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Optically active terminal 1,2-diols were prepared with high enantiopurity via the TMS-quinidine-catalyzed en-
antioselective cyclization of acyl chlorides and oxaziridine, followed by reductive ring-opening of the cycloadducts. 
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Introduction 
The 1,2-diol motif occurs frequently in many natural 

products and bioactive compounds.[1] In addition, opti-
cally active 1,2-diols are useful chiral reagents or 
ligands in asymmetric synthesis.[2] Thus, many methods 
have been developed for the preparation of chiral 
1,2-diols. However, the preparation of chiral terminal 
1,2-diols remains relative less developed (Scheme 1).  

Scheme 1  Typical routes to chiral terminal 1,2-diols 
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The OsO4-catalyzed dihydroxylation of alkenes is a 
straightforward approach to 1,2-diols (Route 1, Scheme 
1).[3] However, the toxicity of osmium hinders its appli-
cation. The hydrolysis of epoxides represents an impor-
tant method for diols (Route 2, Scheme 1). Despite the 
significant advance in catalytic asymmetric epoxidation 
of alkenes, the corresponding reaction of terminal al-
kenes remains most challenging.[4] In 2002, Jacobsen et 
al.[5] reported the Co(Salen)-catalyzed kinetic resolution 
of racemic terminal 1,2-diol. In 2009, Li et al.[6] re-
ported the synthesis of 1,2-diols from aryl olefins by 

tandem biocatalysts with monooxygenase and epoxide 
hydrolase. The asymmetric hydrogenation of α-hydroxyl 
ketones is an alternative approach to chiral terminal 
1,2-diols (Route 3, Scheme 1). Chiral Ir and Ru com-
plexes have been successfully applied to this transfor-
mation.[7] Recently, the asymmetric α-hydroxylation of 
aldehydes followed by reduction becomes a powerful 
tool for the preparation of chiral 1,2-diols (Route 4, 
Scheme 1). In 2003, MacMillan et al.[8] reported the 
L-proline-catalyzed enantioselective α-hydroxylation of 
aldehydes, and followed reduction to give chiral 
1,2-diols. 

The cinchona alkaloids-catalyzed cyclization of acyl 
chlorides have been well established for a variety of 
heterocycles.[9] In 1982, Wynberg et al.[10] reported the 
first cinchona alkaloids-catalyzed enantioselective cy-
clization of acyl chlorides with aldehydes. In 2000, 
Lectka et al.[11] reported the pioneering cinchona alka-
loids-catalyzed cyclization of acyl chlorides with im-
ines. 

Recently, we developed a cinchona alkaloids-cata-
lyzed enantioselective formal [3＋2] cycloaddition of 
ketenes and oxaziridines (Eq. 1).[12] The cycloadduct 
could be easily transformed to chiral 1,2-diols by reduc-
tion. However the moderate yields and diastereoselec-
tivities limit its usage. In this paper, we wish to report 
the optimization of the process to give 1,2-diols in good 
yields with high enantiopurities. 

Results and Discussion 
Initially, the cyclization of phenylacetyl chloride (1a) 

and oxaziridine (2) was investigated under varied reac-
tion conditions (Table 1). The yield was improved to 
62% when 2 equiv. of DIPEA was used (Entry 1 vs. 2). 
Slow addition of acetyl chloride and oxaziridine led 
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to decreased yield (Entry 3). Reaction with excess of 
acetyl chloride gave the desired cycloaddition in good 
yield but with decreased diastereoselectivity (Entries 4 
and 5). 

Table 1  Cyclization of phenylacetyl chloride (1a) and 
oxaziridine 2 under varied reaction conditions 
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Cl

rac-2
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DIPEA, THF, -78 oC
+

3a
1a

 
ee/% 

Entry n(1a)∶n(DIPEA)∶ 
n(rac-2) 

Yielda/% cis∶transb
cis trans

1 1∶1∶1 51 5∶1 99 99
2 1∶2∶1 62 5∶1 99 99
3 1∶2∶1c 24 4∶1 99 99
4 2∶4∶1 66 2∶1 99 99
5 4∶4∶1 81 2∶1 99 99

a Isolated yield. b Determined by 1H NMR (300 MHz) of the reac-
tion mixture. c Both the solution of 1a and rac-2 were added over 
5 h via a syringe pump separately. DIPEA＝N,N-diisopropyleth-
ylamine. 

