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Tungsten-Catalyzed Regio- and Enantioselective Aminolysis of frans-
2,3-Epoxy Alcohols: An Entry to Virtually Enantiopure Amino

Alcohols**
Chuan Wang and Hisashi Yamamoto*

Abstract: The first catalytic enantioselective aminolysis of
trans-2,3-epoxy alcohols has been accomplished. This stereo-
specific ring-opening process was efficiently promoted by
a tungsten/bis(hydroxamic acid) catalytic system, furnishing
various anti-3-amino-1,2-diols with excellent regiocontrol and
high enantioselectivities (up to 95 % ee). Moreover, virtually
enantiopure 3-amino-1,2-diols could be obtained by the
sequential combination of two reactions that both involve the
use of a chiral catalyst.

Substituted 3-amino-1,2-diols are a characteristic structural
unit present in numerous biologically active compounds, such
as leukotriene antagonists,'! human carbonic anhydrase
inhibitors/” and anti-inflammatory agents.”! Furthermore,
3-amino-1,2-diols are also important synthetic intermediates
of cardiovascular,!l antibacterial,”’ and sedative agents,”
selective norepinephrine reuptake inhibitors”! and drug
candidates for the treatment of conditions that are amelio-
rated by monoamine reuptake.[®! Most of these biologically
important molecules are required to be virtually enantiopure
(>99.8% ee, <0.1% of the other enantiomer) for the
pharmaceutical applications. Therefore, it is highly desirable
to develop a direct catalytic approach to prepare enantioen-
riched 3-amino-1,2-diols starting from readily available pre-
cursors. Although the enantioselective ring opening of
epoxides using various nucleophiles, such as azides”"
amines,’ " water,”™ alcohols,**'™ phenols,”™?! thiols,"4!
halides,”*™! and carbon nucleophiles,” ™! has been inten-
sively studied over the past decades, and tremendous progress
has been achieved, excellent results are usually obtained with
unfunctionalized terminal or meso epoxides, whereas the
kinetic resolution of 2,3-epoxy alcohols is still elusive.l*!!
The challenge of this reaction lies not only in facial selectivity,
but also in regiocontrol. Recently, our group reported the first
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catalytic regioselective and stereospecific ring opening of 2,3-
epoxy alcohols promoted by achiral tungsten salts.'" As
a continuation of our research in this field, we herein report
the first enantioselective aminolysis of 2,3-epoxy alcohols
with various amines as the nucleophiles using our tungsten/
bis(hydroxamic acid) (W-BHA) catalytic system. Remark-
ably, this catalyst can promote both the epoxidation and the
ring-opening reaction providing a new access to virtually
enantiopure 3-amino-1,2-diols.

For the optimization of the reaction conditions, we used
aniline (1a) and racemic trans-2,3-epoxycinnamyl alcohol
(2a) as the standard substrates. After careful screening of the
ligands, solvents, and temperature, we succeeded in establish-
ing suitable reaction conditions for the kinetic resolution of
2,3-epoxy alcohols through enantioselective aminolysis
(Scheme 1).1%!

The substrate scope of this reaction was then evaluated
(Table 1). We first varied the structure of the amine:
Diversely substituted anilines (1a-k), heterocyclic amines

W(OEt)s (2.5 mol%)
o (S,S)-BHA (3.0 mol%) NHPh
PhNH, +
2 Ph/<‘/\0H H,0, (20 mol%) Ph™ " "OH
THF, 55 °C, 2.5 h OH
1a rac-2a 3a
(2.3 equiv) 90%, 92% ee

(S,S)-BHA

Scheme 1. Optimized reaction conditions for the asymmetric ring
opening of trans-2,3-epoxycinnamyl alcohol with aniline as the nucleo-
phile.

