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Figure 2 The synthesis of -(1,3)-D-glucan catalyzed by f-(1,3)-D-glucan synthase
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Table 1 The structure of the initially semisynthetic compounds

Compd. R, R, R
3 H CONH H
4 H CONH PO,H'Na"
5 CH,CH,NH, CONH, H
6 H CN H
7 H CH,NH, H
8 CH,CH,NH, CH,NH, H
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=40 BE VE M & — B (Bouffard FA, Zambias RA,
Dropinski JF, et al. Synthesis and antifungal activity of
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Chem, 1994, 37: 222-225),
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James C, Harmmond ML, et al. Antifungal lipopeptides:
structure-activity relationships of 3-hydroxyglutamine-
modified pneumocandin B, derivatives. Bioorg Med
Chem Lett, 1995, 5: 2357-2362).
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Table 2 In vitro activity comparison of pneumocandin B (3) and amines (5, 7 and 8)

Compd p-(1,3)-D-Glucan synthase C. albicans C. tropicalis C. parapsilosis C. pseudotropicalis
pe- IC,/nmol-L" MFC/ug-mL" MEC/ug-mL" MIC/ug-mL" MEFC/ug-mL"
3 70 0.25 0.125 2 1
5 11 0.125 0.25 1 1
7 10 <0.06 <0.06 0.125 0.125
8 1 <0.06 <0.06 0.125 <0.06
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Table 3 In vivo efficacy of pneumocandin B (3) and amine
derivatives 5, 7 and 8 in rodent models of candidiasis, aspergillosis,

and Pneumocystis carinii pneumonia (PCP)

Candidiasis Aspergillosis PCP
Compd. r E r
ED,,/mg-kg ED, /mg-kg ED, /mg-kg
3 6.0 >20 0.15
5 0.78 0.06 0.037
7 0.375 >20 0.037
8 0.09 0.03 0.019

GRS, W TR, SRR B X TR
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P AN A 3 (FE#T A 4 B 51N AR
HRW A 37 ~40) FUHBEE R E L. 3924
WEM8E G T SEMR (IR 58), A SMFIR N 5t &
B A #IR 5 ) B %2 4= PE W 4F (Zambias RA, James
C, Abruzzo GK, et al. Lipopeptide antifungal agents:

amine conjugates of the semi-synthetic pneumocandins

L-731373 and L-733560. Bioorg Med Chem Lett, 1997,
7:2021-2026).
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Table 4 Biological data for dideoxy-pneumugandin B (series A) and pneumugandin B, (series B) analogs. a: MFC means minimum

fungicidal concentration; b: Log reduction in CFU at indicated dose

OH

o R

0 o

2 H N/KCwsHu
N #)=0

R/\—gﬁo HN CHs

022_<OH

H
HO NH

N

“on O
HO A
Compd R f-(1,3)-D-Glucan synthase C. albicans C. parapsilosis TOKA
' IC,/nmol-L" MFC*/ug-mL" MFC*ug-mL" ED,,,/mg-kg’
A
9 CONH, 0.07 0.25 2 >6
10 CO,CH, 0.18 0.5 4 >6
11 CO,H 0.4 0.25 8 >6
12 CN 0.1 1 4 -
13 CH,NH, 0.01 0.125 - 1.5
14 CH,NOH 0.08 0.25 4 6
15 CH,NHNH, 0.11 4 8 -
16 CH,OH 0.2 1 8 -
17 CSNH, 0.12 0.25 4 >6
18 CONH(CH,),NH, 0.038 0.5 - >6
19 CONH(CH,),CO,Me 0.25 4 128 -
20 CONH(CH,),CO,H 0.9 2 64 -
B
3 CONH, 0.07 0.25 1 6
6 CN 0.1 2 2 -
7 CH,NH, 0.01 <0.06 0.125 0.375
21 CH,NHAc 0.3 4 8 12
22 CH,N(CH,CN), >2 4 8 > 1.5(0.94)°
23 CH,NHMe 0.007 2 2 0.375
24 CH,NMe, 0.005 1 2 1.5
25 CHZNM(:3+ 0.009 0.125 0.5 0.375
26 CH,NH(=NH)NH, 0.007 <0.06 0.5 1.5
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Table 5 Effect of tether length and charge at #3 residue on antifungal activity and mouse acute toxicity

