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Synthesis and Antidiabetic Activity of Novel Molecules Containing
p-Aminobenzoic Acid and Benzenesulfonamide Moiety
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Abstract A new class of target molecules containing p-aminobenzoic acid and benzenesulfonamide moiety is reported,
based on the structural features of a series of analogues with strong biological activities previously synthesized by the group.
By taking 4 discrete synthetic routes, the practical procedures and facile preparative routes for both the intermediates of
IM1~1IM3 and the target molecules of TM1 and TM2 were established. A total of 26 designed compounds were synthesized
smoothly using the established synthetic approaches under mild reaction conditions, with low cost and high yields (64%~
95%). The chemical structures of 21 new compounds were confirmed by 'H NMR, '*C NMR and HRMS techniques. The bio-
assay test demonstrates weak antidiabetic activity for all the target molecules. This study has further expanded the application
of alcohol/SOCI, system in the deacylation of N-arylacetamides and chloro-N-arylacetamides as well as esterification of car-
boxy group concomitantly, which is supportive to the structure optimization of novel molecules containing p-aminobenzoic
acid and benzenesulfonamide moiety.

Keywords diabetes mellitus; p-aminobenzoic acid; sulfanilamide; peroxisome proliferator-activated receptors (PPAR); syn-
thesis; activity
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D13 A ZEIG NI R A A igys . Bk
R B A N RO B Rk, B AT R R )
T2DM Y&I7 259, v A 29k BEAN R @I PE -, A7
SR T2DM Y87 255 (P AE R A FA A

TEPENE M B g Y H AR T H AT AT 2
Wvevt 7k ARBTREAN, TERG 25000 R IS BT 24 L
M E RS, RSP R 250 H a2

Wy, S S I e S AL Bk BT R BR P, HAOIR
BRI PR P - IR 2R i) HIV-1

B IR LR e R VA AR . SCHRE IR I, X
R KR (PABA)Z: 5 4] AR h kR 1 75 i itk
4k, PABA IERSEIRATAY O T Mt i 5 g™
AR RS v e L R AR SR
I S PABA G4 ST S SR R HA B

FURL LA AR G HIVIY, G
W AECY . RV A . AT S E R, &

PABA BRRA LI 45 14 PR T I S 2 -2 FE i () B A R
U (1) 3k 4 A A Tl A 358 5 400 05 52 Ak (peroxisome  prolif-
erator-activated receptors, PPAR) &% 12 23 W,

NO,

OH /©/COZH
A

\ 1 \
PPAR relative activation 76.21%

PPAR relative activation 87.02%

Oy
CO-H
y D
~o

2

Chart 1).

XSO R IRAT], PABA BRI il 4 A
FLAT PURE R 35 4> 7 0 TE v A B B b AR,
PABA  FUURAH It fie 25 1) B TG [l I 5 | N7 901 &5 WP
EYE A B PES B B 8 2> 1 (Scheme 1), ?E%%’ftﬁ,?/\
A PURE IRV T BT LA .

53HT Chart 1 [ 71 451 KN, PABA Jr BORHE 4R 5
I, Pl fe LR, w1 A2,
W, AT PABA Fr BORIE ] Hlisfk, B4+
A NG IE. (HIE, [ PABA A7 R LA
RAEEWR BT, AR o AU 1R 59 I PURE R 0 v
PERO E e RATTIN A, PABA G R A5 1 A2 06 T 1,
T2 3 SR FH R R AR AR 1 22k AT AR AR, nl REIR I
iy 2 (AR R K 25 B L SR 45 . BT, 1E# ¥
JEHF PABA AL b FH /NS A (7 SR 6 84 . 2 2o FH
1 [AARRAS R () R I e 45 74 0. TG AT A= (Scheme 1).
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AR — PP, BTN A K IR e 7 v 2 e LA &%
T e 28 h) BT — 20 AT AR, T RE 1S B PUME R IS T
. Ymik, HER T ZiiE A2 S TM1 F1 TM2 B
IR (Scheme 1).

Hiror TR &R R 2, L Scheme 2. A5
B 26 MEEY, 21 AN LA
1 KEEH
1.1 EZHRMLEFFAIRF

AV-300 Y FAZ ML IEAR X (Bruker, USA; 300 MHz,
TMS W #5); HR ESI-FTICR MS (Varian 7. 0T, USA);
X-6 HUNE % 00 RO E A (b s AR LR A BR 2 7).
X i 2R R (2 R () R 2 R B A ], AR),
T 28 s 2R T B (VA K i R AN Ak 2 A PR A
CP), Hoer &Ml 2= ali sl 3 Hr 4l
1.2 HEFFBIRD FREK
1.2.1  4-(4- TBLIE IR R AE BRI 3L ) 3R F B (IM1) 49 41
&

100 mL L F A K,CO; 28.9 g (210 mmol)
FIK 8 mL, ARG VKA ED, BibE NI 22K R
13.7 g (100 mmol). ¥AMEAEN)G, 219 IN%) LWk
AR RS 35.2 g (151 mmol) ¥ AT (70 mL)¥# K, InEegk
SEBEFE 7 min, VKK, EEBEERN, TLC M %
NRERE. NV SEEE, 8k 2R L I, /K 40 mL, 2

o COOH

g\ /©/ Route A/C/D

JoL L
OH

HoN M2 ”

¢ | Route A/D

™1 “\RouteA
Route B/

TM1a ~ TM1d: R = CI(CH,), (n =1, 2, 3), n-Pr

COOH Route D /©/
J@/ N

BWeLL)

