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Abstract

A facile synthesis of anti-o-(difluoromethyl)-B-amino alcohols was accomplished by using a nucleophilic difluoromethylation strategy
with Me;SiCF,SO,Ph reagent. Good to excellent chemical yields as well as modest to good diastereoselectivity were achieved in these
reactions. We found that the solvent played a crucial role in controlling the diastereoselectivity of the reaction, and an apolar solvent
such as toluene helps to improve the diastereoselectivity of the reaction. The anti-a-(difluoromethyl)-B-amino alcohol 3a was demon-
strated to be a useful synthetic intermediate to synthesize difluoromethylated oxazolidinone 9.

© 2008 Elsevier Ltd. All rights reserved.
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As the incorporation of fluorine atom(s) can often have
profound effects on the target molecules, stereoselective
introduction of the fluoroalkyl groups into the a-position
of B-amino alcohols has attracted much attention.! a-Fluo-
roalkyl-B-amino alcohols have been used as peptidometics
and transition state mimics in drug design,” as well as chiral
auxiliaries or as ligands in asymmetric synthesis.> During
the past two decades, a number of synthetic methods for
the synthesis of a-trifluoromethyl-f-amino alcohols have
been reported,* including the direct trifluoromethylation
of homochiral a-amino aldehydes with Ruppert—Prakash
reagent (Me;SiCF5).” On the other hand, the stereoselec-
tive synthesis of o-difluoromethyl-B-amino alcohols
was less explored, probably due to less availability of
difluoromethylated precursors and difluoromethylating
reagents. All of the previous reports are based on
the synthetic elaboration of difluoromethyl-containing
substrates,” " and we are not aware of any report on the
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stereoselective synthesis of a-difluoromethyl-B-amino alco-
hols via nucleophilic difluoromethylation strategy. In this
Letter, we wish to report a stereoselective synthesis of o-
difluoromethyl-B-amino alcohols via nucleophilic difluoro-
methylation of homochiral ao-amino aldehydes using
Me;SiCF,>SO,Ph reagent.

Based on our previous experience in using difluoro-
methyl phenyl sulfone (PhSO,CF,H, 1) as a robust
difluoromethylating agent,'>'? first of all, we tested the
nucleophilic (phenylsulfonyl)difluoromethylation reaction
between 1 and a-amino aldehyde 2a (Scheme 1). It turned
out that, in the presence of 2 equiv of LHMDS in THF at

O OH
PhSO,CF,H (1)
Ph H—————— Ph CF,SO,Ph
NBR LHMDS, solvent NBn
2 0°C,6~7h 2
2a anti-3a
syn-3a
solvent = THF, yield = 46%, syn/anti = 33:67

solvent = toluene, yield = 52%, syn/anti = 33:67

Scheme 1.
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0 °C, the reaction between 1 equiv of 2a and 1.2 equiv of 1
only gave low yield (46%) of product 3a with syn/anti
ratio = 33:67. When toluene was used as the solvent, a sim-
ilar result was obtained (Scheme 1). We envisioned that
since LHMDS is a strong base, the low yield of product
3a was probably caused by the enolization of 2a and the
resulting aldol-type side reactions.'*

Previously, we had developed [(phenylsulfonyl)difluoro-
methyljtrimethylsilane (Me;SiCF,SO,Ph, 4) as an alter-
native nucleophilic (phenylsulfonyl)difluoromethylating
agent.'> Unlike PhSO,CF,H (1), which usually needs a
strong base to generate the PhSO,CF,  intermediate,
reagent 4 needs only a catalytic amount of mild Lewis base
(such as a fluoride ion) to accomplish the nucleophilic
transfer of PhSO,CF, group to carbonyl compounds.'
Me;SiCF,SO,Ph  (4) was first prepared in 2003 via
mCPBA-mediated oxidation of Me;SiCF,SPh (5) in 51%
yield.'® In 2005, we improved the synthesis of reagent 4
(with 78% isolated yield) by the reaction of PhSO,CF,Br
(1 equiv), n-BuLi (1.8 equiv), and Me3SiCl (1.5 equiv) in
THF at —78 °C."> After further optimization of the reac-
tion conditions, we found that when the reactant ratio
was changed to PhSO,CF,Br/n-BuLi/Me;SiCl = 1.0:
1.1:1.5 and a subsequent acid-quenching procedure was
used, an excellent yield of 4 (87-98%) could be obtained
(Scheme 2)."”

(1) n-BuLi (1.1 equiv)

o\\ 0 Me;SiCl (J .5 equiv) o\\ 0
_sZ THF, -78 C _SC
Ph CF,Br Ph CF,SiMe;
(2) cold 1 M HCI (aq.)
87% 4
Scheme 2.
Table 1
Survey of reaction conditions
OH
PhAl)\CFﬁozPh
NBn,
o) (1) TBAT (5 mol %) syn-3a
/\I)k : 0’c
Ph H + Me;SICF,SO.Ph ——— = +
NBn, (2) TBAF, H,O OH
2a 4 Ph/\l/\CFZSOZPh
NBn,
anti-3a
Entry® Solvent Time (h) Yield® (%) dr®
1 THF 6 93 17:83
2 Toluene 10 92 11:89
3 DMF 6 94 28:72
4 n-Hexane 12 93 16:84
5 CH;CN 6 96 25:75
6 CH,Cl, 8 92 20:80

