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Application of Sulfonyl in Drug Design
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Abstract Sulfonyl-containing compounds comprise a substantial proportion in the therapeutic drugs. It is an important strat-
egy to introduce sulfonyl group into the small molecules for structure-based medicinal chemistry, the application of sulfonyl
group in drug design is reviewed in this paper. Structurally, sulfonyl group has similar properties in molecular size and charge
distribution with carbonyl, carboxyl, tetrazolium and phosphate group, so it can be introduced into the drug molecules as their
bioisostere in order to remain or improve activity. Sulfonyl group possesses unique physicochemical properties, and the intro-
duction of sulfonyl group can also modulate the solubility and acid-base property of the drug molecules. Sulfonyl group can
offer two hydrogen-bond receptors, and reasonable introduction of sulfonyl group can enhance the binding affinity of the drug
molecules with the targeted proteins to improve activity through hydrogen bond interactions. What’s more, sulfonyl group is
relatively stable in terms of structure, the introduction of sulfonyl group can increase the metabolic stability of drugs to prolong
the duration of action by blocking metabolically labile sites, improve the pharmacokinetic properties of the drug molecules to
elevate the bioavailability. Sulfonyl group belongs to polar groups, which can also increase the polarity of the drug molecules
to diminish hERG activity.

Keywords sulfonyl; drug design; lead optimization
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Figure 5 The application of sulfonyl acting as the bioisostere of
carbonyl in HCV NS5B polymerase inhibitors
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Figure 6 The application of sulfonyl acting as the bioisostere of
carbonyl in farnesyl transferase inhibitors
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Figure 7 The application of sulfonyl acting as the bioisostere of
carbonyl in progesterone receptor partial agonists
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Table 1 The application of sulfonyl acting as the bioisostere of
carboxyl and tetrazolium in CCR3/H1 dual antagonists
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Figure 9 The application of sulfonyl acting as the bioisostere of
tetrazolium in aldose reductase inhibitors
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of phosphate group in PTP-1B inhibitors
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polar groups on log P of cyclopentane
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Table 2 The influence of the introduction of sulfonamides on
log D of PDES inhibitors
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Table 3 The influence of the introduction of sulfonamides on
activity of selective COX-2 inhibitors
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. F
N_~ _
N E

HoNT R

49
COX-1ICsq = 25.5 pmol/L
COX-2 ICsq = 0.041 pmol/L
t1/2 =220h
E

F
N—= F
Yanraet
HN- S 0

\

O st (1)
COX-1 ICs = 15.0 pmol/L
COX-2 I1Csg = 0.04 umol/L
t1/2 = 35 h

(1) A 1 94 EL 98 I I (ALK S — it 52 1 2R T S TR U
Wy, SMERERIEEVINR, R AAAET 2R HE
o, AR IE) AR PR M TR . BRSOV . AR BT

496 http://sioc-journal.cn/

© 2016 Chinese Chemical Society & SIOC, CAS

JFIJOREVE AT 4 BEAN MR, Rk, ALK S48 —4
HEMHOUMRRE A, PR ALK RIS &N
PR 25 W0 A 1 — AN 3L Breslin Z5PIERF R —35 K
A2 ALK HHFiF (Scheme 1), ] & TR B ms g 25
&4 50(H#F 1Csp=20 nmol/L, ZHffl IC5,=100 nmol/L)
TERGZKF AP AT #B A BT ALK $0H1E 1,
&Y 50 PRI 23R, W UE A YR
FHEN “U” BHER, A&l “U” BHRS
ALK JEME OS4SR S4B EINE%, (&Y
FVEPERR AL R, tEY) S1(F 1Cso=3 nmol/L, 4
1Cs=150 nmol/L)*%} ALK B f4IHvEPERR = 1 7 %, 4i
HOvE R AR, B & 51 R EE SN
N-HEE-HEE R B AY 52. 5HEY 51 ML,
&Y 52(F 1C50=0.5 nmol/L, #Hfl ICso=10 nmol/L)
X ALK BEFIHNETESE R T 6 £, MMiS s 1 10 £5.
X2 RN I B 1 5L N T & 5 AR
SHEA EAEH, 3R T AT S ALK 4G R, T
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Scheme 1 The application of sulfonyl in ALK inhibitors
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Table 4 The influence of R group on activities of SREBPs in-
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PI3K o HfIE PE AR FE, 10T mTOR il i P 2 35 42 .
TN AR S il I e AR B & 67, AL G xS
PI3Ka 1 mTOR ¥JEA B P H1E M (PI3Ka K;=1.2
nmol/L; mTOR ICs,=2.0 nmol/L), H.EAG /&R FALA
JIR A= ) R v S R

