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Malacidin A
1a: | -(3S)-MeDap, | -(3R)-HyAsp 1b: | -(3R)-MeDap, . -(3R)-HyAsp
1c: | -(3S)-MeDap, | -(3S)-HyAsp 1d:  -(3R)-MeDap, ,-(3S)-HyAsp

Biology activity:

Malacidin A exhibits broad activity against Gram-positive bacteria including methicillin-
resistant Staphylococcus aureus (MRSA) and vancomycin-resistant Enterococcus (VRE), and
has potent MIC values (0.2-2 ug/mL) in the presence of the divalent cation calcium.



Total Synthesis of Malacidin A
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Total Synthesis of Malacidin A

Preparation of 3,4,5,6

o (i) HCI;
(i) SOCI,, 0 DIAD, PPh, (i) FmocOSU, 0
HoN,, OH __MeOH; TrtHN,, o~ __DPPA TrtHN,,, o~ Na2COs _ FmocHN,, j\o -
(ii) TrtCl, TEA 85% (1) LiOH, CaCl,

OH 80% OH N, 56% N,
11a: 2S, 3R; 12a: 2S, 3R; 13a: 28, 3S 3a: 2S, 3S:
11b: 28, 3S; 12b: 2S, 3S; 13b: 2S, 3R; 3b: 2S, 3R

o)
TrtHN LiHMDS, Mel, 14N FmocOSU, FmocHN
OBn -78 Ctor.t. OBn Hz, Pd/C Na2C03
—_——
o 85% o 90% for each oy, 3% oy
diastereomer
O'Bu O'Bu O'Bu O'Bu
8a: 2S (from 7a) 14a: 2S 15a: 2S, 3S 4a: 2S, 3S
8b: 2R (from 7b) 14b: 2R 15b: 2R, 3S 4b: 2R, 3S



. Boc o) Fmoc (o]
H o (i) HCI, MeOH; Boc 0 '-'HOMDS’ Mel \ jj\ _ (i) LITEBH; y \”\
N U\ (ii) Boc,0, TEA, LS -78°C to r.t. ““Ng (ii) TES, BF5-Et,0; “~Non

o OH > 5 N —————5 O >
DMAP 35% (iiif) Na,CO3, FmocOSu;

90% (iv) LiOH, CaCl,
16 17 18 45% overall yield 5
. o OH

o () Nal, 70 C I PdCl,(PPhj), (i) Lindlar Cat., H,; Z N\
— /< (ii) HI, reflux Alkyne \\ o (ii) LiOH -~ o

0— 80% °\ Cul, TEA = ~ 76%

o 70% o
19 20 21 6



Total Synthesis of Malacidin A

Preparation of HyAsp 2

(i) BnBr, K,COj3;

FmocHN,, (ii) DEA; T
' OH  (iii) TrtCI, TEA
o >
87%
O'Bu
7a:(2S)
CICOCClIj,
DMAP, 75°C
80%
10a: (2S,3S)
Weak NOE, J = 3.1Hz
CICOCClIj,
DMAP, 75°C
B
80%

10b: (2S,3R)
Strong NOE, J = 9.2Hz

(+)-CSO o)
LiHMDS TrtHN,,
78°C OBn
> .
o d.r. 10:1 “OH
nn,, 54% yield b.r.s.m. o'Buy
: OBn
S 9a: (2S,39)
0 (-)-CSO o
t KHMDS
O'Bu
o TrtHN,,
-30°C OBn
8a:(2S) -
d.r. 1:10 (o]
50% yield b.r.s.m. OH
O'Bu
9b: (2S,3R)
o (i) PdIC, Hy; Q
TrtHN,,, (ii) Boc,0, BocHN,,
OBn  'NaHCO, OH
“OH 85% ‘OH
O'Bu O'Bu
9a: (2S,3S) 2a: (2S,39)
o (i) PdIC, Hy; Q
TrtHN,,, (ii) Boc,0, BocHN,,
OBn NaHCO, OH
% 0
OH 85% OH
O'Bu O'Bu
9b: (2S,3R) 2b: (2S,3R)



