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Design , synthesis and evaluation of the compounds combined with fluconazole

against drug resistant Candida albicans
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[Abstract | Objective 3 ,4-Methylenedioxyphenethylamine and caffeic acid derivatives have been proven previously in our
group to produce activity against drug resistant fungi synergistic with fluconazole (FCZ). The two pharmacophores were cou-
pled by amino acids as linkers in this project in order to design and synthesize the novel compounds and investigate the activity
against drug resistant fungi in vitro. Methods 3 ,4-Methylenedioxyphenethylamine initially reacted with Boc-protected amino
acids , following deprotection and coupling reaction with caffeic acid , to get nine title compounds . All title compounds as well as
four intermediates were subjected to antifungal activity screening for fluconazole resistant Candida albicans in vitro . Results
Nine title compounds showed synergistic antifungal activity for drug resistant Candida albicans with fluconazole at a concentra -
tion range of 0.5-2.0 ptg/ml. Among them , compounds 3b, 3f, 3g and 3i showed the higher activity with the same MICso value
of 0.5 prg/ml, which is comparable to those of the control compounds 7b and 5. Conclusion Linking 3 ,4-methylenedioxyphen-
ethylamine and caffeic acid with piperidine-4-carboxylic acid (3b), valine (3g), leucine (3f) and isoleucine (3i) led to novel
compounds with high synergistic antifungal activity against drug resistant Candida albicans combined with fluconazole .

[Key words | antifungal ; drug resistant ; synergism ; synthesis ; Candida albicans
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2.1 MELHRAA
2.1.1 {%&¥ Bruker Spectmspin AC-P600 RYAZ

1 BfRLawrigit

H
0 NH, HOBt, DCC 0 N
i _ L O — .
<0 + . Boc THF <0 BO(’
0 1b-Te
HO X
i WOH i 0
- 0 No o 0 N = OH
T ¢ @
DCM 0 PyBOP, DIEA, DMF 0 Ol
2a-2i 3a-3i

B2 HEMK 1ble 0 BFRL &Y 3a3i IA AL EE L

HARACME" H-NMR ;Agilent 6120 % LC-M S &
FES 4l ;25 2% Labsystems /A &) Multiskan MK3
AT A Az SO 2 A= W T R, TRV RS A AR T
MIX B BE R B R SR AR B ER YT AR )
THZ-82A & HIRIRG 7% IR N L= SHEAA R
AFISW-CT-IFHEE L TAES .

2.1.2 il FCZ HSHRCARGE 2L A PR A F
FEbh . JRARRRA TSI R T (R AR,
BT R 2w A B 24 4R A g b T AT
AHIRAF . FrAEFE Rl

22 FEHFE%

221 hiEKIb-le A T 100 ml BEFR

HAR I AR T BBk LR B 0y 2 R Rt
(10 mmol), THE(HOBt,1.35 g,10 mmol), ¥R
W % (DCC,2.06 g, 10 mmol ) 7l PY 4 1wk MR
(THF ,30 mD), ¥ 5AMZ % (1.65 g,10 mmol ) ¥
THF #1220 s 0 2 A5 R
5h,TLC K, ¢ S 5e 58 KK, LR LTk
(EA .20 mIX3)AHL A IFA B A NaHCOs ¥
VRS 3 A NaCl BRI 3 IR, JC7K Naz SO:
THE, WURZEIR G LR JE BT o B A5 2 ) {4
1b-le, LC-MS #iE 0T &5 Hin =¥ —80U5 . A~
FEHATXT 1a, 1610 SE M Z5 0 RAEDF 5T ELE AT T
— RN AR WA 1,

F 1 REMK 1b-1e BIE#, 772  ESI-MS &' H-NMR ##F

H

Soat

1b-le

SR
R:

P W& %) ESI-MS

'H-NMR (CDCls, 600 M Hz)

b Boc-— NQ_%"L 76 377 .3
0

06.74-6.72 (d, J= 7.8 Hz, 1H), 6 .66-6 .65 (d, J=1.8 Hz, 1H), 6.61-6 .59 (dd. J=
7.8,1.8 Hz, 1H), 5.92 (s,2H), 5.59 (s,1H), 4.10 (s,2H),3.47-3.44 (q,J=

