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ABSTRACT: Diastereoselective fluorination of N-Boc (R)- and (S)-2,2- F F

dimethyl-4-((arylsulfonyl)methyl)oxazolidines and a previously unknown
diastereoselective epimerization at the fluorine-bearing carbon atom « to the )TN‘BSc
sulfone was realized. Diastereoselectivities of both reactions were excellent for
benzothiazolyl sulfones, allowing access to two enantiomerically pure
diastereomers from one chiral precursor. To demonstrate synthetic utility,
the benzothiazolyl sulfones were converted to diastereomerically pure (S,S)-
and (R,S)-benzyl sulfones via sulfinate salts and to amino acids. To understand

the diastereoselectivities, DFT analysis was performed.

luoroorganic chemistry has been a focus of intense

research in the past decade due to the interesting
properties of fluoroorganic compounds, making them desirable
candidates as pharmaceuticals, materials, and agrochemicals, to
name a few.' Diastereoselective introduction of fluorine atom
into a molecule by asymmetric induction via an existing
stereogenic center, either as part of the molecule or by a
removable chiral auxiliary, has been extensively studied in
electrophilic fluorinations @ to a carbonyl moiety.”* However,
diastereoselective C—F bond formation « to a sulfone has
received scarce attention.” We have been involved in the
electrophilic fluorination of heteroaryl sulfones,® and this
prompted our interest in exploring the effect of a stereogenic
center on diastereoselectivity of fluorination a to a sulfone
moiety. As a chiral entity, we chose the 2,2-dimethyloxazolidine
unit, which can be further converted to various derivatives,
including unnatural amino acids.” In this context, several
sulfone-derived amino acids have shown biological activity, such
as S-aryl cysteine S,S-dioxides that inhibit mammalian
kynureninase®*” and a-amino f-sulfone hydroxamates that
were shown to be potent inhibitors of MMP enzymes.®”
Asymmetric induction by a 2,2-dimethyloxazolidine unit has
been explored in reactions of Garner’s aldehyde,” but there are
limited reports of fluorination a to its stereogenic center.
Deoxofluorination with DAST a to the stereogenic center of a
2,2-dimethyloxazolidine moiety has been reported, but only
one diastereoisomer could be synthesized via this route.®
Alternatively, a 1:1 diastereoisomeric mixture of fluorinated
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potentially ! )
convertible i via sulfinate salts when i
site Ar = 1,3-benzothiazoly!
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product was synthesized by desilylation—fluorination of an
allylsilane derivative.’

We initially focused on a 1,3-benzothiazol-2-yl sulfone, N-
Boc-protected (R)-4-((benzo[d]thiazol-2-ylsulfonyl)methyl)-
2,2-dimethyloxazolidine. Synthesis commenced from either
(R)-Garner aldehyde or from D-serine (Scheme 1, also see
the Supporting Information (SI)), to give the common
intermediate (S)-4-(hydroxymethyl)-2,2-dimethyloxazolidine.
A reaction of this intermediate with benzo[d]thiazole-2-thiol
under Mitsunobu conditions gave sulfide (R)-la that was
oxidized to sulfone (R)-2a with (NH,),Mo,0,,-4H,0/H,0,.
Fluorination under heterogeneous conditions previously
reported by us™* (LDA, solid NFSI addition, PhMe) resulted
in a highly diastereoselective reaction, with a product ratio
>97:3 (yield of 60%, 65% based upon recovered starting
material). To unequivocally determine configuration at the new
stereogenic center, 3a was crystallized (EtOH) and analyzed
crystallographically. This showed the major diastereoisomer to
be (R,R)-3a. Similarly, (S)-2a, synthesized from L-serine, upon
fluorination gave (S,S)-3a (X-ray structure shown in Scheme
1), along with a trace of (S,R)-3a. In several repetitions, the
isolated yields ranged from 56 to 64%, with some recovered
starting. The amounts of the minor diastereomer were trace to
3% and barely detectable by 'H NMR.

Next, the influence of base on the diastereomer ratio in the
fluorination of (S)-2a was studied (Table 1).
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Scheme 1. Highly Diastereoselective Fluorination of N-Boc-
Protected (R)- and (S)-4-((Benzo[d]thiazol-2-
ylsulfonyl)methyl)-2,2-dimethyloxazolidine and X-ray
Structures of the Products”
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“Thermal ellipsoid are at the 50% probability level. N: blue; S: yellow;
O: red; F: green.

