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The sulfone group is an important module in medicinal
chemistry. It shares its high electron withdrawing effects with
groups like CF3 or CN.

[1] However, unlike the CF3 group whose
introduction into a given scaffold typically increases lipophilici-
ty by half a logP unit,[2] or the nitrile group, which results in a
marked lipophilicity reduction only when introduced into satu-
rated structural domains, a sulfone unit more or less lowers
the lipophilicity of a compound independently of its structural
location.[3] All three groups affect the basicity of nearby basic
functional groups. Whereas this is well documented for the CF3
and CN groups,[4] relatively little experimental information is
available for the specific effects of a sulfone group. In particu-
lar, the basicity-reducing effects of a remote SO2 unit as a func-
tion of topological distance to a saturated amine is, to the
best of our knowledge, not documented in the literature.
The marked electron withdrawing power and basicity-lower-

ing effect of a sulfone group in a saturated system is best illus-
trated by the very weak basicity of hexahydro-1,4-thiazine-1,1-
dioxide (1), the sulfone analogue of morpholine (2, Figure 1).
The reduction of the amine basicity, DpKa, by approximately
six log units relative to piperidine (3) can be interpreted in
terms of an amine basicity-lowering effect of almost three log
units through each of the two s-branches[5] in the six-mem-
bered ring, exerted by the SO2 group in the b-position to the
amine function. The effect of the SO2 group is thus approxi-
mately two to almost three times that of, respectively, an
alkoxy or thioether group in the b-position to a saturated
amine unit, such as in morpholine (2) or hexahydro-1,4-thiazine
(thiomorpholine, 4). This basicity-lowering effect is comparable
to the corresponding basicity decrement exerted by a cyano
group on a saturated amine and somewhat larger than that of
a CF3 group in the b-position (Table 1). This is qualitatively con-
sistent with the Hammett s-parameters for the SO2, CN, and
CF3 groups.[1] Hence, because of the basicity modulation by
remote CN groups, as documented in Table 1, we speculated

that an SO2 group may also affect the basicity of an amine,
even when located at rather remote positions. To assess such
effects more quantitatively, we investigated a series of proto-
type phenylsulfone 5a–8c and phenylthio amines 5d–8 f and
determined their pKa values in water under standard condi-
tions (Scheme 1 and Table 2). For reasons of comparison we
also prepared phenylsulfoxide 7g.
The phenylsulfones 5a and 6a and phenylsulfides 5d and

6d are commercially available,[6] whereas the higher homo-
logues 7a–f and 8a–f were synthesized as outlined in
Scheme 1. Reaction of thiophenol (9) with bromo-chloro-alka-
nes 10 and 11 in the presence of potassium carbonate as base
in DMF provided chloro sulfides 12 and 13, which were oxi-
dized by a 2.4-fold excess of meta-chloro-perbenzoic acid in
chloroform to the corresponding phenylsulfones 14 and 15 in
yields of 84% and 72%, respectively.[7] Conversion of the termi-
nal chloride group with ammonium hydroxide, methylamine,
or dimethylamine in ethanol with microwave-assisted heating
to 130 8C provided smooth access to target structures 7a–c
and 8a–c, respectively. Following similar procedures, the pri-
mary, secondary, and tertiary amines 7d–f and 8d–f were pre-
pared from phenylsulfide intermediates 12 and 13, respective-
ly. All final compounds were purified either by silica gel chro-
matography or preparative HPLC. Conducting the oxidation of
phenylsulfide 12 with only 1 equiv of m-CPBA afforded racemic
sulfoxide 16 in a yield of 64% (Scheme 1). Subsequent reaction
with dimethylamine gave, after purification by thin layer chro-
matography, a clean sample of target structure 7g, albeit in a
low yield of only 13%.
From the experimental pKa values listed in Table 2 it is ap-

parent that the amine pKa decrements induced by an SO2

group are attenuated in an approximately exponential fashion
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Figure 1. Experimental pKa values of hexahydro-1,4-thiazine-1,1-dioxide (1,
presented herein), morpholine (2), piperidine (3), and thiomorpholine (4).[3]

