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Abstract:An efficient synthesis of a difluorosulfone-containing herbicide has been achieved by selective reductive
silylation of a symmetrical bis(trifluoromethyl)-1,2,3-triazole. Subsequently, a fluoride-induced reaction led to
a difluoromethyl anion equivalent, which was reacted with a sulfur electrophile leading ultimately to the key
difluorosulfide moiety.
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Sulfonyl isoxazolines such as py-
roxasulfone (KIH-485) and fenoxasul-
fone (KIH-1419)[1] represent a new class
of herbicides. These chemicals, which are
potent inhibitors of plant Very Long Chain
Fatty Acid Elongases (VLCFAEs), control
weeds which would otherwise have a neg-
ative impact on crop yields.

At Syngenta, we became interested in
fluorinated derivatives of this class, which
showed interesting activity against grasses
and broad leaf weeds. Compound A[2] was
a lead molecule in our investigation (Fig.
1) and we present here our work towards
a convergent, scalable and cost-effective
route to this compound.

The original research route to compound
A consistedof aneight-step linear sequence
and suffered from various drawbacks, not
least a) the alkylation of an early triazole
intermediate B that proceeded with poor
regioselectivity; b) an electrophilic fluor-
ination using N-fluorobenzenesulfonimide
(NFSI), a costly reagent not well suited to
our purposes (Scheme 1).

We therefore sought a new highly con-
vergent and regioselective route to com-
pound A that would use only cheap and
atom-economic sources of fluorine.

Compound AFenoxasulfone (KIH-1419)Pyroxasulfone (KIH-485)

Fig. 1. Representatives of a new class of herbicides.
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Scheme 1. Challenges in the initial research route.
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Initial reactions on a small scale were
frequently performed with TASF (tris-
(dimethylamino)sulfonium difluorotri-
methylsilicate) as a convenient source of
anhydrous fluoride. However, a screen of
different nucleophilic initiators showed
that the scope was broad (including
tBuOK and CN–) and that KF was optimal.
Additionally, while the reaction could be
performed with catalytic quantities of KF
(reaction propagated by CN–), the reaction
proceeded in higher yields with stoichi-
ometric amounts. Polar aprotic solvents
were found to be optimal, with the best re-
sult observed in DMA. The poor solubility
of KF was alleviated by introduction of 10
mol% 18-crown-6, which significantly en-
hanced the reaction rate.

This key reaction established the de-
sired α,α-difluorosulfide bond and with

1. The First Convergent Synthesis
to Compound A

Our preferred retrosynthetic strategy
focussed on the formation of the compound
A bridge by addition of a ‘difluoromethyl
anion’ equivalent to a suitable sulfur-based
electrophile (Scheme 2).

The literature precedent for a coupling
of this type was encouraging, with a publi-
cation from Wakselman et al.[3] highlight-
ing the formation of phenyldifluoromethyl
silane (2) by reductive silylation of phe-
nyldifluorochloromethane (1)[4] and sub-
sequent reaction of the silane with a range
of electrophiles (Scheme 3).

We envisaged that, in our case, the key
substrate for the reductive silylation, the
difluorochlorotriazole 7, could be prepared
from the trichlorotriazole 6, which in turn
could be derived from either the bromotri-
azole 4 or the carboxylic acid 5 (Scheme
4).[5]

Starting from the bromotriazole 4,
halogen/metal exchange with the ‘turbo
Grignard’ reagent iPrMgCl·LiCl, followed
by reaction with CCl

4
afforded the desired

product 6 in 65% yield albeit with signifi-
cant quantities of the corresponding chlo-
rotriazole as byproduct. More usefully, we
were able to prepare 6 in larger quantities
from the corresponding carboxylic acid 5
by treatment with PhP(O)Cl

2
and PCl

5
.[6]

The trichloride 6 proved to be inert to
excess HF buffered with pyridine. The use
of various ratios of fluorinated antimony
reagents (SbF

3
/SbCl

5
, Swarts reaction)[7]

also failed to give the desired difluoro-
choro compound in a clean manner, with
over fluorination to the trifluoromethyl
compound prevailing in all experiments
attempted. In contrast, selective and clean
difluorination was achieved usingAgBF

4
[8]

in dichloromethane (Scheme 4) or anhy-
drous HF.

The final reductive silylation step
worked surprisingly well given the chal-
lenging nature of this transformation.
Indeed, in contrast to alkyl C–Cl bonds,
which can be reduced under standard
conditions with activated magnesium,
perfluorinated chloroalkyls display far re-
duced reactivity under similar conditions.
Noteworthy, the reductive silylation of the
triazole 7 represents, to the best of our
knowledge, the first example of this trans-
formation on a heteroaromatic compound.

