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ABSTRACT: Pharmaceutically attractive fluorinated benzoxa- F

CeFs
thiin (thiaflavan) skeleton 4 was directly constructed by the J»(EWG CgF5-DAST RO~ F F-g-F
I
reaction of activated a-methylene ketones 1 such as f-keto Isopropyl ether / 70 °C /J\T\ /1\4 e N et
esters, 1,3-diketone, and f-keto sulfones with a perfluorophenyl orCHClp/t ~ EWG S L 4 s
4 CeF5-DAST

analogue of diethylaminosulfur trifluoride, C4Fs-DAST, in high
yields via successive perfluorophenylthiolation/cyclization re-
action.

ince the seminal work of fluorinated cortisones in the
middle of the 20th century and the discovery of potent

EWG = COZR1, COR4, SO;Ph
R = Ar, alkyl, heteroaryl

Namely, the reaction of activated acyclic a-methylene
ketones such as f-keto esters, 1,3-diketone, and f-keto sulfones

with C¢Fs-DAST gave tetra-fluorinated benzoxathiin derivatives
via the continuous penta-fluorophenylation—cyclization path-
way. Since the [1,4]-benzoxathiin/dihydrobenzoxathiin skel-
eton, also known as thiaflavan (thia-analogue of flavonoid and
flavan), is present in a variety of compounds of biological
interest,'’ including antihypertensive agents, antioxidants,
estrogen receptor modulators, adrenoreceptor antagonists,
and artificial sweeteners, fluorinated thiaflavan derivatives'”
should be useful drug candidates in medicinal chemistry
research (Figure 1).

CcFs-DAST was prepared by the reaction of C4F;—SiMe,
with DAST in the presence of Pr,NEr and used directly for the
next reaction without the need to be isolated.”* The formation
of fluorinated [1,4]-benzoxathiin 4a was steadily observed by

biological activity of new quinolones in the 1970s, fluorine-
containing compounds have gained prominent positions in the
drug development of pharmaceuticals and agrochemicals."” In
particular, fluorinated heterocycles” are in great demand due to
the successful history of heterocycles in the drug market. Thus,
novel and efficient synthetic methods to access fluorinated
heterocycles have been actively researched worldwide. One of
the strategies to prepare fluorinated compounds is to use shelf-
stable reagents for fluorination and fluoro-functionalization.”
These reagents are easy to handle, are commercially available,
and have eflicient reactivity for organic reactions under
conventional conditions, and they are now very popular in
both academia and industry. Diethylaminosulfur trifluoride
(DAST)” is an early, representative example in this field. DAST
was developed as an easy to handle alternative to SF,, and it is
used for the direct transformation of the OH group to F.

a) previous work b) previous work

F CF,
Recently, we discovered an unexpected reaction of DAST o Fagt o F-g-F o
|
toward f-keto esters 1 to provide a-fluoro-a-aminothio- oMic e Nt EWG  g-Nogy EWG
, : R R™ Y-sNet, <——— R —= = B
compounds 2 via a sequential electrophilic aminothiolation/ . 2 DAST HH CF,-DAST H SCFa
fluoro-Pummerer rearrangement reaction.®*” Moreover, the up to 90% yield up to 91% yield

trifluoromethyl (CF;) analogue of DAST, CF;-DAST, showed
a different type of reaction for the same substrates to provide a-
triftuoromethylthiolation products 3 in high yields.”*" Although
many papers have been reported concerning the trifluorome-
thylthiolation reaction including electrophilic and nucleophilic
approaches,”™” the CF;-DAST method is rather different from
others due to the viewpoint of the reaction mechanism.”””
Encouraged by the unique reactivity of DAST-type reagents,”"
we were interested in a perfluorophenyl (C4Fs) analogue of
DAST, CgFs-DAST, and found that biologically attractive
fluorinated thiaflavan, skeleton (benzoxathiin) 4, was directly
constructed by the reaction of a-methylene ketones 1 with
C(F,-DAST.

c) this work
F CeFs
(o) /L _F Fas- F
I P, //I\. N “Et
I

Can-DAST

o

(dihydro)benzoxathiin /
thiaflavan skeleton

EWG
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R = Ar, alkyl, heteroaryl

Figure 1. (a) Reaction of 1 with DAST (previous work); (b) reaction
of 1 with CF;-DAST (previous work); (c) reaction of 1 with CF-
DAST (this work).
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the reaction of la with C4Fs-DAST, while yields were
dependent on the solvent, temperature, and conditions for
the preparation of C¢Fs-DAST. After optimizing the reaction
conditions (see Table S1 in Supporting Information (SI)), an
excellent yield of 93% was obtained by the reaction of 1a with
2.0 equiv of C¢Fs-DAST (prepared from DAST and C(F—
SiMe; in the presence of 1.2 equiv of Pr,NEt in dichloro-
methane) in isopropyl ether at 70 °C for 12 h.

With the established optimal reaction conditions in hand, we
expanded the substrate scope of f-keto esters, la—q and 1,3-
diketone 1r (Scheme 1). Independent of the electronic nature

Scheme 1. Reaction of f#-Keto Esters and 1,3-Diketone”
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“The reaction of la—r (0.2 mmol) with 2.0 equiv of C4F-DAST (0.5
M mixture in CH,Cl,) was carried out in isopropyl ether at 70 °C for
12 h. For detailed reaction conditions, see SI. Yields are isolated yields.
F NMR vyields with an internal standard, C4H;F, are also shown in
parentheses. The reaction was carried out with 1.0 mmol of la.

of the substitution on the benzene ring of la—f (H, F, OMe,
Me, Br, Cl) and their different positions 1g—i (2-OMe, 2-Me,
3-Me), corresponding products 4a—i were obtained in good to
excellent yields. The more electron-rich 3,4-dimethylbenzene
substrate 1j and naphthalene substrates 1k—1 also underwent
the same transformations to give corresponding products 4j—
in good to high yields. Heterocyclic substrates 1m—o and
nonaromatic substrates 1p—q were suitable substrates for this
transition to furnish desired products 4m—q in good to high
yields. It is interesting to note that this strategy was also
effective for 1,3-diketone substrate 1r to provide desired
product 4r in 48% yield. The structure of 4r was
unambiguously confirmed by single crystal X-ray structure
analysis (CCDC 1524751, Figure 2).

