r 2a (2R,3R)-3r

99% ee trace

Scheme 2. Control Experiments

so Conclusions

In conclusion, we have developed an efficient ring-opening
and kinetic resolution of racemic 2,3-epoxy 3-aryl ketones by
using pyrazole derivatives for synthesizing the optically active
epoxides, as well as chiral B-pyrazole-substituted alcohols. The

ss excellent chemical and optical yields, broad substrate generality,
operational simplicity, and mild reaction conditions highlighted
the efficiency of the chiral N,N'-dioxide—Sc(IIl) complex system.

We appreciate the National Natural Science Foundation of
China (Nos. 21172151, 21432006, and 21321061) for financial

60 support.
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