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Abstract: In order to search for novel inhibitors of Na'/H™ exchanger isoform-1 (NHE-1), nine feruloylag-

matine analogues were designed and synthesized from ferulic acid and agmatine.

The structures of the synthesized

compounds were confirmed by 'H NMR, >C NMR and mass spectra, among which compounds 5f—5i were novel

compounds.

The results of preliminary pharmacological test showed that some of the compounds possessed

strong NHE-1 inhibitory activity, among which compounds 5a, 5b and 6¢ were more potent than cariporide in

NHE-1 inhibition.
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Figure 2 The structures of ferulic acid and agmatine
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Scheme 1 Synthetic routes of the target compounds
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Table 1 Physical constants and spectral data of target compounds
Compd.  mp/C "H NMR (300/400 MHz) 3C NMR (75/100 MHz) ES;%SH(]T/ 2)
5a  177.2-177.3 (DMSO-ds) 8.11 (s, 1H, NH), 7.84 (s, 1H, OH), 7.31 (d, J = 16.0 (DMSO-ds) 165.9, 157.5, 148.7, 148.2, C,sH,,N,05
Hz, 1H, ArCH=), 7.11 (d, J = 1.6 Hz, 1H, ArH), 6.98 (dd, J = 8.0, 139.2, 126.8, 121.9, 119.5, 116.1, 111.2, 307.12
1.6 Hz, 1H, ArH), 6.81 (d, J = 8.0 Hz, 1H, ArH), 6.48 (d, J = 16.0 56.0, 40.8, 38.5, 26.8, 26.5
Hz, 1H, CH=), 3.79 (s, 3H, OCHa), 3.18-3.12 (m, 4H, NCH,), 1.48
(s, 4H, CH,CH,)
5b  173.5-1742 (DMSO-ds) 8.26 (s, 1H, NH), 7.89 (s, 1H, OH), 7.33 (d, /= 15.6 (DMSO-ds) 166.0, 157.5, 148.7, 148.2, C14HxN40;3
Hz, 1H, ArCH=), 7.11 (d, J = 1.6 Hz, 1H, ArH), 6.99 (dd, J = 8.4, 139.3, 126.8, 121.8, 119.4, 116.1, 111.3, 293.13
1.6 Hz, 1H, ArH), 6.83 (d, J = 8.4 Hz, 1H, ArH), 6.53 (d, J =15.6 56.0, 38.9, 36.5,29.2
Hz, 1H, CH=), 3.78 (s, 3H, OCH;), 3.21-3.14 (m, 4H, NCH,),
1.66-1.63 (m, 2H, CH,)
6¢ 222.6-223.2 (DMSO-ds) 7.90 (s, 1H, OH), 7.46 (s, 1H, NH), 7.19 (d, J =159 (DMSO-ds) 170.7,167.4,157.5, 141.1, C;4H2N4O>
Hz, 1H, ArCH=), 7.08 (d, J = 8.4 Hz, 2H, ArH), 6.11 (d, /= 8.4 Hz, 130.1, 119.1, 119.0, 113.5, 40.9, 38.4, 277.29
2H, ArH), 6.05 (d, J = 15.9 Hz, 1H, CH=), 3.16 (br s, 2H, NCH,), 26.9,26.4
3.09 (brs, 2H, NCH»), 1.46 (s, 4H, CH,CH;)
6d  176.9-177.6 (DMSO-ds) 9.82 (s, 1H, OH), 8.04 (s, 1H, NH), 7.38 (d, J = 8.0 (DMSO-ds) 165.8,163.7,159.2,139.1, C;3HisN4O,
Hz, 2H, ArH), 7.32 (d, J = 16.0 Hz, 1H, ArCH=), 6.78 (d, J = 8.0 129.6, 126.3, 119.1, 116.1, 38.0, 36.5, 263.19