6.6 Hz,2H),2.73-2.70 (t,J=6.6 Hz,4H),2.17-2.13 (m,1H),1.75-1.72 (dd, J=
12.6,1.8 Hz,2H),1.60-1.54 (m,2H),1 .44 (s ,9H).
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EXD
s
R ’”:iﬁ o 6 ) ESI-MS "H-NMR (CDCls , 600 M Hz)
1c i(_ 363 .4 06.73-6.72 (d, J=6.6 Hz, 1H), 6 .67 (s, 1H), 6.63-6.62 (d, J=6.6 Hz, 1H), 5.92
N 0 (s, 2H),4.24 (s, 1H), 3.48-3.34 (m, 4H), 2.75-2.67 (m, 2H), 2.33 (s, 1H),
Boc 1.94-1.68 (m, 4H), 1.41 (s, 9H).
1d 0 413 .1 07.30-7.28 (t, J=6.6 Hz, 2H), 7.25-7.23 (t, J=7.2 Hz, 1H), 7.19-7.18 (d, J=
@{ 6.6 Hz, 2H). 6.69-6 .68 (d, J=7.8 Hz, 1H), 6.53 (s, 1H), 6.46-6 .45 (d, J =
N 7.2 Hz,1H),5.92 (s, 2H), 5.77-5.75 (d, J=11 .4 Hz, 1H), 5.07 (s, 1H), 4.25-
Boc 4.24 (d, J=6.6 Hz, 1H), 3.43-3.38 (m, 1H), 3.32 (s, 1H), 3.04-3.00 (q, J=
7.8 Hz, 2H), 2.62-2.58 (q, J=6 .6Hz, 1H), 2.53 (s, 1H), 1.40 (s, 9H).
365 .2 06.74 (t, J=17 .8 Hz, 1H), 6.66 (d, J=1.5 Hz, 1H), 6.61 (dd, J=7.9, 1.7 Hz,

1H),6.13 (s, 1H), 5.91 (s, 2H), 5.09 (s, 1H), 3.82 (m, 1H), 3.51 (m, 1H),
3.41 (m,1H),2.71 (t, J=6.9 Hz,2H).,2.07 (s, 1H),1.42 (s, 9H).0.91 d, J=
6.6 Hz, 3H), 0.87 (d, J=6.6 Hz, 3H).

2.2.2 HfEfAk 2a2i A F 100 ml [BREH
HR O A A 1ar1i (2 mmol ) B =40 e
(DCM ,16 mD) B =JR LRI (4 mDLEVKI F5 44
T G N B SN TN SE R SR AR SR 1 h,
TLC WEl, Ff S0 58 He W6l 28 18 i R 728 T J
G 0 I NaHCOs 3 W £ 10 min, EA ZEHL
(20 m1X3) B IAVAE HIF NaCl FEHVER 3 1K,
Jo7K Na: SO« T H J80UE 28R A5 2 o (iR, &8
LC-MS #fiE 5rF&5 Bbr =Y —3%05 AN FaE 7
MEEF RIS, AT~ —2 RN,

223 AW 3a3i A T 100 ml BEEH

FARUI A MIHERR (900 mg .5 mmol) ,FRE]{A 2a2i
(5 mmol) , — H FE H itz (DMF, 10 ml), = 4 1%
(0.7 ml,5 mmol) Fll" H-ZE Jf- = ma-1-FE 5 = ML I Jo
FESTBERRER (PyBOP ,2 .21 g,5 mmol) , 7K 5514
TRNE30 minf5 A EERARLE Y 2 h, TLC I
W, FRRVSEER KK JEA ZEHL(30 m1X 3),
AIAMAE LB 1 mol/L HCI JK I W . My il
NaHCOs R PES" . Tk Na: SO« T4, 857
WG AR E AR L7 Y) 3a3i, 4 LC-MS
FINMR M52 A A ai e ™95 .006 i Ak
50—, tEaW 3a3i PsEdE il 2,

2 BiUEY 3a3i KWL <X ESIMS &' HNMR $(#E
0
i
T
0 OH
3a3i
zE N =
G '”mjt 14%11 ESI-MS "H-NMR(DMSO, 600 MHz)
R= ()
3a 62 399.1  §9.25 (s, 1H), 9.11 (s, 1H), 7.99 (t, J= 6.0 Hz, 1H), 7.90 (t, J = 6.0 Hz,