With the key triazole 8 in hand, a range
of sulfur-containing electrophiles were
prepared to test their suitability in the cou-
pling reaction. Disulfides 11 and 12, the
sulfonyl derivatives 13 and 14 and the thio-
cyanate 15 (Scheme 5) were prepared from
either chloroisoxazoline[9] 10 or isoxazo-
lidinone 9.[10]

The first results obtained using di-
sulfides were very encouraging and the

desired compound 16 could be detected
(Scheme 6). However, the use of the di-
sulfide 11 involves the loss of one isoxaz-
oline moiety, which, though potentially re-
cyclable, is not attractive from a cost point
of view. To overcome this issue, a single
experiment with the mixed disulfide 12
was carried out. Unfortunately, under the
conditions tried, the major product of the
reaction was compound 17, which prob-
ably reflects the polarisation of the S–S
bond.

Of the other electrophiles investigated
(Scheme 7), the thiocyanate 15 emerged
as the most promising coupling partner.
All others either suffered from poor mass
economy or selectivity in the reaction and
further optimisation of the coupling re-
action with 15 was therefore carried out
(Table 1).

Compound A n = 0, 1 or 2
X=Cl, F, CN, SR..

Scheme 2.
Retrosynthetic dis-
connection.

conditions: a) Mg, TMSCl, DMF, 98%; b) diphenyl disulfide, KF, DMF, 83%

a) b)

1 2 3

Scheme 3. Literature
precedent.

a) b)

c)

conditions: a) from 4: iPrMgCl, LiCl, CCl4, 65% yield; from 5: PCl5, PhPOCl2, 80% yield; b)
AgBF4 (4 eq), DCM, 65% yield or anhyd. HF c) Mg (4 eq), TMSCl (8 eq), DMF, 80-95%
yield

6 7 (R' = Cl)
8 (R' = SiMe3)4 (R = Br)

5 (R = CO2H)

Scheme 4.
Preparation of the tri-
azole building block.

g)

9

conditions: a) i) thiourea, HCl, ii) K2CO3, BrCN, 70% yield; or NaSCN, HCO2H, rt,
90%; b) i) thiourea, HCl, ii) K2CO3, I2, 65% yield; c) K2CO3, I2, Me2S2, 93% yield; d)
P2S5, then I2, 57% yield; e) trichlorocyanuric acid (TCCA), HCl, 75% yield; f) KF,
MeCN, 65% yield; g) i) TCCA, HCl, MeCN, ii) KF.H2O, 91% yield
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f)
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Scheme 5.
Preparation of isoxaz-
olines synthons.
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lane 8 and the starting material 20 (Fig. 3).
When we initiated our investigation, only
two examples of defluorinative silylation
of CF

3
groups were described in the liter-

ature.[13,14]
The required hexafluorotriazole 19was

prepared as reported in the literature. To
our delight, it was found that the methyla-
tion proceeded with good regioselectivity
to give the desired methyl triazole 20 in
87% yield.

Initial reactions suggested that the pro-
posed reductive silylation was difficult, as
only large excess of reagents (40 equivMg,
8 equiv TMSCl, DMF/THF) furnished the
triazole 8 in 6% yield.

However, encouraged by this result, the
reactionwasoptimizedmore intensively.[15]
Most urea and amide solvents accelerated
the rate of the reaction but led to lower se-
lectivity, while ethereal solvents were far
more selective but the reaction was then
extremely sluggish. To improve the rate of

the optimised conditions in place, com-
pound 16 could be obtained in 74% yield
(Scheme 8). Subsequent oxidation with
peracetic acid completed the sequence to
give the desired compound A.

2. A Breakthrough Defluorinative
Silylation – The Optimized Route to
Compound A

Given the success of the first coupling
approach, we were keen to explore an even
more efficient, albeit far more challenging,
variant of this reaction (Fig. 2).

The N-H bis(trifluoromethyl) triazole
19 was known in the patent literature[11]
and accessible in only two steps from
cheap starting materials. If achievable, a
subsequent selective alkylation and reduc-
tive silylation would allow access to the
key building block 16 in only four linear
steps; a highly attractive option.

The desired transformation required
the reduction of a relatively inert C–F
bond, which was expected to be difficult
and we also anticipated that another major
challenge would be to achieve the selec-
tive reduction of just one of the C–F bonds.
This was confirmed by cyclic voltammetry
measurements which revealed similar re-
dox potentials[12] for both the product si-

8 16 (n = 0)
18 (n = 2) = compound A

13-15

conditions

Scheme 7. Coupling step experiments.

? ?

19 820

Fig. 2. Reductive silyl-
ation of a CF3 group.

11

conditions: a) TASF, DMF, rt

128

16

a)

19F NMR ratio: 15:75

a)

16 17

Scheme 6. First addition reactions.

conditions: a) KF, DMA, rt, 74%; b) AcOOH, K2CO3, 80%

a) b)

168 15 compound A

Scheme 8. Coupling step to difluorosulfide.

reduction potential - 2.14 V - 2.50 V - 2.49 V- 1.58 V

Fig. 3. Electrode reduction potentials of key triazole building blocks.

Table 1.

