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1. Introduction



N-Man-b-BhEnd-1 Mannopeptimycins

OH mannopeptimycin : R' = H

- - mannopeptimycin q, y, 0, &:
HO HN»\ L-BhEnd-2 \'P ptimy Y
—OH NH "0

oo

wOH 1 0 _ 0

O N A e lﬁiﬁm“ valeryi= - J_L
M ;

N., ‘s D-Tyr-3 R¢ -
HN=¢ —KI PR 0-Tyr-3 | Lo ORS

O
HN HN- "0 O R?2 R3 R*

I“‘I\‘?O o O~ _NH OR' mannopeptimycin a H H H

OH HN\)LN“ . mannopeptimyciny  i-valeryl H H

H L-BMePhe-4 mannopeptimycin & H i-valeryl H
mannopeptimycin ¢ H H i-valeryl

isolation total syntheses
from Streptomyces hygroscopicus LL- AC98 Doi (2014, aglycon)3, Chen (2016, a and B)4, Li (2021, )9

(isolated in 1950s"), elucidated in 20022))
bioactivity®)7)8)

structural features antibiotic activity against Gram-positive pathogens
cyclic glycopeptide (including drug-resistant pathogens)

4 nonproteinogenic amino acids inhibit peptidoglycan synthesis

(including B-hydroxyenduracidine (BhEnd)) by binding to lipid Il in the unique manner

1) De Voe, S. E.; Kunstmann, M. P. U.S. Patent 3495004, 1970. 2) He, H.; Williamson, R. T.; Shen, B.; Graziani, E. I.; Yang, H. Y.; Sakya, S. M.; Petersen, P.
J.; Carter, G. T. J. Am. Chem. Soc. 2002, 124, 9729. 3) Fuse, S.; Koinuma, H.; Kimbara, A.; Izumikawa, M.; Mifune, Y.; He, H.; Shin-ya, K.; Takahashi, T.; Dai,
T. J. Am. Chem. Soc. 2014, 136, 12011. 4) Wang, B.; Liu, Y.; Jiao, R.; Feng, Y.; Li, Q.; Chen, C.; Liu, L.; He, G.; Chen, G. J. Am. Chem. Soc. 2016, 138, 3926.
5) Wang, J.; Lin, D.; Liu, M.; Blasco, P.; Sun, Z.; Cheung, Y.C.; Chen, S.; Liu, H.; Li, X. J. Am. Chem. Soc. 2021. 143, 12784. 6) Singh, M. P.; Petersen, P. J.;
Weiss, W. J.; Janso, J. E.; Luckman, S. W.; Lenoy, E. B.; Bradford, P. A.; Testa, R. T.; Greenstein, M. Antimicrob. Agents Chemother. 2003, 47, 62. 7) Ruzin,
A.; Singh, G.; Severin, A.; Yang, Y.; Dushin, R. G.; Alan, G.; Sutherland; Minnick, A.; Greenstein, M.; May, M. K.; Shlaes, D. M.; Bradford, P. A. Antimicrob.
Agents Chemother. 2004, 48, 728. 8) Breukink, E.; de Kruijff, B. Nat. Rev. Drug Discovery. 2006, 5, 321. 4



Introduction of Prof. Chen and Prof. Li

Prof. Gong Chen

1998
2004
2005-

2008-
2014-
2015-

1999
2003
2007
2007-

2009-
| 2014-
| 2018-
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Postdoctoral fellow @ Memorial Sloan-Kettering Cancer Center
(Prof. Samuel Danishefsky)

Assistant Professor @ The Pennsylvania State University

Associate Professor @ The Pennsylvania State University

Professor @ Nankai University

2018-2021 Adjunct professor @ The Pennsylvania State University

Research topics: metal catalysis, radical chemistry, peptide, carbohydrate

Prof. Xuechen Li

B.S. @ Nankai University

M.S. @ University of Alberta (Prof. Ole Hindsgaul)

Ph.D. @ Harvard University (Prof. Dan Kahne)

Postdoctoral fellow @ Memorial Sloan-Kettering Cancer Center
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Research topics: method developing for bio-macromolecules synthesis,

medicinal chemistry of natural products, drug development,
function definition of macromolecules and their PTMs

1) http://www.gongchenlab.com/col.jsp?id=103

2) https://chemistry.hku.hk/staff/xcli/’XCLiGroup/people.html
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(by Chen’s Group)



Retrosynthesis by Chen (1)

OH
HN
HO OBn
BnO Csz
H OBn N
tripeptides coupling CbzN =
3 + 3 strategy HO wOH
I > CbZNb/\ ""NHBoc
OR'
1% O
|
OBn (o)
tripeptide A
+
OH

macrolactamization
R5
) -O OBn
tripeptide B, for 0
mannopeptimycin a OH OBn
OH WBn
OH OBn
Bn
tripeptide B, ¢

tripeptide Bg for
mannopeptimycin 8

OR?