‘57(\/6‘ o

1H),7.20 (d, J= 15.6 Hz, 1H), 6.92 (d, J = 1.8 Hz, 1H), 6.82-6.80 (m,
1H),6.77-6.76 (m,2H),6.72 (d, J= 1.2 Hz, 1H), 6.63 (d, J= 1.2 Hz,

1H),6.32 d, J= 1.8 Hz, 1H),5.93 (s, 2H), 3.34-3.30 (m, 2H), 3.23-3.20
(m,2H), 2.62-2.59 (t, J= 9.0 Hz, 2H), 2.26-2 .24 (t, J= 6.0 Hz, 2H).

3b F);,_CV _%_ 70 439 .4
0

07.82-7.81 (t, J= 6.0 Hz, 1H),7.31-7.28 (d, J= 9.0 Hz,1H),7.07 (d, J=
1.8 Hz, 1H), 6.97-6 .95 (m, 1H), 6.91-6 .89 (d, J= 12.0 Hz, 1H), 6.80-6.79

(d, J= 6.0 Hz,1H),6.75 (d, J= 1.2 Hz,1H), 6.73-6.72 (d, J= 6.0 Hz,
1H), 6.63-6 .61 (m,1H),5.94 (s,2H),4.40 (s, 1H),4.21 (s, 1H), 3.22-3.19
(m,3H), 2.61-2.59 (t, J= 6.0 Hz, 3H), 2.36-2.32 (m, 1H), 1.75-1.65 (m,
4H), 1.50-1.42 (m, 2H).

3c 65  425.3
AN
o 7

09.28 (s, 2H),7.96 (m, 1H),7.32 (dd, J=15.3,3.8 Hz, 1H), 7.08 (s, 1H),
6.99 (d, J=4.7 Hz, 1H), 6.92-6 .73 (m, 3H), 6.73-6 .56 (m, 2ZH), 5.95 (d,
J=3.1 Hz, 2H), 4.57-4.28 (m, 1H), 3.83-3.43 (m,2H), 3.32-3.17 (m, 2H),

2.62 (t, J=7.1 Hz, 2H),2.26-1.70 (m, 4H).

3d N 67 4754

09.33 (s, 1H),9.11 (s, 1H), 8.20-8.18 (d, /=8 .4 Hz, 1H), 8.06-8.04 (1, J=

\5 11.4 Hz,1H), 7.24-7.21 (m, 4H), 7.18-7.14 (m, 2ZH), 6.93-6.92 (d, J=
1.8 Hz, 1H), 6.81-6 .80 (dd, J=6.0,2.4 Hz,1H), 6.77-6 .76 (m, 2H), 6.73-

0 6.72 (d, J=8.4 Hz,1H), 6.63-6 .61 (dd, J=8.4,1.21 Hz, 1H), 6.41-6 .38 (d,
J=15.6 Hz, 1H),5.92 (s, 2H),4.58-4 .54 (m,1H),3.29-3.17 (m,2H), 2.96-

2.93 (q, J=2.4 Hz, 1H), 2.78-2.74 (q, J=9.6 Hz, 1H), 2.59-2.56 (m, 2H).
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3f HN o

59

385 .2

427 .3

441. 2

441 4

09.39 (s, 1H),9.19 (s, 1H),8.24 (t+, J=5.7 Hz, 1H), 7.95 (t, J=5.5 Hz, 1H),
7.27 (d, J=15.7 Hz,1H),6.98 (d, J=1.7 Hz,1H),6.92-6 .73 (m,4H), 6 .67 (d,
J=8.0 Hz, 1H), 6 .44 (d, J=15.7 Hz, 1H), 5.97 (s, 2H), 3.77 (d, J=5.7 Hz,
2H), 3.26 (dd, J=13.3,6.8 Hz,2H), 2.64 (1. J=7.3 Hz, 2H).

69.33 (s, 1H),9.09 (s, 1H),8.02 (t, J=5.6 Hz, 1H), 7.92 (d, J=9.0 Hz, 1H),
7.22 (d, J=15.6 Hz, 1H), 6.94 (d, J=2.0 Hz, 1H), 6.82 (dd, J=8.2, 2.0 Hz,
1H), 6.80-6.71 (m, 3H), 6.64 (dd, J=7.9, 1.6 Hz, 1H), 6.56 (d, J=15.7 Hz,
1H),5.92 (s, 2H),4.19 (dd,J=8.9,7.1 Hz,1H),3.29 (m,1H),3.20 (m,1H),2.61
(t,J=7.5 Hz,2H),1. 92 (m,1H),0.83-0. 76 (m ,6H).