Isoxazoline
reactant

conditions Yield [%]

13 TASF, DMF, rt 0%a 18

14 KF (0.9 equiv), DMF, rt 28%b 18

15 TASF (0.25 equiv), DMF, rt 28% 16

15 KF (1 equiv), 18-c-6 (0.1 equiv), DMF, rt 56% 16

15 KF (1 equiv), 18-c-6 (cat.), DMA, rt 74% 16

aDecomposition of the sulfonyl chloride 13 under the reaction conditions to give the chloroisoxazoline
bThe nucleophilic attack on the carbon atom of the isoxazoline was observed as a side product
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the reaction, we thus focused our attention
on THF in combination with additives, to
activate the metal surface (LiCl, ZnCl

2
,

MgCl
2
, FeCl

2
and FeCl

3
), or activated

forms of Mg (e.g. Rieke Mg).
Under the optimized conditions, a re-

markable 72% yield was obtained repro-
ducibly, using Mg in combination with
FeCl

2
and MgCl

2
, as additives (conditions

b, Scheme 9).
In summary, a highly efficient route

to compound A was developed, including
a reductive silylation of a trifluorome-
thyl group and a convergent coupling of
a ‘difluoromethyl anion’ equivalent and
a thiocyanate. Importantly, we were able
to install the difluorosulfone moiety effi-
ciently without adding significant cost to
the overall process.

3. Experimental Part

3.1 Defluorinative Silylation of
Compound 7 (Scheme 4)

A suspension of magnesium powder
(1.590 g, 66 mmol) was stirred in anhy-
drous DMF (40 mL) under nitrogen for 90
min. To this mixture was added at room
temperature chlorotrimethylsilane (17 mL,
135 mmol) and the suspension was stirred
for 45 min. To this suspension, a solution
of the triazole (3.796 g, ca. 16.1 mmol) in
anhydrous DMF (20 mL) was added at 0
ºC. The reaction was exothermic and some
gas evolution was observed. The reac-
tion mixture was slowly warmed to room
temperature and stirred for 3.5 h and then
quenched with ice water (100 mL). The
solution was extracted with diethylether (3
× 80 mL), washed with brine (100 mL),
dried over Na

2
SO

4
and then concentrated

in vacuo to give a crude residue. This resi-
due was filtered through a pad of silica (8:2
isohexane/ether) and concentrated to give
the title compound 8 (4.172 g, 95%). 1H
NMR (400 MHz, CDCl

3
): 4.24 (3H); 0.25

(9H) ppm.19F NMR (376 MHz, CDCl
3
):

–59.82 ppm (CF
3
), –108.96 ppm (CF

2
).

3.2 Coupling Step Using
Compound 8 (Scheme 8)

To a solution of the thiocyanate 15
(680 mg, 4.39 mmol) under nitrogen in
DMA (anhydrous) (5.0 mL) was added KF
(spray-dried, from a new bottle, 200 mg,

3.44 mmol) and 18-crown-6. The solution
turned orange immediately. The reaction
mixture was stirred at room temperature
for 5 min, then a solution of the triazole 8
(1 g, 3.66 mmol) in 1 ml DMF was added
dropwise, whereupon the solution turned
brown and a slight exothermwas observed.
The solution was stirred at room tempera-
ture. The reaction was followed by fluorine
NMR, and was found to have gone to com-
pletion after 48 h.

The reaction mixture was quenched
with NaHCO

3
and extracted with ether

and washed with sat. sodiummetabisulfite,
then the organic layer was then dried over
MgSO

4
and concentrated in vacuo to give

a crude residue. The residue was purified
by column chromatography using 3:1 hex-
ane:ether to provide the desired product 16
(0.9 g, 74%).1H NMR (400 MHz, CDCl

3
):

4.31 (3H, s), 3.11 (2H, s), 1.49 (6H, s)
ppm. 19F NMR (376 MHz, CDCl

3
): –60.08

(CF
3
), –64.40 (CF

2
) ppm.

3.3 Defluorinative Silylation of
Compound 20 (Scheme 9)

A suspension of magnesium powder
(251 mg, 10.3 mmol) and ethyl bromide
(30.1 mg) was stirred in anhydrous THF
(1.45 mL) under nitrogen for 1h. To this
mixture was added at room temperature
FeCl

2
(16.2 mg) followed by 259 µL of

a solution of MgCl
2
(prepared from stir-

ring 707 mg of Mg powder with 2.4 g of
1,2-dichloroethane in 50 mL of THF for 3
h). The suspension was stirred for 5 min,
and then a solution of the triazole 20 (550
mg, 87% purity) in anhydrous THF (1
mL) was added, followed after 15 min of
chlorotrimethylsilane (1.09 g) at 0 ºC. The
suspension was allowed to warm to room
temperature and stirred for 2 days, then the
reaction was diluted with diethyl ether (10
mL) and the suspension was filtered. The
filtrate was concentrated under vacuum,
redissolved in diethyl ether and filtered
through hyflow. The filtrate obtained was
concentrated under vacuum and the resi-
due was purified by flash chromatography
on silica gel (100% hexane to 92:8 hexane/
diethylether) and concentrated to give the
title compound 8 (439 mg, 73%).
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