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ABSTRACT

CF3-substituted vinyl diphenylsulfonium triflate is an effective annulation reagent for the formation of R-CF3 substituted, epoxide-fused
heterocycles (pyrrolidines, piperidines, and tetrahydrofurans). This simple method affords a variety of valuable heterocyclic building blocks in a
highly diastereoselective manner (dr >20:1).

Fluorinated and especially CF3-substituted compounds
are of considerable contemporary interest,1 due to the
development of biologically active compounds containing
this functionality.2 Combined into heterocyclic frameworks,
this often leads to the creation of superior pharmacophores.3

Despite this high interest, efficient methods, starting from
simple materials, for the introduction of the trifluoromethyl

group into saturated heterocycles are still scarce.4,5 We
recently reported the synthesis of epoxide- and aziridine-

fused five-, six-, and seven-membered heterocycles from

unsubstituted vinylsulfonium triflates6,7 and explored

alternative modes of reactivity with these reagents for the

constructionofothermonocyclic four- to seven-membered

heterocycles such as morpholines.8,9 We envisioned that we

could combine our advances on theMichael-type-addition/

annulation sequence for fused ring systems with CF3-

substituted vinylsulfonium salts reported by others10 to

produce useful heterocyclic building blocks (Scheme 1).
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Screening of reaction conditions using aminoketone 2a
and β-trifluoromethylvinyl sulfonium salt 1 led to an
optimized method that produced 3a in 81% yield and in
>20:1 dr (please see Supporting Information for optimi-
zation details). The scope of the reaction (Table 1) was
shown to extend to the synthesis of other N-tosyl pyrroli-
dines 3a�d, giving good yields and excellent diastereoselec-
tivity. Sulfonamide 3e bearing the easier-to-cleave p-Ns11

also worked well. Furthermore, the synthesis of fused

piperidines 3f,gwas possible, as long as enolizable protons
werenotpresent,otherwisecompetingeliminationoccurred.12

Scheme 1. Context of Presented Work Table 1. Substrate Scope of the Annulation Reaction

a Isolated yield after purification. bFrom polymeric aldehyde 2b. c36 h
reaction time. dAweaker (pyridine) or stronger (NaH) base did not change
the outcome of the reaction, but led tomuch lower conversion. eCombined
yield of 5a and 5b, 5a:5b= 2.9:1.
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Epoxide-fused tetrahydrofuran 3hwas synthesized in good
yield and excellent diastereoselectivity, but the attempted
synthesis of six-membered oxygen heterocycles was domi-
nated by competing elimination, forming enol ether 4.12

Thiol 2j, with increased acidity adjacent to the CF3 group,
also resulted in elimination giving rise to products 5a/5b.
Evidently, in cases of slow cyclization or increased acidity
of theCHCF3, competing elimination dominates.13 The cis
relative stereochemistry of the product from 2a was con-
firmed from a crystal structure of 3a (Figure 1).

Based on our experience with unsubstituted vinylsulfo-
nium salts,7 we propose that, after initial addition of the
nucleophile 2a to vinyl sulfonium salt 1 to form sulfur ylide
6, two possible pathways (A andB) leading to cis and trans
products should be considered (Scheme 2). Betaine 7would
suffer less from steric strain than 8 and has more favorable
dipole interactions than 8. PathwayAwith a transition state
leading from conformer 6A to betaine 7 would be expected
tobe lower in energy thanpathwayB (with a transition state
leading from conformer 6B to betaine 8) as the transition
stateswill experience similar steric anddipole interactions as
the betaines. This accounts for the preferred formation of
the cis-epoxide 3a.
The strength of the diastereocontrol provided by the CF3

group (reagent control) was probed using the chiral sub-
strates derived from alanine, 9a,b. Out of four possible
products, only two were obtained, 10 and 11, in a 1:1 ratio
(Scheme 3a). Unsurprisingly, the stereogenic center in 9 does
not influence which face of the vinyl sulfonium salt is
attacked. The chiral substrate 9a shows an inherent prefer-
ence for formation of the epoxide cis to the methyl group
(Scheme 3b).7c Thus, product 10, with the epoxide cis to both
theMeandCF3groups, is“doublymatched”andexpected to
be easily formed. In contrast, compound 11 has the epoxide
cis to the CF3 group but trans to the Me group and so is
mismatched.Despite the inherent bias of a 4.6:1 ratio against
its formation imposed by the Me group, it was still formed
with complete exclusion of the other mismatched isomer 12
[with the epoxide cis to theMe group (matched) but trans to
the CF3 group (mismatched)], showing that the CF3 group
appears to induce a selectivity of >92:1 (>20:1 � 4.6:1).14

Finally, to give an example of how this method enables
rapid access to functionalized building blocks with diverse
options for elaboration, a regioselective opening15 of

Figure 1. X-ray crystal structure of 3a, showing cis configura-
tion of epoxide to CF3 (thermal ellipsoids are drawn at the 50%
probability level).

Scheme 2. Proposed Reaction Pathway for the
Diastereoselective Formation of 3a

Scheme 3. Reactions of R-Substituted Aminoketones 9
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epoxide 3bwithNaN3was carried out to give azido alcohol
14 in 61% yield (Scheme 4).
In conclusion, we have demonstrated an easy and effi-

cient synthesis of CF3-substituted heterocyclic building
blocks in good yields and very high diastereoselectivities.

Through probingmatched andmismatched stereoisomers,
it was found that the diastereoselectivities are >20:1 and
could be higher than >90:1. The methodology has been
extended to anarray of different classes ofCF3 substituted,
epoxide-fused heterocycles (N-, O-, five and six rings),
which are useful intermediates in synthesis.
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Scheme 4. Ring Opening of 3b with NaN3
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