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1. Introduction

Until recently, sulfoximines remained a rather wagnized class of compounds despite the
fact that their discovery dates back to the eafl§0E. [1] We realized that even experienced
chemists are surprised to learn of the high chdnsiedbility of the sulfonimidoyl moiety, [2,3]
and many have never considered applying such congzon their own research programs.

Although one particular compound, namely buthionsaéfoximine [4,5] (BSO,1) has over
6,200 SciFinder entries, [6] its recognition in ttleemical community remained rather low. A
small number of other sulfoximines such as compe@n{i7] 3, [8] 4, [9] 5, [10] 6, [11] and7
[12] were published as bioactive agents by various camepand researchers (Figure 1), but to

date no sulfoximine has been approved for a thetapapplication. [13]
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Figure 1. Bioactive sulfoximines — early discoveries.

About a decade ago, the interest in sulfoximinegmhbhdao grow along with intensified research
activities in crop science and studies in the plaaeutical industry. In 2005 Dow AgroSciences
reported N-cyano sulfoximine8 (Sulfoxaflor) as a new insecticide, [14] which wider
approved for field applications in several courstrifl5] Around the same time, Bayer Pharma
(formerly Schering) began developing pan-CDK inttbiBAY 1000394 9), [16] which has
entered clinical trials. More recently, other sulfaines with potential medical applications have
been made public, such as Amgen’s GKRP disrup®ofl17] Astra Zeneca’'s ATR inhibitdtl,
[18] and the MNK inhibitorl2 [19] and human neutrophile elastase inhibit@ [20] both

disclosed by Boehringer Ingelheim.
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Figure 2. Bioactive sulfoximines - recent discoveries.

In addition to sulfoximines, other sulfur-contaigimompounds with related core structures
such as sulfonimidamides [21] and sulfondiimide®][Bave also recently garnered increased

attention (Figure 3).
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Figure 3. General scaffolds of sulfoximines and their corggen sulfonimidamides and

sulfondiimides.

Although there is an increasing interest in sulfiexies and their chemistry, we felt that the
routine application of sulfoximines in drug discoyerojects is still hampered by synthetic
considerations or uncertainty about their chemstability, and also due to limited experience
about their physicochemical and in vitro parametafthough a few scattered data can be found
in the literature, [21¢,23] a comprehensive piciarstill missing.

We sought to analyze from a medicinal chemist’'sspective whether sulfoximines and
related molecules implicate any principal flawsifat could be recommended to employ them
systematically in drug discovery projects like arlger functional group. In this study, we report
the physicochemical and in vitro properties of sild custom-made sulfoximines and compare
them with related analogs and isosteres. Furthexymwee present an analysis of compounds from

drug discovery projects within Boehringer Ingelheim

2. Results and discussion

2.1 Selection, design and synthesis of matric comyads 15

At the outset of our studies, we defined a matfifd@rylated sulfoximine45 which could be
synthesized from th&lH- (“free”) sulfoximines and arylboronic acids byh&-Lam coupling

reactions (Scheme 1). [24] For the sulfoximine sdf®A-M, aliphatic residues covering a range
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of lipophilicity (15A-E), cyclic sulfoximines 15F-J) and derivatives with (hetero)aromatic
residues 15K-M) were selected. For the-aryl group both neutralaj, electron rich i) and
electron poor ¢-g) aromatics as well as heteroaromatic moietief) (vere chosen. From this
matrix of 130 possible compoundiSAato 15Mj a total of 94 sulfoximines could be prepared in
satisfactory vyields, utilizing the aforementionedethod (for details see the Supporting

Information). With the exception oR}-15Ke and §)-15Ke, all chiral sulfoximines were used as

racemates.
O, NH Cu(OAc), (0.1 equiv), Q, N-Ar
s Ar—B(OH R
RV OR? * (OH), DMF, 3d, RT R 7R?

15
94 examples

Variations of sulfoximine core structure 15A-M
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Scheme 1lInitial matrix of sulfoximinesl5 (rectangles emphasize the structural elementseof t

subsequent template compourdd#®\e and15He see text for further explanation).

All synthesized compoundkb were tested for metabolic stability in human liveicrosomes

and aqueous solubility (high-throughput HPLC ass#ata not shown). Thél-[4-(trifluoro-
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methyl)phenyl]sulfoximinesl5Ae and 15He were picked as reference structures, as they
exhibited suitable intermediate values allowing ftbe observation of trends in subsequent
measurements of analogs. To broaden the scope sfualy, we intended not only to explore the
properties of the sulfoximinekb, but also to compare their properties with thdsisasteres and
further analogs bearing more common structural etém To this end, the selected sulfoximines
15Ae and 15He served as templates for the design of sexesomprising of various isosteres
and of closely related analogs (Chart 1). The degdispectrum of compounds covers not only
structural motifs commonly found in small molecdeigs, such as carboxamides, sulfoxides,
sulfones, sulfonates and sulfonamidek6a-169, but also less common ones such as
sulfondiimides {6h, 16i), sulfonimidamides16j-16I), sulfilimines (60, 16q) and sulfoximines
(16m, 16n). Since seriedl6 is mainly focused on 4-(trifluoromethyl)phenyl #s nitrogen
substituent, a related series was designed in wtheh 4-(trifluoromethyl)phenyl group is
attached to sulfur. Thus, sulfoximirié’c served as template for the respective isosterds an
analogsl7 (Chart 2). Additionally, sulfoximine$8d and19d with a N-aroyl or aN-carbamoyl
motif, respectively, served as reference structioeseries of isosteres and anald@sand 19

(Chart 3).

Chart 1. Sulfoximines15Ae and 15He together with isosteres and analogous compodgds

16q (reference structures are highlighted).
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Chart 2. Sulfoximinel7ctogether with isosteres and analogous compodidd 7n (reference

structures are highlighted).
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Chart 3. Sulfoximines18d and19d together with isosteres and analogous compotBds.8e

and19a19e(reference structures are highlighted).
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2.2 Chemistry
2.2.1 General synthetic routes

Whilst some of the abovementioned molecules weralae from commercial suppliers
[25a] or accessible using standard chemistry, [23]majority of the envisaged compounds and
their synthetic precursors were unprecedented hund tequired facile access. Most of them
could be synthesized following established rouwdsch are schematically depicted in Schemes

2 and 3.

