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Vancomycin

Cl Isolation")

O « Domain: Bacteria
@ Genus: Amycolatopsis orientalis
OH (1950s at Eli Lilly and Company)
o o | Biological activity
H NH ° gram-positive organisms
N N o ex). penicillin-resistant staphylococci
H H Clinical use

O « from 1958
Full Structure assignment?
o e Harris, C. M and Harris, T. M. (1982)

Structural features

HO vancosamine * heptapeptide composed of unnatural
NH, ~ amino acid units
S\ OH glucose « biaryl linkage (AB) -> axial chirality
| OH * bisaryl ether linkage (C-O-D and D-O-E)
> e
Vancomycin: R = O Vancomycin: R=H Tmaﬁlg;ﬁ:hcehslirsa ity
oH aglycon Evans (1998)%

A Nicolaou (1998)%
O Boger (1999, 2020)5®)

1) Levine, D. Vancomycin: a history. Clin. Infect. Dis. 2006, 42, S5-S122).
2) Harris, C. M.; Harris, T. M. J. Am. Chem. Soc. 1982, 104, 4293-4295.
3) Evans, D. A. et al. Angew. Chem., Int. Ed. 1998, 37, 2700-2704.

4) Nicolaou, K. C. Angew. Chem., Int. Ed. 1999, 38, 240-244.

5) Boger, D. L. etal. J. Am. Chem. Soc. 1999, 121, 10004-10011.

6) Boger, D. L. J. Am. Chem. Soc. 2020, 142, 16039-16050



Proposed Biosynthesis

VhaA
OxyB flavin-dependent
cytochrome P450 chlorinase
> >
bisaryl ether Chlorination
formation
OxyA @ OxyC
cytochrome P450 o cytochrome P450
> o HN @ OH > » vancomycin
bisaryl ether JL2=0 o) biaryl formation
formation HaN G cl
o)
HN OH
UO
aNHz

Forneris, C. C.; Ozturk, S.; Gibson, M. |.; Sorensen, E. J.; Seyedsayamdost, M. R. ACS Chem. Biol.
2017, 12, 2248-2253.



Evans’ Total Synthesis (1998)

NO, OAllyl

HO. E OMs
N32CO3
N

DMSO;
NHBoc  Tf,NPh

Cl
F

VOF3, BF3 - OEt2

O2N AgBF,
,,, NHCOMe TFA/CH,CI,, 0 °C;

NaBH(OAc);
E @ -
OMe

'
OBn > n:un = 5:1
h:un < 5:95 SNAr cyclization
@ oxidative cyclization
NO,
OH CsF
DMSO
NH I
5 wNH niun= 5:1 *l
SNAr cyclization
vancomycin
aglycon

major isomer

Evans, D. A.; Wood, M. R.; Trotter, B. W.; Richardson, T. |.; Barrow, J. C.; Katz, J. L. Angew. Chem., Int. Ed.
1998, 37, 2700-2704.



Nicolaou’s Total Synthesis (1998)

\
o ~N
NHBoc cl N
MeO Br: Br |
Pd%(PPhs), (20 mol%) @ Cu'Br-SMe,
Na,CO,; TBSO,,, K,CO3
toluene/MeOH/H,0 H pyridine
90 °C EtO, '/, W NHBoc MeCN, reflux>
o) '
n:un = 2:1 N, n:un =1:1
Suzuki biaryl coupling gh0 triazene-cupper
OMe mediated
SNAr cyclization
MeO OMe N y
¥ ¥
N’/N N/,N HO cl
o) Br 0 Br Cu'Br=SMe,
FDPP K,CO3
i-Pr,NEt TBSO,, Cl o OTBS pyridine
DMF H MeCN, reflux
W N
NHBoc > ‘ N NH
Ny H | n:un=1:3
macrolactamization O 0] ~NH N
HN (o) S\Ar cyclization
BnO Ph—< o] vancomygcin
rOMe Ph aglycon

1) Nicolaou, K. C. et al. Angew. Chem., Int. Ed. 1998, 37, 2717-2719.
2) Nicolaou, K. C. et al. Angew. Chem., Int. Ed. 1999, 38, 240-244.
3) Nicolaou, K. C. Et al. Chem. - Eur. J. 1999, 5, 2584-2601.
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Model Study for Thermal Atropisomerism (1)

