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The Absolute Configuration of (4)- and (—)-erythro-Mefloquine**
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The antimalarial agent rac-erythro-mefloquine hydrochloride,
established in the 1970s and marketed as Lariam by Roche, is
one of the standard medications for malaria chemoprophy-
laxis and treatment.! One major drawback of this drug is the
occurrence of dose-related neuropsychiatric adverse
effects.'? Indeed, the enantiomer (—)-erythro-mefloquine is
known to block adenosine receptors in CNS and therefore
believed to be responsible for the neuropsychiatric symptoms,
while (4)-erythro-mefloquine does not.’! Application of
(4+)-erythro-mefloquine rather than the racemate could
therefore result in a better risk to benefit evaluation.

Owing to the different pharmaceutical activity of the
erythro-mefloquine enantiomers, a number of researchers
have attempted to determine the absolute configuration of
(4)-erythro-mefloquine 1 (Scheme 1) in the past. However,

Scheme 1. The antimalarial agent (+)-erythro-mefloquine HCl 1 and its
free base 2.

the results were ambiguous and caused controversy. The first
paper by Carroll in 1974 claimed the absolute configuration of
(+)-erythro-mefloquine as (11R,12S) based on circular
dichroism (CD) and empirical rules.! A crystal-structure
analysis of (—)-erythro-mefloquine HCI using the anomalous
signal from single-crystal X-ray diffraction determined the
absolute configuration as (11R,12S), contradicting the afore-
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mentioned investigation.®) A first total synthesis of
(4)-erythro-mefloquine was based on a L-proline-catalyzed
asymmetric direct aldol reaction® and supported the CD
assignment of Carrol.”! This version of the aldol reaction is
accepted to be reliable but it was not used before for
a synthesis similar to that of (+)-erythro-mefloquine. In our
endeavor to determine the absolute configuration of
(+)-erythro-mefloquine, we applied residual dipolar coupling
(RDC)-enhanced NMR spectroscopy in combination with
optical rotatory dispersion (ORD) and circular dichroism
(CD) spectroscopy,”! and confirmed the result of the crystal
structure.! The approach had been successfully applied in the
past for several other flexible natural products® and is
a standard technique for rigid natural products. However,
another total synthesis'”! by the Coltart group confirmed the
absolute configuration determined by CD and the previous
total synthesis,® contradicting the X-ray® and NMR/
results. They utilized an asymmetric Darzens reaction, yield-
ing an enantiomerically pure intermediate with an absolute
configuration confirmed by crystal-structure analysis. After
eight further steps, (+)-erythro-mefloquine-HCl was obtained
and the absolute configuration was determined as (11R,12S5).
A third total synthesis using an enantioselective transferhy-
drogenation to reduce the ketone presented (+)-erythro-
mefloquine with (11R,125) as the absolute configuration,
relying on the assignment of the previous syntheses without
checking the optical rotation of the product.!”

As it is puzzling for a simple albeit important antimalarial
agent as mefloquine to have the assignment of (+)-(11R,12S)
four times and of (—)-(11R,12S) twice, we will show in the
present study that the absolute configuration of (+)-erythro-
mefloquine is indeed (118,12R) and of (—)-erythro-meflo-
quine (11R,12S). Our analysis is based on crystal-structure
determinations of the Mosher amides of both enantiomers of
mefloquine together with HPLC separations of the diaste-
reomeric Mosher esters to verify the correct starting materi-
als. We indeed obtained the two enantiomeric Mosher amides
and determined both crystal structures to ensure the reli-
ability of our results.

(4)-Erythro-mefloquine hydrochloride 1 as well as rac-
erythro-mefloquine hydrochloride (rac-1) are commercially
available. For the (4)-erythro-enantiomer we obtained very
similar [«];, values as reported previously.""! For comparison
with reported HPLC data, the hydrochloride was converted
into the free base.'y The synthesis of the Mosher amide
derivatives was achieved with (+)-erythro-mefloquine as well
as the racemate using five equivalents of Hiinig’s base
(iPr,NEt) and (S)-MTPA-Cl as well as (R)-MTPA-CI, respec-
tively."®) With this procedure no difference in reactivity
between the hydrochloride and the free base was observed.
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Zuschriften

(4)-(118,12R)-Erythro-mefloquine-(R)-Mosher ~ amide
(3) was obtained in 74 % yield by amidation of (+)-erythro
mefloquine 1 with (S§)-MTPA-CI in reaction I. Reaction II
was the amidation of the racemic free base rac-2 yielding 3 as
well as (+)-(11R,12S5)-erythro-mefloquine-(R)-Mosher amide
(4), which could be separated by column chromatography
(Scheme 2) and stereochemically assigned by comparison of
the Ri-values with 3 obtained from reaction I.
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Scheme 2. Synthesis of (+)-(11S,12R)-erythro-mefloquine-(R)-Mosher
amide (3) and (+)-(11R,125)-erythro-mefloquine-(R)-Mosher amide (4).