Typically, the synthesis of sulfoximines startsdxydation of commercially available or easily
accessible sulfidek and subsequent imination of the resulting sulfogile(Scheme 2). [26]
While Rhodium-catalyzed iminations usually resuit N-protected sulfoximinesV (R® =
protecting group) which are then deprotected, j&¥hations using in situ generated hydrazoic
acid, [28] activated reagents such as MSH [29] ®HO30] or ammonium carbamate in the

presence of diacetoxyiodobenzene, [31] lead diretithe free sulfoximinesv (R® = H).
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N-Functionalized sulfoximine¥ (R® # H) can be prepared from the frii-sulfoximinesIV
(R® = H) by methods such as Cu-catalyzed arylatioahéBie 1), nucleophilic substitutions or
reductive alkylations (see next section). Altewely, sulfoximinesV (R® # H) can also be
obtained by oxidation of sulfilimined$l , [32] which are accessible by imination of sulBdeor
transformation of sulfoxided . [33] SulfondiimidesVI can be synthesized by imination of

sulfidesl [34] or sulfilimineslIl . [22a]

oxidation imination

ﬁ R”%‘R2 j‘
\\\44a

S, . o N-R’
R R ltransformatlon 1S
| R R
R’ J
- IV(R3=H
N ( N-deprotection /
imination Rl/S‘RZ oxidation V (R3 £ H) N-functionalization

iminationl

3 4
imination R=N, N-R

Rl/\S~R2

\

Scheme 2General synthetic routes for the preparation gbgiminesIV/V and sulfondiimides

VI.

As opposed to sulfoximines or sulfondiimides, thatkesis of sulfonimidamides often
requires more steps, as the necessary sulfinanmeleungors are usually not commercially
available (Scheme 3). Hence, the sulfinamigés have to be prepared from sulfinic aciis,
sulfinyl chloridesX or sulfinate esterXl, which themselves are accessible from more readily
available starting materials such as disulfided or sulfonyl chloridesVill . [*]
Sulfonimidamides<V are typically prepared by oxidative chlorinatidrtlte parent sulfinamides
Xl and subsequent reaction of the intermediate suatidoyl chlorides Xl with amines

(Scheme 3). [21,36] Alternatively, the usually adé sulfonimidoyl chlorideIll can be
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converted into the more stable sulfonimidoyl fla@sXIV which are easier to handle and less
susceptible to reduction, e.g. by hydrazine nudidep. [37] Recently some of us reported that

sulfonimidamides<V can also be prepared directly frodhi-sulfoximineslV . [38]

1

S...R
R s
\ll
reduction o O N-R?
o H,NR? I 2 o, cl , HNR3R¢ Y R
1.S< Y Rl/S\N/R ———> 5. .R® ——(———> R"°>W
R X hucleophilic N oxidative R N nucleophilic ) e
substitution chlorination substitution
oxidation IX (X = OH) Xl Xl
X (X=Cl)
XI (X = OR)
o0 o halogen- nucleophilic
N 77 exchange substitution
l/S\
R Cl
Vil
RS \N’
XIvV

Scheme 3General synthetic routes for the preparation GbaimidamidesxV.

2.2.2 Synthesis of derivatives 16-19

To illustrate the abovementioned general synthediges, some of the syntheses that were
carried out will be described below. For exampldfoxide 17awas prepared from sulfid2l

[39] by oxidation withm-CPBA or on larger scale using in situ prepareggpetic acid (Scheme
4). Mild imination under rhodium catalysis furnishdl-trifluoroacetyl sulfoximine22 which
could readily be deprotected to give the desiXttisulfoximine 17c [27] Alternatively, the
latter compound could be prepared in one step amgscale by imination d22 with in situ
generated hydrazoic acid. [28Wethylation of sulfoximinel7c was accomplished under
Eschweiler-Clarke conditions to give target compbdiid. [40] For the synthesis of cyclic
sulfoximine 17¢ a ring closure by intramolecular nucleophilic stitation of tosylate?24 was

envisaged. To this end, sulfoximii&@c was alkylated with 2-(3-chloropropoxy)tetrahydnd-2
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pyran using KOH as base in DMSO at room temperat[#2d,41]Removal of the THP
protecting group under acidic conditions and tdsyha of the resulting alcohol delivered
substrate24, which was now ready to be cyclized in the negpstWhile deprotonation d14

with Schlosser's base under reported conditiond [édl only to incomplete ring closure,

employingn-butyllithium afforded the desired 1,2-thiazine-dige 17ein good yield.

3
o N
F.C
s 22
0 O, NH O, N—
cl S S S
N N ~N
== e (- O = T
F,C F.C F,C FiC F,C
20 21 17a 17¢c 17d
{h,i
OTs OH

N W al

o:j y N . QN
o or o
F.C F.C F.C

N
17e 24 8 23

Scheme 4.Reagents and conditions: (a) NaSMe, DMF, 50 °C,h2(®4%); (b) m-CPBA,
CHxCl,, 0 °C, 2 h (94%); (c) kD2, AcOH, =5 °C to rt, 22 h (98%); (d) RIOAC)s, Phl(OAC),
CRCONH,, MgO, CHCIy, rt, 1.5 d (79%); (e) ¥COs, MeOH, rt, 1 h (quant.); (f) NadNH>SOy,
CHCl3, =10 °C to 50 °C, 5 d (67%); (g) paraformaldehydemnic acid, 130 °C, 4 d (75%); (h) 2-
(3-chloropropoxy)tetrahydrot2-pyran, KOH, DMSO, rt, 11 h; (i) aq. HCI (90%, twsteps); (j)

EtN, TSCI, CHCly, 0 °C to rt, 14 h (78%); (k)-BuLi, THF, =78 °C to rt, 45 h (58%).

For the synthesis of sulfoximinEbm, SS-dimethylsulfoximine 25) was prepared firstly by
imination of DMSO (Scheme 5). [42] While reductiaékylations of NH-sulfoximines with
aldehydes and, in particular, ketones had provatiesiging for a long time, we were delighted

to find that under adapted conditions [23,43] teaction of sulfoximing5 with 4-(trifluoro-
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methyl)cyclohexanone26) proceeded smoothly and furnished the target compd6m as a
single cis-stereoisomer in acceptable vyield. [ 44 ] The imimatiof DMSO with
4-(trifluoromethyl)aniline 27) failed when using either TFAA [33a] or sulfuraxide-pyridine
complex, [45] but could successfully be achievecemiwitching to phosphorus pentoxide as

activator to give sulfilimine.6o. [33b]

25 16m

S
N
N
H N 27 I
c /S\

160

Scheme 5Reagents and conditions: (a) NaW,SQO,, CH,Cl,, 0 °C to 42 °C, 18 h (27%); (b)
4-(trifluoromethyl)cyclohexanone&6), NaBH(OAc), DCE, 42 °C, 43 h (42%); (c) 4-(trifluoro-

methyl)aniline 27), P40, EEN, CHCL, 12 °C to rt, over night (56%).