(11 and 1m), as well as secondary aromatic amines (1n—u)
were reacted with 2a. Generally, all of the reactions
proceeded smoothly at 55°C in the presence of the W-BHA
catalytic system (2.5 or 5 mol % ), providing the products 3a—
u in 71-95% yield and 84-93% ee. Remarkably, all of the
reactions proceeded with complete regioselectivity in favor of
the formation of the C3 regioisomers. Subsequently, we
studied the substrate scope further by varying the structure of
the 2,3-epoxy alcohols. For substituted trans-3-phenylglycidol,
the reactions provided the products 3v-bb in 78-95% yield,
with complete regioselectivity, and 90-95% ee. Aliphatic
trans-2,3-epoxy alcohols turned out to be less reactive and
thus higher catalyst loadings (10 mol %) and longer reaction
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Table 1: Asymmetric ring-opening reactions of trans-2,3-epoxy alcohols with various amines as the nucleophiles.?!

RS W(OEt)s (2.5-10mol%) g1 g2
Rl R? 16} (S,S)-BHA (3-12 mol%) . N
‘W BK‘/\
H R OH H,0, (20 mol%) R OH
R* THF, 55 °C HO R*
2.5-24h
1 rac-2 3a-jj
(2.3 equiv)
3aR'=Ph 3b R'=3,4-Me,CeH3 3¢ R'=4-MeOCgH,4 3d R'=2-MeOCgH,
NHR' 90%, 92% ee 87%, 92% ee 91%, 92% ee 85%, 90% ee
Ph™ " 'OH 3¢ R'=35-Me0),CoHs  3f R'=4-BrCqHy 3g R'=4-FCgH, 3h R'=1-naphthyl
OH 90%, 92% ee 84%, 90% ee 87%, 90% ee 92%, 90% ee
3a-k

3i R'=2-naphthyl 3 R'=4-NH,S0,CeHs 3k R'=4-(4'-CICgH4)OCgH4

88%, 92% ee 82%, 84% ee 95%, 92% ee
_ - 3n R'=Ph, R*=Me cl

IN HN R, R? 86%, 91% ee
‘N
30 R'=2-MeCgH,, R*=Me
NH NH Ph/ki/\OH 84%, 90% ee N N /'N\A
T~ ph/'\/\OH OH 3p R'=4-MeOCgHj, R?*=Me Ph)\/\OH Ph/ki/\OH Ph” > OH
PR 0oH 89%, 90% ee OH OH
OH OH | ) OH
3n-q 3q R'=4-MeOCgH,, R?=Bn

31, 94%, 86% ee 83%, 87% ee

3v R'=Ph, R%=4-FCgH,

o
[ j@ R 87%, 94% ee
“NH
N 3w R'=4-MeOCgH,, R®=4-BrCgH,
Ph oH R37 Y TOH  95%, 90% ee
& OH 3% R'=4-BrCgHa, R3=4-NO,CeHy
78%, 95% ee
3u, 81%, 93% ee 3v-y

3y R'=4-BrCqH,, R3=4-BrCgH,
91%, 90% ee

R 3cc R'=4-BrCgH,, R®=Et  3dd R'=Ph, R®=n-Pr
/'Ni/\ 72%, 94% ee 84%, 92% ee
R3 " SOH 3ee R'=Ph, R®=n-Pent 3ff R'=Ph, R3=n-Hex
OH 77%, 94% ee 75%, 94% ee
3gg R'=Ph, R®=CH,Bn
3cc-gg 70%, 92% ee

n-Pr

3hh, 35%, 40% ee

3r, 85%, 92% ee
N
Ph/k<\OH

HO Me
3aa, 79%, 92% ee

OH NH
OH

HO Bn
3jj, 64%, 58% ee

3s, 88%, 92% ee  3t, 83%, 93% ee

Ph<
NH

Ph OH

Hd: Me

N :
Br OH

3z, 85%, 94% ee 3bb, 84%, 90% ee

NHPh

OH
OH

3ii, 31%, 74% ee

[a] Unless otherwise specified, all reactions were performed with amine 1 (0.25 mmol), racemic trans-2,3-epoxy alcohol 2 (2.3 equiv), W(OEt),

