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During improvement of the synthesis of (2S,3R,6S)-3-fluoro-
2,6-diaminopimelic acid 3, a potent inhibitor of DAP
epimerase, a stable alkoxy-N,N-dialkylaminodifluorosul-
fane 9 was isolated from the reaction of alcohol 6 with
DAST

Emergence of multi-drug resistant bacteria has intensified
efforts to develop new antibiotics that disrupt microbial cell
wall synthesis.1 Several studies have shown that inhibitors of
the biosynthesis of diaminopimelic acid (DAP),2 the key
crosslinking amino acid in the peptidoglycan cell wall of Gram
negative bacteria, possess antibiotic activity.3 An important
enzyme in this pathway, l,l-diaminopimelate epimerase,
interconverts l,l-DAP 1 and meso-DAP 2 without the aid of any
detectable metals or cofactors (Scheme 1). The mechanism has
been suggested to be an unusual ‘two-base’ process that
employs a thiolate as a general base and a thiol as a general
acid.4 We have previously shown that b-fluoro-DAP stereo-
isomers are potent inhibitors of DAP epimerase that can act as
probes to help define substrate conformation in the enzyme
active site.5 Continued interest in the mechanism of this enzyme
and recent crystallographic studies on an inactive form of this
protein4b encouraged us to improve the synthesis5 of pure b-
fluoro-DAP isomers. We now report an efficient preparation of
(2S,3R,6S)-3-fluoro-2,6-diaminopimelic acid 3 and the first
isolation of an alkoxy-N,N-dialkylaminodifluorosulfane from
the reaction of an alcohol with DAST.

The original synthesis of b-fluoro-DAP involved an aldol
reaction between a Schöllkopf bis-lactim ether6 and a glutamate
semialdehyde to afford an alcohol, which was fluorinated using
diethylaminosulfur trifluoride (DAST).5 However, the reactive
nature of the oxazolidinone protecting group on the glutamate
semialdehyde lowered yields and made extensive purification
of the intermediates obligatory. A recent synthesis7 of N,N-di-
Boc glutamate semialdehyde 5, a versatile intermediate,8
suggested its application to the troublesome aldol condensation.
Addition of 5 to the anion of (3S)-3,6-dihydro-2,5-dimethoxy-
3-(1-methylethyl)pyrazine 46 gave a 3:1 mixture of two
inseparable diastereomeric alcohols 6 and 7 in 73% yield
(Scheme 2).† Treatment of 6 and 7 with freshly distilled DAST
permitted isolation of only the dehydrated compound 8, which
is presumably formed by base elimination of the activated

intermediate 9. By accident we found that this dehydration
could be suppressed by using DAST contaminated with water.
The presence of a trace amount of water causes the release of
HF and results in the stabilisation of the activated intermediate,
thereby allowing the preparation of the fluoro derivative 10 as
a single diastereomer in 52% yield with only trace amounts of
the dehydrated product 8 (7%). In some cases carbocation
rearrangements accompanying the DAST preparation of alkyl
fluorides have implied a mixed SN1 and SN2 mechanism,9 but
formation of 10 with complete inversion of stereochemistry
from alcohol 6 indicates an SN2 reaction. Surprisingly, the
modified conditions permit the isolation of alkoxy-N,N-
dialkylaminodifluorosulfane 9 as a single diastereomer in 12%
yield. 

Compound 9 is unexpectedly stable to column chromatog-
raphy and amenable to characterisation,‡ although it does
decompose after several weeks at room temperature. Alkoxy-

Scheme 1

Scheme 2 Reagents and conditions: i, BuLi, THF, 278 °C, 73%, 6+7 (3+1);
ii, DAST, CH2Cl2, 278 °C, 8 (7%), 9 (12%), 10 (52%); iii, 6 M HCl, D,
71%.
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N,N-dialkylaminodifluorosulfanes are postulated as intermedi-
ates in the DAST fluorination of alcohols,10 and the transient
existence of these compounds has previously been inferred from
19F NMR studies.11 Although Markovskii et al. have reported
the formation of analogous compounds having a perfluoroalk-
oxy group by reaction of polyfluoroalkyl trimethylsilyl ethers12

with dialkylaminosulfur trifluorides, the fluoroalkyl groups
obstruct elimination or substitution reactions. Preparation of 9
by reaction of an alcohol and DAST represents the first isolation
of such a compound which in principle can readily undergo such
decomposition. The unusual stability of 9 may be due to the
steric crowding provided by nearby substituents (Fig. 1),
including the two Boc groups, since DAST reactions with
closely-related b-hydroxy-DAP derivatives bearing an N-Cbz
substituted oxazolidinone5 do not permit isolation of the
corresponding intermediate. 

