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Aryl perfluoroalkyl sulfones (ArSO,RF) are of substantial
utility in pharmaceutical, agrochemical, and polymer chemis-
try!!l as CF,-transfer reagents? as precursors to aryl(alkyl)
sulfones,’! and for binol-based (binol = 2,2"-binaphthol) cat-
alysis.**] However, the only general method for the prepa-
ration of ArSO,RY involves the oxidation of ArSRF.

In 2003 we reported!” that a thia-Fries rearrangement™
(1,3-O4,—C,, migration of S(O),R) can compete with
arynel” generation (e.g. Figure 1 1—2/3) when aryl triflates
are reacted with lithium diisopropylamide (LDA) at —78°Cin
THFE.""! However, rearrangement is limited in scope and in
certain cases has proven to be capricious.'! In 2006,
Butenschon and co-workers showed that {Cr(CO);} com-
plexes with nP-aryl triflate ligands undergo a thia-Fries
rearrangement very readily, and they elegantly demonstrated
an enantioselective rearrangement of [n°(C¢H;OTf)-
Cr(CO),].1

Herein we describe the first examples of isotopically
labeled aryl triflates (*H, '®O, and *S) and their use in a
mechanistic study to probe the molecularity, reversibility, and
partitioning of the rearrangement!*”'? and the competing
aryne generation.'’? On the basis of our findings we report
that the rBuP, organosuperbase, reported by Schwesinger
et al..'™ can induce an anionic thia-Fries rearrangement in
aryl triflates that bear sufficiently electron-withdrawing
substituents.

In our initial report,” we found that the rearrangement is
favored by a number of factors, including electron-withdraw-
ing substituents and the presence of a group ortho to the
triflate unit. However, many of the patterns of reactivity
remain puzzling. The reaction of the regioisomers of chlor-
obenzene triflate 1 with LDA (Figure 1) exemplify this: o-1
undergoes rearrangement (—3), m-1 exclusively undergoes
elimination (—o0-2), and p-1 undergoes both processes (—2/3
in ca. a 1.8 ratio).
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Figure 1. Sites of reaction (arrows) for o-, m-, and p-isomers of 1 to
give 2 and 3. Conditions: LDA (1.05 equiv) in THF at —78°C.

The net kinetic isotope effect!™ associated with the
irreversible® C—H cleavage was probed intramolecularly
by reaction of 2-[*H,]-p-1 with LDA at —40°C. The values
determined for the rearrangement (ku/kp=2.5+0.2) versus
the elimination (ku/kp=2.6£0.6) are indistinguishable, and
suggest partitioning from a common intermediate generated,
for example, by an LDA-mediated ortho lithiation reac-
tion.l'*! However, the reaction of bromo-bearing aryl triflate
4 with BuLi at —78°C, Scheme 1, resulted in quantitative
aryne generation (0-2)!"¥! as evidenced by the in situ trapping
with 1,3-diphenylisobenzofuran (DPIBF) to give 5. Indeed, as
far as we are aware, all examples of ortho-metalated aryltri-
flates (Mg, Zn)!"*?"! generate arynes,**?! rather than undergo
arearrangement. In contrast, reaction of o-1 with LDA in the
presence of DPIBF gave 3-H (80% yield) together with
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Scheme 1. Rearrangement of 0-1 (—3) versus aryne (0-2) generation
from ortho-Li aryltriflate (4 + Buli) and capture in situ by DPIBF.
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recovered DPIBF. Taken together, these results implicate the
generation of intermediates that do not involve Ar-Li
bonding, for example aryl anions.

Gas phase B3LYP/6-31G(d) calculations and single point
B3LYP/6-311 + G(d,p) calculations, including a continuum
description of the THF solvent,” were carried out for the
pathways leading to the elimination and the rearrangement of
[CsH,OTI] . Although the use of a truncated model without a
counterion and a simplified continuum description of the
solvent prevent us from quantitatively analyzing the parti-
tioning of the anion, both processes are predicted to be
extremely facile (Figure 2).
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Figure 2. Computed relative energies (kcal mol™) for the elimination
or the rearrangement of the cisoid isomer of [CgH,(OTf)]” in a THF
continuum.