(x mol %), BHA (1.2x mol %), and H,0, (30%, 20 mol %) at 55°C in THF (2.5 mL). For catalyst loadings and reaction times, see the Supporting
Information, p. 4. Yields of isolated products are given. All ee values were determined by HPLC analysis on a chiral stationary phase. Bn=benzyl.
Me

L,

PR OH

OH
ent-30

Me Me

L,

Ph/Y\NHMe

OH

1. TsCl, TEA, CH,Cl, "
.Me

2. N-methylamine
TEA, MeOH

1%

Dual norepinephrine
and serotonin

[WOy(acac)y] (2 mol%
2 )2] ( )
reuptake inhibitor[m

(S,S)-BHA (2.4 mol%)

n-Pent/\/\OH

o
n-Pent/<'/\OH

CH,Cl,, NaCl (0.5 equiv) Cl Cl
H,0, (2 equiv), RT, 3 h 2ee
90%, 94% ee 1. TsCl, TEA, CH,Cl,
N 2. N-methylamine N
3 TEA, MeOH H
W(OEt)s (7.5 mol%) Ph OH Ph NHMe
(S,S)-BHA (9 mol%) ’?th T " T
OH 65% OH 5
- n-Pent/\‘/\OH
PhNH, (1.5 equiv), THF OH ent-3r Monoamine reuptake
H,0, (20 mol%), 55 °C, 7 h inhibitor!!
ent-3ee
/<(|)/\ <5% conv., e n.d. 1. TBS protection
n-Pent OH ° 21,1 Carbonyl- o 0
2ee W(OEt)s (7.5 mol%) diimidazole
94% ee (R.R)-BHA (9 mol%) '%‘th cl NH NaH, THF a NJ(O
n-Pent/Y\OH Ph/EY\OH 3. TBS deprotection 6 \\/
PhNH, (1.5 equiv), THF OH ent-3k : PR % o4

H20 (20 mol%), 55 °C, 7 h oH 56 % over 3 steps i ivityl18]
ent-3ee ° Inhibitor of CB1 activity!®!

75%, >99.8% ee
Scheme 3. Derivatization of the ring-opened products to biologically

active compounds in optically pure form. TBS =tert-butyldimethylsilyl,
TEA =triethylamine, Ts = para-toluenesulfonyl.

Scheme 2. Investigation of the ligand effect on the outcome of the
ring-opening reaction. acac =acetylacetonate.
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times (7 or 24 h) were required to achieve good
conversions. In these cases, the reactions yielded the
products 3ce-gg in 70-84 % yield, with high regio-
selectivities (C3/C2 > 95:5), and with excellent asym-
metric induction (92-94% ee). Remarkably, all of
the C3 regioisomers of 3cc-3gg could be easily

Table 2: Synthesis of virtually enantiopure compounds through combined asym-
metric routes.*™

separated from the corresponding minor C2
regioisomers through column chromatography. Lim-
itations of this method were revealed by the reac-
tions of cis-disubstituted, trisubstituted, and terminal
2,3-epoxy alcohols, which led to low yields (31-64 %)
and enantioselectivities (40-74 % ee; 3hh-3jj).

As the ring-opening process is a Kinetic resolu-
tion of racemic 2,3-epoxy alcohols, we selected two
reactions to determine the s factors. In both cases,
the recovered 2,3-epoxy alcohols were obtained with
good enantioselectivities.™¥

Recently, our group developed a tungsten-cata-
lyzed enantioselective epoxidation of allylic alcohols
using the same BHA as the ligand.™ Thus, we tested
the possibility of combining the epoxidation and the
ring-opening reaction in a one-pot procedure.
Unfortunately, the results were not promising at all.

This observation suggested that the catalysts
required for epoxidation and ring opening may be
enantiomers. Indeed, the enantioenriched 2ee pro-
vided by the tungsten-catalyzed epoxidation employ-
ing (S,5)-BHA barely reacted with aniline in the
presence of (S,5)-BHA-W, but reacted smoothly
with the (R,R)-BHA-W catalyst to furnish 3ee
almost exclusively (>99.8% ee, Scheme 2).