However, the enantioselectivities are high (99% ee) 
for both diastereomers. We envisioned that both dia-
stereomers could be transformed to the same enantiomer 
of 1,2-diols via reduction if they have same absolute 
configuration at the α-position of the carbonyl group. 
We are happy to find that reduction of the mixture of 
two diastereomers 3a (cis∶trans＝2∶1) gave the cor-
responding 1,2-diol in 72% yield (two steps) with 99% 
ee (Eq. 2). Thus, the synthesis of chiral terminal 1,2-diol  
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from acyl chloride via a two steps cyclization/ring- 
opened reduction process without separation of two di-
astereoisomers of the cycloadduct 3a was established. 

The reaction scope was then briefly investigated 
(Table 2). It was found that both phenylacetyl chlorides 
with electron-donating group (4-MeC6H4) and with 
electron-withdrawing group (4-ClC6H4, 4-BrC6H4) 
worked well to give the corresponding 1,2-diols 4b—4d 
in good yields with high eantioselectivities. Reactions of 
2-(3-chlorophenyl)acetyl chloride (1e) afforded the diol 
4e in 73% with 84% ee, while 2-(2-chlorophenyl)acetyl 
chloride (1f) resulted in low yield (34%) but high enan-
tioselectivity (93% ee). In addition, both acyl chlorides 
with 1- and 2-naphthyl group furnished diols 4g and 4h 
in good yields with high enantioselectivities. 3-Phenyl-
propanoyl chloride (1i) afforded the diol 4i in moderate 
yield but with 99% ee. Reactions of aliphatic acyl chlo-
ride (1j and 1k) gave the desired chiral 1,2-diols 4j and 
4k in good yields with good to high enantioselectivities.  

Table 2  Asymmetric synthesis of terminal 1,2-diols from acyl 
chlorides 

O
NTs

Cl

R
Cl

O

(2) LiAlH4, THF, 0 oC

OH

R
OH

(1) TMS-QD (10 mol%)
    DIPEA (4 equiv.)
    THF, -78 oC+

42 (racemate)1  
Compd. R Yielda/% eeb/% 

4a Ph 72 99 
4b 4-Me-C6H4 74 99 
4c 4-Cl-C6H4 73 99 
4d 4-Br-C6H4 65 92 
4e 3-Cl-C6H4 73 84 
4f 2-Cl-C6H4 34 93 
4g 1-Naphthyl 70 97 
4h 2-Naphthyl 69 98 
4i PhCH2 47 99 
4jc C2H5 56 75 
4kc n-C6H13 52 86 

a Overall yields of 4a—4k of two steps. b Determined by HPLC 
on chiral column. c Determined by the analysis of its bistrifluoro-
acetate (4j) or dibenzoate (4k). 

Conclusions 
In summary, a series of chiral terminal 1,2-diols was 

successfully prepared by a process of cinchona alka-
loids-catalyzed formal [3＋2] cyclization of acyl chlo-
rides and oxaziridines, followed by reduction. Although 
only moderate diastereoselectivities were observed for 
the [3＋2] cyclization, the reduction of the mixture of 
two diastereomers gave the corresponding chiral termi-
nal 1,2-diols in good overall yields with good to high 
enantiopurities. 
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Experimental 
Unless otherwise indicated, all reactions were car-

ried out under an argon atmosphere in oven-dried 
glassware with magnetic stirring. Anhydrous THF was 
distilled from sodium and benzophenone. Column 
chromatograph was performed on silica gel (200—300 
mesh). All 1H NMR (300 MHz), 13C NMR (75 MHz) 
spectra were recorded on a Bruker-DMX 300 spec-
trometer in CDCl3 or (CD3)2CO, with tetramethylsilane 
as an internal standard. Infrared spectra were recorded 
on a JASCO FT/IR-480 spectrophotometer and reported 
as wavenumber (cm－1). Optical rotations were meas-
ured on Perkin Elmer/ Model-343 digital polarimeter 
operating at the sodium D line with a 100 mm path cell, 
and reported as follows: D[ ]Tα  (concentration/(g/100 
mL), solvent). 

General procedure for the enantioselective synthesis 
of 1,2-diols from acyl chlorides 

To a solution of oxaziridine rac-2 (155 mg, 0.5 
mmol), TMS-quinidine (20 mg, 0.05 mmol) and 
N,N-diisopropylethylamine (700 μL, 4 mmol) in THF (3 
mL) at －78 ℃ was added the solution of acyl chlo-
ride (2 mmol) in 2 mL of THF over 5 h via a syringe 
pump. After stirring at －78 ℃ for 19 h, the reaction 
mixture was quenched with 5 mL of ethyl acetate. The 
mixture was filtered through a plug of silica gel; the 
plug was flushed thoroughly with ethyl acetate. The 
filtrate was concentrated under reduced pressure. The 
residue was purified by flash chromatography (petro-
leum ether/ethyl acetate, V∶V＝15∶1) on silica gel to 
give the desired cycloadduct 3 as a cis/trans mixture. 