Table 1. Effect of Base on the Fluorination of (S)-2a“

mono 3a/difluoro product  (S,S)-3a/(S,R)-3a isomer

entry base ratio” ratio”
1 LDA no difluoro >97:3¢
2 LHMDS 74:26 88:12¢
3 NaHMDS 72:28 45:557
4 MDA no difluoro 22:78°
S MDA no difluoro 16:84"
6 MDA no difluoro 15:85%

“Reactions were performed in PhMe, base (1.2 equiv) was added to
(S) 2a at =78 °C, after 12 mln solid NFSI was added (1.4 equiv); —
78 C 1.5 h, then rt 1.5 h. "Determined by '°F NMR of the crude
reaction mixture. “In several repetmons, the amount of (S,R)-3a
ranged from 3% to trace amounts. “Product not isolated. “Isolated
yield of 3a was 27% and of (S)-2a was 45%. FTo (S)-2a at —78 °C,
MDA was added, after 1 h 15 min NFSI was added; — 78 °C 1.5 h,
then rt 1.5 h. Isolated yield of 3a was 30% and of (S)-2a was 46%. $To
(8)-2a at —50 °C, MDA was added, after 1 h 15 min NFSI was added;
— 50 °C 1.5 h, then rt 1.5 h. Isolated yield of 3a was 27% and of (S)-2a
was 42%.

From Table 1, certain observations emerge. Whereas
competing difluorination was not observed with LDA and
iPr,NMg (MDA), it was seen with LHMDS and NaHMDS.
Diastereoselectivity of the fluorination depended on the metal
ion, with Li as a counterion favoring (S,S)-3a as the major
isomer.

We then assessed whether epimerization at the new
stereogenic center could be accomplished under basic
conditions. With LDA or n-BuLi, in PhMe, decomposition of
3a occurred. However, when the (RR)-3a and the (S,S)-3a
were independently exposed to NaHMDS in PhMe, a mixture
of diastereomers resulted from each; (R,R)-3a/(R,S)-3a = 1:10
and (S,5)-3a/(S,R)-3a = 1:9, respectively. The stereochemistry
at the epimerized stereogenic carbon was confirmed by X-ray
crystallography (Figure 1, crystals from EtOH).

/\Fi/‘\s J\ g
’\:‘\ //\\

Boc
(R,A)-3a ~ (R,5)-3a

N, OO
“Boc

(5.5)-3a - (S,A)-3a

Figure 1. Products from the epimerization of (R,R)-3a to (R,S)-3a
(top) and of (S,S)-3a to (S,R)-3a (thermal ellipsoids are at the 50%
probability level). N: blue; S: yellow; O: red; F: green.

To assess the effect of the aryl moiety on the
diastereoselectivity of the fluorination and epimerization, a
series of sulfones was synthesized and subjected to fluorination
(Scheme 2 and Table 2). Yields of the fluorination step were
moderate to excellent.

Scheme 2. Synthesis and Fluorination of N-Boc-Protected
(S)-4-((Arylsulfonyl)methyl)-2,2-dimethyloxazolidines
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Fluorination proceeded diastereoselectively in all cases
(Table 2, entries 1-7, vide infra). Diastereoselectivity
depended on the aryl moiety: excellent for benzothiazolyl
(3a) and for phenyl (3d), good for 2- and 4-pyridyl (3b and
3c), and moderate for N-methyl-2-imidazolyl (3e).