moleL ™" HCI KW pH=1~2, ¥ KRR 4. il
JE, 2i7K(20 mLX3)PREIEYE. fhT, wEUFT8, RI4E
4-(4- LM FE PR BRI ) 2K T IR (1M
122 4-(4-F I FakBhi ) 3R F 82 (IM2)49 %) &
100 mL [FJELEH A IM1 8.8 g (26.4 mmol) 1 2
moleL ™" KOH ¥ 50 mL, 50 CHik v, TLC Wil
MNHERE. RNV 5EEESE, 2 molsL ™! HCI KW 1 42 pH=
3, Mri o RE S A A, g, 2iKA15 mLX3)PEEkiE
BE. JEURT AR, 19 4-(4-Z L IRBRBEIGE) 2K F R (M 2) 7).
1.2.3  4-(4-Fhfie R AR BEIE 238 9 BR (TMI1 )84 ] &
100 mL [FJEFEHMF A IM2 2.9 g (10. 0 mmol)Al
A 10 mL, 7870 SR i, I K,CO5 4.2 g (30.2
mmol), 15~19 CHFE 30 min, VKIBA N, 22185 Nk
S 14.9 mmol [AFR(10 mLYEW. ke, 4k8:isE 30
min, VKK, FEEBFE RN, TLC W WV 3EFE.
RN SERE(10~17 h)JiF, 80T 2818 R 25 I, i A A
k7K 20 mL, 2 moleL™" HC1 KW pH=2, #ri
Wl A4, wRE, HHUE, JEDFTEE, 1927 8 TMla~
TM1d.
1.2.4  4-(4-B A FKAEBE 2K F 8L A5 (IM3) 494 R
2k B: 100 mL [ACKFM T IMARE 15 mL, K4
HIF 22183 0 SOCL, 12.8 mmol, ANEEHEEE 30 min, Fi0
A IM1 3.3 g (10 mmol, % 2, Entry 2), 4k£:4ii+ 15 min
JE NI, INARNAR, TLC YA N HERE. W

0 COOH
s /©/ Route A/B/C/D Q/COOH
II°'N

-
)k /©/O HoN
PABA

M3 IM3a ~ IM3d: R? = Me, Et, n-Pr, n-Bu

e l Route B/C/D
(0]

9 OR?
N
OH

TM2a ~ TM2d: R? = Me, R'= CI(CHy), (n=1, 2, 3), n-Pr; TM2e ~ TM2h: R2 = Et, R'= CI(CHy), (n=1, 2, 3), n-Pr;
TM2i ~ TM2I: R? = n-Pr, R = CI(CHyp),, (n =1, 2, 3), n-Pr; TM2m ~ TM2p: R? = n-Bu, R' = CI(CHy),, (n =1, 2, 3), n-Pr

Reagents and conditions: (a) ASC, K,COs, Me,CO, r.t.; (b) KOH, H;0, 50 C; (c) R'COCI, K,COs, r.t.; (d) R°OH/SOCI,, reflux; (e) R'COCI,

K2COs, THF

Scheme 2
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SEHEJE, WORZETRER 2R, sk 30 mL F1 AR 41 20
mL JRZ5), WA RS pH=7~8, FE 0=,
D, KEH OB OEREQ0 mLX 2B, &IFEHLZ,
ToK MgSO, T4, g, ISR ZEMbR 7, L/
AR (AR 10 3) ik, ok, JEUFTE, 192
IM3 4li 5. 3 2, Entries 7, 12, 18 525 5 2540l

ek C: k4 B T IM1 LU IM2 0.6 g (2 mmol)EE
(3K 2, Entry 17), #HA/E 54 B AHIA. 3 2, Entry 1 5
96 55 AL,

%26 D: 100 mL [F KR P INARE 8 mL, VKB4 H)
R8I N SOCI, 1.5 mmol, JiEHEFE 30 min, FIIA
TMI1 (1 mmol, 2, Entry 3), #kZ:4iiF 15 min Ji i A|
W, TLC WEI S N RERE. [N SEHe i, s 280 e 2w
7, FANAIK 25 mL F1 £ P8 £ 25 mL JRA), AR
FREMVAO Y pH & 7~8, BB D)E. W, LR LB
(20 mLX2)ZHUKE, IFAPUE, Jo/K MgSO, T4,
g, DEVRR R ZETE IR LU, LR LW/ (AR
LEoh 10 3)ari, g, JEDFTIE, 19280~ 5. & 2, En-
tries 4~6, 8~11, 13~16, 19~22 521 5 241,

1.2.5  4-[4-Bhlie K R akmh e ALK F BR B85 (TM2) 49 %)
&

100 mL [EJEFSRF A IM3 1.1 mmol A THF 5
mL, FPEAAR IS I K,CO; 0.2 g (1.5 mmol), =i #E
30 min, Z2ME9 INEEA 1.3 mmol [ THF (3 mL)EW, =
WP RN, TLC W Vi FE. RN SEERR SR, I 7%
TEBRZ2EEF, K 25 mL FIZLRR 4HE 25 mL %], 2
moleL™" HCl /KW pH=3~4, FENZ. 7T,
IR CHE(10 mL)AEHUKZE. HIFEHUZ, IAMRI&
K 25 mL, §ED)E, WEAHPAH. oK MgSO, T4,
g, DR ZETE R LA, LR SR/ (AR
Leoh 10 Dok, shig, JEUFTE, A2 TM2a~
TM2p. oA SEE S AL
1.3 PPRE-Luc #f &£ B i# iK1

HepG2 4l fefh 1 96 FLAR, H5FRid#0n # FH & 1
DUFE S IR DMEM B35, [R5 7 2 R R CAS
FE SR LT I FHE S JAILL RS SR ). 4kl
24 h SRS e BT . AR R D ) () 4 2 R i
L I SEE R, RS I R =L wall wn—
1)X 100%, Ff i P B30 3% = Ff 5 1R 20 sl =/ FH
PEAE S IO 48 S R X 100%. 1975 IHEAS R S B A ik
FEREME AL, EEBIK.

1.4 LEMRIERFIE

4-(4- T g 5k 2R Al 1 e 366 ) 2R FH IR (IMID): £ [#]

1, W 91%~93%. m.p. 244.1~246.5 ‘C(LHkE"
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251~255 C); '"H NMR (DMSO-d,, 300 MHz) §: 12.72
(s, 1H, COOH), 10.74 (s, 1H, SO,NH), 10.38 (s, 1H,
CONH), 7.80 (d, J=9.0 Hz, 2H, ArH), 7.71~7.75 (m, 4H,
ArH), 7.18 (d, J=8.4 Hz, 2H, ArH), 2.06 (s, 3H, CH;).