These amazing results open a new entry to
virtually enantiopure compounds by combining

[WO,(acac),] (2 mol%) W(OEt)g (x mol%) 4 5
2 2 6 o R% R
R (RR}BHA24mol%) R o (S.S)BHA (12xmol%) _, N
R! JY\OH _ R1K‘/\ - R
g NaCl (0.5 equiv) , o RNHR® R2 OH
R CHyCly, RT, 3h R H20; (20 mol%) HO R
2 THF, 55 °C, 2.5-24 h 3
Step 1:
~0 0 n-Pr o Me Me
PN z Y
Ph oH Ph/\'\g\OH ey~ on E~oH
2a 2aa 2hh!d 2ii
87%, 94% ee 87%, 84% ee 92%, 95% ee 88%, 90% ee
Me Me
PN
R OH

ent-2al%®l R=Ph, 87%, -94% ee
ent-2eel¥ R=n-Pent, 90%, -94% ee

Step 2:
3aR*=Ph 3g R*=4-FCgHy 3h R*=1-naphthyl
RY. 91%, >99.8% ee 87%, >99.8% ee 87%, >99.8% ee
NH x=2.5,2.5h x=25,5h x=25,5h
Ph/'\i/\OH 3j R*=4-NH,S0,CgHs  ent-3kl1 R4=4-(4'-CICgH4)OCgH;  3m R*=5-indolyl
OH 75%, >99.8% ee 95%, > -99.8% ee 73%, >99.8% ee
x=5,7h x=2.5,2.5h x=5,7h
ent-30l1 R*=2-MeCgHs, R=Me cl
82%, > -99.3% ee
L x=5.7h NHPh
RowR 3p R*=4-MeOCgHj, R5=Me N Ph™ % TOH
90%, >99.8% ee ~ HO Me
Ph/'Y\OH x=2.5,5h Ph/\éHAOH
OH
3q R*=4-MeOCgH,, R%=Bn ent-3rlf 3aa
81%, >99.8% ee 94%, > -99.8% ee 74%, >99.0% ee
x=5,7h x=2.5,5h x=10,7h
NHPh NHPh Me  Me NHPh
n-Pent” >y OH nPr” > OH OH
OH OH
ent-3eel’dl ent-3hhl"h! Me” Me 3iilh!
75%, > -99.8% ee 64%, >98.5% ee 38%, >99.2% ee
x=7.5,7h x=10, 24 h x=10,24 h

a first asymmetric reaction with a kinetic resolution
process of the resulting functional group."” Remark-
ably, eevalues of >99.8% are generally rather
difficult to achieve unless an enzyme is employed
as the catalyst. By implementation of our strategy,
a variety of virtually optically pure amino alcohols
(up to >99.8% ee) were successfully prepared, and
the results are summarized in Table 2. It is noteworthy that
compound 3j was reported to be a human carbonic anhydrase
IX (hCA IX) inhibitor.”!

As an illustration of the utility of this method, the three
biologically active compounds 4,7 5,8 and 6!"*! were readily
synthesized through derivatization of the ring-opening prod-
ucts ent-3 0, ent-3r, and ent-3k (Scheme 3).

In summary, we have developed the first catalytic
enantioselective aminolysis of 2,3-epoxy alcohols, which was
efficiently promoted by a tungsten/bis(hydroxamic acid)
catalytic system. This kinetic resolution method featured
a broad substrate scope and was applicable to various amines
and a variety of trans-2,3-epoxy alcohols. Furthermore, the
sequential reaction process combining epoxidation and ring
opening (kinetic resolution) provides a new route for the
preparation of virtually enantiopure products of pharmaceut-
ical interest.

www.angewandte.de
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[a] For detailed reaction conditions, see the Supporting Information, pp. 16-17.

[b] Yields of the isolated products. [c] All ee values were determined by HPLC
analysis on a chiral stationary phase. [d] (5,S)-BHA was employed. [e] [WO,(acac),]
(5 mol %) and BHA (5.5 mol %) were used. [f] (R,R)-BHA was employed. [g] Aniline
(1.5 equiv). [h] Epoxide (1.5 equiv).
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