Epimerization of fluorinated substrates 3 was also tested by
exposure of diastereomeric mixtures, isolated in the fluorination
reaction, to NaHMDS in PhMe (Table 2, entries 1-—5).
Epimerization with NaHMDS gave (S,R)-3 as the major
diastereoisomer in all cases, with high diastereoselectivities for
3a—d (entries 1—4 in Table 2). The lowest distereoselectivity
was observed for the epimerization of 3e, with a (S,5)-3e/
(S,R)-3e dr = 17:83 (entry S). Because diastereoselectivity in
the initial fluorination reaction depended on the counterion,
with the highest diastereoselectivity observed with Li bases, we
also tested epimerization reactions of 3a and 3e with LHMDS
(Table 2, entries 6—8). Indeed, with LHMDS instead of
NaHMDS, a higher diastereoselectivity was observed for the
epimerization of the (S,5S)-3a + (S,R)-3a mixture (dr = >97:3),
resulting in a (S,5)-3a + (S,R)-3a mixture with dr = 2:98
(compare entry 6 to entry 1). Isomerization of the (S,5)-3e +
(S,R)-3e mixture (dr = 62:38) with LHMDS also resulted in an
increased diastereoselectivity, as compared to epimerization
with NaHMDS (compare entry 7 to entry S). Repeated
epimerization of the (S,S)-3e + (S,R)-3e mixture (dr = 17:83)
with LHMDS gave a (S,S)-3e + (S,R)-3e mixture with dr =
4:96 (entry 8). Finally, exposure of epimerized mixture (S,5)-3a
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Table 2. Diastereoselectivities” and Yields in the
Fluorination and Subsequent Epimerization Reactions

F F
s S _Hevpn s B _HetPn
o/\l/ks o 3
N db . /T;’/\b base_ (s
Boc Boc Major
(5,9)-3 (S,A)-3
Major

_Het/Ph
)T Boc

fluorination:® F-

isomers dr (S,S)-/  epimerization® of (S,5)-3 + (S,R)-3:

entry Het/Ph (SR)-3 base, % yield, dr (S,S)-/(S,R)-3
1 2a: BT >97:3 NaHMDS, 76, 10:90
2 2b: 2- 78:22 NaHMDS, 87, 6:94
Py
3 2c: 4- 88:12 NaHMDS, 85, 4:96
Py
2d: Ph 96:4 NaHMDS, 63, 8:92
S 2e: N- 62:38 NaHMDS, 83, 17:83
Me-
Im
6 2a: BT >97:3 LHMDS, 89, 2:98
7 2e: N- 62:38 LHMDS, 84, 10:90
Me-
Im
8  2e: N- 17:83¢ LHMDS, 81, 4:96
Me-
Im
9  2a: BT 2:987 NaHMDS, 65, 10:90
10  2e: N- 4:967 NaHMDS, 76, 15:85
Me-
Im

“Determined by '"F NMR of the crude reaction mixture.

YFluorinations were performed in PhMe, base (1.2 equiv) was
added to (S)-2 at =78 °C, after 12 min solid NFSI was added (1.4
equiv); —78 °C 1.5 h, then rt 1.5 h. “Epimerization of mixtures of 3 (dr
shown in column 3): base (1.5 equiv) was added to 3 at —78 °C, —78
°C, 6.5 h, =78 °C — —20 °C in 20 min, then quench. “Diastereomer
mixture of F-isomers was obtained in the epimerization.

+ (S,R)-3a (dr = 2:98) to NaHMDS (entry 9) gave a product
mixture with dr = 10:90, comparable to the result in entry 1.
Similarly, upon exposure to NaHMDS, the (S,S)-3e + (S,R)-3e
mixture (dr = 4:96, obtained by epimerization with LHMDS)
reverted to a (5,5)-3e + (S,R)-3e mixture with dr = 15:85,
(compare entry 10 to entry S).

To assess whether any loss of chirality occurred at the initial
stereogenic center upon fluorination, the four stereoisomers of
3a were isolated and shown to separate on Chiralpak IC-3 (see
the SI). Fluorination of (S)-2a afforded a crude mixture of
(S,5)-3a/(S,R)-3a that was purified by column chromatog-
raphy. Both diastereomers were collected together in order to
prevent any potential loss of enantiomers via self-disproportio-
nation.'® The HPLC trace did not show the presence of (R,R)-
3a. Similarly, (R,R)-3a was subjected to epimerization to (R,S)-
3a by NaHMDS, and HPLC analysis of the crude mixture did
not show presence of (S,R)-3a.