A-(4- TR R T IR (IM2): 3 ([ 1, Wk
% 94.7%. m.p. 203.5~205.4 C(CCERMER" 203~205
‘C); '"H NMR (DMSO-d,, 300 MHz) 6: 10.39 (s, 1H,
COOH), 7.78 (d, J=8.0 Hz, 2H, ArH), 7.45 (d, J=8.0 Hz,
2H, ArH), 7.15 (d, J=8.0 Hz, 2H, ArH), 6.55 (d, J=38.4
Hz, 2H, ArH), 6. 03 (s, 2H, NH,).

A-[4-(2- 50 £ T i 35 ) 2R it 1k e 56 1 % 7 IR (TMI 1 a):
AR, R 92.3%. map. 230.7~232.6 ‘C; '"H NMR
(DMSO-d, 300 MHz) 6: 12.68 (s, 1H, COOH), 10.73 (s,
1H, SO,NH), 10.67 (s, 1H, CONH), 7.81~7.72 (m, 6H,
ArH), 7.18 (d, J=8.4 Hz, 2H, ArH), 4.27 (s, 2H, CH,); "*C
NMR (DMSO-ds, 75 MHz) J: 166.81, 165.41, 142.59,
142.03, 133.58, 130.76 (2XC), 128.17 (2XC), 125.53,
119.23 (2XC), 118.13 (2XC), 43.52; HRMS caled for
C,sH,CIN,O5S ((M—H])~ 367.0161, found 367.0164.

4-[4-(3- 50 A I e 56 ) R Tl 19 e 56 1K R PR (TMILb):
F A, % 94.0%. mp. 181.7~182.3 ‘C; 'H NMR
(DMSO-ds, 300 MHz) d: 12.61 (s, 1H, COOH), 10.72 (s,
1H, SO,NH), 10.46 (s, 1H, CONH), 7.81~7.73 (m, 6H,
ArH), 7.18 (d, J=7.8 Hz, 2H, ArH), 3.86 (t, J=6.0 Hz,
2H, CH,), 2.84 (t, J=6.0 Hz, 2H, CH,); “C NMR
(DMSO-ds, 75 MHz) o: 168.80, 166.78, 143.04, 142.09,
133.03, 130.76 (2XC), 128.13 (2XC), 125.48, 118.88
(2XC), 118.07 (2XC), 40.53, 39.32; HRMS calcd for
C16H14CIN,05S ((M—H])~ 381.0317, found 381.0310.

A-[4-(4- 50T T Jiie L ) 2 il T fle 26 1K R R (TMILe):
KA K, BE 95.1%. mp. 186.7~187.6 C; 'H
NMR (DMSO-ds, 300 MHz) d: 10.72 (s, 1H, SO,NH),
10.43 (s, 1H, CONH), 7.81~7.75 (m, 6H, ArH), 7.19 (d,
J=8.4 Hz, 2H, ArH), 3.68 (t, J=6.3 Hz, 2H, CH,), 2.51 ~
2.47 (m, 2H, CH,), 2.06~1.97 (m, 2H, CH,); *C NMR
(DMSO-ds, 75 MHz) o: 171.10, 166.88, 143.37, 142.17,
132.72, 130.74 (2XC), 128.07 (2XC), 125.45, 118.79
(2XC), 118.08 (2XC), 44.95, 33.38, 27.67 cm”'; HRMS
caled for C,7H;sCIN,OsS (M —H])~ 395.0474, found
395.0475.

4-(4- T W FE AR R L 2 ) R HT IR (TMILd): - 1 (L[]
&, W 89.0%. m.p. 226.3~227.6 ‘CCCHREPY 226~
228 “C); 'H NMR (DMSO-d,, 300 MHz) 6: 12.43 (s, 1H,
COOH), 10.69 (s, 1H, SO,NH), 10.25 (s, 1H, CONH),
7.79 (d, J=8.4 Hz, 2H, ArH), 7.75 (s, 4H, ArH), 7.18 (d,

http://sioc-journal.cn/ 1911
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J=8.7 Hz, 2H, ArH), 2.29 (t, J=6.9 Hz, 2H, CH,), 1.65~
1.52 (m, 2H, CH,), 0.89 (t, J=7.2 Hz, 3H, CH3).

4-(4- 5 BE R I Jr 5 ) 2K HH R P R (IM3a): 2 (4[]
1, W 97.1%. mp. 238.7~239.5 C (3 k1>
248.2~250.7 “C); 'H NMR (DMSO-ds, 300 MHz) o:
10.46 (s, 1H, SO,NH), 7.80 (d, J=9.0 Hz, 2H, ArH), 7.45
(d, J=8.7 Hz, 2H, ArH), 7.17 (d, J=9.0 Hz, 2H, ArH),
6.54 (d, J=8.7 Hz, 2H, ArH), 6.05 (s, 2H, NH,), 3.78 (s,
3H, CH;).

4-(4- 58 FE BT Jc % ) 2K IR S IR (IM3b): 3 4[]
1, % 94.8%. m.p. 233.7~235.1 °C (3 ik fE >
247.1~249.3 ‘C); 'H NMR (DMSO-d,;, 300 MHz) o:
10.48 (s, 1H, SO,NH), 7.80 (d, J=8.7 Hz, 2H, ArH), 7.46
(d, J=8.7 Hz, 2H, ArH), 7.18 (d, J=8.7 Hz, 2H, ArH),
6.54 (d, J=8.7 Hz, 2H, ArH), 6.07 (s, 2H, NH,), 4.28~
421 (m, 2H, CH,), 1.27 (t, J=7.2 Hz, 3H, CH;).

A-(4- S FE R I Jr 55 ) 2R R R 79 B (TMI3e): - 8 £ [
A, W ZE 93.7%. mp. 2253~227.0 ‘C; 'H NMR
(DMSO-ds, 300 MHz) 6: 10.48 (s, 1H, SO,NH), 7.81 (d,
J=8.7 Hz, 2H, ArH), 7.46 (d, J=9.0 Hz, 2H, ArH), 7.18
(d, J=8.7 Hz, 2H, ArH), 6.55 (d, J=8.7 Hz, 2H, ArH),
6.07 (s, 2H, NH,), 4.15 (t, J=6.6 Hz, 2H, CH,), 1.73~
1.61 (m, 2H, CH,), 0.93 (t, J=7.5 Hz, 3H, CH,).