The synthesis of the cyclic representatités and16q started from tetrahydrothiopyra@8§)
and is depicted in Scheme 6. Oxidatior28fgave sulfoxide9, which was then converted into
sulfilimine 16q and sulfoximinel6n, respectively, in analogous fashion as describefdrb.
Once again, the reductive amination with cyclohexen26 delivered16n as a singlecis-
configured stereoisomer. [44] For the preparatidnsolfondiimide 16i, thioether28 was
iminated with MSH [29] to give sulfiliminium saB1. Although extensive experimentation was
carried out, the following second imination undeodified conditions [22a] with NCS and

aniline 27 remained troublesome and sulfondiimitiéi was isolated only in low yield. Since
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control reactions with unsubstituted aniline orodeaniline resulted in much higher yields, the

poor yield is likely due to the low nucleophilicibf 27.

QCF3
V—' O

O, NH —<:>---=CF3

HO%O%%

Qi

28 HN, ,,NOCF:.;

"o 9
S._ 0-S S
e 1 f
—=J ¢ — J
31

16i

Scheme 6Reagents and conditions: (a) Nal®eOH/H,0, —20 °C to rt, 6.5 h (94%); (b) MSH,
CH.Cl,, 0 °C, 20 min, then rt, 1.5 d, then ag. NaOH1rh (81%); (c)26, NaBH(OAc}), DCE,
42 °C, 40 h (45%); (d27, P,Os0, EN, CHCL, O °C to rt, over night (50%); (e) MSH, DCE,

0°Ctort, 2.5 h (72%); (27, NCS, NaCOs, DMF, 0 °C to rt, over night (12%).

The synthesis oN-arylated derivatived6g and 16h relied on palladium catalyzed arylation
chemistry (Scheme 7). Thus, commercially availatlethyl(methylsulfonyl)amine 32) and
SSdimethylsulfondiimide 83), which was prepared by double imination of dinykthlfide
according to Haake’s procedure, [34] were arylatéd appropriate aryl halides using palladium
catalysts to give the desired produtég and16hin acceptable yield. The solid state structure of

sulfondiimide1l6hwas confirmed by X-ray crystal structure analygi§]
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32 169
s b HN_NH c HN, ,NOCF3
7S /S\ /S\
33 16h

Scheme 7.Reagents and conditions: (a) 4-bromobenzotriftieriPddba, Xantphos, KPO,,
1,4-dioxane, 100 °C, over night (36%); (eBuOCI, MeCN, NH, —20 °C to rt, 48 h (30%); (c)

4-iodobenzotrifluoride, Pdba, JohnPhos, NacBu, 1,4-dioxane, 80 °C, 4 h (16%).

Exemplary syntheses of sulfonimidamides are degicteScheme 8. Methanesulfinyl chloride
(34) was freshly prepared by oxidative chlorinatiordohethyl disulfide and treated with aniline
27 to give sulfinamidel6p, which was found to be sensitive towards acidieditions (traces of
acid in CDC}4, decomposition on silica gel). While this compoutmlld be handled as an
intermediate for further syntheses, its instabilpyevented any further physicochemical
characterization. Next, sulfinamidép was oxidized in situ withert-butyl hypochlorite to the
sulfonimidoyl chloride (as in Scheme 3) which was isolated but directly treated with aqueous
ammonia leading to sulfonimidamid&sj as the main product and sulfonamitiéf as a side
product. Furthermore, sulfinamid&6p was easily converted to the analogoNsmethyl
sulfonimidamidel6k in the presence of NCS, methylamine andt#0. The corresponding
N,N-dimethyl derivative 161 was obtained by double alkylation of the unsubttd

sulfonimidamidel6j with an excess of iodomethane and@3;.
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It was also planned to prepare cyclic sulfonimiddeni6r by double alkylation of intermediate
35 with 1,3-dibromopropane. However, the envisagedbti deprotonation and alkylation of
Boc-protected compourb failed to furnish compoun86, but rather resulted in the isolation of
Scyclobutyl derivative37. Since further attempts with other protecting gowand different

alkylation conditions remained unsuccessful, thettsgsis of target compound6r was

abandoned.
CF,
N. .O
S\
/ NR'R?
e
d 16k: R'=Me, R2 =H
S 16l: R, RZ2 =Me
g
a
J CF, CF, CF,
Cl\_ .~ b c
I ——> HN -
le) §/ N Sco + HN s Me
0 / NH, 0o
34 16p 16j 16f
f
CF,
N: -.O
S\
CF, / NHBoc CF, CF,
35
g
Nig-0 Nig2O Nyg2O
, “NBoc ~
d NHBoc Q UH

Scheme 8Reagents and conditions: (a) AcOH, .80, —20 °C, over night, then 2 h, rt (79%);

(b) 27, E&N, CH,Cl,, —10 °C to 0 °C, 3.5 h (84%); (6BUOCI, ag. NH, THF, 0 °C to t, 5 h
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(16j: 68%,16f: 15%); (d) NCS, MeNK KOt-Bu, MeCN, rt, over night (62%); (e) Mel, &30,
DMF, rt, 19 h (68%); (f) BogO, EgN, DMAP, THF, rt, 18 h (66%); (gh-BuLi, Br(CH,)3Br,

THF, —78 °C to rt, over night (34%).

The synthesis of sulfonimidamide derivativégf-h is described in Scheme 9. For the
preparation of central sulfinamid#), the known synthetic route by oxidative chlorinatiof
thiophenol acetatg8 to the sulfinyl chloride [47] and subsequent regrctvith methylamine was
attempted first, but the desired proddéxcould not be detected. [48] Following the protocol
reported by Harmata employing sulfonyl chlorig@ as starting material and PPds reducing
agent, the preparation of the desired sulfinamitle proceeded smoothly, [ 49 ] and

sulfonimidamided 7f-h were prepared from this intermediate in servicegi#lds. [50,51]
oy —
S.
F3C (o] ;) /@/ H/
38 FsC 17f
O N—
SN N\
/©/S\C| L) /©/ H | d o /@/S‘N/
F.C H
F.C 3 FiC
179
QN—
e /©/S\N/
\
FC 17h

Scheme 9.Reagents and conditions: (a) £, Ac,O, CHCl,, —20 °C to rt, then MeNH
CHxCl,, 0 °C to rt (0%); (b) PRhMeNH,, EN, CHCI,, 0 °C to rt, 1 h (35%); (c)-BuOCI,
NH3, MeCN, 30 min, 0 °C to rt (13%); (d)BuOCl, MeNH, MeCN, 30 min, 0 °C to rt (45%);

(e)t-BuOCI, MeNH, MeCN, 30 min, 0 °C to rt (72%).
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The synthesis of the acylated derivative® was straightforward and relied on established
methods such as sulfonylatio®8¢) or acylations 18d, 186 (Scheme 10). The structure of
benzoylated sulfondiimidel8e was determined by X-ray structure analysis. [46f Fhe

synthesis of urea derivativd®, isocyanate42 was treated with the appropriate nucleophiles,

which provided the desired compounds in Id®d) to good yields19d and19e.