RO
HQ Q H
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HzN(CHz)n.z%N N
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HO  NH

X
CisHas
(o}
CHs

OH
HN
0‘32—<OH

N
D

Glucan synthase TOKA Aspergillosis Acute toxicity
Compd. n R X 0 S - — 0 0
IC,,/nmol-L ED,, /mg-kg Ymice sterilized ED, /mg-kg /mg-kg
7 - 10 <0.06 70 >20 100
21 - 300 2 0 - > 250
27 2 H H 15 0.5 20 - 250
28 3 H H 25 0.125 100 - 250
29 4 H H 50 <0.06 40 - >100
30 5 H H 20 0.5 0 - 250
31 6 H H 90 0.5 0 - 250
32 7 H H - 2 0 - 250
33 3 H NH, 3 1 100 >1.25 >250
34 4 H NH, 60 0.25 60 - > 250
35 5 H NH, 30 <0.06 20 - >200
36 6 H NH, 10 <0.06 20 - 150
8 - 1 0.25 80 0.03 30
37 3 N~y NH, 4 1 100 0.07 > 100
38 4 Ny NH, 6 0.5 0 - 100
39 5 PN~y NH, 1.5 <0.06 70 0.03 80
40 6 N~y NH, 3 0.125 0 0.02 60
Table 6 Antifungal activity of hemiaminal derivatives of pneumocandin B,
Compd. f-(1,3)-D-Glucan synthase C. albicans TOKA Aspergillosis
IC, /nmol-L" MIC/ug-mL" ED,/mgkg’ ED, /mgkg'
3 H 70 0.25 3 >20
41 CH, 100 2 >6 1.8
42 CH,CH, 800 4 - -
43 HOCH,CH, 400 2 - -
5 H.NCH,CH, 10 0.125 0.03 0.06

G144 245 8 (M#1 AR LTk B S 4 N = L Ve
e, SR 3B S, Y ORI A A A A
WAMEME, W3R T B S TG 8, 44 2 Mt
it T 8 (LD, 7 7l 4 50 mg kg 130 mg-kg"). Z5&1F
P & RS, 75 44 R m IR 129, € 4 AR
V551§ (caspofungin), K vr 23 & £ LA Ifs PR i 56 0F 7

RIS iih 2 8 B E A VRS E T, 2001 248 FDA
fEE BTl e A 1990 4T 4R ST, 1992 4F & ARt A i,
1995 T f hw PR AT 7€, P 11 4F BT (Balkovec M,
Hughes DL, Masurekar PS, et al. Discovery and develop-

ment of first in class antifungal caspofungin (CANCI-
DAS®)—a case study. Nat Prod Rep, 2014, 31: 15-34).
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Table 7 Comparative activities of semisynthetic pneumocandins and pneumocandin B,

Hi

HO,

Rq
Ho ©
CN%
Rz‘\—gi
) NH
H
N

“OH

OH

o]
H NACGHM
o]

HN CHj
032_<OH
e

.OH

(o)

