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Sulfur Pharmacophores in Drug Discovery and Design
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sulfonamides sulfones sulfoxides sulfoximines sulfilimines sulfondiimines sulfonimidamides
(Mainstays in medicinal chemistry) (Few marketed (Few candidates (Underexplored in medicinal chemsitry)
drugs) in clinical trials)
— Naturally occurring sulfilimine cross-link —— ——— Drug candidates and agrochemicals bearing underexplored sulfur scaffolds ——
Hy| 211 H [0} HN o (0] O
¢ = S OH /Q\/\\ NH \. §=NH
2 0 NCiknot = NH, '\'\)\ |
"',.{‘,' AF
L-Buthionine (S)-Sulfoximine
(v-glutamylcysteine BAY 1251152/Enitociclib IM-250
synthetase inhibitor, oncology) (CDK9 inhibitor, oncology) (Helicase-primase inhibitor,
AZD6738/Ceralasertib antiviral)

(ATR Kinasae inhibitor, oncology)

H Met 93

MeN
¢ /l CFs /@ /
o o ¥
WA NHPh \ ran™s
R //S FsC” N N

M%N\<i7 o%\L\/thh {::?
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& NH NH,

Sulfoxaflor
(Commercial insecticide)
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Peroxidasin |
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O F N-Q F S i HoN
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= P HO s
)‘N\ PN NH HN N Br NS Som S
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N“ON \ N

DFV890
BAY 332 analogue (NLRP3 inhibitor, Osteoarthritis)

(CDKQ inhibitor, oncology)

CF3 CF;

(Begacestat analog, Alzheimer's)

(IDO inhibitor, oncology)

Uncrosslinked Protomers Crosslinked Protomers

| cPPC

Vanacore et al. Science 2009, 375, 1230-1237; Tilby, M. J., Willis, M. C. Expert Opinion on Drug Discovery 2021, 16:11, 1227-1231; Mader, P., Kattner, L. J. Med. Chem. 2020, 63, 2
23, 14243-1427; Licking, U. Chem. Eur. J. 2022, 28, 2022019

2024




Applications of S-Imination in Medicinal Chemistry

[NH] NH
S, - 1
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Peptidomimetics o NP profiling of Met
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HIV-1 protease inhibitor
IC59 2.5 nM
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a
A

Halotag 7 (33 kDa) °. 0
(e]
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D‘29 \/D2§ DZ ) 029 (¢}

Bolm et al. Bioorganic and Med. Chem. Letters Licking, U. Chem. Eur. J. 2022, 28, €2022019;

2003, 13, 3207-3211; Lu, D., Sham, Y. Y., Vince, R. Meng et al. J. Am. Chem. Soc. 2022, 144, 12476-
Bioorganic and Med. Chem. 2010, 18, 2037-2048 12487
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Clickable

handles on proteins/peptides
=N

mAbs for
156)

ADCS

Bovine Serum albumin (66 kDa, 4 Met)

NH2
Et T +1 modification M87
syn -elimination A
ujﬁ( N T/ JLW Y

Carbonic anhydrase (29 kDa, 3 Met)
+1 modification, M221:M239 (1.5:1)

Elledge et al. Proc Natl Acad Sci USA. 2020,
117(11), 5733-5740; Lin et al. Bioconjugate
Chem. 2020, 31, 1908-1916; Bernardes et al. J.
Am. Chem. Soc. 2008, 130, 5052-5053

Sahu et al. Nature Comm. 2024, 15, 4243
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S-N Bio-isosterism in a-amanitin
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Synthesis Strategies to access Sulfilimines, Sulfoximines, and
Sulfondiimines

~——— Synthetic routes to Sulfoximines and Sulfondiimines ——
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eprotec O\ /N Rz HN
/S\

|

R3-[N]
R:g RE ‘ RS
| I
N N_N
S

9 NH,
Ot

(DPPH)

O Activated hydroxyl amine

O Powerful electrophilic aminating agent

O Unexplored in S-imination

O Bench-stable reagent

L Commercial availability and convenient
synthesis

.