F 5 FEBEIEAE PI3Ka A1 mTOR X H041 71 o (1) R

Table 5 The application of sulfonyl in PI3Ko/mTOR dual in-
hibitors

s
N)%N RLN/Rz
| Q PR
Z s.OX— NNy o
N/>—NH L s
o0 )—NH
N

61R"=H,R?=Bn
62 R' = H, R2 = CMe,Ph

hibitors 9 F
S 63 R' = H, R? = CO-4-MeOCgH,4
7 NHR o HIN 64 R’ = H, R? = S0,-4-MeOCqH,
— \ N s o 65 R' = H, R? = SO,-4-MeCgH,4
5 )/ N~ s >\._ 66 R'=Me, R2 = SO,-4-MeCgHy
)—NH
N
- 67
wEY) R ICso/(umoleL ™)
53 H 8.6 waE PI3Ko K/(nmolsL ')  mTOR ICs/(nmol-L ")
CHz 60 53 > 6000
54 - 28 61 85 >6000
CHy
62 24 > 6000
55 S pn 3.0 63 3130 > 6000
' 64 117 57
65 82 65
56 }{A\CH 49 66 38 269
* 67 1.2 2.0
o
57 EL 7.1 R K . .
“%  CH, FE—RMEMESE EP3 ZARTE DU R (3R 6), #HTT
0 N RBALEY) 68 (Ki=21 nmol/L) FA HLF () EP3 %
8 ‘%i?\cm 07 RFEPIENE, 49 ARBBE IR ES 2 EY) 69 (K=0.5
Qo nmol/L)i, EP3 Z R4 duid e m 1 40 £, (HE2LEY
= A 0.9 69 (AN LAGPEBE, 1Cs U 140 nmol/L. XAt &)
o 69 t— L IR IF 2L A 70, 1 & 70 125 T

Chin. J. Org. Chem. 2016, 36, 490~501

© 2016 Chinese Chemical Society & SIOC, CAS

http://sioc-journal.cn/ 497



BIKEF

AR AT E VR S 69 A RlTRE T 6 %
FI 117 1358

K6 LIS EP3 SZAASE B T R H
Table 6 The application of sulfonyl in EP3 receptor antagonists

WEY R Ki/(nmolsL™")  ICsy/(nmol-L™")
68 OH 21 580
69 NHSO,Ph 0.5 140
70  NHSO,-3,4-F,-C4H; 0.086 1.2
71  NHSO,-3-CN-C¢H,4 0.065 18

Scola Z5PE — R EF = k45 M) HCV NS3 25 [
FOHIFURE AL AR PRI, R BRI (2R A 5 55 2 DA
KK T). HRAFER, thEY 72 X HCV NS3 £ 1§
HOHEE 1Cso 1N 54 nmol/L, T 247E R £i7. 5] Nk A%
BEIF (73, 74, 75), FEPERIREE TR S, JUHE Y R A
T AR (59 73), A 73 %F HCV NS3 & H
FEAMHEYEN 1 nmol/L, BALEY) 72 1o& T 54 £5. WF
FUAEI: B 1) 5N 2 BT LLRE % KR E S it &4
XF HCV NS3 28 [ P00 1) 375 1 A2 DR A8 R P T e 22
AR 4 HCV NS3 B ABEE T 4%, I FLEIEL
E— MRS A S HCV NS3 2 A B P i
FHEAEH (B 18).

R 7 BEBEEAE HCV NS3 8 B0 1) 75 o 1) B2 A
Table 7 The application of sulfonyl in HCV NS3 protease in-

hibitors
\ \X/ Ok
o z
o] H/&O
~
N
R H [
o 0
(O
N
(6]
/

WEY R ICso/(nmoleL™")
72 OH 54
73 NHSOz-C-C3H5 1
74 NHSO,-i-Pr 19
75 NHSOz-C-C4H7 4

1.4 HWEHYR MR
1.4.1 £ KB EARNGE R B
Chakravarty ZEPSITERF 50— 2K 8 R 9K K2R H b
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B 18 {k&4 73 5 HCV NS3 HARL G K
Figure 18 Binding mode of compound 73 and HCV NS3
protease

IS, AR IACE YD T6(F 19) B A fe o 1 1 4 5k 5
ZARIEFUETE(ICsy=0.3 nmol/L), B K e Lk
WP, ER R B SS 1.0 mg/kg N, IR I A)E
WA, R 1.5h, XREAAY 76 45K b It Y ZUme 5
PHAR 2% B i ok 4 2 WA TR AL T B VS k. DU UM 5 4Ry
TR TS B A 77, (W& 77 AMEAG T 58 1
BRI R AR PUEE(ICs=0.2 nmol/L), 1fj H.A#EEE
FEMEIN, fEm T E YRR AR e v, 3 A A )

EKZE 4.
AN N N:N
N \
£ g
76 i
I1C50 = 0.3 nmol/L
A Py 1E ) 1.5 h

]
X N\>—/ HN>\\©
B S
N o:S/

1C50 = 0.2 nmol/L
P ERTE: 4 h

B 19 BIBE LA AE K 2G5 1A P A T T o g 82
Figure 19 The application of sulfonyl in extending action time

FE—RER 8 Pl &R 1 (GlyT D7)
MR, BFFEN SR B R BRI 1 R A6 &4
FE R BRI R A i R BRI R SR, 24 R O
(T8)IF, AL R BTN GO A 8 i ok R AR
4 P e R L A 5 4 QR 2 I (79), AT LUK BEBEARAL &
WIAE R SR N SRR AR o fR 35 R o 2, AT SE AR AE AR Y
(34 FH e 1 0,
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Table 8 The application of sulfonyl in lowering plasma clear-

