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2-a-Keto oxazoles containing polar head groups in their C5-side chains were designed as fatty acid amide
hydrolase (FAAH) inhibitors. Variation in the spacer length resulted in submicromolar a-keto-oxazole
FAAH inhibitor (IC50 = 436 nM) presenting electrostatic stabilizing interactions between its polar head
group contained in the C5-side chain and the hydrophilic pocket of the enzyme.

� 2011 Elsevier Ltd. All rights reserved.
1. Introduction

Since the discovery and the isolation of fatty acid amide hydro-
lase (FAAH) from rat liver,1 FAAH has been shown to be an important
membrane-bound serine hydrolase involved in the endocannabi-
noid metabolism. FAAH rapidly cleaves the analgesic and anti-
inflammatory endocannabinoid anandamide into arachidonic acid
and ethanolamine, and is considered as an attractive therapeutic
target for the treatment of pain and inflammation, as well as a target
for various psychiatric indications related to endocannabinoid
receptors.2–5

Over the past decade, extensive drug discovery efforts have led to
the development of various FAAH inhibitors.6–9 First-generation
FAAH covalent inhibitors consisted of structures derived from
anandamide, oleoylethanolamide (OEA) and palmitoyl-ethanola-
mide (PEA). However, these compounds have been extensively used
as tools for FAAH-functional studies, exemplified by the use of eth-
oxyoleyl fluorophosphonate (EOFP) for the identification of Ser241
as the nucleophilic residue of FAAH catalytic machinery, or the use
of methylarachidonoyl fluorophosphonate (MAFP) for FAAH
co-crystallization.10,11 Not surprisingly, they were poor drug candi-
dates due to selectivity issues.6 In 2003, Piomelli and co-workers
reported the arylcarbamate URB-597 (cyclohexylcarbamic acid 30-
carbamoyl-biphenyl-3-yl ester) to inhibit FAAH (IC50 value of
4.6 nM in brain membrane and 0.5 nM in intact neurons) by
ll rights reserved.
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rreversible carbamylation of the nucleophilic serine (Ser241) lead-
ing to anxiolytic and analgesic activities.12 A second class of FAAH
inhibitors reported in 2005 by Cravatt and Boger, was based on the
a-2-keto oxazole OL-135 (1-oxo-1-[5-(2-pyridyl)oxazol-2-yl]-7-
phenylheptane), which turned out to be a potent (Ki = 4.7 nM upon
FAAH) and selective FAAH inhibitor versus other mammalian serine
hydrolases.13 With the discovery of the ability of OL-135 to promote
analgesia in vivo,14 OL-135 has become the starting point for several
structure–activity relationships studies (SARs), exploring succes-
sively the C2-acyl side chain and the C5-position of the central oxa-
zole ring.15,16 Recently, a crystal structure of inhibitor OL-135 in
complex with h/rFAAH was reported, confirming the mode of inhibi-
tion of FAAH via a reversible hemiketal formation with the nucleo-
philic Ser241 of the unusual Ser241-Ser217-Lys142 catalytic triad.17

2. Results and discussion

2.1. Compound design

The recent discovery by Mileni et al.17 regarding the FAAH inhi-
bition mode via a water-mediated hydrogen bond between 2-keto
oxazoles C5-substituted with H-bond acceptor groups (such as pyr-
idine (OL-135), –CO2Me and –CON(Me)2) and the Thr236 residue
(located into the hydrophilic FAAH binding side), encouraged us
to further investigate the potency of such stabilizing interactions.
To address this issue, a series of 2-keto oxazoles, carrying various
polar heteroatoms (—NMeþ3 ;—NMe2;—S—;—SO2—) along their lin-
ear C5-side chain allowing stabilizing interactions (hydrogen bond
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and/or polar interactions), were synthesized and screened for FAAH
inhibition. The effect of variations in spacer length (n = 2–6) was
also investigated in order to optimize the distance between the
electrophilic 2-keto-oxazole and the polar head groups with respect
to binding affinities (Fig. 1).

2.2. Chemistry

The synthesis of the compound library started from recently
reported ethyl esters 1–5.18 Compounds 1–5 were treated with
LiCH2NC at low temperature, according to Schöllkopfs
Figure 1. Design of the a-keto oxazole FAAH inhibitor candidates based on the electro
groups in the enzyme was investigated by variation of the spacer length (n varying from
protocol,19–21 leading to oxazoles 6–10 isolated in good yields
(84–94%). Subsequent C2-metallation of compounds 6–10 by the
treatment with iPrMgCl,22 followed by quenching with Weinreb
amide N-methoxy-N-methyldodecanamide (R = n-C11H23, 11) or
N-methoxy-N-methyloctanamide (R = n-C7H15, 12) concluded the
synthesis of sub-library A (13–22). Subsequent S-oxidation of
13–22 with Oxone� yielded the corresponding sulfones denoted
sub-library B (23–32).23 Sub-libraries A (13–22) and B (23–32)
were quaternized at the dimethylamino functionality by the treat-
ment with an excess of methyl iodide in acetonitrile, yielding
respectively sub-libraries C (33–38) and D (39–48) (Scheme 1).24
static potential of the enzyme in its hydrophilic pocket. The position of polar head
2 to 6 methylene units) to profit from electrostatic stabilizing interactions.



B

A

nM
10 100 1000 10000

%
A

ct

0

10

20

30

40

50

60

70

80

90

100

Figure 2. Evaluation of a-keto oxazole libraries A–D for FAAH inhibition. (A)
Graphical representation of the residual FAAH enzyme activity for the two series of
a-keto oxazole inhibitors (respectively R = n-C11H23 or R = n-C7H15) at 10 lM
concentration, IC50 values of the more potent oxazoles were evaluated based on
three concentration data points (10 lM, 3.3 lM and1 lM). Values obtained based
on two independents measurements. (B) IC50 curve of the more potent oxazole 24
presenting an IC50 value of 436 nM when including additional data points.
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Scheme 1. Synthesis of a-keto-oxazole sub-libraries A–D. Reagents and conditions:
(a) CH3N„C (1.34 equiv), n-Buli (1.5 equiv), dry THF, �78 �C (2 h) then ester 1–5,
dry THF, �78 �C (3 h), rt (3 h); (b) i-PrMgCl (1.4 equiv), dry THF, �15 �C to �20 �C
(2 h), Weinreb amide 11–12 (1.0 equiv), �20 �C to �25 �C (30 min), rt (25 h); (c)
Oxone (3.0 equiv), MeOH/H2O (3/2), rt (60 h); (d) MeI (1.2 equiv), CH3CN, rt (5 h).
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2.3. Compound evaluation

Sub-libraries A–D were evaluated for FAAH inhibition applying
a modified version of an assay published recently.25 Briefly,
microsomes from rat brain were employed as enzyme source.
N-(2-Hydroxyethyl)-4-pyren-1-ylbutanamide, holding a fluoro-
phore in the acyl part of the molecule, was used as substrate in
combination with Triton X-100 as detergent. Inhibitory potencies
of the tested compounds were assessed by comparing the amount
of 4-pyren-1-ylbutanoic acid released from the substrate in their
absence and presence, after an incubation time of 60 min by
reversed-phase HPLC with fluorescence detection applying
6-pyren-1-ylhexanoic acid as internal standard.25

We modified the enzyme isolation procedure (rat brain) from a
recently published procedure, which led to a two- to threefold de-
crease of the IC50 values of the references in comparison with the
previous protocol.25,26 The three known FAAH inhibitors cyclo-
hexylcarbamic acid 30-carbamoylbiphenyl-3-ylester (URB 597), 1-
oxazolo[4,5-b]pyridin-2-yl-6-phenylhexan-1-one (PHOP)27 and
(6-(2-methyl-4,5-diphenyl-1H-imidazol-1-yl)hexyl)carbamic acid
phenyl ester28 were used as references for the evaluation of new
inhibitor candidates, with URB-597, PHOP and the hexylcarbamic
acid phenyl ester showing an IC50 value of 67 nM, 2.9 nM and
340 nM, respectively, under the assay conditions applied.

Screening for FAAH inhibition of our a-keto-oxazole libraries
A–D revealed an enzyme preference for inhibitors substituted with
long C2-alkyl chains (R = n-C11H23), as replacement by shorter
chains (R = n-C7H15) resulted in a decreased inhibitory activity (
Fig. 2A, Table 1). Although a-keto oxazolopyridines with C2-alkyl
chains varying from R = n-C7H15 to R = n-C11H23 were shown by
Boger et al. to have the greatest potency,27 our observation is
consistent with the significant reduction in activity reported for
1,1,1-trifluorononan-2-one (R = C7H15, Ki = 1.2 lM) compared to
the four-carbon longer homolog (R = C11H23, Ki = 0.14 lM).29 Jons-
son et al. also addressed a similar observation later, with a de-
creased inhibition observed for ethanolamides of aliphatic
straight chain fatty acids holding chain lengths below C12.30 An in-
creased number of polar heteroatoms (SO2, vs S) in the oxazole-C5
side-chain resulted in a significant increase in inhibitory potency,
with sulfones generally more potent than their non-oxidized
homologs (Fig. 2A, Table 1). Those results are consistent with the
hydrophilic character of the protein suggested by X-ray study of
h/rFAAH in complex with OL-135, where a wide hydrophilic pocket
defined by various polar residues such as Ser217, Lys142 and
Thr236 (allowing stabilizing polar interactions) was shown to
accommodate the oxazole-C5 side-chain ( Fig. 3A). Although



Figure 3. Covalent docking of a-keto oxazole inhibitor 24 in FAAH active site with the oxazole carbonyl group connected to the nucleophilic serine residue (Ser 241). (A) The
electrostatic potential surface of the enzyme in the proximity of the C5-side chain of the inhibitor, possibly accounts for the stabilizing interactions respectively with SO2 and
NMe2 groups. Positively charged regions are shown in blue and negative regions in red. (B) Corresponding ligand plot image. The red half-ellipsoid represents the negatively
charged region of the enzyme, present at the proximity of the inhibitor’s dimethylamino group. The destabilizing effect observed with inhibitors quaternized at the
dimethylamino group may be explained by steric repulsions. Figure 3A was created using the Pymol software.

Table 1
Evaluation of the a-keto oxazole libraries A,B,C and D for FAAH inhibition

FAAH activity remaining (10 lM, HLPC based-assay)a

A
N

O
S NMe2

n 3

n-C11H23

O

N

O
S NMe2

n 3

n-C7H15

O
13: n = 2 27 ± 2% 18: n = 2 34 ± 3%
14: n = 3 40 ± 2% 19: n = 3 64 ± 3%
15: n = 4 49 ± 1% 20: n = 4 48 ± 10%
16: n = 5 64 ± 2% 21: n = 5 78 ± 11%
17: n = 6 72 ± 6% 22: n = 6 78 ± 2%
B

N

O
S NMe2

n 3
n-C11H23

O

O O N

O
S NMe2

n 3

n-C7H15

O

O O

23: n = 2 3 ± 1% 28: n = 2 23 ± 6%
24: n = 3 2 ± 1% 29: n = 3 22 ± 1%
25: n = 4 32 ± 3% 30: n = 4 59 ± 7%
26: n = 5 53 ± 3% 31: n = 5 73 ± 8%
27: n = 6 51 ± 0% 32: n = 6 62 ± 4%
C

N

O
S NMe3

+I-

n 3

n-C11H23

O

N

O
S NMe3

+I-

n 3

n-C7H15

O
33: n = 2 78 ± 1% 36: n = 2 No activity
34: n = 4 78 ± 9% 37: n = 4 68 ± 6%
35: n = 5 71 ± 6% 38: n = 5 82 ± 6%
D

N

O
S NMe3

+I-

n 3

n-C11H23

O

O O N

O
S NMe3

+I-

n 3

n-C7H15

O

O O

39: n = 2 11 ± 3% 44: n = 2 61 ± 11%
40: n = 3 13 ± 0% 45: n = 3 53 ± 5%
41: n = 4 49 ± 1% 46: n = 4 83 ± 5%
42: n = 5 57 ± 1% 47: n = 5 70 ± 7%
43: n = 6 31 ± 5% 48: n = 6 —

Residual FAAH enzyme activity given in percentage for the two series of a-keto oxazole inhibitors (R = n-C11H23 or R = n-C7H15 respectively) at 10 lM concentration. Values
obtained based on two independents measurements.
a All FAAH residual activity values were determined using the HPLC-based assay described previously with N-(2-hydroxyethyl)-4-pyren-1-ylbutanamide as substrate, and rat
brain as enzyme source. Released 4-pyren-1-ylbutanoic acid was quantified after 60 min incubation time by reversed-phase HPLC with fluorescence applying 6-pyren-1-
ylhexanoic acid as internal standard. Data were determined based on two independent measurements.
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narrower and deeper, the hydrophobic 0acyl chain-binding0 channel
was found to be quite flexible and to accept various substrates,31

provided that the side chain was long enough to confer sufficient
affinity, as addressed above. The introduction of a terminal quater-
nary amino group was also investigated to compensate the nega-
tively charged region located in the enzyme hydrophilic part.
However, such modification gave a decreased inhibitory activity,
possibly due to steric repulsions (Fig. 3B).