1) Wang, B.; Liu, Y.; Jiao, R.; Feng, Y.; Li, Q.; Chen, C,; Liu, L.; He, G.; Chen, G. J. Am. Chem. Soc. 2016, 138, 3926



Retrosynthesis by Chen (2)

OBn
BnO CbzN NBoc
OBn >\\NH COOH
CbzN = N OBn
OH ~OH yat =
BnO OAIIyI
Csz§( ‘’NHBoc OBn H

o ° —— N-Man-D-BhEnd-1

solution-phase
O peptide elongation H OH

OBn OAllyl ChaN=( —',r\rcoz"'
tripeptide A L-BhEnd-2 CbzN NHBoc

OR®
z Jej

OR?® OH BocHN” ~CO,Me

——>

. BocHN O
solution-phase

peptide elongation el\Z3 BocHN):COZH

L-BMePhe-4

tripeptide B

1) Wang, B.; Liu, Y.; Jiao, R.; Feng, Y.; Li, Q.; Chen, C.; Liu, L.; He, G.; Chen, G. J. Am. Chem. Soc. 2016, 138, 3926. 8



Synthesis of fhEnd via Aldol Reaction

J/ LIN(TMS),
BnO THF, -78 °C
y

Ph
0 kPh
; anN,/'(.\(NH —_—
COzt-Bu
BnO
(33%)
OH 0
Bn2N . " NBoc
— ><: Csz
BnO 02“3” Csz C°2"' L-BhEnd-2
(30%)
1) Wang, B.; Liu, Y; Jiao, R.; Feng, Y.; Li, Q.; Chen, C; Liu, L.; He, G.; Chen, G. J. Am. Chem. Soc. 2016, 138, 3926.
i ) : , 136, . 9

2) Fuse, S.; Koinuma, H.; Kimbara, A.; Izumikawa, M.; Mifune, Y.; He, H.; Shin-ya, K.; Takahashi, T.; Doi, T. J. Am. Chem. Soc. 2014, 136, 12011



Synthesis of A-Man-D-fhEnd-1

1. CF3CO,H, Et;SiH

Ph
J(ph H,O, rt OJ(
NH 2. Boc,0, K,CO4 1. Pd/C, H, (50 atm)

l.,o

-
-
-

Bn,N, THF/H,O (1/1), rt Bn,N, NBoc o
2 J/\r 20 (1/1) - J/\r MeOH, 45 °C -
CO,t-Bu 3 Mel, K,CO3, DMF, rt CO,Me 2. CszNYNTf

BnO 66% over 3 steps BnO
4. 2-methoxypropene NHCbz

(1)
PPTS, CHCly, rt, 86% Et;N, dioxane/H,O (20/1)
50 °C, 54% over 2 steps
3. DIAD, PPhy, THF, rt, 86%

nBu S
BnO—, QAc ?@ #‘NBOC
(9) BnO ’ 8
R
HoP J( B0 ( oBn i cO;
y

NBoc 1.5 eq) . K

Csz:(";,r\( o (o] o N

CbzN CO,Me Ph;PAuUNTf; (0.2 eq) OBn H )—NR7

toluene, 4A MS, 65 °C, 86% CbzN
N-mannosylation
LiOH (7.5 eq) R = Ac, R” = Cbz, R® = Me
o THF/MeOH/H,0 (1/1/1)

)\ JL N 0 0\\/9 H 55 °C, 86% Ré=H,R”=H, R8=H

o~ “N* \n/ Y S\O@ g)\

JOR
o Z

DIAD PPTS

1) Wang, B.; Liu, Y.; Jiao, R.; Feng, Y.; Li, Q.; Chen, C.; Liu, L.; He, G.; Chen, G. J. Am. Chem. Soc. 2016, 138, 3926.



Mechanism of Au-Catalyzed AAMannosylation
o) o n-Bu

*NBOC n-Bu

o, N
BnO H " Co,Me Bno—, OAc >
OBn Aut 0
0 K BnO o
OAc N BnO
(0
0. _O_ _n-Bu Bno—, QAc
oJ( | BnO 0
( BnO (@)
., _A_ 4,NBoc Aul ‘\ n-Bu
Csz:(ﬂ a only //
CbzN C02Me *
BnO gg(
‘ O
Bgﬁg_%w Bno—, QAc

BnO o5 ®
K BnO (o) (AO n-Bu
/Y~ |

&
Ve Aul
BnO 0 !
oo MeQ
BnO

1) Wang, B; Liu, Y.; Jiao, R.; Feng, Y.; Li, Q.; Chen, C.; Liu, L.; He, G.; Chen, G. J. Am. Chem. Soc. 2016, 138, 3926.
2) Nie, S.; Li, W.; Yu, B. J. Am. Chem. Soc. 2014, 136, 4157.



