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Chiral fluorine-tagged sulfoxides of known absolute configuration have been synthesized. These com-
pounds are required as reference standards to validate a 19F NMR-based micromethod for the stereo-
chemical analysis of biosynthetic fatty acyl sulfoxides.
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19F NMR is a useful method for tracking fluorinated substrates
in enzymatic reactions in vitro or in vivo. The lack of naturally
occurring interferences, inherently high sensitivity and the wide
chemical shift range featured in 19F NMR-based methodologies
has a led to numerous applications in the study of biological sys-
tems.1 Our group has shown that x-fluorine-tagged substrate ana-
logues2a are useful mechanistic probes for a large family of
medicinally important enzymes known as fatty acid desaturases.3

Recently, we demonstrated that 19F NMR could be used in combi-
nation with a well-characterized, chiral solvating agent, (S)-(+)-a-
methoxyphenylacetic acid ((S)-(+)-MPAA), to distinguish between
fluorine-tagged sulfoxide enantiomers at the trace (nanomole) le-
vel.4 Further exploration of the scope and limitations of this meth-
odology was prompted by a recent theoretical study5 that
predicted possible anomalies in the behaviour of 19F NMR chemical
shifts of fluorinated sulfoxides complexed to MPAA. In this Letter,
we show that the direction of induced non-equivalence for 19F
and 1H chemical shifts of a remote CH2F reporter group may differ
depending on the nature of the solvating agent.

In a previously reported, ‘proof of principle’ experiment,4

methyl 15-fluoro-11-thiapentadecanoate 1 was converted (in part)
to the corresponding sulfoxide 2 by actively growing Saccharomy-
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ces cerevisiae cultures.6 Stereochemical analysis of biosynthetic
methyl 15-fluoro-11-thiapentadecanoate S-oxide 2 at the trace
analytical level (40 nmol) was performed using 19F NMR in combi-
nation with (S)-(+)-MPAA.7 Application of a Pirkle-type binding
model (Fig. 1a), that had been previously validated for 1H and 13C
NMR applications,7 led to the conclusion that the predominant
enantiomer of 2 (32% ee) was (S)-configured. We now describe
how this inference was put to a rigorous test using authentic sam-
ples of structurally related reference standards, namely, (R)- and
(S)-15-fluoro-11-thiapentadecane S-oxide 3.

(R)- and (S)-3 were synthesized in four steps from commer-
cially available 1-bromo-4-fluorobutane (Scheme 1) in 5% and
20% yield, respectively. The key step in the synthetic sequence
is the preparation of diastereomerically enriched DAG-(S)- or
(R)-x-fluorobutanesulfinates (de 95% and >99%, respectively)
(DAG = diacetone-D-glucose) from the corresponding x-fluoro-
butanesulfinyl chlorides using the method of Alcudia and
co-workers8,11 The absolute configuration of the sulfinates was
confirmed by a comparison of the chiroptical and NMR data
(characteristic 1H resonances (H2) and 13C resonances (C1–C4)
for these compounds with that of literature values reported for
the two diastereomeric DAG n-propylsulfinates11 and DAG
n-butylsulfinates.12 Treatment of DAG-(S)- or (R)-x-fluorobu-
tanesulfinates with 3 equiv13of decylmagnesium bromide yielded
enantiomerically enriched samples of (R)- and (S)-3, respectively
(ee 90% and >98%, respectively).14 This substitution reaction is
known to proceed with inversion of configuration at the sulfinyl
centre of the DAG-x-fluorobutanesulfinates.11
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With the provision of fluorine-tagged sulfoxy reference stan-
dards, we were in a position to evaluate the ability of 19F NMR
versus 1H NMR to report stereochemical information. The 1H-
decoupled 19F NMR spectrum of the mixture of (R)-3 and (S)-3
(1:2 ratio, ca 20 lmol total) to which (S)-(+)-MPAA (4 equiv)
was added was obtained and is shown in Figure 2A. The corre-
sponding 1H NMR signals (doublet of triplets (2JHF = 47.4,
3JHH = 5.6, 2H)) due to the CH2F reporter resonance are shown
in Figure 2B. As expected, the 1H resonances of the (R)-sulfoxide
were shifted significantly upfield relative those of the (S)-sulfox-
ide (Dd = 0.018 ppm). This result is in agreement with the shield-
ing effects portrayed in the Pirkle-type15 interaction of 2 with this
solvating agent (Fig. 1a) and previous validation experiments.7,12

However, the corresponding 19F resonance of the (R)-sulfoxide
was shifted downfield relative to the peak for the (S)-sulfoxide
(Dd = 0.01 ppm). This phenomenon was also observed in the
NMR analysis of the (R)-3:(S)-3 mixture at lower amounts of ana-
lytes (40 nm) (data not shown).