Finally, the optimal location of the polar heteroatoms (–S–, –
SO2–, –NMe2) in the FAAH hydrophilic pocket was further investi-
gated by varying their position within the C5-side chain to benefit
from potential hydrogen bond stabilizing interactions with the
protein. Comparison of the inhibition potency among (n-C11H23)-
compounds from the series A–D suggested an optimal spacer
length (n) at 2- or 3-methylene units. An IC50 value of 290 nM
was obtained for the most potent inhibitor 24 (n = 3, SO2, NMe2,

n-C11H23) at standard assay condition when determined from three
concentration data points. When measuring more data points to
get an IC50 curve, a slightly higher IC50 value of 436 nM was ob-
tained for compound 24 (Fig. 2B). In addition, the a-keto oxazole
24 was shown not to inhibit several additional serine hydrolases
investigated, such as cytosolic phospholipase A2a (cPLA2a) at a
concentration of 1 lM,32 acyl protein thioesterase 1 (APT1) and
acyl protein thioesterase 2 (APT2) at a concentration of 50 lM.18

3. Conclusion

A novel series of FAAH-inhibitors is described. In silico explora-
tion of the binding pocket of FAAH led to design features allowing
for more polar contacts from inhibitor to hydrophilic parts of
FAAH, compared to previously reported compounds. Importantly,
the resulting compound design can be used for further improve-
ment of FAAH inhibitors in terms of interactions to hydrophilic
parts of the enzyme. Additional work is required to optimize the
liphophilic part of the molecule, and possibly further lower molec-
ular weight, Log P and total polar surface area.

4. Experimental section

4.1. Chemistry

4.1.1. General
All chemicals were obtained from Aldrich, Acros or Novabio-

chem, and were used without further purification except where
noted. Solvents were used as received or passed over a drying col-
umn (DCM, THF, DMF). All reactions were carried out under argon
atmosphere using oven-dried glassware. Flash chromatography
was performed using silica gel for chromatography 0.035–
0.070 mm, 60 Å purchased from Acros Organic. 1H spectra were re-
corded on a Varian Mercury—400 Oxford NMR spectrometer.
Chemical shifts are reported in d values relative to tetramethylsil-
ane and coupling constants (J) are reported in Hertz. Melting points
were recorded on a Büchi Melting point B-540. HPLC measure-
ments were performed using an Agilent 1100 Series instrument.
GCMS spectra were recorded on a Hewlett Packard, HP6890 series
GC system, equipped with a Hewlett Packard, HP5973 series mass
selective detector. Ethyl esters 1–6 were synthesized accordingly
to the literature.18

4.1.2. Synthesis of C5-substituted oxazoles (6–10)
C5-substituted oxazoles were synthesized following a modified

literature protocol.19–21 To a solution of methyl isocyanide
(5.8 mmol, 1.34 equiv) in anhydrous THF (13.5 ml), nBuLi (2.5 M
in hexane, 6.5 mmol, 1.5 equiv) was added dropwise at �78 �C to
the reaction mixture which was then stirred at �78 �C for 2 h. A
solution of ethyl ester 1–5 (4.3 mmol, 1.0 equiv) in dry THF
(3 ml) was added dropwise (over 30 min) to the reaction mixture
which was then stirred for 3 h at �78 �C followed by 3 h at rt.
The mixture was quenched with brine (100 ml) and extracted with
Et2O (3 � 100 ml). The combined organic extracts were subse-
quently dried over anhydrous MgSO4, concentrated under reduced
pressure and purified by flash chromatography (gradient 1–4%
MeOH/DCM using NEt3 pre-treated column) leading to the corre-
sponding C5-substituted oxazole (6–10).

N

O
S NMe2

2

4.1.2.1. N,N-Dimethyl-3-(2-(oxazol-5-yl)ethylthio)propan-1-
amine (6). Compound 6 was synthesized following the gen-
eral procedure for the C5-substituted oxazole formation on
4.3 mmol of ethyl ester 1. Yield = 84% (yellow oil). Rf = 0.42
(EtOAc/AcOH/MeOH/H2O 3/3/3/2). 1H NMR (400 MHz, CDCl3): d
7.71 (s, 1H, H–C@N), 6.77 (t, 1H, J = 0.8 Hz, H–C@C), 2.81–2.97
(m, 2H, –CH2–C@C), 2.76–2.71 (m, 2H, –CH2S), 2.49 (t, 2H,
J = 7.4 Hz, –CH2S), 2.26 (t, 2H, J = 7.2 Hz, –CH2NMe2), 2.14 (s, 6H,
N(CH3)2), 1.67 (dd, 2H, J = 7.4, J = 7.2 Hz). 13C NMR (125 MHz,
CDCl3): d 150.9, 150.1, 122.6, 58.3, 45.3, 29.9, 29.4, 27.5, 26.1.
HRMS (ESI) calcd for C10H18N2OS [M+H]+ 215.1213, found
215.1211. GCMS found 214 for [M+�].

N

O
S NMe2

3

4.1.2.2. N,N-Dimethyl-3-(3-(oxazol-5-yl)propylthiol)propan-1-
amine (7). Compound 7 was synthesized following the gen-
eral procedure for the C5-substituted oxazole formation on
5.8 mmol of ethyl ester 2 (no purification needed). Yield = 95% (yel-
low oil). Rf = 0.43 (EtOAc/AcOH/MeOH/H2O 3/3/3/2). 1H NMR
(400 MHz, CDCl3): d 7.73 (s, 1H, H–C@N), 6.74 (t, 1H, J = 0.8 Hz,
H–C@C), 2.75 (dt, 2H, J = 7.4, J = 0.8 Hz, –CH2–C@C), 2.55 (t, 2H,
J = 7.2 Hz, –CH2S), 2.54 (t, 2H, J = 7.2 Hz, –CH2S), 2.30 (t, 2H,
J = 7.2 Hz, –CH2NMe2), 2.17 (s, 6H, N(CH3)2), 1.96–1.84 (m, 2H),
1.79–1.65 (m, 2H). 13C NMR (125 MHz, CDCl3): d 151.7, 149.8,
121.8, 58.1, 45.0 (2C), 30.8, 29.5, 27.3, 27.0, 23.9. HRMS (ESI) calcd
for C11H20N2OS [M+H]+ 229.1369, found 229.1368. GCMS found
228 for [M+�].

N

O
S NMe2

4

4.1.2.3. N,N-Dimethyl-3-(4-(oxazol-5-yl)butylthio)propan-1-
amine (8). Compound 8 was synthesized following the gen-
eral procedure for the C5-substituted oxazole formation on
14 mmol of ethyl ester 3 (no purification needed). Yield = 94% (or-
ange oil). Rf = 0.47 (EtOAc/AcOH/MeOH/H2O 3/3/3/2). 1H NMR
(400 MHz, CDCl3): d 7.74 (s, 1H, H–C@N), 6.75 (t, 1H, J = 0.8 Hz,
H–C@C), 2.66 (dt, 2H, J = 7.6, J = 0.8 Hz, –CH2–C@C), 2.52 (t, 2H,
J = 7.2 Hz, –CH2S), 2.51 (t, 2H, J = 7.4 Hz, –CH2S), 2.32 (t, 2H,
J = 7.2 Hz, –CH2NMe2), 2.20 (s, 6H, N(CH3)2), 1.74–1.64 (m, 4H),
1.62–1.54 (m, 2H). 13C NMR (125 MHz, CDCl3): d 152.5, 149.9,
121.9, 58.5, 45.3 (2C), 31.6, 29.9, 28.8, 27.6, 26.6, 24.8. HRMS
(ESI) calcd for C12H22N2OS [M+H]+ 243.1526, found 243.1526.
GCMS found 242 for [M+�].

N

O
S NMe2

5

4.1.2.4. N,N-Dimethyl-3-(5-(oxazol-5-yl)pentylthio)propan-1-
amine (9). Compound 9 was synthesized following the gen-
eral procedure for the C5-substituted oxazole formation on
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3.9 mmol of ethyl ester 4 (no purification needed). Yield = 90% (or-
ange oil). Rf = 0.50 (EtOAc/AcOH/MeOH/H2O 3/3/3/2). 1H NMR
(400 MHz, CDCl3): d 7.73 (s, 1H, H–C@N), 6.73 (t, 1H, J = 0.8 Hz,
H–C@C), 2.64 (dt, 2H, J = 7.6, J = 0.8 Hz, –CH2–C@C), 2.51 (t, 2H,
J = 7.6 Hz, –CH2S), 2.49 (t, 2H, J = 7.6 Hz, –CH2S), 2.32 (t, 2H,
J = 7.4 Hz, –CH2NMe2), 2.19 (s, 6H, N(CH3)2), 1.74–1.51 (m, 6H),
1.45–1.34 (m, 2H). 13C NMR (125 MHz, CDCl3): d 152.7, 149.8,
121.7, 58.5, 45.3 (2C), 31.9, 29.9, 29.1, 28.1, 27.6, 27.0, 25.1. HRMS
(ESI) calcd for C13H24N2OS [M+H]+ 257.1682, found 257.1682.
GCMS found 256 for [M+�].

N

O
S NMe2

6

4.1.2.5. N,N-Dimethyl-3-(6-(oxazol-5-yl)hexylthio)propan-1-
amine (10). Compound 10 was synthesized following the
general procedure for the C5-substituted oxazole formation on
9.8 mmol of ethyl ester 5 (no purification needed). Yield = 92% (or-
ange oil). Rf = 0.50 (EtOAc/AcOH/MeOH/H2O 3/3/3/2). 1H NMR
(400 MHz, CDCl3): d 7.70 (s, 1H, H–C@N), 6.69 (t, 1H, J = 0.8 Hz,
H–C@C), 2.59 (dt, 2H, J = 7.6, J = 0.8 Hz, –CH2–C@C), 2.47 (t, 2H,
J = 7.4 Hz, –CH2S), 2.45 (t, 2H, J = 7.4 Hz, –CH2S), 2.29 (t, 2H,
J = 7.2 Hz, –CH2NMe2), 2.16 (s, 6H, N(CH3)2), 1.73–1.47 (m, 6H),
1.40–1.25 (m, 4H). 13C NMR (125 MHz, CDCl3): d 152.9, 149.8,
121.7, 58.6, 45.4 (2C), 32.0, 29.9, 29.4, 28.5, 28.4, 27.7, 27.3, 25.2.
HRMS (ESI) calcd for C14H26N2OS [M+H]+ 271.1839, found
271.1840. GCMS found 270 for [M+�].