Hz, 2H, ArH), 6.38 (d, J = 16.0 Hz, 1H, CH=), 3.19-3.13 (m, 4H, 29.9
NCH,), 1.59 (s, 2H, CH,)
S5¢  203.2-204.5 (D,0) 7.32-7.19 (m, 5H, ArH, 1H, CH=), 6.31 (d, J = 15.9 Hz, (D,0) 170.6, 159.1, 143.2, 136.8, 132.6,  C4H,0N,O
1H, CH=), 3.02 (s, 2H, NCH>»), 2.94 (s, 2H, NCH,), 1.35 (s, 4H, 131.5, 130.4, 122.7, 43.4, 41.5, 28.4, 261.20
CH,CH;) 28.0
5f  166.9-168.5 (D,0) 7.38 (s, 2H, ArH), 7.25 (d, J = 15.6 Hz, 1H, CH=), 6.83 (s, (D;0) 168.6, 168.5, 160.2, 140.3, 129.6, C;sH,,N,0,
2H, ArH), 6.27 (d, J=15.6 Hz, 1H, CH=), 3.66 (s, 3H, OCH3), 3.10 127.2, 117.6, 114.2, 55.5, 40.7, 39.3, 291.22
(s, 4H, 2xNCH,), 1.42 (s, 4H, CH,CH,) 25.9,25.4
55 228.7-229.3 (D,0) 7.35(d,J=8.4 Hz, 2H, ArH), 7.25-7.18 (m, 2H, ArH, 1H, (D,0) 168.4, 1462, 139.6, 135.1, 132.9, C,4H;sCIN,O
CH=), 6.34 (d, J=15.6 Hz, 1H, CH=), 3.11 (s, 2H, NCH,), 3.01 (s, 129.2, 128.9, 120.4, 40.6, 38.9, 25.5, 295.27
2H, NCH,), 1.42 (s, 4H, CH,CH,) 25.2
5h  265.7-266.9 (D,0) 8.53 (s, IH, NH), 8.24 (d, J = 8.7 Hz, 2H, ArH), 7.88 (s, 1H, (D,0) 164.7, 157.5, 147.8, 142.0, 136.5, C,4H;sNsO5
NH), 7.81 (d, J = 8.4 Hz, 2H, ArH), 7.53 (d, /=159 Hz, 1H, CH=), 128.9, 127.1, 124.5, 40.8, 38.7, 26.6, 306.28
6.93 (d, J = 15.9 Hz, 1H, CH=), 3.20-3.13 (m, 4H, 2xNCH,), 1.50 26.5
(s, 4H, CH,CH,)
5i  178.3-178.9 (D,0) 7.90 (d,J=7.8 Hz, 1H, ArH), 7.64-7.42 (m, 3H, ArH, 1H, (D,0) 167.2,156.6, 147.4,136.0, 134.1,  C;4H;oN50;3
CH=), 6.34 (d, J = 15.6 Hz, 1H, CH=), 3.17 (s, 2H, NCH,), 3.07 (s, 130.2, 129.9, 128.9, 124.8, 124.5, 40.7, 306.26
2H, NCH,), 1.48 (s, 4H, CH,CH,) 38.9,25.6,25.3
Table 2 The inhibitory activity of agmatine derivatives on 121.5~1233 C (ir@wﬁ[lg] 127 C).
NHE-1 " 2 —
: 2.2 1-BEE-4-WV, V- T SHE)-ME-TKE 8)
Compd. ICsp/mol-L~ . U - NURNTS _—
— — BIER S BOCER9THAS G Bk Y 8, Wi
Cariporide 3.13x10
—1 /)|
5a 9.28><1079 778%0 Iﬂyiﬁélj'f%/f’tﬁ% 90
sb 8.67x10°" 23 W ZEEEMIRE 2a) SR 75 100 mL ke
4 1 8 ¥ y N N 2 N N AV N /3
¢ sdoxto LU ZEREF 10 mL, Rl 2 W, =P
6d 2.63%10" . ) .
se 6.21x10°° S 5 min, AIABTELEE (9.7 g, 50 mmol), TLC [
s 1.43x10° fik— 208 A8 122 (vv)] K B os S SRR 58 4, K
5e 2407107 100 mL 48, &V 50 mL BRIR BN TR KA V7 ik,
5h 3.08x10°° vh s X
) e HhH9E, VEHINME TR E pH 3~4, A AT, Hh
i >1x

AL 5 mmol-L™', SUfb%E 1 mmol- L', &ALHS 1
mmol-L ™', HEPEs ZZ/M¥ 20 mmol-L ™", pH = 6.7);
Al 700 2o Sk TR Ay B A, )RR A A IR 38 A
M & A5 AR A A ] = .