As the highest diastereoselectivity was achieved with
benzothiazole-derived sulfones 3a, we wanted to gain some
preliminary insight into potential further transformations.
Benzothiazole sulfones have been originally described as
protected sulfinate salts'' and have gained renewed attention
recently.'>"? Therefore, we subjected (S,S)- and (S,R)-3a to
reaction with NaBH,, and the crude sulfinate salts were
converted to diastereomerically pure sulfones (S,5)-4 and
(S,R)-4 (Scheme 3). No chirality erosion at the fluorine-bearing
stereogenic center was observed by ’F NMR, indicating the
potential use of the isomers of 3a as versatile, chirally defined,

Scheme 3. Conversion of 3a to Benzyl Sulfones (S,S)-4 and
(S,R)-4 via Sulfinate Salts and to Amino Acids
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synthetic building blocks. As a proof of principle, sulfones
(8,5)- and (S,R)-4 were converted to N-Boc amino acids 6 (see
the SI for details).

To gain some insight into the highly diastereoselective
fluorination and epimerization reactions, we performed
preliminary DFT computations on the Li carbanions derived
from (R)-2a, (R,R)-3a, and its epimer (R,S)-3a at the B3LYP/

6-311++g(2d,2p) level (Figure 2).
<
/?

N )\/At}—(
Less stable carbanion Il gener-
ated from (R)-2a

More stable carbanion | gener-
ated from (R)-2a
v A <
—~ T ﬁv A
Carbanion IV generated from
(R,9)-3a

Carbanion Il generated from
(R.R)-3a

Figure 2. Li carbanions: generated from (R)-2a, upper figures;
generated from (R,R)-3a and its epimer (R,S)-3a, lower figures. Li:
purple; N: blue; S: yellow; O: red; F: green.

The difference in stability of the two Li carbanions, I and II,
generated by proton abstraction from (R)-2a, is 19.3 kcal/mol,
whereas that for carbanion III generated by proton abstraction
from (RR)-3a and IV generated from (R,S)-3a is 19.1 kcal/
mol. Models of more stable carbanions I and III show close
proximity of Li to the benzothiazole nitrogen atom, the
carbanion, and the carbonyl oxygen atom of the Boc group
(Figure 2). Intramolecular chelation of Li in carbanions « to a
sulfone functionality, containing a preexisting stereogenic
center, has previously been shown to result in diastereoselective
alkylations by favoring one mode of attack via a less-hindered
approach of the electrophile."*™"” In the present case, it is
plausible that the electrophile approach to the more stable
carbanion I, with lithium chelated by the benzothiazole
nitrogen atom and the Boc oxygen atom, is not favored from
the sterically congested, concave side, and attack occurs
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preferentially from a less-hindered side, anti to large
benzothiazole moiety and syn to sulfone oxygen atoms.'®
This would explain the highly diastereoselective fluorination.
Isomerization of the newly formed fluorinated stereogenic
center in (R,R)-3a could plausibly be rationalized in a similar
manner. Capture of a proton by carbanion III generated from
(R,R)-3a (showing Li chelation to the benzothiazole nitrogen
and Boc oxygen atoms, Figure 2), from a less-hindered side,
would result in inversion at the fluorine-bearing stereogenic
center, to give (R,S)-3a."”

In summary, metalation—electrophilic fluorination a to a
sulfone moiety in chiral N-Boc-protected (R)- and (S)-2,2-
dimethyl-4-((arylsulfonyl)methyl)oxazolidines proceeded with
good to excellent diastereoselectivity. Diastereoselectivities
depend on the base used and on the aryl/heteroaryl moiety
and were best with LDA and benzothiazolyl-derived sulfones.
Previously unknown base-induced epimerization at the fluorine-
bearing stereogenic center ¢ to a sulfone proceeded with good
to excellent diastereoselectivity and was the highest for
benzothiazolyl sulfones. This chemistry allows for stereo-
diversity in that from a single chiral precursor either of the two
fluorinated, enantiomerically pure diastereomers can be
synthesized. No chirality scrambling occurs at the original
stereocenter in the fluorination or epimerization steps. Utility
of these chiral, benzothiazole sulfone building blocks was
shown by their conversion to benzyl sulfones, via intermediate
sulfinate salts, without erosion of chirality at the fluorine-
bearing carbon atom. Diastereomeric benzyl sulfones were
further converted to N-Boc-protected amino acids. On the basis
of computational models of the carbanions derived from
benzothiazolyl sulfones, chelation of Li by benzothiazole N and
the Boc O atoms could plausibly account for the
diastereoselectivities observed in metalation—fluorination and
in the base-induced epimerization by approach of the
electrophile from a less-hindered side.
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