4.1.3. Synthesis of Weinreb amides (11–12)
Weinreb amides 11–12 were synthesized following a modified

literature protocol.33,34 To a solution of N,O-dimethylhydroxyl-
amine hydrochloride (3.9 g, 39 mmol, 1.1 equiv) and pyridine
(82 mmol, 2.2 equiv) in dry DCM (55 ml), was added slowly the
corresponding acid chloride (36.5 mmol, 1.0 equiv) at 0 �C over
15 min. The mixture was allowed to warm to rt and was stirred
for 5 h at rt. The mixture was then diluted with EtOAc (200 ml),
washed with 1 N HCl (100 ml � 2), saturated aqueous NaHCO3

(50 ml � 2) and brine (50 ml). The organic layer was dried over
anhydrous MgSO4 and concentrated under reduced pressure lead-
ing to the corresponding Weinreb amides 11–12 which were used
directly in the next step.
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4.1.3.1. N-Methoxy-N-methyldodecanamide (11). Compound 11
was synthesized following the general procedure for the Weinreb
amide synthesis using 115 mmol of acyl chloride (dodecanoyl
chloride). Yield = 98% (colorless oil). Rf = 0.71 (EtOAc/cyclohexane
1/1). IR: 1668 cm�1 (amine C@O stretch), 2922–2853 cm�1 (amine
N–H stretch). 1H NMR (400 MHz, CDCl3): d 3.64 (s, 3H, OCH3), 3.16
(s, 3H, –NCH3), 2.37 (t, 2H, J = 7.4 Hz, –CH2CO), 1.62–1.56 (m, 2H),
1.34–1.13 (m, 16H), 0.83 (t, 3H, J = 6.6 Hz, CH3). 13C NMR
(125 MHz, CDCl3): d 174.7, 61.0, 31.8, 29.5 (4C), 29.4, 29.3 (2C),
29.2, 24.5, 22.6, 13.9. HRMS (ESI) calcd For C14H29NO2 [M+H]+

244.2271, found 244.2270. GCMS found 243 for [M+�].
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4.1.3.2. N-Methoxy-N-methyloctanamide (12). Compound
12 was synthesized following the general procedure for the Wein-
reb amide synthesis using 164 mmol of acyl chloride (octanoyl
chloride). Yield = 94% (colorless oil). Rf = 0.67 (EtOAc/cyclohexane
1/1). IR: 1665 cm�1 (amine C@O stretch), 2955–2855 cm�1 (amine
N–H stretch). 1H NMR (400 MHz, CDCl3): d 3.64 (s, 3H, OCH3), 3.14
(s, 3H, –NCH3), 2.37 (t, 2H, J = 7.6 Hz, –CH2CO), 1.62–1.55 (m, 2H),
1.34–1.19 (m, 8H), 0.84 (t, 3H, J = 7.4 Hz, CH3). 13C NMR (125 MHz,
CDCl3): d 174.7, 61.1, 32.1, 31.8, 31.6, 29.3, 29.0, 24.5, 22.5, 13.9.
HRMS (ESI) calcd for C10H21NO2 [M+H]+ 188.1645, found
188.1641. GCMS found 187 for [M+�].

4.1.4. Synthesis of C2-functionalized oxazoles (13–22)22,34

To a 100 ml round bottomed flask equipped with a stirring bar,
argon inlet, was added C5-substituted oxazole 6–10 (8.7 mmol,
1 equiv) as a solution in freshly distilled THF (20 ml). I-PrMgCl
(2 M in THF, 11.3 mmol, 1.4 equiv) was added over 10 min to the
mixture previously cooled to �15 �C which was then stirred for
2 h between �15 �C and �20 �C. A solution of Weinreb amides
11–12 (8.65 mmol, 1.0 equiv) as a solution in distilled THF
(15 ml) was added dropwise to the reaction mixture at such a rate
that the temperature was kept between �20 �C and �25 �C (addi-
tion over 25 min). The reaction was stirred at �20 �C for 10 min
and at rt for 25 h. The mixture was quenched with water (25 ml)
and extracted with EtOAc (4x150 ml) and brine (100 ml). Saturated
NH4Cl solution was added to the aqueous layer which was ex-
tracted with EtOAc. The combined organics layers were dried over
anhydrous MgSO4, concentrated under reduced pressure and puri-
fied by flash chromatography (eluent: gradient 1–2% MeOH/DCM)
leading to the C2-functionalized oxazoles 13–22.
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4.1.4.1. 1-(5-(2-(3-(Dimethylamino)propylthio)ethyl)oxazol-2-
yl)dodecan-1-one (13). Compound 13 was synthesized fol-
lowing the general procedure for the oxazole C2-functionalization
using 9.8 mmol of Weinreb amide 11. Yield = 24% (orange oil).
Rf = 0.74 (EtOAc/AcOH/MeOH/H2O 3/3/3/2). IR: 1699 cm�1 (ketone
C@O stretch). 1H NMR (400 MHz, CDCl3): d 7.01 (t, 1H, J = 0.8 Hz,
H–C@C), 2.99 (t, 2H, J = 7.0 Hz, –CH2CO), 2.98 (t, 2H, J = 6.8 Hz, –
CH2S), 2.83 (dt, 2H, J = 7.4, J = 0.8 Hz, –CH2–C@C), 2.56 (t, 2H,
J = 7.2 Hz, –CH2S), 2.34 (t, 2H, J = 7.2 Hz, –CH2NMe2), 2.22 (s, 6H,
N(CH3)2), 1.78–1.66 (m, 4H), 1.39–1.14 (m, 16H), 0.86 (t, 3H,
J = 6.8 Hz, –CH3). 13C NMR (125 MHz, CDCl3): d 188.5, 157.4,
154.6, 125.5, 58.3, 45.3 (2C), 38.8, 31.9, 30.0, 29.7, 29.5 (2C),
29.4, 29.3, 29.3, 29.1, 27.4, 26.4, 24.0, 22.6, 14.1. HRMS (ESI) calcd
for C22H40N2O2S [M+H]+ 397.2883, found 397.2873. LC–MS (ESI)
found 397.23 for [M+H]+.
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4.1.4.2. 1-(5-(3-(3-(Dimethylamino)propylthio)propyl)oxazol-2-
yl)dodecan-1-one (14). Compound 14 was synthesized fol-
lowing the general procedure for the oxazole C2-functionalization
using 8.6 mmol of Weinreb amide 11. Yield = 37% (yellow oil).
Rf = 0.64 (EtOAc/AcOH/MeOH/H2O 3/3/3/2). IR: 1698 cm�1 (ketone
C@O stretch). 1H NMR (400 MHz, CDCl3): d 6.96 (t, 1H, J = 0.8 Hz,
H–C@C), 3.00 (t, 2H, J = 7.6 Hz, –CH2CO), 2.85 (dt, 2H, J = 7.2,
J = 0.8 Hz, –CH2–C@C), 2.55 (t, 2H, J = 7.2 Hz, –CH2S), 2.54 (t, 2H,
J = 7.2 Hz, –CH2S), 2.39 (t, 2H, J = 7.2 Hz, –CH2NMe2), 2.25 (s, 6H,
N(CH3)2), 2.01–1.92 (m, 2H), 1.82–1.75 (m, 2H), 1.74–1.67 (m,
2H), 1.43–1.16 (m, 16H), 0.85 (t, 3H, J = 6.8 Hz, –CH3). 13C NMR
(125 MHz, CDCl3): d 188.5, 157.4, 155.8, 124.9, 58.3, 45.1 (2C),
38.8, 31.8, 31.2, 29.8, 29.5 (2C), 29.4, 29.3, 29.3, 29.1, 27.3, 27.1,
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24.6, 24.0, 22.6, 14.1. HRMS (EI) calcd for C23H42N2O2S [M+�]
410.2962, found 410.2951. GCMS found 410 for [M+�].

N

O
S NMe2

4
O

9

4.1.4.3. 1-(5-(4-(3-(Dimethylamino)propylthio)butyl)oxazol-2-
yl)dodecan-1-one (15). Compound 15 was synthesized fol-
lowing the general procedure for the oxazole C2-functionalization
using 8.4 mmol of Weinreb amide 11. Yield = 29% (yellow oil).
Rf = 0.71 (EtOAc/AcOH/MeOH/H2O 3/3/3/2). IR: 1699 cm�1 (ketone
C@O stretch). 1H NMR (400 MHz, CDCl3): d 6.95 (t, 1H, J = 0.8 Hz,
H–C@C), 3.01 (t, 2H, J = 7.6 Hz, –CH2CO), 2.75 (dt, 2H, J = 7.6,
J = 0.8 Hz, –CH2–C@C), 2.55 (t, 2H, J = 7.2 Hz, –CH2S), 2.54 (t, 2H,
J = 7.4 Hz, –CH2S), 2.43 (t, 2H, J = 7.0 Hz, –CH2NMe2), 2.28 (s, 6H,
N(CH3)2), 1.84–1.59 (m, 8H), 1.39–1.18 (m, 16H), 0.87 (t, 3H,
J = 6.8 Hz, –CH3). 13C NMR (125 MHz, CDCl3): d 188.5, 157.3,
156.4, 124.7, 58.4, 45.1 (2C), 38.8, 31.8, 31.6, 29.9, 29.5 (2C),
29.4, 29.3, 29.3, 29.1, 28.9, 27.3, 26.5, 25.4, 24.0, 22.6, 14.1. HRMS
(ESI) calcd for C24H44N2O2S [M+H]+ 425.3196, found 425.3191. LC–
MS (ESI) found 425.23 for [M+H]+.
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4.1.4.4. 1-(5-(5-(3-(Dimethylamino)propylthio)pentyl)oxazol-2-
yl)dodecan-1-one (16). Compound 16 was synthesized follow-
ing the general procedure for the oxazole C2-functionalization using
7.6 mmol of Weinreb amide 11. Yield = 34% (yellow oil). Rf = 0.71
(EtOAc/AcOH/MeOH/H2O 3/3/3/2). IR: 1699 cm�1 (ketone C@O
stretch). 1H NMR (400 MHz, CDCl3): d 6.93 (t, 1H, J = 0.8 Hz, H–
C@C), 3.00 (t, 2H, J = 7.4 Hz, –CH2CO), 2.72 (dt, 2H, J = 7.4, J = 0.8 Hz,
–CH2–C@C), 2.52 (t, 2H, J = 7.4 Hz, –CH2S), 2.50 (t, 2H, J = 7.4 Hz, –
CH2S), 2.39 (t, 2H, J = 7.4 Hz, –CH2NMe2), 2.25 (s, 6H, N(CH3)2),
1.80–1.65 (m, 6H), 1.64–1.55 (m, 2H), 1.49–1.39 (m, 2H), 1.37–1.19
(m, 16H), 0.86 (t, 3H, J = 6.8 Hz, –CH3). 13C NMR (125 MHz, CDCl3):
d 188.5, 157.2, 156.6, 124.6, 58.3, 45.0 (2C), 38.8, 31.9, 31.8, 29.9,
29.5 (2C), 29.4, 29.3, 29.3, 29.1, 29.1, 28.2, 27.2, 26.9, 25.6, 24.0,
22.6, 14.1. HRMS (ESI) calcd for C25H46N2O2S [M+H]+ 439.3353, found
439.3346. LC–MS (ESI) found 439.26 for [M+H]+.
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4.1.4.5. 1-(5-(6-(3-(Dimethylamino)propylthio)hexyl)oxazol-2-
yl)dodecan-1-one (17). Compound 17 was synthesized fol-
lowing the general procedure for the oxazole C2-functionalization
using 5.7 mmol of Weinreb amide 11. Yield = 36% (yellow oil).
Rf = 0.75 (EtOAc/AcOH/MeOH/H2O 3/3/3/2). IR: 1698 cm�1 (ketone
C@O stretch). 1H NMR (400 MHz, CDCl3): d 6.91 (t, 1H, J = 0.8 Hz,
H–C@C), 2.99 (t, 2H, J = 7.4 Hz, –CH2CO), 2.70 (dt, 2H, J = 7.6,
J = 0.8 Hz, –CH2–C@C), 2.52 (t, 2H, J = 7.2 Hz, –CH2S), 2.48 (t, 2H,
J = 7.2 Hz, –CH2S), 2.45 (t, 2H, J = 7.6 Hz, –CH2NMe2), 2.29 (s, 6H,
N(CH3)2), 1.82–1.62 (m, 6H), 1.60–1.50 (m, 2H), 1.43–1.17 (m,
20H), 0.85 (t, 3H, J = 6.6 Hz, –CH3). 13C NMR (125 MHz, CDCl3): d
188.5, 157.2, 156.8, 124.6, 58.2, 44.8 (2C), 38.7, 32.0, 31.8, 29.8,
29.5(2C), 29.4, 29.3, 29.3, 29.2, 29.1, 28.6, 28.3, 27.2, 26.9, 25.6,
24.0, 22.6, 14.0. HRMS (ESI) calcd for C26H48N2O2S [M+H]+

