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ABSTRACT

A method for preparing benzyl aryl thioethers utilizing an in situ deprotection of benzyl thioacetates as an alternative to free thiols as starting
materials has been developed and optimized. Good to excellent yields of diverse benzyl aryl thioethers are obtained with air-stable, odor-free, and
easy to prepare thioesters. A one-pot protocol for forming benzyl aryl thioethers from a benzyl halide, potassium thioacetate, and an aryl bromide
has also been demonstrated.

The prevalence of alkyl aryl thioethers (and their
derivatives) in natural products and pharmaceuticals has
led to the development of many methods for C�S bond
construction. Metal-catalyzed cross-coupling reactions
have proven to be a robust technique,1 with Pd2 and Cu3

emerging as excellent catalysts in various applications.

These methods, however, rely on the use of alkyl thiols,
which can be odorous and sensitive to oxidation. To
circumvent this issue, diaryl disulfides have been coupled
with alkyl halides.4 There have also been reports of in situ
cleavage of thioesters for use in SNAr reactions.5 Hartwig
and co-workers have used Pd coupling to prepare unsym-
metrical biaryl thioethers from aryl halides and TIPS-
thiol,6 while others have utilized copper and a xanthate
salt.7 Potassium thioacetate has also been employed in a
Cu-catalyzed coupling with an aryl halide followed by
hydrolysis and reaction with an alkyl halide.8
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Recognizing the utility of a protected thiol, we sought to
optimize the coupling of S-benzyl thioesters with aryl
halides, believing that an in situ deprotection would be
compatiblewithknowncross-coupling conditions (Scheme1).
The thioacetate protecting group, a common intermediate
in the synthesis of thiols in a variety of applications,9 was
chosen because of its ease of installation, simplicity of
deprotection, and low molecular weight. Most examples
of this transformation describe the proposed coupling
as an undesired side reaction10 or are limited to a single
example.11,12 After considering several known condi-
tions,3k,l,13 we began our investigations with Pd2dba3,
Xantphos, and DIPEA in 1,4-dioxane.2o Unfortunately,
thiswas not effective in coupling thioacetate 1awith bromide
2a (Table 1, entry 1).
To enable this transformation, we examined various

bases and solvents. Organic bases such as DIPEA and
Me2NH in various solvents were ineffective (entries 1�4).
In light of this, both strong and weak inorganic bases were
investigated using wet or dry 1,4-dioxane as a solvent.
Aqueous conditions were favored, with the mild base
potassium carbonate emerging as the preferred additive
(entry 8). The addition of water likely improved the rate of

hydrolysis of the thioacetates. A solvent screen revealed
aqueous THF as the superior solvent (entry 13), and it was
determined that only 1 equiv of basewas required toobtain
good yields (entry 18). Attempts to convert 1a to 3a in the
absence of either base or palladium failed to give product.
Further experiments (all with 2 equiv of K2CO3 in wet
THF) revealed that a reaction temperature of 100 �C gave
a slightly higher yield (85%), performing the reaction at
60 �C gave a reduced yield (20%), and using Pd(OAc)2 or
PdCl2 also provided product (73%and 63%, respectively).

With this optimization in hand, we elected to determine
the scope of the reaction using the Pd2dba3/Xantphos

system and 1 equiv of K2CO3 in 4:1 THF/water at 100 �C.
To our surprise, initial experiments with 2b (see Table 2 for

structures) provideda 7:1mixture of the desiredproduct 3b

and compound 3a. Indeed, 3awas observed with a variety

of aryl bromide substrates even when using rigorously

purified materials. At this point, we suspected that the

phenyl group found in the 3a byproduct came from either

degradation or transfer of a phenyl group fromXantphos.
By closely monitoring the reaction of 1a and 2b, it was

determined that 3a formed concomitantly with 3b. Mean-
while, subjecting compound 3b by itself to the standard
reaction conditions gave no 3a, ruling out the degradation
of 3b. Switching fromPd2dba3 toPd(OAc)2 did not change

Scheme 1. Proposed Thioacetate Coupling

Table 1. Optimization of Thioacetate Coupling with PhBra

entry base solvent waterb yieldc (%)

1 DIPEA 1,4-dioxane 0 0

2 DIPEA MeOH 0 14

3 DIPEA 1,4-dioxane 4:1 28

4 DMA 1,4-dioxane 0 31

5 NaOtBu 1,4-dioxane 0 23

6 NaOtBu 1,4-dioxane 4:1 28

7 K2CO3 1,4-dioxane 0 36

8 K2CO3 1,4-dioxane 4:1 74

9 KOH 1,4-dioxane 0 66

10 KOH 1,4-dioxane 4:1 61

11 NaOMe 1,4-dioxane 0 19

12 NaOAc 1,4-dioxane 0 0

13 K2CO3 THF 4:1 78

14 K2CO3 toluene 4:1 42

15 K2CO3 MeOH 4:1 0

16 K2CO3 DMF 4:1 0

18 K2CO3
d THF 4:1 79

19 K2CO3 THF 9:1 60

20 K2CO3 THF 1:1 68

21 K2CO3 THF 1:9 27

aReactions run on 0.5 mmol of 1a at 0.4 M for 14�18 h. Reactions
were not optimized for time. bRatio of solvent to water. c Isolated yield
of pure 3a. dReaction run with 1 equiv of base.
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the product distribution, but using commercially available
tert-butyl Xantphos gave solely compound 3b. This result
suggested a process of aryl�aryl transfer between a phenyl
group on Xantphos and Pd-bound 2b. Such a transfer has
been observed previously, mostly with monodentate li-
gands such as triphenylphosphine.14 Notably, Hartwig
observed an aryl�aryl exchange process while studying
palladium-catalyzed C�S coupling reactions,2q,15 A likely
mechanism based on that proposed by Chenard et al. is
shown in Scheme 2.14a