To a solution of the cycloadduct 3 in THF (5 mL) 
was added LiAlH4 (38 mg, 1 mmol) at 0 ℃. The reac-
tion mixture was stirred at 0 ℃ overnight, and then the 
reaction was carefully quenched with HCl/MeOH (2.5 
mol•L－1, 5 mL). The resulting mixture was concentrated, 
and purified by flash chromatography (petroleum 
ether/ethyl acetate, V∶V＝2∶1) on silica gel to give 
the desired optically active 1,2-diols 4. 

(R)-1-Phenylethane-1,2-diol (4a): Yield 49.7 mg 
(72%). White solid, m.p. 66—68 ℃; Rf＝0.15 (petro-
leum ether/ethyl acetate, V∶V＝2∶1). 20

D[ ]α  －18.0 
(c 0.5, EtOH) [Ref:[13] 21

D[ ]α  －38.1 (c 1.25, EtOH)]; 
1H NMR (300 MHz, CDCl3) δ: 7.35—7.24 (m, 5H), 
4.78—4.74 (m, 1H), 3.71—3.56 (m, 2H), 3.50 (br s, 
1H), 3.11 (br s, 1H); 13C NMR (75 MHz, CDCl3) δ: 
140.5, 128.5, 127.9, 126.1, 74.7, 68.0; HPLC analysis: 
99% ee [Daicel CHIRALPAK OD-H column; 20 ℃, 
210 nm, 1.0 mL/min; solvent system: 2-propanol/hex-
ane, V∶V＝10∶90; retention times: 18.7 min (major), 
21.1 (minor)]. 

(R)-1-p-Tolylethane-1,2-diol (4b): Yield 56.3 mg 
(74%). White solid, m.p. 75—77 ℃; Rf＝0.15 (petro-
leum ether/ethyl acetate, V∶V＝2∶1). 20

D[ ]α  －28.6 
(c 1, EtOH) [Ref:[14] 27

D[ ]α  －48.1 (c 1.1, EtOH)]; 1H 
NMR (300 MHz, CDCl3) δ: 7.25—7.13 (m, 4H), 4.73 
(dd, J＝3.4, 8.1 Hz, 1H), 3.71—3.55 (m, 2H), 3.02 (br s, 

2H), 2.33 (s, 3H); 13C NMR (75 MHz, CDCl3) δ: 137.7, 
137.5, 129.2, 126.0, 74.6, 68.1, 21.1; HPLC analysis: 
99% ee [Daicel CHIRALPAK OD-H column; 20 ℃, 
210 nm, 1.0 mL/min; solvent system: 2-propanol/hexane, 
V∶V＝5∶95; retention times: 17.6 min (major), 19.8 
(minor)]. 

(R)-1-(4-Chlorophenyl)ethane-1,2-diol (4c): Yield 
62.8 mg (73%). White solid, m.p. 84—86 ℃; Rf＝0.15 
(petroleum ether/ethyl acetate, V∶V＝2∶1). 20

D[ ]α   
－28.4 (c 0.35, EtOH) [Ref:[15] 20

D[ ]α  －27.6 (c 0.96, 
EtOH)]; 1H NMR (300 MHz, CDCl3) δ: 7.33—7.26 (m, 
4H), 4.78 (d, J＝5.3 Hz, 1H), 3.74—3.56 (m, 2H), 3.03 
(br s, 1H), 2.56 (br s, 1H); 13C NMR (75 MHz, CDCl3) 
δ: 138.9, 133.8, 128.7, 127.5, 74.0, 67.9; HPLC analysis: 
99% ee [Daicel CHIRALPAK OD-H column; 20 ℃, 
210 nm, 1.0 mL/min; solvent system: 2-propanol/hex-
ane, V∶V＝5∶95; retention times: 20.7 min (major), 
22.7 (minor)]. 