(0] o Q\S/p
N
F.C FC
17i 18c
9 \/
N“7Y0
%
FiC 18d

o

oy
o)
FiC /\S/\
¢ N"""NH
4l FiC 18e

NN
sl
d o OO0
— ~ FC
19¢c

NCO H N o

. T

F.C O /N
F.C

42 19d

f H Ns_-NH
— U
o
F.C

/
19e

Scheme 10Reagents and conditions: (a) NaH, MeSOD THF, 2 h, rt (30%); (b5, HATU,

DIPEA, DMF, over night, rt (61%); (c33, HATU, DIPEA, DMF, over night, rt (38%); (d)
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MeSONH,, ag. NaOH (1v), acetone, reflux, 3 h (7%); (8p, DIPEA, 1,4-dioxane, over night,

rt (96%); (f)33, DIPEA, 1,4-dioxane, over night, rt (73%).

2.3 Analysis of physicochemical and in vitro propeies

2.3.1 Physicochemical and in vitro properties for ratrix compounds 15

For a subset of the obtained 94 matrix compoutigsbasic physicochemical and in vitro
pharmacokinetic parameters such as lipophilicitggll), [52] stability in human liver
microsomes, aqueous solubility (high-throughput BRissay) [53] and permeability (PAMPA)
were measured (Table 1). For selected compoundsdigsociation constant (phKp) and

aqueous solubility from solid material (shake flaskay) were also determined. [53]

Table 1.Physicochemical and in vitro pharmacokinetic patars of selected compourits.

loaP Stability in Aqueous Permeability
Entry |Compound Structure [5%] pKJ/pKy, | human liver Solubility (PAMPA)
microsomes | [ug/mL] [53] Papp [10° cm/s]
Shake
T 1 og0, [ HPLC | fask
[min] Assay
assay
1 15Ha 6 v 01| nd | >130 <23 37| nd 9.5
2 15Hb ES % | 1| na | s13d <2d 51| 900 9.1
3 15Hc ESS : ’ 0.7 n.d. 120 25 >46 >1,000 9.5
4 15Hd 6 e 11 nd. | >130 <23 45| nd. 7.9
5 15He ES Vs 28 | nd. 46| 46| 51 70 7.7
CF.
6 15Hf 6@ 4.0 n.d. 6 87 <1 n.d. 3.3
CF.
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Cl
7 15Hg Q@ 2.0 n.d. 28| 58| >50| 500 12.0
=N
oN
8 15Hh Q - 27| pk4d | 8 82 | >75 n.d. 5.8
9 15Hi OO S 26| pk7.2 | >130| <23| 42 n.d. 5.7
=N
10 15H;j %{N\ 3.9 nd. | >130 <23 39 n.d. 3.2
11 15Ae eVl 1.4 pKr}SKbC >130| <23| >50 | 900 8.2
g
12 15Be s | 20 nd. | >130 <23 >51| nd. 7.7
13 15Ce >§s\ en 3.1 n.d. d 4 22 n.d. d
14 15De V%ﬁ W 2.3 n.d. >130 <23 40 n.d. 7.8
15 15Ee Cfﬂ = | .8 nd. | >130 <23 46 nd. 96
0.
16 15Fe @ e 25 n.d. >130] <23 48 n.d. 9.6
17 15Ge % e 2.4 n.d. 110| 26 50 6,00( 8.7
18 15le E% T 27 nd. | >130 <23 >57| 300 8.0
(e}
o= )cr,
19 15Je ® 09 | p,52 | 110 | 25| >57 | 2,300 8.3
N
H
ON CF3
20 | (R)-15Ke @S 9 3.7 nd. | >130 <23 20 n.d. 25
21 | (9-15Ke @f?‘s"i | g7 nd. | >130 <23 17 n.d. 35
O\,IN CF3
22 15le | 5 9 25 pK;SKbC >130| <23| 47 n.d. 8.4
N/
O,/N CF3
23 15Me S 9 2.6 o | s6 | 41 44 n.d. 6.2
‘ PKIPpK,
N~

@ For assay details see the Supporting Informatiah; not determined.

® Protonation on the pyridine nitrogen.

© No pKy/pKp was detected within the measurement range ofsbaya(pH 2-12).
4 No valid results were obtained.

° Protonation on the secondary amine.
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As expected, variation of tHé-aryl substituent has a significant impact on tpephilicity of
the compounds represented by the measured paitivieificient (logP) of the compounds that
covers a wide range between -3.9 f&Hj up to 4.0 forl5Hf (Table 1, entries 1-10).
Surprisingly, varying the substituents at the sulditom modulated logP only from 0.9
(thiomorpholine sulfoximinel5Je to 3.7 Gphenyl sulfoximinesl5Ke, entries 5, 11-23).
Amongst the cyclic sulfoximines (entries 5, 16-1®)etane and thiolane derivativéSFe and
15Ge show comparable lipophilicity and the tetrahydrotyran 15He is only slightly more
lipophilic. Interestingly, the oxathiane sulfoxireirl5le and its carbon analogut5He are
equally lipophilic, whereas thiomorpholine sulfoxira 15Jeis significantly more polar.

The basicity of most of the sulfoximind$ is outside the scope of the assay {pK; 2-12)
and could therefore not be determined. Thus, dmypt, of additional basic nitrogens could be
measured. For 3-pyridyl and 4-pyridyl sulfoximirEsHh and15Hi, the measured pialues of
4.8 and 7.2, respectively, are comparable to thbskee corresponding 3-methoxypyridine K
= 4.9) [54] and 4-methoxypyridines (pk= 6.7), [55] thus indicating a similar electronic
influence of the sulfoximine substituent. The bagiof S-pyridyl sulfoximinesl5Le and15Me
was too low to be determined which is in line while pK, values for the corresponding sulfones
as calculated using the Hammet equation,(pKL.7 for 3-methylsulfonylpyridine and pkc 1.2
for 4-methylsulfonpyridine), ] implicating a similar electronic effect of the lfaximine
substituent. The pKof the thiomorpholine derivativé5Je of 5.2 is in good agreement with

reported pk of the corresponding 1,4-thiazinane-1,1-dioxidéy(p 5.4). [57]
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Most of the compoundd5 exhibit very desirable microsomal stability in ham liver
microsomes beyond the scope of the assay>T30 min). This indicates that the sulfoximine
moiety per se is not intrinsically metabolicallystable. [58]

Only limited conclusions can be drawn from the bdity data from the high-throughput
HPLC assay, as many of the compounds are soluljlendethe upper detection limit of the
assay £200 uM). As anticipated, representatives with higiophilicity (15Hf, 15Cq or
additional phenyl substituent§5Ke) exhibit significantly reduced solubility. For senof the
compounds, agueous equilibrium solubility from dohaterial was determined. In most of these
cases, aqueous equilibrium solubility was fountewery high, for compound$Hc, 15Geand
15Jeeven higher than 1 mg/mL.

