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ABSTRACT

Highly stereoselective nucleophilic monofluoromethylation of ( R)-(tert -butanesulfinyl)imines with fluoromethyl phenyl sulfone was achieved to
afford r-monofluoromethylamines with a nonchelation-controlled stereoselectivity mode. By using the same chemistry, ( R)-(tert -butanesulfinyl)-
imines bearing a terminal tosylate (OTs) group can be converted to r-monofluoromethylated cyclic secondary amines with high stereoselectivity.

Fluorine is truly “a small atom with a big ego”, and in many
cases the replacement of a hydrogen atom with fluorine in a
drug molecule can cause 10-fold enhancement of its biologi-
cal potency and bioavailability.1 Today, selective incorpora-
tion of fluorine atom(s) into organic molecules to modulate
their biological properties has become a routine and powerful
strategy in drug design. Since Kollonitsch’s first report of
R-monofluoromethylamines as selective inhibitors of bio-
synthesis of aminergic neurotransmitters,2 R-monofluoro-
methylamines have been extensively used as important
building blocks in the design of many anticholinergic,
antiemetic, and antispastic drugs and enzyme inhibitors,

given the fact that the fluorine atom lowers the basicity of
the amine functionality, decreases acute toxicity, and in-
creases the metabolic stability of a target drug.1-5 However,
there are very few synthetic methods available to effectively
synthesizeR-monofluoromethylamines,6 mostly based on the
fluorination reactions with toxic reagents such as SF4,7 HF,8

and FCH2CN.9 Other preparative methods ofR-monofluo-
romethylamines with fluoromethyl ketones10 and cyclic
sulfamidates11 suffer from multistep transformations and
unavailability of the precursors.
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Nucleophilic fluoroalkylation is a straightforward way to
introduce fluoroalkyl groups into the target molecules, and
with this strategy both nucleophilic trifluoromethylation and
difluoromethylation have been tamed.12 To the best of our
knowledge, however, owing to the lack of efficient nucleo-
philic monofluoromethylating agents, nucleophilic mono-
fluoromethylation (nucleophilic incorporation of a CH2F
group into electrophiles) has never been reported. As part
of our continuing effort in selective fluoroalkylation chem-
istry,13 we wish to disclose the unprecedented stereoselective
synthesis ofR-monofluoromethylamines by nucleophilic
monofluoromethylation of Ellman’sN-(tert-butanesulfinyl)-
imines14 using fluoromethyl phenyl sulfone (PhSO2CH2F)15

as the monofluoromethylating agent.
In the first set of experiments, we chose (R)-(tert-butane-

sulfinyl)benzaldimine1a as a model compound to study the

reaction with fluoromethyl phenyl sulfone2. The reaction
conditions were carefully tuned as shown in Table 1. In all
cases, the facial selectivities [(4a + 4a′):4a′′], i.e., the
diastereoselectivity during the nucleophilic addition of in situ
generated (phenylsulfonyl)fluoromethyl anion into imine
functionality of 1a, were excellent (99:1). The absolute
configuration of sulfinamide4a was confirmed by single-
crystal X-ray analysis (see Figure 1), which indicates that

the stereochemistry of nucleophilic addition was nonchelation
controlled.13,14 Interestingly, we found that there were some
moderate stereoselectivities (4a:4a′) 1:1.3-2.2) during the
formation of another neighboring stereogenic center (the
fluorine-bearing carbon). The chemical yields of all experi-
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Table 1. Survey of Reaction Conditions

entry base 3
molar ratio

(1:2:3)
facial selectivitya

((4a + 4a′):4a′′)
isomer ratioa

(4a:4a′)
unreacted
2 (equiv)a

yield (%)b

(4a + 4a′)

1c n-BuLi 1.0:1.2:1.2 99:1 1:1.6 0.14 95
2c LHMDS 1.0:1.2:1.2 99:1 1:1.9 0.14 98
3c,d LHMDS 1.0:1.2:1.2 99:1 1:2.2 0.19 99
4e LHMDS 1.0:1.2:1.2 99:1 1:1.3 0.19 99
5e LHMDS 1.0:1.0:1.05 99:1 1:2.0 trace 99

a Facial selectivity, isomer ratio, and unreacted2 were determined by19F NMR spectroscopy of the crude products. Compounds4a (-179 ppm) and4a′
(-188 ppm) were also identified by19F NMR. b Isolated yield of4a and4a′. c Method A: The mixture of base and2 was stirred at-78 °C for 3 min, then
1a was added.d The reaction temperature was-90 °C. e Method B: The base was added dropwise into the mixture of1a, 2, and THF at-78 °C.