J

J

Harger, M. J. P. J. Chem. Soc. Perkin Trans. 1 1981, 3284—3288;

Benkovics et al. Org. Synth. 2020, 97, 54—-65
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DPPH as an Excellent Iminating Agent to access Sulfiliminium Salts

9 (1-3 eq.)
P_ __NH I
Ph”1Y0" 2 2""2 P
S Ph 3 o] IL ) Ph
1 2 Y
R R P RV+OR2
Solvent, 21 °C, 0.25 h .
Sulfiliminium
diphenylphosphinate
Entry Substrate Solvent Conversion to
Sulfiliminium
salt [%](@
1 Thioanisole MeOH Quantitative
2 Thioanisole CH2Cl> Quantitative
3 Thioanisole THF Quantitative
4 Thioanisole MeCN-d® 89
5 Thioanisole DMF Quantitative
6 Thioanisole DMSO-d® 20
7 CCK-4 Peptide H20 99

[a] % Conversion determined using *H-NMR spectral analysis of crude reaction
mixtures and HPLC analysis (at 280 nm) of the crude reaction mixture.

H NMR (300 MHz, DMSQ) of crude reaction in THF

1

NH,
‘ Ph">CH;
I
' ‘\ DMSO
WA ] ) TR
H NMR (300 MHz, DMSO) of crude reaction in MeOH NH,
Ph”>“CH;
ﬂ' | DMSO
| B
'H NMR (300 MHz, DMSO) of thioanisole
Ph’S‘CH3
B 1
1210 11‘,5 !.IIVU lUIVE IUI,D 95 Q,IU 8!5 3‘0 7.5 7!0 6,‘5 G,IU 5!5 SjD 4,‘5 4‘0 3,‘5 3.0 2!5 2!0 1i5 1,ID D!S D‘O

f1 (ppm)

4504 2622

98.73%

400 |

Crude reaction mixture and CCK-4 peptide HPLC traces (280 nm)

superimposed

3s0q P 2.62
[o] 400 3E8.73%
HN—{ Trp || m .
200 AN AN _{NH ‘ CCK-4 peptide
] 5 =
)
] ) =< 3004
£
250 ST HN— Trp | Met | Asp | Phe —< o
| HaN NH, B 200
£
200 ‘ 2
] £ 100
385
150+ %
_ o v
100 T T T ‘
2.5 3.0 3.5 4.0
1 Retention time (min)
504
e . . = N — ‘ e o . : .
0.5 1.0 1.5 2.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 100 105 110 115

Retention time (min)




DPPH as an Excellent Iminating Agent to access Sulfiliminium Salts

0
Ph E;O/NHZ '%le o
R1/S\R2 (1.1 eq.) 1/5*’\ ) u
MeOH or CH,Cl,:DMF RER o pn
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& a0 SR
‘£<9Q/ W /
0
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 0
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. N? j U
2j 2m 2n 20 2p 2q 2r 2s H 11
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84%
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o diphenylphosphinate _ / N NH 2
o |
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HN = OH 3 st N
. ' ~ OH N N OH
H s :
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2u 2v[i] 2v[ii] o Va .
94% 89% 84%/Quant. Conv.@ 87%P i 2x[i] R=H, 78%2d.r. 1.5:1 (NMR)
d.r. 4:1 (NMR) dr. 1:1 (NMR) d.r. 1:1 (NMR) 2x[ii] R=Boc, Quant. Conv.? d.r. 1.4:1 (HPLC)
2x[iii] R= Acetyl, Quant. Conv.2 d.r. 1.2:1 (NMR)
from CCK fragment
H,N.__NH
0 )
HN H,N__O
2 HO NN o HO HN\)LN o
H
0 o o 0 o HO HN { LM NH HO “HH ° NH
H H H H H H H 0
o N N N N N N N HO.. o HO...
:§1WVKN A KA AR T AR AL AR e TN M
H : H : H : H : H i H : H : NHz2N-g# >N E
OJ: \r ° D ° wo 7 ) Ho P NH
o) N2
0 N=/ st : /<\/
HN" o 2 HoN"> > HoN gi/\H o >7/\|-| )
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from Bombesin 2;aa 96"/
d.r. 1.8:1 (NMR) ° ° C P P C
Isolated yields reported for cpds 2a-2w; [a] % conversion determined from reverse-phase HPLC; reactions run in MeOH for cpds 2a-2w, in CH,Cl,:DMF (1:1) for cpds 2x-2z
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DPPH as an Excellent Iminating Agent to access Sulfiliminium Salts