As assumed for such small molecules, the passinagadbility of the compounds is generally
very high (PAMPA). Reduced permeability is detected the pyridyl derivativesl5Hh and
15Hi as well as the pyrazolbHj, which is in agreement with their comparativelgthpolarity.
The reduced permeability of the most lipophilicidatives 15Hf and15Ke may be an artefact

caused by low solubility.

2.3.2 Physicochemical and in vitro properties of @steres and compounds with related
functional groups

Apart from exploring the physicochemical and inraifproperties of sulfoximines, we also
envisaged to compare their properties with thosesadteres and analogs with more common
structural elements. Hence, using sulfoximia®&&e and 15He as templates, a series I¢faryl

sulfoximine isosteres and congené®a-16n (Table 2) was synthesized. Additionallgsaryl
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sulfoximines 17a17n, N-acyl sulfoximines18a18e and N-carbamoyl sulfoximinesl9a-19e

were prepared (Tables 3 and 4).

Table 2.N-Aryl sulfoximines and related compourtis.

Stability in Aqueous Pze;z(\eﬂ?jtll;ty
Entry | Compound| Structure logP [52] pK4/pKy, | human liver Solubility P, [10°
H app
microsomes | [ug/mL] [53] cmis]
HPLC Poten.tlo- T, HPLC- Shake
metric . %Q 4 flask
assay [min] Assay
assay assay
no
1 158e | o )en | 1.4 n.d. >130| <23 | >50 | 900 8.2
PK/pK,”
2 15He %CC& 28 | nd. n.d. 46| 46 51 70 7.7
H
3 16a %\N@CFE 1.8 n.d. n.d. 60 39 10 100 6.0
(o]
\
4 16b 4\“@% 0.8 n.d. n.d. < < >52 | 1,300 9.7
o
5 16¢ 7{@% -0.5 n.d. n.d. 1100 25 >51| 4,300 6.3
o
6 16d | L8| 13| nd n.d. © | < | nd | 400 ¢
[e]
7 e | &< | 43 | nd n.d. = | © | nd | 300 e
[¢]
H
8 16f 7%’5@ 1 nd. 2.0 pK.8.0° | >130| <23 47 600 5.1
[e]
\
9 169 | X0 25 | na n.d. = | < | 46 | 200 :
[e]
10 16h /\@ -0.5 1.8 pK,4.00 | >130| <23 >51 | 8,400 5.6
11 16i QC 13 | nd | pk40 | 110| 25| 44| 500 7.3
12 16j Sg#N‘HC%CFe n.d. 1.6 pK.10.3 | >130| <23 31 <1 5.3
o N CF. no
13 16k B Q ‘| 1.6 n.d. >130| <23 >54 800 5.0
A PKJ/pKy
o N CF, no
14 16l e /Q ‘| 24 n.d. 42 48 41 70 7.6
N PK/PKy’
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15 16m | o< | nd. | 24 | pK,42 | >130] <23| nd.| 300 7.8
16 16n Q e e PK,5.0 | 52 | 43| nd.| <50 10.0
@ For assay details see the Supporting Informatiah; not determined.
P No pK4/pKp, was detected within the measurement range ofsbeyapH 2-12).
° No valid results were obtained.
4 Measured at pH 3.
© Deprotonation of the sulfonamide NH.
" Measured at pH 12.
9 Protonation sulfoximine.
" Measured at pH 3.
' Deprotonation of the sulfonimidamide NH.
I Measured at pH 12.
Table 3.S-Aryl sulfoximines and related compounts.
Stability in Aqueous P(e;zaitj:;ty
Entry | Compound| Structure logP [52] pK«/pKy, | human liver Solubility P, [10°
H app
microsomes | [ug/mL] [53] cm/s]
HPLC PMemm- T, HPLC- Shake
metric . %QH flask
assay [min] Assay
assay assay
1 17a | () | 03| nd. n.d. | b | >46 | 11,100 b
2 17b | o3 )en | 15 | nd n.d. bl 2 | >a7 | 300 b
3 17¢c HN%’\@ca > 2.0 pK,2.5 | >130| <23| >50| 9,10 6.9
Q no
4 17d NS ey | 0.1 n.d. >130| <23 | >54 | 2,400 11.0
s PK4/pKy'
o
5 17e C)@C 02 | nd | pk38 | >130] <23| >59| 4,700 9.2
o
6 176 | "< | 05| 08 | pK,24 | 47 | 45| nd. | 6900 5.7
H
7 179 | e | 04 | nd No " |>130| <23| nd. | 1,200 9.8
N PK&/PKp
2 no
N=g CF,
8 17h ,N\@ L5 | nd | e [>180) <23| nd. | 1200 9.5
9 17 | < | 03 | nd nd. | % | ® | >a4 | 300 b
O,
10 17 ,ﬁ@“a 0.5 n.d. n.d. >130 <23 n.d. 204 5.7
H
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O,
11 17k ,N@CFs 0.2 n.d. n.d. >130 <23 n.d. 700 11.0
\
12 171 | o5 | nd. | 14 | pK,9.4 | >130| <23| >48| 800 4.1
2
13 17m fQSQCFs n.d. 2.3 pK,10.7 | >130| <23| >49 900 6.3
H
Q
14 17 | X | 27 | nd n.d. b | b | 47 90 b
\
& For assay details see the Supporting Informatiah; not determined.
PNo valid results were obtained.
“Measured at pH 12.
9No pK«/pK, was detected within the measurement range ofsb@ys(pH 2-12).
®Measured at pH 2.
Table 4. Acylated and carbamoylated sulfoximines and rdlampounds.
Stability in Aqueous P(egZEATDbA”;ty
Entry | Compound Structure logP[52] pK4/pKp | human liver Solubility P, [10°
H app
microsomes | [ug/mL] [53] cm/s]
Potentio- Shake
HPLC | etric T %Qy HPLC- | sk
assay assay [min] Assay assay
o)
1 18a 7@%@% 4.8 n.d. n.d. b b 7 20 b
O,
2 18b \}N*@Cﬂ 2.6 n.d. n.d. >130 <23 14 10 7.1
H
O,
3 18c o§§,N@°Fa n.d. 1.7 pK.3.2 | >130| <23| >62| >20,000 0.01
H
O,
Q CF, no
4 18d \/S:N@ 1.8 n.d. DK JpK, 62 39 >53 300 11.0
O,
HN CF, no
5 18e \/S:JL@ 0.4 n.d. oK /DI, >130| <23| nd.| 8,100 9.2
H
6 19a o«io“ﬁ 44 | nd. nd | | 2| <« | <« 0.8
H
7 19b H«ZOCE 3.4 n.d. n.d. >130 <23 <1 20 5.1
H
8 19¢ jOZCCFS nd. | 19 | pK.42 | >130| <23| 55 | 11,100 0.4
\(\)\
R )-cr, no
9 19d o:sp% 1.6 n.d. oK JpK, >130 | <23 44 40 4.3
H
10 19 |, < 04 | nd | pka| > | 2 | ses | 500 3.3
\

% For assay details see the Supporting Informatiah; not determined.