(R)-1-(4-Bromophenyl)ethane-1,2-diol (4d): Yield 
70.2 mg (65%). White solid, m.p. 98—99 ℃; Rf＝0.15 
(petroleum ether/ethyl acetate, V∶V＝2∶1). 20

D[ ]α   
－32.2 (c 1, EtOH) [Ref:[14] 23

D[ ]α  －41.4 (c 1.2, 
EtOH)]; 1H NMR (300 MHz, CDCl3) δ: 7.51—7.48 (m, 
2H), 7.25 (d, J＝7.5 Hz, 2H), 4.79 (dd, J＝3.1, 8.0 Hz, 
1H), 3.77—3.74 (m, 1H), 3.65—3.58 (m, 1H), 2.66 (br 
s, 1H), 2.12 (br s, 1H); 13C NMR (75 MHz, CDCl3) δ: 
139.4, 131.7,127.8, 121.9, 74.1, 67.9; HPLC analysis: 
92% ee [Daicel CHIRALPAK OD-H column; 20 ℃, 
210 nm, 1.0 mL/min; solvent system: 2-propanol/ 
hexane, V∶V＝ 5∶ 95; retention times: 22.3 min 
(major), 25.2 min (minor)]. 

(R)-1-(3-Chlorophenyl)ethane-1,2-diol (4e): Yield 
62.8 mg (73%). Pale yellow oil, Rf＝0.15 (petroleum 
ether/ethyl acetate, V∶V＝2∶1). 20

D[ ]α  －13.6 (c 0.9, 
EtOH) [Ref:[14] 24

D[ ]α  －15.8 (c 1.1, EtOH)]; 1H NMR 
(300 MHz, CDCl3) δ: 7.32—7.22 (m, 4H), 4.81 (dd, J＝
3.4, 7.4 Hz, 1H), 3.81—3.74 (m, 1H), 3.67—3.59 (m, 
1H), 2.64 (d, J＝3.4, 1H), 2.10—2.06 (m, 1H); 13C 
NMR (75 MHz, CDCl3) δ: 142.6, 134.5, 129.8, 128.1, 
126.3, 124.2, 74.0, 67.9; HPLC analysis: 84% ee 
[Daicel CHIRALPAK OD-H column; 20 ℃, 220 nm, 
1.0 mL/min; solvent system: 2-propanol/hexane, V∶  
V＝5∶95; retention times: 17.4 min (major), 21.0 min 
(minor)]. 

(R)-1-(2-Chlorophenyl)ethane-1,2-diol (4f): Yield 
29.2 mg (34%). White solid, m.p. 101—104 ℃; Rf＝
0.15 (petroleum ether/ethyl acetate, V∶V＝2∶1). 

20
D[ ]α  －37.5 (c 1, EtOH) [Ref:[16] 20

D[ ]α  －56.5 (c 1.8, 
EtOH)]; 1H NMR (300 MHz, CDCl3) δ: 7.61—7.58 (m, 
1H), 7.36—7.23 (m, 3H), 5.24 (dd, J＝2.2, 7.5 Hz, 1H), 
3.90 (d, J＝9.6 Hz, 1H), 3.58 (dd, J＝7.9, 11.2 Hz, 1H), 
2.77 (br s, 1H), 2.17 (br s, 1H); 13C NMR (75 MHz, 
CDCl3) δ: 137.9, 132.0, 129.5, 129.0, 127.6, 127.1, 71.5, 
66.3; HPLC analysis: 93% ee [Daicel CHIRALPAK 
OD-H column; 20 ℃, 210 nm, 1.0 mL/min; solvent 
system: 2-propanol/hexane, V∶V＝5∶95; retention 
times: 15.3 min (major), 21.2 min (minor)]. 

(R)-1-(Naphthalen-1-yl)ethane-1,2-diol (4g): Yield 
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65.8 mg (70%). White solid, m.p. 123—125 ℃; Rf＝
0.15 (petroleum ether/ethyl acetate, V∶V＝2∶1); 

20
D[ ]α  －64.3 (c 1.1, MeOH) [Ref:[17] 20

D[ ]α  －76.8 (c 
1.0, MeOH)]; 1H NMR (300 MHz, CDCl3) δ: 8.10—
8.05 (m, 1H), 7.90—7.80 (m, 2H), 7.72—7.70 (m, 1H),  
7.56—7.47 (m, 3H), 5.64 (d, J＝5.7 Hz, 1H), 4.01—
3.97 (m, 1H), 3.83—3.76 (m, 1H), 2.66 (br s, 1H), 2.21 
(br s, 1H); 13C NMR (75 MHz,CDCl3) δ: 136.0, 133.6, 
130.3, 128.9, 128.3, 126.3, 125.6, 125.4, 123.5, 122.6, 
71.6, 67.5; HPLC analysis: 97% ee [Daicel 
CHIRALPAK OD-H column; 20 ℃ , 210 nm, 1.0 
mL/min; solvent system: 2-propanol/hexane, V∶V＝
10∶90; retention times: 13.4 min (major), 23.6 min 
(minor)]. 

