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ABSTRACT: A kinetic resolution of 1,2-diols bearing both a  (secondary alcohol: kinetic resolution)

secondary and a primary alcohol motif through an N-heterocyclic R OH

carbene-catalyzed oxidative acylation reaction has been devel- 1OH NHC, [O] RI_ o. _ph OH
oped. A site- and enantioselective esterification reaction is Ph/j\\/OH PRCHO e resolution " EI/ * o~ OH
involved for this process. Both the monoacylated diols obtained  (*)1a ﬁ §=223 " ;a » 44°}a'ield
and the remaining enantioenriched 1,2-diols are versatile building (primary alcohol: site-selective acylation) 91?9yer 87?1}; er

blocks for the preparation of functional molecules with proven
biological activities.

hiral 1-arylethane-1,2-diols are versatile building blocks Scheme 2. Access to 1-Arylethane-1,2-diols
for the preparation of various pharmaceuticals and natural
products." Their derivatives have found tremendous applica- o o
tions in both medicinal and biological research (Scheme 1). For A M/ chiral ligands M/ chiral ligands or enzyme /<?
; : : A oxidation l l hydrolysis Ar
example, amino alcohols derived from 1-arylethane-1,2-diols yaroy:
have been used as drugs for sympathomimetic diseases” as well
as psychiatric disorders and metabolic problems.” They have

a) preparation of chiral 1-arylethane-1,2-diols:

also been used as hypoglycemic agents* and /33-adrenergic i x/eflr;l;ilelgands !’I,Lﬁ;ﬁ!gands OH
receptor agonists® in biological research. Therefore, the A R reduction Kinetic resolution & Ar /g\/OH
preparation of chiral 1-arylethane-1,2-diols has attracted much R = CH,0X, CHO, COX microbio stereoinversion
attention (Scheme 2a).°”” Nowadays, chiral 1-arylethane-1,2-

diols can be obtained through asymmetric oxidation of b) this work: NHC-catalyzed kinetic resolution of 1,2-diols:
styrenes,’ hydroly51s of epoxides,” reduction of 1,2- dlcarbonyl (secondary alcohol: stereo-selective control)

compounds,” and enantioenrichment of racemic 1,2-diols.” 4

Notably, most of the reported methods have used transition iOHE _____ _ NHC[O] /k/o OH
metals or enzymes as the reaction catalysts. The use of small , ){éxﬁ\i/OHi"PhCHO dnetic resofution R/\/OH
organic molecules as catalysts for enantioselective access to 1,2- Tt 2 3 o r

diol compounds remains less developed.lo (primary alcohol: site-selective acylation) §=5610223

We are interested in developing novel activation modes and
efficient synthetic methods for quick access to functional

molecules using N- heterocychc carbenes (NHCs or carbenes)
as organic catalysts. 1

Kinetic resolution is one of the practical methods for
preparmg enantioenriched organic compounds from racemic

HO /©/ mixtures.'> A number of kinetic resolution methods via NHC
]@/\/ \‘/ catalysis have been reported in recent years.'”'* The first
N~ CHs HiCO

Scheme 1. Chiral 1-Arylethane-1,2-diol Derivatives

HO NHC-catalyzed kinetic resolution was reported by Suzuki and
sympathomimetic drug hypoglycemic activity k in 2004 In Suzuki dy. C .

drug for psych,amc disorders co-workers in . n JSuzukis study, C,-symmetric

& metabolic problems imidazolium-derived NHC catalysts were used in the

><C02Na B3-adrenergic receptor agonist
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Table 1. Optimization of the Reaction Conditions”

OH Cat., base, 4 oA C:)H
Ph/é;/ or PhEHO 4A NS, solvent e O T e
(02mmol) (0.1 mmol) a0 1o’
07N r\? Ar Q/YN\N@—Ar Bu Bu
K‘/N\/ o N7 e}
[ o~ _)=_ )
B - s 5 Ar— Mes B 4 e
yield (%)% er®
entry cat. solvent 3a 1a’ s
1 A THF 44; 81:19 55; 79:21 7.5
2 B THF 47; 89:11 52; 82:18 15.5
3 C THF 41; 66:34 53; 66:34 26
4 D THF 40; 68:32 58; 58:42 2.5
5 B THF 48; 86:14 50; 80:20 112
67 B toluene 37; 86:14 59; 65:35 82
74 B CH,Cl, <5 — - - -
ghe B THF 30; 91:9 47; 87:13 223
ghef B THF 48; 91:9 44; 87:13 22.3
1092 B THF 37; 93:7 58; 73:27 209

