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Enantioselective synthesis of (R)-phenylephrine hydrochloride
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Abstract—An efficient method for the synthesis of enantiomerically pure (R)-phenylephrine hydrochloride 1 is described using a

Sharpless asymmetric dihydroxylation as the key step.
© 2003 Elsevier Ltd. All rights reserved.

(R)-Phenylephrine hydrochloride' 1 (Fig. 1) is a clini-
cally potent adrenergic agent and B-receptor sympath-
omimetic drug, exclusively marketed in the optically
active form. Various methods for the synthesis of
phenylephrine hydrochloride have been documented in
the literature. Most of these approaches are nonchiral
involving the use of a Curtius rearrangement of a
B-hydroxy acid azide,? the ring opening of 3-benzyl-
oxystyrene epoxide® and reduction of a mandelamide.*
Presently (R)-phenylephrine hydrochloride is produced
by a resolution process.” The asymmetric synthesis
reported in the literature utilises the asymmetric hydro-
genation of an aminoacetophenone derivative employ-
ing a MCCPM-rhodium complex as a chiral catalyst.®
Another interesting synthetic strategy is based on
hydrolytic kinetic resolution of a styrene oxide deriva-
tive using a (R,R)-SalenCo™OAc complex.” However,
there has been no report in the literature about the
asymmetric synthesis of phenylephrine hydrochloride
employing the Sharpless asymmetric dihydroxylation
procedure.

As part of our research program aimed at developing
enantioselective syntheses of naturally occurring amino
alcohols,® the Sharpless asymmetric dihydroxylation®
was envisaged as a powerful tool to chiral dihydroxy
compounds offering considerable opportunities for syn-
thetic manipulations. We have now developed a new
and highly enantioselective synthesis of (R)-
phenylephrine hydrochloride employing a Sharpless
asymmetric dihydroxylation as the key step (Scheme 1).
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The synthesis of (R)-phenylephrine hydrochloride com-
menced from m-hydroxybenzaldehyde 2, a readily
available starting material, as illustrated in Scheme 1.
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Scheme 1. Reagents and conditions: (a) TBDMSCI, imidazole,
DCM, 0°C-rt, 5 h, 90%; (b) PhyP=CH,, THF, rt, 6 h, 90%; (c)
(DHQD),PHAL, K Fe (CH),, K,CO;, t-BuOH:H,0, OsO,,
0°C, 24 h, 97%; (d) dibutyltin oxide (0.2, mol%), TsCl, NEt;,
DCM, rt, 45 min, 98%; (¢) AcOH:H,O:THF, 60°C, 10 h,
90%; (f) Nal, acetone, reflux, 6 h, 98%; (g) i. aq. MeNH,,
THF, rt, 3 h; ii. methanolic HCI, rt, 90%.
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Thus treatment of 2 with 7-butyldimethylsilyl chloride
(TBDMS-CI) in the presence of imidazole gave the silyl
compound 3 in 90% yield. The subsequent Wittig olefi-
nation of 3 with methylenetriphenylphosphorane gener-
ated by the reaction of triphenylmethylphosphonium
iodide and n-BuLi furnished styrene 4 in 90% yield.
The dihydroxylation of 4 with osmium tetroxide and
potassium ferricyanide as co-oxidant in the presence of
(DHQD),PHAL as the chiral ligand under Sharpless
asymmetric dihydroxylation conditions’ gave the diol
5' in 97% yield with 98% ee," [a]f=-34.33 (¢ 1.2,
CHCl,). Selective conversion of the primary hydroxyl
group of 5 into a tosylate was carried out using tosyl
chloride in the presence of a catalytic amount of
dibutyltin oxide to give 6 in 98% yield. Our initial
attempt to synthesize 1 by the direct nucleophilic dis-
placement of tosylate 6 with methylamine was not very
satisfactory. Hence, we attempted the following
sequence of reactions. Deprotection of the TBDMS
group was carried out by treatment of tosylate 6 with
acetic acid in THF and water (3:1:1) at 60°C to afford
7 in 90% yield. The nucleophilic displacement of tosyl-
ate 7 with sodium iodide in acetone under reflux fur-
nished the iodo compound 8 in essentially quantitative
yield, [«]5=-16.0 (¢ 0.16, CHCI;). Compound 8 was
reacted with 40% aqueous methylamine in THF at
room temperature followed by subsequent treatment
with methanolic HCl to furnish (R)-phenylephrine
hydrochloride in 90% yield as a white solid, m.p. 141-
142°C (lit> 141-145°C); [«]5 =-45.0 (¢ 0.75, H,0) [lit’
—44.0 (¢ 2, H,O)]. The physical and spectroscopic data
were in full agreement with the literature.>”’

In conclusion, a practical and highly enantioselective
synthesis of (R)-phenylephrine hydrochloride has been
achieved employing the Sharpless asymmetric dihydroxy-
lation as the key step. The synthetic strategy can be
extended to the enantiomer and related analogs. Cur-
rently, further studies are underway in our laboratories.
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11. The enantiomeric excess was determined by HPLC.
HPLC model: Merck-Hitachi Lachrom PDA system D-
7000 series; Column: Lichrospher RP-18 (4 mm IDx125
mm); mobile phase: methanol: water: (65:35); flow: 1
ml/min.
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