Synthesis of L-fhEnd-2 (1)

IIIO

H OH
CHO 1.Ph;P=CHCO,Bn 1. NosCl, Et;N s

o) THF, reflux, 81% COzBn "~ cy.cly, 0°C /Y\l/COZBn

NCbz » C : -
2. AD-mix-a A—NCbz OH 2. NaN3, DMF %—NCbz N

t-BuOH/H,0 (1/1) 70°C
rt, 60%, dr ~10/1 61% over 2 steps

IIIO
L

1. PPh3, THF/H,0 (5/1) CO,Bn
70 °C (o)

y
2. Boc,0, Et;N A—NCbz NHBoc
85% over 2 steps

CaCO;, K3[Fe(CN)g], K,0sO, * 2H,0

AD-mix-a

1) Wang, B.; Liu, Y.; Jiao, R.; Feng, Y.; Li, Q.; Chen, C.; Liu, L.; He, G.; Chen, G. J. Am. Chem. Soc. 2016, 138, 3926.



Synthesis of L-fhEnd-2 (2)

1. CbZHNYNTf

OH NHCbz
: _c0,Bn 1 TSOH, MeOH oH o 553yédioxane/Hzo (20/1)
(o) 45 °C > HO 2 o
NCbz NHBoc 2. PdIC, H, 2. Mel, K,CO;
4’ MeOH, it NH, NHBoc * u.'%
48% over 4 steps

IIIO
L
IIIO

cO,Me 1. NosCl, pyridine H H

HO rt, 65% N H

- > ChzN= "’ CO;

CbzHN_ _NH NHBoc 5 | ioH (4 eq)
hif ' CbzN NHBoc

THF/H,O (7/1)
T )

NCbz 0 °C, 87%

1) Wang, B.; Liu, Y.; Jiao, R.; Feng, Y.; Li, Q.; Chen, C.; Liu, L.; He, G.; Chen, G. J. Am. Chem. Soc. 2016, 138, 3926.



Synthesis of L-fMePhe-4

0 Phl (2.5 eq) 0
0
o Pd(OAc), (10 mol%) o Boc,0, DMAP
Ag,COj3, (CH,Cl3), o
N. 70 °C, 78%, dr >10/1 N. CH3CN, rt, 89%
I | ———— [ W | >
o Na stereoselective o Bh Na
C-H arylation
o LiOH, H,0, o
o THF/H,0 (31), rt; o
N reflux in toluene N
"N | > ool | T
o oc N 0
Ph Ph
O
(o) 1. NH;NH; (1.3 eq) BocHN CO,H
MeOH, 70 °C I
N-. OH -
2. Boc,0, Et3N, rt Ph
(@)
Ph 66% over 3 steps

L-BMePhe-4

1) Wang, B; Liu, Y.; Jiao, R.; Feng, Y.; Li, Q.; Chen, C.; Liu, L.; He, G.; Chen, G. J. Am. Chem. Soc. 2016, 138, 3926.
2) Beutner, G. L., Cohen, B. M., DelMonte, A. J., Dixon, D. D., Fraunhoffer, K. J., Glace, A. W, Lo, E., Stevens, J. M., Vanyo, D., Wilbert, C.
Org. Process Res. Dev. 2019, 23, 1378.



Pd-CataIyzed C-H Arylation

Phl (2.5 eq)
Pd(OAc), (10 mol%)
Ag,CO3, (CH,Cly),
70 °C, 78%, dr >10/1

Pd"(OAc), | -AcOH

PhthN,

reductive
elimination

HMexu\l

0]
C-H palladation \A H Mglk 'N
- AcOH v
PhthN Pd-..
PhthN N SN
POl H L \ 4
( oxidative Ph
Pht‘%— addition
I ---Ag”*

1) Wang, B.; Liuy, Y.; Jiao, R.; Feng, Y.; Li, Q.; Chen, C,; Liu, L.; He, G.; Chen, G. J. Am. Chem. Soc. 2016, 138, 3926. 2) Zhang, S.-Y.; Li, Q.; He, G.;
Nack, W. A.; Chen, G. J. Am. Chem. Soc. 2013, 135, 12135. 3) Daugulis, O., Roane, J., & Tran, L. D. Acc. Chem. Res. 2015, 48, 1053.



Synthesis of Tripeptide A

OBn
NH2 BnO
NBoc OBn HO QJ(
CO.H N NBoc
# R 1500 SN
OH > N N0
HATU, i-Pr,NEt
OB H o o 0]
n ChaN CH,Cl,, rt, 76% . KI//
N-Man-p-BhEnd-1 OBn O
OBn
BnO Csz
1. CH,CI,/CF3;CO,H/H,0 ';‘
2/1/0.01), rt -
( ) - H O “\OH /
2. OH CbzN "*NHBoc
N. . _CO,H t( N
ChzN=¢ ’r\l/ 2 - e,
CbzN NHBoc I“\ka N N‘Oe
OBn O
HATU

(1.5 eq)
L-BhEnd-2
tripeptide A

HATU, i-Pr,NEt
CH,Cl,, rt, 82%

16

1) Wang, B.; Liu, Y.; Jiao, R.; Feng, Y.; Li, Q.; Chen, C,; Liu, L.; He, G.; Chen, G. J. Am. Chem. Soc. 2016, 138, 3926