(R)-1-(Naphthalen-2-yl)ethane-1,2-diol (4h): Yield 
64.9 mg (69%). White solid, m.p. 136—138 ℃; Rf＝
0.15 (petroleum ether/ethyl acetate, V∶V＝2∶1). 

20
D[ ]α  －42.6 (c 1.4, EtOH) [Ref:[18] 23

D[ ]α  －31.2 (c 
0.997, EtOH)]; 1H NMR (300 MHz, (CD3)2CO) δ:  
7.90—7.84 (m, 4H), 7.57—7.45 (m, 3H), 4.89 (dd, J＝
3.9, 7.7 Hz, 1H), 4.45 (d, J＝3.7 Hz, 1H), 3.88—3.84 
(m, 1H), 3.78—3.68 (m, 1H), 3.66—3.60 (m, 1H); 13C 
NMR (75 MHz, (CD3)2CO) δ: 141.3, 134.3, 133.9, 
128.7, 128.4, 128.4, 126.7, 126.4, 125.7, 125.6, 75.4, 
68.9; HPLC analysis: 98% ee [Daicel CHIRALPAK 
OD-H column; 20 ℃, 210 nm, 1.0 mL/min; solvent 
system: 2-propanol/hexane, V∶V＝10∶90; retention 
times: 15.2 min (major), 19.2 min (minor)]. 

(R)-3-Phenylpropane-1,2-diol (4i): Yield 35.7 mg 
(47%). Colorless oil; Rf＝0.15 (petroleum ether/ethyl 
acetate, V∶V＝2∶1); 20

D[ ]α  18.5 (c 0.5, EtOH) [Ref:[8] 
20
D[ ]α  25.5 (c 1.0, EtOH)]; 1H NMR (300 MHz, CDCl3) 

δ: 7.35—7.21 (m, 5H), 4.00—3.92 (m, 1H), 3.70 (dd,  
J＝3.2, 11.1 Hz, 1H), 3.53 (dd, J＝7.0, 11.1 Hz, 1H), 
2.85—2.71 (m, 2H), 2.04 (br s, 2H); 13C NMR (75 MHz, 
CDCl3) δ: 137.8, 129.4, 128.7, 126.7, 73.1, 66.1, 39.8; 
HPLC analysis: 99% ee [Daicel CHIRALPAK OD-H 
column; 20 ℃, 210 nm, 1.0 mL/min; solvent system: 
2-propanol/hexane, V∶V＝5∶95; retention times: 18.9 
min (major), 20.7 (minor)]. 

(R)-Butane-1,2-diol (4j): Yield 25.2 mg (56%). Col-
orless oil; Rf＝0.15 (petroleum ether/ethyl acetate, V∶V
＝2∶1). 20

D[ ]α  12.0 (c 0.1, EtOH) [Ref:[19] 20
D[ ]α 15.0 

(c 1.7, EtOH)]; 1H NMR (300 MHz, CDCl3) δ: 3.90 (br 
s, 2H), 3.64—3.61 (m, 2H), 3.45—3.38 (m, 1H), 1.50—
1.41 (m, 2H), 0.96 (t, J＝7.5 Hz, 3H); 13C NMR (75 
MHz, CDCl3) δ: 73.8, 66.4, 26.0, 9.9; GC analysis of its 
bistrifluoroacetate derivative: 75% ee [CHIRALDEX 
G-TA column, 30 m×0.25 mm×0.12 μm, 7 psi, 60 ℃, 
2 min, 1 ℃/min, retention times: 11.6 min (major), 
11.9 min (minor)]. 

(R)-Octane-1,2-diol (4k): Yield 37.9 mg (52%). 
Colorless oil; Rf＝0.15 (petroleum ether/ethyl acetate, 
V∶V＝2∶1). 20

D[ ]α  13.6 (c 1.2, MeOH) [Ref:[20] 
24
D[ ]α  ＋12.8 (c 0.95, MeOH)], 1H NMR (300 MHz, 

CDCl3) δ: 3.67—3.62 (m, 2H), 3.44—3.38 (m, 1H), 
2.80 (br s, 2H), 1.42—1.28 (m, 10H), 0.86 (t, J＝6.6 Hz, 
3H); 13C NMR (75 MHz, CDCl3) δ: 72.4, 66.9, 33.2, 

31.8, 29.4, 25.6, 22.7, 14.1; HPLC analysis of its 
dibenzoate derivative: 86% ee [Daicel CHIRALPAK 
AD-H column, 20 ℃, 254 nm, 1.0 mL/min, solvent 
system: 2-propanol/hexane, V∶V＝5∶95; retention 
times: 12.7 min (minor), 16.4 min (major)]. 
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