® No valid results were obtained.
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“ Measured at pH 2.
4 No pKy/pKp, was detected within the measurement range ofsbeygpH 2-12).
® Protonation of S=N.

2.3.2.1 logP [52]

Within the series ofN-[4-(trifluoromethyl)phenyl]sulfoximines and isosie and related
compoundsl6, the measured partition coefficients (HPLC assagicate that sulfoximines and
related sulfondiimides and sulfonimidamides areatiretly polar functional groups with the
following order of logP: sulfondiimidel@eh) ~ sulfoxide (69 << N-methylamide 16b) <
sulfone (@6d) = sulfoximine (5A€ < N-methylsulfonimidamide 16k) < amide 168 <
N,N-dimethylsulfonimidamide 16l) = N-methylsulfonamide 16g) << sulfonate 16¢. This
suggests that as a rule of thumb for lipophilicéylJfondiimides are comparable to sulfoxides
and sulfoximines are comparable to sulfones andiestiNH-Sulfondiimides16h and16i were
found to be more polar than their respective suiiixe counterpartdEa and1Eh by 1.5 to 2
logP units.

Within the series o&-[4-(trifluoromethyl)phenyl]sulfoximined7, unfortunately, no valid data
could be obtained fa¥H-sulfoximinel7cin the HPLC assay. Analyzing the available dadanfr
this assay, the following trend for logP is obtaind-methylsulfonimidamide I7f) ~ sulfoxide
(178) < N-alkylsulfoximines 17d, 176 = N,N-dimethylamide 17k) ~ amide (7i) <
N,N’-dimethylsulfonimidamide 179 < N-methylamide 17]) << sulfone {17h) =
N,N’,N'-trimethylsulfonimidamide 17h). Based on the available data from the potentiomet
assay, the sulfonimidamidé7f and the sulfonamidel7l are ranked as more polar than
sulfoximine17¢ which is slightly less polar than methylsulfondeil7m.

For the series dl-acyl andN-carbamoylsulfoximined8 and19, and their isosteres the trends

for lipophilicity as expressed by logP are compbrab the series of compound$: sulfon-
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diimides (L8g 196 << sulfoximines 18d, 19d) ~ sulfones 8¢ 19¢) << tert-butyl amide 18b)

< tert-butyl urea 19b) < tert-butyl carbamatel@a) < tert-butyl ester {8a).

2.3.2.2 Dissociation constants (pifpKp)

In accordance to literature data of related compgeumeasurements of the dissociation
constants confirmed that the sulfoximirfeas 17¢ 16m and16n are weak bases [59] whereas
the basicity of theN-[4-(trifluoromethyl)phenyl]sulfoximinel5Ae was too low to be detected
within the assay window (p#pKp 2-12). S(4-Trifluoromethylphenyl)sulfoximined7c (pK, =
2.5) andl7e(pK, = 3.8) are less basic th&ualkyl derivativeslém (pKy = 4.2) andl6én (pKp =
5.0), the latter of which is approximately as baasc pyridine. Interestingly, no dissociation
constant could be measured frmethylsulfoximine 17d within the assay window, and
remarkably, sulfondiimidel6h is significantly more basic (pK= 4.0) than its sulfoximine
analoguel5Ae (pKp < 2). While sulfonimidamided 6k, 16l, 17g and 17h did not exhibit a
pK4/pKy value within the scope of the assay, derivatigjsvas found to be weakly acidic in the
range of ethyl acetoacetate (K 10.3) andL7f was determined to be a weak basep(pK.4).
Within the seried8 and19 of acyl- and carbamoyl derivatives, carbamoylsulionide 19ewas
detected as weak base (pK 3.3), acyl- and carbamoylsulfonamiddc and19c were found to
be acidic in the range of carboxylic acids {pK 3.2 and 4.2, respectively), amndarylated

methanesulfonamidesf was weakly acidic (pk= 8.0).

2.3.2.3 Microsomal stability

As already observed for seri#5, the majority of the sulfoximines, sulfondiimidasd sulfon-

imidamides from serie$6, 17, 18 and19 exhibited very high microsomal stability, oftenybad
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the scope of the assay;I> 130 min). This underlines that sulfoximines aakhted functional

groups have favorable metabolic stability.

2.3.2.4 Agqueous solubility

The solubility data from the HPLC assay for the poomds17, 18 and 19 cannot be fully
analyzed, as many of the compounds are too so(sB0 M) to be precisely measured in this
assay. The only clear trend is that the most ligmpbompoundsl8a 19a and19b are poorly
soluble.

The data from the aqueous equilibrium solubilityalee flask assay) confirm that for most of
the compounds, the solubility is high, often greatean 1 mg/mL. The solubility of the
sulfoximines is usually highlbAe 16m) or very high L7¢ 17d, 176 and only two examples
show moderate solubilityl6n, 19d). Interestingly, the solubility o&aryl sulfoximinel7cis
tenfold higher than for the correspondiNearyl derivativel5Ae It is noteworthy, thatS-aryl
sulfoximine17c exhibits a very high solubility, comparable to suifle 17a but a much higher
(10-100 fold) solubility than sulfond7b or the corresponding amided&7(, 17j, 17k) or
sulfonamidesX7l, 17m, 17n).

For N-aryl sulfoximine 15Ae the solubility is inferior to the isosteric sutide 16¢
comparable tdN-methylamidel6b and superior to amid&6a sulfonel6d, sulfonatel6e and
sulfonamidel6g The sulfondiimides revealed high6j, 196 or very high solubility 16h, 186.
Interestingly, sulfondiimide&6h and18eare by far more soluble than their sulfoximinelaga
15Eaand18d. Within the class of sulfonimidamides, the solitigit are more diverse: while the

N-arylated sulfonimidamides demonstrate a IdW@jX or medium solubility 16l), S-arylated
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analogs17f, 17g and 17h display a very high solubility, also higher thare tcorresponding

sulfonesl?7l, 17mand17n.

2.3.2.5 Permeability

As expected for such small molecules, the permiéalof the compound46a16n and17a
17nis very high. Amongst the acylated compouthfa-18¢ the acidic sulfonamid&8c exhibits
very low solubility, presumably caused by ionizat&s indicated by pH dependant permeability
measurements (data not shown). For the carbamoylatiges 19a19¢ permeability is
generally slightly lower compared to compountl§al6e 17al7e and 18a18e acidic

sulfonamidel9c showing again the lowest permeability.