2 kEEs

2.1 N, N-URTEEE-BERTR 7) &K £
WOSCER1717v 6 % 7 (B iA), 102 87.2%, mp

PETE TR, Stk (2a) 10.0 g, 1% 84.7%,
mp 192.3~194.2 C (GCHR{EPY 192~194.5 C),

24 M ZEEEMIERS B REERRET 3a) 8
AP 1E 250 mL =HUR KON 2a (6.0 g, 25
mmol). CH,Cl, (40 mL). JTC/KBRERET (5.5 g, 40 mmol)+
W= ZFE AL (TEBACH) 0.1 g, X HRREEE R
(4.8 g, 25 mmol), F A HE SN 5 hJiF, TLC [ k-~
CPROTE 201 (viv) i JETFFIT A I Sl 7 ] R R A
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AW R, A, &H.

25 (E)-4-(N', M- T EHEME)-1-4-2EBE
E3-REEELRBRERE) Tk da) e #8
(7.0 g, 21 mmol) 5 CH,Cl, (40 mL) ¥ A
EWEBAE4h, TLC [AMBE-ZRAER1 1 1 (vv) HE
FEF] A 7R RN FEA G4, K 50 mL, 43 EUH
HUA, KM CH,CL, (30 mLx3) #HX, &7 CH,Cl,
J&, H7K (20 mLx2) BEEE, 200 /KE0 IR T 1%,
P [P CHACLy Ja fH PR, SrERAE o> 25, i
fif— LR LT 312 (vv) VBT, W=, IR
RSG5 A A (4a) 7.1 g, WE 61.2%; mp
112.2~112.7 °C, "H NMR (CDCl;, 400 MHz) 6: 11.48
(s, 1H, NH), 8.42 (s, 1H, NH), 7.57 (d, J= 16.0 Hz, 1H,
ArCH=), 7.09 (d, J = 8.0 Hz, 1H, ArH), 7.07 (s, 1H,
ArH), 7.02 (d, J = 8.0 Hz, 1H, ArH), 6.86 (s, 1H, NH),
6.45 (d, J = 16.0 Hz, 1H, CH=), 3.84 (s, 3H, OCH3),
3.48~3.42 (m, 4H, 2xNCH,), 2.32 (s, 3H, CH;CO),
1.62 (m, 4H, CH,CH,), 1.50 (s, 9H, C(CH3)), 1.48 (s,
9H, C(CH,);); *C NMR (CDCls, 100 MHz) J: 168.8,
165.2, 163.4, 156.4, 153.2, 151.2, 140.7, 139.6, 134.1,
123.0, 121.5, 120.4, 111.5, 83.2, 79.4, 55.8, 40.3, 39.5,
28.2, 28.0, 27.2, 25.7, 20.6; ESI-MS m/z: 548.97
[M+H]".

26 (Ey-1-4-BEI-REREERBRRE)4-MET
IREEREL (5a) RIARK™ 78 100 mL =HUHH Kk
BN 4a (6.6 g, 12 mmol). FEE (10 mL). S5 AL
(0.6 g, 15 mmol). /K (10 mL). i+ 12 h, TLC
[ k-2 4 HE 102 (vav) VR TR Kl R
KN 5E4s, ARG IE CO, I %8 pH 8~9, ¥k [AI i,
7K 30 mL, H 4B 4B (30 mLx3) #HL, A4
B 2082, /K (20 mLx2) PRik)E, 4K
T4, WUER 10 mL, IAFEEZ) 20 mL, WASM
AAM R pH 2~3, [MIGHEE 4 h 5, TLC [R5
i 103 (vw)] FlE s RN FEAR 584, ol (R
7, WEAR A 2.5 g, CE 60.9%