Table 1.
Approximate basicity-lowering effects (DpKa) for saturated (primary, sec-
ondary, and tertiary) amines by CN and CF3 groups at different topologi-
cal distances from the amine.[a]

NC-(CH2)n-N n DpKa CF3-(CH2)n-N n DpKa

1 �5.7 1 �5.1
2 �3.0 2 �2.1
3 �1.5 3 �1.0
4 �0.7 4 �0.3

[a] Estimated from pKa values available in Ref. [4] (see Supplementary Ma-
terial).
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as a function of topological distance to an amine, in a way sim-
ilar to that observed for the cyano group. Moreover, the basici-
ty lowering effect for a b-positioned SO2 unit in this acyclic
series[8] is fully consistent with the cyclic case (Figure 1). Quite
consistent basicity-lowering effects are observed for the triples
of primary, secondary, and tertiary amines with the sulfone
group in either the d- or e-position. Estimated average pKa dec-
rements thus obtained are compiled in Table 3. Comparison

with the corresponding pKa decrements of Table 1 underscores
the similarity of effects exerted by a SO2 and CN group at dif-
ferent topological distances to an amine, exceeding somewhat
those of a CF3 group. Thus, even for rather remote SO2 groups
small, but significant basicity lowering effects can be diag-
nosed, indicating interesting possibilities to modulate amine
basicity, lipophilicity, and other important compound proper-
ties, such as amphiphilicity and potentially solubility, by intro-
duction of a remote sulfone unit.
It is also instructive to analyze the basicity-lowering effects

exerted by the corresponding phenylthio unit (see Tables 2
and 3). As expected these are considerably weaker than those
observed for the corresponding sulfone group. We note again
an approximately exponential attenuation by increasing topo-
logical distance, as observed in the sulfone series, but system-
atically shifted by one topological distance unit, that is, the
phenylthio group exerts a similar basicity decrement as a phe-
nylsulfone unit placed one bond unit further apart from the
amine function. The basicity decrement given here for a b-
positioned phenylthio unit (�1.7) is comparable to, but expect-
edly somewhat smaller than that derived from the N,N-dimeth-
yl-b-acetylthio-ethylamine (8.3,[10] DpKa=�1.9) and larger than
that derived from b-methylthio-ethylamine (9.5,[11] DpKa=
�1.2) ; the latter corresponds nicely to the basicity decrement
observed for thiomorpholine (4).
Finally, we also wish to report the pKa value and correspond-

ing pKa decrement of the sulfoxide obtained for the derivative
7g (Table 2). Although this is a singular case, the fact that the
basicity lowering effect of a phenylsulfoxide unit is essentially
the same as that of the corresponding phenyl-sulfone group is
worth noting. It is consistent with the observation that the lip-
ophilicity-lowering effect of a sulfoxide is known to be of simi-
lar magnitude as that of a sulfone, in contrast to the much
smaller effects typically exerted by a sulfide unit.[12] This finding
is also consistent with Hammett sm-parameters (or Taft’s s*-pa-
rameters) for PhSO2, PhSO, and PhS groups of 0.62 (3.25), 0.51
(3.24), and 0.17 (1.87), respectively.[1]

Scheme 1. a) K2CO3, DMF, 1 h at room temperature then 2 h at 50 8C, 12 :
95%; 13 : 86%; b) m-CPBA (2.4 equiv), DCM, 18 h at room temperature, 14 :
84%, 15 : 72%; c) NH4OH (25% in water), EtOH, 1 h at 130 8C MW, 7a : 58%,
8a : 74%, 7d : 9% (prep. HPLC), 8d : 20% (prep. HPLC); d) CH3NH2 (41% in
water), EtOH, 40 min at 130 8C MW, 7b : 66%, 8b : 87%, 7e : 79%, 8e : 67%;
e) (CH3)2NH (33% in EtOH), EtOH, 40 min at 130 8C MW, 7c : 70%, 8c : 87%,
7 f : 86%, 8 f : 71%, 7g : 13% (prep. TLC); f) m-CPBA (1.0 equiv), DCM, 6 h at
room temperature, 16 : 64%. DMF=N,N-dimethylformamide, m-CPBA=me-
ta-chloro-perbenzoic acid, DCM=dichloromethane, MW=microwave heat-
ing, HPLC=high pressure liquid chromatography, TLC= thin layer chroma-
tography.