HO
C d R R f-(1,3)-D-Glucan synthase  C. albicans A.fumigatus  TOKA ED%/mgkg'1 Aspergillosis
ompd.
P ' 2 IC,/nmol-L" MIC/ug'mL"  MIC/ug'mL" (%MB cure) ED. /mgkg’
3 OH CONH, 70 0.25 1 6 (20%) >20
5 OCH,CH,NH, CONH, 10 0.125 0.015 0.75 (80%) 0.06
7 OH CH,NH, 10 0.125 2 0.375 (70%) >20
8 OCH,CH,NH, CH,NH, 1 <0.06 0.015 0.015 (80%) 0.03
44 NHCH,CHNH,  CHNH, 0.60 0.125 0.008 0.027 (90%) 0.05
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H# 1E B9 (Iwamoto T, Fujie A, Sakamoto K, et al.
WF11899 A, B and C, novel antifungal lipopeptides. J
Antibiot, 1994, 47: 1084-1091), 45 5 41 5 {52 B, (3)
& MR ARl RO AE R /S I a1 I8 17 8% o 1R TN I
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Table 8 Influence of acyl side-chain group of 45 on the antifungal

activity and hemolysis

Compd. C. albicans A. fumigatus Hemolysis
MFC/ug-mL" ECSO/mg-kg'1 ECSO/mg-kg'1 LCm/mg-kg'1
45 0.2 1.8 70 0.456
46 0.78 3.7 43 >8
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AT ECTE I PR B, C8 IR IS T o, PR B, BT
5 7K ek g T 6 3 R R B (ClogPAE T AR Ak
G R, B4 47~52 5B/ N R IA
PUH TGS ClogP 1R, M4 25 B I L R, M



FRoRAR: SR I W AT - 2639 -

Table 9 The structure and antifungal activity and hemolysis of

naphthyl-alkoxy side-chain compounds
HO  OH

HO Q 5 0
HsC N o o
HN o HN  CHs
/ =
o MH

¢ NH

|
(CHa),CH3

C. albicans Hemolysis
Compd. n r 0
MFC/mg-mL %/2 mg-mL
47 3 12.5 1
48 5 0.78 5
49 6 0.39 -
50 7 0.1 34
51 9 0.2 100
52 11 0.78 100
8 n=3
2 R?=0.97
o
=
= 4
D% n=5
w

Figure 4 The relationship of efficacy with hydrophobicity of

side-chain
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Pure Appl Chem, 2007. 79: 603-614),
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Table 10  Side-chain modification of the compound 46. a: Figures in parentheses indicate the ratio of MFC (EC,;) (Compd.) / MFC (EC,,) (46)

C. albicans A. fumigatus Hemolysis
Compd. R ClogP T T = 5]
MFC/pg-mL EC, /mg-kg EC, /mg-kg LC, /mg-kg
46 %@o\(cm»cm 4.77 0.78 (1) 1.5-4.3 (1) 431 >10
o,
53 %@ (CH2)oCH, 5.80 0.2 (0.26) 1(0.7) 229 >10
54 E/VQ O (GHacH, 538 0.78 (1) 43 (D) - >10
o,
55 ; (CHa)Chy 5.80 0.1(0.13) 0.74 (0.23) 0.79 10
56 = Y Y Oserasons 537 02(026)  0.66(0.2) - 1.74
57 As O O O (CHa)CH, 5.68 0.05 (0.06) 0.56 (0.3) 0.89 3.95
o,
58 % Q O O (CHz)sCH 6.14 0.012'5(0.02) 0.45 (0.14) - 0.37
/N oL
59 EON\JN@ (CHz)sCHs 6.16 0.78 (1) 43 (1) 0.53 (0.15) <20
/N (o1
60 3‘@‘“‘\4”@ (CH2)6CHy 6.29 0.1 (0.13) 0.742 (0.23) - <20
o,
61 ; R 531 02(0.26)  0.658(02)  0.228(0.06) <20
O
62 5 (CH2).CHs 531 0.05 (0.06) 0.563 (0.3) - 38
s o.
63 §_< >—<;‘ W—Q (CHz)iCHy 6.24 0.012 5 (0.02) 0.447 (0.14) - 82