4-(4- 58 FE R BATE ) K R T IR (IM3d): 3 4[]
&, WHE 933%. mp. 194.7~1962 C; 'H NMR
(DMSO-d,, 300 MHz) d: 10.48 (s, 1H, SO,NH), 7.80 (d,
J=8.7 Hz, 2H, ArH), 7.46 (d, J=9.0 Hz, 2H, ArH), 7.18
(d, J=8.7 Hz, 2H, ArH), 6.55 (d, J=8.4 Hz, 2H, ArH),
6.07 (s, 2H, NH,), 4.20 (t, J=6.6 Hz, 2H, CH,), 1.69~
1.59 (m, 2H, CH,), 1.44~1.32 (m, 2H, CH,), 0.91 (t, J=
7.4 Hz, 3H, CH;).

4-[4-(2- & T 28 Hk ) 4% il Tk 24 1R R IR R IR
(TM2a): IO AE, R 98.1%. m.p. 242.3~245.8 C;
'H NMR (DMSO-d, 300 MHz) d: 10.82 (s, 1H, SO,NH),
10.72 (s, 1H, CONH), 7.84~7.73 (m, 6H, ArH), 7.21 (d,
J=8.1 Hz, 2H, ArH), 4.28 (s, 2H, CH,), 3.78 (s, 3H, CH;);
C NMR (DMSO-d,, 75 MHz) d: 165.67, 165.39, 142.67,
142.43, 133.48, 130.64 (2XC), 128.18 (2XC), 124.33,
119.20 (2XC), 118.16 (2XC), 51.95, 43.55; HRMS calcd
for C1sH,4CIN,OsS [M—H]~ 381.0317, found 381.0316.

4-[4-(3- S0 TN MG 2 Ak ) 4% il 1 2 ik R R W I
(TM2b): HEE A, K 90.1%. m.p. 228.1~230.8 C;
'H NMR (DMSO-ds, 300 MHz) §: 10.77 (s, 1H, SO,NH),
10.46 (s, 1H, CONH), 7.83~7.73 (m, 6H, ArH), 7.21 (d,
J=8.1 Hz, 2H, ArH), 3.85 (t, J=6.0 Hz, 2H, CH,), 3.78

1912 http://sioc-journal.cn/
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(s, 3H, CHs), 2.84 (t, J=6.0 Hz, 2H, CH,); “C NMR
(DMSO-ds, 75 MHz) o: 168.78, 165.68, 143.09, 142.48,
133.04, 130.60 (2XC), 128.11 (2XC), 124.34, 118.91
(2XC), 118.18 (2XC), 51.91, 40.51, 39.36; HRMS calcd
for C;;H;;CIN,NaOsS [M + Na] ©  419.0439, found
419.0452.

4-[4-(4- 0T Mo 2 AL ) Rl I 2 KR ] OK T IR R S
(TM2c): FAEafEfA, BZ 88.8%. m.p. 180.0~183.4 C;
'H NMR [CO(CD3),, 300 MHz] 6: 7.88 (d, J=8.1 Hz, 2H,
ArH), 7.81 (s, 4H, ArH), 7.34 (d, J=17.5 Hz, 2H, ArH),
3.83 (s, 3H, CH;), 3.68 (t, J=6.6 Hz, 2H, CH,), 2.58 (t,
J=6.9 Hz, 2H, CH,), 2.15~2.06 (m, 2H, CH,); *C NMR
(DMSO-ds, 75 MHz) 6: 170.43, 165.43, 143.14, 141.85,
132.88, 130.21 (2XC), 127.89 (2XC), 124.80, 118.26
(2XC), 118.15 (2XC), 50.78, 43.94, 33.08, 27.47; HRMS
calcd for CsH;oCIN,- NaOsS [M—|—Na]+ 433.0595, found
433.0598.

4-(4- T BRI IR 2 58 ) K F R AR B (TM2d): [
o4k, W& 76.2%. mp. 221.8~225.1 ‘C; 'H NMR
(DMSO-ds, 300 MHz) &: 10.75 (s, 1H, SO,NH), 10.25 (s,
1H, CONH), 7.82 (d, J=9.0 Hz, 2H, ArH), 7.75 (s, 4H,
ArH), 7.21 (d, J=8.4 Hz, 2H, ArH), 3.78 (s, 3H, CH;),
2.29 (t, J=7.5 Hz, 2H, CH,), 1.65~1.53 (m, 2H, CH,),
0.89 (t, J=7.5 Hz, 3H, CH;); *C NMR (DMSO-d,, 75
MHz) 6: 171.94, 165.67, 143.48, 142.51, 132.56, 130.61
(2XC), 128.05 (2XC), 124.24, 118.74 (2XC), 118.06
(2XC), 51.91, 38.39, 18.40, 13.56; HRMS calcd for
Ci1sH2oN,NaOsS [M+Na]* 399.0985, found 399.0988.

A-[4-(2- 5 £ W 2 3 ) 2R i ik 20 35 K W IR &4 B
(TM2e): A, WZ 97.2%. mp. 214.3~217.9 C;
'H NMR (DMSO-ds, 300 MHz) §: 10.80 (s, 1H, SO,NH),
10.72 (s, 1H, CONH), 7.83~7.73 (m, 6H, ArH), 7.21 (d,
J=8.1 Hz, 2H, ArH), 4.28~4.22 (m, 4H, 2XCH,), 1.26
(t, J=6.9 Hz, 3H, CH;); °*C NMR (DMSO-d;, 75 MHz) ¢:
165.39, 165.16, 142.65, 142.36, 133.48, 130.57 (2XC),
128.18 (2XC), 124.62, 119.19 (2XC), 118.18 (2XC),
60.50, 43.54, 14.18; HRMS calcd for C;;H;¢CIN,OsS
[M—H]™ 395.0474, found 395.046.

A-[4-(3- 5 TN T 25 ) R i IR A R ) R IR & B
(TM2f): A, BZ 89.0%. m.p. 191.1~193.3 C;
'H NMR (DMSO-ds, 300 MHz) §: 10.75 (s, 1H, SO,NH),
10.46 (s, 1H, CONH), 7.82 (d, J=8.4 Hz, 2H, ArH),
7.76~7.73 (m, 4H, ArH), 7.21 (d, J=8.4 Hz, 2H, ArH),
424 (q, J=72 Hz, 2H, CH,), 3.86 (t, J=6.0 Hz, 2H,
CH,), 2.84 (t, J=6.0 Hz, 2H, CH,), 1.27 (t, J=7.2 Hz, 3H,
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CH;); *C NMR (DMSO-d;, 75 MHz) J: 168.80, 165.18,
143.07, 142.41, 132.89, 130.56 (2XC), 128.14 (2XC),
124.62, 118.88 (2XC), 118.16 (2XC), 60.50, 40.51,
39.34, 14.17; HRMS calcd for CigH;9CIN,NaOsS [M-+
Na]™ 433.0595, found 433.0603.