With reagent 4 in hand, we chose compound 2a as a
model compound to examine the fluoride-induced (phenyl-
sulfonyl)difluoromethylation, and the results are shown in
Table 1. Tetrabutylammonium triphenyldifluorosilicate'®
(TBAT, 5 mol %) was used as a fluoride initiator for the
reaction. Different solvents such as THF, toluene, DMF,
n-hexane, acetonitrile, and dichloromethane were used. In
all cases, excellent overall yields (92-96%) of syn-3a and
anti-3a were obtained, with the anti-isomer being the major
one. It turned out that better diastercoselectivity could be
obtained in apolar solvents (such as toluene and n-hexane),
and the best diastereomeric ratio was observed in toluene
(dr = 11:89, see entry 2). We further tried to lower the reac-
tion temperature to —35 °C, but no improvement of diaste-
reoselectivity was observed. Other fluoride initiators such
as tetrabutylammonium fluoride (TBAF) and tetramethyl-
ammonium fluoride (TMAF) were also tried (instead of
TBAT), but chemical yields decreased.

By using the optimized reaction condition (Table 1,
entry 2), we studied the scope of the nucleophilic difluoro-

Table 2
Stereoselective (phenylsulfonyl)difluoromethylation of a-dibenzylamino
aldehydes

OH
R\l)\CFQSOZPh
Bn,
o (1) TBAT(5 mol %) syn-3
R toluene, 0 °C
H + Me;SiCF,SO,Ph +
NBn, (2) TBAF, H,0O OH
2 4 Ry craso,ph
NBn,
anti-3
Entry  Substrate Product® Yield® (%)  dr°
Ph CHO
1 syn-3a+anti-3a 92 11:89
NBn, 23
Y\rCHO
2 NBn, syn-3b + anti-3b 86 13:87
2b
Ph CHO
3 2 syn-3¢ + anti-3¢ 72 47:53
NBn, <C
4 )\(CHO syn-3d + anti-3d 88 6:94
NBn, 2d
CHO
5 syn-3e + anti-3e 85 9:91
NBn, 2e
HaCH,C(H5C)HC._CHO
6 T syn-3f+ anti-3f 83 6:94
2f NBn,
CHO
TBDMSO
7 /\rl\‘/an syn-3g + anti-3g 78 20:80

29

% In all cases, reagent 4 (2.0 equiv) was added to a mixture of 2a
(1.0 equiv) and TBAT (0.05 equiv) at 0 °C.

® Isolated yield.

° Diastereomeric ratios (syn/anti) were determined by F NMR
spectroscopy on samples from the crude reaction mixture.

% The absolute configurations of syn-3a were determined by single-
crystal X-ray analysis; the others were assigned by analogy.

® Yield of isolated analytically pure material.

° Diastereomeric ratios (syn/anti) were determined by 'F NMR
spectroscopy on samples from the crude reaction mixture.
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methylation between homochiral o-dibenzylamino alde-
hydes 2 and Me;SiCF,SO,Ph (4)."° The results are summa-
rized in Table 2. In all cases, good to excellent yields
(72-93%) of products 3 were obtained. Good diastereo-
selectivities were generally observed except for the reaction
with 2¢ (Table 2, entry 3). The absolute configuration of
syn-3a was determined by single-crystal X-ray analysis
(Fig. 1), and the other structures were assigned by analogy.
It is remarkable that, excellent diastereoselectivities were
observed in the cases of 2d and 2f (dr = 6:94 and 6:94,
respectively; see entries 4 and 6). Compound 5 (the enantio-
mer of 2a) was also used to react with reagent 4 under
similar reaction conditions (Scheme 3), and similar good
result was obtained (93% yield, dr = 11:89).

As shown in Scheme 4, upon reductive desulfonylation
by using our previously developed Mg/HOAc/NaOAc sys-
tem'> and debenzylation by hydrogenolysis on Pearlman’s

c16

Fig. 1. Single-crystal X-ray structure of syn-3a.

OH
Ph™ " CF,S0,Ph
(1) TBAT (5 mol %) NBn,
e} toluene, 0 °C syn-6
A)( (2) TBAF, H,0
Ph v H + MesSiCF,SOPh —MXX X +
H 93% yield,
NBn, synlanti= 11:89 OH
5 4 Ph” ™~ “CF,S0,Ph
NBn,
anti-6
Scheme 3.
oH OH
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DMF, rit.
NBn ’
2 86% NBn,
anti-3a 7
H,, Pd(OH),/C
CH30H, r.t.
0
o 95%
oA OH
CCl;0),CO 2
: : ( 30)2 Ph/\l/\CFzH
HF,C Bn NEt,, tCHzc;l2 NH,
r.t.
9 71% 8
Scheme 4.

catalyst,”® compound anti-3a was transformed into anti-a-
(difluoromethyl)-B-amino alcohol 8. Intermediate 8 was
then treated with triphosgene and triethylamine in CH,Cl,
leading to difluoromethylated oxazolidinone 9.*'

In summary, we have demonstrated a facial synthesis of
anti-a~(difluoromethyl)-B-amino alcohols using a nucleo-
philic difluoromethylation strategy with Me;SiCF,SO,Ph
reagent. Good to excellent chemical yields as well as mod-
est to good diastereoselectivity were achieved in these reac-
tions. We found that the solvent played a crucial role in
controlling the diastercoselectivity of the reaction. Apolar
solvent such as toluene helps to improve the diastereoselec-
tivity of the reaction. The anti-a~(difluoromethyl)-B-amino
alcohol 3a was demonstrated to be a useful synthetic inter-
mediate to synthesize difluoromethylated oxazolidinone 9.
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