Table 2.
Basicities for amines with phenylsulfone, phenylsulfoxide, and phenylthio
groups at different topological distances from the amine function and es-
timated basicity decrements.

Parent Compound Compd n pKa DpKa
[a]

PhSO2-(CH2)n-NH2 5a 2 7.8 �2.9
6a 3 9.2 �1.5
7a 4 10.0 �0.7
8a 5 10.4 �0.3

PhSO2-(CH2)n-NHCH3 6b[9] 3 9.3 �1.6
7b 4 10.2 �0.7
8b 5 10.6 �0.3

PhSO2-(CH2)n-NACHTUNGTRENNUNG(CH3)2 7c 4 9.3 �0.9
8c 5 9.8 �0.4

PhS-(CH2)n-NH2 5d 2 9.0 �1.7
6d 3 9.9 �0.8
7d 4 10.4 �0.3
8d 5 10.5 �0.2

PhS-(CH2)n-NHCH3 7e 4 10.5 �0.4
8e 5 10.9 �0.0

PhS-(CH2)n-NACHTUNGTRENNUNG(CH3)2 7 f 4 9.8 �0.4
8 f 5 10.0 �0.2

PhSO-(CH2)n-N ACHTUNGTRENNUNG(CH3)2 7g 4 9.4 �0.8

[a] DpKa, relative to saturated alkylamines.[8]

Table 3.
Approximate basicity-lowering effects DpKa for saturated (primary, secon-
dary, and tertiary) amines by a phenylsulfone and a phenylthio group at
different topological distances.[8]

Parent Compound n DpKa Parent Compound n DpKa

PhSO2-(CH2)n-N 2 �2.9 PhS-(CH2)n-N 2 �1.7
3 �1.5 3 �0.8
4 �0.7 4 �0.4
5 �0.3 5 �0.1
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There are continuous efforts in developing and refining pKa
prediction tools.[13] Their potential success depends largely on
publicly available pKa data. Unfortunately, there is still a paucity
of pKa data in the literature, and certain structural domains are
not sufficiently covered.[14] Essentially no data are available in
the literature on the basicity-modulating effects of a sulfone
unit at different topological distances to a saturated amine,
and the information on thioalkylamines is quite limited. Our
data document the marked basicity-lowering effects by a phe-
nylsulfone unit even when located at rather remote positions
to an amine, and the corresponding, but reduced effects of a
phenylthio group.