4-[4-(4- 0T T 28 ) % il 1k 21 1R T IR £ IR
(TM2g): HEE A, WK 74.7%. mp. 183.9~187.4 C;
'H NMR (DMSO-d, 300 MHz) d: 10.74 (s, 1H, SO,NH),
10.36 (s, 1H, CONH), 7.81 (d, J=8.7 Hz, 2H, ArH),
7.77~7.68 (m, 4H, ArH), 7.21 (d, J=9.0 Hz, 2H, ArH),
424 (q, J=72 Hz, 2H, CH,), 3.68 (t, J=6.3 Hz, 2H,
CH,), 2.48 (s, 2H, CH,), 2.06~1.99 (m, 2H, CH,), 1.27 (t,
J=6.9 Hz, 3H, CH;); "C NMR (DMSO-ds, 75 MHz) 6:
171.04, 165.18, 143.35, 142.48, 132.66, 130.52 (2XC),
128.05 (2XC), 124.55, 118.78 (2XC), 118.15 (2XC),
60.49, 44.90, 33.49, 27.71, 14.09; HRMS calcd for
C1oH, CIN,NaOsS [M+Na]" 447.0752, found 447.0754.

4-(4-"] T BB AR IR 2 ) K TR L E(TM2h):
o[ 4E, WE 70.4%. m.p. 205.0~207.5 C; 'H NMR
(DMSO-d,, 300 MHz) 0: 10.73 (s, 1H, SO,NH), 10.25 (s,
1H, CONH), 7.81 (d, J=8.7 Hz, 2H, ArH), 7.74 (s, 4H,
ArH), 7.20 (d, J=8.4 Hz, 2H, ArH), 4.24 (q, J=6.9 Hz,
2H, CH,), 2.29 (t, J=6.9 Hz, 2H, CH,), 1.65~1.53 (m,
2H, CH,), 1.27 (t, J=7.2 Hz, 3H, CH3), 0.89 (t, J=6.9 Hz,
3H, CH;); “C NMR (DMSO-ds, 75 MHz) o: 17191,
165.19, 143.40, 142.80, 132.74, 130.54 (2XC), 128.02
(2XC), 124.34, 118.70 (2XC), 118.11 (2XC), 60.45,
38.38, 18.39, 14.17, 13.56; HRMS calcd for CjoH,N,05S
[M—H]™ 389.1177, found 389.1174.

4-[4-(2- 0 & T 28 Hk ) 4% il 1k 24 1R R R N IR
(TM2i): EEGEE, R 94.6%. mp. 192.5~195.5 C;
'H NMR (DMSO-d, 300 MHz) d: 10.82 (s, 1H, SO,NH),
10.73 (s, 1H, CONH), 7.83~7.72 (m, 6H, ArH), 7.20 (d,
J=8.4 Hz, 2H, ArH), 4.28 (s, 2H, CH,), 4.15 (t, J=6.3
Hz, 2H, CH,), 1.72~1.60 (m, 2H, CH,), 0.92 (t, J=7.2
Hz, 3H, CH;); *C NMR (DMSO-d,, 75 MHz) 6: 165.38,
165.21, 142.67, 142.38, 133.50, 130.57 (2XC), 128.16
(2XC), 124.59, 119.19 (2XC), 118.19 (2XC), 65.90,
43.53, 21.63, 10.34; HRMS calcd for C;sH;5CIN,OsS
[M—H]~ 409.0630, found 409.0625.

4-[4-(3- S0 TN MG 2 ik ) 4% il 1t 2 ik R R N IR
(TM2j): Ak, W 82.5%. m.p. 170.8~176.7 C;
'H NMR (DMSO-dq, 300 MHz) d: 10.76 (s, 1H, SO,NH),
10.45 (s, 1H, CONH), 7.83 (d, J=8.7 Hz, 2H, ArH),
7.76~7.73 (m, 4H, ArH), 7.21 (d, J=8.1 Hz, 2H, ArH),
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4.15 (t, J=6.3 Hz, 2H, CH,), 3.86 (t, J=6.3 Hz, 2H, CH,),
2.84 (t, J=6.0 Hz, 2H, CH,), 1.72~1.61 (m, 2H, CH,),
0.93 (t, J=7.2 Hz, 3H, CHs); °C NMR (DMSO-d,, 75
MHz) d: 168.78, 165.22, 143.07, 142.44, 133.06, 130.55
(2XC), 128.11 (2XC), 124.62, 118.90 (2XC), 118.19
(2% C), 65.90, 40.50, 39.36, 21.63, 10.34; HRMS calcd for
C1oH,,CIN,NaOsS [M+Na]" 447.0752, found 447.0751.

4-[4-(4- 50T T 2 AL ) Rl I A R ORI TN B
(TM2K): A, B 88.0%. mp. 169.0~173.8 C;
'H NMR (DMSO-d, 300 MHz) d: 10.74 (s, 1H, SO,NH),
10.36 (s, 1H, CONH), 7.82 (d, J=8.4 Hz, 2H, ArH),
7.74~7.72 (m, 4H, ArH), 7.21 (d, J=7.8 Hz, 2H, ArH),
4.16 (t, J=6.9 Hz, 2H, CH,), 3.68 (t, J=6.6 Hz, 2H, CH,),
2.51~2.47 (m, 2H, CH,), 2.06~1.97 (m, 2H, CH,),
1.73~1.61 (m, 2H, CH,), 0.93 (t, J=7.2 Hz, 3H, CH;);
C NMR (DMSO-ds, 75 MHz) §: 170.98, 165.23, 143.36,
142.48, 132.75, 130.54 (2XC), 128.05 (2XC), 124.58,
118.81 (2XC), 118.16 (2XC), 65.90, 44.90, 33.52, 27.70,
21.65, 10.33; HRMS caled for C,yH»;CIN,NaOsS [M+
Na]" 461.0908, found 461.0917.