C-O-D biaryl ether OMe

; OMe
0 OH R' o OH
T8SO,, 12 R’ @ TBSO,, ~Z @
N - N
- - N W NHBoc
H H 5

NHBoc : MeO,C*"
o-dichlorobenzene

@ O 140°C, th
B Br

OMe OMe
R'  equibilium  E,[kcallmol]  ti2(h)  t(h)
NO, 1:11 26.6 9.77 56
Cl 1:1.2 30.4 44.0
D-O-E biaryl ether
OMe OMe
R2
HO O HO
@ OH = @ R? OH
0] 0]
H DMSO H
t-BuO,C H NHBoc 140 °C, t (min) t-BuO,C u NHBoc
NC O NC O
R? equibilium E, [kcal/mol] ty2(h) t(min)
NO, 1:1 15.3 0.17 60
Cl 1:1 nd 0.39

1) Boger, D. L.; Borzilleri, R. M.; Nukui, S.; Beresis, R. T. J. Org. Chem. 1997, 62, 4721-4736.
2) Boger, D. L.; Castle, S. L.; Miyazaki, S.; Wu, J. H.; Beresis, R. T.; Loiseleur, O. J. Org. Chem. 1999, 64, 70-80.



Model Study for Thermal Atropisomerism (2)

: \NHB \.NHB
Me0,C~ N~ N oo¢ MeO,C~ N~ N o o¢
H > H
-«
MEMO o-dichlorobenzene MeO OMEM

t°C

Me
OMe

MeO Meé) NHCbz

MeO
t(°C) equibilium E_ [kcal/mol] t1/2 (h)
120 3:1 05 2 6.12 MEM =\(\o/\/°\
140 nd ' 1.28

AB macrolactam

H O It:ll
~wNHBoc BocHN
o
—= a-
MEMO o-dichlorobenzene u,, OMEM
5OMe 140 °C MeOz (A
MeO Me Meome

equibilium E, [kcal/mol] ty/2 (h)
1:1.2 37.8 10.9

Boger, D. L.; Miyazaki, S.; Kim, S. H.; Wu, J. H.; Castle, S. L.; Loiseleur, O.; Jin, Q. J. Am. Chem. Soc.
1999, 7121, 10004-10011.
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Synthetic Plan (First-Generation, 1999)

C-0-D macrocycle OH CI D-O-E macrocycle
26.6 kcal/mol (NO,, 1:1.1) (o) (o) 15.3 kcal/mol (NO,, 1:1)*
30.4 kcal/mol (Cl, 1:1.2) 18.7 kcal/mol (Cl)* *g_aflfculatfd V;itr t
(step 1) HO,,, Cl o OHO (step 4) ifferent substrate
AB macrolactam H H |
37.8 kcal/mol (1:1.2) N N «NH
N N *
(step 3) H H
o) o)
HoN
HO %)
E
rOH  AB biaryl 1 ’
OH, ry X kcal/mol (y:z)
HO 5.1 kcal/mol (3:1)
(step 2) natural:unnatural
Thermodynamic parameters of atropisomerism (model study)
C-0O-D macrocycle > AB biaryl D-O-E macrocycle
(30.4 kcal/mol) (25.1 kcal/mol) (18.7 kcal/mol)

+ based on these studies

Rational order of Ring system construction
C-0O-D macrocycle —> AB biaryl —> AB macrolactam —> D-O-E macrocycle
—> vancomycin (aglycon)

Boger, D. L.; Miyazaki, S.; Kim, S. H.; Wu, J. H.; Castle, S. L.; Loiseleur, O.; Jin, Q. J. Am. Chem. Soc.
1999, 7121, 10004-10011.
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C-0-D Macrocycle Synthesis