2.7 (E)-1-4-BREEEBRE)-4-MET K (6c) B
&R 5c¢ (2.2 g 7.0 mmol) ¥ T 20 mL /K5
Mrh, 50% K,COs WM % pH 11~12, KEAMGTT
TEAE R, HhIE, 70% SFEEURS, BT, 93 Al 14 (6¢)
1.8 g, W# 92.8%.

2.8 KRB (e) RIAM  FEBELIM M N
AMERE 10 mL. 2K 60 mL+ 1e (2.1 g, 20 mmol). A —
2 (3.1g,30 mmol) MWRKE 0.1 mL, %& [ii/Ko &4,
(AR N 6 h (B 25 s B o B A 1 7K), TLC [ &
MR OWE—FEE 401 (vv) AREFFFI] R R s b

R5E4r . BHIEZEE, IAMA Na,CO; Hil 15 mL,
et 15 min J5 4 KA. KA 3 mol- L™ #hIR 1 &2
pH 4 7e 45, Hrilt (e piiE. iduk, wEPHH K 2N E
ghdh, TS A G (2e)23 g WE 79.3%.
2.9 (E)-1-#EEBRE-4-IETRERE (Se) G
B fE 100 mL =HUHHKIKIMA 4e (4.6 g, 10
mmol). FEE (20 mL). 4 4HE (10 mL), A S4L
AR R pH 2~3, [HlAdHE 4 h, TLC [l
i 105 (wAa)] A st fe N BE A8 4, I [Ty
N, LR CWEVEE, WS AalEE (Se) 2.4 g, I
K 81.3%.

HRABTT VLA AT B4R Hbs 54 Sby 6d 1
5f~5i.
3 Na'/H' X #gs-1 #IH)E M

YIRS SD K E, MERER-, (AR
160~250 g. T NHE-1 i/ MR by 3 S A 1)
NHE W AP 3 Al AL IR T Na 3k i 25
GF FANGs 7 A L /NI K A, R I /N A K
B (PSA)e BARSZIARAE Ky BHPEXT B2, X P& ik
(1 9 /> H AR &P HEAT RSN NHE-1 05155 M) 20 it
3 o J AP oK BRI /NS S B FH TR RN 2% P (pHL 6.7)
FiiFS. S 7S M Rosskopf 5P MRIE 1) 572,
KRR ML 5 mL, M-S 0.25 mL ACD ¥
W . i N0 10 mine HU_E 2/3 1M (i
ICE BRI, PRP) 4] o MERLF IR ZTAE 4 h
WAEA . PSA IR 96 LA (1em path length)
2 A OOV AT . FES T DMSO % fif,
IINARHEA RS, #c& DMSO & E/N T 1x107
mol-L™. ARlALrF N 175 uL NEREN A 5t M2 25 L
ZARFE SRR UEAN T (IR, TIRE 37 CHb
A 50 uL PRP. {ll5E7E 550 nm 4L ff)6% % (OD) fH
Ak, BB 7.5 s ik B LN I S R 13 O %
ARk, A 2 min.

I OD (HMA AT & aRduih &, J7i%
H OD( = OD(z:O)e_kto Horp ¢ KORW], BAALN s; ko
OD T2 4, BRI 25 . A N2 10 1
U Joax N R IIK T R 5 % H 1107 mol- L' R
SEURBE TG hoin (ELAF A 2R, RRIEAE NHE WUE
S OD {EA%4k, N iZikE N NHE-1 [i5PEik
B 5E A o

XTASE OD fHH AR X%, UL InOD & Y 4,
I IF) A Xl A A ], T 42 s JEATZR MDA, A
BRI LERERI R ko FOBR Knin S5 ] &' 5 k! A LTS
FIE P EEE L (k%)o LAZRZIYIEAR R E T 1)
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