Figure 1. ORTEP drawing for sulfinamide4a.
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ments were high within 15 min (entries 1-5), and finally
we decided to choose the reaction condition of entry 5 as
the standard condition (1.05 equiv of lithium hexamethyl-
disilazide (LHMDS) was added dropwise into the mixture
of 1.0 equiv of1 and 2 in THF at - 78 °C) to study the
reactions of2 with other (R)-(tert-butanesulfinyl)imines1.
The results were summarized in Table 2. A variety of

structurally diverse (R)-(tert-butanesulfinyl)imines1 reacted
with (phenylsulfonyl)fluoromethyl anion (generated in situ
from 2 and LHMDS) to give the corresponding (phenylsul-
fonyl)fluoromethylated homochiral sulfinamides4 in excel-
lent chemical yields (for the first step) with high stereose-
lectivity (facial selectivity ) 99:1 or 98:2). Without
purification, compounds4 were readily converted into
R-monofluoromethylamine salts5 in good overall yields via
reductive desulfonylation (with Na-Hg in methanol) and
removal of the tert-butanesulfinyl group (with HCl in
dioxane).13 It is still noteworthy to mention that the first

nucleophilic addition step was performed under the strong
basic condition in the presence of LHMDS, but was still
amenable to sulfinylimines bearingR hydrogen atoms (see
entries 8-10). To ensure that there was no racemization
during the deprotection process, we converted amine salts
5a and5g into the corresponding benzamide derivatives6a
and6g (see Scheme 1). The high optical purity of6a (98.4%

ee) and6g (98.2% ee) was determined by chiral HPLC,
indicating that the current synthetic method promises to be
a general and convenient approach for the preparation of
enantiomerically pureR-monofluoromethylamines.

Taking into consideration that the (phenylsulfonyl)fluoro-
methylated sulfinamide anion species (the nitrogen-anion
species of4) generated from the first nucleophilic addition
step (before protonation) could further attack other electro-
philic sites, we synthesized the tosylate (OTs)-bearing (R)-
(tert-butanesulfinyl)imines1k and1l and applied them in a
nucleophilic addition-substitution tandem reaction (see
Scheme 2).16 To our satisfaction,R-(phenylsulfonyl)fluoro-

methylated cyclic amines formed smoothly with excellent
stereoselectivity (in both cases, facial selectivity) 99:1),
which were further converted into corresponding homochiral
R-monofluoromethylated pyrrolidine5k and piperidine5l in
52% and 71% overall yield, respectively.

In conclusion, the unprecedented nucleophilic monofluoro-
methylation of N-(tert-butanesulfinyl)imines with fluoro-
methyl phenyl sulfone has been shown to be a highly
stereoselective and convenient method for the synthesis of
enantiomerically pureR-monofluoromethylamines. The same
methodology can also be used to synthesize homochiral
R-monofluoromethylated cyclic secondary amines by using
tosylate (OTs)-bearing (R)-(tert-butanesulfinyl)imine precur-

(16) The same experimental procedures were applied as those for Table
2, except that 1.2 equiv (instead of 1.0 equiv) of1k and1l were used.

Table 2. Facile Synthesis ofR-Monofluoromethyl Amines

a The synthesis of5 from 1 was carried out in three continuous steps
without purification of the intermediate products such as (phenylsul-
fonyl)fluoromethylated sulfinamides4. b Both the facial selectivity data and
the yield (for the first step) of4 were determined by19F NMR spectroscopy.
c Isolated overall yield of5 from 1. The configurations of5 were assigned
from the X-ray structure of4a and the transition state models.

Scheme 1. Preparation of Benzamide Derivatives6a and6g

Scheme 2. Synthesis ofR-Monofluoromethylated Cyclic
Amines
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sors. The application of the present synthetic methodology
in the synthesis of biologically interesting molecules is
currently under investigation in our laboratory.
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