“General conditions (unless otherwise specified): 1a (0.20 mmol), 2a
(0.10 mmol), NHC (0.02 mmol), K,CO; (0.02 mmol) 4 (0.10
mmol), 4 A MS (50 mg), solvent (2.0 mL), 25 °C, 3 h. bIsolated yields
of 3a based on 1a after purification via SiO, column chromatography.
Enantlomerlc ratios of 3a determined via HPLC on a chiral statlonary
phase. “B (0 005 mmol) and K,CO; (0.005 mmol) were used. At —

°C for 20 h. C52C03 (0.005 mmol) was used instead of K,COj; (0. 005
mmol). ¥At —10 °C for 20 h.

enantioselective transesterification reactions of secondary
alcohols. Studer and co-workers reported NHC-catalyzed
oxidative esterification reactions for the kinetic resolution of
secondary alcohols using aldehydes as the acylation reagents.
Recently, Zhao and co-workers successfully realized the kinetic
resolution of tertiary alcohols'*® and axially chiral alcohols'*
through NHC-catalyzed asymmetric oxidative acylation reac-
tions. However, to the best of our knowledge, the kinetic
resolution of 1,2-diols bearing both a primary and a secondary
alcohol motif has remained undeveloped. Challenges exist in
the control of both the chemo- and enantioselectivity of the
NHC-catalyzed asymmetric acylation of the two alcohol motifs
presented in the same substrate. Herein we report the kinetic
resolution of secondary alcohols through an NHC-catalyzed
monoesterification of the adjacent primary alcohol motifs
(Scheme 2b). Non-covalent interactions involving the secon-
dary alcohol moiety likely influence both the chemo (regio)-
selective acylation and kinetic resolution processes. Similar
effects of an adjacent hydroxyl group have been observed in
related studies. "™

Readily available 1-phenylethane-1,2-diol (1a) was chosen as
the model substrate for optimization of the reaction conditions
(Table 1). Substrate 1a could be selectively monoacylated by
benzaldehyde (2) on the primary alcohol site through an NHC-
catalyzed oxidative esterification reaction. The use of 2 equiv of
1a is necessary for efficient chiral resolution since the primary
alcohol motifs in both enantiomers of 1a can be acylated under
these catalytic conditions. Various chiral NHC catalysts were
first evaluated in the formation of the enantioenriched
monoester product 3a (entries 1 to 4). Triazolium-derived
NHC catalysts were found to be efficient for this trans-
formation, and the use of NHC catalyst B, first developed by
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Scheme 3. Scope of Diols”

or B, Cs,CO oH
2 3v -
OH + PACHO —————— O OH
N T )\/ N
1 2 O 1

OH

OH OH
) Ph 0. Ph 0 Ph
O Y Y
F 0 Cl Br 0

3b, 48%, 87:13 er 3c, 49%, 86:14 erb 3d, 47%, 85:15 erb
1b', 44%, 89:11 er 1c', 49%, 89:11 er 1d', 44%, 87:13 er
s=156 s=143 s=124

o ot

3e, 48%, 89:11 er 3f, 49%, 85:15 er® 3g, 46%, 86:14 er
1e',46%, 87:13 er 1", 49%, 89:11 er 1g', 53%, 79:21 er
s=17.8 §=13.2 =109

OCH, OH OH

@A/ v H3co\©/bowo(|vh

3i, 49%, 88:12 er 3j, 45%, 85:15 erb
1i', 49%, 92:8 er 1j', 54%, 90:10 er

©S/k/
3h, 49%, 90:10 er
1h', 45%, 85:15 er

s=187 s=19.1 s=136
OH OH OH
o) Ph O\n/ Ph O\H/Ph
0 0 O 0
CH. 3k, 40%,91:9 er Br 31,48%, 89:11 erb 3m, 49%, 89:11 er

1K' 40%, 7723 er
s=17.3

OH OH OH
0 Ph S 0 Ph 0 Ph
0 \ 0 \ 0

3n,49%, 87:13 er 30, 38%, 84:16 er 3p, 48%, 74:26 er
1n', 43%, 92:8 er 10", 52%, 68:32 er 1p', 40%, 84:16 er
s=174 s=74 s=56

OH OH OH
0.__Ph C 0.__Ph 0.__Ph
Hsc/k/ W 3 \/k/ \n/ 3C/\)\/ \[T
0 0
3q, 46%, 87:13 er 3r, 43%, 88:12 er 3s,44%, 90:10 er

19", 52%, 75:25 er® 1r', 52%, 81:19° 1s', 55%, 70:30 er®
s=109 s=137 s=13.3

1I', 44%, 88:12 er
=183

1m', 45%, 89:11 er
s=189

“The reaction conditions were those stated in Table 1, entry 9.
Isolated yields after purification via SiO, column chromatography are
shown. Er values were determined via HPLC on a chiral stationary
phase. "The reaction was carried out at 25 °C for 2 h. “Er of the
recovered (unreacted) diol (see the Supporting Information for
details).