Synthesis of Tripeptide B
OR?®

MeO,C OMe
HoN (1.3 eq)
BocHN,, _CO,H OR®
):Ph HATU, -PNEt. ROHN™
CH,Cl,, rt
L-BMePhe-4 proy.vL4 B: 91%
— RY =
CH,CI,/CF,CO,H [ R =Boc
2/1), rt
OH oR0 (211) L R%=H
BocHN 0) o
Gly-5 (2 0 eq) -} -
OR®
(@)
HATU, i-Pr,NEt BocHN\)L K tripeptide B,
CH,ClI,, rt (75% over 4 steps) oH OH

a: 89%, B: 76%
over 2 steps

LiOH —R10=Me tripeptide Bg
THF/H,0 (3/1) (62% over 4 steps)
rt 3 R10=H

R5

OBn

(0

OBn
'ﬁm)Bn
OBn

OH

Bn

1) Wang, B.; Liu, Y.; Jiao, R.; Feng, Y.; Li, Q.; Chen, C.; Liu, L.; He, G.; Chen, G. J. Am. Chem. Soc. 2016, 138, 3926.
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Tripeptides Coupling

OBn OBn
CbzN Csz
BnO
B0\~ . NH HATU, i-Pr,NEt ) -
o CbhzN = CHxClI,, rt :
+OH +OH
HO Moy OH HO 9
N, A__N_ J :
CbzN ‘e “ 11 CbzN
m I NHR o t(
HN” Yo O~_ _NH
o 0 ORS o
tripeptide A ** 5
pep | BocHN\v/u\N‘ _ _ | OR
OBn O H tripeptide B, g OBn O
- (2 eq) "
CH,CIICFSCOZH (3/1) oc R™HN
R11
a: 71% B: 76%
| over 2 steps
N 1. Pd(PPhs),, DMBA _ 13 —
~ diaxane/H,0O (3/1), rt = Allyl, R = Boc
2. CH,Cl,/CFCO,H (10/1) “H RB=H

rt

DMBA
1) Wang, B.; Liu, Y.; Jiao, R.; Feng, Y.; Li, Q.; Chen, C,; Liu, L.; He, G.; Chen, G. J. Am. Chem. Soc. 2016, 138, 3926




Macrolactamization

OBn OR '
N 15
BnO Cbz R140 R N»\
OBn ] 14
0 CbzN EIH HATU, i-Pr,NEt 0 OR R15N EIH
OH OH CH2C|2 (05 mM), rt “\OH
HO L &7 H a: 44% B: 47% HO OH
Csz§< ., “'NH over 3 steps - R15N§<N" N ‘\NH
HN o
HN HN (@) (o)
OR5 I\“ OR16
R“0 HN

H, (50 atm), Pd(OH),
THF/MeOH/H,0O/HCO,H R'4=Bn, R'"® = Cbz, R'6 = R®
(1/1/1/0.05) ‘

rt, a: 42% B: 45% R'#=H, R'> =H, R1® =R!

R1 overall yield (13 steps)
Lo OH
mannopeptimycin a ? 10%
OH oH
on o S0
OH OH
mannopeptimycin 8 H 8%

1) Wang, B.; Liu, Y.; Jiao, R.; Feng, Y.; Li, Q.; Chen, C.; Liu, L.; He, G.; Chen, G. J. Am. Chem. Soc. 2016, 138, 3926.



Short Summary
j"’*NBoc

OBn
.0 .
OH OH
o] )—NH HN>\\

Bn H HO

CbzN : OH
N-Man-D-BhEnd-1 Y OH on
> HO =
Csz N., CO.H N,
HN:( ‘
OAllyl Csz NHBoc
> HN

L-BhEnd-2

Ao

BocHN, _CO,H /©/0R5
): Ph :

L-fMePhe-4 BocHN /\COZMe

OR!

- solution-phase peptide elongation

OH D-Tyr-3 - 3+3 strategy
/ « (tripeptides coupling and macrolactamization)
BocHN (o)

Gly-5

1) Wang, B.; Liu, Y.; Jiao, R.; Feng, Y.; Li, Q.; Chen, C.; Liu, L.; He, G.; Chen, G. J. Am. Chem. Soc. 2016, 138, 3926. 20
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Retrosynthesis by Li (1)
BnO

e : )\\NH

BhENd ligation
L

%

YM OH

OBn

2

o

OH HN
OBn
= CHO
ozonolysis
(@)
= ;/\/U\ /.
= N
H
AM resin
1) Wang, J.; Lin, D.; Liu, M.; Blasco, P.; Sun, Z.; Cheung, Y.C.; Chen, S.; Liu, H.; Li, X. J. Am. Chem. Soc. 2021. 143, 12784. 22



Retrosynthesis by Li (2)