=

Table 11  Comparison of in vivo efticacy of 61 with fluconazole
in neutropenic mouse model of disseminated candidiasis and asper-
gillosis. a: Once-daily treatment for 4 days, starting at 1 h after

infection; b: Fluconazole-resistant

Organism ED/mg-kg
61 Fluconazole =~ Amphotericin B
C. albicans FP633 0.14 2.15 0.08
C. albicans 16010 0.21 4.51 0.12
C. albicans FP1839" 0.26 >20.0 0.18
C. glabrata 13002 0.30 6.27 0.11
C. tropicalis 16009 0.28 3.71 0.09
C. krusei FP1866 0.77 9.52 0.26
C. parapsilosis FP1946 1.00 10.9 0.06
A. fumigatus TIMMO063 0.25 >20.0 0.11
A. fumigatus IFM41209 0.50 >20.0 0.29
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structure-activity studies of the lipophilic and geometric
parameters of polyarylated acyl analogs of ECB. J Med
Chem, 1995, 38: 3271-3281),

R AR e 100 T 5T B Dy = B R AR — T e
T 28 0o e I i ot 07 IO 2 07 e I i BB R AR R G
PEWESC, S Ja itk = IR 2k . 1B 5 81 AR ER
waE.

Bl J& 2545 IR 2, F T4 BB K MR AR g, 5 1M
KA M E IR &, B2 99%, T E AR R
I KA 24~26 h, B H 25— k. HARBEE40H5
PR IRIAATIT, B ST HE L o B8 35 150k i 25 T /2%
Y 59197 %0 (Murdoch D, Plosker GL. Anidulafungin.
Drugs, 2004, 64: 2249-2258).

5 FiFAE

% L 25 1% (65, rezafungin, CD-101) s& Cidara
Therapeutics 2 & T il #9  F B# = A7 49, 15 2018 4=
FDA £ T & L5515 5 AL G4 7 i (QIDP) AR it
TE A7, 2023 43 [E FDA #LifE Bl B L5 b2
SR SR JE 25T (64) I R 2 — AN 2 2= . RIfE#]
) 400 T i 1R e s gl — R e R AL, 12 I
FINE FIRSF AR KR X A, 52 R 1 %
Ve, 7222 MO W R BEIA B 45 mgemL' e AR SRR S
e, 80 h (— IR ) M 150 h (FF&: 4y
2y), R I7 i R 2 B A w Ik — I FF A 2=
B IOARILAE S BT R R E b M S EREE S
e B Y8 T AN /N 71 B A B (A e, T X i
W MATELE. T FN 2R, — UG &



FRoRAR: SR I W AT - 2641 -

CHs
H;C
oﬁg_< OH &
N
Pt
—(CH2)11.21CH3

Figure 5 Typical side chains for evolution of anidulafungin
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Table 12 Pharmacokinetics of rezafungin with other fungins for adult patients

Drug Dose/mg C, J/mgL' AUC,,/mg'L""h t,/h Cl/L-h' Vd/L Protein binding/%
Casp (44) 70 12.09 97.63 9-11 0.63 9.67 97
Mica (61) 100 7.20 132.60 11-17 1.30 25.60 99
Anid (64) 200 7.20 110.30 24-26 0.96 35.20 99
Reza (65) 400 22.70 1 160 129-133 0.23 35.90 99

Table 13  The list of natural cyclic lipopeptides and the corresponding antifungal medicines

No. Name R, R R, R, R,
‘11‘74 x
1 Echinocandin B OH CH, CH, H /WjA\ﬁ
HaC
64 Anidulafungin OH CH, CH, H O\(CH2)30H3
G,
65 Rezafungin HﬁSgN/\/O}* CH, CH, H O\(CHz)SCHa
3 Pneumocandin B, OH H HQNﬁ H HC
CH3z CH3
) H H
44 Caspofungin HZW”}Q H HQN/\/N}‘ H HC
CH3z CH3

45 FR901379 OH CH e 0SO,Na

HsC

Nﬁ
O\
61 Micafungin OH CH, Py 0SO,Na (CHaliCHy




