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A micromethod for the stereochemical analysis of fatty
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Abstract—The stereochemistry of fatty acid desaturase-mediated sulfoxidation can be evaluated at micromolar concentrations of
analyte using '°F NMR in combination with a chiral shift reagent: (S)-(+)-MPAA.

© 2005 Elsevier Ltd. All rights reserved.

Dehydrogenation of long-chain fatty acyl derivatives is
a topic of current interest to medicinal chemists follow-
ing the discovery that upregulation of stearoyl CoA
desaturase (SCD) activity may play a role in the meta-
bolic syndrome and associated disorders (Scheme 1).!
Research in this area is hampered by the lack of struc-
tural information on desaturases of this type and indi-
rect methods for mapping active site topology have
been developed.> The use of w-fluoro-thiafatty acids
was recently validated® as a method of probing the cryp-
toregiochemistry (site of initial oxidation)* of a yeast
SCD (Scheme 1) as well as a plant A? desaturase.’ In this
approach, the sulfur atom is used as a methylene isostere
to probe for oxo transfer from the putative diiron cluster
and a remote fluorine substituent reports the oxidation
event using '°’F NMR. Herein, we provide a ‘proof of
concept’ demonstration that this methodology can be
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adapted to determine the enantioselectivity of desatur-
ase-mediated oxo transfer.

Methyl 15-fluoro-11-thiapentadecanoate 1 was selected
as a test substrate on the basis of the known character-
istics of the commercially available chiral NMR shift re-
agent (S)-(+)-o-methoxyphenylacetic acid (MPAA)® and
the substrate profile of a convenient whole cell yeast A’
desaturating system.” Compound 1 was synthesized by
S-alkylation of 10-mercaptodecanoic acid® with 1-bro-
mo-4-fluorobutane followed by methylation (BF3/
MeOH) using previously published procedures.® The
crude product was purified by flash chromatography
(Si0,, 5% EtOAC/hexane) to give 1 in an overall yield
of 8% based on 10-bromodecanoic acid. The corre-
sponding racemic sulfoxide 2 and sulfone 3 were pre-
pared by oxidation of 1 with one and two equivalents
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Scheme 1. The oxidation reactions catalyzed by Stearoyl CoA A° desaturase. (A) desaturation; (B) sulfoxidation (CoA = Coenzyme A).
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of meta-chloroperbenzoic acid (MCPBA), respectively.
The analytical and spectral data of 1, 2, and 3 were con-
sistent with the assigned structures.’

The 'H-decoupled '"F NMR spectrum of each individ-
ual compound was recorded in CDCl; and values for
the chemical shifts were found to be as follows: 1 (o
—218.82 ppm), 2 (6 —219.24 ppm), and 3 (6 —219.73
ppm). For the purposes of comparison, the '°F reso-
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Figure 1. 'H-decoupled ’F NMR spectrum of methyl 15-fluoro-11-
thiapentadecanoate 1 and its oxidized derivatives 2 and 3 before
addition of (S)-MPAA (A): 1 (6 —218.82 ppm); 2 (6 —219.24 ppm); 3
(0 —219.73 ppm) and after addition of (S)-MPAA (B): 1
(0 —218.82 ppm); 2 (0 —219.31, —219.32 ppm); 3 (6 —219.75 ppm).
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nances of 1, 2, and 3 (ca. 1:1:1 mixture) are displayed
in Figure 1A. The effect of sulfur oxidation on the report-
er "’F NMR signal of o-fluorothia-analogues was con-
sistent with previous observations® both with respect to
direction (upfield) and absolute magnitude of the substi-
tuent effect (Adso s = 0.42 ppm < Adso, s = 0.91 ppm).
It should be noted that Adso s and Adsp, s in the case of
2 and 3 is substantially greater than the corresponding
values for systems where the reporter fluorine is further
away from the sulfur centre (e.g., 8-11 sigma bonds:
Adso_s = 0.05-0.16 ppm).?

The "H-decoupled '’F NMR spectrum of the mixture of
1, 2, and 3 (ca. 2.5 umol each) to which (S)-(+)-MPAA
(70 umol) was added is shown in Figure 1B. As ex-
pected, only the resonance due to racemic sulfoxide is
shifted upfield significantly (0.08 ppm) and split
(A6 =0.01 ppm) due to Pirkle-type interaction of race-
mic 2 with this shift reagent (Fig. 2).>'° Similar doubling
of the corresponding CH-F resonances in the "H NMR
spectrum of a sulfoxide 2/(S)-(+)-MPAA mixture was
also observed (data not shown). The 'C resonances
(d, Jcg = 166 Hz) of the terminal CH,F group of race-
mic 2 were broadened but not differentiated under these
conditions.