OTBS @YOTBS
OTBS
~NHBoc O2N /,, ~NHRHO
MeO, NHBoc MeO,C NHBoc
OMe OM

MGOZ

EDCI, HOBt EDCI, HOBt

DMF, 0 °C Br DMF, 0 °C

80% TBSOT, 99% [ ~_ o0 9%
OMe
K2CO; R® 4 oH
CaCO3; E ] o
MS4A TBSO R’ . CaCOj: scavenger of liberated F
DMF, 45 °C “ 0 H . MS4A : scavenger of residual H,0
> W \N ' @
50-60% MeO,C' u W NHBoc Nu
(n:un =1:1) o) : t-Bul //
@ 5 Noz >
Br :
OMe : \“N NHBoc
E, = 26.6 kcal/mol, t;, =9.77 h .
natural > unnatural . Nu=F or OH
R'=NO, R2=H € R'=H,R2=NO, !
o-dichlorobenzene :
140 °C, 56 h (1:1.1) : OMe

Boger, D. L.; Miyazaki, S.; Kim, S. H.; Wu, J. H.; Castle, S. L.; Loiseleur, O.; Jin, Q. J. Am. Chem. Soc.
1999, 7121, 10004-10011.
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AB Biaryl Synthesis

E_, for atropisomerism
NO, = 26.6 kcal/mol

OMe 1. Raney-Ni (100%)
y o OH  reduction of NO,
2. HBF,
TBSO,, NO. @ t-BuONO
H MeCN, 0 °C
MeO,C" N wN NHBoc diazotization
o) . >
3.Cu'Cl (20 eq.)
@ cu''Cl, (60 eq.)
Br H,0, 0 to 25 °C
OMe 87% (2 steps)
Sandmeyer
substitution

E_, = 25.1 kcal/mol
t1/2 =3.88 h

-%€
o-dichlorobenzene
120 °C
n:un = 3:1

natural

E_, for atropisomerism

Cl = 30.4 kcal/mol MeO OMe
(more thermal stability) @
B(OH),
OMEM

CbzHN

Pd%(dba); (30 mol%)
(o-tolyl);P (1.5 eq)
r
toluene/MeOH/
1M aqueous Na,CO;

(10/3/1)
OMe 80 °C, 15 min
no atropisomerism was observed 88% (":“f’ = 1:1.3)
during Sandmeyer substitution Suzuki biaryl
coupling
OMe
O OH
TBSO, @ Cl @
N
MeO,C" N NHBoc
MeO @ OMEM
&
CAD
MeO" MeO NHCbz
unnatural

Boger, D. L.; Miyazaki, S.; Kim, S. H.; Wu, J. H.; Castle, S. L.; Loiseleur, O.; Jin, Q. J. Am. Chem. Soc.

1999, 727, 10004-10011.



AB Macrolactamization
OMe OMe

O OH 0 OH 1. LioH, 99%
@ Cl @ /@" @ methyl ester
hydrolysis

2. Hy, Pd/C, 99%

THF, 25 °C NHBoc Cbz deprotection
y o
96%
OMe
Gy
condensation

NHBoc reagent NHBoc
¢
solvent (2 mM)
MEMO
n-AB (cis-amide) epi-AB (frans-amide)
condensation reagent solvent n-AB (%), epi-AB (%)
PyBOP (4 eq), DMAP (4 eq) DMF trace, 60%
EDCI (5 eq), HOBt (5 eq) DMF 16%, 54%

EDCI (5.5 eq), HOBt (5 eq) CH,CI,/DMF (5/1) 62%, 10-17%

Boger, D. L.; Miyazaki, S.; Kim, S. H.; Wu, J. H.; Castle, S. L.; Loiseleur, O.; Jin, Q. J. Am. Chem. Soc.
1999, 7121, 10004-10011.
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D-O-E Macrocycle Synthesis

NO,
OMe F
0 OH
OH
Cl @ o o HO,,,
N \NMeB
H N R eBoc
NHR' 5 H
E " °

O
EDCI, HOAt MEMO
THF, 0 °C
r
61%
R'= Bo<:| HCOOH/CHCI,
R1 = (1/1), 95%
OMe
/@CI @ OH A
0 H n:un = 1:1
N
H)‘j/ R2 = y
\ O decomposition

via

\
NC
O
R?= /(N ~NMeBoc M
H unnatural

Boger, D. L.; Miyazaki, S.; Kim, S. H.; Wu, J. H.; Castle, S. L.; Loiseleur, O.; Jin, Q. J. Am. Chem. Soc.
1999, 7121, 10004-10011.
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Role of Nitrile in the Thermal Atropisomerism