Synthesis of fragment 3 0 At

HO, Allyl
6 s il
HNY STMSE
0 3

HO, _CO,Et HO, _CO:Et HO, _CO:H

" 1) SOCI,, DMF(cat.) Y 1) PdiC, Hy, EtOH '

- e
HO 02Et 2) NaN3: DMF Ns\\“ 02Et 2) NaOH MeOH-H,O HZN\‘ COzH
1) FmocOsu, NaHCO, , 1) 2-Trimethylsilyl ethanol HO
THF/H,O Oxalyl chloride, DMF(cat.) HO,
» "', » Ya, O
2) 2,2-DMP, acetone, 2) AcOHIH,O/THF
p-TsOH, 50 °C FmocHN' NCO.H  (ViVe2:2:1), 45°C FmocHN™ O~ TMSE
O
O
1) Allyl-Br, DIPEA, DMF HO, Allyl
> v, ()4
2) DEA, DCM
. o\
H,N* TMSE
O 3

Chinese Chemical Lezters 29 (2018) 1113-1113




Total Synthesis of Malacidin A

Preparation of HyAsp 2

(i) BnBr, K,CO3; 0
FmocHN,, (i) DEA; TrtHN,,,
‘ OH  (iii) TrtCI, TEA ) OBn
> —
o 87% o
O'Bu O'Bu
7a:(2S) 8a:(2S)
o
CICOCCl3, 1N,
DMAP, 75°C OBn
80% ““OH
O'Bu
9a: (2S,3S)
10a: (2S,3S)
Weak NOE, J = 3.1Hz
o
CICOCCl3,  T4HN
.,
DMAP, 75°C : OBn
80% OH
O'Bu
9b: (2S,3R)

10b: (2S,3R)
Strong NOE, J = 9.2Hz

(+)-CSO o]
LiHMDS TrtHN,,
78°C ‘r oen
> e,
d.r. 10:1 “OH
54% yield b.r.s.m. O'Bu
9a: (2S,3S)
(-)-Cso
o]
KHMDS
o TrtHN,,
-30°C o 0, OBn
d.r. 1:10 o
50% yield b.r.s.m. OH
O'Bu
9b: (2S,3R)
(i) PdIC, Hy; o
(ii) Boc,0, BocHN,,
NaHCO, OH
—> .“
85% “OH
O'Bu
2a: (2S,3S)
(i) PdIC, Hy; o
(ii) Boc,0, BocHN,,
NaHCO, OH
—> 0
85% OH
O'Bu
2b: (2S,3R
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Total Synthesis of Malacidin A

Preparation of 1

CI—O — > FmochN /O _>/{\t/\:'/6\ Ji’()i‘\ /O

22 p 23a,b. R=N;, a: -(3S)-MeDap
24a,b: R = NH2 b: -(3R)-MeDap
o 0

H
c, b L
[0}
N o

o
(253,b,c,d: R? = Resin-link 28a,b,c,d NHFmoc
26a,b,c,d: R =H

i im > im
f T, )\\HOH eyy )LOH

%
. o “‘.
E OH
(0] HN NH
(o]
H\NHFmoc NH,
via 29a,b,c,d 1a: | «(3S)-MeDap, | -(3R)-HyAsp
No Aspartimide 1b.: L-(3R)-MeDap, | -(3R)-HyAsp
Efficient macrocyclization 1c: | ~(3S)-MeDap, | -(3S)-HyAsp
1d:  -(3R)-MeDap, -(3S)-HyAsp




Total Synthesis of Malacidin A

Proteins

Take-home message - Serine/Threonine Ligation
ACYP (2013)

Serine/Threonine Ligation (STL)
NH> MUCT1 (2013)
IL 25 (2016)
HMGAT1a (2016)

HN.__O
Cyclic peptides
Daptomycin and analogues (2013 & 2015)

Cyclomontanin B (2013)
Yunnanin C and analogues (2014)

HoN Y NH
COOH 0
Teixobactin and analogues (2016-2018)

HN
|
(0)

HoN j\‘ CHO
ﬁ H,N

HoN—
o
c) [1,5] acyl transfer
0 RZ R® . R R®
,LI\ 3 ¥ 1 f} - |
R" ™0 HO R RUHNG5 O . ( N
CHO * _D%'.E . R\n,,N 0O
HoNY “R? 5 0 o OH
fused [6,5] TS