The loss of the triflate group is predicted to be mildly
exothermic (10.2 kcalmol™) and the O,,—C,, sulfonyl
migration is predicted to be highly exothermic (62.0 kcal
mol™'). For the latter process, a putative 1,2-oxethietane
intermediate could not be located. Instead, the O,,—C,,
migration proceeded by a single and early transition state
with a C—S distance of 2.68 A (3.07 A in the starting species)
and a breaking S—O bond length of 1.69 A (1.59 A in the
starting species).

Preliminary calculations show that the two barriers
remain close in energy for the chlorine-substituted aromatic
ring. In the gas phase calculations, a stable triflate/benzyne
ion—-molecule complex is found. Although this complex is
4.3 kcalmol ™' less stable than the separated benzyne and
triflate pair in the presence of a continuum solvent, it
suggested that reversible formation of a benzyne/triflate
ion—-molecule complex might facilitate thermodynamic rather
than kinetic control. However, reaction of *0-o0-1 gave *O-
phenol 3, without ¥0/'®O scrambling (Scheme 2a), strongly
weighing against reversible liberation of the triflate group.
The possibility of an intermolecular transfer of the SO,CF;
group by an anionic chain reaction®! was tested by simulta-
neously reacting 5-[?H]-0-1 and [*S]-0-1 (prepared in five
steps from *Sg) with LDA in THF from —78°C—room
temperature. The complete lack of crossover (Scheme 2b)
demonstrates that the sulfone group transfer is intramolecu-
lar.

We next considered intramolecular attack of an ortho-
anionic triflate at the sulfonyl oxygen atom to generate a
trifluoromethylsulfinite  (7) through intermediate 6
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Scheme 2. Rearrangement of '*0-, *S-, and ?H-labeled o-1.
a) "®O-scrambling experiment. b) Crossover experiment.

(Scheme 3). Organosulfinites are known to undergo isomer-
ization to the corresponding sulfone by a heterolytic ion-pair
recombination mechanism,?¥ and thus, the combination of a
trifluoromethylsulfinite and a phenolate (7) would be
expected to isomerize readily. However, rearrangement of
6-[*H]-8 gave [*H]-9 as a single [?H]-isomer, (Scheme 3) ruling
out a sulfinite-based mechanism.

6 7
2H Ho LDA ?H SO,CF,4
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Scheme 3. Probing for symmetrical intermediate 6 by way of 6-["H]-8.

An additional parameter affecting partitioning between
the rearrangement and the elimination reactions is the
concentration of the free HN(iPr), (DIPA).”) Whereas both
processes nominally generate DIPA from the reaction of
LDA with ArOT{, the DIPA remains strongly complexed to
Li in the rearrangement product” and is also consumed by
rapid (LDA-catalyzed) reaction with the aryne to generate
ArN(iPr),."% Addition of DPIBF, which selectively traps the
aryne (cf. 5), bypasses DIPA consumption and leads to a rise
in the DIPA concentration, which can have a profound effect
on the reaction outcome. For example, reaction of 8 with
DIPA-free LDA generates 9 (30%) and naphthyne-derived
anilines (44 % ). However, in the presence of DPIBF (1 equiv)
the same reaction affords no trace of 9 and a 99 % yield of the
naphthyne-DPIBF adduct.”” This sensitivity to DIPA, albeit
extreme in the case of 8, is also observed in readily rearranged
substrates’! and suggests that DIPA catalyzes aryne gener-
ation. In Huisgen and Sauer’s pioneering studies of the
kinetics of aryne generation from Ar—X, the presence of
HNR, was found to efficiently catalyze ortho metalation.™!
As noted above, metalation ortho to a triflate group (Li, Mg,
Zn) consistently results in an elimination.'®'! Thus, our
overall model for the reaction of aryl triflates (11) with LDA
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includes both an anionic pathway (Scheme 4, A; 11—12) and
a DIPA-catalyzed metalation pathway (B; 11—13).