453.3509, found 453.3502. LC–MS (ESI) found 453.32 for [M+H]+.
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4.1.4.6. 1-(5-(2-(3-(Dimethylamino)propylthio)ethyl)oxazol-2-
yl)octan-1-one (18). Compound 18 was synthesized follow-
ing the general procedure for the oxazole C2-functionalization
using 9.1 mmol of Weinreb amide 12. Yield = 25% (orange oil).
Rf = 0.71 (EtOAc/AcOH/MeOH/H2O 3/3/3/2). IR: 1698 cm�1 (ketone
C@O stretch). 1H NMR (400 MHz, CDCl3): d 6.96 (t, 1H, J = 0.8 Hz,
H–C@C), 2.96 (t, 2H, J = 7.2 Hz, –CH2CO), 2.94 (t, 2H, J = 7.4 Hz, –
CH2S), 2.77 (dt, 2H, J = 7.4, J = 0.8 Hz, –CH2–C@C), 2.49 (t, 2H,
J = 7.4 Hz, –CH2S), 2.27 (t, 2H, J = 7.2 Hz, –CH2NMe2), 2.14 (s, 6H,
N(CH3)2), 1.70–1.61 (m, 4H), 1.37–1.16 (m, 8H), 0.79 (t, 3H,
J = 7.0 Hz, –CH3). 13C NMR (125 MHz, CDCl3): d 188.4, 157.3,
154.6, 125.4, 58.2, 45.2 (2C), 38.8, 31.5, 30.0, 29.6, 29.0, 28.9,
27.3, 26.4, 23.9, 22.5, 13.9. HRMS (ESI) calcd for C18H32N2O2S
[M+H]+ 341.2257, found 341.2258. LC–MS (ESI) found 341.15 for
[M+H]+.
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4.1.4.7. 1-(5-(3-(3-(Dimethylamino)propylthio)propyl)oxazol-2-
yl)octan-1-one (19). Compound 19 was synthesized follow-
ing the general procedure for the oxazole C2-functionalization
using 8.5 mmol of Weinreb amide 12. Yield = 34% (yellow oil).
Rf = 0.65 (EtOAc/AcOH/MeOH/H2O 3/3/3/2). IR: 1698 cm�1 (ketone
C@O stretch). 1H NMR (400 MHz, CDCl3): d 6.95 (t, 1H, J = 0.8 Hz,
H–C@C), 2.99 (t, 2H, J = 7.4 Hz, –CH2CO), 2.84 (dt, 2H, J = 7.4,
J = 0.8 Hz, –CH2–C@C), 2.54 (t, 2H, J = 6.8 Hz, –CH2S), 2.52 (t, 2H,
J = 7.2 Hz, –CH2S), 2.36 (t, 2H, J = 7.2 Hz, –CH2NMe2), 2.22 (s, 6H,
N(CH3)2), 1.93–1.85 (m, 2H), 1.72–1.58 (m, 4H), 1.34–1.12 (m,
8H), 0.85 (t, 3H, J = 7.0 Hz, –CH3). 13C NMR (125 MHz, CDCl3): d
188.5, 157.3, 155.8, 124.9, 58.3, 45.2 (2C), 38.7, 31.6, 31.2, 29.8,
29.1, 28.9, 27.3, 27.0, 24.6, 24.0, 22.5, 14.0. HRMS (EI) calcd for
C19H34N2O2S [M+�] 354.2336, found 354.2330. LC–MS (ESI) found
355.16 for [M+H]+.

N

O
S NMe2

4
O

5

4.1.4.8. 1-(5-(4-(3-(Dimethylamino)propylthio)butyl)oxazol-2-
yl)octan-1-one (20). Compound 20 was synthesized follow-
ing the general procedure for the oxazole C2-functionalization
using 8.7 mmol of Weinreb amide 12. Yield = 32% (yellow oil).
Rf = 0.74 (EtOAc/AcOH/MeOH/H2 3/3/3/2). IR: 1698 cm�1 (ketone
C@O stretch). 1H NMR (400 MHz, CDCl3): d 6.96 (t, 1H, J = 0.8 Hz,
H–C@C), 3.02 (t, 2H, J = 7.6 Hz, –CH2CO), 2.76 (dt, 2H, J = 7.4,
J = 0.8 Hz, –CH2–C@C), 2.56 (t, 2H, J = 7.2 Hz, –CH2S), 2.55 (t, 2H,
J = 7.2 Hz, –CH2S), 2.36 (t, 2H, J = 7.2 Hz, –CH2NMe2), 2.22 (s, 6H,
N(CH3)2), 1.90–1.77 (m, 4H), 1.76–1.61 (m, 4H), 1.42–1.21 (m,
8H), 0.87 (t, 3H, J = 7.0 Hz, –CH3). 13C NMR (125 MHz, CDCl3): d
188.5, 157.3, 156.4, 124.7, 58.5, 45.3 (2C), 38.7, 31.6, 31.6, 30.0,
29.1, 28.9, 28.8, 27.5, 26.4, 25.3, 24.0, 22.5, 14.0. HRMS (ESI) calcd
for C20H36N2O2S [M+H]+ 369.2570, found 369.2571. LC–MS (ESI)
found 369.19 for [M+H]+.
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4.1.4.9. 1-(5-(5-(3-(Dimethylamino)propylthio)pentyl)oxazol-2-
yl)octan-1-one (21). Compound 21 was synthesized follow-
ing the general procedure for the oxazole C2-functionalization
using 8.5 mmol of Weinreb amide 12. Yield = 28% (yellow oil).
Rf = 0.77 (EtOAc/AcOH/MeOH/H2O 3/3/3/2). IR: 1698 cm�1 (ke-
tone C@O stretch). 1H NMR (400 MHz, CDCl3): d 6.92 (t, 1H,
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J = 0.8 Hz, H–C@C), 2.99 (t, 2H, J = 7.6 Hz, –CH2CO), 2.71 (dt, 2H,
J = 7.4, J = 0.8 Hz, –CH2–C@C), 2.51 (t, 2H, J = 7.4 Hz, –CH2S), 2.49
(t, 2H, J = 7.4 Hz, –CH2S), 2.35 (t, 2H, J = 7.2 Hz, –CH2NMe2), 2.21
(s, 6H, N(CH3)2), 1.80–1.66 (m, 6H), 1.64–1.55 (m, 2H), 1.48–1.39
(m, 2H), 1.37–1.19 (m, 8H), 0.85 (t, 3H, J = 7.0 Hz, –CH3). 13C NMR
(125 MHz, CDCl3): d 188.5, 157.2, 156.6, 124.6, 58.5, 45.2 (2C),
38.7, 31.9, 31.6, 29.9, 29.0 (2C), 28.9, 28.2, 27.4, 26.9, 25.6, 24.0,
22.5, 14.0. HRMS (ESI) calcd for C21H38N2O2S [M+H]+ 383.2727,
found 383.2733. LC–MS (ESI) found 383.22 for [M+H]+.
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4.1.4.10. 1-(5-(6-(3-(Dimethylamino)propylthio)hexyl)oxazol-2-
yl)octan-1-one (22). Compound 22 was synthesized follow-
ing the general procedure for the oxazole C2-functionalization
using 6.6 mmol of Weinreb amide 12. Yield = 32% (yellow oil).
Rf = 0.73 (EtOAc/AcOH/MeOH/H2O 3/3/3/2). IR: 1699 cm�1 (ke-
tone C@O stretch). 1H NMR (400 MHz, CDCl3): d 6.92 (t, 1H,
J = 0.8 Hz, H–C@C), 2.99 (t, 2H, J = 8.0 Hz, –CH2CO), 2.76 (dt, 2H,
J = 7.6, J = 0.8 Hz, –CH2–C@C), 2.51 (t, 2H, J = 7.2 Hz, –CH2S), 2.50
(t, 2H, J = 7.0 Hz, –CH2S), 2.41 (t, 2H, J = 7.4 Hz, –CH2NMe2), 2.26
(s, 6H, N(CH3)2), 1.81–1.62 (m, 6H), 1.61–1.50 (m, 2H), 1.45–1.17
(m, 12H), 0.85 (t, 3H, J = 7.0 Hz, –CH3). 13C NMR (125 MHz, CDCl3):
d 188.5, 157.2, 156.8, 124.6, 58.4, 45.1(2C), 38.8, 32.0, 31.6, 29.9,
29.3, 29.1, 28.9, 28.6, 28.3, 27.2 (2C), 25.6, 24.0, 22.5, 14.0. HRMS
(ESI) calcd for C22H40N2O2S [M+H]+ 397.2883, found 397.2873.
LC–MS (ESI) found 397.24 for [M+H]+.

4.1.5. Synthesis of S-oxidized oxazoles (23–32)23

To a 25 ml round bottomed flask equipped with a stirring bar,
was added C2-substituted oxazoles 13–22 (0.46 mmol, 1.0 equiv)
in MeOH (14 ml). The mixture was cooled to 0 �C and a suspension
of oxone� (1.40 mmol, 3.0 equiv) in water (9 ml) was added over
5 min to the mixture which was subsequently stirred at rt for
60 h. The reaction was quenched with saturated aqueous Na2S2O3