0

ance of GlyT1 inhibitors

F N
W(ij@
(@]
A T B3R /(WL emin 'emg ")
ey R N N
78 NO, 106 35
79 SO,Me 40 26

142 RZHMe9EHA R E

Sturino %5 POERF K —IIEIMESS D, 1 F1 R 2 32 144
PUiley, RIAAEY) 80K 9)H AR ME MK =1.1
nmol/L), FWIFIFHEAN 52%, 1HZFTIRE(T,=4
h). A E R R R 2 B 4o F R IR 5 Bk
G 81, (LG 81 (M-3R R 7 h, LRI S &
£ 79%, X D, HiF MR R 2RSS PTIE L 2] 0.57 nmol/L.
R 9 MR R D, iSRRI A E
SR

Table 9 The application of sulfonyl in improving bioavailability
of prostaglandin D, receptor antagonist

F

; N I
H COOH
: ~cl
e R K/(mmoleL™")  Tyu/h Fl%
80 CH,CO 1.1 4 52
81 CH,SO0, 0.57 7 79

&Y 82(/ 20)HA U B R 2R shig
H 1Cso N 16 nmol/L, EWIFIFH N 23%, fEALEY) 82
gER R I NSRRI 2L E ) 83, LAY 83
TS 82 4, AEMFRIHEE AT IE 100%7
1.5 %K hERG &%

IEAEK, hERG #PE LA BN FDA iRy iz
BT EBER 2 —. H25A 5 1R 2590 R I BUst L%t
IXFPIEAE I I A TR 5, W] B 2540110 hERG #14%
4 BN NI e7E 42 . Jamieson 255145 T BRAK 24
¥) hERG BEPER LR WAS TSRS, 5] NP
BRI NRR I 2 A PR AR AR I 5. T B S A
— Pl LA B A, JE R O 51N T AR
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Sy

82 // AN

ICs0 = 16 nmol/L

IC50 = 16 nmol/L
F: 23% EY

F: 100%

B 20 REPEEEAE SR A AR A R R P

JAEE|
Figrue 20 The application of sulfonyl in improving bioavaila-
bility of progesterone receptor agonists

255y THISE NG VE T FEAK hERG FEME. Rk, 51 AL
O L MNP Z5YIH) hERG 751 B RS 2 —.
AL ¥ CCRS 2 & T G & FB IS AR XK % 7L )
—REEMMEE A, & HIV-1 N2 MUK 3 E 4
B3z Ak 2z —. CCRS 5505w LABH BT HIV-1 5405
A4 A, MBI PURGAER. FREHP L&
84(F 10) A EIFH) CCRS HEHuEME, AWM
HIV-1 S FHAE, (B2 X hERG 4 B3 18 BE i 1
BHR(plCsp=5.7), X QT MMIHAZE K (9.4%), H Rz
EK(AUC=16 ngehemL ). 7EALEY) 84 G544 5] A
PRI A R 36453 21k &9 85, tL&% 85 XF hERG 47
B IEE R AE A T EIE(pICs,=4.7), HXF QT
] A ZE KT /IN(1.2%). TPk i 6 11 50 NI885 1 A& ot
hERG #8857 @& FHAAEF, B0 71 &9 2 4t
AR — P22, BEBERE 1) 5] B S e T
4 1%, BEERE T 17 f5(AUC=272 ngeshemL ).
F 10 TEEEELAE FRK CCRS #5417 hERG 3P4 H A B

Table 10 The application of sulfonyl in lowering hERG toxicity
of CCRS antagonists

@% BT

0

\\ v
&) pICso
Te/% AUC/(ngehemL™
HEW —ccrs hERG 21 (ngehemL ™)
84 738 5.7 9.4 16
85 837 47 12 272
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nmol/L), {H/2&HH hERG FHWi{EHIR#(ICso=1 pmol/L).
AIF 70N 72 X Pl 3 51 N 0 1A 32 [ ok BRI 57 i 1 M T P
ik hERG &1, %%, fEALEY) 86 IEAL 5] N F Gt Ik
BREMLEY) 87, &Y 87 HIHHELHLTH I A ER K H %
(clogP)#t 86 F#M% 1, vHVECRKE. (EREEME, &Y
87 %} hERG L& JCBHIIE A, MAIEIE 1) 5] NAE LR ERIG I
(1 [ B 3R B I T 243 T hERG F M

SN
N
0]
OH
F
86

hERG = 1 ymol/L

1C50 =1 nmol/L
clogP = 3.56

N ) NN
\
0 a
OoH S
o

87
hERG ToiFE
1C50 = 1.6 nmol/L
clogP =2.48

B 21 AEEEAETE AR CCRS H547077 hERG 44 () B
Figure 21 The application of sulfonyl in lowering hERG tox-
icity of CCRS5 antagonists
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(TSI TT DL /0N 705 RSO A P R IR ik 1 <5 24 A P8 i
B0 51N BB 2 T DA o 38 0 23 A AR AR
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