Treatment of 9 with 1.0 equiv. of TBAF in an attempt to
prepare 10 results in elimination to give 8. Minor alcohol 7
could be recovered in quantitative yield as a single stereoisomer
from the ‘wet’ DAST reaction of a mixture of 6 and 7, thereby
indicating that only alcohol 6 reacts to generate inverted fluoro
derivative 10. Molecular modeling of the two alcohols using
InsightII (MSI) suggests that the alcohol functionality of 7 is
more sterically crowded than 6, which may account for the
observed kinetic resolution. To complete the synthesis of
(2S,3R,6S)-3-fluoro-2,6-diaminopimelic acid, the fluoro deriva-
tive 10 was hydrolysed with hydrochloric acid to give the
desired b-fluoro-DAP 3 in 71% yield after cellulose chromato-

graphy. Further studies on synthesis of fluoro-DAP isomers and
other DAP analogues13 are in progress.
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Notes and references
† Compound 4 is available from Merck Schuchardt (Hohenbrunn,
Germany).
‡ Selected data for 9: [a]26

D 254.4 (c 0.2, CHCl3); nmax(CHCl3 cast)/cm21

2872 (CH), 1749, 1698 (CNO), 1459, 1436, 1382, 1367, 1240, 1146, 1123,
782 (SF); dH(300 MHz, CDCl3) 0.64 [3H, d, J 6.6, CH3(CH3)CH], 1.02 [3H,
d, J 6.6, CH3(CH3)CH], 1.13 [6H, t, J 7.8, N(CH2CH3)2], 1.40–1.50 [19H,
m, (CO2But)2 and OCHCHH], 1.69 (1H, m, NCHCHH), 1.90 (1H, m,
NCHCHH), 2.26 [2H, m, (CH3)2CH and OCHCHH], 3.16 [4H, q, J 7.8,
N(CH2CH3)2], 3.64 (3H, s, OMe), 3.69 (6H, s, 2 3OMe), 3.89 (1H, t, J 3.5,
(CH3)2CHCH], 4.21 (1H, t, J 3.5, NCHCOMe), 4.28 (1H, ddd, J 8.3, 5.9,
2.6, NCHCHO), 4.81 [1H, dd, J 9.6, 6.1, CHN(CO2But)2]; dC(100 MHz,
CDCl3) 13.8 [N(CH2CH3)2], 16.7 [(CH3)CH3CH], 19.0 [(CH3)CH3CH],
26.8 (OCHCH2), 28.0 [OC(CH3]3), 29.0 (NCHCH2), 31.2 [(CH3)2CH],
36.7 [N(CH2CH3)2], 52.2, 52.3, 52.7 (OCH3), 58.4 [(CH3)2CHCH], 59.4
(NCHCOMe), 60.7 [CHN(CO2But)2], 77.4 (NCHCHO), 83.1 [OC(CH3)3],
152.0, 160.5, 165.5, 171.0 (CNO); dF(376 MHz, CDCl3) 2123.02 (d, J 13.5,
SFF), 2123.07 (d, J 13.5, SFF) [Found (ES): [MH]+, 671.3499.
C29H52N4O9SF2 requires [MH]+, 671.3501].
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Fig. 1 A model of 9 representing a possible minimum energy conformation
calculated using InsightII (MSI). Although elimination to give 8 can occur,
in this geometry the orientation of hydrogen A and the cleaving bond B is
disfavoured for a facile E2 process. An SN2 reaction to cleave bond B is also
sterically hindered. Only two adjacent hydrogens (white) are shown for
clarity.
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