The generality of the results documented above was probed by con-
ducting NMR experiments with two other solvating agents: (1) the an-
thryl analogue of (S)-MPAA, that is, (S)-(+)-(9-anthryl)methoxyacetic
acid ((S)-(+)-AMA)16–18 and (2) the corresponding ‘Pirkle alcohol’—
(R)-(�)-2,2,2-trifluoro-1-(9-anthryl)-ethanol ((R)-(�)TFAE).19a,b In
both cases, the expected shielding effects (Fig. 1b and c) were observed
for the 1H NMR resonances assigned to the reporter group as shown in
Figure 2D and F. The larger Dd observed for the anthryl- versus phenyl-
Figure 1. Pirkle-type binding model for the interaction of (a) (S)-MPAA, (b) (S)-AMA, (c)
based solvating agents was also anticipated.16 However, the
corresponding 1H-decoupled 19F NMR spectra for these complexation
experiments ( Fig. 2C and E) could not have been predicted: a slight
deshielding (DdR–S = +0.002 ppm) effect of the signal for the (R)-enan-
tiomer relative to that of (S)-enantiomer was observed using the (S)-
(+)-AMA solvating agent but a shielding effect (DdR–S =�0.01 ppm)
when ((R)-(�)-TFAE) was used. The results of these NMR experiments
are summarized in Table 1.

In conclusion, we would like to make the following comments:

(1) 1H-decoupled 19F NMR remains an attractive means to
probe the stereochemistry of enzymatic sulfoxidation of fluorine-
tagged substrates at trace analytical levels. However, the use of
authentic chiral reference standards is required in order to prop-
erly assign the absolute configuration of analytes. This is because
the behaviour of 19F NMR chemical shifts of a remote reporter
group is highly dependent on the nature of the chiral NMR solvat-
ing agent. This phenomenon points to the exquisite sensitivity of
19F NMR to subtle differences in the structures of the sulfoxide-sol-
vating agent complex. Further in silico modelling studies may clar-
ify the nature of these differences.

(2) Based on these considerations, the previous assignment4of
absolute configuration to the predominant enantiomer of fatty
acyl 11-sulfoxide 2 should be reversed. It should be noted that
2 was produced from 1 in very low yield and in low ee (32%)
by S. cerevisiae—this is in contrast to the much more efficient,
(R)-TFAE with each enantiomer of methyl 15-fluoro-11-thiapentadecane S-oxide 3.



Figure 2. NMR signals for a CH2F reporter group of a mixture of (R)-2 and (S)-2 (1:2 ratio, ca. 20 lmol total) in the presence of 4 equiv of various chiral solvating agents. (a)
(S)-(+)-MPAA, 1H-decoupled 19F NMR; (b) (S)-(+)-MPAA, 1H NMR; (c) (S)-AMA, 1H-decoupled 19F NMR; (d) (S)-AMA, 1H NMR; (e) (R)-TFAE, 1H-decoupled 19F NMR; (f) (R)-
TFAE, 1H NMR.
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D9 desaturase-mediated sulfoxidations of 9-thia substrate ana-
logues that are typically highly enantioselective and match the
stereochemistry of H-removal of the parent reaction.7 Thus, in
retrospect, the slightly pro R-selective 11-sulfoxidation of 1 is
not an entirely surprising result.
Table 1
Summary of the predicted and observed DdR–S for a 1:2 mixture of (R)-3:(S)-3 in the pres

DdR–S (ppm) Predicted

(S)-(+)-M

1H NMR Shielded Shielded
�0.02

19F NMR Shielded Deshielde
0.01
(3) The Pirkle-based binding model (Fig. 1a–c) can be used with a
high degree of confidence for the stereochemical analysis of chiral
sulfoxides when 1H NMR is employed as the probe. The 1H NMR-based
methodology has been validated using a number of authentic refer-
ence standards7 including the compounds described in this work.
ence of various chiral solvating agents (3–4 equiv)

Observed

PAA (S)-(+)-AMA (R)-TFAE

Shielded Shielded
�0.05 �0.07

d Deshielded Shielded
+0.00(2) �0.01



Scheme 1. Synthesis of chiral fluorine-tagged sulfoxides from diastereomeric DAG sulfinates.
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