(30 ml) and extracted with EtOAc (100 ml). The aqueous layer was
basified to pH 12.0 using saturated NaHCO3 solution and extracted
with EtOAc (4 � 50 ml). The combined organic extracts were dried
over anhydrous MgSO4, concentrated under reduced pressure and
purified by reverse phase chromatography (reverse C18 cartridge
(5 g), gradient MeOH/H2O up to 100% MeOH) leading to com-
pounds 23–32.
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4.1.5.1. 1-(5-(2-(3-(Dimethylamino)propylsulfonyl)ethyl)oxa-
zol-2-yl)dodecan-1-one (23). Compound 23 was synthesized
following the general procedure for oxidation into sulfone using
0.42 mmol of sulfide derivative 13, reaction time 60 h. Purification
by reverse phase chromatography using RPC18 column (eluent 0–
100% MeOH). Yield = 76% (white semi-solid). Rf = 0.54 (EtOAc/
AcOH/MeOH/H2O 3/3/3/2). IR: 1694 cm�1 (ketone C@O stretch),
1304 cm�1 (SO2 asym. stretch), 1112 cm�1 (SO2 sym. stretch). 1H
NMR (400 MHz, CDCl3): d 7.10 (t, 1H, J = 0.8 Hz, H–C@C), 3.42–
3.27 (m, 4H, –CH2SO2), 3.18–3.11 (m, 2H, –CH2CO), 3.04–2.98 (m,
2H, –CH2–C@C), 2.70–2.61 (m, 2H, –CH2NMe2), 2.39 (s, 6H,
N(CH3)2), 2.16–2.07 (m, 2H), 1.76–1.66 (m, 2H), 1.41–1.15 (m,
16H), 0.87 (t, 3H, J = 6.8 Hz, –CH3). 13C NMR (125 MHz, CDCl3): d
188.5, 157.7, 151.8, 126.1, 56.9, 50.8, 50.3, 44.5 (2C), 38.9, 31.9,
29.6, 29.4, 29.3 (2C), 29.1, 23.9, 22.7, 19.1, 18.7, 14.1. HRMS (ESI)
calcd for C22H40N2O4S [M+H]+ 429.2782, found 429.2776. LC–MS
(ESI) found 429.22 for [M+H]+.
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4.1.5.2. 1-(5-(3-(3-(Dimethylamino)propylsulfonyl)propyl)oxa-
zol-2-yl)dodecan-1-one (24). Compound 24 was synthesized
following the general procedure for oxidation into sulfone using
0.43 mmol of sulfide derivative 14, reaction time 60 h. Purification
by reverse phase chromatography using RPC18 column (eluent 0–
100% MeOH). Yield = 75% (white semi-solid). Rf = 0.53 (EtOAc/
AcOH/MeOH/H2O 3/3/3/2). IR: 1699 cm�1 (ketone C@O stretch),
1318 cm�1 (SO2 asym. stretch), 1129 cm�1 (SO2 sym. stretch). 1H
NMR (400 MHz, CDCl3): d 7.03 (t, 1H, J = 0.8 Hz, H–C@C), 3.20–
3.14 (m, 2H, –CH2SO2), 3.11–3.05 (m, 2H, –CH2SO2), 3.02 (t, 2H,
J = 7.6 Hz, –CH2CO), 2.96 (dt, 2H, J = 7.4, J = 0.8 Hz, –CH2–C@C),
2.83–2.74 (m, 2H, –CH2NMe2), 2.49 (s, 6H, N(CH3)2), 2.30–2.20
(m, 2H), 2.16–2.07 (m, 2H), 1.76–1.66 (m, 2H), 1.41–1.15 (m,
16H), 0.87 (t, 3H, J = 7.0 Hz, –CH3). 13C NMR (125 MHz, CDCl3): d
188.5, 157.6, 154.3, 125.5, 57.0, 51.8, 50.6, 44.6 (2C), 38.9, 31.9,
29.6(2C), 29.5, 29.3, 29.3, 29.2, 24.4, 24.0, 22.7, 20.1, 19.1, 14.1.
HRMS (ESI) calcd for C23H42N2O4S [M+H]+ 443.2938, found
443.2936. GCMS found 442 for [M+�].
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4.1.5.3. 1-(5-(4-(3-(Dimethylamino)propylsulfonyl)butyl)oxa-
zol-2-yl)dodecan-1-one (25). Compound 25 was synthesized
following the general procedure for oxidation into sulfone using
0.38 mmol of sulfide derivative 15, reaction time 60 h. Purification
by reverse phase chromatography using RPC18 column (eluent 0–
100% MeOH). Yield = 73% (white semi-solid). Rf = 0.53 (EtOAc/
AcOH/MeOH/H2O 3/3/3/2). IR: 1701 cm�1 (ketone C@O stretch),
1274 cm�1 (SO2 asym. stretch), 1111 cm�1 (SO2 sym. stretch). 1H
NMR (400 MHz, CDCl3): d 6.99 (t, 1H, J = 0.8 Hz, H–C@C), 3.22–
3.16 (m, 2H, –CH2SO2), 3.11–3.05 (m, 2H, –CH2SO2), 3.01 (t, 2H,
J = 7.4 Hz, –CH2CO), 2.97–2.90 (m, 2H, –CH2–C@C), 2.83–2.76 (m,
2H, –CH2NMe2), 2.61 (s, 6H, N(CH3)2), 2.30–2.19 (m, 2H), 1.97–
1.81 (m, 4H), 1.75–1.66 (m, 2H), 1.41–1.18 (m, 16H), 0.87 (t, 3H,
J = 6.8 Hz, –CH3). 13C NMR (125 MHz, CDCl3): d 188.6, 157.4,
155.5, 125.1, 56.7, 52.5, 50.0, 43.9 (2C), 38.8, 31.9, 29.6 (2C),
29.4, 29.3, 29.3, 29.1, 26.2, 25.2, 24.0, 22.6, 21.3, 18.4, 14.1. HRMS
(ESI) calcd for C24H44N2O4S [M+H]+ 457.3095, found 457.3087. LC–
MS (ESI) found 457.26 for [M+H]+.
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4.1.5.4. 1-(5-(5-(3-(Dimethylamino)propylsulfonyl)pentyl)oxa-
zol-2-yl)dodecan-1-one (26). Compound 26 was synthesized
following the general procedure for oxidation into sulfone using
0.38 mmol of sulfide derivative 16, reaction time 60 h. Purification
by reverse phase chromatography using RPC18 column (eluent 0–
100% MeOH). Yield = 74% (white semi-solid). Rf = 0.58 (EtOAc/
AcOH/MeOH/H2O 3/3/3/2). IR: 1701 cm�1 (ketone C@O stretch),
1320 cm�1 (SO2 asym. stretch), 1127 cm�1 (SO2 sym. stretch). 1H
NMR (400 MHz, CDCl3): d 6.95 (t, 1H, J = 0.8 Hz, H–C@C), 3.10–
3.05 (m, 2H, –CH2SO2), 3.01 (t, 2H, J = 7.4 Hz, –CH2CO), 2.99–2.96
(m, 2H, –CH2SO2), 2.76 (dt, 2H, J = 7.4, J = 0.8 Hz, –CH2–C@C), 2.56
(t, 2H, J = 6.8 Hz, –CH2NMe2), 2.33 (s, 6H, N(CH3)2), 2.12–2.02 (m,
2H), 1.94–1.83 (m, 2H), 1.80–1.68 (m, 4H), 1.58–1.48 (m, 2H),
1.42–1.17 (m, 16H), 0.87 (t, 3H, J = 6.8 Hz, –CH3). 13C NMR
(125 MHz, CDCl3): d 188.6, 157.4, 156.1, 124.8, 57.2, 52.8, 50.4,
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44.7 (2C), 38.8, 31.9, 29.6 (2C), 29.4, 29.3, 29.3, 29.2, 27.9, 26.9,
25.4, 24.0, 22.7, 21.6, 19.3, 14.1. HRMS (ESI) calcd for C25H46N2O4S
[M+H]+ 471.3251, found 471.3243. LC–MS (ESI) found 471.27 for
[M+H]+.
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4.1.5.5. 1-(5-(6-(3-(Dimethylamino)propylsulfonyl)hexyl)oxa-
zol-2-yl)dodecan-1-one (27). Compound 27 was synthesized
following the general procedure for oxidation into sulfone using
0.35 mmol of sulfide derivative 17, reaction time 60 h. Purification
by reverse phase chromatography using RPC18 column (eluent 0–
100% MeOH). Yield = 69% (white semi-solid). Rf = 0.62 (EtOAc/
AcOH/MeOH/H2O 3/3/3/2). IR: 1703 cm�1 (ketone C@O stretch),
1276 cm�1 (SO2 asym. stretch), 1109 cm�1 (SO2 sym. stretch). 1H
NMR (400 MHz, CDCl3): d 6.94 (t, 1H, J = 0.8 Hz, H–C@C), 3.08–
3.05 (m, 2H, –CH2SO2), 3.01 (t, 2H, J = 7.4 Hz, –CH2CO), 2.99–2.96
(m, 2H, –CH2SO2), 2.73 (dt, 2H, J = 7.4, J = 0.8 Hz, –CH2–C@C),
2.61–2.52 (m, 2H, –CH2NMe2), 2.33 (s, 6H, N(CH3)2), 2.12–2.02
(m, 2H), 1.90–1.79 (m, 2H), 1.77–1.67 (m, 4H), 1.54–1.19 (m,
20H), 0.87 (t, 3H, J = 7.0 Hz, –CH3). 13C NMR (125 MHz, CDCl3): d
188.6, 157.3, 156.5, 124.7, 57.3, 53.0, 50.3, 44.8 (2C), 38.8, 31.9,
29.6 (2C), 29.5, 29.3, 29.3, 29.2, 28.5, 28.1, 27.0, 25.6, 24.1, 22.7,
21.8, 19.3, 14.1. HRMS (ESI) calcd for C26H48N2O4S [M+H]+

485.3408, found 485.3399. LC–MS (ESI) found 485.30 for [M+H]+.
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4.1.5.6. 1-(5-(2-(3-(Dimethylamino)propylsulfonyl)ethyl)oxa-
zol-2-yl)octan-1-one (28). Compound 28 was synthesized
following the general procedure for oxidation into sulfone using
0.48 mmol of sulfide derivative 18, reaction time 60 h. Purification
by reverse phase chromatography using RPC18 column (eluent 0–
100% MeOH). Yield = 79% (white semi-solid). Rf = 0.51 (EtOAc/
AcOH/MeOH/H2O 3/3/3/2). IR: 1694 cm�1 (ketone C@O stretch),
1287 cm�1 (SO2 asym. stretch), 1111 cm�1 (SO2 sym. stretch). 1H
NMR (400 MHz, CDCl3): d 7.10 (t, 1H, J = 0.8 Hz, H–C@C), 3.40–
3.29 (m, 4H, –CH2SO2), 3.16–3.10 (m, 2H, –CH2CO), 3.04–2.99 (m,
2H, –CH2–C@C), 2.56 (t, 2H, J = 6.8 Hz, –CH2NMe2), 2.33 (s, 6H,
N(CH3)2), 2.13–2.03 (m, 2H), 1.76–1.66 (m, 2H), 1.40–1.22 (m,
8H), 0.87 (t, 3H, J = 6.8 Hz, –CH3). 13C NMR (125 MHz, CDCl3): d
188.5, 157.7, 151.8, 126.1, 57.0, 51.0, 50.3, 44.7 (2C), 38.9, 31.6,
29.0, 28.9, 23.9, 22.5, 19.3, 18.7, 14.0. HRMS (ESI) calcd for
C18H32N2O4S [M+H]+ 373.2156, found 373.2157. LC–MS (ESI) found
373.16 for [M+H]+.
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4.1.5.7. 1-(5-(3-(3-(Dimethylamino)propylsulfonyl)propyl)oxa-
zol-2-yl) octan-1-one (29). Compound 29 was synthesized
following the general procedure for oxidation into sulfone using
0.46 mmol of sulfide derivative 19, reaction time 60 h. Purification
by reverse phase chromatography using RPC18 column (eluent 0–
100% MeOH). Yield = 69% (white semi-solid). Rf = 0.50 (EtOAc/
AcOH/MeOH/H2O 3/3/3/2). IR: 1701 cm�1 (ketone C@O stretch),
1318 cm�1 (SO2 asym. stretch), 1130 cm�1 (SO2 sym. stretch). 1H
NMR (400 MHz, CDCl3): d 7.04 (t, 1H, J = 0.8 Hz, H–C@C), 3.19–
3.12 (m, 2H, –CH2SO2), 3.11–3.05 (m, 2H, –CH2SO2), 3.01 (t, 2H,
J = 7.4 Hz, –CH2CO), 2.97 (dt, 2H, J = 7.4, J = 0.8 Hz, –CH2–C@C),
2.74 (t, 2H, J = 7.0 Hz, –CH2NMe2), 2.46 (s, 6H, N(CH3)2), 2.33–
2.22 (m, 2H), 2.20–2.10 (m, 2H), 1.77–1.67 (m, 2H), 1.40–1.16
(m, 8H), 0.87 (t, 3H, J = 6.8 Hz, –CH3). 13C NMR (125 MHz, CDCl3):
d 188.5, 157.6, 154.3, 125.5, 56.9, 51.8, 50.4, 44.4 (2C), 38.8, 31.6,
29.1, 29.0, 24.3, 23.9, 22.5, 20.1, 18.9, 14.0. HRMS (EI) calcd for
C19H34N2O4S [M+�] 386.2239, found 386.2227. GCMS found 386
for [M+�].
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4.1.5.8. 1-(5-(4-(3-(Dimethylamino)propylsulfonyl)butyl)oxa-
zol-2-yl)octan-1-one (30). Compound 30 was synthesized
following the general procedure for oxidation into sulfone using
0.45 mmol of sulfide derivative 20, reaction time 60 h. Purification
by reverse phase chromatography using RPC18 column (eluent 0–
100% MeOH). Yield = 76% (white semi-solid). Rf = 0.51 (EtOAc/
AcOH/MeOH/H2O 3/3/3/2). IR: 1692 cm�1 (ketone C@O stretch),
1277 cm�1 (SO2 asym. stretch), 1110 cm�1 (SO2 sym. stretch). 1H
NMR (400 MHz, CDCl3): d 6.98 (t, 1H, J = 0.8 Hz, H–C@C), 3.15–
3.09 (m, 2H, –CH2SO2), 3.06–3.02 (m, 2H, –CH2SO2), 3.01 (t, 2H,
J = 7.4 Hz, –CH2CO), 2.83–2.77 (m, 2H, –CH2–C@C), 2.69 (t, 2H,
J = 7.0 Hz, –CH2NMe2), 2.43 (s, 6H, N(CH3)2), 2.17–2.09 (m, 2H),
1.96–1.81 (m, 4H), 1.76–1.67 (m, 2H), 1.41–1.19 (m, 8H), 0.87 (t,
3H, J = 6.8 Hz, –CH3). 13C NMR (125 MHz, CDCl3): d 188.6, 157.4,
155.4, 125.1, 57.0, 52.5, 50.3, 44.5 (2C), 38.8, 31.6, 29.1, 28.9,
26.3, 25.2, 24.0, 22.6, 21.4, 19.0, 14.0. HRMS (ESI) calcd for
C20H36N2O4S [M+H]+ 401.2469, found 401.2460. LC–MS (ESI) found
401.21 for [M+H]+.
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4.1.5.9. 1-(5-(5-(3-(Dimethylamino)propylsulfonyl)pentyl)oxa-
zol-2-yl)octan-1-one (31). Compound 31 was synthesized
following the general procedure for oxidation into sulfone using
0.42 mmol of sulfide derivative 21, reaction time 60 h. Purification
by reverse phase chromatography using RPC18 column (eluent 0–
100% MeOH). Yield = 74% (yellow semi-solid). Rf = 0.54 (EtOAc/
AcOH/MeOH/H2O 3/3/3/2). IR: 1696 cm�1 (ketone C@O stretch),
1278 cm�1 (SO2 asym. stretch), 1118 cm�1 (SO2 sym. stretch). 1H
NMR (400 MHz, CDCl3): d 6.96 (t, 1H, J = 0.8 Hz, H–C@C), 3.24–
3.18 (m, 2H, –CH2SO2), 3.10–2.97 (m, 6H, –CH2SO2, –CH2CO, –
CH2–C@C), 2.75 (t, 2H, J = 7.4 Hz, –CH2NMe2), 2.71 (s, 6H,
N(CH3)2), 2.35–2.23 (m, 2H), 1.93–1.81 (m, 2H), 1.80–1.66 (m,
4H), 1.57–1.47 (m, 2H), 1.39–1.19 (m, 8H), 0.87 (t, 3H, J = 7.0 Hz,
–CH3). 13C NMR (125 MHz, CDCl3): d 188.6, 157.3, 156.2, 124.8,
56.5, 52.9, 49.8, 43.7 (2C), 38.8, 31.6, 29.1, 29.0, 27.8, 26.9, 25.3,
24.0, 22.5, 21.4, 18.0, 14.0. HRMS (ESI) calcd for C21H38N2O4S
[M+H]+ 415.2625, found 415.2619. LC–MS (ESI) found 415.21 for
[M+H]+.
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4.1.5.10. 1-(5-(6-(3-(Dimethylamino)propylsulfonyl)hexyl)oxa-
zol-2-yl)octan-1-one (32). Compound 32 was synthesized
following the general procedure for oxidation into sulfone using
0.38 mmol of sulfide derivative 22, reaction time 60 h. Purification
by reverse phase chromatography using RPC18 column (eluent
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0–100% MeOH). Yield = 84% (white semi-solid). Rf = 0.56 (EtOAc/
AcOH/MeOH/H2O 3/3/3/2). IR: 1694 cm�1 (ketone C@O stretch),
1278 cm�1 (SO2 asym. stretch), 1110 cm�1 (SO2 sym. stretch). 1H
NMR (400 MHz, CDCl3): d 6.95 (t, 1H, J = 0.8 Hz, H–C@C), 3.34–
3.25 (m, 4H, –CH2SO2), 3.09–2.97 (m, 4H, –CH2CO, –CH2–C@C),
2.84 (s, 6H, N(CH3)2), 2.73 (t, 2H, J = 7.6 Hz, –CH2NMe2), 2.50–
2.41 (m, 2H), 1.90–1.81 (m, 2H), 1.77–1.66 (m, 4H), 1.55–1.22
(m, 12H), 0.87 (t, 3H, J = 6.8 Hz, –CH3). 13C NMR (125 MHz, CDCl3):
d 188.6, 157.3, 156.5, 124.7, 56.3, 53.5, 49.3, 43.2 (2C), 38.8, 31.6,
29.1, 28.9, 28.4, 27.9, 26.9, 25.5, 24.0, 22.6, 21.7, 17.4, 14.0. HRMS
(ESI) calcd for C22H40N2O4S [M+H]+ 429.2782, found 429.2776. LC–
MS (ESI) found 429.24 for [M+H]+.