OTBS o-dichlorobenzene

128 °C, 38 h
> NH
82%
v N0 n:un =1:2 X0
NMeBoc S?CC"”"?"'de MeO,C NMeBoc
ormanen MeO natural: R' = CI, R? = H
unnatural : R'=H, RZ = CI
H,0 HO,,
hydration

D-O-E ring expansion O

Installation of nitrile, which is dehydrated form of carboxyamide,
has an important role in the thermal atropisomerism.

1) Sheldrick, G. M.; Jones, P. G.; Kennard, O.; Williams, D. H.; Smith, G. A. Nature 1978, 271, 223-225.
2) Boger, D. L.; Miyazaki, S.; Loiseleur, O.; Beresis, R. T.; Castle, S. L.; Wu, J. H.; Jin, Q. J. Am. Chem. Soc.
1998, 720, 8920-8926.
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Deprotection of C-Terminus MEM Ether

1. H,, PdIC
EtOAc, 96%

2. HBF,, t-BuONO
MeCN, 0 °C

r s

3. Cu'Cl (50 eq.)
cu''Cl, (60 eq.) mEMO
H,0, 0 to 25 °C
60% (2 steps)
Sandmeyer
substitution

CH,CN, 55 °C
97%

2. o,
/B—B r
O

CH,Cl,, 0 °C

3. Boc,0, NaHCO3
dioxane/H,0 (1/1) HO
0°C
69% (2 steps)

Boger, D. L.; Miyazaki, S.; Kim, S. H.; Wu, J. H.; Castle, S. L.; Loiseleur, O.; Jin, Q. J. Am. Chem. Soc.
1999, 7121, 10004-10011.



First-Generation Synthesis

1.

Aco_PAC
OTBS
H CH,CI, O H
N NH aldehyde formation N NH

r
. NaCI02, NaH2PO4
t-BuOH/2-methyl
-2-butene/H,0 MeO,C
carboxylic acid

formation
3. TMSCHN,
77% (3 steps)
methylation
. H,0, OH
aqueous K,CO; o. &l
DMSO, 73% . @
nitrile hydration 0 » 0 |
THF, 81% N N N~ S\NH
TBS deprotection H H
r
. AlBr; HN
EtSH, 50% 0
global demethylation,

vancomycin aglycon
0.2% (25 steps)

Boc deprotection

18

Boger, D. L.; Miyazaki, S.; Kim, S. H.; Wu, J. H.; Castle, S. L.; Loiseleur, O.; Jin, Q. J. Am. Chem. Soc.
1999, 7121, 10004-10011.
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Short Summary

C-0O-D macrocycle OH D-O-E macrocycle
n:un = 1:1 (kinetic) Cl n:un = 8:1 (kinetic)
1:1.1 (thermal atropisomerism) 0 0 1:1.1 (thermal atropisomerism)
@ OH (step 4)

(step 1) HO.,
‘ o) o) |

NH

Z1

‘
£y

Iz
Iz

AB macro-

lactamization N
step 3 2
(step )HO \

Suzuki coupling
n:un = 1:1.3 (kinetic)
3:1 (thermal atropisomerism)
(step 2)
Earlier introduction of more rigid modular

(C-O-D macrocycle —> AB biaryl (—> AB macrolactam) —> D-O-E macrocycle)
based on the model studies of thermal atropisomerism

'

Successful control of thermal atropisomerism
without affecting other modules already installed

1) Boger, D. L.; Miyazaki, S.; Kim, S. H.; Wu, J. H.; Castle, S. L.; Loiseleur, O.; Jin, Q. J. Am. Chem. Soc. 1999,

121, 10004-10011.
2) Boger, D. L.; Miyazaki, S.; Kim, S. H.; Wu, J. H.; Loiseleur, O.; Castle, S. L. J. Am. Chem. Soc. 1999, 121,

3226-3227.
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2. Next-Generation Synthesis of
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New Strategy

