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Abstract: A short, highly stereoselective oxy-Michael approach to
the total synthesis of the b2-agonist, (R)-salmeterol is described.
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Recently we have developed an effective and practical
route to enantiopure vicinal amino alcohols.1 This new
and general method relies on the highly diastereoselective
oxy-Michael addition of the ‘naked’ anion of (S)-6-meth-
yltetrahydropyran-2-ol to b-substituted nitroolefins. Sub-
sequent chemical manipulations of the resulting O-
protected Henry product, affords a reliable alternative to
the existing protocols for the synthesis of biological tar-
gets containing the b-substituted ethanolamine motif.1b

Herein we wish to report an application of this oxy-
Michael reaction to the synthesis of (R)-salmeterol (1).
Salmeterol2 (Serevent®) induces prolonged bronchodila-
tion, reduced vascular permeability, inhibition of inflam-
matory mediators, stimulation of ciliary function and
modulation of ion and water transport across the bronchial
mucosa.3 This biological activity combined with the key
b-aryl ethanolamine skeleton made the asymmetric syn-
thesis of (R)-salmeterol, by exploiting our chemistry, an
attractive goal.

A range of methods has been used to install the key etha-
nolamine unit of salmeterol (1) in an asymmetric fashion.
These include the enzymatic4 and chemical5 reductions of
ketones, exploitation of solid supported reagents6 in dia-
stereoselective reductions and the chromatographic sepa-
ration of enantiomeric7 and diastereomeric mixtures.8

We envisaged a convergent synthesis beginning with al-
dehyde 5, which, after transformation into nitroolefin 4,
could partake in the oxy-Michael addition. It was believed
that a subsequent nitro group reduction to amine 2, fol-
lowed by a reductive amination with aldehyde 3 and an
acidic global deprotection would reveal the target mole-
cule (Scheme 1).

The synthesis of the key Michael acceptor required four
steps beginning from 4-hydroxybenzaldehyde (5). First,
chloromethylation using formaldehyde and concentrated
hydrochloric acid at 65 °C for 3.5 hours afforded the

chloromethyl arene 6 in 56% yield. Subsequent hydrolysis
of the chloride using calcium carbonate in aqueous THF
afforded the diol 7. These two steps, which were subtle
but practical modifications of the literature procedures,9

were performed on multigram scale and the product alde-
hyde was isolated via trituration of the crude reaction mix-
ture. Attempts to protect the diol as an acetonide at this
stage were thwarted by side reactions occurring at the
carbonyl group. Accordingly, condensation of 7 with
nitromethane was performed prior to protection. The am-
monium acetate catalysed condensation method was the
one of choice for the formation of nitroolefin 8 and CSA-
catalysed trans-acetalisation with 2,2-dimethoxypropane
(DMP) gave desired 4 in good chemical yield. Overall, 4
was synthesised in 32% yield from the commercially
available aldehyde and no chromatography was needed at
any stage (Scheme 2).

Aldehyde 3 was cleanly synthesised in three steps follow-
ing the standard literature procedures.6

With Michael acceptor 4 in hand, the key stereoselective
oxy-Michael addition with (S)-6-methyltetrahydropyran-
2-ol (9) was investigated with our reported conditions1a

working optimally. Thus, a THF solution (–78 °C) of (S)-
6-methyltetrahydropyran-2-ol (9, 1.5 equiv) was treated
sequentially with KHMDS (1.5 equiv), 18-crown-6 (1.5
equiv) and then 4 (1.0 equiv). After an acetic acid quench
the desired oxy-Michael adduct 10 was obtained in
quantitative yield and with excellent (>98% de) diastereo-
control. In line with our usual practice, and to aid quanti-
fication of the stereocontrol in the reaction an authentic
sample of the minor diastereomer, epimeric at the centre

Scheme 1 Retrosynthesis of (R)-salmeterol 1.
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b to the nitro group, was made by performing the oxy-
Michael reaction in the absence of the 18-crown-6
(Scheme 3).

Reduction of the nitro group to the amine was performed
using nickel boride,10 formed in situ by adding sodium
borohydride (6 equiv) to a chilled (0 °C) 1:1 MeOH–THF

solution of Michael adduct 10 and NiCl2·6H2O (2 equiv).
After an alkaline aqueous work up, essentially pure amine
product 2 was obtained in 88% yield and used directly in
the reductive amination step. Thus, 1.2 equivalents of
amine 2 was added to 1 equivalent of aldehyde 3 in
CH2Cl2 and NaBH(OAc)3 (3.6 equiv) and acetic acid (3.6
equiv) was added to the mixture. Stirring was maintained
for 3.0 hours before aqueous work-up afforded the desired
secondary amine product 11 in 72% yield. Interestingly,
the reductive amination step was initially difficult to mas-
ter and invariably the tertiary amine product was domi-
nant in the reaction mixtures. After a number of
unsuccessful attempts, it was concluded that small
amounts of residual nickel salts were facilitating this dou-
ble alkylation. Accordingly, a thorough alkaline aqueous
work up was employed, prior to reductive amination with
aldehyde 3, and the desired secondary amine 11 resulted
as the major reaction product.