We next examined the reaction of f-keto sulfones with C¢Fs-
DAST. While the same reaction conditions were not suitable
for this transformation of 1s, desired compound 4s was
obtained in 66% vyield after surveying reaction conditions
(Table S2, in SI). The optimized conditions were selected: 2.0
equiv of C4Fs-DAST at rt in CH,CI, for 12 h. Substrate scope
for the transformation of f-keto sulfones 1s—w having

substituted phenyl, bulky naphthalenyl, and aliphatic cyclohexyl
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Figure 2. X-ray crystal structure of product 41 (CCDC 1524751).

groups to corresponding fluorinated benzoxathiins are shown in
Scheme 2. Benzoxathiins 4s—w were obtained in moderate to

Scheme 2. Reaction of f-Keto Sulfones”
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“The reaction of 1s—w with 2.0 equiv of C4Fs-DAST (0.5 M mixture

in CH,Cl,) was carried out in dichloromethane at rt for 12 h. For

detailed reaction conditions, see SI. Yields are isolated yields. *’F NMR
ields with an internal standard, C4H;F, are also shown in parentheses.
The reaction was carried out in CH;CN at —20 °C for 4 h.

good yields. It should be noted that when the reaction of 1s
with C¢Fs-DAST was carried out at a low temperature of —20
°C for 4 h, acyclic a-perfluorophenylthio-$-keto sulfone § was
obtained in 40% yield. This result suggests that acyclic § could
be an intermediate for the formation of benzoxathiin 4s.

To exemplify the synthetic utility of the benzoxathiins 4,
several transformations were attempted as shown in Scheme 3.

Scheme 3. Transformation of 4a
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4a was successfully transformed into corresponding fluorinated
thiaflavan 7 via its sulfoxide 6 by oxidation (74%) and reduction
(49%). 4a was also tolerated under hydrolysis by LiOH and
oxidation by m-CPBA to provide acid 8 (96%) and sulfone
product 9 (81%). It should be noted that one of the C—F
bonds of 4a was selectively substituted by the nucleophilic
substitution reaction with p-chlorothiophenol to generate 10 in
43% yield as a single isomer (Scheme 3).

Since the compound 5 was suggested as an intermediate in
Scheme 2, we attempted the cyclization of § to 4s. Surprisingly,
the acyclic sulfone $ did not react in the presence or absence of
"Pr,NEt (1.5 equiv) in CH,Cl, at rt, or in isopropyl ether at 70
°C, for 12 h (Scheme S1 in SI). We thus carefully investigated
the reaction of 1s to 4s using Yp, 'H NMR and mass
spectroscopy of the reaction mixture (Scheme S2 in SI), and
the postulate reaction mechanism is depicted in Scheme 4 as

Scheme 4. Proposed Reaction Mechanism
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exemplified from 1s to 4s. Initially, the enol oxygen of 1s’
derived from 1s attacks the sulfur atom of C(Fs-DAST to
furnish an intermediate A by the elimination of HF. The enol A
is rearranged to B via enol-keto tautomerization. The acidic
proton in intermediate B is released as a HF salt of Pr,NEt
with the reduction of sulfur(IV) to sulfur(IIl) to provide acyclic
sulfonium salt C. A cyclization in C should occur via an
intramolecular substitution at the fluorine atom by an enol
oxygen to furnish sulfonium salt D followed by the elimination
of N-ethylidene ethanamine with the release of HF via the
reduction of sulfur(Ill) to sulfur(Il) to provide the final
product 4s. Two equivalents of Pr,NEt should be required for
trapping of HF in the initial and middle stages of this
transformation. This is in good agreement with the use of 2
equiv of CF¢-DAST (prepared from DAST and CyF;—SiMe,
in the presence of 1.2 equiv of 'Pr,NEt) as the best condition.
When the reaction was carried out at low temperature, the
reaction stopped at the formation of C (Scheme S1), which
converted to $ by purification and isolation processes with
silica-gel column chromatography (Scheme 2). It should be
noted that the intermediate C is somewhat stable and it was
tolerated under the workup process with water. The structure
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of C is supported by the 'H and "F NMR and LC mass
analysis of the crude reaction mixture. The crude C was
gradually cyclized to 4s even in an NMR tube in CDCIj at rt for
12 h with the formation of byproduct 5 (Figure S1 in SI).

In conclusion, a novel method for the construction of
fluorinated benzoxathiin skeleton 4 was disclosed by the
reaction of @-methylene-f-keto esters with C4F-DAST in high
yields. 1,3-Diketone and f-keto sulfones were also converted to
benzoxathiin derivatives by C4Fs-DAST in moderate to good
yields. The benzoxathiin derivative is stable and quite tolerant
to a variety of organic reaction conditions including oxidation,
reduction, hydrolysis, and nucleophilic substitution providing
corresponding compounds in good to high yields. A reaction
mechanism was also proposed that involved successive
perfluorophenylthiolation/cyclization. The biological activity
of a series of benzoxathiins will be investigated soon.
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