4.1.6. Synthesis of quaternized oxazoles (33–48)24

To a solution of oxazoles 13–32 (0.074 mmol, 1.0 equiv) in
CH3CN (0.8 ml) was added dropwise at 0 �C methyl iodide
(0.085 mmol, 1.2 equiv) as a solution in CH3CN (0.3 ml). The reac-
tion mixture was stirred at rt for 5 h and the quaternized ammo-
nium salts 33–48 were precipitated with Et2O, filtered and
washed with Et2O.
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4.1.6.1. N,N,N-Trimethyl-3-(2-(2-dodecanoyloxazol-5-yl)ethyl-
thio)propan-1-ammonium iodide (33). Compound 33 was
synthesized following the general procedure for the quaternization
using 0.071 mmol of oxazole 13. Yield = 71% (yellow semi-solid).
Rf = 0.38 (EtOAc/AcOH/MeOH/H2O 3/3/3/2). IR: 3450 cm�1 (quater-
nary amine), 1696 cm�1 (ketone C@O stretch). 1H NMR (400 MHz,
DMSO): d 7.29 (s, 1H, H–C@C), 3.34–3.30 (m, 2H, —CH2NMeþ3 ),
3.08–3.06 (m, 2H, –CH2–C@C), 3.05 (s, 9H, NðCH3Þþ3 ), 2.97 (t, 2H,
J = 7.4 Hz, –CH2CO), 2.87 (t, 2H, J = 7.2 Hz, –CH2S), 2.57 (t, 2H,
J = 7.0 Hz, –CH2S), 2.02–1.90 (m, 2H), 1.65–1.53 (m, 2H), 1.34–
1.16 (m, 16H), 0.85 (t, 3H, J = 7.0 Hz, –CH3). 13C NMR (125 MHz,
DMSO): d 187.7, 156.7, 154.8, 125.6, 64.3, 52.2 (3C), 38.0, 31.2,
28.9 (2C), 28.8, 28.7, 28.6, 28.4, 28.3, 27.5, 25.4, 23.3, 22.3, 22.0,
13.9. HRMS (ESI) calcd for C23H43N2O2S [M]+ 411.3040, found
411.3036. LCMS (ESI) found 411.27 for [M]+.
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4.1.6.2. N,N,N-Trimethyl-3-(4-(2-dodecanoyloxazol-5-yl)butyl-
thio)propan-1-ammonium iodide (34). Compound 34 was
synthesized following the general procedure for the quaternization
using 0.060 mmol of oxazole 15. Yield = 70% (white semi-solid).
Rf = 0.53 (EtOAc/AcOH/MeOH/H2O 3/3/3/2). IR: 3470 cm�1 (quater-
nary amine), 1696 cm�1 (ketone C@O stretch). 1H NMR (400 MHz,
DMSO): d 7.22 (s, 1H, H–C@C), 3.37–3.28 (m, 2H, —CH2NMeþ3 ), 3.05
(s, 9H, NðCH3Þþ3 ), 2.96 (t, 2H, J = 7.2 Hz, –CH2CO), 2.78 (t, 2H,
J = 7.4 Hz, –CH2–C@C), 2.57 (t, 2H, J = 7.2 Hz, –CH2S), 2.52 (t, 2H,
J = 7.2 Hz, –CH2S), 2.01–1.88 (m, 2H), 1.76–1.64 (m, 2H), 1.64–
1.52 (m, 4H), 1.34–1.14 (m, 16H), 0.85 (t, 3H, J = 6.6 Hz, –CH3).
13C NMR (125 MHz, DMSO): d 187.7, 156.7, 156.3, 124.8, 64.3,
52.2 (3C), 37.9, 31.2, 30.3, 28.9 (2C), 28.8, 28.7, 28.6, 28.4, 28.1,
27.5, 25.9, 24.3, 23.3, 22.3, 22.0, 13.9. HRMS (ESI) calcd for
C25H47N2O2S [M]+ 439.3353, found 439.3351. LCMS (ESI) found
439.28 for [M]+.
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4.1.6.3. N,N,N-Trimethyl-3-(6-(2-dodecanoyloxazol-5-yl)hexyl-
thio)propan-1-ammonium iodide (35). Compound 35 was
synthesized following the general procedure for the quaternization
using 0.072 mmol of oxazole 17. Yield = 64% (white solid). Rf = 0.69
(EtOAc/AcOH/MeOH/H2O 3/3/3/2). IR: 3491 cm�1 (quaternary
amine), 1695 cm�1 (ketone C@O stretch). 1H NMR (400 MHz,
DMSO): d 7.21 (s, 1H, H–C@C), 3.38–3.28 (m, 2H, —CH2NMeþ3 ),
3.05 (s, 9H, NðCH3Þþ3 ), 2.96 (t, 2H, J = 7.2 Hz, –CH2CO), 2.74 (t, 2H,
J = 7.6 Hz, –CH2–C@C), 2.57–2.50 (m, 4H, –CH2S), 2.01–1.90 (m,
2H), 1.67–1.45 (m, 6H), 1.41–1.17 (m, 20H), 0.85 (t, 3H,
J = 6.8 Hz, –CH3). 13C NMR (125 MHz, DMSO): d 187.8, 156.7,
156.6, 124.8, 64.5, 52.3 (3C), 38.0, 31.3, 30.8, 28.9 (2C), 28.8, 28.7
(2C), 28.7, 28.4, 27.9, 27.8, 27.7, 26.7, 24.8, 23.4, 22.4, 22.1, 13.9.
HRMS (ESI) calcd for C27H51N2O2S [M]+ 467.3666, found
467.3666. LCMS (ESI) found 467.25 for [M]+.
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4.1.6.4. N,N,N-Trimethyl-3-(2-(2-octanoyloxazol-5-yl)ethyl-
thio)propan-1-ammonium iodide (36). Compound 36 was
synthesized following the general procedure for the quaternization
using 0.067 mmol of oxazole 18. Yield = 72% (yellow oil). Rf = 0.45
(EtOAc/AcOH/MeOH/H2O 3/3/3/2). IR: 3456 cm�1 (quaternary
amine), 1695 cm�1 (ketone C@O stretch). 1H NMR (400 MHz,
DMSO): d 7.29 (t, 1H, J = 0.8 Hz, H–C@C), 3.36–3.30 (m, 2H,
—CH2NMeþ3 ), 3.10–3.06 (m, 2H, –CH2–C@C), 3.06 (s, 9H,
NðCH3Þþ3 ), 2.98 (t, 2H, J = 7.2 Hz, –CH2CO), 2.88 (t, 2H, J = 7.4 Hz, –
CH2S), 2.58 (t, 2H, J = 7.0 Hz, –CH2S), 2.03–1.92 (m, 2H), 1.67–
1.58 (m, 2H), 1.34–1.19 (m, 8H), 0.85 (t, 3H, J = 6.8 Hz, –CH3). 13C
NMR (125 MHz, DMSO): d 187.7, 156.7, 154.8, 125.6, 64.3, 52.3
(3C), 38.0, 31.0, 28.4 (2C), 28.3, 27.4, 25.4, 23.3, 22.3, 21.9, 13.9.
HRMS (ESI) calcd for C19H35N2O2S [M]+ 355.2414, found
355.2412. LCMS (ESI) found 355.18 for [M]+.
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4.1.6.5. N,N,N-Trimethyl-3-(4-(2-octanoyloxazol-5-yl)butyl-
thio)propan-1-ammonium iodide (37). Compound 37 was
synthesized following the general procedure for the quaternization
using 0.105 mmol of oxazole 20. Yield = 71% (yellow semi solid).
Rf = 0.51 (EtOAc/AcOH/MeOH/H2O 3/3/3/2). IR: 3468 cm�1 (quater-
nary amine), 1695 cm�1 (ketone C@O stretch). 1H NMR (400 MHz,
DMSO): d 7.22 (t, 1H, J = 0.8 Hz, H–C@C), 3.37–3.31 (m, 2H,
—CH2NMeþ3 ), 3.06 (s, 9H, NðCH3Þþ3 ), 2.97 (t, 2H, J = 7.2 Hz, –CH2CO),
2.78 (dt, 2H, J = 7.4, J = 0.8 Hz, –CH2–C@C), 2.58 (t, 2H, J = 7.2 Hz, –
CH2S), 2.52 (t, 2H, J = 7.2 Hz, –CH2S), 2.01–1.90 (m, 2H), 1.76–1.67
(m, 2H), 1.64–1.54 (m, 4H), 1.34–1.17 (m, 8H), 0.85 (t, 3H,
J = 7.0 Hz, –CH3). 13C NMR (125 MHz, DMSO): d 187.7, 156.7,
156.3, 124.8, 64.3, 52.2 (3C), 37.9, 31.0, 30.3, 28.4 (2C), 28.1, 27.5,
25.9, 24.4, 23.3, 22.3, 21.9, 13.9. HRMS (ESI) calcd for C21H39N2O2S
[M]+ 383.2727, found 383.2732. LCMS (ESI) found 383.20 for [M]+.
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4.1.6.6. N,N,N-Trimethyl-3-(6-(2-octanoyloxazol-5-yl)hexyl-
thio)propan-1-ammonium iodide (38). Compound 38 was
synthesized following the general procedure for the quaternization
using 0.088 mmol of oxazole 22. Yield = 60% (white solid). Rf = 0.43
(EtOAc/AcOH/MeOH/H2O 3/3/3/2). IR: 3456 cm�1 (quaternary
amine), 1695 cm�1 (ketone C@O stretch). 1H NMR (400 MHz,
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DMSO): d 7.21 (s, 1H, H–C@C), 3.37–3.28 (m, 2H, —CH2NMeþ3 ), 3.05
(s, 9H, NðCH3Þþ3 ), 2.96 (t, 2H, J = 7.2 Hz, –CH2CO), 2.74 (t, 2H,
J = 7.4 Hz, –CH2–C@C), 2.56–2.51 (m, 4H, –CH2S), 1.99–1.87 (m,
2H), 1.65–1.48 (m, 6H), 1.43–1.17 (m, 12H), 0.85 (t, 3H, J = 6.8 Hz,
–CH3). 13C NMR (125 MHz, DMSO): d 187.7, 156.7, 156.5, 124.7,
64.3, 52.2 (3C), 37.9, 31.0, 30.8, 28.7, 28.4 (2C), 27.9, 27.7, 27.6,
26.7, 24.7, 23.3, 22.3, 21.9, 13.9. HRMS (ESI) calcd for C23H43N2O2S
[M]+ 411.3040, found 411.3037. LCMS (ESI) found 411.26 for [M]+.
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4.1.6.7. N,N,N-Trimethyl-3-(2-(2-dodecanoyloxazol-5-yl)ethyl-
sulfonyl)-propan-1-ammonium iodide (39). Compound 39 was
synthesized following the general procedure for the quaternization
using 0.070 mmol of oxazole 23. Yield = 45% (yellow salt). Rf = 0.34
(EtOAc/AcOH/MeOH/H2O 3/3/3/2). IR: 3409 cm�1 (quaternary
amine), 1694 cm�1 (ketone C@O stretch), 1283 cm�1 (SO2 asym.
stretch), 1114 cm�1 (SO2 sym. stretch). 1H NMR (400 MHz, DMSO):
d 7.35 (s, 1H, H–C@C), 3.65–3.56 (m, 2H, –CH2SO2), 3.44–3.34 (m,
2H, —CH2NMeþ3 ), 3.28–3.21 (m, 4H, –CH2SO2, –CH2–C@C), 3.08 (s,
9H, NðCH3Þþ3 ), 2.98 (t, 2H, J = 7.4 Hz, –CH2CO), 2.23–2.08 (m, 2H),
1.67–1.51 (m, 2H), 1.35–1.11 (m, 16H), 0.85 (t, 3H, J = 7.2 Hz, –
CH3). 13C NMR (125 MHz, DMSO): d 187.7, 156.8, 152.9, 125.8,
63.3, 52.2 (3C), 48.8, 48.5, 38.0, 31.2, 28.9 (2C), 28.8, 28.7, 28.6,
28.4, 23.3, 22.0, 18.1, 15.8, 13.9. HRMS (ESI) calcd for C23H43N2O4S
[M]+ 443.2938, found 443.2933. LCMS (ESI) found 443.29 for [M]+.
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4.1.6.8 . N,N,N-Trimethyl-3-(3-(2-dodecanoyloxazol-5-yl)propyl-
sulfonyl)-propan-1-ammonium iodide (40). Compound 40
was synthesized following the general procedure for the quaterniza-
tion using 0.070 mmol of oxazole 24. Yield = 50% (white solid).
Rf = 0.36 (EtOAc/AcOH/MeOH/H2O 3/3/3/2). IR: 3414 cm�1 (quater-
nary amine), 1690 cm�1 (ketone C@O stretch), 1265 cm�1 (SO2