Remained problems

= Unsatisfactory kinetic atroposelectivities
C-0O-D macrocycle (n:un =1:1), AB biaryl (n:un = 1:1.3)
vs D-O-E macrocycle (n:un = 8:1)
= Inefficiency in recycling of the unnatural atropisomer with thermal isomerism
C-0O-D macrocycle (n:un =1:1.1), AB biaryl (n:un = 3:1)

i OH
2O ST SLEU | order of module assembly
. . U U . .
C-0-D macrocyclization D-O-E macrocyclization AB macrolactam
(step 3) 1o, @ cl o OH, (step 4) (step 1,2)
H \\\rle C-0-D macrocycl
INI INI (step 3)
AB macro- O o)
lactamization H,N D-O-E macrocycl
(step2) HO O (step 4)
OH atroposelective AB biaryl coupling Y
%o OH (step 1)
cf. Evans' C-O-D macrocyclization
N32CO3
DMSO;
PAllyl Tf,NPh

6 e
X=H, 78% (dr 10:1)

Cl, 79% (dr 5:1)
High atroposelectivity MeO
of C-O-D macrocyclization
by preorganization
X =H or Cl of AB macrocycle major isomer

NHBoc

21

Evans, D. A.; Wood, M. R.; Trotter, B. W.; Richardson, T. |.; Barrow, J. C.; Katz, J. L. Angew. Chem., Int. Ed.

1998, 37, 2700-2704.
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Atroposelective AB Biaryl Coupling (1)

Pd%dba;
MeO,C._..NHBoc (R)-BINAP(O)

MeO OMe
(Pd:Ligand = 1:1)
@ aqueous Na,CO;
@ B(OH), toluene, 80 °C
Br MEMO: !

r
OMe NHCbz 72-89%
dr > 20:1
Pd%dbas/(R)-BINAP was ineffective in this biaryl coupling —® Pd’- ligated (R)-BINAP(O) was the active species

MeO,C_..NHBoc MeO,C__..NHBoc
conditions conditions yield
@ > >Ph, @ Pd%dbas, (R)-BINAP(O) 24%
Br “pdli
Pd Pd'(OAc),, (R)-BINAP
OMe opp, Br OMe aqueous NaHCO, 91%
Rk MeTHF, 80 °C
Ar-Br o)
ArPd"Br((R)-BINAP(O))
MeO,C_.«NHBoc ArPd"Br((R)-BINAP(O)) (1 mol%) MeO,C._ . .NHBoc
MeO OMe (R)-BINAP(O) (2 mol%)
@ aqueous NaHCO;
@ B(OH), toluene, 80 °C> MEMO
o MEMO_ A~ 60%, TON = 60 Me
DOMe NHCbz o, - OMe

Moore, M. J.; Qu, S.; Tan, C.; Cai, Y.; Mogi, Y.; Jamin Keith, D.; Boger, D. L. J. Am. Chem. Soc. 2020, 142,
16039-16050.
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Atroposelective AB Biaryl Coupling (2)

PPh2 . OO
" reduction
( Pd_ >

16 e
bite angle: 92.52 °

MeO,C_..NHBoc oxidative addition

L 70
T

\ ~p-OM
\0 ~p-OMe

=l
Br/ R

16e” -H
o-phenyl trans to phosphine oxide
MeO E OMe
B(OH),

/ MOMO
MEMO ‘NHCbz

1) Moore, M. J.; Qu, S.; Tan, C.; Cai, Y.; Mogi, Y.; Jamin Keith, D.; Boger, D. L. J. Am. Chem. Soc. 2020, 142,
16039-16050.
2) Marshall, W. J.; Grushin, V. V. Organometallics 2003, 22, 555-562.
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AB Macrolactamization
(0] (:)TIPS