BnO OBn OBn
BocHN,, _CO;H /©/

solid-phase
peptide elongation Ph BOCHN/\C02H

L-BMePhe-4

NBoc
L-BhEnd-2 BnO HN
\lll
OBn S OO
#‘NBOC

o,
"% COOH

BnO NH
oBnHl contiall /_<OH 2 <:I
0 . potentially /" S tripeptide C
OH ™N imeri
NHeplmerlzed BocHN o BnO y OAllyl

OBn H . solution-phase
z

peptide elongation
N-Man-p-BhEnd-1 Gly-5

1) Wang, J.; Lin, D.; Liu, M.; Blasco, P.; Sun, Z.; Cheung, Y.C.; Chen, S.; Liu, H.; Li, X. J. Am. Chem. Soc. 2021. 143, 12784. 23



Efficient Synthesis of AAMan-bD-fhEnd-1 (1)

o H.-G. 2nd Q S Q NaN,
allyl alcohol BocHN WOI-FT), — BocHN B(OMe);
BocHN Cul OMe(.)-DET, TBHP OMe  puF
OMe > A > >
Et,0 4A MS, CH,CI, rt to 50°C
NS 40 °C, 83% -20°C, 85% 78%
OH OH
0
BocHN BocHN O
OMe OMe BocHN
N e ) N, OMe
~° c,) : N3
MeO, MeO..8 HO
B- 0
Med MeO OH
o [\ "
BocHN BocHN _N_ N« CO,Et
ocC ocC OMe Mes \I/ ‘C:VIes EtOZC)\r
o . Rull= OH
v/f‘ > Ng¥ O .OMe cI” (-)-DET
Meo, 7. (g'B‘OMe ° 0
. \r X OH
MeO H.-G. 2nd
less stable 2. 4n TBHP

1) Wang, J.; Lin, D.; Liu, M.; Blasco, P.; Sun, Z.; Cheung, Y.C.; Chen, S.; Liu, H.; Li, X. J. Am. Chem. Soc. 2021. 143, 12784.
2) Sasaki, M.; Tanino, K.; Hirai, A.; Miyashita, M. Org. Lett. 2003, 5, 1789.



Efficient Synthesis of AAMan-bD-FhEnd-1 (2)

O 1. FmocCl, pyridine
BocHN OMe CH,CI,, 0 °C to rt, 70% O
» N., _~A_ ,NBoc
N; 2. Me,C(OMe), 3
HO TsOH (cat.), toluene CO.Me
50 °C, 62° 2 2
OH %o R?20

Et,NH R2 = Fmoc
ce [
rt, 99% R*=H

NBoc
1. PdIC, H, J(

MeOH, rt _GbaN N, NBoc oBnH COOH
2. Et;N Y Q7 on
3 CbzHN_ CO,Me the same route

CbzHN NTf as Chen Group OBn H
17 % (over 8 steps)

NHCbz (9.5% over 11 steps by Chen’s group) N-Man-D-ﬁhEnd-1

dioxane/H,0 (35/1)
rt, 75% over 2 steps

l.,o

1) Wang, J.; Lin, D.; Liu, M.; Blasco, P.; Sun, Z.; Cheung, Y.C.; Chen, S.; Liu, H.; Li, X. J. Am. Chem. Soc. 2021. 143, 12784.



Efficient Synthesis of L-fhEnd-2

H.-G. 2nd O o
O allyl alcohol FmocHN, Ti(OiPr)s  FmocHN, DIAD, PPh;
FmocHN, Cul OBn (-)-DET, TBHP OBn HNj;, CH,Cly, rt
! OBn . ' A y
S Et,0, 40 °C 4A MS, CH,CI, : 92%
82% -20 °C, 75% o
OH OH
FmocHN, n-BusP, Et;N, H,0
‘ OBn THF, rt 5-exo-tet
: BocHN NTf>
= oC
6 Y
N3 NHBoc
59% | _
1. Et,NH, MeCN, rt o

2. Boc,0, NaHCO;

FmocHN, OBn THF/H,O0 (1), rt BocHN, OH
Boc 75% over 2 steps Boc
N'l' > N"l
OH 3. Pd/C, H,, AcOEt B OH

BocN N
oc =<N rt, 96% ¢ =<H

25% over 7 steps
(7.4 % over 12 steps by Chen’s Group)

I

1) Wang, J.; Lin, D.; Liu, M.; Blasco, P.; Sun, Z.; Cheung, Y.C.; Chen, S.; Liu, H.; Li, X. J. Am. Chem. Soc. 2021. 143, 12784.