Acc. Chem. Res. 2018, 51, 1643-1655
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Sonogashira cross-coupling

Pd(® or Pd'") (cat.) / ligand R!'———R?
R'-X + H——=——R? >
Cu(l)-salt (cat.) / base / solvent
u(l)-salt (cat.) / base / solven Coupled product
R' = aryl, alkenyl, R? =H, alkyl, aryl, Pd-catalyst: Pd(PPh3),Cl; or Pd(PPh3),
heteroaryl alkenyl, SiR3 Cu(l)-salt: Cul or CuBr

base: Et,NH, Et;N, (Chx),NH, (i-Pr),NEt

X =Cl,Br, I, OTf solvent: MeCN, THF, EtOAc

Cu
. ‘ ‘ [amine base]H X
1— s
R L,Pd®) R®
~
o transmetallation H_:_Rz
i Cux .
amine base
.1
Pd? or Pd") complexes 0 A
= L,Pd? L_pd(
(precatalysts) n

Rl——R?
Coupled product

reductive
elimination



Scheme 1

R! ‘HE
MeO,C C%M& 1. Base MEDEG\/COZME
NHPt 2. MoOPH NHP1
_?‘ [+] — [+
7 b 85 % 8a.R'=H R?=0H
8b.R'=0H,R%2=H
A Ph
i
Table 1
entry base (mol %) cosolvent 8b/8a yield (%)
1 KHMDS (180) none 31 90
2 LHMDS (300) none 1/8 659
3 LDA(300) none 211 45¢
4 LTMP (180) none 1/2 294
5 LHMDS (300) DMPU 8/1 g2e
6 LHMDS (300) HMPA 11/1  74%
7 LHMDS (300) DME 1/25 702
8 LHMDS (300) TMEDA 1/8 80«
9 LHMDS (300) PMDET< 1/5 759
10 KHMDS (180} 18-crown-6 d
11 LHMDS (300) 12-crown-4 d
12 n-BuLi (100YLHMDS (300) none 1/20 60 (83
13 n-BuLi(100¥LHMDS (300) HMPA 2/1 952
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Scheme 3
Ry .R?

R R
MeO,C co; 1.Base  meo,C €O
NHPY 2. Ox. NHPf
OISR 15 [1aln e
12a. R = +Bu -R=tBu
12b. R = H 14.ReH

a.R'=H R?=0H
b.R'=0H,RZ=H

128 —= 13

Base (cosolv.) Oxidant 13b/13a Yield ®
KHMDS MoOOPH 711  95% (65%)°
LHMDS MoOPH i

LHMDS (HMPA) MoOPH  4/1 70%
KHMDS  Davis'oxaz. 1/2 98%

12b — 14
Base (cosolv.) Oxidant 14b/14a Yield
KHMDS MoOPH 21 30%

LHMDS or LDA MoOPH -

LHMDS (HMPA) MoQOPH .
KHMDS Davis' oxaz. 71 B6%
LHMDS Davis' oxaz. 1/4 80%
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Si
Y 7 *
Nepf H
'T:‘:M‘D H NHP1 o e’
& #=G§f—H MeO™
MeQ M CC‘EH
CO.R M L it
24 25
Favored by good ligands of M Favored by poor ligands of M
M=Li")orM=K"* and M = Li*

proach of an electrophile which cannot complex to the
metal cation (MoOPH) to the less hindered face of the
predominant nucleophilic species in the reaction medium
should vield the observed results (Table 1, Scheme 3).
The K., of the aforementioned equilibrium should be
strongly dependent on the nature of the enolate counter-
ion (M) and its ligands (L): the open form 24 would be
favored by strongly coordinating ligands (DMPU or
HMPA, Table 1, entries 5 and 6), or by the use of K™ as
the enolate counterion. Poorly coordinating ligands
(HMDS or THF) and/or deprotonation of the Pf-amino
group (by addition of 100 mol % of n-BulLi, entry 12)
would favor the chelated form 25.
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