In reaction III we synthesized (—)-(11S,12R)-erythro-
mefloquine-(S)-Mosher amide (ent-4) in 98 % yield, and in
reaction IV we amidated the racemic free base rac-2 yielding
(—)-(11R,128)-erythro-mefloquine-(S)-Mosher amide (ent-3)
in 47 % and ent-4in 40 % yield (Scheme 3). The identification
of ent-3 as enantiomer to 3 was verified through equal
retention times by TLC, whereas the retention time of ent-4
was indeed different but identical to the product of reactio-
n IIL

The structure, including the absolute configuration of ent-
3, was determined by single-crystal X-ray diffraction!'!
(Figure 1, bottom). The conventional IAM (independent
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Scheme 3. Synthesis of (—)-(115,12R)-erythro-mefloquine-(S)-Mosher
amide (ent-4) and (—)-(11R,12S)-erythro-mefloquine-(S)-Mosher amide
(ent-3).
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Figure 1. Crystal structures of the enantiomeric pair: (+)-(11S,12R)-
erythro-mefloquine-(R)-Mosher amide (3; top) and (—)-(11R,125)-
erythro-mefloquine-(S)-Mosher amide (ent-3; bottom). Ellipsoids set at
50% probability.

atom model) refinement of the crystal structure was already
sufficient to allow an assignment of the absolute configuration
based on the anomalous signal of the fluorine atoms. 56 % of
all Friedel pairs in ent-3 were measured.

To further increase the confidence of our absolute
structure determination, an invariom refinement,'"” which
better describes the bonding electrons accounting for the
asphericity of the electron density distribution, was per-
formed. A locally modified version of the least-squares
refinement program XD was used for that purpose.’®

This procedure was used because invariom refinement
reduces the standard uncertainty of all refined parameters in
proportion to the improvement of the figures of merit. This
also holds for the Flack parameter x and its standard
deviation"” u that measure the reliability of the determina-
tion of the absolute configuration. Indeed, after aspherical-
atom modeling with scattering factors from the invariom
database the Flack parameter for ent-3 changed from x=
—0.02+0.06 (IAM) to x=—-0.03+£0.05 (invariom). Accord-
ing to Flack and Bernardinelli,"® u should be below 0.05 and
x should be close to zero within 2u to obtain the absolute
configuration with confidence. This is the case for ent-3. The
enantiomeric compound 3 has also been measured and its
configuration and conformation in the crystal is enantiomeric
(Figure 1, top). The Flack parameter for 3 is x =0.00 £ 0.07
(TAM) and also verifies the absolute configuration.'! Tt
should be mentioned that the known absolute configuration
of the Mosher acid chloride was reproduced in both crystal
structures.
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In general, total synthesis is a reliable applied practice for
the determination of the absolute configuration of organic
molecules. However, in case of mefloquine the absolute
configuration of this rather simple molecule could not be
determined correctly by total synthesis. To be safe with this
statement it is necessary to quantify the reliability of the
described results. For crystal structure analyses there are two
major pitfalls that can cause a wrong determination. On the
one hand it is possible that a crystal of the minor diastereomer
was used for X-ray analysis. In our case this is extremely
improbable becuase we carried out independent experiments
on both enantiomers. (+)-(11S,12R)-Erythro-mefloquine-
(R)-Mosher amide (3) was obtained in reaction I with d.r. >
99:1 (the diastereomer was not detectable on HPLC) and ent-
3 was obtained with d.r.=98:2 in reaction IV. Furthermore,
for the respective diastereomers, 4 and ent-4 no single crystal
could be obtained. As it is always difficult to obtain a pure
crystal of the minor component from a mixture; the chance
that in both cases the “wrong” crystal was used for X-ray
analysis is much lower than the calculable 0.2%o (2/98-1/99).
On the other hand, the crystal structure analysis itself may be
erroneous. However, prior to and after Invariom refinement
the Flack parameter and its standard deviation as well as the
excellent figures of merit clearly indicate the high reliability
of our X-ray analyses. Therefore, this second possible pitfall
can also be excluded beyond reasonable doubt.

In conclusion, we have determined the absolute config-
uration of (4)-erythro-mefloquine hydrochloride 1 as
(11S,12R) and confirmed one of the previous assignments®!
and our previous NMR analysis.”? The three assignments
from syntheses!®*!! could not be confirmed. For example, in
one case,”! a possible epimerization of the product of the
Darzens reaction was not investigated. Likewise in another,”
only the absolute configuration of an intermediate was
determined. We are confident that the absolute configuration
of 1 has now been unambiguously determined, closing a topic
that was controversial for 40 years. This allows to work out
enantioselective syntheses of (+)-erythro-mefloquine that
might provide improved anti-malaria medication.
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