MeO

1. Pd°(PPh),

NH; (10 mol%)
DMTMM(CI) PhSiH;
EtOAc CH,Cl,, 0 °C
>
91% 2. LiOH

THF/H,0, 0 °C

1 ) 95% (2 steps)
Hp, PdIC, MeOH [ R =Cbz, R"=Me

1= 2 -

Allocci TR, "M R =le
LiOH R" = Alloc, R“ = Me _
' R'=Alloc,R2=H  Alloc= N

82% (3 steps) .
NO,
conditions (Oj X@
> Tipsow{ H P @
AB macrolactamization N ~NHBoc N
conditions yield dr o )NI\ N )N\
s
DMTMM(CI) o = MOMO MeO” “N° “OMe
DMF (0.001 M) 29% >95:5
CAD SOMe DMTMM(CI) : X = ClI
DMTMM(PF ¢) 61% 98:2 MeO DMTMM(PFg): X = PFg

DMP (0.1 M)

Moore, M. J.; Qu, S.; Tan, C.; Cai, Y.; Mogi, Y.; Jamin Keith, D.; Boger, D. L. J. Am. Chem. Soc. 2020, 142,
16039-16050.
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C-0-D Macrocylization

distal disposition
OMe & by TIPS protection
OMe

HO OH
NO, @ @ NO, Ho E OH

HO,C” “NHBoc Cs,CO;, CaCO;

DEPBT NHBoc MS4A
i-ProNEt DMF, 23 °C
r r
68% C-O-D S)Ar
macrocyclization

(2 steps, R =TIPS)

R dr (n:un) yield

H 2:1 50%

. 0
* tolerance of silyl ether against; T;gf’s :: 2340
NaOH in MeOH: TBS<TBDPS<TIPS o°
n-BuyNF . TBS<TIPS<TBDPS _ 1IPS 711 80%

Moore, M. J.; Qu, S.; Tan, C.; Cai, Y.; Mogi, Y.; Jamin Keith, D.; Boger, D. L. J. Am. Chem. Soc. 2020, 142,
16039-16050.
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Effect of Preorganized AB Macrolactam

C-0-D Macrocyclization before AB macrolactamization
OMe

C52C03, CaCO3
MS4A
DMF, 23 °C

10 h

dr yield

TBS 1.2:1 50%
TBDPS 2.0:1 67%
TIPS 2.6:1 76%

C52C03, CaCO3
MS4A
DMF, 23 °C
3-5h
n:un=7:1
faster cyclization
and
High atroposelectivity

fast and highly atroposelective

Preorganization of
C-0-D maclocyclization

AB macrolactam

Moore, M. J.; Qu, S.; Tan, C.; Cai, Y.; Mogi, Y.; Jamin Keith, D.; Boger, D. L. J. Am. Chem. Soc. 2020, 142,
16039-16050.
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D-O-E Macrocyclization

NMeBoc
DEPBT MEMO
-
NaHCO;
THF
65% (2 steps)
OMe
o No2
Cs,CO;, CaCO; TIPSO,,, N02 o OTIPS OTIPS Cs,CO;, CaCO;
MS4A MS4A
DMF, 23 °C MeHN NH DMF, 23 °C

>

60%, dr 11:1 53%, dr 1.1:1

. Y O
MEMO NMeBoc f NMeBoc
O“e"e distal disposition
MeO by TIPS protection !
Pf;rgflaalli::ltaizra:: high atroposelective ' no AB macrolactam poor diastereoselective
— D.O-E macrocyclization no C-O-D macrocycle D-O-E macrocyclization

C-0O-D macrocycle

Moore, M. J.; Qu, S.; Tan, C.; Cai, Y.; Mogi, Y.; Jamin Keith, D.; Boger, D. L. J. Am. Chem. Soc. 2020, 142,
16039-16050.



Formal Synthesis of Vancomycin Aglycon

n-BuyNF, AcOH
THF

98%

1.Zn°
aqueous NH,CI

acetone .
vancomycin

18% (6 steps) ~ aglycon

r

2. HBF,, t-BuONO
MeCN, 0 °C;
cu'cl, cu''cl,
MeCN/H,0 -35 °C

54% (2 steps)

first-generation intermediate

Moore, M. J.; Qu, S.; Tan, C.; Cai, Y.; Mogi, Y.; Jamin Keith, D.; Boger, D. L. J. Am. Chem. Soc. 2020, 142,
16039-16050.
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Further Improvement