Scheidt and co-workers," gave 3a in nearly quantative yield
with moderate enantioselectivity (entry 2). The catalyst loading
could be decreased to 0.005 mmol without seriously
deteriorating the reaction outcome (entry S). A screen of
reaction solvents did not provide further improvements in the
product yield or er value (entries 6 and 7). The er value of 3a
could be improved to 91:9 when the reaction was carried out at
a lower temperature, although the product yield was decreased
(entry 8). The product 3a could be obtained in excellent yield
with good optical purity when Cs,CO; was used as the base
(entry 9). Further decreasing the reaction temperature led to a
lower product yield, with a slightly improved er value (entry
10). It is worth noting that the s value calculated using Kagan’s
equation is independent of the conversion (as shown in Table
SS in the Supporting Information), supporting its relevance in
evaluating the selectivity.
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Scheme 4. Gram-Scale Kinetic Resolution of 1a“”

OH
OH
OH + PhCHO |
Ph/K/ Table 1, entry 9 Ph/vv \n/ . Ph/\/OH:
1a 2 - |
98 miaaogry | (912,050

1.19, 8 mmol 0.42 g, 4 mmol 4% 8416 er '

50%, 83:17 er

9H . OH
Ph/\/o Ph ent-B ; h/:\/OH
(5)3a" 0'40% PhCHO, 2.4 mmol (S)-1a", 047 g
49%, 97:3 er 84:16 er

2™ Kinetic resolution

“The reaction conditions were those stated in Table 1, entry 9.
Isolated yields after purification via SiO, column chromatography are
shown. Er values were determined via HPLC on a chiral stationary

phase.

The optimized reaction conditions (as shown in Table 1,
entry 9) were then applied to a range of substituted 1,2-diols to
examine the scope of this kinetic resolution approach (Scheme
3). Both electron-donating and electron-withdrawing groups
could be installed on the benzene ring of diol 1a. Most of the
products were isolated in good to excellent yields with good
optical purities (3b—j), although in several cases an increase in
the reaction temperature was needed in order to obtain an
acceptable product yield (3¢, 3d, 3f, 3j, and 31). The benzene
group on substrate la could also be replaced with naphthyl
groups without deterioration of the product yield or er value
(3m and 3n). Various heteroarylethane-1,2-diols could also be
applied in this kinetic resolution process, but the corresponding
monoester products were obtained either in lower yield (30) or
with a lower er value (3p). It is worth noting that the aromatic
group on 1,2-diol substrate 1 could even be replaced with
various aliphatic groups, as the corresponding linear mono-
esters were obtained in good to excellent yields with moderate
er values under our current reaction conditions (3q—s).

We also carried out this kinetic resolution process on a gram
scale using 1.1 g of 1a and 0.42 g of 2 as the starting materials
under the optimized conditions (Scheme 4). The scaled-up
reaction gave 0.97 g of enantioenriched monoester (R)-3a
(50%, 83:17 er) and 0.50 g of the (S)-enantiomer 1a’ (45%,
84:16 er). A second kinetic resolution of (S)-1a” with ent-B as
the catalyst under otherwise identical reaction conditions gave
0.40 g of the monoester product (S)-3a” with an excellent er
value (49%, 97:3 er).

In summary, we have developed a carbene-catalyzed kinetic
resolution approach for the preparation of chiral 1,2-diols and
their monoester derivatives. Both enantiomers of the chiral
products could be isolated with good to excellent optical
purities after a sequential kinetic resolution process. The chiral
products accessed by this process are versatile synthetic
building blocks for the preparation of various biologically
active chiral compounds.'” Further investigations into the
NHC-catalyzed kinetic resolution process, dynamic kinetic
resolution reactions via the combination of NHC with other
catalysts, and application of kinetic resolutions for quick and
straightforward access to bioactive functional molecules are
under study in our laboratories.
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