Synthesis of Tripeptide C

BocHN\)LOH 0

>(1.2eq) R3HN o
0 Bno” \)LN/\H/
- H
HN" Y - / o
5 HATU, i-Pr,NEt  BnO
CH,Cl,, rt

R3=Boc
Gly-5 80% 4M HCl in dioxane‘ directly used for

R3=H the nextreaction

BnO OBn
;
NBoc H2N\)L /\n/ CbZN;fN’ so\F
;O‘i"z\ <\C02R6 Bno” (25eq) HNQNBOC
OR* ™ HATU, i-Pr,NEt g oLl

| N | 0
OBn H NR® CH,Cl,, rt S=
CbzN 75% over 2 steps HN OO
LiOH (7.5 eq) 4 5_ 6
THF/MeOH/H,0 [ R* =Ac, R”=Cbz, R" = Me _4
(111/1) _ _ _ 0
55 °C, 86% R'=H,R°=H,R°=H = Allyl

e Pd(PPhs), DMBA ‘
=Man-D- na- i
_ dioxane/H,0 (3/1), rt = H : tripeptide C

1) Wang, J.; Lin, D.; Liu, M.; Blasco, P.; Sun, Z.; Cheung, Y.C.; Chen, S.; Liu, H.; Li, X. J. Am. Chem. Soc. 2021. 143, 12784. 27



Solid-Phase Peptide Elongation (1)
OBn

i)

: RBHN O
BocHN” “CO,H
OH o)
/‘ D-Tyr-3 (4 eq) O—O
X N >
H PyBOP, i-Pr,NEt

0.56 mmol/g DMF, rt

¢

OBn
R8 = Boc
CF4CO,H, rt I:
R8=H

BocHN,, _CO;H

R°HN
): Ph (2 eq)
L-BMePhe-4

HATU, i-Pr;NEt

DMF, rt b\P'D
[] @/@\D

OBn PyBOP

R? = Boc
CF;CO,H, rt ‘
R°=H

1) Wang, J.; Lin, D.; Liu, M.; Blasco, P.; Sun, Z.; Cheung, Y.C.; Chen, S.; Liu, H.; Li, X. J. Am. Chem. Soc. 2021. 143, 12784.

28



Solid-Phase Peptide Elongation (2)

OH

Boc
L5
HN

"‘ O"l
H-N BnO— OBn s “—O0Bn
) 0 N)I,NH
0 OH Il (2 eq)
o oBn .. ©b2N
tripeptide C BnO N
b » o NH
HATU, i-Pr,NEt OH )
DMF, rt o,  CbzN

OBn
OBn

1. CF3CO,H/H,0 (100/1)
rt

2. PyBOP, i-Pr,NEt
DMF, rt; then

BocHN

Boc

Bn CbzN
N:,, OBn

R10 = Boc
B N
¢ CF5CO,H, rt ‘

3e -
L-BhEnd-2 N Gea R10 = H

1) Wang, J.; Lin, D.; Liu, M.; Blasco, P.; Sun, Z.; Cheung, Y.C.; Chen, S.; Liu, H.; Li, X. J. Am. Chem. Soc. 2021. 143, 12784. 29



PhEnd Ligation

BnO OBn

HO
CbZNY
HN
pyridine/AcOH (1/1), rt
» BnO OH
BhENd ligation \
i 1
o)
OBn
OBn
0, Q
CF3CO,H/CH,CI, (19/1) = oA
-78 °C; ‘ o)
Me,S, -78 °C to rt

1) Wang, J.; Lin, D.; Liu, M.; Blasco, P.; Sun, Z.; Cheung, Y.C.; Chen, S.; Liu, H.; Li, X. J. Am. Chem. Soc. 2021. 143, 12784. 30



Mechanism of ShEnd Ligation

,:‘ - /’ N
u,OH , 'HQH , 0 -

5-endo-trig .

imine formation '\.—/._“

kinetically /l \\ HN_ O

disfavored ; N
o Yo

Y
/\cb..‘:u

sterically disfavored

[1,5] O-to-N
acyl transfer

-
—

@ "'o
> o} NHJ\
"\[H\( sterically favored 0=<

- (o) R —

1) Wang, J.; Lin, D.; Liu, M.; Blasco, P.; Sun, Z.; Cheung, Y.C.; Chen, S.; Liu, H.; Li, X. J. Am. Chem. Soc. 2021. 143, 12784.
2) Liu, H.; Li, X. Acc. Chem. Res. 2018, 51, 1643.
3) Lam, H. Y.; Zhang, Y.; Liu, H.; Xu, J.; Wong, C. T. T.; Xu, C,; Li, X. J. Am. Chem. Soc. 2013, 135, 6272.
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Global Deprotection

HN

NH HO

OH
/k f 1 M HCl in HFIP, rt
kﬁ OH
OH
N

A

F3;C CF;
HFIP

mannopeptimycin 8
11% from resin

R12 = H, R13=H (over 12 steps)

Pd(OAC)z, H2 R12 = Bn, R13 = Cbz
(1/1/1/0 05) I:

1) Wang, J.; Lin, D.; Liu, M.; Blasco, P.; Sun, Z.; Cheung, Y.C.; Chen, S.; Liu, H.; Li, X. J. Am. Chem. Soc. 2021. 143, 12784.