Initial oxidative addition of 2b with Xantphos-bound
Pd(0) would form 4, where the ligand X is either bromide
or thiolate depending on whether the aryl/aryl exchange
process occurs prior to or after the expected σ bond meta-
thesis.16 Reductive elimination provides species 5, which
then undergoes oxidative addition either at a C�Ph bond
(to regenerate 4) or at the C�Ar bond (providing 6), with 6
providing 3a.

To support this hypothesis, we reacted 1a with 2a-d5
under the previously optimized conditions (Table 1, entry
18); this provided amixture of 3.5:1 3a-d5:3a. The inclusion
of 3aagain implicatesXantphos as the source of the phenyl
group via anaryl�aryl exchangeprocess.Additionally, 31P
NMR analysis of Xantphos heated in the presence of
Pd2dba3 and excess 2b confirmed the formation of phos-
phorus-containing species distinct from 4.17 After heat-
ing for several hours at 100 �C, we observed several
doublets in the 31P NMR spectrum downfield of the both
the free and Pd-bound Xantphos singlets. Though not
conclusive, this is consistent with aryl�aryl exchange
disrupting the symmetry of the phosphorus atoms in
Xantphos.
A brief ligand screen showed that XPhos18 provided

good yields of 3b (66%) under the previous reaction
conditions with no formation of 3a. We proceeded to

explore the substrate scope of our optimized one-pot
deprotection/cross-coupling reaction (Table 2). These con-
ditions were effective for a diverse array of substrates,
including electron-poor (entries 1�6) and electron-rich
(entries 7 and 8) aryl bromides. Sterically demanding aryl
bromides (entries 10, 11, and 14) coupled efficiently, as did
base-sensitive functional groups including methyl esters
and nitriles (entries 2, 3, and 14). No hydrolysis of methyl
ester products to the corresponding carboxylic acids was
observed. Heterocycles such as 6-bromoquinoline 2n

coupled smoothly (entry 13), but 2-chloropyridine gave
complex reaction mixtures. Finally, bromobenzene pro-
vided very good yields of 3a.19

Variation of the thioacetate component 1 was also
explored (Table 3). Electron-rich (entry 1), electron-poor

Scheme 2. Proposed Mechanism for Aryl�Aryl Exchange

Table 2. Pd-Catalyzed Reaction of 1a with Aryl Halidesa

aReactions run on 0.5 mmol 1a at 100 �C for 15�18 h. No attempt
was made to optimize for time. b Isolated yield of pure compound 3.
cReaction run on 0.3 mmol of 1a.
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(entry 3), and sterically hindered (entry 5) thioacetates
were tolerated. Thiobenzoates and thiopivalates were also
effective (data not shown).

Thus far, we had demonstrated the ability to produce a
variety of benzyl aryl thioethers through the palladium-

catalyzed cross-coupling of aryl halides with thioacetates.

We were interested to see if this procedure could be

adapted to a more convenient one-pot protocol wherein

an alkyl halide is reacted with potassium thioacetate, a

readily available solid sulfur source, followed by immedi-

ate coupling in the same reaction vessel. Similar one-pot,

three-component couplings of an aryl halide, an alkyl

halide, and a sulfur source are known.20

Gratifyingly, treatment of bromide 7a with potassium
thioacetate (THF, 2 h, 60 �C) followed by in situ deprotec-
tion and cross-coupling 1c with 2o gave 3u in 96% yield,
highlighting the efficiency of both steps of this reaction.
Table 4 shows several benzyl aryl thioethers prepared in
good to excellent yields.Unfortunately, this reaction failed
to give product with alkyl halides as starting material.
In summary, a method for synthesizing benzyl aryl

thioethers from easy to handle and readily available

thioacetates has been developed. Deacylation and subse-
quent cross-coupling of thioacetates 1 can be achieved in
the presence of mild aqueous base in up to 96% yield. In
situ deprotection of thioacetates avoids the use of often
odorous and unstable thiols in cross-coupling chemistry.
As an even more streamlined procedure, we have demon-
strated that a one-pot thioacetate formation/deacylation/
cross-coupling sequence provides compounds 3 in moder-
ate to excellent yields.
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Table 3. Pd-Catalyzed Reaction of Thioacetates 1 with 2ca

aReactions run on 0.5mmol of 1a at 100 �C for 15�18 h.No attempt
was made to optimize for time. b Isolated yield of pure compound 3.
cBased on 90% pure product.

Table 4. One-Pot Formation of Benzyl�Aryl Thioethersa

aReactions run on 0.5 mmol 7 with 1.1 equiv of KSAc at 60 �C for
2�3 h, followed by addition of remaining reagents and heating at 100 �C
for 15�18 h. No attempt was made to optimize for time. b Isolated yield
of pure compound 3.