asym. stretch), 1129 cm�1 (SO2 sym. stretch). 1H NMR (400 MHz,
DMSO): d 7.28 (s, 1H, H–C@C), 3.44–3.34 (m, 2H, —CH2NMeþ3 ),
3.28–3.20 (m, 4H, –CH2SO2), 3.08 (s, 9H, NðCH3Þþ3 ), 3.02–2.91 (m,
4H, –CH2CO, –CH2–C@C), 2.21–1.97 (m, 4H), 1.66–1.52 (m, 2H),
1.35–1.08 (m, 16H), 0.85 (t, 3H, J = 7.0 Hz, –CH3). 13C NMR
(125 MHz, DMSO): d 187.7, 156.8, 154.9, 125.2, 63.4, 52.2 (3C),
50.7, 48.2, 38.0, 31.2, 28.9 (2C), 28.8, 28.7, 28.6, 28.4, 23.5, 23.2,
22.0, 19.6, 15.7, 13.9. HRMS (ESI) calcd for C24H45N2O4S [M]+

457.3094, found 457.3086. LCMS (ESI) found 457.36 for [M]+.

N

O
S NMe3I

4
O

9

O O

4.1.6.9. N,N,N-Trimethyl-3-(4-(2-dodecanoyloxazol-5-yl)butyl-
sulfonyl)-propan-1-ammonium iodide (41). Compound 41
was synthesized following the general procedure for the quaterniza-
tion using 0.065 mmol of oxazole 25. Yield = 68% (yellow solid).
Rf = 0.34 (EtOAc/AcOH/MeOH/H2O 3/3/3/2). IR: 3432 cm�1 (quater-
nary amine), 1701 cm�1 (ketone C@O stretch), 1282 cm�1 (SO2

asym. stretch), 1120 cm�1 (SO2 sym. stretch). 1H NMR (400 MHz,
DMSO): d 7.23 (s, 1H, H–C@C), 3.43–3.35 (m, 2H, —CH2NMeþ3 ),
3.27–3.12 (m, 4H, –CH2SO2), 3.08 (s, 9H, NðCH3Þþ3 ), 2.97 (t, 2H,
J = 7.4 Hz, –CH2CO), 2.85–2.77 (m, 2H, –CH2–C@C), 2.20–2.08 (m,
2H), 1.82–1.67 (m, 4H), 1.65–1.54 (m, 2H), 1.35–1.14 (m, 16H),
0.85 (t, 3H, J = 6.8 Hz, –CH3). 13C NMR (125 MHz, DMSO): d 187.7,
156.8, 155.9, 124.9, 63.4, 52.2 (3C), 51.0, 48.3, 37.9, 31.2, 28.9 (2C),
28.8, 28.7, 28.6, 28.4, 25.5, 24.3, 23.3, 22.0, 20.6, 15.7, 13.9. HRMS
(ESI) calcd for C25H47N2O4S [M]+ 471.3251, found 471.3250. LCMS
(ESI) found 471.28 for [M]+.
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4.1.6.10. N,N,N-Trimethyl-3-(5-(2-dodecanoyloxazol-5-yl)pent-
ylsulfonyl)-propan-1-ammonium iodide (42). Compound
42 was synthesized following the general procedure for the quatern-
ization using 0.064 mmol of oxazole 26. Yield = 44% (yellow solid).
Rf = 0.36 (EtOAc/AcOH/MeOH/H2O 3/3/3/2). IR: 3477 cm�1 (quater-
nary amine), 1697 cm�1 (ketone C@O stretch), 1286 cm�1 (SO2

asym. stretch), 1115 cm�1 (SO2 sym. stretch). 1H NMR (400 MHz,
DMSO): d 7.22 (s, 1H, H–C@C), 3.42–3.35 (m, 2H, —CH2NMeþ3 ),
3.21–3.12 (m, 4H, –CH2SO2), 3.08 (s, 9H, NðCH3Þþ3 ), 2.96 (t, 2H,
J = 7.2 Hz, –CH2CO), 2.76 (t, 2H, J = 7.4 Hz, –CH2–C@C), 2.20–2.06
(m, 2H), 1.77–1.54 (m, 6H), 1.51–1.40 (m, 2H), 1.35–1.16 (m, 16H),
0.85 (t, 3H, J = 6.8 Hz, –CH3). 13C NMR (125 MHz, DMSO): d 187.7,
156.7, 156.4, 124.8, 63.4, 52.2, 51.2 (3C), 48.2, 37.9, 31.2, 28.9 (2C),
28.8, 28.7, 28.6, 28.4, 27.0, 26.2, 24.6, 23.3, 22.0, 20.8, 15.7, 13.9.
HRMS (ESI) calcd for C26H49N2O4S [M]+ 485.3408, found 485.3408.
LCMS (ESI) found 485.30 for [M]+.

N

O
S NMe3I

6
O

9

O O

4.1.6.11. N,N,N-Trimethyl-3-(6-(2-dodecanoyloxazol-5-yl)hex-
ylsulfonyl)-propan-1-ammonium iodide (43). Compound
43 was synthesized following the general procedure for the quatern-
ization using 0.052 mmol of oxazole 27. Yield = 62% (yellow solid).
Rf = 0.41 (EtOAc/AcOH/MeOH/H2O 3/3/3/2). IR: 3455 cm�1 (quater-
nary amine), 1697 cm�1 (ketone C@O stretch), 1282 cm�1 (SO2

asym. stretch), 1131 cm�1 (SO2 sym. stretch). 1H NMR (400 MHz,
DMSO): d 7.21 (t, 1H, J = 0.8 Hz, H–C@C), 3.41–3.35 (m, 2H,
—CH2NMeþ3 ), 3.18–3.12 (m, 4H, –CH2SO2), 3.08 (s, 9H, NðCH3Þþ3 ),
2.96 (t, 2H, J = 7.2 Hz, –CH2CO), 2.75 (dt, 2H, J = 7.4, J = 0.8 Hz, –
CH2–C@C), 2.19–2.04 (m, 2H), 1.73–1.50 (m, 6H), 1.47–1.14 (m,
20H), 0.85 (t, 3H, J = 6.8 Hz, –CH3). 13C NMR (125 MHz, DMSO): d
187.7, 156.7, 156.5, 124.8, 63.4, 52.2 (3C), 51.4, 48.2, 37.9, 31.2,
28.9 (2C), 28.8, 28.7, 28.6, 28.4, 27.8, 27.2, 26.4, 24.7, 23.3, 22.0,
20.9, 15.7, 13.9. HRMS (ESI) calcd for C27H51N2O4S [M]+ 499.3564,
found 499.3565. LCMS (ESI) found 499.29 for [M]+.
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4.1.6.12. N,N,N-Trimethyl-3-(2-(2-octanoyloxazol-5-yl)ethyl-
sulfonyl)propan-1-ammonium iodide (44). Compound 44
was synthesized following the general procedure for the quaterniza-
tion using 0.068 mmol of oxazole 28. Yield = 79% (yellow semi-so-
lid). Rf = 0.33 (EtOAc/AcOH/MeOH/H2O 3/3/3/2). IR: 3451 cm�1
(quaternary amine), 1693 cm�1 (ketone C@O stretch), 1298 cm�1