09.36 (s, 1H),9.13 (s, 1H),8.02 (m,2H),7.22 (d, J=15.7 Hz,1H),6.94 (d, J=
1.6 Hz, 1H), 6.88-6.69 (m,4H), 6.63 (dd, /=8.0, 1.5 Hz, 1H), 6.43 (d, J=
15.7 Hz, 1H),5.93 (s, 2H), 4. 34 (dd, J=15.1,7.7 Hz, 1H), 3.29-3.08 (m, 2H),
2.61 (t, J=7.0 Hz, 2H), 1.49 (dd, J=12.8,6.3 Hz, 1H), 1.44-1.34 (m, Z2H),
0.84 (m, 6H).

09.25 (s, 2H),8.13 (d, J=8.2 Hz, 1H), 7.98 (t, J=4.9 Hz, 1H), 7.23 d, J=
15.7 Hz, 1H), 6.94 (d, J=1.8 Hz, 1H), 6.89-6.69 (m,4H), 6.63 (d, J=8.0 Hz,
1H), 6.44 (d, J=15.7 Hz, 1H), 5.93 (s, 2H), 4.38 (dd, J=13.8, 8.4Hz, 1H),
3.29-3.17 (m, 2H), 2.62 (t, J=6.8 Hz,2H), 2.36 (m, 2H), 2.01 (s, 3H), 1.79
(m, 2H).

09.21 (s, 1H),8.05 (t, J=5.3 Hz, 1H), 7.95 (d, J=8.9 Hz, 1H), 7.22 (d, J=
15.6 Hz, 1H), 6.94 (s, 1H), 6.86 -6.69 (m,4H),6.64 (d, J=6.8 Hz, 1H), 6.54
(d, J=15.6 Hz,1H),5.92 (s, 2H). 4.22 (t, J=8.3 Hz, 1H), 3.31-3.13 (m, ZH),
2.62 (t, J=7.0 Hz,2H), 1.67 (m, 1H), 1.37-1.06 (m, 3H), 0.77 (m, 6H).

1 24 FICI=<0. 5 B, A 2454 B AH FAE FHASCR 7T 4

3 fESMBEER M Z B S HREE R

ESCHEAMEER 240 5<<FICI<A A K mFf

Ik R 53 B 245 1 AR BK T 103l 5 — 45 K2
B T R BE B AP ORAT TP % DU 22 3
Mk[5-8 Trik,
3.1 ¥ BULH 96 fLA . TAHE 1 Sl
A 100 pl RPMT 1640 A% 77 B A S 2 1 %t Hi
3125 AL M AGH S BC T A R 100 ol , P VA R 2
W (1~5)X10" cfu/ml, 2 SFLIMABRER 160 ¢l
MZAACS PRI 40 p1512 SAUAE 5%, 2 UmA
PR 100 pl ERBHPEAE RS IE, 2~11 SALifFfT %
RS N DU WO e 7/ % 37 3 s o
64.0,32.0,16.0,8.0,4.0,2.0,1.0,0.5,0.25
0.125 pg/ml&fLH DMSO & HEBMETF 1% ,FCZ
IR INZAHREE N 8.0 pg/ml, FRIFZIKZAWY FCZ
(8.0 pg /ml)E I MICso .,
3.2 EdamRZER ARHEE RIS 2
PR AR AR 5 2 — s 7 v 4 e vk
J& 3-8 (fractional inhibitory concentration , FIC >
FIC Az 2y k-5 He Ay 245 Wy 400 T P i 5 i G 410 7 e
JE (MIC)-5 5T R 25 i gl if BTy MIC B BEAHL
TR E 43 K45 5L (fractional inhibitory concentration
index ,FICDWI A PIFH 251 FIC Z 0, AW 5L
FH E AT E MR PRI & FH 25 RCR bR