To evaluate the applicability of this methodology to the
stereochemical analysis of enantiomerically enriched
sulfoxides isolated from a biological matrix, we incu-
bated 1 (25mg) with actively growing cultures
(200 mL) of Saccharomyces cerevisiae S522C under a
standard set of conditions (YPED medium,'! 24 h,
30 °C, 150 rpm).? Previous experiments have shown that
this whole cell system efficiently incorporates fatty acyl
substrates from the medium into the intracellular CoA
thioester substrate pool'? where they are processed by
the endogenous A’ desaturase. Polar sulfoxy products
produced in this manner are then hydrolyzed and ex-
creted into the medium as the free acid. Thus, centrifu-
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Figure 2. Binding model for the interaction of (S)-MPAA with the two
enantiomers of methyl 15-fluoro-11-thiapentadecanoate S-oxide 2.
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gation of the yeast culture at the end of the incubation
period (10,000 rpm, 15 min) yielded a clear supernatant,
which was acidified to pH 2 and extracted with methyl-
ene chloride. The organic layer was dried (anhyd sodium
sulfate), evaporated in vacuo and the fatty acids con-
verted to the corresponding methyl esters by brief
(10 min, 0 °C) exposure to freshly prepared ethereal dia-
zomethane. (Caution: diazomethane is toxic and
explosive.)

F NMR analysis of the CH,Cl, extract revealed the
presence of strong signals corresponding to residual 1
and the corresponding sulfoxide 2. No overoxidation
of 2 to w-fluoro-sulfone 3 could be detected in this mix-
ture (<1% of total fluorinated analytes). To expedite the
stereochemical analysis of sulfoxide 2, the extract was
chromatographed on a short flash chromatography col-
umn (SiO,, EtOAc) to remove the majority of unidenti-
fied fluorinated byproducts. The latter were presumably
derived from chain cleavage of a 9,10-dehydro-11-sul-
fide 4 produced in turn by A’ desaturation of 1. The
"H-decoupled 'F NMR spectrum of purified sulfoxide
2 dissolved in dry CDClI; is presented in Figure 3A;
the amount of 2 (40 nmol, 12 pg) was quantitated
through the use of a calibrated, external reference stan-
dard (fluperolone acetate).

Stereochemical analysis of biosynthetic sulfoxide 2 was
carried out by measuring the effect of (S)-(+)-MPAA
(4 mg) addition on the '’F reporter resonance (Fig.
3B). The predominant enantiomer (32% ee) was found
to be (S) according to a Pirkle-type binding model
(Fig. 3) that has been validated using a large number
of sulfoxides of known configuration.®® The observed
enantioselectivity of yeast desaturase-mediated sulfoxi-
dation is consistent with that observed using a number
of related substrates'? and corresponds to the known
stereochemistry of hydrogen removal (Hg) for the par-
ent dehydrogenation reaction (Scheme 1). The low enan-
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Figure 3. "H-decoupled "’F NMR spectrum of biosynthetic methyl 15-
fluoro-11-thiapentadecanoate S-oxide 2 before (A) and after (B)
addition of (S)-MPAA. Calculation of % ee was corrected for the
presence of minor byproducts.

tiomeric enrichment of the biosynthetic sulfoxide
obtained in this experiment was not unexpected and
may correlate with our observation that the efficiency
of A’ desaturase-mediated oxo transfer is markedly re-
duced for thiasubstrates bearing sulfur in positions
other than ‘C-9” and ‘C-10".3

The inherently high sensitivity of 'H-decoupled '°F
NMR in combination with suitable remote fluorine
labeling has allowed the stereochemical analysis of
low-level biosulfoxidation for the first time. This ap-
proach would seem to be particularly useful for in vitro
applications where analyte concentrations are in the
micromolar range or for in vivo mechanistic studies
where the efficiency of sulfoxidation is very low.'* In
addition, application of this work to substrates with
longer chain length such as stearoyl CoA (Scheme 1)
or stearoyl ACP> would be an obvious next step; the
availability of chiral NMR shift reagents analogous to
MPAA but bearing naphthyl or anthryl groups!> would
appear to be promising in this regard. Finally, we would
like to point out that the unique characteristics of a '°F
NMR-based approach and the relative ease with which
o-fluorinated analogues can be synthesized should per-
mit one to track many other biological mid-chain fatty
acid modifications'® at the trace analytical level.
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