Summary

Chen’s group Li’s group
OH OH
HN HN
HO >\\ HO )\\
: NH —OH NH
o HN =
+OH
HO OH
N, ~ .
HN§( ‘ ‘NH
HN
OR! OH
- solution-phase peptide synthesis - solution-phase tripeptide synthesis
- 3+3 strategy - solid-phase peptide synthesis
* mannopeptimycin a: 10% * BhEnd ligation
mannopeptimycin : 8% * mannopeptimycin 8: 11%
from N-Man-pD-BhEnd-1 (9 steps) from modified AM resin (12 steps)

1) Wang, B; Liu, Y.; Jiao, R.; Feng, Y.; Li, Q.; Chen, C.; Liu, L.; He, G.; Chen, G. J. Am. Chem. Soc. 2016, 138, 3926.
2) Wang, J.; Lin, D.; Liu, M.; Blasco, P.; Sun, Z.; Cheung, Y.C.; Chen, S.; Liu, H.; Li, X. J. Am. Chem. Soc. 2021. 143, 12784.
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Possible Transition States

Ph
0 kPh
Bn,N, A~ NH
/(\C(Ozt-Bu
BnO
OH Ph
Bn,N, N=(
Ph Ot-Bu
CO,t-B
BnO 2-Bu H _ OH Ph
“N=<
Ph
COzt-Bu

Z
Ph,C” NBn,

1) Wang, B; Liu, Y.; Jiao, R.; Feng, Y.; Li, Q.; Chen, C.; Liu, L.; He, G.; Chen, G. J. Am. Chem. Soc. 2016, 138, 3926.
2) Fuse, S.; Koinuma, H.; Kimbara, A.; lzumikawa, M.; Mifune, Y.; He, H.; Shin-ya, K.; Takahashi, T.; Doi, T. J. Am. Chem. Soc. 2014, 136, 12011.



Initial Synthetic Route for ShEnd (1)

PMBO OTBDPS

1. /\I/\)
ZMgBr — 0 :
(@)

NBoc OH
THF

?PMB 1. 0804, NMO 9%
o (V) -
O/W)LH 0°C¢.N% OW acetone/H;0, rt PMBO  OTBDPS
NB 2. PMBBr NBoc 2. TBDPSCI
)V oc THE/DMF )V imidazole

o
0°C, 92 % CHClp, it = )VNBoc OH

)r

72%

%\MgBr

1) Wang, B.; Liu, Y.; Jiao, R.; Feng, Y_; Li, Q.; Chen, C.; Liu, L.; He, G.; Chen, G. J. Am. Chem. Soc. 2016, 138, 3926
2) Liang, X.; Andersch, J.; Bols, M. J. Chem. Soc., Perkin Trans 1. 2001, 18, 2136.



Initial Synthetic Route for ShEnd (2)

1. HN3, PPh3, DIAD
toluene, rt, 93%
PMBO OTBDPS 2- AcOH/H,O/dioxane PMBO OTBDPS
= 80 °C -

0 - HO

. CbzHN NTf
)VNBOC OH 3 z \f CbZHN\n/NH N3

NHCbz NCbz
EtN,;, THF, rt
54% over 2 steps

MBO OR MBO
H MBC 1. TEMPO, NaClO,  MBC
PPh;, DIAD NaClO. 40 °C

N.,, _~ N, -~ CO,Me
THF 1t, 86%  CbzN=’ N 2 Mel KIiCO, — > CbaN=¢ ﬂ
CbzN N; DMF, rt CbzN N3
56% over 3 steps

BhEnd
—— R =TBDPS
n-Bu,NF, THF, rt

_>R=H

1) Wang, B.; Liu, Y.; Jiao, R.; Feng, Y.; Li, Q.; Chen, C.; Liu, L.; He, G.; Chen, G. J. Am. Chem. Soc. 2016, 138, 3926.



Initial Synthesis Route for ShEnd (3)

COZMe
1. PPh3, THF/H,0, 55 °C
2. Boc,0, EtsN, THF, rt, 48% |-|D BO o8 PMBO.., ~NHBoc
~ CO,Me n
- 2Me N\ .__.
Csz:( EIHB >< Q7 0Ac
CbzN ocC NCbz
N-mannosylation ~ CbzN
MBO steric hinderance / interference :
CO.Me from Boc protected NH CO,H
ChzN= —r\/ 2 PMBO.
= " "‘NHBoc
CbzN OBn
CO,Me >< > o) of
PMBO.,, Ne oY
BnO NCbz
. O.CB," PPh; CbzN
OAC-N' THF/H,0
55 °C, 92%
o CPz CO,Me
BnO OAC BnO PMBO.., " NHAc
BnO O to N acyl transfer OBn
BnO and decomposition (9 on—n*"
o (1.5 eq) during trials to remove OAc . NCba
ChzN
Ph;PAuUNTf, (0.2 eq)

toluene, 4A MS, 65 °C
N-mannosylation

1) Wang, B; Liu, Y.; Jiao, R.; Feng, Y.; Li, Q.; Chen, C.; Liu, L.; He, G.; Chen, G. J. Am. Chem. Soc. 2016, 138, 3932.