Experimental Section

General procedures. Compound 12 : K2CO3 (1.25 g, 9.08 mmol,
1.0 equiv) and 1-bromo-4-chlorobutane (10, 1.56 g, 9.08 mmol,
1.0 equiv) were added to a solution of thiophenol (9, 1.00 g,
9.08 mmol, 1.0 equiv) in DMF (10 mL) . The reaction mixture was
stirred under an atmosphere of argon for 1 h at room temperature
followed by an additional time period of 2 h at 50 8C to drive the
reaction to completion. The crude reaction mixture was filtered
and concentrated by evaporation under reduced pressure. A solu-
tion of sat. NaHCO3 (50 mL) was added and the mixture extracted
with DCM (3M50 mL). The combined organic phases were dried
over MgSO4, filtered, and the organic solvent removed by evapora-
tion under reduced pressure providing 1.73 g (95%) of compound
12, which was sufficiently pure to be used without further purifica-
tion in the consecutive reaction step. 1H NMR (300 MHz, CDCl3):
d=1.70–1.94 (m, 4H), 2.88 (t, J=7.0 Hz, 2H), 3.47 (t, J=6.4 Hz,
2H), 7.18–7.28 ppm (m, 5H). 13C NMR (75.5 MHz, CDCl3): d=25.42,
30.45, 32.14, 43.34, 125.07, 127.91, 128.44, 135.37 ppm. MS (EI):
200.1 [M]+ . Compound 14 : A solution of compound 12 (1.00 g,
4.98 mmol, 1.0 equiv) and m-CPBA (2.95 g, 11.96 mmol, 2.4 equiv;
70% purity) in DCM (30 mL) was stirred for 18 h at room tempera-
ture. Water (50 mL) was added and the pH of the water phase ad-
justed to 12 by addition of 1m NaOH and the reaction mixture ex-
tracted with DCM (3M50 mL). The combined organic phases were
dried over MgSO4, filtered, and purified by silica column chroma-
tography using a MPLC system (CombiFlash Companion, Isco Inc.)
eluting with a gradient of heptane/ethyl acetate to yield 0.97 g
(84%) of compound 14. 1H NMR (300 MHz, CDCl3): d=1.85–1.92
(m, 4H), 3.13 (t, J=6.9 Hz, 2H), 3.52 (t, J=5.9 Hz, 2H), 7.60–7.70
(m, 3H), 7.90–7.94 ppm (m, 2H). 13C NMR (75.5 MHz, CDCl3): d=
19.35, 29.89, 42.80, 54.45, 127.06, 128.36, 132.76, 138.23. MS (EI):
233.2 [M+H]+ . Compound 7a : A solution of NH4OH (25% in water;
2.17 mL, 14.12 mmol, 15.0 equiv) was added to compound 14
(0.22 g, 0.94 mmol, 1.0 equiv) dissolved in ethanol (5 mL) and the
reaction mixture heated by microwave irradition to 130 8C for
90 min. Water (10 mL) was added and the pH of the water phase
adjusted to 12 by addition of 1m NaOH and the reaction mixture
extracted with DCM (3M20 mL). The combined organic phases
were dried over MgSO4, filtered, and purified by preparative HPLC
on reversed phase eluting with a gradient of acetonitrile/water to
provide 0.12 g (58%) of compound 7a. 1H NMR (400 MHz, CDCl3):
d=1.71 (br s, 4H), 2.84 (br s, 2H), 3.08 (br s, 2H), 7.42–7.56 (m,
3H), 7.52–7.56 (br s, 2H), 7.76–7.78 (m, 2H). 13C NMR (100 MHz,
CDCl3): d=19.78, 26.38, 38.77, 55.21, 127.97, 129.41, 133.85, 138.87.
MS (ISP): 214.3 [M+H]+ . Compound 7d : A solution of NH4OH (25%
in water; 3.43 mL, 22.27 mmol, 15.0 equiv) was added to com-
pound 12 (0.30 g, 1.48 mmol, 1.0 equiv) dissolved in ethanol (7 mL)

and the reaction mixture heated by microwave irradition to 130 8C
for 40 min. Water (10 mL) was added and the pH of the water
phase adjusted to 12 by addition of 1m NaOH and the reaction
mixture extracted with DCM (3M20 mL). The combined organic
phases were dried over MgSO4, filtered, and purified by preparative
HPLC on reversed phase eluting with a gradient of acetonitrile/
water to provide 0.024 g (9%) of compound 7d. 1H NMR (300 MHz,
CDCl3): d=1.56–1.70 (m, 4H), 2.78 (t, J=7.3 Hz, 2H), 2.88 (t, J=
6.8 Hz, 2H), 7.08–7.27 ppm (m, 5H). 13C NMR (75.5 MHz, CDCl3): d=
27.20, 28.26, 33.97, 40.56, 127.17, 130.04, 130.51, 137.63 ppm. MS
(ISP): 182.1 [M+H]+ .
pKa values were determined by potentiometric titration (SIRIUS
GLpKa Analyzer) in aqueous solution, containing 0.15m KCl to
adjust ionic strength. To measure pKa of substances by the pH-
metric technique, a certain amount of sample was dissolved in the
background electrolyte solution and acidified to pH 2 by addition
of 0.5m HCl. The solution was then titrated with standardized base
(0.5m KOH) to pH 12 at constant temperature (23 8C) under an at-
mosphere of argon to minimize absorption of atmospheric CO2.
The pKa values were then calculated by shape analysis of the titra-
tion curve in comparison to the blank titration curve.
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