2.3.2.6 Chemical stability

To assess the chemical stability of the functiogi@ups, the degradation of a number of
representative compounds was studied for sevenidagueous solution at pH <1 and pH >10.
[60] Generally, only minor decomposition was obgervOnly benzoyl derivatives8d and18e
completely decomposed under acidic conditions, hewethis instability was not observed in
the synthesis, purification and routine handling tbis compound type. [61] Overall, the
observations indicate that chemical stability ie tange usually relevant for drug discovery is
not problematic. Notably, only for the compountsi and 19e traces of the corresponding
aniline as the decomposition product could be detecSulfilimines16o and 16q as well as
sulfinamide 16p (Chart 2) were synthesized and could spectrosathpibe characterized by
NMR, however, their limited chemical stability ingesd the determination of any further

physicochemical data.
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Table 5.Chemical stability of selected compourids.

Entry

Compound

Structure

Decomposition

Decomposition

pH <1 pH >10
1 15Ae 9 )-en 13% 20%
2 15He Q@ <10% <10%
3 16i H%OCFE 13% <10%
4 17d ,N:/Q\SOCFS < 10% <10%
5 17e NC%@C% <10% 34%
6 17f “,“;?5@“3 ca. 10% < 10%
7 17g iN;sOCF < 10% < 10%
8 17h i@ < 10% ca. 10%
9 18d {P\SZZ@CFS > 90% <10%
10 18e E/N\SZZ@CFS > 90% 34%
11 19d L «E@% < 10% 14%

\

12 19e WaUss <10% <10%

% For assay details see the Supporting Information.

Based on our results from this chapter, sulfoximirmad the related sulfondiimides and
sulfonimidamides do not show any intrinsic flaw. domparison to other functional groups
commonly used by medicinal chemists, they oftent@kfavorable properties. As the small size
of the model compounds investigated sometimes tezbsuh properties that were outside the

range of the routine high-throughput assays, thedyais of molecules from drug discovery

projects within Bl was envisaged.
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2.4 Physicochemical and in vitro pharmacokinetic aalysis of molecules from drug

discovery projects

In order to overcome the limitations of analyzimgadl and fragment-like sulfoximines and to
gain knowledge based on molecules from drug diggopeojects, we decided to analyze the
data available from the Boehringer Ingelheim CoaporDatabase (CDB). To this end, we
utilized a substructure search to identify matchedecular pairs or series of sulfoximines and
related functional groups as well as more commauciral motifs. [62] The functional groups
of interest covered, amongst others, carboxyliadscesters, amides, sulfoxides, sulfones,
sulfonamides, sulfoximines, sulfondiimides, sulfoidamides, amines, ureas and carbamates.
Applying a filter for the molecular weight (250 <WI< 750) resulted in the identification of
roughly 37,000 matched molecular pairs of compoundsere only the functional group of
interest was changed, while the rest of the mo&epernained constant.

For each matched molecular pair it was checked Ivenetlata for both compounds was
available for at least one of the following assawysicrosomal stability in human liver
microsomes, aqueous solubility (high-throughput BRissay, pH 6.8) and Caco-2 permeability.
[60] This resulted in a final dataset of transfotioas and associated experimental data
comprising about 13,000 datapoints for microsortehibty, about 8,400 datapoints for aqueous
solubility and about 2,800 datapoints for Caco-grgability. Given the fact that many of these
datapoints obtained from routine assays are reposigh an operator and considering the
biological assay variability, it was not feasibte d@nalyze in a statistically reliable manner the
data based on ratios of two values and, for exanagfning an improved microsomal stability

by an n-fold increase of,4. To identify trends within the dataset, an altékeaapproach was
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chosen in which the data for these three assays then classified into the three categories

“desirable”, “acceptable” and “undesirable” accoglto the criteria depicted in Table 6.

Table 6.Categories employed for the rating of experimedsdi.

Molecular property Unit Definition Definition Definition
“Desirable” “Acceptable” “Undesirable”
Stability in human liver [min] >120 25-120 <25
microsomes 3, (<25% Q) (25-75 % Q) (>75% Q)
Aqueous Solubility [Mg/ mL] > 100 10-100 <10
Caco-2 Permeability B, a>b 10° cm/s >5 05-5 <05

Next, it was determined for each matched molequéar and separately for each assay, how the
category for the respective result changed thrainghtransformation: An improved rating is
colored in green, an unchanged rating in grey amebsened rating in red, according to the

possible scenarios depicted in Table 7. [63]

Table 7.Rating of transformations.

Coloring

Rating Possible scenarios resulting in this ratindor the transformation

Improvement | undesirable desirable
acceptable> desirable

undesirable> acceptable

No change undesirabt® undesirable grey
acceptable> acceptable

desirable> desirable

Worsening desirable acceptable
desirable> undesirable

acceptable> undesirable
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Finally, the processed data were plotted as pietcha matrices, considering only those
transformations where at least three datapointse weund. To illustrate the use of these
matrices, the transformations of carboxylic acelsters and primary and secondary amides are

shown for stability in human liver microsomes igtie 4.

!

Figure 4. Stability in human liver microsomes of carboxylimdaderivatives. Numbers indicate

dataset size.

The data in Figurel shows that the replacement of a carboxylic acith i methyl ester
worsens the stability in human liver microsomesapproximately two thirds of all cases and
results in no change in approximately one thirdabbfcases I(), while it rarely leads to an
improvement. Changing a methyl ester into a prinaaryde (I ) or into a methylamiddl( ) has
a greater than 50% likelihood of improving microsratability and only a low probability of
worsening it. In other words: switching towardsaaid likely improves, switching to a methyl

ester likely worsens microsomal stability.
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2.4.1 Analysis of matrix data for microsomal stabity, Caco-2 permeability and solubility
Figures5, 6 and7 summarize the data for microsomal stability in lanniver microsomes,
Caco-2 permeability, and aqueous solubility at pH6:8 for selected transformations of

sulfoximines and related functional groups. [60,64]

2.4.1.1 Microsomal stability in human liver microsenes (Figure 5)

As hypothesized, substituting a methylsulfoxide hwa methylsulfone is beneficial for
microsomal stability in a quarter of all cases areltral in most other cases. In general,
switching to a methylsulfone is likely to be nelivabeneficial with one remarkable exception:
N-linked dimethylsulfoximines show even higher mswmal stability in one fourth of all cases.
For sulfonamides, microsomal stability was foundmprove along with increasing polarity in
the order dimethylsulfonamide < methylsulfonamidprimary sulfonamide. Switching toNH-
sulfoximine was usually neutral (when substitutengnethylsulfoxide or a methylsulfone) or
beneficial (when replacing sulfonamides). Methylatiof a NH-sulfoximine resulted in
decreased microsomal stability in one third ofcaldes, while cyanation was most often neutral.
Similarly, substitutions of methylsulfones or sulémides withN-methylsulfoximines were
often detrimental for microsomal stabilitj-Linked dimethylsulfoximines showed improved
microsomal stability when replacing methylsulfoxsdenethylsulfones dl-methylsulfoximines,
and were outperformed only by the correspondingethiylsulfondiimides in one third of all
cases. The introduction dfl-linked SN,N-trimethylsulfonimidamides was found to worsen
microsomal stability in most cases. As all othemsformations including sulfondiimides or

sulfonimidamides were only scarcely populated (n<Bgy were not included in the matrix
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analysis. However, as an overall trend we found Wizle exchanges towards sulfondiimides
were usually neutral or beneficial for microsomalbdity, exchanges towards sulfonimidamides

were mostly neutral or detrimental for microsontabdity (data not shown).