A-(4-T 19 2 Al 1 2 S ) 2K R AT R (TM21):
AR, W% 71.9%. mp. 182.7~184.4 C; 'H NMR
(DMSO-ds, 300 MHz) &: 10.74 (s, 1H, SO,NH), 10.26 (s,
1H, CONH), 7.82 (d, J=8.4 Hz, 2H, ArH), 7.74 (s, 4H,
ArH), 7.20 (d, J=9.0 Hz, 2H, ArH), 4.15 (t, J=6.6 Hz,
2H, CH,), 2.29 (t, J=7.2 Hz, 2H, CH,), 1.70~1.55 (m,
4H, 2CH,), 0.95 ~0.86 (m, 6H, 2CH;); "“C NMR
(DMSO-d,, 75 MHz) d: 171.91, 165.23, 143.35, 142.72,
130.54, 129.00 (2XC), 128.04 (2XC), 124.37, 118.72
(2XC), 118.11 (2XC), 65.89, 38.39, 21.64, 18.39, 13.56,
10.34; HRMS caled for CyHxN,NaOsS [M + Na] *
427.1298, found 427.1302.

4-[4-Q-H LA R WAL IR F IR T By
(TM2m): AR, R 93.1%. mp. 176.5~178.7 C;
'H NMR (DMSO-ds, 300 MHz) §: 10.81 (s, 1H, SO,NH),
10.70 (s, 1H, CONH), 7.83~7.73 (m, 6H, ArH), 7.21 (d,
J=8.7 Hz, 2H, ArH), 4.28 (s, 2H, CH,), 4.20 (t, J=6.6
Hz, 2H, CH,), 1.68~1.59 (m, 2H, CH,), 1.44~1.32 (m,
2H, CH,), 0.90 (t, J=7.5 Hz, 3H, CH;); “C NMR
(DMSO-d,, 75 MHz) J: 165.37, 165.19, 142.64, 142.42,
133.55, 130.57 (2XC), 128.18 (2XC), 124.57, 119.20
(2XC), 118.17 (2XC), 64.16, 43.55, 30.26, 18.75, 13.60;
HRMS caled for CioH,0CIN,OsS [M—H] ™ 423.0787,
found 423.0782.

A-[4-(3- S N TR R SE) R R A L ) R R T B
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(TM2n): FHE[EAE, BEE 76.7%. mp. 168.3~172.4 C;
'H NMR (DMSO-d, 300 MHz) d: 10.75 (s, 1H, SO,NH),
10.45 (s, 1H, CONH), 7.81 (d, J=8.1 Hz, 2H, ArH),
7.77~7.73 (m, 4H, ArH), 7.20 (d, J=8.7 Hz, 2H, ArH),
420 (t, J=6.9 Hz, 2H, CH,), 3.86 (t, J=6.3 Hz, 2H, CH,),
2.84 (t, J=6.3 Hz, 2H, CH,), 1.68~1.59 (m, 2H, CH,),
1.44~1.32 (m, 2H, CH,), 0.90 (t, J=7.2 Hz, 3H, CH,);
C NMR (DMSO-ds, 75 MHz) §: 168.80, 165.21, 143.14,
142.28, 133.00, 130.56 (2XC), 128.12 (2XC), 124.57,
118.88 (2XC), 118.15 (2XC), 64.16, 40.52, 39.51, 30.26,
18.73, 13.60; HRMS caled for C,,H»;CIN,NaOsS
461.0908, found [M+Na]"™ 461.0908.

4-[4-(4- 50T T 2 3k ) Sl Ik 2 L 1R R TR
(TM20): M E 1, W& 84.6%. m.p. 153.0~156.0 C;
'H NMR (DMSO-dq, 300 MHz) d: 10.74 (s, 1H, SO,NH),
10.36 (s, 1H, CONH), 7.82 (d, J=8.4 Hz, 2H, ArH),
7.75~7.72 (m, 4H, ArH), 7.21 (d, J=7.8 Hz, 2H, ArH),
420 (t, J=6.3 Hz, 2H, CH,), 3.68 (t, J=6.3 Hz, 2H, CH,),
2.51~2.46 (m, 2H, CH,), 2.06~1.97 (m, 2H, CH,),
1.68~1.59 (m, 2H, CH,), 1.44~1.32 (m, 2H, CH,), 0.90
(t, J=7.2 Hz, 3H, CH3); °C NMR (DMSO-d;, 75 MHz) ¢:
17131, 165.21, 143.59, 142.50, 132.66, 130.53 (2XC),
128.05 (2XC), 124.60, 118.78 (2XC), 118.13 (2XC),
64.10, 44.90, 33.49, 30.26, 27.71, 18.74, 13.59; HRMS
caled for C,HysCIN,NaOsS [M+Na]475.1065, found
475.1072.

4-(4-"T S IR I 2 ) K R T BR(TM2p): A
R, % 64.1%. m.p. 181.5~183.5 C; 'H NMR
(DMSO-ds, 300 MHz) d: 10.74 (s, 1H, SO,NH), 10.25 (s,
1H, CONH), 7.82 (d, J=8.4 Hz, 2H, ArH), 7.76~7.70 (m,
4H, ArH), 7.21 (d, J=8.1 Hz, 2H, ArH), 4.20 (t, J=6.6
Hz, 2H, CH,), 2.30 (t, J=7.2 Hz, 2H, CH,), 1.66~1.58
(m, 4H, 2CH,), 1.44~1.32 (m, 2H, CH,), 0.93~0.87 (m,
6H, 2CH;); *C NMR (DMSO-d,, 75 MHz) d: 171.89,
165.18, 143.49, 142.47, 132.58, 130.55 (2XC), 128.04

(2XC), 124.49, 118.70 (2XC), 118.07 (2XC), 64.12,
38.40, 30.26, 18.72, 18.39, 13.57 (2X C); HRMS caled for
C1HxN;NaOsS [M+Na] " 441.1455, found 441.1455.