Y TAIEAER 24 FICIT>4 B} A N RhZ 7= A=

RHUERT . 2R B & PE FCZ B
Y S IR I BT PSS R LR 3,

x3

FHAUEMERARESmRY

BRI 25 B S TR E R A R 45 R

LS| B
MICso MICso ELIERY S
& oy /pg + ml™H) (o /pg + ml ') Efzj\?& M
ey vz e %
1b >64.0 8.0 >64.0 1.063 Fk
1c =64 .0 8.0 >64.0 1.063 JFHk
1d =64 .0 8.0 >64.0 1.063 JFHk
1le >64.0 8.0 >64.0 1.063 Tk
3a =>64.0 8.0 1.0 0.070 Pl
3b 32.0 8.0 0.5 0.078 [l
3c >64.0 8.0 1.0 0.070 WA
3d 64 .0 8.0 2.0 0.094 tHhFE
3e 64 .0 8.0 2.0 0.094 A
3f 64 .0 8.0 0.5 0.070 [
3g =>64.0 8.0 0.5 0.066 A
3h =>64.0 8.0 1.0 0.070 P
3i >64.0 8.0 0.5 0.066 WAl
A >64.0 8.0 >64.0 1.063 JFk
7b >64.0 8.0 0.5 0.066 Fl
5 =>64.0 8.0 0.5 0.066 A
S5 T e 128.0 — — — —
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4 HR5iTH

12 3 W] O I PR 43 B B TR 2 11 A BR 18 X FCZ
B MICso Ay 128.0 pg/ml, B/niZHENT FCZ HA
i 2vE, HArbaY 3a-3i Kot B2k ms F 4k &
By 70 5P I 3b Y MICso y 32.0 g /ml 3R
B AR I BT B R T M AL A MICs 3
AMET 64.0 pg/ml I TR ZiR AL A ) 5 H i
At M ICso P55 5 .

BALEY S FCZ A1 Y[ E FCZ R E
8.0 pg/ml B, HAREA Y 3a-3i (1) MICs (R E
0.57~2 pg/ml AWM FICI ¥9<<0.5, R H
PGS FCZ X 25 SR A I RVEH . 3
AL AW 3b, 3f, 3g. 3i ZEAL S WIH) MICs 4K
0.5 pg/ml , S5XTREALA W T A1 S A1,

HE K 1b, 1c, 1d, 1f DL K FRAL & i MERR |
Tt B & RS FCZ &, H MICo ¥ >
64.0 pg/ml JIFESSXEAL AP TCME FCZ BLifd 24
HTEE,

5 #ig

235 A R AR 58 3R B SRR B AT A A
WMPERR AT A= ) HAT B R] FCZ BMR 24 B A6 1 5%
Sefb SR RG] JREVKE FCZ X T 24 B TR A A
B, SHUE TR 25 R AS R 92 3 e 4R A
BEA YRR EERALHS FCZ A .
HI S RHRE = 245 BT TR T 1 ) R

T A X R 2 B AR AT AR
(IR OC R IIFST 26 B A AR 2 T AN bk 72 1) 25 44 R
BRI RO A E IR TR AT AE Yy
AR A AR B 43 X U P A 2 56 FE AR
FEERR S5 R 2 R L A R A —E
[l FCZ PUm 2y B & 1, AR SCIRAFS T i A ]
B B LRI 5 TR WML 2 e ANt R 4 4 AR AR T
M S A IO Y T 4R IE F R
3b) HE R (3g). 5o AR GO F T &R i),
HErE ARG TR . IR 2R Gd) A H &R
BeONEHZ T EY S FCZ 5 -1 MICso N
2.0 pg/ml JEHEAXHE—2E, b AP L
LA BT A B DEE e A P TE PR AT 5%
B o5 A R o WA BUR S AL & 4 16 1

HIRI{AR 1b, 1e, 1d, 1e FYE5H b 354 51 AMHE
fRaik S FCzZ & MG X it 25 5 BE 19 MICso
BI>64.0 pg/ml 7RI 4 A rPEMREA BNEE

AT RE— A SR T RTIEE WA £ I g B3
XHEPER AR

FI A BL/INBE R 55 K AR ) HAT B IR] FCZ 4t
i 25 5 B A9/ AR 225 — ELEO T HAR AL
TR IR AT T L AE 2 A i A A LR
WAL S PRI RO R AL P T B A 45 5
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