In pathway A, the low activation barriers for the sulfonyl
group migration (C) and elimination (D) result in the
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Scheme 4. Mechanisms for the elimination and the rearrangement.
Values in parentheses represent the relative energies of the transoid
and cisoid forms of 12.

conformation of anion 12 playing a key role. Calculations
show that when X =H, 12, and 12, (subscripts ¢ = transoid and
c=cisoid) lie close in energy, and the cisoid conformation
that is required for rearrangement (12.—14) is higher by just
0.4 kcalmol™'. Substitution ortho to the triflate group will
substantially reduce or invert this bias. The electronic
demands of the substituents (X) also play a key role in
terms of stabilizing (e.g. Cl and CF;) or destabilizing (e.g.
OMe) aryl anion 12 with respect to capture by the Li* ion (E)
to generate 13. This process will be particularly facile when
there is a directing group ortho to the anion and meta to the
triflate group (e.g. Cl or OMe). Irrespective of the route by
which it is generated (B or E), ortho-lithiated triflate 13 leads
solely to the aryne (—15).0181

Although complex, the steps depicted in Scheme 4 ration-
alize all of our observations: ortho and para-chlorobenzene
triflate (o/p-1) rearrange (the former exclusively) and the
meta isomer (m-1) eliminates, but the more electron-deficient
and conformationally-biased o,m-dichlorobenzene triflate
undergoes rearrangement (52% yield). Analogously, the
electron-withdrawing  {Cr(CO);} unit in the [n-
(ArOTf)Cr(CO);] complexes reported by Butenschon and
co-workers induces a high-yielding rearrangement irrespec-
tive of the aryl substitution pattern.'? On the basis of
Scheme 4, aryne generation should be attenuated by inhibit-
ing metalation (B/E). Accordingly, switching from Li to the
less covalent K (potassium hexamethyl disilazane) induces
rearrangement (10-48%) in meta-anisyl (11a) and meta-
chlorobenzene (m-1) triflate, for which LDA (or lithium
hexamethyl disilazane) affords only aryne-derived anilines
(60-80% ). Moreover, the phosphazene (16)!*>! reported
by Schwesinger et al. (pK, [16-H]* =28, THF) is found to
deprotonate suitably activated aryl triflates and induce
rearrangement under metal-free conditions (Scheme 5).*")

In summary, the first examples of isotopically labeled (*H,
0, and *S) aryl triflates have facilitated a mechanistic

Angew. Chem. 2008, 120, 5145-5148

© 2008 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

Angewandte

1 equiv 16

or 1 equiv KHMDS
toluene (or THF)

X X

1 H |

S Y. - = _
N = H > S,O

1, 11a-d 24h, 0-70% 3, 14(H)a-d T CF,
X KHMDSE! 16! [

0-Cl (0-1) 36% 43%"

m-Cl (m-1) 12-18% 0% (MeyN);P=N  tBu
m-OMe (11a) 10-48% 0% (MeQN)3P=N—P:N
0,m-Cl, (11b) 70% 37%° (Me,N) P=N
1-(CyoHs-2-0Tf) (11c)  7-20%  10-48%° 23 16
0-CF; (11d) 62% 67%°

Scheme 5. Anionic thia-Fries rearrangement by using KHMDS or 16.
[a] —78°C to RT in toluene. [b] —30°C to RT in THF. [c] —78°C to
80°C in toluene.

investigation of the LDA-induced thia-Fries rearrange-
ment”'? and the competing elimination."”! Both reactions
proceed after an irreversible ortho C—H cleavage. The
rearrangement proceeds by an intramolecular!™ anionic
Ou—Cy, transfer of the SO,CF; group (12,—14) through a
single transition state, without the discrete formation of a 1,2-
oxethietane intermediate.””? In contrast, direct (B) or indirect
(E) arylmetalation (—13) results exclusively in elimination
(—15) 101819
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