2 ZR51HE
21 KEHER

AR ARSI 1 45 B IL%K 1~3. PPRE-Luc 753
DRI i 3 Sz 06 &8 R L3R 4.
22 RV
221  HARHG T A mIE&ILT

H AR5 TM2 0]k B DU 5 41 k: PABA A fifffii
B Bk R? K&k R'CO. A R TM2 3 e 5% BL
(R 5 ) NI I 0. 56 - i UTAIE 9 &% SR R0 6 4 o R0 11 22
3K, SELL ASC Hil PABA HHABIBI A EACE 4E IM1 5
A IM1 il SRR RIS ik M2, S, W
JSEBEAGIE & e R R B, JRRIASHIF ST 1 SE AL 5k
WS B S IR LAY SRS . SR W), AEE BT T4 A (Scheme
3).

ek A & 3 0 ROV ECRIS R H AR TML.
TMI1 GBI, S D B R 1Y 7=, TMT LA
CEOTIRFIEEREAL, AR R TM2, f {5 2] E)
IM3, Xtk D, X MR KT TM2 §il %%k,
A T AR TV I SEAZ AR s il 46 TM2, I K
X B AR, R, EFGE T RABRZE A il &
TM2.

PR C A& H IR IM2 SERE LRI IM3) B AL R il
% TM2, BSRSLIGF R IRLE, (B 4 RN, %
TM1 £ SOCL/ROH sk I 20 b e 3 2 W v 1 A 7w, A
HWOET 3 BRIV L B (Scheme 4).

SEIOURW, gLk A A B /2l T™MI fil TM2
(REEZYR S5

AWFFCE—DAESE, SO REAE B AL R 1 [F]
BT BB 445 I U7 1% 5 e 1 T 5 M o, — e I AL/ P A R
YR TR TSR R T 19 95 Je A7 Isf 11003 B JBE e 3K 71

R PR IM2 [
Table 1 Synthetic results of intermediate IM2

Entry IM1/(g/mmol) Acid or base/mL Solvent Time/h Temp./C Weight/g Yield/%
1 1.7/5.1 Conc. HCI/12.0 EtOH 4 78 0.2 16
2 1.7/5.0 Conc. HC1/40.0 EtOH 6 78 0.1 5
3 0.3/1.0 2 moleL™! KOH/10.0 H,O 9 40 0.2 72
4 0.7/2.0 Conc. HC1/20.0 Me,CO 26 59 0.4 70
5 0.7/1.9 Conc. HC1/20.0 THF 26 68 0.4 70
6 11.0/32.8 2 moleL ™! KOH/50.0 H,O 23 50 7.8 81
7 8.8/26.4 2 moleL ™! KOH/50.0 H,O 33 50 7.3 95
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2 A IM3 EHE
Table 2 Synthesis of intermediate IM3
Enty IM R 1M1, IM2 or TMI SOCL/(g/mmol) R’OH/mI, Time/h Temp/C Weight/g Yield/%
R'CO g/mmol
1 H 0.6/2.1 0.4/2.9 8 9 68 0.6 96
2 MeCO 3.3/10.0 1.5/12.8 15 17 65 2.8 91
3 32 Me Me(CH,),CO 0.4/1.0 0.2/1.5 8 5 65 0.2 79
4 CICH,CO 0.4/1.0 0.2/1.5 6 65 0.3 95
5 CI(CH,),CO 0.8/2.0 0.4/3.1 10 10 65 0.6 97
6 CI(CH,);CO 0.8/2.0 0.4/3.0 10 12 65 0.5 82
7 MeCO 2.0/6.0 1.0/8.4 10 9.5 75 1.7 89
8 Me(CH,),CO 0.3/0.8 0.2/1.6 8 11 75 0.2 83
9 3b Et CICH,CO 0.4/1.0 0.2/1.5 10 12 80 0.3 91
10 CI(CH,),CO 0.4/1.0 0.8/6.8 10 8 80 0.3 95
11 CI(CH,);CO 0.4/1.0 0.2/1.6 8 9 80 0.3 84
12 MeCO 3.3/10.0 1.5/12.8 15 11 86 3.0 90
13 Me(CH,),CO 0.3/0.9 0.2/1.6 6 12 81 0.3 82
14 3¢ nPr CICH,CO 0.3/0.8 0.2/1.5 6 8 86 0.3 89
15 CI(CH,),CO 0.4/1.0 0.2/1.8 6 6 86 0.3 94
16 CI(CH,);CO 0.4/0.9 0.2/1.7 6 11 84 0.2 81
17 H 0.6/2.0 0.4/3.0 10 10 83 0.7 93
18 MeCO 3.3/10.0 1.6/13.5 15 11 82 3.1 89
19 394 nBu Me(CHy),CO 0.394/1.1 0.198/1.6 7 18 86 0.3 88
20 CICH,CO 0.281/0.7 0.198/1.7 7 13 86 0.2 88
21 CI(CH,),CO 0.404/1.1 0.222/1.9 7 12 86 0.3 91
22 CI(CH,);CO 0.406/1.0 0.191/1.6 7 12 86 0.3 82
R3 Hbror 1 TM2 [13l5%
Table 3 Synthetic results of target compounds TM2
™ R’ R! IM3/(g/mmol) R'COCl/(g/mmol) K,CO,/(g/mmol) Time/h  Temp./C  Weight/s  Yield/%

2a CICH, 0.6/2.0 0.3/3.0 0.6/4.5 12 24 0.8 98

2b CI(CHy), 0.3/1.1 0.2/1.3 0.2/1.5 6 17 0.3 90

2¢ Me CI(CH,); 0.6/2.1 0.4/2.8 0.4/3.0 9 18 0.8 89

2d Me(CH,), 0.6/2.0 0.3/2.8 0.4/2.9 8 18 0.6 76

2e CICH, 0.6/2.0 0.3/3.0 0.6/4.5 12 24 0.8 97

2f CI(CH,), 0.3/1.1 0.2/1.4 0.2/1.6 7 14 0.4 89

2g Et CI(CH,)3 0.6/2.0 0.4/2.7 0.4/3.0 12.5 18 0.6 75

2h Me(CH,), 0.5/1.5 0.3/2.6 0.3/2.2 8 19 0.4 70

2i CICH, 0.7/2.0 0.3/3.0 0.6/4.5 14 24 0.8 95

2j CI(CH,), 0.7/2.0 0.3/2.6 0.4/3.0 6 17 0.9 83
2k n-pr CI(CHy); 0.5/1.4 0.3/2.2 0.3/2.1 16 16 0.6 88