Figure 5. Microsomal stability data in human liver microsarfer selected transformations of

sulfoximines and related functional groups. Numledécate dataset size.
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2.4.1.2 Caco-2 permeability (Figure 6)

As expected, the substitution of methylsulfoxideshwnethylsulfones was observed to be
beneficial for permeability in half of the caseslareutral in all other cases. In general, switching
to a methylsulfone was never found to be detrineiotapermeability but beneficial in many
cases when replacing primary sulfonamides or sitfmes. For sulfonamides, it was measured
that permeability increased in some cases whenclsiwng from a primary sulfonamide to
methyl- or dimethylsulfonamide, reflecting that pesability usually enhances with decreasing
polarity. Generally, exchanging a primary sulfondeninever decreased, but often increased
permeability. Substitutions witB-linked sulfoximines often reduced permeabilityveere at
best neutral, but rarely beneficial. Interestinglye methylation ofNH-sulfoximines was not
found to increase permeability. In contrast to tl®linked congeners, the introduction Nf
linked dimethylsulfoximines was beneficial in manyases. Switching to a
trimethylsulfonimidamide improved permeability inost cases and was never detrimental, also

when replacing corresponding sulfoximine derivagive

Figure 6. Caco-2 permeability data for selected transforomstiof sulfoximines and related

functional groups. Numbers indicate dataset size.
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2.4.1.3 Aqueous solubility (Figure 7)

=z
@

o0eb et
“‘
)
*
OGO

As aqueous solubility strongly depends on the ppposing trends are observed when
analyzing solubility at different pH values. [60FAolubility at neutral pH was considered to be
most relevant from a medicinal chemistry perspectonly data for solubility at pH = 6.8 are

shown and discussed.
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As expected, replacing methylsulfones with moreapohethylsulfoxides led to an improved
solubility in one third of the cases while beingutral in most other cases. Solubility decreased
in half of the cases when methylsulfoxides werelaegd with primary sulfonamides, but
increased in one third of the cases when repladddimethylsulfonamides. Exchanges within
primary, secondary or tertiary sulfonamides leftibdity unchanged in most cases. Remarkably,
we found that substitutions of methylsulfoxides tmyésulfones or sulfonamides witiH- or N-

methylsulfoximines never decreased, but in mangsawreased solubility.

Figure 7. Aqueous solubility at pH = 6.8 data for selecteth$formations of sulfoximines and

related functional groups. Numbers indicate datsizet

37155



0 0 AL Vi 0. NH O N—Me | O N—CN
’—> 1 \// \\S// 8 Me S _Me \// \// \//
S. P - e

A
N Me R Me R Me

X
=
o
<
©
=z
T
5
Pl
T
Py

\(/)/<O
~o
w

s

NV 4 ! !
S Me

S Me 15 1

//O

NS

~z
T

¢
a
»

¢
o | |
¢

3. Conclusions

In summary, we have synthesized several seriesobfcompounds comprising sulfoximines,
sulfondiimides and sulfonimidamides as well as rtlegirresponding isosteres and analogous

compounds with more common structural motifs, axplared their physicochemical properties
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(logP, dissociation constant, agueous solubilibgmical stability) and behavior in selected in
vitro assays (permeability, microsomal stability).

As a rule of thumb for lipophilicity, we found thaulfoximines and sulfones have similar
polarities and are less polar than sulfondiimidesjich are comparable to sulfoxides.
Sulfoximines were confirmed as weak bases, andomdiimides were observed to be
significantly more basic than their sulfoximine krgaes. Sulfoximines usually possessed high
or very high aqueous solubility and higher solupithan the corresponding sulfones or other
common functional groups such as amides or sulfatesn Sulfondiimides often exceeded the
solubility of their sulfoximine congeners, but shemlvdecreased permeability. In most cases,
sulfoximines and compounds with related functiommbups showed high or very high
microsomal stability. For some representative campis the chemical stability was measured
and assessed to be not problematic in the rangesthaually relevant for drug discovery.

Furthermore, a matched molecular pair analysisudbsimines and related molecules from
drug discovery projects within Boehringer Ingelhairas conducted. In this analysis, we found
that the introduction ofSlinked NH-sulfoximines often increased microsonsshbility and
solubility, but decreased permeability. Introductiof the corresponding NMe-sulfoximines
reduced microsomal stability and permeability, otreased solubility. FinallyN-linked
S Sdimethylsulfoximines often improved permeabilitydasometimes microsomal stability.

The results from our study demonstrate that sulfinés and the related sulfondiimides and
sulfonimidamides do not have any intrinsic flanstead, they often exhibit favorable properties
compared to other more established functional ggolporeover, their additional vectors at
nitrogen enable simple chemical modifications dngstfacilitate exploration and fine tuning of

the molecular properties. Sulfoximines thereforendt deserve to be treated with reservations
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and skepticism, but should be employed as routirayestablished functional groups like
sulfones or amides. We conclude that sulfoximines #eir congeners significantly enrich the

toolbox of medicinal chemists.

Appendix A. Supplementary data

Synthetic procedures and spectroscopic data for mempounds, descriptions of the
physicochemical an in vitro assays, experimenttd flar the x-ray analyses and supplementary

information on the matrix analyses can be founkt@t//..............ccccvvviiiiiiiiininnnne.

Appendix B. Accession Codes

CCDC-1483367 and CCDC-1483370 contain the supplanercrystallographic data for
compoundl6h and18eg respectively. This data is available free of geaifrom The Cambridge

Crystallographic Data Centre via https://summaigcotam.ac.uk/structure-summary-form.
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HIGHLIGHTS

* Novel sulfoximines, sulfondiimides and sulfonimidamides have been synthesized.

» The physicochemical and in vitro properties of sulfoximines are analyzed.

* A matched molecular pair analysis of sulfoximines from a corporate database is shown.

» Sulfoximines are demonstrated to be free of any intrinsic flaws.