The final step in the sequence was the global deprotection
of the acid labile acetal protecting groups. This was
facilitated by ion exchange conditions using a SCX-II
cartridge. Elution of the secondary amine 11 onto the
stationary phase with methanol, standing for 12 hours and
subsequent elution with ammonia-saturated methanol
afforded (R)-salmeterol in 100% yield and 96% ee, as
determined by chiral stationary phase HPLC. The spectro-
scopic and specific rotation data of 1 were in good agree-
ment with the literature.11

In conclusion, the highly diastereoselective oxy-Michael
addition of the naked anion of (S)-6-methylterahydro-
pyran-2-ol (9) has been used as the key step in the total
asymmetric synthesis of (R)-salmeterol (1). The overall
yield was 20% commencing from 4-hydroxybenzalde-
hyde and the longest linear sequence was 8 steps.
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Scheme 2 Synthesis of Michael acceptor 4. Reagents and condi-
tions: a) CH2O (40% aq), HCl (concd), 65 °C, 3.5 h, 56%; b) CaCO3,
THF–H2O, r.t., 13 h, 87%; c) CH3NO2, NH4OAc, reflux, 3.5 h, 66%;
d) DMP, propanone, CSA, r.t., 12 h, 99%.

HO

5

HO

6

Cl

HO

7

HO

NO2
HO

HO
8

NO2
O

O
4

O O O

a) b)

c)

d)

Scheme 3 Synthesis of (R)-salmeterol (1). Reagents and con-
ditions: a) KHMDS, 18-crown-6, 4, AcOH, THF, –78 °C, 99%, 98%
de; b) NiCl2·6H2O, NaBH4, MeOH–THF, 0 °C, 88%; c) 3,
NaB(O2CCH3)3H, CH2Cl2, 72%; d) SCX-II, NH3–MeOH, 100%.
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(11) Data for synthetic 1: [a]D
25 –21.1 (c 1.48, CHCl3), [lit.

6 [a]D
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–20.6 (c 1.46, CHCl3)]. 
1H NMR (400 MHz, CD3OD, lit.5c): 

d = 7.29 (1 H, s, Ar-CH), 7.23 (2 H, m, Ar-CH), 7.17–7.11 
(4 H, m, Ar-CH), 6.75 (1 H, d, J = 8.1 Hz, Ar-CH), 4.68 (1 
H, dd, J = 8.7, 4.2 Hz, CHCH2NH), 4.65 (2 H, s, CH2OH), 
3.44–3.39 (4 H, m, CH2OCH2), 3.35 (1 H, s, NH), 3.31 (2 H, 
s, 2× OH), 2.77 (1 H, dd, J = 12.1, 8.8 Hz, CHCHHNH), 
2.71 (1 H, dd, J = 12.1, 4.3 Hz, CHCHHNH), 2.61 (4 H, m, 
J = 6.8 Hz, CH2CH2Ph and NHCH2CH2), 1.71–1.56 (8 H, m, 
4 × CH2), 1.37–1.29 (4 H, m, 2× CH2). 

13C NMR (100 MHz, 
CD3OD): d = 154.5 (OAr-1), 142.3 (Ar), 133.6 (Ar), 128.1 
(Ar), 128.0 (Ar), 127.9 (Ar), 127.1 (Ar), 125.7 (Ar), 125.3 
(Ar), 114.5 (Ar-5), 71.6 (CHCH2NH), 70.4 (CH2 °CH2), 
70.3 (CH2OCH2), 59.7 (ArCH2), 56.4 (CHCH2NH), 50.2 
(NHCH2CH2), 35.2 (CH2CH2Ph), 30.3 (CH2), 29.2 (CH2), 
28.9 (CH2), 27.9 (CH2), 26.7 (CH2), 25.7 (CH2). IR (film): 
nmax = 3675 (OH), 2987, 2901, 1452, 1406, 1394 cm–1. 
HRMS (ES+): m/z calcd for C25H38NO4 [M + H]+: 416.2795; 
found: 416.2796. Chiral HPLC was performed on a 
Sumichiral OA-4100 column (25 cm× 4.6 mm) eluting with 
hexane–EtOH–CH2Cl2–TFA (240:30:130:1), at a flow rate 
of 1 mL/min, detecting at 276 nm; tR = 19.26 min, 2.0% [S-
isomer]; tR = 21.84 min, 98.0% [R-isomer].
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