21 Me(CH,), 0.6/2.0 0.3/2.8 0.4/2.9 10 18 0.5 72
2m CICH, 0.7/2.0 0.3/3.0 0.6/4.5 14 24 0.8 93

2n CI(CH,), 0.6/1.6 0.3/2.1 0.3/2.4 17 0.5 77

20 B ey 0.7/2.0 0.4/2.6 0.4/3.0 7 18 0.8 85

2p Me(CH,), 0.5/1.5 0.2/2.2 0.3/2.2 10 19 0.4 64

2.2.2 PABA FABEAL
SCHRFR TE 1R 22/ M BRI A TR AR 2, 1 AN IRl 4%
TR f T P R vk O L 3 R AR A it B S B
RO R TR M A4S 1 R AR AR A % 1 e vk B
PABA 5] Wbz AR S0 SO, H T — ek A

Chin. J. Org. Chem. 2012, 32, 1908~1918

Pt &0, R 2 M T RIS (1 22 501, Ve
DABRIRET AR . NN ), SWBdE N, T el—23
AR ML, HAWCR R Al L K B T (R A
AL BOR, fEEEMAAE T, A 10 h R AT L
ik 90%.
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R4 PR HAMEE Y PPAR 5 £

Table 4 PPAR activation activity of intermediates and target compounds

TM1d 1IM3a IM3b IM3c¢ IM3d TM2a TM2b TM2c

27.6 32.6 31.2 30.0 28.7 26.2 25.2 243
13.40 —12.87 15.84 637 —939 —884 —4.14 9.92
10.73 —8.72  11.22 4.69 —723 —7.46 —3.63 9.02

Compd. IMI IM2 TMla TMlb TMlec
Conc./(nmol'L™') 299 342 271 261 252
PPAR'/% 21.09 23.61 1443 2923 1584
PPAR% 1559 1526 1177 2475 13.89

Compd. TM2d TM2e TM2f TM2g TM2h

TM2i TM2j TM2k TM21 TM2m TM2n TM2o0 TM2p

Conc./(nmol'L™') 235 252 228 243 235
PPAR'/% 6.89 —22.02 12.14 267 667
PPARY% 648 —1931 1177 243 627

24.4 22.8 22.1 266 23.6 25.6 24.7 239
—14.29 —19.38 23.90 8.59 0.88 —5.17 3.63 —13.16
—12.94 —18.79 23.90 7.14 0.82 —4.46 3.25 —12.17

“PPAR'E /2 10 pgemL ™" % JEF FRUAH S S8 % P CF 2 o) B b A 471 S 428l 100%), PPAR? (%) AL &) TM2K (R3S (22.1 nmolsL ™ ") W brvke, HALEWIE

PE4 #8230 PPAR*=(PPAR'/Conc.) X 22.1.

Route A
oute o
/©)‘\OH 91.2% ~ 92.7%
H,N
PABA o
o)
I /©)J\OH 81.0% ~ 94.7%
o} N
)j\ O H
N
H M1
o)
o)
a J@)\OH 89.0% ~ 95.1%
~ —_—
1 N
iDL
H,N
2 M2
o)
0
o] OH\N """ >
O H
RN
H ™1
o)
o Y
O H
R N
H ™2
Scheme 3
91.2% ~92.7% 81.0% ~ 94.7%
Route B PABA M1

64.1% ~ 98.1%
M3 —— TM2

Scheme 4

223 IM2 BLBtik

e IR, T T SR FH R It B v 208401 by
FHBRAE BB VA 250 DIBAL Mtk fEE4E 2 mole
L' KOH HIZK¥EHH 50 C oK i IM1, fels i
W BR ZBERE JORHE B A W T s, IR, 2
T IIANAT AL FNES R 50 SO 58 s IR AT H, B Ap
PO i 15 B Al T2,
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224 IM3 f54k

TRIRERH %, SCRHGE M TRIRZ, il
(RFRIR/IEREAL VL L PR IR 15 4 C AR B AL 3 1 £ 1514546
Pk SR AL VLT R I/ R AL R AL R R4
DCCP* U K CDIPME it il Ak, — & IR/ v e
JI5E P R R A P9 20 S N — 0 S8 A, A AN S S R IR
JFiEPOL KW AR SER Uk, AT LT (N IM1 B8,
TM1 |45 IM3, P4z .

SEBG IR R IR, (PR RN, S A I ) % )
NSRS, 3X A A IMIT B IM2 4 R IM3 145 3]
UESE. TMI H R PORRBE K, thigm TM1 #46) TM3
PR, XTI REAI 2 IR e B N4 1) 2 TRl PHL 2%
RIZA 0. BRI, AT 4K 2 S0 lE A =N i
HEIL 80%(H 2). — MM T, Il J5E 428 thiI A AH N e 11 v
R B AR T A, BRI T R R e R, AR
E S W 3t FRAL TS (N3 50 4E).

TEOUINERE TG AR TR AR R T IM2, b
WA SR FE R IML, EE e BB 1) TML, 21
ESSLE
2.2.5 TMI1 #F= TM2 B4k

F5 HEEEEA, AR A EEAEES. EREFEDY.
9% VRSV B I8 s S A B ). AR IR R4 ) 45 DR U L
KATREMER, KBS GG s 7t
UL B A R S (1) TMI [l e AR B T4l
1 AR S b Joe 255 15k S PR AC 26 v (1T g R0 i W F
T FRNA R, SRBEE R T8 Z, F=Pilix
B (AT RE AR EA 50). (2) TM2 & Hulic % bl
R' A R* AN Ak, R* [, G L BESEAE G T 75 7= i
A i (N 122 He S A PR /ANFT30), AR Ik U5 o Jk
P S8 M 110 7 W % B v (] BTSSR 5 e o S it W P
TR %), RUAA R I, JLRCRIE—R ok H
lig > 2,156 > N g > T 1.

2.3 PPAR #zhiEtt
PPAR JEH%ZARHE SR — 01, i A A4 o
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PPAR relative activation/%
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Figure 1 PPAR relative activity-substituent diagram
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