(SO2 asym. stretch), 1122 cm�1 (SO2 sym. stretch). 1H NMR
(400 MHz, DMSO): d 7.35 (s, 1H, H–C@C), 3.64–3.57 (m, 2H, –
CH2SO2), 3.43–3.36 (m, 2H, —CH2NMeþ3 ), 3.34–3.20 (m, 4H, –CH2SO2,

–CH2–C@C), 3.09 (s, 9H, NðCH3Þþ3 ), 2.98 (t, 2H, J = 7.2 Hz, –CH2CO),
2.22–2.11 (m, 2H), 1.66–1.55 (m, 2H), 1.35–1.15 (m, 8H), 0.85 (t,
3H, J = 6.8 Hz, –CH3). 13C NMR (125 MHz, DMSO): d 187.7, 156.8,
152.9, 125.8, 63.3, 52.2 (3C), 48.8, 48.5, 38.0, 31.0, 28.3 (2C), 23.3,
21.9, 18.1, 15.8, 13.8. HRMS (ESI) calcd for C19H35N2O4S [M]+

387.2312, found 387.2316. LCMS (ESI) found 387.17 for [M]+.
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4.1.6.13. N,N,N-Trimethyl-3-(3-(2-octanoyloxazol-5-yl)propyl-
sulfonyl)propan-1-ammonium iodide (45). Compound 45
was synthesized following the general procedure for the quaterniza-
tion using 0.085 mmol of oxazole 29. Yield = 85% (yellow oil).
Rf = 0.34 (EtOAc/AcOH/MeOH/H2O 3/3/3/2). IR: 3447 cm�1 (quater-
nary amine), 1695 cm�1 (ketone C@O stretch), 1285 cm�1 (SO2

asym. stretch), 1120 cm�1 (SO2 sym. stretch). 1H NMR (400 MHz,
DMSO): d 7.27 (t, 1H, J = 0.8 Hz, H–C@C), 3.42–3.35 (m, 2H,
—CH2NMe3þ), 3.28–3.17 (m, 4H, –CH2SO2), 3.08 (s, 9H, NðCH3Þþ3 ),
2.97 (t, 2H, J = 7.4 Hz, –CH2CO), 2.93 (dt, 2H, J = 7.2, J = 0.8 Hz, –
CH2–C@C), 2.19–2.00 (m, 4H), 1.66–1.56 (m, 2H), 1.35–1.19 (m,
8H), 0.85 (t, 3H, J = 6.8 Hz, –CH3). 13C NMR (125 MHz, DMSO): d
187.7, 156.8, 154.9, 125.2, 63.4, 52.2 (3C), 50.7, 48.2, 38.0, 31.0,
28.4 (C2), 23.5, 23.3, 22.0, 19.6, 15.7, 13.9. HRMS (ESI) calcd for
C20H37N2O4S [M]+ 401.2469, found 401.2463. LCMS (ESI) found
401.20 for [M]+.
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4.1.6.14. N,N,N-Trimethyl-3-(4-(2-octanoyloxazol-5-yl)butylsul-
fonyl)propan-1-ammonium iodide (46). Compound 46 was
synthesized following the general procedure for the quaternization
using 0.084 mmol of oxazole 30. Yield = 87% (brown oil). Rf = 0.35
(EtOAc/AcOH/MeOH/H2O 3/3/3/2). IR: 3447 cm�1 (quaternary
amine), 1694 cm�1 (ketone C@O stretch), 1285 cm�1 (SO2 asym.
stretch), 1119 cm�1 (SO2 sym. stretch). 1H NMR (400 MHz, DMSO):
d 7.23 (t, 1H, J = 0.8 Hz, H–C@C), 3.43–3.35 (m, 2H, —CH2NMeþ3 ),
3.26–3.21 (m, 2H, –CH2SO2), 3.19 3.13 (m, 2H, –CH2SO2), 3.08 (s,
9H, NðCH3Þþ3 ), 2.97 (t, 2H, J = 7.2 Hz, –CH2CO), 2.86–2.78 (m, 2H, –
CH2–C@C), 2.20–2.09 (m, 2H), 1.82–1.69 (m, 4H), 1.67–1.54 (m,
2H), 1.35–1.16 (m, 8H), 0.85 (t, 3H, J = 7.0 Hz, –CH3). 13C NMR
(125 MHz, DMSO): d 187.7, 156.8, 155.9, 124.9, 63.4, 52.2 (3C),
51.0, 48.3, 37.9, 31.0, 28.4 (2C), 25.5, 24.3, 23.3, 21.9, 20.6, 17.7,
13.9. HRMS (ESI) calcd for C21H39N2O4S [M]+ 415.2625, found
415.2621. LCMS (ESI) found 415.22 for [M]+.
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4.1.6.15. N,N,N-Trimethyl-3-(5-(2-octanoyloxazol-5-yl)pent-
ylsulfonyl)propan-1-ammonium iodide (47). Compound 47
was synthesized following the general procedure for the quaterniza-
tion using 0.060 mmol of oxazole 31. Yield = 66% (brown oil).
Rf = 0.34 (EtOAc/AcOH/MeOH/H2O 3/3/3/2). IR: 3448 cm�1 (quater-
nary amine), 1696 cm�1 (ketone C@O stretch), 1282 cm�1 (SO2

asym. stretch), 1118 cm�1 (SO2 sym. stretch). 1H NMR (400 MHz,
DMSO): d 7.22 (s, 1H, H–C@C), 3.41–3.34 (m, 2H, —CH2NMeþ3 ),
3.21–3.11 (m, 4H, –CH2SO2), 3.07 (s, 9H, NðCH3Þþ3 ), 2.96 (t, 2H,
J = 7.2 Hz, –CH2CO), 2.76 (t, 2H, J = 7.2 Hz, –CH2–C@C), 2.19–1.96
(m, 2H), 1.78–1.55 (m, 6H), 1.51–1.40 (m, 2H), 1.34–1.19 (m, 8H),
0.85 (t, 3H, J = 6.8 Hz, –CH3). 13C NMR (125 MHz, DMSO): d 187.7,
156.7, 156.5, 124.9, 64.3, 53.0, 52.9, 49.3, 38.7, 31.6, 29.0, 28.9,
27.6, 26.8, 25.3, 23.9, 22.5, 21.4, 21.3, 17.4, 16.7, 14.0. HRMS (ESI)
calcd for C22H41N2O4S [M]+ 429.2782, found 429.2778. LCMS (ESI)
found 429.23 for [M]+.
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4.1.6.16. N,N,N-Trimethyl-3-(6-(2-octanoyloxazol-5-yl)hex-
ylsulfonyl)propan-1-ammonium iodide (48). Compound 48
was synthesized following the general procedure for the quaterniza-
tion using 0.056 mmol of oxazole 32. Yield = traces (white solid).
Rf = 0.34 (EtOAc/AcOH/MeOH/H2O 3/3/3/2). IR: 3441 cm�1 (quater-
nary amine), 1695 cm�1 (ketone C@O stretch), 1281 cm�1 (SO2

asym. stretch), 1111 cm�1 (SO2 sym. stretch). 1H NMR (400 MHz,
DMSO): d 7.21 (s, 1H, H–C@C), 3.35–3.25 (m, 2H, —CH2NMeþ3 ),
3.19–3.09 (m, 4H, –CH2SO2), 3.08 (s, 9H, NðCH3Þþ3 ), 2.96 (t, 2H,
J = 7.4 Hz, –CH2CO), 2.75 (t, 2H, J = 7.4 Hz, –CH2–C@C), 2.10–1.98
(m, 2H), 1.73–1.54 (m, 6H), 1.47–1.16 (m, 12H), 0.85 (t, 3H,
J = 7.0 Hz, –CH3). 13C NMR (125 MHz, DMSO): d 187.7, 156.7, 156.5,
124.7, 64.3, 52.2 (3C), 37.9, 35.6, 31.0, 30.7, 28.7, 28.4, 27.9, 27.7,
27.6, 26.7, 24.7, 23.3, 22.3, 21.9, 13.9. HRMS (ESI) calcd for
C23H43N2O4S [M]+ 443.2938, found 443.2930. LCMS (ESI) found
443.25 for [M]+.

4.2. FAAH inhibition assay

4.2.1. Reagents and materials
Brains of female Sprague Dawley rats (Harlan Winkelmann); Tri-

ton X-100, dimethyl sulfoxide (DMSO), 6-pyren-1-ylhexanoic acid
(Fluka); potassium dihydrogenphosphate, potassium hydrogen-
phosphate, EDTA, methanol HPLC-grade (VWR); phosphate buffer
saline tablets, acetonitrile HPLC-grade (Sigma); cyclohexylcarbamic
acid 30-carbamoylbiphenyl-3-ylester (URB 597), 1-oxazolo[4,5-
b]pyridin-2-yl-6-phenylhexan-1-one (PHOP) (Cayman Chemical);
N-(2-hydroxyethyl)-4-pyren-1-ylbutanamide and (6-(2-methyl-
4,5-diphenyl-1H-imidazol-1-yl)hexyl)carbamic acid phenyl ester
were prepared according to the published procedure.25

4.2.2. Preparation of rat brain microsomes
Two rat brains were homogenized for 3 min under ice-cooling

with a fivefold volume potassium phosphate buffer (pH 7.4,
0.1 M) containing EDTA (1 mM) using a Potter-Elvehjem homoge-
nizer at 1000–1200 rpm. The homogenate was centrifuged
(1000�g, 4 �C, 10 min) and the resulting supernatant was isolated
and was centrifuged again (10,000�g, 4 �C, 30 min). Finally, the
supernatant was centrifuged (40,000�g, 4 �C, 60 min) and the ob-
tained supernatant was discharged. The pellet was resuspended
in 2 ml of ice-cold potassium phosphate buffer (pH 7.4, 0.1 M) con-
taining EDTA (1 mM) and stored in 50 ll aliquots at �80 �C. Imme-
diately before each incubations, a 50 ll aliquot was diluted with
350 ll potassium phosphate buffer (pH 7.4, 0.1 M) and homoge-
nized shortly (2 � 5 s) at 0 �C with a Branson sonifier B15.

4.2.3. Incubation procedure and HPLC analysis
The substrate N-(2-hydroxyethyl)-4-pyren-1-ylbutanamide

was dissolved in methanol at a concentration of 2.5 mg/ml. An ali-
quot of this solution was thoroughly dried under a stream of nitro-
gen. The residue was resuspended by intense vortexing and
sonication (sonication bath) in a phosphate buffer (0.01 M, pH
7.4 at 20 �C) containing 0.2% Triton X-100, EDTA (1 mM), so that
the concentration of the substrate was 114 lM. Next, an aliquot
(88 ll) of the obtained mixture was added to 2 ll of a 10 mM
compound DMSO stock solution, or to 2 ll of DMSO in case of
the controls, and the obtained mixture was pre-incubated for
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10 min at 37 �C. The enzymatic reaction was initiated by adding
10 ll of rat brain microsome preparation and was subsequently
incubated for 60 min at 37 �C. The final incubation volume of
100 ll contained a pyrenylbutanamide substrate concentration of
100 lM. The enzyme reaction was terminated by the addition of
200 ll acetonitrile/methanol (1:1, v/v) including the internal stan-
dard 6-pyren-1-ylhexanoic acid (0.025 lg/200 ll). After cooling in
an ice bath for 10 min, samples were centrifuged (2000�g, 4 �C,
5 min). Blank incubations in the absence of the enzyme were car-
ried out in parallel. HPLC analysis of the supernatants was carried
out as described recently applying a Nucleosil 100 C18 analytical
column (3 mm inside diameter � 125 mm, particle size 3 lm)
(Macherey & Nagel) protected with a Phenomenex C18 guard col-
umn (3 mm inside diameter � 4 mm).
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