Improved points

C-0-D macrocyclization D-O-E macrocyclization
dr 7:1

(step 3)

dr 11:1
(step 4)
HO,,,
vancomycin overall kinetic atropselectivity
N \NH aglycon yield AB C-O-D D-O-E
1999 (first) 0.2% (25 steps) 1:1 1:1 8:1

AB macro-
lactamization
(step 2) HO

2020 (formal) 0.7% (26 steps) 20:1 7:1 11:1

CAS d) atroposelectlve
H AB biaryl coupling

dr 20:1
: (step 1)
Remained problems
1. Protecting group manipulations of A-ring amine 2. Competitive reduction in Sandmeyer reaction

HBF,4, t-BuONO; OY
NHR R =Cbz

_ o ,
)/ Cu'Cl (100 eq.)
MEMO R for i NH, cu'lCl, (120 eq) 07/
8\—0 OMe ™~ ] - peptice
-

formation MeCN
WeO R = Alloc =

for 3. Early introduction of C-terminus ester
R=H %= AB macro-

lactamization MEMO\)\ > R02C>\

-

Moore, M. J.; Qu, S.; Tan, C.; Cai, Y.; Mogi, Y.; Jamin Keith, D.; Boger, D. L. J. Am. Chem. Soc. 2020, 142,
16039-16050.
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Improvement

* Optimization of Sandmyer reaction

OMe HBF,, t-BuONO OMe

OH
@ cu'Cl (50 eq.)
cu''Cl, (60 eq.) TIPSO,,,

solvent, -35 °C

o OH solvent R'=cCl:H
@ CH,CNH,0=11  9:1*
CD,CN/H,0 = 1/1 32:1 (77%)

* diazonium formation was

NHBoc NHBoc conducted in CH;CN
o) 07/
S DXCN
D D
R' = CI (desired) o
R'=H (undesired)
o © ® NH,
* AB macrolactonization @j PFg N
t-BuO,C
F N NTSN T SAD-TOMe
N I ~ MeO e
TIPSO,,, NO, NN " OMe
)\ /)\ Bulky t-Bu group
MeO™ 'N° "OMe kinetically shields
DMTMM(PFg) Y amine group
> OMe
R2 yield l\1 ~N
CH,OMEM 61% Meo)\N/)\N
COt-Bu  85%13:1 H SoMe

inactive MeO

Moore, M. J.; Qu, S.; Tan, C.; Cai, Y.; Mogi, Y.; Jamin Keith, D.; Boger, D. L. J. Am. Chem. Soc. 2020, 142,
16039-16050.
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AB Biaryl coupling/Macrolactamization

F E 1. TEMPO, Phl(OAc),
Pd'(OAc), (30 mol%) MeCN, H,0, 23 °C
TIPSO, NO, (R)-BINAP TIPSO, NO, 2 NH
‘e MeO oMe (Pd:Ligand = 1:1.2) ‘" J]\
Q NHB © ® aqueous NaHCO, Q NH t-BuO” "CCl3
MeO,C~ "N~ ¢ oH MeTHF, 75°C  pMeo,c” “N wNHBoc ¢y, ¢y, cyclohexane
H 0 B~ - H >
@ . CJLN 6 93%, dr > 20:1 CF;CONH 82% (2 steps)
Br 3 H Atroposelective  HO
AB biaryl coupling OMe
OMe MeO OMe

Protected with acyl groups hydroxy group protected hydroxy group previously

as boronate protected with MEM group

F F F
TIPSO,,, NO, TIPSO,,, NO, TIPSO,,,
0] 0]
~NHBoc ", ~NHBoc DMTMM(PFy)

MeO,C . LiOH HO,C u ' i-Pr,NEt

t-BuOH/H,0
CF3CONH @ Il NMP .1W)

82% 85% t-BuO,C
t'Bu02C @ OMe ] t'BUOZC OMe dr >331 2
OMe simultaneous OMe . MeO
MeO acyl groups MeO
deprotection

Moore, M. J.; Qu, S.; Tan, C.; Cai, Y.; Mogi, Y.; Jamin Keith, D.; Boger, D. L. J. Am. Chem. Soc. 2020, 142,
16039-16050.
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C-0-D Macrocyclization

OMe distal disposition

HO,C” “NHBoc TIPSO

DEPBT, NaHCO;
THF (o)

88%

conc. H,SO4 (2%) l; R= Boc (X-ray)
t-BuOAc, 87%

Cs,CO0O; (20 eq.)
CaCO; (20 eq.)