= Chemoselective Methionine sulfimination of Bombesin
HPLC Chromatogram of Crude reaction mixture and Bombesin
3004 HPLC trace (280 nm) superimposed
o
o
OWN— GIn Arg Leu Gly Asn GIn Trp Ala Leu Gly His Leu [ Met _<
2504 H NH,
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Retention time (min)
= Chemoselective Tryptathionine sulfimination of S-deoxy amanitin
1000; 4.35 HPLC Chromatogram of Crude reaction mixture (290 nm)
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Stereochemical assignment of 5-OH Ama Sulfiliminium salt

! 4.49
! N 53.41
i —— "H-13C HMBC Correlations +  169.36 5;;

! i 2.81,3.77>
—— "H-"H NOE Correlations 27'_34 N 6.96

IH-13C HMBC NMR (600 MHz,
DMSO)

{5.5-1.112.&&5‘
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E— LI

'H-'H NOESY NMR (600 MHz,
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Energy minimized model for (R)-
sulfiliminium analogue of 5'-OH(Trp)
Amanitin constructed using molecular
operating environment (MOE) program

Highlighted in green lines are inter-
Hydrogen distances (1071° m)
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Bioisosterism: Sulfiliminium vs Sulfoxide UBC

o |
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------------- 6 R 0 Cell Viability A Against HEK 293 Cell
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£ 2
.ID: % —— (8)-80-5'-OH-ama 0.81
é S 50 —¥ S0,-5'-OH-ama (42) 0.41
=
(&)
Yy
| [
01 T T T | 1
Wavelength (A, nm) -9 -8 -7 -6 -5 -4
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DPPH mediated access to free-NH Sulfoximines

1. DPPH (1.1 eq.),
NH
s MeOH, 21 °C, 5 h Ny
R" OR? S g2
. 2. Na,CO; (20 eq.), gi R
mCPBA (5 eq.) 3
0.5 mmol MeOH, 0-4 °C, 16 h
o HN HN HN HN HN HN o
\\S//NH \\S//O \\S/O o) \\S//o HoN \\s//O \\s\/
©/ CHy A \@ ' /©/ \ Q/ ' ©/ ) Q/
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3a : < 3{ : c 3d 3e 3f 3g
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H,N 0 O
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OH 7 OH 0=$ o 7 NH % HN—/
NHF o H HNO RF I :
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. , HO
3v[i] 3vlii] 3w F 3x[i]
9192 F oa 3x[iii]
o 9292 8292 85%2 d.r. 1:1 (HPLC) 84%
d.r. 1:1 (NMR) dr. 1:1 (NMR) dr. 1:1 (NMR) from CCK fragment from CCK fragment
H,N_ _NH
) o
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H
o o] . o
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3% o o
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d.r. 1:1 (NMR) 13%° 52040
Isolated yields reported for cpds 3a-3r and 3w; [a] % conversion determined from reverse-phase HPLC; [b] one-pot imination and then oxidation method in which the

imination solvent was removed by evaporation or lyophilization followed by oxidation in the presence of Na2CO3




Stereochemical assignment of 5-OH Ama Sulfoximine (Major BC

e o
)
Diastereomer) o~
HO HN C ’;‘H\iH U
HO.., o
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Bioisosterism: Sulfoximine vs Sulfone UBC

P | By
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Conclusions and Future Directions

9 ,NHZ +NH mCPBA
@-P—O > g N82CO3/NH4OH
© [ Metal free 1 ol MeOH, 0-4 °c
| -High yielding | 60-90% yields
DPPH 1 -Rapid |
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B O -gw - -
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70-90% yields

Gunasekera et al. Angew. Chem. Int. Ed. 2024, 63, €202314906

= DPPH serves as a safe, bench-stable, highly

efficient imina

ting agent for facile and

biomolecule compatible sulfimination and

sulfoximination

» Synthetic access to Sulfondiimines

NH-Imination

~— N-substituted Sulfilimines —\
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Imination “j (N-substituted DPPH
derivatives)
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