Optimization of Mannosylation

OBn
o donor 0 .
HN)_ OAc™N
NCbz NCbz
CbzN OBn H Csz)_
entry donor reagents, conditions yield
BBS% Ag;CO; (2 eq)
1 n Br 4A MS, toluene o
BnO 80 OC, 12h 12%
3eq
nBu
X
BnO OAc PPh;AuNTf, (0.2 eq)
2 Bng@&» 4AMS, CH,CI, 83%
BnO o 65°C, 4 h
o 15eq

1) Wang, B; Liu, Y.; Jiao, R.; Feng, Y.; Li, Q.; Chen, C.; Liu, L.; He, G.; Chen, G. J. Am. Chem. Soc. 2016, 138, 3932.



Mechanism of AD Reaction

C02Bn
0 ¢
NH NCbz .
OMe MeO
‘\COZBn
o)
o= c‘);_-," o [3+2] cycloaddtion
O, o NN
L - Souo \_/
o/Y\E/ Y
A—NCbz OH
Organic
Aqueous /_\
o | 12 [ o .12 20H Ry
2H,0 HO. QVI,OH HO_ Q -0 .
’Os\ /OS§
n>0
HO 3 OH HO i /
NCbz\ “//
OJT O' \\
R, 0
2Fel 3 2120 DABCO-like structure of (DHQ),PHAL
2Fe(CN)g 2Fe(CN)c*

may accelerate the reaction rate.

1) Kolb, H. C.; VanNieuwenhze, M. S.; Sharpless, K. B. Chem. Rev. 1994, 94, 2483.
2) Corey, E. J.; Guzman-Perez, A.; Noe, M. C. Tetrahedron Lett. 1995, 36, 3481.  3) Minato, M., Yamamoto, K., & Tsuji, J. J. Org. Chem. 1990. 55. 766.



Preparation of Sugar Moiety of D-Tyr-3

OH 1. PhCH(OMe) EtSiH, BF;OEt
] 2 OBz 1A, 3 2
o CSA, DMF Ph™N2 0 CH,Cl,, 0 °C, 75%
HOHO (o] - o— .
2. BzCl, pyridine, rt
OPMP 68 % over 2 steps OPMP
BnO OBz
BnO (o]
BnO
OB O\H/CCI;,, BnO OBz
e o)
0Bz NH B"Q.&'q‘ OBn
HO (0] . OBz
BzO 0 0
BF30Et,, CH,Cl,, rt, 87% BzO

OPMP
OPMP

1. CAN, CH;CN/H,0, 0°C R = PMP
2. CCI;,CN, DBU, CH,Cl, ‘

rt, 61% over 2 steps R = C(=NH)CClI;

OH
Ja -
:—@—OMe T T(2eq) /©/

BocHN” “CO,Me :

' P
PMP BocHN CO;Me
BF;0Et,, CH,Cl, 2

rt, 93%

1) Wang, B; Liu, Y.; Jiao, R.; Feng, Y.; Li, Q.; Chen, C.; Liu, L.; He, G.; Chen, G. J. Am. Chem. Soc. 2016, 138, 3926.



Sharpless-Katsuki Asymmetric Epoxidation

1) Williams, I. D., Pedersen, S. F., Sharpless, K. B., & Lippard, S. J. J. Am. Chem. Soc., 1984 106, 6430.



Dimerization of L-fhEnd-2

: Ni-Pr,Et
o y/ 2 o) o

N
BocHN, H BocHN, ©) *y PFe
¢ O’ ’ O ,
Boc N

Boc \
N.., OH —_— =<N"' OH 5} /D

BocN BocN ,P\
- ~ e

BocHN, @,
‘ O—R—N 7
Boc © N
(@)

N.,
B°°N=< G BocN

Iz
- -

H H N_Boc 0
\=NBoc HN, o~ C NHBoc
© ''‘{NBoc >
—_— (0) o
Q dimerization BocHN Y - NH
'5-0— ""NHBoc o  BocN
-, ® NBoc

1) Wang, J.; Lin, D.; Liu, M.; Blasco, P.; Sun, Z.; Cheung, Y.C.; Chen, S.; Liu, H.; Li, X. J. Am. Chem. Soc. 2021. 143, 12784.



Epimerization of AAMan- D-ﬁhEnd

Gly-5 solution-phase

1

CO.H
N-Man-D-BhEnd-1

LW
y
0
OBn

peptide synthesis Csz
-
H,N "'/ multiple conditions
WLNBoc ﬁLNBoc ﬁLNBoc
O, M\oH o, O, (o]
) 9 W AN OH "
N > N - N
/N §“ /N &
NCbz  Man NCbz Man NCbz
'E_i‘in

1) Wang, J.; Lin, D.; Liu, M.; Blasco, P.; Sun, Z.; Cheung, Y.C.; Chen, S.; Liu, H.; Li, X. J. Am. Chem. Soc. 2021. 143, 12784.
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