MS4A
NMP (5mM), 25°C O
y
80%, dr = 8.9:1 DMTMM(CI)
c-0-D SpAr BUO2C THF, 0-5 °C
macrocyclization MeO 68%

5% TFA, CH,CI, R= Boc
8% = L R-

Moore, M. J.; Qu, S.; Tan, C.; Cai, Y.; Mogi, Y.; Jamin Keith, D.; Boger, D. L. J. Am. Chem. Soc. 2020, 142,
16039-16050.
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Next-Generation Synthesis

OMe '\ NO,<Jistal disposition

Cs,CO; (20 eq.)
CaCO; (20 eq.)
OTIPS 3
MS4A
DMF (5 mM), 25 °C
y
82%, dr = 14:1
D-O-E SyAr
macrocyclization *

2. HBF,4, t-BUuONO, CDsCN, 0 °C;

1. Zn% aqueous NH,CI, acetone I; R =NO,
Cu'Cl (100 eq.), Cu'lCI, (120 eq.)

OH CD3;CN/H50, -35 °C
o o Cl 63% (2 steps)

1.

THF

H

2. TFA (neat) - N vancomycin  overall kinetic atropselectivity
3. AlBry, EtSH; NH aglycon yield AB C-O-D D-O-E

MeOH, 0 °C 1999 0.2% (25steps) 1:1 11 8:1

53% 2020 5% (17 steps) >20:1 8:1 14:1
(3 steps in one-pot) HO2C YOH

deprotection OH

vancomycin aglycon

Moore, M. J.; Qu, S.; Tan, C.; Cai, Y.; Mogi, Y.; Jamin Keith, D.; Boger, D. L. J. Am. Chem. Soc. 2020, 142,
16039-16050.
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Summary

C-0-D macrocyclization D-O-E macrocyclization
dr 8:1 OH dr 14:1

(step 3) 0 0 Cl (step 4 distal disposition
@ \/)7 by TIPS protection

OH
o) o)

H H
N

distal disposition
by TIPS protection

Iz
Iz

AB macro-
lactamization
(step 2) HO

H atroposelective
AB biaryl coupling
dr > 20:1
(step 1)

controled by
Pd°-(R)-BINAP(O)

: . . Kinetical introduction of all atropisomerism
Rational order of Ring system construction with high diastereoselectivities

enabled by catalyst and substrate control (AB > 20:1, C-0-D = 8:1, D-O-E = 14:1)
- . Improvement in both
Sophisticated substrate design . .
. . —» synthetic steps and overall yield
(functional groups and protecting groups) (17 steps in 5% vs 25 steps in 0.2%)

Moore, M. J.; Qu, S.; Tan, C.; Cai, Y.; Mogi, Y.; Jamin Keith, D.; Boger, D. L. J. Am. Chem. Soc. 2020, 142,
16039-16050.



Reagent List

F
_ﬁ HCI rll @:"{)\l
o ) PN NS O f l ‘
F F

OH

FDPP EDCI HOBt (o-tolyl);P
f‘{\ © z
SN | \
N 2NN\ X
b8 VLN N PPh;

|\N; 7 P N Nb y PPh,

N H

O 90
PyBOP DMAP HOAt (R)-BINAP

(o) ¥

% | i O—ﬁ—OEt

/)\ &o " Okt N

NN o
N Me

DMTMM(CI) : X = ClI DMP DEPBT TEMPO

DMTMM(PFg): X = PFg

A
Z—Z



Appendix



X-ray Structure of [((R)-BINAP(O)-x2P,0)Pd-(Ph)I]

OO PRh; /"

pd

/d \I

P/
Ph,

bite angle: 91.82 °

[((R)-BINAP(O)-k2P,0)Pd-(Ph)I]

Marshall, W. J.; Grushin, V. V. Organometallics 2003, 22, 555-562.



